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BACKLIGHT UNIT AND DIPLAY DEVICE INCLUDING THE SAME

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from Republic of Korea Patent Application No. 10-2018-
0159467, filed on December 11, 2018, which is hereby incorporated by reference for all purposes as if

fully set forth herein.

BACKGROUND

1. Field of the Disclosure

[0002] Embodiments disclosed herein relate to a backlight unit and a display device including the

same.

2. Description of the Related Art

[0003] Aliquid crystal display (LCD) is one of flat panel displays for displaying images using a liquid
crystal. The LCD is widely used throughout the industry due to the advantages thereof such as thin
thickness, light weight, and low power consumption. The LCD is able to display an image by adjusting
the transmissivity of light emitted from a backlight unit in accordance with the characteristic thereof that
the transmissivity is controlled by changing the arrangement of liquid crystals. Such an LCD uses a light-
emitting diode (LED), a cold cathode fluorescent lamp (CCFL), a hot cathode fluorescent lamp (HCLF),
or the like as a light source of the backlight unit. In recent years, light-emitting diodes having excellent
light efficiency and high color reproducibility have been widely used as light sources for backlight units.

[0004] The backlight units may be classified into an edge-type or a direct-type depending on the

arrangement of a light source and a light transmission form. In the direct-type backlight unit, alight source



such as an LED may be disposed on the rear side of the display device.

[0005] The light source device used in such a direct-type backlight unit may include a light-emitting
diode, and a substrate on which the light-emitting diode is mounted and which includes a circuit element
for driving the light-emitting diode or the like. In addition, a phosphor film including an expensive phosphor
may be disposed on the light-emitting diode so that light emitted from the light-emitting device is excited
to exhibit a color. However, since a large amount of phosphor is used in the phosphor fim, the
manufacturing cost of the backlight unit may increase. In addition, when the light emitted from the light-

emitting device is not sufficiently excited, color reproductivity is deteriorated.

SUMMARY

[0006] Embodiments of the present disclosure provide a backlight unit having a high color
reproductivity and a display device including the backlight unit.

[0007] In addition, embodiments of the present disclosure provide a backlight unit capable of
reducing a manufacturing cost and a display device including the backlight unit.

[0008]  According to embodiments of the present disclosure, itis possible to provide a backlight unit
having a high color reproductivity and a display device including the backlight unit.

[0009]  According to embodiments of the present disclosure, itis possible to provide a backlight unit
capable of reducing a manufacturing cost and a display device including the backlight unit

[0010] In various embodiments, a backlight unit comprises a substrate; a light-emitting device on
the substrate; a lower reflector on the substrate, the lower reflector with a hole that accommodates and
exposes the light-emitting device, the lower reflector having a height greater than a height of the light-
emitting device and configured to reflect light emitted from the light-emitting device; a color resin in the
holes and on the light-emitting device, and having a height lower than the height of the lower reflector;
and a light path modulator above the light emitting device and on the color resin, the light path modulator

having a different refractive index than a refractive index of the color resin to reflect the emitted light at a
2



boundary of the light path modulator and the color resin towards the lower reflector.

[0011] In an embodiment, the color resin includes a plurality of phosphors having at least two
different colors. In an embodiment, the color resin has an upper surface that is concave or convex.

[0012] Inanembodiment, the light path modulator comprises air.

[0013] Inanembodiment, the backlight unit further comprises a distributed Bragg reflector on the
light-emitting device, the distributed Bragg reflector in the hole and between the substrate and the light
path modulator.

[0014] Inanembodiment, the backlight unit further comprises an adhesive film on the lower reflector
and the light path modulator, and a light-modifying sheet on the adhesive film, the light-modifying sheet
including a plurality of light-modifying patterns at least partially overlapping the plurality of light-emitting
devices, the plurality of light-modifying patterns having one or more layers including a top layer on a
surface of the light-modifying sheet facing the substrate, air gaps present between the one or more layers
and the adhesive film.

[0015] Inanembodiment, the one or more layers further includes a middle layer on a surface of the
top layer facing the substrate, the top layer having a size greater than a size of the middle layer.

[0016] Inanembodiment, the one or more layers further includes a bottom layer on a surface of
the middle layer facing the substrate, the bottom layer having a size less than the size of the middle layer.

[0017] Inanembodiment, the backlight unit further comprises a phosphor film on the light-modifying
sheet, a diffusion plate on the phosphor film, and an optical sheet on the diffusion plate.

[0018] Invarious embodiments, a backlight unit comprises a substrate including a groove having
side wallls applied with a reflective material and having a first height; a light-emitting device in the groove
and having a second height lower than the first height; a color resin in the groove and on the light emitting
device, the color resin having a third height lower than the first height, and an light path modulator in the
groove and on the color resin, the light path modulator having a refractive index different from a refractive

index of the color resin to reflect light emitted from the light-emitting device at a boundary of the light path
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modulator and the color resin towards the side walls of the grooves.

[0019] Invarious embodiments, a method for manufacturing a backlight unit comprises disposing
a plurality of light-emitting devices in areas of a substrate; disposing a lower reflector on the substrate
with holes of the lower reflector accommodating and exposing the plurality of light-emitting devices, the
holes having a depth greater than a height of the plurality of light-emitting devices; curing a color resinin
the holes, the cured resin having a height lower than the depth; and disposing an light path modulator in
the holes and on the color resin, the light path modulator having a different refractive index than that of
the color resin.

[0020] Inanembodiment, the method further comprises disposing reflectors on the plurality of light-
emitting devices, and coating the substrate with a reflective material.

[0021] Inan embodiment, the method further comprises disposing an adhesive film on the lower
reflector and the light path modulator; and disposing a light-modifying sheet on the adhesive film, the
light-modifying sheet including a plurality of light-modifying patterns at least partially overlapping the
plurality of light-emitting devices, the plurality of light-modifying patterns having one or more layers
including a top layer on a surface of the light-modifying sheet facing the substrate, air gaps present
between the one or more layers and the adhesive fim.

[0022] Inanembodiment, the method further comprises printing the top layer on the surface of the
light-modifying sheet.

[0023] Inanembodiment, the method further comprises printing a middle layer of the one or more
layers on the top layer, the top layer having an area greater than an area of the middle layer, wherein the
light-modifying sheet having the printed top layer and middle layer is reversed before disposing the light-
modifying sheet on the adhesive film.

[0024] Inanembodiment, the method further comprises printing a bottom layer of the one or more
layers on the middle layer, the bottom layer having an area less than the area of the middle layer.

Herein, wherein a top layer, a middle layer, and a bottom layer are discussed, it is to be understood that
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the top layer is farther from the substrate than the bottom layer; and that the middle layer is positioned
between the top layer and the bottom layer.

[0025] Invarious embodiments, a backlight unit comprises a light-emitting device having a flip chip
structure; a first reflector disposed to surround a first area including the light-emiting device and a
periphery of the light-emitting device; a color resin disposed in the first area; an adhesive film disposed
above the color resin to be spaced apart from the color resin by a predetermined distance; and a light
modifying sheet disposed on the adhesive film and including a light modifying pattern disposed to
correspond to a position of the light-emitting device.

[0026] In an embodiment, the backlight unit further comprises a material disposed between the
adhesive film and the color resin and having a refractive index different from a refractive index of the color
resin.

[0027] Inanembodiment, the first reflector has a height higher than a height of the color resin.

[0028] In an embodiment, the backlight unit further comprises a substrate including a groove
corresponding to the first area, and wherein a reflective fim is applied to the substrate.

[0029] Inanembodiment, the backlight unit further comprises a phosphor fim disposed above the
light modifying sheet and including a phosphor having a color different from a color of the color resin.

[0030] Inanembodiment, the color resin comprises two types of phosphors having different colors.

[0031] Inanembodiment, the backlight unit further comprises a second reflector disposed on an
upper face of the light-emitting device.

[0032] Invarious embodiments, a display device comprises a liquid crystal panel; a backlight unit
disposed below the liquid crystal panel and configured to radiate light to the liquid crystal panel. The
backlight unit comprises a light-emitting device having a flip chip structure; a first reflector disposed to
surround a first area including the light-emitting device and a periphery of the light-emitting device; a color
resin disposed in the first area; an adhesive film disposed above the color resin to be spaced apart from

the color resin by a predetermined distance; and a light modifying sheet disposed on the adhesive film
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and including a light modifying pattern disposed to correspond to a position of the light-emitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other aspects, features and advantages of the present disclosure will be
more apparent from the following detailed description taken in conjunction with the accompanying
drawings, in which:

[0034] FIG. 1is astructural diagram illustrating a display device according to an embodiment of the
present disclosure.

