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(54) Backlight unit and display device having the same

(57) A backlight unit including a plurality of light
sources configured to emit primary light, and a quantum
dot composite. The quantum dot composite includes
quantum dot phosphors excited by primary light supplied
from the plurality of light sources so as to emit secondary
light having a different wavelength than the primary light,

and scattering particles that are configured to scatter the
primary light. The scattering particles include first scat-
tering particles, and second scattering particles different
from the first scattering particles in size and composed
of particles each having a diameter in the range of 5 to
50 nm.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This specification relates to a backlight unit us-
ing quantum dot phosphors, and more particularly, a
backlight unit for realizing high efficiency and a display
device having the same.

Background of the Invention

[0002] A backlight unit serves to emit light to a rear
surface of a liquid crystal panel such that an image can
be viewed by a user. Since the liquid crystal panel is
unable to emit light by itself, the backlight unit should
evenly emit light onto the rear surface of the liquid crystal
panel, such that the user can visually recognize an image
output on a display device. The backlight unit is provided
with multiple light sources. With the development of tech-
nologies, light-emitting diodes (LEDs) have started to be
used for the backlight unit, which replace cold cathode
fluorescent lamps (CCFLs). The LED has many advan-
tages, as compared with the CCFL, in view of less power
consumption, an extended lifespan, a facilitated fabrica-
tion in a small size and the like.
[0003] There may be several methods of generating
white light in a backlight unit using the LED as the light
source. A representative method of generating white light
may be a combination of light emitted from LEDs which
emit blue light, red light and green light, respectively.
However, this method requires too many LEDs and an
additional feedback system, causing an increase in the
fabrication costs of a display device.
[0004] Another method of generating white light may
be a combination of an LED which emits blue light and
yellow (YAG) phosphors. This method only requires
about one third (1/3) of the LEDs employed in the com-
bining method of the blue, red and green light emitting
LEDs, and does not need the feedback system, thereby
saving fabricating costs of a display device. However,
this method has limited color reproduction.
[0005] To overcome such limitations, a method of re-
placing the conventional yellow phosphors with quantum
dots (QD) has recently been reported. The quantum dots
(QD) have different properties than typical phosphors.
The quantum dots have a property of emitting different
wavelengths of light depending on a type of material and
a size of a particle. For example, quantum dots emit short
wavelengths of light when particles are small in size, and
emit long wavelengths of light when the particles become
large in size. Therefore, by adjusting the size of the quan-
tum dots, light with desired wavelengths from infrared to
ultraviolet regions can be obtained.
[0006] The quantum dot phosphors are excited by pri-
mary light supplied from light sources to emit secondary
light which has a different wavelength from the primary

light. Here, the primary light refers to light supplied from
the light sources, namely, light which excites the quantum
dot phosphors. The secondary light refers to light emitted
from the quantum dot phosphors.
[0007] To emit sufficient secondary light, a sufficient
amount of quantum dot phosphors is required. However,
an increase in the amount of the quantum dot phosphors
raises the unit cost of a product. Thus, the increase in
the amount of the quantum dot phosphors is not econom-
ically preferable and it also increases the size of the prod-
uct. Therefore, if it is possible to generate white light by
using a smaller amount of quantum dot phosphors, the
unit cost of the product and the size of the product may
be reduced.
[0008] In order to generate the white light with a rela-
tively smaller amount of quantum dot phosphors, the pri-
mary light should be fully scattered. When the primary
light is scattered, a path length of the primary light may
increase and accordingly the white light can be generated
by a smaller number of quantum dot phosphors, which
may result in improved efficiency of the quantum dot
phosphor.
[0009] Scattering particles are required for scattering
the primary light. However, conventionally known scat-
tering particles scatter even the secondary light emitted
from the quantum dot phosphors, as well as the primary
light supplied from the light sources. The scattering par-
ticles known in the related art can increase the efficiency
of the quantum dot phosphors to some degree by in-
creasing a content of the scattering particles. However,
when the content of the scattering particles exceeds a
predetermined level, the scattering particles may inter-
fere with the extraction of the secondary light, which ends
up lowering the efficiency of the quantum dot phosphors.

SUMMARY OF THE INVENTION

[0010] Therefore, an aspect of the invention is to pro-
vide scattering particles that improve efficiency of quan-
tum dot phosphors better than the related art. Another
aspect of the detailed description is to provide a quantum
dot composite which comprises the quantum dot phos-
phors and the scattering particles, and a backlight unit
having the quantum dot composite. Another aspect of
the detailed description is to provide a backlight unit,
which employs a smaller amount of quantum dot phos-
phors than the related art, and a display device having
the same.
[0011] To achieve these and other advantages and in
accordance with the purpose of this specification, as em-
bodied and broadly described herein, there is provided
a backlight unit including a plurality of light sources that
are configured to emit primary light, and a quantum dot
composite, wherein the quantum dot composite may in-
clude quantum dot phosphors that are excited by the pri-
mary light supplied from the light sources so as to emit
secondary light having a different wavelength than the
primary light, and scattering particles that are configured
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to scatter the primary light. Here, the scattering particles
may include first scattering particles, and second scat-
tering particles that are different from the first scattering
particles in size and composed of particles each having
a diameter in the range of 5 to 50 nm. The present in-
vention also provides a display unit with the backlight unit.
[0012] Further scope of applicability of the invention
will become more apparent from the detailed description
given hereinafter. However, it should be understood that
the detailed description and specific examples, while in-
dicating preferred embodiments of the invention, are giv-
en by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from the
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments and together with the de-
scription serve to explain the principles of the invention.
[0014] In the drawings:

FIG. 1 is a conceptual view of a display device ac-
cording to an embodiment of the invention;
FIG. 2 is a disassembled perspective view of a back-
light unit according to an embodiment of the inven-
tion;
FIG. 3 is a lateral sectional view of the backlight unit;
FIG. 4 is a conceptual view illustrating a liquid crystal
panel and an optical sheet coupled to a housing ac-
cording to an embodiment of the invention;
FIG. 5 is a conceptual view illustrating an edge type
display device according to an embodiment of the
invention;
FIG. 6 is a disassembled perspective view illustrating
a display module of a mobile terminal according to
an embodiment of the invention;
FIG. 7 is a lateral sectional view of the display module
of the mobile terminal;
FIG. 8 is a conceptual view of quantum dots accord-
ing to an embodiment of the invention;
FIG. 9 is a conceptual view illustrating a quantum
dot composite and a backlight unit having the same
according to an embodiment of the invention;
FIG. 10 is a conceptual view illustrating a variation
of a quantum dot composite and a backlight unit hav-
ing the same according to an embodiment of the in-
vention;
FIG. 11 is a conceptual view illustrating another var-
iation of a quantum dot composite and a backlight
unit having the same according to an embodiment
of the invention;
FIG. 12 is another conceptual view illustrating a
quantum dot composite and a backlight unit having
the same according to an embodiment of the inven-

tion;
FIG. 13 is a conceptual view of a quantum dot com-
posite according to an embodiment of the invention;
FIG. 14 is a conceptual view of Mie scattering asso-
ciated with first scattering particles according to an
embodiment of the invention;
FIG. 15 is a conceptual view of Rayleigh scattering
associated with second scattering particles accord-
ing to an embodiment of the invention;
FIG. 16 is a conceptual view illustrating a propaga-
tion process of light in a quantum dot composite in-
cluding first scattering particles and second scatter-
ing particles according to an embodiment of the in-
vention;
FIG. 17 is a conceptual view illustrating a propaga-
tion process of light when a quantum dot composite
disclosed herein is applied to a backlight unit accord-
ing to an embodiment of the invention;
FIG. 18 is a conceptual view illustrating a propaga-
tion process of light when a quantum dot composite
disclosed herein is applied to another backlight unit
according to an embodiment of the invention;
FIG. 19 is a graph comparing transmittances of
quantum dot composites according to an embodi-
ment of the invention;
FIG. 20 is a graph comparing efficiencies of quantum
dot composites according to a content of scattering
particles according to an embodiment of the inven-
tion; and
FIG. 21 is a graph comparing required amounts of
quantum dot phosphors for implementing white light
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Description will now be given in detail according
to embodiments disclosed herein, with reference to the
accompanying drawings. For the sake of brief description
with reference to the drawings, the same or equivalent
components may be provided with the same or similar
reference numbers, and description thereof will not be
repeated. In general, a suffix such as "module" and "unit"
may be used to refer to elements or components. Use of
such a suffix herein is merely intended to facilitate de-
scription of the specification, and the suffix itself is not
intended to give any special meaning or function.
[0016] The accompanying drawings are used to help
easily understand various technical features and it should
be understood that the embodiments presented herein
are not limited by the accompanying drawings. As such,
the present invention should be construed to extend to
any alterations, equivalents and substitutes in addition
to those which are particularly set out in the accompany-
ing drawings.
[0017] Although the terms first, second, etc. may be
used herein to describe various elements, these ele-
ments should not be limited by these terms. These terms
are generally only used to distinguish one element from
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another. When an element is referred to as being "con-
nected with" another element, the element can be con-
nected with the other element or intervening elements
may also be present. In contrast, when an element is
referred to as being "directly connected with" another el-
ement, there are no intervening elements present.
[0018] A singular representation may include a plural
representation unless it represents a definitely different
meaning from the context. Terms such as "include" or
"has" are used herein and should be understood that they
are intended to indicate an existence of several compo-
nents, functions or steps, disclosed in the specification,
and it is also understood that greater or fewer compo-
nents, functions, or steps may likewise be utilized.
[0019] FIG. 1 is a conceptual view of a display device
100 in accordance with the present invention. FIG. 1 il-
lustrates that the display device 100 is applied to a tele-
vision. However, with no limit to the television, the display
device 100 may also be applicable to mobile terminals,
such as smart phones, tablets, and the like, and monitors,
etc.
[0020] As illustrated in FIG. 1, the display device 100
may include a liquid crystal panel 110, a backlight unit
120, a cover 130, a housing 135, a driving unit (or a driver)
140 and a rear case 150. The liquid crystal panel 110
corresponds to a portion on which an image is represent-
ed, and may be provided with a first substrate 111 and
a second substrate 112 which are bonded to each other
with interposing a liquid crystal layer therebetween. The
first substrate 111 which is referred to as a thin film tran-
sistor (TFT) array substrate may be provided with a plu-
rality of pixels which are defined by a plurality of scan
lines and data lines intersecting with each other in a ma-
trix configuration. A TFT which switches a signal on or
off may be provided on each pixel, and a pixel electrode
may be connected to the TFT on each pixel.
[0021] The second substrate 112 which is referred to
as a color filter substrate may be provided with red (R),
green (G) and blue (B) color filters which correspond to
the plurality of pixels, respectively. The second substrate
112 may also be provided with a black matrix which sur-
rounds each of the color filters and obscures non-display
devices, such as the scan line, the data line and the TFT.
Also, the second substrate 112 may be provided with a
transparent common electrode, which covers the color
filters and the black matrix.
[0022] A printed circuit board (PCB) may be connected
to at least one side of the liquid crystal panel 110 through
a connection member, such as a flexible printed circuit
board (FPCB) or a tape carrier package (TCP). The print-
ed circuit board may be closely adhered onto a rear sur-
face of the housing 135 during a modularizing process.
[0023] On the liquid crystal panel 110 having such
structure, when the TFT selected for each scan line is
switched on by an ON/OFF signal of a gate driving circuit
113, transferred from the scan line, a data voltage of a
data driving circuit 114 is transferred to the corresponding
pixel electrode through the data line. Accordingly, an

