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Description

Title of Invention: DISPLAY APPARATUS AND MANU-

FACTURING METHOD THEREOF
Technical Field

The disclosure relates to a display apparatus and a manufacturing method thereof,
and, more particularly, to a display apparatus in which an inorganic light emitting

diode is directly mounted on a substrate, and a manufacturing method thereof.

Background Art

A display apparatus is a kind of an output device that visually displays data in-
formation such as characters and figures, and images, and the demand for high
luminance, high resolution, large size, high efficiency, and low power display ap-
paratuses is continuously increasing. Accordingly, an Organic Light Emitting Diode
(OLED) panel has been popular as a new display apparatus that replaces a Liquid
Crystal Display (LCD), but the OLED has some difficulties to be solved such as the
high price caused by a low production yield rate, securing the reliability of large size
panel, and securing the durability that is affected by external environment such as
moisture.

As a new product that replaces or supplements the LCD panel and the OLED panel, a
study of a new technology for manufacturing a panel by directly mounting an
inorganic light emitting diode emitting red (R), green (G) and blue (B) light, on a
substrate has been conducted. The inorganic light emitting display technology has
many difficulties in transferring an inorganic light emitting diode having a size of
several micrometers to several hundreds of micrometers from a wafer to a substrate.
However, even after the inorganic light emitting diode is mounted on a substrate, there
are still difficulties in physically protecting the inorganic light emitting diode without
the optical distortion and the optical loss. Further, there is a need for a technology that
can improve image quality in addition to a technology for simply protecting the
inorganic light emitting diode.

Disclosure of Invention

Technical Problem

It is an aspect of the present disclosure to provide a display apparatus including an
improved structure capable of improving bonding reliability of inorganic light emitting
diodes and capable of reducing a speckle noise caused by inorganic light emitting
diodes mounted on a substrate in a tilted state, and a manufacturing method thereof.

It is another aspect of the present disclosure to provide a display apparatus including

an improved structure capable of reducing right and left viewing angles and capable of
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preventing a seam between unit modules adjacent to each other from being seen, and a
manufacturing method thereof.
Solution to Problem

In accordance with an aspect of the disclosure, a manufacturing method of a display
apparatus includes mounting a plurality of inorganic light emitting diodes on a
substrate, forming a black molding layer having a low refractive index and configured
to surround the plurality of inorganic light emitting diodes such that front light
emitting surfaces of the plurality of inorganic light emitting diodes that are directed to
a front side of the display apparatus are exposed, and assembling a plurality of unit
modules each including the substrate, the plurality of inorganic light emitting diode,
and the black molding layer, to be adjacent to each other.

Side surfaces of the plurality of inorganic light emitting diodes may be covered with
the black molding layer.

The black molding layer may have a refractive index of 1.40 or more and 1.58 or
less.

The black molding layer may include at least one of a thermosetting material and a
photosensitive material.

The thermosetting material may include at least one of silicon, epoxy, ethylene-vinyl
acetate copolymer (EVA), polyvinyl butyral (PVB), and urethane.

A width and a length of the plurality of inorganic light emitting diodes each may
have a size of several micrometers to several hundreds of micrometers.

A first contact electrode and a second contact electrode of the plurality of inorganic
light emitting diodes may be connected to electrodes of the substrate through
soldering.

The forming the black molding layer may include forming the black molding layer
by supplying a black molding liquid onto the substrate, and curing the black molding
layer.

The forming the black molding layer may include forming the black molding layer
by arranging a black film on the substrate to cover the plurality of inorganic light
emitting diodes and allowing the black molding layer to be exposed to light such that
the front light emitting surfaces of the plurality of inorganic light emitting diodes are
exposed to outside.

The manufacturing method may further include arranging a transparent molding
layer on the black molding layer to protect the plurality of inorganic light emitting
diodes.

The manufacturing method may further include arranging a black optical film on the

transparent molding layer to improve optical characteristics of the plurality of
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inorganic light emitting diodes.