[0035] FIG. 2isaview illustrating an example of the structure of a backlight unitincluded in a display
device according to embodiments of the present disclosure.

[0036] FIGS. 3Ato 3E are views each illustrating an example of a specific structure of the backlight
unitillustrated in FIG. 2.

[0037] FIG. 4is a view illustrating a structure of a backlight unit according to embodiments of the
present disclosure.

[0038] FIGS. 5A and 5B are views illustrating examples of structures according to positions of light-
modifying pattems included in the backlight unit illustrated in FIG. 4.

[0039] FIG. 6is a structural view illustrating an embodiment of a backlight unit illustrated in FIG. 1.

[0040] FIG. 7is a perspective view illustrating a reflector employed in the backlight unit illustrated in
FIG. 1.

[0041] FIG. 8is a conceptual view illustrating paths of light emitted from a light-emitting device.

[0042] FIGS. 9Ato 9F are conceptual views illustrating a procedure of manufacturing the backlight
unitillustrated in FIG. 6.

[0043] FIG. 10is a structural view illustrating an embodiment of the backlight unit illustrated in FIG.

1.



[0044] FIG. 11 is a structural view illustrating an embodiment of the backlight unit illustrated in FIG.

1.

DETAILED DESCRIPTION

[0045] The advantages and features of the present disclosure and methods of achieving the same
will be apparent by referring to embodiments of the present disclosure as described below in detail in
conjunction with the accompanying drawings. However, the present disclosure is not limited to the
embodiments set forth below, but may be implemented in various different forms. The following
embodiments are provided only to completely disclose the present disclosure and inform those skilled in
the art of the scope of the present disclosure, and the present disclosure is defined only by the scope of
the appended claims.

[0046] Theshapes, sizes, ratios, angles, numbers, and the like shown in the drawings for explaining
embodiments of the present disclosure are illustrative, and therefore the present disclosure is not limited
to the shown matters. Throughout the specification, the same or like reference numerals designate the
same or like elements. Further, in the description of the present disclosure, when it is determined that
the detailed description of the related well-known technologies unnecessarily make the subject matter of
the present disclosure unclear, the detailed description will be omitted. VWhen the expression “include”,
“have”, “comprise”, or the like as mentioned herein is used, any other part may be added unless the
expression “only” is used. VWhen an element is expressed in the singular, the element may cover the
plural form unless a special mention is explicitly made of the element.

[0047] Further, ininterpreting elements in embodiments of the disclosure, they should be construed
to cover tolerance ranges even when explicit indications are not given separately.

[0048] In addition, terms, such as first, second, A, B, (a), (b) or the like may be used herein when

describing components of the present disclosure. Each of these terminologies is not used to define an
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essence, order or sequence of a corresponding component but used merely to distinguish the
corresponding component from other component(s). In the case that it is described that a certain

LT

structural element “is connected t0”, “is coupled to”, or “is in contact with” another structural element, it
should be interpreted that another structural element may “be connected t0”, “be coupled to”, or “be in
contact with” the structural elements as well as that the certain structural element is directly connected to
or is in direct contact with another structural element. VWhen a positional relationship of two parts is
described using, for example, “on —-", “above -, “below —--", “beside ---", or the like, one or more other
parts may be positioned between the two parts unless a term, such as “just” or “directly’, is used.
Moreover, when a first component is described herein as being “on” or “above” a second component, it
is to be understood that the first component is further from the substrate than the second component.
Similarly, when a first component is described herein as being “below” a second component, it is to be
understood that the first component is closer from the substrate than the second component. And when
a first component is described herein as being “beside” a second component, it is to be understood that
the first component is roughly the same distance from the substrate as the second component.
Also herein, where a first component is described as having a height greater than a height of a second
component, it is to be understood that the first component extends further from the substrate than the
second component. And where a first component is described as having a height lower than a height of
a second component, it is to be understood that the second component extends further from the
substrate than the first component.

[0049] In addition, components in embodiments of the present disclosure are not limited by these
terms. These terms are only used to distinguish one component from another. Accordingly, when a
constituent element is referred to as a first constituent element hereinafter, it may be a second constituent
element within the technical idea of the present disclosure.

[0050] In addition, features (components) in embodiments of the present disclosure may be partly

or wholly coupled or combined with each other or partly or may be wholly separated from each other,
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technically various interlocking and driving are possible, and respective embodiments may be
implemented independently of each other or may be implemented in conjunction with each other.

[0051] Hereinafter, embodiments of the present disclosure will be described in detail with reference
to the accompanying drawings.

[0052] FIG. 1is a structural diagram illustrating a display device according to an embodiment of the
present disclosure.

[0053] Referring to FIG. 1, adisplay device 10 may include a display panel 100 and a backlight unit
200 configured to radiate light to the display panel 100.

[0054] The display panel 100 may be a liquid crystal panel. The liquid crystal pane may include a
liquid crystal layer capable of generating a difference in transmissivity according to the arrangement of
liquid crystal molecules, a pixel electrode configured to selectively apply a voltage to the liquid crystal
layer, and a common electrode configured to apply a common voltage to the liquid crystal layer to
correspond to the pixel electrode. The liquid crystal layer may be disposed between the pixel electrode
and the common electrode, and the arrangement of the liquid crystal molecules may be determined
corresponding to the voltage applied between the pixel electrode and the common electrode. In addition,
the display panel 100 may include a color filter. In addition, the display panel 100 may further include a
pixel circuit configured to selectively apply a voltage to the pixel electrode, and a drive circuit configured
to supply a signal and a voltage to a pixel circuit.

[0055]  The backlight unit 200 is disposed below the display panel 100 and can uniformly radiate
light to at least part of or the entire face of the display panel 100 from below the display panel 100. The
backlight unit 200 may generate and radiate light using light-emitting diodes. The backlight unit 200 may
be spaced apart from the display panel 100 by a predetermined distance d1.

[0056] FIG. 2isaview illustrating an example of the structure of a backlight unitincluded in a display
device according to embodiments of the present disclosure.

[0057] Referring to FIG. 2, the display device 10 according to the embodiments of the present
9



disclosure may include a display panel 100 and a backlight unit 200 disposed below the display panel

100 and configured to supply light to the display panel 100.

[0058] Various structures may be disposed between the backlight unit 200 and the display panel
100. For example, the display panel 100 may be fixed to the backlight unit 200 via a guide panel 400, a
foam pad 500, and the like, but the present disclosure is not limited thereto.

[0059]  The backlight unit 200 may include a cover bottom 300 configured to accommodate optical
elements and the like constituting the backlight unit 200.

[0060] A substrate 210 may be disposed on the cover bottom 300, and multiple light-emitting
devices 211 may be disposed on the substrate 210. The light-emitting devices 211 may be, for example,
light-emitting diodes (LEDs), or may be mini LEDs or micro LEDs. In addition, the light-emitting devices
211 may be disposed in the form that chip-type light-emitting devices 211 are mounted on the substrate
210, sothat it is possible to reduce the thickness of the backlight unit 200 and it is also possible to provide
a light source having a wide radiation angle and high optical efficiency. A light-emitting device 211
configured to be mounted on a substrate 210 may be referred to a light-emitting device 211 having a flip
chip structure.

[0061] The light-emitting devices 211 may emit light in a white wavelength band or, in some cases,
may emit light in a specific wavelength band (e.g., a blue wavelength band). The substrate 210 may be
a printed circuit board, and a reflector 212 may be disposed on at least a portion of the area in which the
light-emitting devices 211 are not disposed on the substrate 210. A light source protection unit 205 may
be disposed on the multiple light-emitting devices 211 and the reflector 212. The light source protection
unit 205 may protect the multiple light-emitting devices 211, and may provide a function of diffusing the
light emitted from the light-emitting devices 211. The light source protection unit 205 may be a resin layer
including a resin.