electric field is generated between the pixel electrode
and the common electrode so as to change an alignment
direction of liquid crystal molecules, thereby causing a
difference of transmittance.
[0024] Meanwhile, the display device 100 disclosed
herein may include the backlight unit 120 which is pro-
vided at a rear surface of the liquid crystal panel 110 and
emits light toward the liquid crystal panel 110. The back-
light unit 120 may be provided with an optical assembly
123, and a plurality of optical sheets 125 which are lo-
cated on the optical assembly 123. At least one of the
plurality of optical sheets 125 disclosed herein may be a
film containing a quantum dot composite. Detailed de-
scription of the backlight unit 120 will be given later.
[0025] The liquid crystal panel 110 and the backlight
unit 120 may be modularized through a cover 130 and
the housing 135. The cover 130 located on a front surface
of the liquid crystal panel 110 may be a top cover. The
cover 130 has a shape of a rectangular frame which cov-
ers upper and side surfaces of the liquid crystal panel
110. The cover 130 may have a front opening to expose
the image represented on the liquid crystal panel 110.
[0026] Also, the housing 135 located on the rear sur-
face of the backlight unit 120 may be provided with a
bottom plate 135a and supporting plates 135b. The bot-
tom plate 135a may be a bottom cover. The bottom plate
135a may be in the shape of a rectangular plate, which
is coupled to the liquid crystal panel 110 and the backlight
unit 120 so as to serve as a support of the display device
100. The supporting plates 135b may allow the cover 130
and the bottom plate 135a to be coupled to each other
and support the backlight unit 120.
[0027] The driving unit 140 may be disposed on one
surface of the housing 135. The driving unit 140 may
include a driving controller 141, a main board 142 and a
power supply unit 143. The driving controller 141 may be
a timing controller, and control an operating timing of
each driving circuit of the liquid crystal panel 110. The
main board 142 transfers a V-sync signal, an H-sync sig-
nal and R, G and B resolution signals to the timing con-
troller. The power supply unit 143 supplies power to the
liquid crystal panel 110 and the backlight unit 120.
[0028] The driving unit 140 may be provided on one
surface of the housing 130, which is located at the rear
of the backlight unit 120, by a driver chassis 145. The
driving unit 140 may be covered by the rear case 150.
Hereinafter, the thusly-configured backlight unit will be
described in more detail.
[0029] FIG. 2 is a disassembled perspective view of a
backlight unit 200 according to an embodiment of the
invention, and FIG. 3 is a lateral view of the backlight unit
200 according to an embodiment of the invention. The
optical assembly 210 may include a first layer 215, a plu-
rality of light sources 217, a reflection layer 220, a second
layer 230, and a diffusion plate 240. The plurality of light
sources 217 are disposed on the first layer 215. The sec-
ond layer 230 covers the plurality of light sources 217,
and is located on the first layer 215.

5 6 



EP 2 960 713 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0030] The first layer 215 may be a substrate, on which
the plurality of light sources 217 are mounted. The sub-
strate may also be provided with an electrode pattern for
connecting the light sources 217 to an adaptor for sup-
plying power. For example, a carbon-nano tube electrode
pattern for connecting the light sources 217 to the adaptor
may be formed on an upper surface of the substrate.
[0031] The first layer 215 may be a printed circuit board
(PCB) substrate, which may be made of polyethylene-
terephthalate (PET), glass, polycarbonate (PC) or silicon
(Si), and the like. The first layer 215 may be formed in a
shape of a film.
[0032] The light source 217 may be one of a light-emit-
ting diode (LED) chip or an LED package including at
least one LED chip. This embodiment disclosed herein
illustrates that the light source 217 is the LED package,
but the light source 217 may not be limited to this.
[0033] The LED package constructing the light sources
217 may be divided into a top-view type and a side-view
type according to a direction that a light-emitting surface
faces. The light sources 217 according to one embodi-
ment disclosed herein may be configured by using at
least one of the top-view type LED package in which the
light-emitting surface faces a top, and a side-view type
LED package in which the light-emitting surface faces a
side surface. When the light sources 217 are implement-
ed as the side-view type LED package, the plurality of
light sources 217 are disposed such that each light-emit-
ting surface thereof faces the side surface, so as to emit
light in a lateral direction, namely, a direction that the first
layer 215 or the reflection layer 220 extends. This struc-
ture may reduce a thickness of the second layer 230
which is disposed on the light sources 217 so as to im-
plement the slim backlight unit 200. This may result in
realizing a slim display device.
[0034] Each of the light sources 217 may be configured
as a colored LED which emits at least one of red, blue
and green colors, or a white LED. Also, the colored LED
may include at least one of a red LED, a blue LED and
a green LED. Arrangements of those LEDs and light emit-
ted therefrom may be modified and applied in various
manners.
[0035] The second layer 230 is located on the first layer
215, and has a shape that covers the plurality of light
sources 217. The second layer 230 may simultaneously
transmit and diffuse light emitted from the light sources
217, such that the light emitted from the light sources 217
can be uniformly provided to the liquid crystal panel 110.
[0036] The reflection layer 220 which reflects the light
emitted from the light sources 217 may be located on the
first layer 215. The reflection layer 220 may be formed
on a region excluding a region where the light sources
217 are formed on the first layer 215. The reflection layer
220 may reflect the light emitted from the light sources
217 and re-reflect light which has been totally reflected
from a boundary of the second layer 230, such that the
light can be more widely spread.
[0037] The reflection layer 220 may contain at least

one of a metal or a metallic oxide, which is a reflecting
material. For example, the reflection layer 220 may con-
tain a metal or a metallic oxide having high reflectivity,
such as aluminum (Al), argentums (Ag), gold (Aurum,
Au) or titanium dioxide (TiO2).
[0038] Here, the reflection layer 220 may be formed
by depositing or coating the metal or metallic oxide on
the first layer 215, or by printing a metallic ink on the first
layer 215. Here, the deposition may be implemented by
thermal deposition, evaporation or vacuum deposition,
such as sputtering. The coating or printing method may
be implemented by printing, gravure coating or silk-
screening.
[0039] Meanwhile, the second layer 230 located on the
first layer 215 may be made of a light-transmissive ma-
terial, for example, silicon or acryl-based resin. However,
the second layer 230 may also be made of various types
of resin, without being limited to those materials.
[0040] In order for the backlight unit 200 to have uni-
form brightness by diffusion of the light emitted from the
light sources 217, the second layer 230 may be made of
resin having a refractive index of about 1.4 to 1.6. For
example, the second layer 230 may be made from poly-
ethyleneterephthalate (PET), polycarbonate (PC), poly-
propylene (PP), polyethylene (PE), polystyrene (PS),
polyepoxy (PE), silicon, acryl, and the like.
[0041] The second layer 230 may include polymer res-
in having an adhesive property to be firmly adhered onto
the light sources 217 and the reflection layer 220. For
example, the second layer 230 may consist of acryl-
based, urethane-based, epoxy-based and melamine-
based polymer resin, such as, unsaturated polyester,
methylmethacrylate, ethylmethacrylate, isobutyl meth-
acrylate, normal butyl methacrylate, normal butyl meth-
ylmethacrylate, acrylic acid, methacryllic acid, hydroxyl
ethyl methacrylate, hydroxyl propyl methacrylate, hy-
droxyl ethyl acrylate, acrylamide, methylol acrylamide,
glycidyl methacrylate, ethyl acrylate, isobutyl acrylate,
normal butyl acrylate, and 2-ethyl hexyl acrylate polymer,
copolymer or terpolymer, and the like. The second layer
230 may be formed by coating resin in a liquid or gel
phase on the first layer 215 with the plurality of light sourc-
es 217 and the reflection layer 220 and curing the coated
resin, or by coating resin on a supporting sheet and par-
tially curing the resin to be closely adhered onto the first
layer 215.
[0042] The diffusion plate 240 by which the light emit-
ted from the light sources 217 is diffused upward may be
provided on the second layer 230. The diffusion plate
240 may be bonded onto the second layer 230, or ad-
hered using an additional adhesive member. The optical
sheet 250 may be located on the optical assembly 210,
and at least one of the optical sheets 250a and 250b
(250) may be a film containing a quantum dot composite.
[0043] FIG. 4 is a conceptual view illustrating a liquid
crystal panel 400 and an optical sheet 250 coupled to a
housing. As illustrated in FIG. 4, a liquid crystal panel
400 may be located on a cover 300, and an optical sheet
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250 may be located on the liquid crystal panel 400. A
plurality of gate driving circuits 410 may be disposed at
left and right sides of the liquid crystal panel 400. A printed
circuit board 420 may be disposed beneath the liquid
crystal panel 400 and extend up along the liquid crystal
panel 400 to cover the optical sheet 250. A plurality of
data driving circuits 430 may be disposed on the printed
circuit board 420.
[0044] Here, the optical sheet 250 disposed on the cov-
er 300 may be coupled to fixing portions 310 of the cover
300. The fixing portions 310 of the cover 300 may be
inserted into holes 251 of the optical sheet 250.
[0045] In more detail, referring to region A of FIG. 4,
the fixing portion 310 formed on an upper side wall of the
cover 300 may be inserted into the hole 251 formed on
a protruding portion 252 of the optical sheet 250. That is,
the fixing portion 310 of the cover 300 may be coupled
to the hole 251 of the optical sheet 250.
[0046] Referring to region B of FIG. 4, the fixing portion
310 formed on a lower side wall of the cover 300 may be
inserted into the hole 251 formed on the protruding por-
tion 252 of the optical sheet 250. Here, the protruding
portion 252 of the optical sheet 250 and the fixing portion
310 of the cover 300 may be located between the data
driving circuits 430 of the liquid crystal panel 400.
[0047] That is, to ensure a region on which the data
driving circuits 430 are mounted on a side surface of the
cover 300, the fixing portion 310 may be located between
the data driving circuits 430, and the protruding portion
252 and the hole 251 of the optical sheet 250 may also
be located between the data driving circuits 430 accord-
ing to the arrangement of the fixing portion 310.
[0048] Hereinafter, a display device which is classified
into an edge type device will be described. FIG. 5 is a
conceptual view of an edge type display device 500.
[0049] As illustrated in FIG. 5, the display device 500
may include a bottom plate 510, an optical assembly 540,
an optical sheet 560 and a liquid crystal panel 570. The
bottom plate 510 serves to accommodate the optical as-
sembly 540 and the optical sheet 560, and may thus be
a bottom plate of a housing.
[0050] The optical assembly 540 accommodated in the
bottom plate 510 may include a first layer 541 and a plu-
rality of light sources 542. The first layer 541 may be a
substrate on which the plurality of light sources 542 are
mounted. The first layer 541 is provided with an electrode
pattern for connecting the light sources 542 to an adaptor
supplying power.
[0051] The first layer 541 may be a PCB substrate,
which is made of polyethyleneterephthalate (PET), glass,
polycarbonate (PC), silicon (Si), and the like. The first
layer 541 may be formed in a shape of a film.
[0052] Each of the light sources 542 may be one of a
light-emitting diode (LED) chip or an LED package in-
cluding at least one LED chip. This embodiment dis-
closed herein illustrates that the light sources 217 are
the LED package.
[0053] The LED package constructing the light sources