The manufacturing method may further include forming the black molding layer to
cover the substrate, forming assembly surfaces of the plurality of unit modules by
cutting a spare portion of the black molding layer that is placed out of the substrate,
and assembling the plurality of unit modules such that the assembly surfaces face each
other.

The manufacturing method may further include arranging a dam to be adjacent to the
substrate and forming the black molding layer in a space that is defined by the
substrate and the dam.

The manufacturing method may further include curing the black molding layer,
removing the dam and assembling the plurality of unit modules such that assembly
surfaces of the plurality of unit modules, which are formed by the dam, face each
other.

The assembling the plurality of unit modules to be adjacent to each other may
include arranging the plurality of unit modules in a matrix form.

In accordance with another aspect of the disclosure, a display apparatus includes a
plurality of unit modules and a frame configured to support the plurality of unit
modules, and each of the plurality of unit modules includes a substrate, a plurality of
inorganic light emitting diodes mounted on the substrate, and a black molding layer
having a low refractive index and configured to surround side surfaces of the plurality
of inorganic light emitting diodes such that light generated by the plurality of inorganic
light emitting diodes is emitted through front light emitting surfaces of the plurality of
inorganic light emitting diodes that are directed to a front side of the display apparatus.

The black molding layer may have a refractive index of 1.40 or more and 1.58 or
less.

The black molding layer may include at least one of a thermosetting material and a
photosensitive material.

A width and a length of the plurality of inorganic light emitting diodes each may
have a size of several micrometers to several hundreds of micrometers.

The plurality of unit modules may be assembled to each other and may be arranged

in a matrix form.

Advantageous Effects of Invention
By arranging the black molding layer having the low refractive index on the substrate

to surround the inorganic light emitting diode, it is possible to improve the bonding re-
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liability of the inorganic light emitting diode and to effectively reduce the speckle
noise.
When the black molding layer is formed to surround the side surface of the inorganic

light emitting diode, light generated from the inorganic light emitting diode may be
blocked by the black molding layer and thus it is difficult for the light to be emitted to
the outside of the display apparatus through the side surface of the inorganic light
emitting diode. Therefore, it is possible to expect an effect of reducing the right and
left viewing angles of the display apparatus, and it is possible to effectively prevent the
seam between the unit modules adjacent to each other, from being seen.
Brief Description of Drawings

FIG. 1 is a perspective view of a display apparatus according to an embodiment of
the disclosure;

FIG. 2 is a front view illustrating a state in which a plurality of unit modules are
arranged in a matrix according to an embodiment of the disclosure;

FIG. 3 is a front view of a single unit module according to an embodiment of the
disclosure;

FIG. 4 is a flow chart illustrating a first manufacturing method of the display
apparatus according to an embodiment of the disclosure;

FIGS. 5A to 5E are views illustrating a manufacturing process according to the first
manufacturing method of FIG. 4;

FIG. 6 is a flow chart illustrating a second manufacturing method of the display
apparatus according to an embodiment of the disclosure;

FIGS. 7A to 7E are views illustrating a manufacturing process according to the
second manufacturing method of FIG. 6;

FIG. 8 is a flow chart illustrating a third manufacturing method of the display
apparatus according to an embodiment of the disclosure;

FIGS. 9A to 9D are views illustrating a manufacturing process according to the third
manufacturing method of FIG. §;

FIG. 10 is a flow chart illustrating a fourth manufacturing method of the display
apparatus according to an embodiment of the disclosure; and

FIGS. 11A to 11D are views illustrating a manufacturing process according to the

fourth manufacturing method of FIG. 10.
Best Mode for Carrying out the Invention

Hereinafter, embodiments of the disclosure will be described with reference to
drawings. In the following detailed description, the terms of "front end", "rear end",

"upper portion", "lower portion", "upper end", "lower end" and the like may be defined

by the drawings, but the shape and the location of the component is not limited by the
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the disclosure. In FIG. 1, "X" represents a front and rear direction, "Y" represents a left
and right direction, and "Z" represents an up and down direction.