[0062] Alightmodifying sheet 216 may be disposed on the light source protection unit 205. The

light-modifying sheet 216 may include multiple light-modifying patterns 216p disposed on a face that
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faces the light-emitting devices 211. Here, the multiple light-modifying pattems 216p may be disposed
at positions corresponding to the multiple light-emitting devices 211 on the lower face of the light-
modifying sheet 216. The lightmodifying pattems 216p may transmit a part of the light emitted from the
light emitting element 211. The light modifying sheet 216 may be a light control sheet capable of
transmitting a part of light. The light modifying sheet is capable of scattering, reflecting, diffracting, or
transmitting from the light-emitting devices 211, thereby improving the image quality of the backlight unit
200.

[0063] Thatis, by arranging the light-modifying patterns 216p in the area where the intensity of the
light emitted from the light-emitting devices 211 is highest, it is possible to reduce brightness deviation
between the area where the light-emitting devices 211 are disposed (an area having a greater amount
of light) and the areas between the light-emitting devices 211 (areas having a smaller amount of light).

[0064] The light modifying sheet 216 may include a light modifying material. In addition, the light
modifying pattern 216p may include titanium dioxide (TiIO2). In addition the light modifying material may
be white. However, it is not limited thereto.

[0065]  Adiffusion plate 218 configured to diffuse light incident from below may be disposed on the
light-modifying sheet 216. In addition, a phosphor film 217 or one or more optical sheets 219 may be
disposed on the diffusion plate 218. When the light incident on the phosphor fim 217 is blue light, the
light passes through the phosphor film 217 may be converted into white light.

[0066] FIGS. 3Ato 3E are views each illustrating an example of a specific structure of the backlight
unitillustrated in FIG. 2.

[0067] Referring to FIG. 3A, multiple light-emitting devices 211 may be disposed on the substrate
210. A reflective flm coated on the substrate 210 may be disposed. The coated reflective film may be
formed of a white pigment. That is, a white pigment may be applied to the substrate 210.

[0068] Referring to FIG. 3B, a reflector 212 may be disposed on at least a part of an area, except

for the area where the light-emitting devices 211 are disposed on the substrate 210.
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[0069] The reflector 212 may be disposed in the shape in which areas corresponding to the light-
emitting devices 211 are open, and may be disposed on the substrate 210. The reflector 212 is able to
reflect the light emitted from the light-emitting devices 211 to the front face of the backlight unit (facing the
display panel 100), thereby enhancing the optical efficiency of the backlight unit.

[0070] Here, when the light-emitting devices 211 are disposed in the form of chips, the height of the
reflector 212 may be greater than the height of the light-emitting devices 211 since the size of the light-
emitting devices 211 is small.

[0071] Therefore, the light emitted in the lateral directions of the light-emitting devices 211 is able to
be reflected by the side faces of the openings in the reflector 212 and may be emitted to the front face of
the backlight unit 200, thereby further enhancing the optical efficiency of the backlight unit 200.

[0072] Referringto FIG. 3C, alight source protection unit 205 may be disposed on the multiple light-
emitting devices 211 and the reflector 212. The light source protection unit 205 may include, for example,
aresin. VWhen the light source protection unit 205 includes a resin, the light source protection unit 205
may be provided by disposing a partition outside the substrate 210 or outside the area in which the
multiple light-emitting devices 211 are disposed, and applying the resin inside the partition. The light
source protection unit 205 functions to protect the multiple light-emitting devices 211 disposed on the
substrate 210, and may provide the function of a light guide plate by diffusing the light emitted from the
light-emitting devices 211. The light emitted from the light-emitting devices 211 may spread by the light
source protection unit 205 to the upper face of the light source protection unit 205 more evenly. At this
time, even if the reflector 212 modifies or adjusts the direction in which the light is spread by the light
source protection unit 205 or the like, the intensity of the light emitted in the vertical direction of the light-
emitting devices 211 may be high, and thus the uniformity of image may be deteriorated.

[0073] According to the embodiments of the present disclosure, it is possible to improve the
uniformity of image while reducing the thickness of the backlight unit 200 by disposing light-modifying

patterns 216p having an optical characteristic such as scattering, reflection, diffraction and transmitting
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at the positions corresponding to the light-emitting devices 211 on the light source protection unit 205.
[0074] Referring to FIG. 3D, a light-modifying sheet 216 may be disposed on the light source
protection unit 205, and the multiple light-modifying patterns 216p may be disposed on the lower surface
of the light-modifying sheet 216. However, this disclosure is not limited thereto, and the multiple light-
modifying patterns 216p may be disposed on the upper surface of the light-modifying sheet 216. Then,
the light-modifying sheet 216 may be bonded to the light source protection unit 215 through a piece of
adhesive film 215. The adhesive film 215 may be an OCA film. The light-modifying sheet 216 may be
made of, for example, PET or the like, but is not limited thereto. Each of the multiple light-modifying
patterns 216p disposed on the lower surface or the upper surface of the light-modifying sheet 216 may
be arranged to comrespond to one of the multiple light-emitting devices 211 disposed on the substrate
210. For example, the light-modifying patterns 216p may be disposed to at least partially overlap the
light-emitting devices 211, in consideration of the light diffusion characteristics, and may be disposed to
overlap an area including the area in which the light-emitting devices 211 are disposed. The light-
modifying patterns 216p may scatter, reflect, diffract or transmit the light emitted from the light-emitting
devices 211. For example, the light-modifying patterns 216p may scatter light emitted from the light-
emitting devices 211 so as to allow the light to be emitted from the light-modifying sheet 216. In addition,
the light-modifying patterns 216b may reflect the light emitted from the light emitting devices 211 in the
vertical direction and may cause the light to be reflected again by the reflector 212, so that the light is
emitted to the areas between the light-emitting devices 211 or between the light-modifying patterns 216b.
[0075] As described above, the light emitted from the light-emitting devices 211 by the light-
modifying patterns 216p may be scattered, reflected, differacted, or transmitted, it is possible to improve
the image quality of the backlight unit 200.

[0076] Referring to FIG. 3E, a diffusion plate 218 may be disposed on the light-modifying sheet 216,
and a phosphor film 217 may be disposed on the diffusion plate 218. Then, at least one optical sheet

219 may be disposed on the phosphor film 217. Here, the positions where the diffusion plate 218 and
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the phosphor film 217 are disposed may be mutually exchanged. The diffusion plate 218 can diffuse the

light emitted through the light-modifying sheet 216.

[0077] The phosphor film 217 may include a phosphor having a specific color, and may excite
incident light to emit light in a specific wavelength band. Accordingly, the light passing through the
phosphor fim 217 may have a specific color included in the phosphor film 217 or a color mixed with the
specific color. For example, in the case in which the light-emitting devices 211 emit light in a first
wavelength band (e.g., blue light), the phosphor film 217 may emit light in a second wavelength band
(e.g., green light) and light in a third wavelength band (e.g., red light) in response to the light incident
thereon.

[0078] In some cases, the phosphor film 217 may be disposed in a partial area on the diffusion
plate 218. For example, when the light-emitting devices 211 emit light in a blue wavelength band, the
phosphor film 217 may be disposed only in an area other than an area corresponding to the area in
which the blue subpixels SP are arranged in the liquid crystal panel 100. That s, it is possible to cause
light, which has not passed through the phosphor film 217, to reach the blue subpixels SP of the liquid
crystal panel 100. In addition, the phosphor film 217 may not be disposed in the backlight unit 200. For
example, when the light-emitting devices 211 emit light in a white wavelength band or are coated with a
color conversion film, which emits light in a green wavelength band and light in a red wavelength band,
on the emission faces thereof, the phosphor film 217 may not be disposed.

[0079] As described above, the embodiments can improve the image quality of the backlight unit
while reducing the thickness of the backlight unit by providing the light-modifying sheet 216 including the
light-modifying patters 216p disposed at the positions corresponding to the light-emitting devices 211
and various optical elements.

[0080] Hereinafter, embodiments will be described with specific examples of the light-modifying
patterns 216p disposed on the light-modifying sheet 216.

[0081] FIG. 4is a view illustrating a structure of a backlight unit according to embodiments of the
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present disclosure.

[0082] Referring to FIG. 4, a substrate 210 may be disposed on a cover bottom 300 and the
substrate 210 may be bonded to the cover bottom 300 by the adhesive tape 210a disposed between
the cover bottom 300 and the substrate 210.

[0083] Multiple light-emitting devices 211 may be disposed on the substrate 210, and a reflector
212 may be disposed on at least a part of an area other than the area in which the light-emitting devices
211 are disposed on the substrate 211.