542 may be divided into a top-view type and a side-view
type according to a direction that a light-emitting surface
faces. The light sources 542 according to one embodi-
ment disclosed herein may be configured by using at
least one of the top-view type LED package in which the
light-emitting surface faces a top, and a side-view type
LED package in which the light-emitting surface faces a
side surface.
[0054] A light guide panel 543 may be disposed in a
direction that the light sources 542 emit light, and serve
to widely spread the incident light from the light sources
542. A reflection plate 544 may be disposed beneath the
light guide panel 543, and serve to reflect light up, which
has been reflected down by the light guide panel 543.
[0055] In such a manner, the optical assembly 540
which includes the first layer 541 and the light sources
542 is located on the side surface of the bottom plate
510, so as to operate as a backlight unit which emits light
according to an edge light emitting method. This method
is distinguished from the direct-type light emitting method
illustrated in FIG. 3.
[0056] The optical sheet 560 may be located on the
light guide panel 543. The optical sheet 560 may be a
diffusion sheet which diffuses light or a prism sheet which
collects light, and may be provided in plurality.
[0057] The optical sheet 560 may be mounted on the
light guide panel 543, and coupled to a fixing portion 520
formed on a side wall of the bottom plate 510. Here, the
optical sheet 560 may include a plurality of holes 565.
The bottom plate 510 may include the fixing portion 520
in plurality.
[0058] Accordingly, the optical sheet 560 may be fixed
to the bottom plate 510 in a manner that the hole 565 of
the optical sheet 560 is coupled with the fixing portion
520 formed on the side wall of the bottom plate 510.
[0059] This structure prevents the optical sheet 560
from being deformed due to contraction or expansion
caused by heat generated from the light sources 542 of
the optical assembly 540. This may provide an advantage
of improving optical uniformity of the backlight unit.
[0060] Hereinafter, a mobile terminal having a display
module will be described. The mobile terminal corre-
sponds to one example of a display device for outputting
visual information. The display module may perform a
function of outputting the visual information on the mobile
terminal.
[0061] Mobile terminals presented herein may be im-
plemented using a variety of different types of terminals.
Examples of such terminals include cellular phones,
smart phones, laptop computers, digital broadcast termi-
nals, personal digital assistants (PDAs), portable multi-
media players (PMPs), navigators, slate PCs, tablet PCs,
ultra books, wearable devices (for example, smart watch-
es, smart glasses, head mounted displays (HMDs)), and
the like.
[0062] FIG. 6 is a disassembled perspective view illus-
trating a display module 600 of a mobile terminal in ac-
cordance with the present invention. As illustrated in the

9 10 



EP 2 960 713 A1

7

5

10

15

20

25

30

35

40

45

50

55

disassembled perspective view of FIG. 6, the display
module 600 may include a liquid crystal panel 610, a
backlight unit 620, and a mold 630.
[0063] The liquid crystal panel 610 outputs a desired
color for each pixel by applying a signal to a transistor to
induce a phase change in liquid crystals. The liquid crys-
tal panel 610 includes two transparent substrates 611
and 612, and a liquid crystal layer 614 interposed be-
tween the two substrates 611 and 612. A transparent
upper electrode is provided on the upper substrate 611,
and a transparent lower electrode is provided on the low-
er substrate 612.
[0064] The upper substrate 611 includes color filters
for representing colors, and thus is also referred to a color
filter layer. Light supplied from the backlight unit 620 lo-
cated at a rear side of the upper substrate 611 is selec-
tively transmitted by changing arrangements of liquid
crystals by controlling voltages of the upper electrode
and the lower electrode.
[0065] The backlight unit 620 is located at the rear side
of the liquid crystal panel 610, and uniformly supplies
light toward the liquid crystal panel 610. The backlight
unit 620 roughly includes a light guide panel 621, and
light sources 622 supplying light to the light guide panel
621.
[0066] The light guide panel 621 may be made of a
transparent material, and an example thereof may be a
transparent acryl panel. Various patterns may be formed
on the light guide panel 621 to evenly supply the light
emitted from the light sources 622 onto an entire surface
of the liquid crystal panel 610. A prism film or a reflection
film 623 may be attached onto the surface of the light
guide panel 621.
[0067] The light sources 622 supply light to the light
guide panel 621. FIG. 6 exemplarily illustrates LED-type
light sources 622, but the type of the light source 622
may be variously implemented. Also, the position of the
light sources 622 may be varied without being limited to
a side surface of the light guide panel 621 as illustrated
in FIG. 6. The mold 630 is coupled to peripheries of liquid
crystal panel 610 and the backlight unit 620, so as to
cover the side surfaces of the backlight unit 620.
[0068] FIG. 7 is a lateral view illustrating a display mod-
ule 700 of a mobile terminal in accordance with the
present invention. The display module 700 is located on
a region defined by a front case 701. A backlight unit 720
is disposed on a region defined by a mold 730.
[0069] The mold 730 includes a panel supporting por-
tion 731, and a side wall portion 732 extending from the
panel supporting portion 731 toward a front surface of
the display module 700 to cover a side surface of a liquid
crystal panel 710. Alternatively, the mold 730 may also
be provided with only the panel supporting portion 731
having an upper surface coupled to a circumference of
a lower surface of the liquid crystal panel 710.
[0070] The panel supporting portion 731 of the mold
730 surrounds the backlight unit 720. An upper surface
of the mod 730 comes in contact with the circumference

of the lower surface of the liquid crystal panel 710, there-
by fixing the backlight unit 720 and the liquid crystal panel
710.
[0071] When the upper surface of the panel supporting
portion 731 and the liquid crystal panel 710 are coupled
to each other using an adhesive pad or an adhesive 733
with a dark color, a leakage of light through the coupled
portion therebetween can be prevented.
[0072] The mold 730, as aforementioned, may further
include the side wall portion 732 extending from the panel
supporting portion 731. The side wall portion 732 covers
side surfaces of the liquid crystal panel 710. The side
wall portion 732 serves to protect the side surfaces of
the liquid crystal panel 710 and the backlight unit 720
and support a front glass 711.
[0073] Since the mold 730 covers the side surfaces of
the backlight unit 720, light can be emitted from the side
surfaces of the backlight unit 720 through the side sur-
faces of the panel supporting portion 731. When the mold
730 used has a bright color, light may be reflected along
the side wall portion 732 of the mold 730 to be incident
onto the side surfaces of the liquid crystal panel 710. In
such a manner, light which is incident through an abnor-
mal path, other than a normal path of being incident from
the rear surface of the liquid crystal panel 710, may cause
a problem of such light leakage. In order to prevent the
light leakage, light should be prevented from being inci-
dent onto the mold 730 or the light incident onto the mold
730 should be blocked such that it cannot be incident
onto the liquid crystal panel 710.
[0074] Alternatively, the mold 730 may be provided
with only the panel supporting portion 731, except for the
side wall portion 732. In this structure, light incident onto
the mold 730 may not be incident onto the side surfaces
of the liquid crystal panel 710. This configuration may
eliminate the structure causing the light leakage, so as
to block the light incident onto the side surfaces of the
liquid crystal panel 710.
[0075] Here, without the side wall portion for covering
the side surfaces of the liquid crystal panel 710, it is dif-
ficult to disperse a force applied to the liquid crystal panel
710. Accordingly, the liquid crystal panel 710 may be
likely to be damaged due to an external impact. To pre-
vent this, a case protruding portion may further be pro-
vided on side surfaces of a case 701. When the case
protruding portion is located between the upper surface
of the mold 730 and the front glass 711, the case pro-
truding portion may be responsible for a function of pro-
tecting the liquid crystal panel 710, which was performed
by the side wall portion 732 of the mold 730. There is a
boundary between the case protruding portion and the
mold 730, so as to block a path of light primarily incident
onto the mold 730. The case protruding portion is formed
integrally with the case 701, and thus any surface for
reflecting light back toward the liquid crystal panel 710
may not be present. Therefore, the case protruding por-
tion may prevent the light from being incident onto the
side surfaces of the liquid crystal panel 710.

11 12 



EP 2 960 713 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0076] Hereinafter, description will be given of quan-
tum dot phosphors in accordance with embodiments of
the present invention, followed by a quantum dot com-
posite using the quantum dot phosphors. FIG. 8 is a con-
ceptual view of a quantum dot 41 in accordance with an
embodiment the present invention. The quantum dot 41
is composed of a nano-sized core 41 a made of an inor-
ganic material, and an organic ligand 41c stabilizing the
core 41a. Various quantum dots 41, such as II-VI, III-V,
IV-VI, I-III-V and the like, have been reported. For exam-
ple, the quantum dot 41 may be made of one selected
from a group including Cds, CdSe, CdTe, ZnS, ZnSe,
ZnTe, HgS, HgSe, HgTe, GaN, GaP, GaAs, GaSb, AlN,
AlP, AlAs, AlSb, InN, InP, InAs, InSb, Si, Ge and a com-
pound thereof.
[0077] In general, the core 41a is extremely unstable
due to its very great surface area and very high volume
ratio. Also, traps for preventing various types of optical
coupling are present on the unstable surface of the core
41a. The unstable surface and traps affect light genera-
tion and causes an emission of non-fluorescent energy,
thereby absolutely lowering quantum efficiency. A report-
ed method for preventing the lowering of the quantum
efficiency is to stabilize the quantum dot 41 by surround-
ing the core 41a using a shell 41b made of an inorganic
material.
[0078] Quantum dot phosphor refers to using the quan-
tum dot as phosphor. The quantum dot phosphors are
excited by primary light supplied from light sources so as
to emit secondary light having a different wavelength
from the primary light. For example, the quantum dot
phosphors are excited by blue primary light supplied from
light sources so as to emit green or red secondary light.
[0079] Here, the primary light and the secondary light
may be classified before and after being absorbed by the
quantum dot phosphors. Light, such as light supplied
from the light source, which excites the quantum dot
phosphor, is classified into the primary light, and light
emitted from the quantum dot phosphor is classified into
the secondary light.
[0080] Fluorescence of the quantum dots 41 is due to
light which is generated by electrons in a floating state
from a conduction band down to a valence band. The
quantum dot phosphor has a full width at half maximum
(FWHM, a width at a position with a half of a maximum
value in a relative spectral distribution), which is narrower
than that of the conventional phosphor, so as to be ad-
vantageous in high color reproduction.
[0081] The quantum dot phosphors are excited by blue
primary light and emit green or red secondary light.
Hence, when the primary light and the secondary light
are combined (mixed) with each other, white light can be
generated.
[0082] Hereinafter, description will be given of a quan-
tum dot composite using the quantum dots 41 as phos-
phors and a backlight unit having the quantum dot com-
posite. FIG. 9 is a conceptual view illustrating a quantum
dot composite 840a and a backlight unit 800a having the

same.
[0083] FIG. 9 exemplarily illustrates a direct-type back-
light unit 800a. However, the backlight unit 800a dis-
closed herein may not be limited to the direct type. The
backlight unit 800a includes light sources and a quantum
dot composite 840a.
[0084] The light sources are configured to supply pri-
mary light. As aforementioned, the light sources may in-
clude LEDs 810a which emit light by receiving an applied
current. The LEDs 810a may be disposed on one surface
of a printed circuit board 860. A reflection plate may be
disposed on one surface of the printed circuit board 860,
and the LEDs 810a may be located on the reflection plate.
The reflection plate reflects lost light, which has failed to
go toward the quantum dot composite 840a, back to the
quantum dot composite 840a. The LEDs 810a illustrated
in FIG. 9 are configured to emit blue primary light.
[0085] The quantum dot composite 840a is a consti-
tuting element containing quantum dot phosphors 841 in
a matrix 843. The quantum dot composite 840a is con-
figured to emit three primary light using the primary light
supplied from the LEDs 810a. The quantum dot phos-
phors 841 are excited by the primary light emitted from
the LEDs 810a so as to emit secondary light having a
different wavelength than the primary light.
[0086] The configuration of the quantum dot phos-
phors 841 may vary depending on the light source and
inorganic phosphors (see FIGS. 10 and 11). When the
LEDs 810a emit the blue primary light as illustrated in
FIG. 9, the quantum dot composite 840a includes green
light-emitting quantum dot phosphors 841a, and red light-
emitting quantum dot phosphors 841b. The green light-
emitting quantum dot phosphors 841a are excited by the
blue primary light emitted from the LED 810a, so as to
emit green secondary light. The red light-emitting quan-
tum dot phosphors 841b are excited by the blue primary
light emitted by the LED 810a, so as to emit red secondary
light. Accordingly, the backlight unit 800a may emit three
primary lights including the blue primary light, the green
secondary light and the red secondary light.
[0087] The quantum dot composite 840a may be
formed in a shape of a film, as illustrated in FIG. 9. The
film-like quantum dot composite 840a is disposed to be
spaced apart from the LEDs 810a so as to create a re-
mote phosphor structure. The remote phosphor is a con-
stituting element that a light source and phosphor are
separated from each other, and refers to the light source
and the phosphor being spaced from each other. The
quantum dot composite 840a in the direct-type backlight
unit 800a may be disposed to face the LEDs 810a, and
receive the blue primary light directly from the LEDs 810a.
[0088] FIG. 10 is a conceptual view illustrating a vari-
ation of a quantum dot composite 840b and a backlight
unit 800b having the same. Light sources include LEDs
810a emitting blue primary light. The backlight unit 800b
includes green light-emitting inorganic phosphors 812a.
The green light-emitting inorganic phosphors 812a are
encapsulated on (or encapsulates) the corresponding
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LED 810a to emit green primary light using the blue pri-
mary light supplied from the LED 810a.
[0089] The backlight unit 800b should emit three pri-
mary lights. Blue light of the three primary lights is emitted
from the LEDs 810a, and green light is emitted from the
green light-emitting inorganic phosphors 812a. There-
fore, red light is additionally required.
[0090] As aforementioned, the types of the quantum
dot phosphors may vary depending on the light sources
and the inorganic phosphors 812a. What is required for
the three primary lights in the quantum dot composite
840b illustrated in FIG. 10 is the red light-emitting quan-
tum dot phosphors 841b.
[0091] Referring to FIG. 10, the quantum dot compos-
ite 840b includes the red light-emitting quantum dot phos-
phors 841b. The red light-emitting quantum dot phos-
phors 841b are excited by the blue primary light emitted
from the light sources or the green primary light emitted
from the green light-emitting inorganic phosphors 812a,
thereby emitting red secondary light.
[0092] The backlight unit 800b emits the three primary
lights including the blue primary light, the green primary
light and the red secondary light. Description of the other
configuration will be understood with reference to FIG. 9.
[0093] FIG. 11 is a conceptual view illustrating a vari-
ation of a quantum dot composite 840c and a backlight
unit 800c having the same. Light sources include LEDs
810a emitting blue primary light. The backlight unit 800c
includes red light-emitting inorganic phosphors 812b.
The red light-emitting inorganic phosphors 812b are en-
capsulated on (or encapsulates) the corresponding LED
810a to emit red primary light using the blue primary light
emitted from the LED 810a.
[0094] The backlight unit 800c should emit three pri-
mary lights. Blue light of the three primary lights is emitted
from the LED 810a, and red light is emitted from the red
light-emitting inorganic phosphors 812b. Therefore,
green light is additionally required.
[0095] As aforementioned, the types of the quantum
dot phosphors may vary depending on the light sources
and the inorganic phosphors 812b. What is required for
the three primary lights in the quantum dot composite
840c illustrated in FIG. 11 is the green light-emitting quan-
tum dot phosphors 841a.
[0096] Referring to FIG. 11, the quantum dot compos-
ite 840c includes the green light-emitting quantum dot
phosphors 841a. The green light-emitting quantum dot
phosphors 841a are excited by the blue primary light
emitted from the light sources, thereby emitting green
secondary light. The quantum dot phosphors absorb light
with wavelengths that are shorter than the light emitted
from the quantum dot phosphors. Therefore, the green
light-emitting quantum dot phosphors 841a are unable
to absorb red primary light.
[0097] The backlight unit 800c thus emits the three pri-
mary lights including the blue primary light, the red pri-
mary light and the green secondary light. Description of
the other configuration will be understood with reference

to FIG. 9.
[0098] The quantum dot composite disclosed herein
may be applicable, irrespective of a type of light source
or a type of quantum dot phosphor. Therefore, the quan-
tum dot composite disclosed herein may be applied to
all of the backlight units 800a, 800b and 800c illustrated
in FIGS. 9 to 11. Specifically, lighting apparatuses may
employ various types of quantum dot phosphors for en-
suring color rendering. The present invention may also
be applicable to a case of employing various types of
quantum dot phosphors.
[0099] Hereinafter, for the sake of explanation, it is as-
sumed that primary light is blue light, and secondary light
is green and red light. However, the description under
this assumption should not be construed to limit the scope
of the present invention.
[0100] FIG. 12 is a conceptual view illustrating another
embodiment of a quantum dot composite 940 and a back-
light unit 900 having the same. FIG. 12 exemplarily illus-
trates an edge-type backlight unit 900 in which light
sources are arranged along an edge of a light guide panel
920. However, the backlight unit 900 according to an em-
bodiment of the present invention may not be limited to
the edge type.
[0101] The backlight unit 900 includes light sources, a
quantum dot composite 940, and a light guide panel 920.
The light sources are configured to supply primary light.
The light sources may also include LEDs 910a emitting
blue primary light.
[0102] The quantum dot composite 940, as illustrated
in FIG. 12, may be formed in a shape of a tube. The tube-
like quantum dot composite 940 may be disposed spaced
apart from the LEDs 910a so as to create a remote phos-
phor structure. The quantum dot composite 940 is dis-
posed to face the LEDs 910a, and receive the primary
light directly from the LEDs 910a.
[0103] The quantum dot composite 940 is disposed
between the LEDs 910a and the light guide panel 920.
The light guide panel 920 and the LEDs 910a are located
to face each other with interposing the quantum dot com-
posite 940 therebetween. Three primary lights emitted
from the tube-like quantum dot composite 940 may be
guided by the light guide panel 920 so as to go toward a
liquid crystal panel.
[0104] The quantum dot composite 940 is configured
to emit three primary lights by using the primary light sup-
plied from the LEDs 910a. The quantum dot composite
940 includes quantum dot phosphors 941. The quantum
dot phosphors 941 are excited by the primary light emit-
ted from the LED 910a so as to emit secondary light hav-
ing a different wavelength from the primary light. The
variation in the types of the quantum dot phosphors 941
depends on the light sources and the inorganic phos-
phors will be understood with reference to FIGS. 9 to 11.
[0105] The LEDs 910a emit blue primary light. The
quantum dot composite 940 includes green light-emitting
quantum dot phosphors 941 a and red light-emitting
quantum dot phosphors 941 b in a matrix 943. The green
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light-emitting quantum dot phosphors 941 a are excited
by the primary light so as to emit green secondary light.
The red light-emitting quantum dot phosphors 941b are
excited by the primary light so as to emit red secondary
light. The backlight unit 900 thus emits three primary
lights including the blue primary light, the green second-
ary light and the red secondary light.
[0106] FIG. 13 is a conceptual view of a quantum dot
composite 1040 in accordance with an embodiment of
the present invention. The quantum dot composite 1040
includes quantum dot phosphors 1041, a matrix 1043
and scattering particles 1042.
[0107] The quantum dot phosphors 1041, as afore-
mentioned, are excited by primary light supplied from
light sources to emit secondary light having a different
wavelength from the primary light. The quantum dot
phosphors 1041 illustrated in FIG. 13 include green light-
emitting quantum dot phosphors 1041a and red light-
emitting quantum dot phosphors 1041a. Accordingly, it
can be presumed that the light sources are provided
merely with LEDs emitting blue primary light.
[0108] The matrix 1043 supports the quantum dot
phosphors 1041 and the scattering particles 1042. The
matrix 1043 may be formed by curing resin. The quantum
dot phosphors 1041 and the scattering particles 1042 are
dispersed within the matrix 1043. The quantum dot com-
posite 1040 and the matrix 1043 may be formed in a
shape of a film or a tube.
[0109] Efficiency of the quantum dot composite 1040
is associated directly with unit cost, performance and size
of a product. Only the use of the quantum dot composite
1040 with high efficiency may result in the reduced unit
cost of the product, and realization of a slimmer backlight
unit. The quantum dot composite 1040 having the high
efficiency refers to sufficiently emitting three primary
lights by using a smaller number of quantum dot phos-
phors 1041.
[0110] Therefore, in order to emit three primary lights
by using a relatively smaller number of quantum dot phos-
phors 1041, the primary light has to be fully scattered.
Embodiments of the present invention employ the scat-
tering particles 1042 for scattering the primary light. The
scattering particles 1042 scatter the primary light, so as
to increase an amount of light converted from the primary
light into secondary light by the quantum dot phosphors
1041.
[0111] The scattering particles 1042 improve the effi-
ciency of the quantum dot composite 1040 through the
scattering of the primary light. Also, the scattering parti-
cles 1042 may prevent the secondary light emitted from
the quantum dot phosphors 1041 from being re-absorbed
by other quantum dot phosphors 1041, and improve sec-
ondary light extraction efficiency. Accordingly, the em-
ployment of the scattering particles 1042 may result in
an enhancement of the efficiency of the quantum dot
composite 1040.
[0112] However, the related art scattering particles
have a problem of scattering even secondary light emit-