[0084] Here, each of the light-emitting devices 211 may be, for example, an LED, and may include
a light-emitting portion 203a including an n-type semiconductor layer, an activation layer, and a p-type
semiconductor layer, and an electrode portion 203b. A light source protection unit 205 is disposed on the
multiple light-emitting devices 211 and the reflector 212. A light-modifying sheet 216 on which the light-
modifying patterns 216p are disposed at the positions corresponding to the light-emitting devices 211
may be disposed on the light source protection unit 205. Then, a diffusion plate 218, a phosphor film
217, an optical sheet 219, and the like may be disposed on the light-modifying sheet 216.

[0085]  The light-modifying pattems 216p disposed on the lower face of the light-modifying sheet
216 may be implemented by printing a substance having a light-modifying property on the light-modifying
sheet 216. For example, the light-modifying patterns 216p may be disposed through a method of printing
ink including titanium dioxide (TiO2) on the light-modifying sheet 216. In addition, the light-modifying
patterns 216p disposed on the lower face of the light-modifying sheet 216 may be arranged in one layer,
or may be arranged in a multi-layer structure. That s, as illustrated in FIG. 4, the light-modifying pattems
216p disposed on the lower surface of the light-modifying sheet 216 may be configured in three layers.
The light-modifying patterns 216p may be implemented through a method of printing the light-modifying
substance three times on the light-modifying sheet 216, and the area of the light-modifying substance to
be printed may become gradually narrower. Then, the light-modifying patterns 216p may be disposed

on the light-emitting devices 211 by reversing and disposing the light-modifying sheet 216, on which the
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light-modifying patterns 216p are disposed, on the light source protection unit 205.

[0086] Therefore, the area of the light-modifying patterns 216p may gradually become narrower
toward the bottom of the light-modifying sheet 216, and the thickness of each light-modifying pattern
216p may be larger in the central portion than in the outer (peripheral) portion thereof.

[0087] Thatis, since the intensity of light emitted in the vertical direction from the light-emitting device
211 is greater than intensity of light emitted in oblique or lateral directions, the central portion of the light-
modifying pattern 216p may be configured to be thicker than the other portions. However, the
embodiment is not limited thereto.

[0088] Bydisposing the light-modifying patterns 216p on the light-emitting devices 211 as described
above, it is possible to prevent or mitigate hot spots from appearing in the area in which the light-emitting
devices 211 are disposed by scattering, reflecting, diffracting, or blocking at least a portion of the light
emitted in the vertical direction from the light-emitting devices 211. The light-modifying sheet 216 on
which the light-modifying patterns 216p are disposed may be bonded to the light source protection unit
205 via the adhesive film 215. At this time, the adhesive film 215 may be disposed in at least a portion
of an area other than the area in which the light-modifying patterns 216p are disposed on the lower face
of the light-modifying sheet 216.

[0089] Therefore, the adhesive film 215 may not be disposed in the area in which the light-modifying
patterns 216p are disposed, and an air gap may exist between the light-modifying patterns 216p and the
light source protection unit 205. In addition, the side portions of the light-modifying patterns 216p and the
adhesive film 215 may be spaced apart from each other. Since the air gap exists between the light-
modifying patterns 216p and the light source protection unit 205, light emitted in the lateral direction of
the light-modifying patterns 216p may be reflected by the air gap through the light-modifying sheet 216
and toward the display panel 100. That is, the light emitted in the lateral direction of the light-modifying
patterns 216p may be emitted at a large refraction angle by the air layer having a low refractive index, or

may be reflected by the air layer. Since light reflected by the air layer is emitted after being reflected again
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by the reflector 212, it is possible to enhance the optical efficiency while assisting the light-modifying
function of the light-modifying patterns 216p.

[00290] Asdescribed above, it is possible to enhance the optical efficiency of the backlight unit while
preventing or mitigating a hot spot through the structure in which the light-modifying patterns 216p and
the air gap are amanged at the positions corresponding to the light-emitting devices 211. In addition, the
light-modifying patterns 216p disposed on the lower surface of the light-modifying sheet 216 may be
arranged in different structures depending on the positions in which they are disposed.

[0091] FIGS. 5A and 5B are views illustrating examples of structures according to positions of light-
modifying patterns included in the backlight unit illustrated in FIG. 4.

[0092] Referring to FIG. 5A, examples of brightness appearing through the backlight unit according
to the structures of light-modifying patterns 216p are illustrated, in which EX1 illustrates an example of
brightness measured when the light-modifying patterns 216p are arranged in a constant structure, and
EX2 represents an example of brightness measured when the light-modifying pattems 216p are
arranged in different structures depending on the positions thereof.

[0093] As illustrated in EX1 in FIG. 5A, when the structures of the light-modifying pattems 216pa
disposed in an outer area of the backlight unit 200 and the light-modifying patterns 216pd disposed in
the central area are the same (e.g., same thickness or size), the brightness of the outer (peripheral) area
of the backlight unit may be lower than the brightness of the central area of the backlight unit.

[00294] Thatis, since, in the outer area of the backlight unit, the number of the light-emitting devices
211 that supply light to the corresponding area is relatively small in comparison to the central area, when
the light-modifying patterns 216p having the same level of light-modifying characteristic is disposed, the
brightness may be lowered compared to the central area of the backlight unit.

[0095] Therefore, as illustrated in EX2 in FIG. 5A, by arranging the light-modifying pattems 216pa
disposed in the outer area of the backlight unit 200 and the light-modifying patterns 216pd disposed in

the central area of the backlight unit 200 to have different structures, itis possible to prevent the brightness
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of the outer area of the unit 200 from being deteriorated and to make the overall brightness more uniform.

[0096] As an example, the lightmodifying patterns 216p may be arranged such that the thickness
T1 of the light-modifying patterns 216pa disposed in the outer area of the backlight unit 200 is smaller
than the thickness T2 of the light-modifying pattems 216pd disposed in the central area.

[0097] Alternatively, the lightmodifying patterns 216p may be arranged such that the area W1 of
the thickest portion in the light-modifying pattern 216pb disposed adjacent to the outer area of the
backlight unitis smaller than the area W2 of the thickest portion in the light-modifying pattern 216pd. That
is, in the light-modifying patterns 216pa and 216pb disposed in the outer area of the backlight unit 200
or in the area adjacent to the outer area, the area of the portion having a higher blocking characteristic
be made smaller.

[0098] Inaddition, the light-modifying patterns 216p may be arranged such that that the thicknesses
of the light-modifying patterns 216p gradually decrease from the central area toward the outer area of
the backlight unit 200, or such that the area of the thickest portions of the light-modifying patterns 216p
gradually decrease. That is, the light-modifying patterns 216pd and 216pb disposed in the outer area or
adjacent to the outer area of the backlight unit 200, the area of the portion having the high blocking
characteristic be made smaller.

[0099] In addition, the thickness of the light-modifying patterns 216p gradually decreases from the
central area of the backlight unit 200 to the outer area, or the area of the thickest part of the light-modifying
patterns 216p gradually decreases.

[00100] In addition, in some cases, the light-modifying pattems 216p may be differently arranged
such that the number or intervals of light-emitting devices 211 are different between the central area and
the outer area of the backlight unit 200.

[00101] Referring to FIG. 5B, another example of the structure in which the light-modifying pattems
216p are disposed on the lower surface of the light-modifying sheet 216 is illustrated.

[00102] Here, the distance between the light-emitting devices 211 disposed in the outer area of the
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backlight unit 200 may be smaller than the distance between the light-emitting devices 211 disposed in
the central area of the backlight unit 200. That is, the light-emitting devices 211 may be arranged in the
structure in which the light-emitting devices 211 are disposed more densely in the outer area of the
backlight unit 200 such that the brightness becomes uniform in the central area and the outer area of the
backlight unit 200.

[00103] In addition, since the light-modifying patterns 216p disposed on the lower face of the light-
modifying sheet 216 are arranged to correspond to the light-emitting devices 211, the interval between
the light-modifying patterns 216p disposed in the outer area of the backlight unit 200 may be different
from the interval between the light-modifying patterns 216p disposed in the central area.