ted from quantum dot phosphors as well as primary light
emitted from light sources. This results from the fact that
micro-sized scattering particles used in the related art
scatter most types of light, irrespective of wavelength.
When a content of scattering particles within the quantum
dot composite increases, the efficiency of the quantum
dot phosphors can be enhanced. However, when the
content of scattering particles exceeds a predetermined
level, the scattering particles interfere with the emission
of secondary light, so as to lower the efficiency of the
quantum dot phosphors.
[0113] To overcome this problem in the related art, the
scattering particles 1042 disclosed herein include first
scattering particles 1042a and second scattering parti-
cles 1042b. The first scattering particles 1042a are
formed in a micro-size and the second scattering parti-
cles 1042b are formed in a nano-size. Referring to FIG.
13, it can be noticed that the first scattering particles
1042a are larger than the second scattering particles
1024b in size. Here, FIG. 13 illustrates relative sizes, not
illustrating comparison of absolute sizes.
[0114] The first scattering particles 1042a cause Mie
scattering. The Mie scattering refers to scattering which
is subject to at least one of density, size and shape of
particles, without rare affection by wavelengths of light.
The Mie scattering will be explained with reference to
FIG. 14.
[0115] The first scattering particles 1042a scatter light
by affection of at least one of density, size and shape of
particles. The first scattering particles 1042a are com-
posed of particles each having a diameter in the range
of 0.5 to 10 mm to generate the Mie scattering. Also, the
first scattering particles 1042a may contain beads each
having a diameter in the range of 0.5 to 10 mm.
[0116] When the first scattering particles 1042a are 0.5
mm or less in size, the first scattering particles 1042a may
lower distinction of scattering, without being distin-
guished from the second scattering particles 1042b in
view of a functional aspect of scattering light. Also, the
first scattering particles 1042a which are 0.5mm or less
in size are difficult to disperse in the matrix 1043. When
the first scattering particles 1042a are 10 mm or greater,
it may be difficult to fully scatter light on a thin film (about
100 mm or less) which is made of the quantum dot com-
posite film 1040 and is likely to lower optical uniformity
of the film. The first scattering particles 1042a may be
made of at least one material selected from a group in-
cluding silicon, alumina, titanium dioxide (TiO2), zirconia
(ZrO2), barium sulfate, zinc oxide (ZnO), poly(methyl-
methacrylate) (PMMA) and benzoguanamine-based pol-
ymer.
[0117] The secondary scattering particles 1042b
cause Rayleigh scattering. The Rayleigh scattering re-
fers to scattering which is subject to the wavelengths of
the light. The second scattering particles 1042b distinc-
tively scatter light according to the wavelengths. The
Rayleigh scattering will be explained later with reference
to FIG. 15. The second scattering particles 1042b dis-
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tinctively scatter light according to wavelengths by scat-
tering primary light and not scattering secondary light.
[0118] The second scattering particles 1042b are
formed to be smaller than wavelengths of light in size so
as to be affected by the wavelengths of the light. The
second scattering particles 1042b may be composed of
particles each having a diameter in the range of 5 to 200
nm so as to cause the Rayleigh scattering. Also, the sec-
ond scattering particles 1042b may be composed of
beads each having a diameter in the range of 5 to 200 nm.
[0119] For maximization of effect, the second scatter-
ing particles 1042b are preferably composed of particles
each having a diameter in the range of 5 to 50 nm. When
the second scattering particles 1042b are 5 nm or less
in size, the second scattering particles 1042b may be
difficult to disperse in the matrix 1043 due to the extreme-
ly small size, and cause an increase in a unit cost of a
product due to increased prices of raw materials. Also,
when the second scattering particles 1042b are 50 nm
or greater in size, the scattering particles 1042b may be
similar to the first scattering particles 1042a in size due
to their cohesion. If the second scattering particles 1042b
become similar to the first scattering particles 1042a in
size due to their cohesion, it may not show a difference
from the first scattering particles 1042a in terms of the
function.
[0120] The second scattering particles 1042b may be
formed by cohesion of particles. In this instance, a diam-
eter of the cohered particles may preferably not exceed
200 nm for the Rayleigh scattering. The second scatter-
ing particles 1042b may be formed of at least one select-
ed from a group including silica, alumina, TiO2, ZrO2,
barium sulfate and ZnO. The second scattering particles
1042b have a nano-size so as to be difficult to be formed
of polymer, unlike the first scattering particles 1042a.
[0121] Since different types of scattering are derived
according to the sizes of the scattering particles 1042,
the quantum dot composite 1040 includes the first scat-
tering particles 1042a and the second scattering particles
1042b having different particle sizes. Embodiments of
the present invention may maximize efficiency of the
quantum dot composite 1040 by virtue of the different
types of scattering.
[0122] Hereinafter, description will be given of scatter-
ing mechanisms of the first scattering particles 1042a
and the second scattering particles 1042b. Also, descrip-
tion will be given of scattering and excitation of light in
the quantum dot composite 1040 including the first scat-
tering particles 1042a and the second scattering particles
1042b.
[0123] FIG. 14 is a conceptual view illustrating Mie
scattering associated with the first scattering particles
1042a. The first scattering particles 1042a whose parti-
cles are similar in size to the wavelengths of the light
cause Mie scattering. As illustrated in FIG. 14, light is
emitted toward the first scattering particles 1042a from
a left-hand side. A reference numeral 10 denotes light
incident onto the first scattering particles 1042a, and 11

denotes light scattered by the first scattering particles
1042a.
[0124] Here, a right-hand side of the first scattering par-
ticles 1042a may be classified into front scattering and a
left-hand side of the first scattering particles 1042a may
be classified into rear scattering. As illustrated in FIG.
14, for the Mie scattering, the front scattering generates
relatively high energy and the rear scattering generates
relatively low energy.
[0125] The Mie scattering is affected by at least one of
density, size and shape of the particles, rather than the
wavelengths of the light. Hence, the first scattering par-
ticles 1042a are rarely affected by the wavelengths of
the light, and scatter light based on at least one of the
density, the size and the shape of the particles.
[0126] With such rare affection by the wavelengths of
light, the first scattering particles 1042a scatter blue light,
green light and red light without distinction (classification)
thereof. Accordingly, when a content of the first scattering
particles 1042a gradually increases in the quantum dot
composite 1040, the efficiency of the quantum dot com-
posite 1040 may gradually increase. However, after a
predetermined amount or concentration, the first scatter-
ing particles 1042a start to interfere with an extraction of
secondary light and thus the efficiency of the quantum
dot composite is reduced. Therefore, using only the first
scattering particles 1042a has a limit to improving the
efficiency of the quantum dot composite.
[0127] FIG. 15 is a conceptual view illustrating
Rayleigh scattering associated with the second scatter-
ing particles 1042b. The second scattering particles
1042b are employed to overcome the limitations of the
first scattering particles 1042a.
[0128] The second scattering particles 1042b whose
particles are small in size than the wavelengths of the
light cause Rayleigh scattering. As illustrated in FIG. 15,
light is emitted toward the second scattering particles
1042b from a left-hand side. A reference numeral 10a
denotes light incident onto the second scattering particles
1042b, and 12a denotes light scattered by the second
scattering particles 1042b.
[0129] Here, a right-hand side of the second scattering
particles 1042b may be classified into front scattering
and a left-handed side of the second scattering particles
1042b may be classified into rear scattering. As illustrat-
ed in FIG. 15, for the Rayleigh scattering, the front scat-
tering and the rear scattering generate similar energy.
[0130] The Rayleigh scattering is inversely proportion-
al to 4 squares of the wavelength of the light. Hence,
when the wavelength of the light becomes longer, a quan-
tity of light is drastically reduced. Therefore, the second
scattering particles 1042b are greatly affected by the
wavelength of the light.
[0131] The second scattering particles 1042b scatter
blue light with relatively short wavelengths. Further, the
second scattering particles 1042b cannot scatter red light
and blue light having relatively long wavelengths of light.
In a structure employing LEDs emitting blue primary light
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as the light sources and employing green light-emitting
quantum dot phosphors and red light-emitting quantum
dot phosphors, the second scattering particles 1042b
scatter the primary light. However, scattering of second-
ary light by the second scattering particles 1042b is lim-
itative. Thus, the second scattering particles 1042b do
not decrease an emission effect of the secondary light,
unlike the first scattering particles 1042a. Also, upon us-
ing both of the first scattering particles 1042a and the
second scattering particles 1042b, the efficiency of the
quantum dot composite can be improved more than
merely using the first scattering particles 1042a.
[0132] FIG. 16 is a conceptual view illustrating a prop-
agation process of light in the quantum dot composite
1040 including the first scattering particles 1042a and
the second scattering particles 1042b. Arrows illustrated
in FIG. 16 denote ongoing (or propagation) paths of light.
Reference numerals complying with the following rules
will be provided to the arrows of FIG. 16. FIGS. 17 and
18 use those reference numerals equally complying with
the rules of FIG. 16.

(1) Reference numerals of primary light, such as light
supplied from light sources or emitted from inorganic
phosphors, have "1" for the tens digit. Reference nu-
merals of secondary light emitted from the quantum
dot phosphors 1041a, 1041b have "2" for the tens
digit. For example, a reference numeral of the blue
primary light supplied from the light sources is 10a.

(2) Reference numerals of primary light and second-
ary light prior to being scattered have "0" for the
units/ones digit. Secondary light, which is emitted
from the quantum dot phosphors 1041a, 1041b ex-
cited by already-scattered primary light has a refer-
ence numeral with "0" for the units/ones digit until
being scattered by another scattering particle 1042a,
1042b. Reference numerals of the primary light and
the secondary light scattered by the first scattering
particles have "1" for the units/ones digit. Reference
numerals of the primary light and the secondary light
scattered by the second scattering particles 1042b
have "2" for the units/ones digit. (3) Reference nu-
merals of blue light, green light and red light have
"a," "b," and "c," in a sequential manner.

[0133] As illustrated in FIG. 16, primary light 10a sup-
plied from the light sources is blue light. When the blue
primary light 10a is incident onto the quantum dot com-
posite 1040, a portion of the primary light 10a may meet
the quantum dot phosphors 1041a, 1041b, and another
portion of the primary light 10a may meet the scattering
particles 1042a, 1042b. Secondary light 20a, 20b, 21b,
20c, and 21c may preferably include at least one of green
light 20b, 21b and red light 20c, 21c each having a longer
wavelength than the primary light 10a, so as to be pre-
vented from being scattered by the second scattering
particles 1042b.

[0134] To scatter light, there should be a refractive in-
dex difference between the scattering particles 1042a,
1042b and the matrix 1043. It is preferable in embodi-
ments of the present invention to set the refractive index
difference more than 0.02 between the scattering parti-
cles 1042a, 1042b and the matrix 1043 for scattering
light. When the refractive index difference is less than
0.02, it makes it difficult to scatter the primary light or the
secondary light due to the extremely slight refractive in-
dex difference.
[0135] The first scattering particles 1042a cause Mie
scattering and the primary light 10a incident onto the first
scattering particles 1042a is scattered by the first scat-
tering particles 1042a. A portion of the primary light 10a
scattered by the first scattering particles 1042a may meet
the quantum dot phosphors 1041 a, 1041 b, and another
portion of the primary light 10a may meet other scattering
particles 1042a, 1042b.
[0136] When the primary light 10a scattered by the first
scattering particles 1042a is absorbed by the quantum
dot phosphors 1041a, 1041b, the green or red secondary
light 20b and 20c is emitted from the quantum dot phos-
phors 1041a, 1041b. Referring to FIG. 16, in response
to the absorption of the scattered primary light 10a by
the green light-emitting quantum dot phosphors 1041a,
the green secondary light 20b is emitted from the green
light-emitting quantum dot phosphors 1041a. A portion
of the green secondary light 20b may meet other quantum
dot phosphors 1041a, 1041b, and another portion of the
green secondary light 20b may meet the scattering par-
ticles 1042a, 1042b. Here, the second scattering parti-
cles 1042b may prevent the secondary light 20b and 20c
from being re-absorbed by other quantum dot phosphors,
resulting in improvement of an extraction efficiency of the
second light 20b and 20c.
[0137] The green secondary light 20b absorbed by the
first scattering particles 1042a is scattered by the first
scattering particles 1042a. This is because the first scat-
tering particles 1042a are not affected by wavelengths
of light. The green secondary light 21 b scattered by the
first scattering particles 1042a may meet the quantum
dot phosphors 1041a, 1041b or meet another scattering
particles 1042a, 1042b.
[0138] Further, the green secondary light 20b incident
onto the second scattering particles 1042b is not scat-
tered by the second scattering particles 1042b. This is
because the second scattering particles 1042b are af-
fected by the wavelengths of the light and the green sec-
ondary light 20b has a relatively longer wavelength than
the blue primary light 10a.
[0139] The second scattering particles 1042b cause
the Rayleigh scattering, and the primary light 10a incident
onto the second scattering particles 1042b is scattered.
The second scattering particles 1042b are affected by
the wavelengths of the light. The primary light 10a is blue
light and thus has a relatively shorter wavelength than
the green light 20b and 21b and the red light 20c and
21c. Therefore, the second scattering particles 1042b
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scatter the blue primary light 10a. A portion of primary
light 12a scattered by the second scattering particles
1042b may meet the quantum dot phosphors 1041a,
1041b and another portion thereof may meet other scat-
tering particles 1042a, 1042b.
[0140] When the primary light 12a scattered by the sec-
ond scattering particles 1042b is absorbed by the quan-
tum dot phosphors 1041a, 1041b, the green or red sec-
ondary light 20b and 20c is emitted from the quantum
dot phosphors 1041a, 1041b. Referring to FIG. 16, as
the scattered primary light 12a is absorbed by the red
light-emitting quantum dot phosphors 1041b, red sec-
ondary light 20c is emitted from the red light-emitting
quantum dot phosphors 1041b. A portion of the red sec-
ondary light 20c may meet other quantum dot phosphors
1041 a, 1041b, and another portion thereof may meet
other scattering particles 1042a, 1042b.
[0141] The red secondary light 20c incident onto the
first scattering particles 1042a is scattered by the first
scattering particles 1042a. The red secondary light scat-
tered by the first scattering particles 1042a is indicated
with a reference numeral 21c. This is because the first
scattering particles 1042a are not affected by the wave-
lengths of the light. The red secondary light 21c scattered
by the first scattering particles 1042a may meet the quan-
tum dot phosphors 1041 a, 1041 b or meet other scat-
tering particles 1042a, 1042b.
[0142] Further, the red secondary light 20c incident on-
to the second scattering particles 1042b is not scattered
by the second scattering particles 1042b. This is because
the second scattering particles 1042b are affected by the
wavelengths of the light and the red secondary light 20c
has a relatively longer wavelength than the blue primary
light 10a.
[0143] Hereinafter, description will be sequentially giv-
en of a quantum dot composite formed in a shape of a
film or a tube, and a propagation process of light in a
backlight unit having the quantum dot composite. Scat-
tering and excitation of the light will be understood with
reference to FIG. 16, and the scattering and excitation
of the light required for description of FIGS. 17 and 18
will be understood with reference to FIG. 16.
[0144] A quantum dot composite 1140 may be formed
in a shape of a film (see FIG. 17). Also, a quantum dot
composite 1240 may be formed in a shape of a tube (see
FIG. 18). Quantum dot phosphors and scattering parti-
cles are dispersed in resin, and the resin is cured into a
shape of a film, thereby generating a quantum dot com-
posite film. Or, the quantum dot phosphors and the scat-
tering particles are dispersed in resin, and the resin is
cured into a shape of a tube, thereby generating a quan-
tum dot composite tube. The resin forms the aforemen-
tioned matrix.
[0145] Examples of the resin in which the quantum dot
phosphors and the scattering particles are dispersed may
include thermosetting resin, photocurable resin, or dry-
curable resin. The thermosetting resin and the photocur-
able resin are cured using heat and light, respectively.

For the use of the dry hard resin, the resin is cured by
applying heat to a solvent in which the quantum dot phos-
phors and the scattering particles are dispersed.
[0146] When the thermosetting resin or the photocur-
able resin is used, a composition of a film is equal to a
composition of the raw material of the quantum dot com-
posite. However, when the dry-curable resin is used, the
composition of the film may be different from the compo-
sition of the raw material of the quantum dot composite.
During the dry-curing by heat, the solvent is partially
evaporated. Thus, a volume ratio of the scattering parti-
cles in the raw material of the quantum dot composite
may be lower than a volume ratio of the scattering parti-
cles in the film.
[0147] Upon the curing of the resin, a volume contrac-
tion is caused. At least 2% to 3% and a maximum of
about 20% of contraction are aroused from the thermo-
setting resin or the photocurable resin. The dry-curable
resin is contracted even by several tens of percents. The
contraction of the resin may cause movement of the
quantum dot phosphors, which may be likely to bring
about lowering of a degree of dispersion of the quantum
dot phosphors in the quantum dot composite. However,
embodiments of the present invention can maintain high
dispersibility by preventing the movement of the quantum
dot phosphors by virtue of the second scattering parti-
cles.
[0148] FIG. 17 is a conceptual view illustrating a prop-
agation process (or emitting process) of light when the
film-like quantum dot composite 1140 disclosed herein
is applied to a backlight unit 1100. The quantum dot com-
posite 1140 is spaced apart from LEDs 1110a to create
a remote phosphor structure. As illustrated in FIG. 17,
the quantum dot composite 1140 may be located be-
tween a light guide panel 1120 and an optical sheet 1150.
The LEDs 1110a emit the blue primary light 10a. The
light guide panel 1120 guides the primary light 10a. A
reflection plate 1130 reflects the primary light 10a. The
reflected primary light 10a is incident onto the quantum
dot composite 1140 through the light guide panel 1120.
[0149] The quantum dot composite 1140 emits three
primary lights using the primary light 10a. The quantum
dot composite 1140 disclosed herein, as illustrated in
FIGS. 13 and 16, may contain quantum dot phosphors
(see 1141a and 1141b of FIG. 16, which are equally used
for description of FIGS. 17 and 18). The green light-emit-
ting quantum dot phosphors 1141a are excited by the
blue primary light 10a so as to emit green secondary light
20b. The red light-emitting quantum dot phosphors
1041b are excited by the blue primary light 10a so as to
emit red secondary light 20c. The quantum dot composite
1140 thus emits the blue primary light 10a, 11 a, 12a, the
green secondary light 20b, 21 b, and red secondary light
20c, 21 c. Therefore, the backlight unit 1100 may emit
white light by a combination (mixture) of the blue primary
light 10a, 11a, 12a, the green secondary light 20b, 21b
and the red secondary light 20c, 21c.
[0150] The scattering particles (refer to 1042a and
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1042b of FIG. 16, which will be equally used for descrip-
tion of FIGS. 17 and 18) include the first scattering par-
ticles 1042a and the second scattering particles 1042b.
The first scattering particles 1042a scatter the blue pri-
mary light 10a, the green secondary light 20b, 21b and
the red secondary light 20c, 21c. The second scattering
particles 1042b distinctively scatter light according to the
wavelengths of the light. The Rayleigh scattering by the
second scattering particles 1042b is inversely proportion-
al to 4 squares of the wavelength. Therefore, the second
scattering particles 1042b scatter the blue primary light
10a, 11a, 12b with relatively short wavelengths, but rarely
scatter the green secondary light 20b and the red sec-
ondary light 20c which have relatively long wavelengths.
[0151] Those of the blue light 10a, 11a and 12a emitted
from the quantum dot composite 1140 include non-scat-
tered primary light 10a, primary light 11a scattered by
the first scattering particles 1042a, and primary light 12a
scattered by the second scattering particles 1042b.
Those of the green light 20b and 21b emitted from the
quantum dot composite 1140 include non-scattered sec-
ondary light 20b and secondary light 21b scattered by
the first scattering particles 1042a. Those of the red light
20c and 21c emitted from the quantum dot composite
1140 include non-scattered secondary light 20c, second-
ary light 21c scattered by the first scattering particles
1042a.
[0152] The quantum dot composite 1140 generated in
the form of the film may replace the function of a diffusion
plate through the scattering of the light by use of the scat-
tering particles 1042a, 1042b. That is, when more light
is scattered by the scattering particles 1042a, 1042b,
such light can be spread naturally. Therefore, when the
quantum dot composite 1140 is applied to the backlight
unit 1100, the backlight unit 1100 may not need to employ
the diffusion plate and thusly be made slimmer. The dif-
fusion plate will be understood by the foregoing descrip-
tion.
[0153] The quantum dot composite 1140 using both
the first scattering particles 1042a and the second scat-
tering particles 1042b generates more scattering of the
blue light 10a, 11a and 12a. This may result in reducing
transmittance of the wavelengths of the blue light 10a,
11a and 12a in the quantum dot composite 1140 (see
FIG. 19).
[0154] FIG. 18 is a conceptual view illustrating a prop-
agation process of light when the quantum dot composite
1240 disclosed herein is applied to another backlight unit
1200. The quantum dot composite 1240 is formed in a
shape of a tube. The quantum dot composite 1240 is
spaced apart from the light sources to create a remote
phosphor structure. As illustrated in FIG. 18, the quantum
dot composite 1240 may be located between LEDs
1210a and a light guide panel 1220. The LEDs 1210a
emit blue primary light 10a. The quantum dot composite
1240 emits three primary lights using the primary light
10a. The quantum dot composite 1240 disclosed herein,
as illustrated in FIG. 16, includes the quantum dot phos-