[00104] As an example, the interval D1 in the first direction of the light-modifying patterns 216p
disposed in the outer area of the backlight unit 200 may be smaller than the interval D2 in the first direction
of the light-modifying patterns 216p disposed in the central area. In addition, the interval D3 in the second
direction of the light-modifying patterns 216p disposed in the outer area of the backlight unit 200 may be
smaller than the interval D4 in the second direction of the light-modifying patterns 216p disposed in the
central area.

[00105] The size, thickness, and the like of the light-modifying pattemns 216p disposed in the outer
area of the backlight unit may be different from the size, thickness, and the like of the light-modifying
patterns 216p disposed in the central area of the backlight unit.

[00106] Forexample, as illustrated in FIG. 5B, the size S1 of the light-modifying pattems 216pe and
216pf disposed in the outer area of the backlight unit 200 may be smaller than the size S2 of the light-
modifying pattems 216pg disposed in the central area of the backlight unit 200.

[00107] Alternatively, the light-modifying pattern 216p may have a multilayer structure as described
above. Inthis case, the thickness of the light-modifying patterns 216pe and 216pf disposed in the outer
area of the backlight unit or the area of the portions having the largest thickness in the light-modifying

patterns 216pe and 216pf may be smaller than the thickness of the light-modifying patterns 216pg
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disposed in the central area of the backlight unit 200 or the area of the portions having the largest
thickness in the light-modifying patterns 216pg.

[00108] Thatis, by reducing the sizes of the light-modifying patterns 216pe and 216pf disposed in
the outer area of the backlight unit, the light-modifying patterns 216pe and 216pf may be disposed to
correspond to the light-emitting devices 211 arranged at a small interval. As a result, it is possible to
prevent or mitigate hot spots from being generated at the positions corresponding to the light-emitting
devices 211 in the outer area of the backlight unit 200.

[00109] Inaddition, by lowering the level at which the light emitted from the light-emitting devices 211
is scattered, reflected, diffracted, or blocked in the outer area of the backlight unit 200, the amount of light
to be emitted is increased and the brightness of the outer area of the backlight unit 200 is improved.
Thus, it is possible to make the entire area of the backlight unit 200 exhibit more uniform brightness.

[00110] As described above, by arranging the light-modifying patterns 216p to have different
structures from area to area in the backlight unit 200, it is possible to prevent or mitigate the brightness
from being lowered in the outer area of the backlight unit 200 and to improve the uniformity of brightness.

[00111] In addition, it is possible to prevent or mitigate hot spots of the backlight unit 200 and to
improve the uniformity of brightness through the structure in which the above-described modifying
patterns 216p are disposed.

[00112] Embodiments are also able to provide a method of improving the image quality of the
backlight unit 200 while increasing the optical efficiency of the backlight unit by diffracting light emitted in
the vertical direction of the light-emitting devices 216p.

[00113] FIG. 6is a structural view illustrating an embodiment of the backlight unit illustrated in FIG.
1, and FIG. 7 is a perspective view illustrating a reflector employed in the backlight unit illustrated in FIG.
1.

[00114] Referringto FIGS. 6 and 7, a backlight unit 200a may include a substrate 210, a light-emitting

device 211 disposed on the substrate 210 having a flip chip structure, a reflector 212 disposed to
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surround the light-emitting device 211 and a first area 1AR including the periphery of the light-emitting
device, a color resin 213 disposed in the first area 1AR, an adhesive film 215 disposed above the color
resin 213 to be spaced apart from the color resin 213 by a predetermined distance, and a light-modifying
sheet 216 disposed on the adhesive film 215 and having a light-modifying pattemn 216p disposed to
correspond to the position of the light-emitting device 211.

[00115] The light-emitting device 211 may have a flip chip structure. The light-emitting device 211
may emit blue light. However, the color of the light emitted by the light-emitting device 211 is not limited
thereto. The light-emitting device 211 may be disposed in the center of the first area 1AR on the substrate
210.

[00116] Thereflector 212 may reflect the light emitted from the light-emitting device 211. The reflector
212 may be disposed on the substrate 210. The reflector 212 may include a hole corresponding to the
first area 1AR as illustrated in FIG. 3. When the reflector 212 is disposed on the substrate 210, the first
area 1AR on the substrate 210 may be exposed to correspond to the hole. In addition, the substrate 210
may reflect light. The substrate 210 may include a reflective material. The substrate 210 and the reflector
212 may be coated with a white pigment to reflect light. The white pigment may include a photo solder
resist (PSR). However, the present disclosure is not limited thereto. Here, the shape of the hole
corresponding to the first area 1AR is illustrated as being circular, but it is not limited thereto.

[00117] The color resin 213 may be disposed in the first area 1AR. The color resin 213 may be
disposed only in the first area 1AR due to the hole. The color resin 213 may be cured by ultraviolet rays.
After the color resin 213 is disposed in the first area 1AR, the color resin 213 may be cured using
ultraviolet rays. The color resin 213 may include a red phosphor. Light passing through the color resin
213 may be purple. However, the present disclosure is not limited thereto. Since the color resin 213 is
disposed only in the first area 1AR, it is possible to reduce the used amount of the phosphor, thereby
reducing a manufacturing cost.

[00118] The adhesive film 215 may be disposed on the color resin 213. The adhesive film 215 may
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include a resin. The refractive index of the adhesive film 215 may be the same as or similar to the
refractive index of the color resin 213. However, the present disclosure is not limited thereto. The
adhesive film 215 may be disposed to be spaced apart from the color resin 213 by a predetermined
distance. Thatis, a light path modulator 214 having a refractive index different from that of the color resin
213 may be disposed between the adhesive film 215 and the color resin 213. The light path modulator
214 and the color resin 213 may be in contact with each other so that light can experience total internal
reflection at the boundary between the light path modulator 214 and the color resin 213. The angle at
which light is totally reflected may correspond to a difference in refractive index between the light path
modulator 214 and the color resin 213. The light path modulator 214 may be materials having a refractive
index ranging from 1 to 1.46. The light path modulator 214 may be air. However, the present disclosure
is not limited thereto.

[00119] The light-modifying sheet 216 may include a light-modifying pattern 216p. The light-
modifying sheet 216 may be disposed on the adhesive film 215 such that the light-modifying pattern
216p is disposed at a position corresponding to the light-emitting device 211. It is possible to prevent a
hot spot from being generated by scattering, reflecting, diffracting, or blocking light emitted in the vertical
direction from the light-emitting device by the light-modifying pattern 216p. The light-modifying pattern
216p may reflect incident light.

[00120] A phosphor film 217 may be disposed on the light-modifying sheet 216. The color of a
phosphor included in the phosphor film 217 may be different from the color of the phosphor included in
the color resin 213. Adiffusion plate 218 may be disposed on the phosphor film 217, and an optical sheet
219 may be disposed on the diffusion plate 218. The number of optical sheets 219 is illustrated as one,
but is not limited thereto.

[00121] Inanembodiment, a reflector 212a may be further disposed above the light-emitting device
211. The reflector 212a disposed above the light-emitting device 211 may be a distributed Bragg reflector.

However, the present disclosure is not limited thereto. Light emitted from the light-emitting device 211
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and having a path in the vertical direction or in a direction close to the vertical direction may be reflected
by the reflector 212a.

[00122] FIG. 8is a conceptual view illustrating paths of light emitted from a light-emitting device.

[00123] Referring to FIG. 8, the light-emitting device 211 may be disposed in the color resin 213.
Therefore, when the light emitted from the light-emitting device 211 passes through the color resin 213,
the light emitted from the light-emitting device 211 may be excited to have energy corresponding to the
color mixed with the color of the phosphor included in the color resin 213. For example, when the light-
emitting device 211 emits blue light and the color resin 213 includes a red phosphor, the light passing
through the color resin 213 may have a purple color. However, there may be a difference in the degree
of color mixture depending on the path of the light. For example, since the thickness of the color resin
213, through which the light beams of a first group A pass among light beams emitted from the light-
emitting device 211, is small, colors are not sufficiently mixed. However, among the light beams emitted
from the light-emitting device 211, the light beams corresponding to a second group B pass through the
color resin 213 and are reflected by the reflector 212. Then, the light beams pass through the color resin
213 again and then proceed toward the display panel 100. Accordingly, the light beams of the first group
A and the light beams of the second group B may differ in color reproductivity. In addition, there arises a
problem in that the color reproductivity of the backlight unit 200a is deteriorated by the light beams of the
first group A.

[00124] Inorderto solve the above problems, when at least some of the light beams among the light
beams of the first group A experience total interal reflection at the boundary of the color resin 213 such
that the paths thereof are changed, the light beams emitted from the light-emitting device 211 may be
included in a third group C. The light beams of the third group C are reflected at the upper boundary of
the color resin 213, then directed to the color resin 213 toward the reflector 212 (or substrate 210), and
then reflected by the reflector 212 (or substrate 210) to be radiated toward the display panel 100. This

may make it possible to enhance the color reproductivity of the backlight unit 200a.
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[00125] In order to make total internal reflection occur at the boundary of the color resin 213, a
material (e.g., the light path modulator 214 shown in FIG. 6) having a refractive index different from that
of the color resin 213 may be disposed on the color resin 213. In addition, it is also possible to increase
the angle 81 at which the total intemal reflection occurs at the boundary of the color resin 213 by setting
a large difference in refractive index between the color resin 213 and the material disposed on the color
resin 213, which makes it possible to increase the amount of light experiencing total intemal reflection at
the boundary of the light source 213.

[00126] FIGS. 9Ato 9F are conceptual views illustrating a procedure of manufacturing the backlight
unitillustrated in FIG. 6.

[00127] As illustrated in FIG. 9A, in the backlight unit 2003, light-emitting devices 211 may be
disposed on the substrate 210. Each light-emitting device 211 may have a flip chip structure directly
connected to the substrate 210. The light-emitting devices 211 may be arranged to correspond to first
areas 1AR on the substrate 210. Each light-emitting device 211 may be disposed in the center of one of
the first areas 1AR. Here, although the number of the light-emitting devices 211 disposed on the
substrate 210 is illustrated as three, the present disclosure is not limited thereto. The substrate 210 may
include a reflective material so as to reflect light. Further, the substrate 210 may be coated with a white
pigment. In addition, each light-emitting device 211 may be further provided with a reflector 212a thereon,
as illustrated in FIG. 6. The reflector 212a disposed on the light-emitting device 211 may be a distributed
Bragg reflector.

[00128] Asillustratedin FIG. 9B, areflector 212 may be disposed on the substrate 210. The reflector
212 may include holes having a predetermined diameter, and the holes may comrespond to the first areas
1AR. Therefore, the first areas 1AR on the substrate 210 may not be covered by the reflector 212.

[00129] In addition, as illustrated in FIG. 9C, the color resin 213 is put into the first areas 1AR
corresponding to the holes of the reflector 212, and is cured by ultraviolet rays. The upper face of the

color resin 213 may be disposed below the upper face of the reflector 212. That is, the height h2 of the
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reflector 212 may be higher than the height h1 of the color resin 213. Here, although the upper face of
the color resin 213 is shown as being parallel to the horizontal surface, the present disclosure is not
limited thereto and the upper face of the color resin 213 may be concave or convex. However, the highest
point of the upper face of the color resin 213 is lower than the height of the reflector 212.

[00130] Then, asillustrated in FIG. 9D, the adhesive film 215 may be disposed above the substrate
210 on which the reflector 212 is disposed. Since the height of the reflector 212 is higher than the height
of the color resin 213, the adhesive film 215 may be disposed such that the adhesive film 215 is disposed
above the color resin 213 to form a predetermined gap above the color resin 213. A predetermined
material 214 may be disposed in the predetermined gap. The light path modulator 214 may be air.
However, the light path modulator 214 is not limited thereto, and may be any material as long as the
material has a refractive index different from that of the color resin 213. The adhesive film 215 may be a
light-transmissive material.

[00131] In addition, as illustrated in FIG. 9E, a light-modifying sheet 216 may be disposed on the
adhesive film 215. The lightmodifying sheet 216 may include light-modifying patterns 216p, and the
light-modifying patterns 216p may be disposed at positions corresponding to the positions at which the
light-emitting devices 211 are disposed. The light-modifying patterns 216p included in the light-modifying
sheet 216 are capable of reflecting, scattering, diffracting, or blocking the light emitted in the vertical
direction or at an angle close to the vertical direction from the light-emitting devices 211, thereby
preventing or mitigating hot spots from being generated in the backlight unit 200 illustrated in FIG. 1.

[00132] In addition, as illustrated in FIG. 9F, a phosphor fim 217 may be disposed on the light-
modifying sheet 216. The phosphor film 217 may include a phosphor having a color different from that
of the color resin. A diffusion plate 218 may be disposed on the phosphor film 217, and an optical sheet
219 may be disposed on the diffusion plate 218.

[00133] FIG. 10is a structural view illustrating an embodiment of the backlight unit illustrated in FIG.

1.
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[00134] Referring to FIG. 10, a backlight unit 200b may include a substrate 210, a light-emitting
device 211 disposed on the substrate 210 having a flip chip structure, a reflector 212 disposed to
surround the light-emitting device 211 and a first area 1AR including the periphery of the light-emitting
device, a color resin 213 disposed in the first area 1AR, an adhesive fim 215 disposed to be spaced
apart from the color resin 213 by a predetermined distance, and a light-modifying sheet 216 disposed on
the adhesive film 215 and having a light-modifying pattern 216p disposed to correspond to the position
of the light-emitting device 211.

[00135] The light-emitting device 211 may emit blue light. However, the present disclosure is not
limited thereto. The light-emitting device 211 may be disposed in the center of the first area 1AR on the
substrate 210.

[00136] Thereflector 212 may reflect the light emitted from the light-emitting device 211. The reflector
212 may be disposed on the substrate 210. The reflector 212 may be the same as the reflector 212
illustrated in FIG. 3, and may include a hole corresponding to the first area 1AR. When the reflector 212
is disposed on the substrate 210, the first region 1AR on the substrate 210 may be exposed to
correspond to the hole. The reflector 212 may be coated with a white pigment to reflect light. The white
pigment may include a photo solder resist (PSR). However, the present disclosure is not limited thereto.
Here, the shape of the hole corresponding to the first area 1AR is illustrated as being circular, but it is not
limited thereto.

[00137] The color resin 213 may be disposed in the first area 1AR. The color resin 213 may be
disposed only in the first area 1AR due to the hole (and in other areas exposed by other holes formed by
the reflector 212). The color resin 213 may be cured by ultraviolet rays. After the color resin 213 is
disposed in the first area 1AR, the color resin 213 may be cured using ultraviolet rays. The color resin
213 may include a yellow phosphor. In addition, the color resin 213 may include a red phosphor and a
green phosphor. Light passing through the color resin 213 may be purple. However, the present

disclosure is not limited thereto. Since the color resin 213 is disposed only in the first area 1AR (instead
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of a larger area on the substrate 210), it is possible to reduce the used amount of the phosphor, thereby
reducing a manufacturing cost.

[00138] The adhesive film 215 may be disposed on the color resin 213. The adhesive film 215 may
include a resin. The refractive index of the adhesive film 215 may be the same as or similar to the
refractive index of the color resin 213. However, the present disclosure is not limited thereto. The
adhesive film 215a may be an OCA film. The adhesive film 215 may be disposed to be spaced apart
from the color resin 213 by a predetermined distance. That is, an light path modulator 214 having a
refractive index different from that of the color resin 213 may be disposed between the adhesive fim 215
and the color resin 213. The light path modulator 214 and the color resin 213 may be in contact with
each other so that light can experience total internal reflection at the boundary between the light path
modulator 214 and the color resin 213. The angle at which light experiences total internal reflection may
correspond to a difference in refractive index between the light path modulator 214 and the color resin
213. The light path modulator 214 may be air. However, the present disclosure is not limited thereto.

[00139] The light-modifying sheet 216 may include a light-modifying pattern 216p. The light-
modifying sheet 216 may be disposed on the adhesive film 215 such that the light-modifying pattern
216p is disposed at a position corresponding to the light-emitting device 211. It is possible to prevent or
mitigate a hot spot from being generated in the backlight unit 200b by reflecting, scattering, diffracting, or
blocking light emitted from the light-emitting device and having a path in the vertical direction or a path
close to the vertical direction by the light-modifying pattern 216p. The light-modifying pattern 216b may
have the same shape as the light-modifying pattern illustrated in FIG. 4.

[00140] Adiffusion plate 218 may be disposed on the light-modifying sheet 216, and an optical sheet
219 may be disposed on the diffusion plate 218. The number of optical sheets 219 is illustrated as one,
but is not limited thereto.