phors 1041a and 1041b, and the scattering particles
1042a and 1042b.
[0155] The quantum dot phosphors 1041 a and 1041b
are excited by the primary light 10a so as to emit sec-
ondary light 20b, 20c each having a different wavelength
from the primary light 10a. The green light-emitting quan-
tum dot phosphors 1041a are excited by the blue primary
light 10a so as to emit the green secondary light 20b.
The red light-emitting quantum dot phosphors 1041 b are
excited by the blue primary light 10a so as to emit the
red secondary light 20c. The quantum dot composite
1240 thus emits the blue primary light 10a, 11a and 12a,
the green secondary light 20b and 21b, and the red sec-
ondary light 20c and 21c. The backlight unit 1120 may
accordingly emit white light by a combination (or mixture)
of the blue primary light 10a, 11a and 12a, the green
secondary light 20b and 21b, and the red secondary light
20c and 21c.
[0156] Those of the blue light 10a, 11a and 12a emitted
from the quantum dot composite 1240 include non-scat-
tered primary light 10a, primary light 11a scattered by
the first scattering particles 1042a, and primary light 12a
scattered by the second scattering particles 1042b.
Those of the green light 20b and 21b emitted from the
quantum dot composite 1240 include non-scattered sec-
ondary light 20b and secondary light 21b scattered by
the first scattering particles 1042a. Those of the red light
20c and 21c emitted from the quantum dot composite
1240 include non-scattered secondary light 20c, and sec-
ondary light 21c scattered by the first scattering particles
1042a.
[0157] The light guide panel 1220 guides the primary
light 10a, 11a and 12a and the secondary light 20b, 21b,
20c and 21c. The reflection plate 1230 reflects the pri-
mary light 10a, 11a and 12a and the secondary light 20b,
21b, 20c and 21c. The reflected primary light 10a, 11a
and 12a and secondary light 20b, 21b, 20c and 21c are
incident onto the optical sheet 1250 through the light
guide panel 1220.
[0158] When the first scattering particles 1042a and
the second scattering particles 1042b are applied to the
tube-like quantum dot composite 1240, scattering of the
blue light 10a, 11a and 12a increases. Specifically, upon
applying the second scattering particles 1042b made of
the inorganic material, it may result in improvement of a
radiation characteristic. The radiation characteristic may
affect reliability of a product.
[0159] FIGS. 17 and 18 have illustrated the remote
phosphor structure in which the quantum dot composite
1140, 1240 is spaced apart from the light sources. How-
ever, the quantum dot composite disclosed herein may
not be limited to the remote phosphor structure. The
quantum dot composite, for example, may be encapsu-
lated on (or may encapsulate) LEDs. In more detail, quan-
tum dot phosphors may be dispersed in resin containing
the first scattering particles and the second scattering
particles, and the resin may be cured, so as to encapsu-
late the quantum dot composite on the LEDs.
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[0160] FIG. 19 is a graph comparing transmittances of
quantum dot composites. In
[0161] FIG. 19, objects to be compared include a quan-
tum dot composite employing first scattering particles
without second scattering particles, and a quantum dot
composite employing both the first scattering particles
and the second scattering particles. Also, in FIG. 19, a
horizontal axis of the graph denotes wavelengths of light,
and a vertical axis denotes transmittances of light inci-
dent onto the quantum dot composites.
[0162] The effects of the scattering particles can be
checked by comparing transmittances for each wave-
length. A reduction of the transmittance means more
scattering occurred. FIG. 19 illustrates the wavelength-
based transmittance of the quantum dot composite em-
ploying both the first scattering particles and the second
scattering particles disclosed herein, and also illustrates
comparison results between the quantum dot composite
employing both the first and second scattering particles
and the quantum dot composite using only the first scat-
tering particles for confirming the effect obtained by the
second scattering particles.
[0163] The wavelength of blue light is in the range of
about 430 to 490 nm. The wavelength of green light is in
the range of about 490 to 570 nm, and the wavelength
of red light is in the range of about 650 to 760 nm. It can
be noticed in FIG. 19 that transmittance is reduced in the
blue light range and there is relatively little transmittance
change in the green light region and the red light region
upon the use of both the first scattering particles and the
second scattering particles.
[0164] Therefore, it can be understood that the second
scattering particles can generate selective scattering ac-
cording to wavelengths of light. Also, the quantum dot
composite employing both of the first scattering particles
and the second scattering particles generates more scat-
tering of blue light, so as to improve efficiency of the quan-
tum dot composite.
[0165] The reduced transmittance of the quantum dot
composite may be understood as increased reflectivity.
As illustrated in FIG. 17, when the film-like quantum dot
composite has high reflectivity by virtue of the second
scattering particles, the number of recycling light can be
reduced. The reduction of the number of recycling light
may result in a reduction of light loss which is caused
during the recycling process. Therefore, the second scat-
tering particles can improve optical efficiency of the quan-
tum dot composite.
[0166] FIG. 20 is a graph comparing efficiencies of
quantum dot composites according to a content of scat-
tering particles. In FIG. 20, objects to be compared in-
clude a quantum dot composite employing first scattering
particles without second scattering particles, and a quan-
tum dot composite employing both the first scattering par-
ticles and the second scattering particles. Also, in FIG.
20, a horizontal axis of the graph denotes a content of
scattering particles in the quantum dot composite, and a
vertical axis denotes efficiency of the quantum dot com-

posite. Here, the efficiency refers to quantum efficiency.
[0167] In measurements of FIG. 20, for the quantum
dot composite employing the first scattering particles
without the second scattering particles, the first scattering
particles are made of silicon. For the quantum dot com-
posite employing both of the first scattering particles and
the second scattering particles, the first scattering parti-
cles are made of silicon and the second scattering par-
ticles are made of SiO2. Here, a volume ratio between
the first scattering particles and the second scattering
particles is 5:1.
[0168] Referring to FIG. 20, when the content of the
scattering particles increases, the efficiency of the quan-
tum dot composite increases to some degree. However,
when the content of the scattering particles increases
further, the increased efficiency is rather decreased.
However, the degrees of the efficiency reduction of the
two quantum dot composites are different from each oth-
er.
[0169] First of all, the efficiency of the quantum dot
composite having only the first scattering particles will be
described. The efficiency of the quantum dot composite
starts to slowly decrease when the content of the scat-
tering particles exceeds about 20%, and drastically de-
creases when the content of the scattering particles ex-
ceeds 30%. This is because green light and red light as
well as blue light are scattered more in response to the
increase in the content of the first scattering particles.
Here, the first scattering particles interfere with an ex-
traction of the green light and the red light.
[0170] Hereinafter, the efficiency of the quantum dot
composite having both the first scattering particles and
the second scattering particles will be described. The ef-
ficiency of the quantum dot composite does not decrease
even though the content of the scattering particles ex-
ceeds 20%, and continuously increases until the content
of the scattering particles is about 30%. Therefore, an
additional increase in efficiency can be expected in the
quantum dot composite employing both the first scatter-
ing particles and the second scattering particles, com-
pared with the quantum dot composite only having the
first scattering particles.
[0171] It can be noticed from the results of FIG. 20 that
the efficiency of the quantum dot composite employing
both the first scattering particles and the second scatter-
ing particles is higher than the efficiency of the quantum
dot composite employing only the first scattering parti-
cles. It can also be understood that the content of the
scattering particles affects the efficiency of the quantum
dot composite.
[0172] FIG. 21 is a graph illustrating comparison re-
sults of required amounts of quantum dot phosphors
(QD-required amount) for implementing white light. Color
coordinates were based on x=0.290 and y=0.310.
[0173] In FIG. 21, a quantum dot composite employing
first scattering particles without second scattering parti-
cles, and a quantum dot composite employing both the
first scattering particles and the second scattering parti-
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cles is compared. Also, in FIG. 21, a horizontal axis of
the graph denotes a content of scattering particles in the
quantum dot composite, and a vertical axis denotes a
required amount of quantum dot phosphors. As the con-
tent of scattering particles in the quantum dot composite
increases, a required amount of quantum dot phosphors
for representing white color is gradually decreased and
then increased again.
[0174] Compared with the quantum dot composite in-
cluding the first scattering particles without the second
scattering particles, the quantum dot composite including
both the first scattering particles and the second scatter-
ing particles exhibits a smooth increase rate in the an
amount of quantum dot phosphors required. Therefore,
it means that the quantum dot composite including both
the first scattering particles and the second scattering
particles can represent the white color only by a remark-
ably smaller amount of quantum dot phosphors, com-
pared with the quantum dot composite including only the
first scattering particles without the second scattering
particles. The quantum dot composite including both the
first scattering particles and the second scattering parti-
cles can represent the white color only by a much smaller
amount of quantum dot phosphors, which is reduced by
about 20 to 30% rather than an amount of quantum dot
phosphors required by the quantum dot composite in-
cluding only the first scattering particles without the sec-
ond scattering particles.
[0175] The smaller required amount of quantum dot
phosphors indicates that the white color can be fully re-
alized by the much smaller amount of quantum dot phos-
phors. The present invention may reduce the amount of
quantum dot phosphors required, which may thus result
in saving unit costs of the composite, improving the func-
tionality of a backlight unit, and making the backlight unit
slimmer.
[0176] It can be noticed from the results of FIGS. 20
and 21 that the content of the scattering particles affects
the efficiency and performance of the quantum dot com-
posite. The film-like or tube-like quantum dot composite
preferably contains 1% to 30% first scattering particles
by volume, and 0.1% to 20% second scattering particles
by volume. When the contents of the first scattering par-
ticles and the second scattering particles exceed 40%
by volume and 20% by volume, respectively, the efficien-
cy of the quantum dot composite may decrease due to
excessive scattering.
[0177] The volume percentages of the first scattering
particles and the second scattering particles in the quan-
tum dot composite may be measured in various ways.
For example, a method of setting a random region, which
is 5 cm across and 5 cm wide, in the film-like or tube-like
quantum dot composite and measuring the volume per-
centages of the first scattering particles and the second
scattering particles within the set region may be applied.
If 1% to 40% first scattering particles by volume and 0.1%
to 20% second scattering particles by volume are meas-
ured within the region, it may be determined that 1% to