[00141] Therefore, the color resin 213 may include two phosphors having different colors or may

include a phosphor having two colors, so that the backlight unit may not include the phosphor film 217
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above the light-modifying sheet, unlike the backlight unit illustrated in FIG. 2. This makes it possible to
reduce the amount of the phosphor used in the backlight unit 200, thereby reducing a manufacturing
cost.

[00142] FIG. 11is a structural view illustrating an embodiment of the backlight unit illustrated in FIG.
1.

[00143] Referring to FIG. 11, a backlight unit 200c may include a substrate 210, a light-emitting
device 211 disposed on the substrate 210 having a flip chip structure, a reflector 212 disposed to
surround the light-emitting device 211 and a first area 1AR including the periphery of the light-emitting
device, a color resin 213 disposed in the first area 1AR, an adhesive film 215 disposed above the color
resin 213 to be spaced apart from the color resin 213 by a predetermined distance, and a light-modifying
sheet 216 disposed on the adhesive film 215 and having a light-modifying pattemn 216p disposed to
correspond to the position of the light-emitting device 211.

[00144] The light-emitting device 211 may have a flip chip structure. In the flip chip structure, the
light-emitting device 211 is directly disposed on the substrate 210 rather than being mounted in a
package, thereby making it possible to manufacture a light source that is light in weight and has a large
radiation angle. The light-emitting device 211 may emit blue light. However, the present disclosure is not
limited thereto. The light-emitting device 211 may be disposed in the center of the first area 1AR on the
substrate 210.

[00145] Agroove CA comresponding to the first region 1AR may be disposed in the substrate 210.
The light-emitting device 211 may be disposed in the groove CA. The outer wall of the groove CA may
serve as areflector. In order to make the outer wall of the groove CA serve as a reflector, a white pigment
may be applied to the substrate 210. That is, the reflector may include the substrate 210 and the white
pigment applied to the substrate. The white pigment may include a photo solder resist (PSR). However,
the present disclosure is not limited thereto. Here, the shape of the groove CA corresponding to the first

area 1AR may be circular, but it is not limited thereto.
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[00146] The color resin 213 may be disposed in the first area 1AR. The color resin 213 may be
disposed only in the first area 1AR due to the groove CA (and in other areas exposed by other grooves
of the substrate 210). The color resin 213 may be cured by ultraviolet rays. After the color resin 213 is
disposed in the first area 1AR, the color resin 213 may be cured using ultraviolet rays. The color resin
213 may include a red phosphor. However, the color resin 213 is not limited thereto, and may include a
yellow phosphor. In addition, the color resin 213 may include a red phosphor and a green phosphor.
Light passing through the color resin 213 may be purple. However, the present disclosure is not limited
thereto. Since the color resin 213 is disposed only in the first area 1AR, it is possible to reduce the used
amount of the phosphor.

[00147] The adhesive film 215 may be disposed on the color resin 213. The adhesive film 215 may
include a resin. The refractive index of the adhesive film 215 may be the same as or similar to the
refractive index of the color resin 213. However, the present disclosure is not limited thereto. The
adhesive film 215 may be an OCA film. The adhesive film 215 may be disposed to be spaced apart from
the color resin 213 by a predetermined distance. Thatis, an light path modulator 214 having a refractive
index different from that of the color resin 213 may be disposed between the adhesive film 215 and the
color resin 213. The light path modulator 214 and the color resin 213 may be in contact with each other
so that light can experience total intemal reflection at the boundary between the light path modulator 214
and the color resin 213. The angle at which light experiences total intemal reflection may correspond to
a difference in refractive index between the light path modulator 214 and the color resin 213. The light
path modulator 214 may be materials having a refractive index ranging from 1 to 1.46. The light path
moulator may be air. However, the present disclosure is not limited thereto.

[00148] The light-modifying sheet 216 may include a light-modifying pattern 216p. The light-
modifying sheet 216 may be disposed on the adhesive film 215 such that the light-modifying pattern
216p is disposed at a position corresponding to the light-emitting device 211. It is possible to prevent or

mitigate a hot spot from being generated in the backlight unit 200c by reflecting, scattering, diffracting, or
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blocking light emitted from the light-emitting device and having a path in the vertical direction or a path
close to the vertical direction by the light-modifying pattern 216p. The light-modifying pattern 216b may
have the same shape as the light-modifying pattem illustrated in FIG. 4. However, the present disclosure
is not limited thereto.

[00149] A phosphor film 217 may be disposed on the light-modifying sheet 216. The phosphor film
217 may include a green phosphor. However, the present disclosure is not limited thereto. In addition,
when the color resin 213 includes a yellow phosphor or a red phosphor and a green phosphor, the
phosphor film 217 may not be disposed on the light-modifying sheet 216.

[00150] Adiffusion plate 218 may be disposed on the light-modifying sheet 216 or the phosphor film
217, and an optical sheet 219 may be disposed on the diffusion plate 218. The number of optical sheets
219is illustrated as one, but is not limited thereto.

[00151] Theabove description and the accompanying drawings provide an example of the technical
idea of the present disclosure for illustrative purposes only. Those having ordinary knowledge in the
technical field, to which the present disclosure pertains, will appreciate that various modifications and
changes in form, such as combination, separation, substitution, and change of a configuration, are
possible without departing from the essential features of the present disclosure. Therefore, the
embodiments disclosed in the present disclosure are intended to illustrate the scope of the technical idea
of the present disclosure, and the scope of the present disclosure is not limited by the embodiment. The
scope of the present disclosure shall be construed on the basis of the accompanying claims in such a
manner that all of the technical ideas included within the scope equivalent to the claims belong to the

present disclosure.

The present disclosure also includes examples according to the following numbered clauses.

Clause 1. A backlight unit comprising:

a substrate;
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a light-emitting device on the substrate;

a lower reflector on the substrate, the lower reflector with a hole that accommodates and
exposes the light-emitting device, the lower reflector having a height greater than a
height of the light-emitting device and configured to reflect light emitted from the light-
emitting device;

a color resin in the holes and on the light-emitting device, and having a height lower than the
height of the lower reflector; and

a light path modulator above the light emitting device and on the color resin, the light path
modulator having a different refractive index than a refractive index of the color resin to
reflect the emitted light at a boundary of the light path modulator and the color resin

towards the lower reflector.

Clause 2. The backlight unit of clause 1, wherein the color resin includes a plurality of phosphors having

at least two different colors.

Clause 3. The backlight unit of clause 1 or clause 2, wherein the color resin has an upper surface that is

concave or convex.

Clause 4. The backlight unit of any preceding clause, wherein the light path modulator comprises air.

Clause 5. The backlight unit of any preceding clause, further comprising:
a distributed Bragg reflector on the light-emitting device, the distributed Bragg reflector in the hole and

between the substrate and the light path modulator.

Clause 6. The backlight unit of any preceding clause, further comprising:

an adhesive film on the lower reflector and the light path modulator; and

a light-modifying sheet on the adhesive film, the light-modifying sheet including a plurality of light-
modifying pattems at least partially overlapping the plurality of light-emitting devices, the plurality

of light-modifying patterns having one or more layers including a top layer on a surface of the
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light-modifying sheet facing the substrate, air gaps present between the one or more layers and

the adhesive film.

Clause 7. The backlight unit of clause 6, wherein the one or more layers further includes:
a middle layer on a surface of the top layer facing the substrate, the top layer having a size

greater than a size of the middle layer.

Clause 8. The backlight unit of clause 7, wherein the one or more layers further includes:
a bottom layer on a surface of the middle layer facing the substrate, the bottom layer having a

size less than the size of the middle layer.

Clause 9. The backlight unit of any of clauses 6-8, further comprising:
a phosphor film on the light-modifying sheet;
a diffusion plate on the phosphor film; and

an optical sheet on the diffusion plate.

Clause 10. A backlight unit comprising:

a substrate including a groove having side walls applied with a reflective material and having a
first height;

a light-emitting device in the groove and having a second height lower than the first height;

a color resin in the groove and on the light emitting device, the color resin having a third height
lower than the first height; and

a light path modulator in the groove and on the color resin, the light path modulator having a
refractive index different from a refractive index of the color resin to reflect light emitted
from the light-emitting device at a boundary of the light path modulator and the color

resin towards the side walls of the grooves.