40% first scattering particles by volume and 0.1% to 20%
second scattering particles by volume are also measured
on other regions of the film or tube. This method may be
equally applied to measure a volume ratio between the
quantum dot phosphors and the scattering particles in
the quantum dot composite and to measure a volume
ratio between the first scattering particles and the second
scattering particles in the quantum dot composite.
[0178] As aforementioned, the scattering particles and
the matrix preferably have a refractive index difference
of 0.02 or more, and the content of the scattering particles
depends on the refractive index. Therefore, the content
of the scattering particles may be expressed by a function
of the refractive index.
[0179] In more detail, the content of the first scattering
particles is preferably more than

 percent by volume, and

less than  percent by vol-

ume. The content of the second scattering particles is

preferably more than  per-

cent by volume and less than

 percent by volume. Here

nmatrix denotes a refractive index of the matrix nmicro

denotes a refractive index of the first scattering particles,
and nnano denotes a refractive index of the second scat-

tering particles.
[0180] When the content of the scattering particles is
smaller than such limited value, it may cause a lowered
scattering effect. Accordingly, it is difficult to expect an
increase in efficiency of the quantum dot composite film
or tube. Further, when the content of the scattering par-
ticles is greater than the limited value, it may cause a
lowered transmittance. Accordingly, light extraction may
become difficult and the efficiency may be lowered. Also,
when the content of the scattering particles is more than
an upper limit, an increase in thixotropy of the quantum
dot composite film or tube may be caused, thereby low-
ering a coating characteristic.
[0181] The thixotropy refers to a characteristic that vis-
cosity is lowered when shear stress is applied to a com-
posite. When the thixotropy increases, a non-uniformity
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in thickness is caused or a defect, such as hole or pore,
is generated during coating.
[0182] The volume ratio between the quantum dot
phosphors and the scattering particles in the quantum
dot composite is preferably 1:1 to 1:60. When the content
of the scattering particles in the quantum dot composite
is the same or more than the content of the quantum dot
phosphors, the scattering particles may fully scatter the
primary light.
[0183] The volume ratio between the first scattering
particles and the second scattering particles is preferably
1:1 to 5:1 according to a desired optical characteristic of
the quantum dot composite film or tube. The primary light
and the second light are generally scattered by the first
scattering particles, and the second scattering particles
play a role of additionally scattering the primary light.
Therefore, the content of the second scattering particles
does not have to be greater than the content of the first
scattering particles. The volume ratio between the first
scattering particles and the second scattering particles
may change into 1:1 to 5:1 for designing the optical char-
acteristic desired for the film or tube.
[0184] The present invention may distinctively scatter
light according to the wavelengths of light by use of sec-
ond scattering particles, and maximize scattering of pri-
mary light by a combination of first scattering particles
and the second scattering particles, which may result in
a 3% to 5% improvement of absolute quantum efficiency
of a quantum dot composite, and a reduction in fabricat-
ing costs and a size of a product.
[0185] Upon adding a saturation content of the first
scattering particles and additionally adding the second
scattering particles in the quantum dot composite, the
second scattering particles may scatter the primary light
so as to reduce recycling of light. Therefore, the second
scattering particles may further increase the quantum ef-
ficiency of the quantum dot composite, which has not
been obtained by using only the first scattering particles.
[0186] According to embodiments of the present inven-
tion with the configuration, a degree of scattering can
change according to the wavelengths of the light by using
the second scattering particles, thereby maximizing scat-
tering of primary light and restricting scattering of sec-
ondary light. Also, the maximized scattering of the pri-
mary light may cause increased efficiency of quantum
dot phosphors. Here, the increased efficiency of the
quantum dot phosphors refers to an increased amount
of light that the primary light converts into the secondary
light.
[0187] In addition, by the increased efficiency of the
quantum dot phosphors, white color can be represented
by using a smaller amount of quantum dot phosphors
than the related art, and interference with emission of the
secondary light can be avoided. Accordingly, when the
quantum dot composite disclosed herein is applied to a
backlight unit, it may result in savings in the unit costs of
the backlight unit and make the backlight unit slimmer in
thickness.

[0188] The configurations and methods of the back-
light unit and the display device having the same in the
aforesaid embodiments may not be limitedly applied, but
such embodiments may be configured by a selective
combination of all or part of the embodiments so as to
implement many variations. As the present features may
be embodied in several forms without departing from the
characteristics thereof, it should also be understood that
the above-described embodiments are not limited by any
of the details of the foregoing description, unless other-
wise specified, but rather should be construed broadly
within its scope as defined in the appended claims, and
therefore all changes and modifications that fall within
the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be em-
braced by the appended claims.

Claims

1. A backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) comprising:

a plurality of light sources (217, 542, 622, 810a,
910a, 1110a, 1210a) configured to emit primary
light (10, 10a, 11a, 12a); and
a quantum dot composite (840a, 840b, 840c,
940, 1040, 1140, 1240),
wherein the quantum dot composite (840a,
840b, 840c, 940, 1040, 1140, 1240) comprises:

quantum dot phosphors (841, 841 a, 841 b,
941, 941 a, 941 b, 1041, 1041a, 1041b) ex-
cited by the primary light (10, 10a, 11a, 12a)
supplied from the plurality of light sources
(217, 542, 622, 810a, 910a, 1110a, 1210a)
so as to emit secondary light (20b, 20c, 21b,
21c) having a different wavelength than the
primary light (10, 10a, 11a, 12a); and
scattering particles (1042, 1042a, 1042b)
configured to scatter the primary light (10,
10a, 11a, 12a),
wherein the scattering particles (1042,
1042a, 1042b) comprise:

first scattering particles (1042a); and
second scattering particles (1042b) dif-
ferent from the first scattering particles
(1042a) in size and composed of parti-
cles each having a diameter in the
range of 5 nm to 50 nm.

2. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of claim 1, wherein the second scatter-
ing particles (1042b) are smaller than the first scat-
tering particles (1042a) in size.

3. The backlight unit (120, 200, 800a, 800b, 800c, 900,
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1100, 1200) of any one of claims 1 to 2, wherein the
primary light (10, 10a, 11a, 12a) contains blue light
(10a, 11a, 12a), and
wherein the secondary light (20b, 20c, 21b, 21c) con-
tains at least one of green light (20b, 21b)and red
light (20c, 21c) having a wavelength longer than that
of the primary light (10, 10a, 11a, 12a).

4. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 3, wherein the
first scattering particles (1042a) include at least one
of silicon, alumina, titanium dioxide (TiO2), zirconia
(ZrO2), barium sulfate, zinc oxide (ZnO), poly(meth-
ylmethacrylate) (PMMA) and benzoguanamine-
based polymer, and
wherein the second scattering particles (1042b) in-
clude at least one of silica, alumina, TiO2, ZrO2, bar-
ium sulfate and ZnO.

5. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 4, wherein
each first scattering particle (1042a) has a diameter
in the range of 0.5 mm to 10 mm.

6. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 5, wherein the
second scattering particles (1402b) are generated
by cohesion of the particles, and a diameter of the
cohered particles does not exceed 200 nm.

7. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 6, wherein a
volume ratio between the quantum dot phosphors
(841, 841a, 841b, 941, 941a, 941b, 1041, 1041a,
1041 b) and the scattering particles (1042, 1042a,
1042b) is 1:1 to 1:60.

8. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 7, wherein a
volume ratio between the first scattering particles
(1042a) and the second scattering particles (1042b)
is 1:1 to 5:1.

9. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 8, wherein the
quantum dot composite (840a, 840b, 840c, 940,
1040, 1140, 1240) further comprises a matrix (843,
943, 1043) configured to support the quantum dot
phosphors (841, 841a, 841b, 941, 941a, 941b, 1041,
1041a, 1041b) and the scattering particles (1042,
1042a, 1042b), and
wherein the matrix (843, 943, 1043) includes a cured
thermosetting resin, a photocurable resin or a dry-
curable resin.

10. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of claim 9, wherein the quantum dot
composite (840a, 840b, 840c, 940, 1040, 1140,

1240) includes a film (840a, 840b, 840c, 1140) or a
tube (940, 1240) and
wherein 1% to 40% of the first scattering particles
(1042a) by volume are contained in the film (840a,
840b, 840c, 1140) or the tube (940, 1240), and
wherein 0.1% to 20% of the second scattering par-
ticles (1042b) by volume are contained in the film
(840a, 840b, 840c, 1140) or the tube (940, 1240).

11. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of claim 9, wherein a content of the first
scattering particles (1042a) in the scattering parti-
cles (1042) is more than

 percent by volume,

and less than  per-

cent by volume,
wherein a content of the second scattering particles
(1042b) of the scattering particles (1042) is more

than  percent by vol-

ume and less than 

percent by volume,
where nmatrix denotes a refractive index of the matrix

(843, 943, 1043), nmicro denotes a refractive index

of the first scattering particles (1042a), and nnano

denotes a refractive index of the second scattering
particles (1042b).

12. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 9, wherein the
plurality of light sources (217, 542, 622, 810a, 910a,
1110a, 1210a) comprises light-emitting diodes
(810a, 910a, 1110a, 1210a) configured to emit the
primary light (10, 10a, 11a, 12a), and
wherein the quantum dot composite (840a, 840b,
840c, 940, 1040, 1140, 1240) is encapsulated on the
light-emitting diodes (810a, 910a, 1110a, 1210a).

13. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 12, wherein
the plurality of light sources (217, 542, 622, 810a,
910a, 1110a, 1210a) comprises light-emitting diodes
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(810a, 910a, 1110a, 1210a) configured to emit blue
primary light (10a, 11a, 12a), and
wherein the quantum dot composite (840a, 840b,
840c, 940, 1040, 1140, 1240) comprises:

green light-emitting quantum dot phosphors
(841a, 941a, 1041a) excited by the blue primary
light (10a, 11a, 12a) supplied from the plurality
of light sources (217, 542, 622, 810a, 910a,
1110a, 1210a) so as to emit green secondary
light (20b, 21b); and
red light-emitting quantum dot phosphors (841b,
941b, 1041b) excited by the blue primary light
(10a, 11a, 12a) supplied from the plurality of light
sources (217, 542, 622, 810a, 910a, 1110a,
1210a) so as to emit red secondary light (20c,
21c).

14. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claims 1 to 12, wherein
the plurality of light sources (217, 542, 622, 810a,
910a, 1110a, 1210a) comprises light-emitting diodes
(810a, 910a, 1110a, 1210a) configured to emit blue
primary light (10a, 11a, 12a),
wherein the backlight unit (120, 200, 800a, 800b,
800c, 900, 1100, 1200) further comprises green
light-emitting inorganic phosphors (812a) encapsu-
lated on the light-emitting diodes (810a) to emit
green primary light using the blue primary light (10a,
11a, 12a), and
wherein the quantum dot composite (840a, 840b,
840c, 940, 1040, 1140, 1240) comprises red light-
emitting quantum dot phosphors (841b, 941b,
1041b) excited by the primary light (10a, 11a, 12a)
supplied from the plurality of light sources (217, 542,
622, 810a, 910a, 1110a, 1210a) or the green primary
light supplied from the green light-emitting inorganic
phosphors (812a), so as to emit red secondary light
(20c, 21c).

15. The backlight unit (120, 200, 800a, 800b, 800c, 900,
1100, 1200) of any one of claim 1 to 12, wherein the
plurality of light sources (217, 542, 622, 810a, 910a,
1110a, 1210a) comprises light-emitting diodes
(810a, 910a, 1110a, 1210a) configured to emit blue
primary light (10a, 11a, 12a),
wherein the backlight unit (120, 200, 800a, 800b,
800c, 900, 1100, 1200) further comprises red light-
emitting inorganic phosphors (812b) encapsulated
on the light-emitting diodes (810a) so as to emit red
primary light using the blue primary light (10a, 11a,
12a), and
wherein the quantum dot composite (840a, 840b,
840c, 940, 1040, 1140, 1240) comprises green light-
emitting quantum dot phosphors (841a, 941a,
1041a) excited by the blue primary light (10a, 11a,
12a) supplied from the plurality of light sources (217,
542, 622, 810a, 910a, 1110a, 1210a) so as to emit

green secondary light (20b, 21b).
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