Clause 11. The backlight unit of clause 10, wherein the color resin includes a plurality of phosphors

having at least two different colors.
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Clause 12. The backlight unit of any of clauses 10-11, wherein the color resin has an upper surface that

iS concave or Convex.

Clause 13. The backlight unit of any of clauses 10-12, wherein the light path modulator comprises air.

Clause 14. The backlight unit of any of clauses 10-13, further comprising:
a distributed Bragg reflector on the light-emitting device, the distributed Bragg reflector in the groove and

between the substrate and the light path modulator.

Clause 15. A method for manufacturing a backlight unit, the method comprising:

disposing a plurality of light-emitting devices in areas of a substrate,

disposing a lower reflector on the substrate with holes of the lower reflector accommodating and
exposing the plurality of light-emitting devices, the holes having a depth greater than a height of
the plurality of light-emitting devices;

curing a color resin in the holes, the cured resin having a height lower than the depth; and

disposing a light path modulator in the holes and on the color resin, the light path modulator having a

different refractive index than that of the color resin.

Clause 16. The method of any of clause 15, further comprising:
disposing reflectors on the plurality of light-emitting devices; and

coating the substrate with a reflective material.

Clause 17. The method of any of clause 15-16, further comprising:

disposing an adhesive film on the lower reflector and the light path modulator; and

disposing a light-modifying sheet on the adhesive film, the light-modifying sheet including a plurality of
light-modifying patterns at least partially overlapping the plurality of light-emitting devices, the
plurality of light-modifying patterns having one or more layers including a top layer on a surface

of the light-modifying sheet facing the substrate, air gaps present between the one or more layers
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and the adhesive fim.

Clause 18. The method of any of clauses 15-17, further comprising:

printing the top layer on the surface of the light-modifying sheet.

Clause 19. The method of any of clauses 15-18, further comprising:
printing a middle layer of the one or more layers on the top layer, the top layer having an area greater
than an area of the middle layer, wherein the light-modifying sheet having the printed top layer

and middle layer is reversed before disposing the light-modifying sheet on the adhesive fim.

Clause 20. The method of clause 19, further comprising:
printing a bottom layer of the one or more layers on the middle layer, the bottom layer having an area

less than the area of the middle layer.

Clause 21. A backlight unit comprising:

a light-emitting device having a flip chip structure,;

afirst reflector disposed to surround afirst area including the light-emitting device and a periphery
of the light-emitting device;

a color resin disposed in the first area;

an adhesive film disposed above the color resin to be spaced apart from the color resin by a
predetermined distance; and

a light modifying sheet disposed on the adhesive film and including a light modifying pattern

disposed to correspond to a position of the light-emitting device.

Clause 22. The backlight unit of clause 21, further comprising:
a material disposed between the adhesive film and the color resin and having a refractive index

different from a refractive index of the color resin.

Clause 23. The backlight unit of clause 21 or 22, wherein the first reflector has a height higher than
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a height of the color resin.

Clause 24. The backlight unit of any of clauses 21 to 23, further comprising a substrate including a

groove corresponding to the first area, and wherein a reflective film is applied to the substrate.

Clause 25. The backlight unit of any of clauses 21-24, further comprising:
a phosphor film disposed above the light modifying sheet and including a phosphor having a

color different from a color of the color resin.

Clause 26. The backlight unit of any of clauses 21-25, wherein the color resin comprises two types

of phosphors having different colors.

Clause 27. The backlight unit of any of clauses 21-27, further comprising:

a second reflector disposed on an upper face of the light-emitting device.

Clause 28. A display device comprising:
adisplay panel,
a backlight unit disposed below the display panel and configured to radiate light to the display
panel,
wherein the backlight unit comprises:
a light-emitting device having a flip chip structure,;
a first reflector disposed to surround a first area including the light-emitting device and a
periphery of the light-emitting device;
a color resin disposed in the first area;
an adhesive fim disposed above the color resin to be spaced apart from the color resin
by a predetermined distance; and
a light modifying sheet disposed on the adhesive fim and including a light modifying

pattern disposed to correspond to a position of the light-emitting device.
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Clause 29. The display device of 28, further comprising:
a material disposed between the adhesive film and the color resin and having a refractive index

different from a refractive index of the color resin.

Clause 30. The display device of any of clauses 28-29, wherein the first reflector has a height higher

than a height of the color resin.

Clause 31. The display device of any of clauses 28-30, wherein the backlight unit further comprises
a substrate including a groove corresponding to the first area, and wherein a reflective film is applied to

the substrate.
Clause 32. The display device of any of clauses 28-31, further comprising:
a phosphor film disposed above the light modifying sheet and including a phosphor having a

color different from a color of the color resin.

Clause 33. The display device of any of clauses 28-32, wherein the color resin comprises two types

of phosphors having different colors.

Clause 34. The display device of any of clauses 28-33, further comprising:

a second reflector disposed on an upper face of the light-emitting device.
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CLAIMS:

1. A backlight unit comprising:

a substrate;

a light-emitting device on the substrate;

a lower reflector on the substrate, the lower reflector including a through-hole within
which the light-emitting device is located, the lower reflector having a height
greater than a height of the light-emitting device and being configured to reflect
light emitted from the light-emitting device;

a color resin in the holes and on the light-emitting device, and having a height less than
the height of the lower reflector; and

a light path modulator above the light emitting device and on the color resin, the light path
modulator having a different refractive index than a refractive index of the color resin, such that
a portion of the light emitted from the light-emitting device is reflected towards the lower
reflector at a boundary of the light path modulator and the color resin; further comprising:

an adhesive film on the lower reflector and the light path modulator; and

a light-modifying sheet on the adhesive film, the light-modifying sheet including a

plurality of light-modifying patterns at least partially overlapping the light-emitting

device, the plurality of light-modifying patterns having one or more layers including a

top layer on a surface of the light-modifying sheet facing the substrate, wherein an air

gap is present between the one or more layers and the adhesive film;
wherein the one or more layers further include:

a middle layer on a surface of the top layer facing the substrate, wherein a surface of
the middle layer facing the substrate is smaller than the surface of the top layer
facing the substrate.

2. The backlight unit of claim 1, further comprising:
a distributed Bragg reflector on the light-emitting device, the distributed Bragg reflector
located in the hole and between the substrate and the light path modulator.

3. The backlight unit of claim 1, wherein the one or more layers further include:
a bottom layer on a surface of the middle layer facing the substrate, wherein a surface
of the bottom layer facing the substrate is smaller than the surface of the middle
layer facing the substrate.

4. The backlight unit of any of claims 1 to 3, further comprising:
a phosphor film on the light-modifying sheet;
a diffusion plate on the phosphor film; and
an optical sheet on the diffusion plate.

5. A method for manufacturing a backlight unit, the method comprising:
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disposing a plurality of light-emitting devices in areas of a substrate;

disposing a lower reflector on the substrate with holes of the lower reflector

accommodating and exposing the plurality of light-emitting devices, the holes having a

depth greater than a height of the plurality of light-emitting devices;

curing a color resin in the holes, the cured resin having a height lower than the depth;

and

disposing a light path modulator above the light emitting devices and on the color resin,
the light path modulator having a different refractive index than that of the color resin; such
that a portion of the light emitted from the light-emitting device is reflected towards the lower
reflector at a boundary of the light path modulator and the color resin; further comprising:

disposing an adhesive film on the lower reflector and the light path modulator; and

disposing a light-modifying sheet on the adhesive film, the light-modifying sheet

including a plurality of light-modifying patterns at least partially overlapping the plurality

of light-emitting devices, the plurality of light-modifying patterns having one or more

layers including a top layer on a surface of the light-modifying sheet facing the

substrate, air gaps present between the one or more layers and the adhesive film;

further comprising:

printing the top layer on the surface of the light-modifying sheet.

6. The method of claim 5, further comprising:
disposing reflectors on the plurality of light-emitting devices; and
coating the substrate with a reflective material.

7. The method of claim 5, further comprising:

printing a middle layer of the one or more layers on the top layer, the top layer having an area
greater than an area of the middle layer, wherein the light-modifying sheet having the
printed top layer and middle layer is reversed before disposing the light-modifying sheet
on the adhesive film, and optionally further comprising:
printing a bottom layer of the one or more layers on the middle layer, the bottom layer
having an area less than the area of the middle layer.
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