Referring to FIG. 1, a display apparatus 1 is a device for displaying information,
materials, and data as the form of characters, features, graphics, and image, and a
television (TV), a personal computer (PC), a mobile, and a digital signage may be im-
plemented by the display apparatus 1. The display apparatus 1 may be installed on the
ground by a stand (not shown) or may be installed on a wall.

According to an embodiment, the display apparatus 1 may include a cabinet 10, a
plurality of unit modules 30A~30L installed in the cabinet 10, and frames 21 and 22
connecting the cabinet 10 to the plurality of unit modules 30A~30L. The cabinet 10
may support the plurality of unit modules 30A~30L and form a part of an outer ap-
pearance of the display apparatus 1. The cabinet 10 may be provided with a handle 12
for movement.

The plurality of unit modules 30A~30L may be arranged in an M * N matrix in the
up, down, left, and right directions so as to be adjacent to each other. According to an
embodiment, the plurality of unit modules 30A~30L may be formed in such a way that
12 unit modules are coupled to the cabinet 10 in the form of a 4 * 3 matrix, but the
number and arrangement of a plurality of unit modules are not limited thereto. Some
unit modules 30A~30F of the plurality of unit modules 30A~30L may be installed in
the cabinet 10 via the frame 21, and remaining unit modules 30G~30L may be
installed in the cabinet 10 via the other frame 22.

The cabinet 10 and the frames 21 and 22 may be provided with a cabinet coupling
portion 11 and a frame coupling portion 23, respectively so that the unit modules
30A~30L are installed in the cabinet 10. The cabinet coupling portion 11 and the frame
coupling portion 23 may be coupled to each other through various known methods
such as a magnetic force using a magnet or a mechanical fitting structure.

The display apparatus 1 may further include a control board (not shown) for driving
the plurality of unit modules 30A~30L and a power supply device (not shown) for
supplying power to the plurality of unit modules 30A~30L .

The unit modules 30A~30L may be planar or curved. Furthermore, the curvature
thereof may vary.

FIG. 2 is a front view illustrating a state in which a plurality of unit modules are
arranged in a matrix according to an embodiment of the disclosure. FIG. 3 is a front
view of a single unit module according to an embodiment of the disclosure.

As illustrated in FIGS. 2 and 3, the unit modules 30A~30L each may include a

substrate 40 and a plurality of inorganic light emitting diodes 50 mounted on a
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mounting surface 41 (see, FIG. 5A) of the substrate 40. Each of the plurality of
inorganic light emitting diodes 50 may include a p-n diode, a first contact electrode 58
(see, FIG. 5A), and a second contact electrode 59 (see, FIG. 5A).

The substrate 40 may be formed of a material such as polyimide (PI), FR4, and glass.
On the mounting surface 41 of the substrate 40, a pattern for forming a driving circuit,
and electrodes 42 (see, FIG. 5SA) may be formed. The first contact electrode 58 and the
second contact electrode 59 of the plurality of inorganic light emitting diodes 50 may
be soldered to the electrodes 42 formed on the substrate 40.

The inorganic light emitting diode 50 may be formed of an inorganic material.
Therefore, the inorganic light emitting diode 50 may have higher durability and a
longer lifetime than the organic light emitting diode (OLED), which is based on
organic materials, and the inorganic light emitting diode 50 may have the power ef-
ficiency several times higher than that of the OLED. The inorganic light emitting diode
50 may include LED.

The plurality of inorganic light emitting diodes 50 may include a red inorganic light
emitting diode 51, a green inorganic light emitting diode 52, and a blue inorganic light
emitting diode 53. The plurality of inorganic light emitting diodes 50 may be formed
by mounting a series of the red inorganic light emitting diode 51, the green inorganic
light emitting diode 52 and the blue inorganic light emitting diode 53 as a unit, on the
substrate 40. The red inorganic light emitting diode 51, the green inorganic light
emitting diode 52 and the blue inorganic light emitting diode 53 may form a single
pixel.

The red inorganic light emitting diode 51, the green inorganic light emitting diode 52
and the blue inorganic light emitting diode 53 may be arranged at a predetermined
interval in a row as illustrated in the drawings, but it may be arranged in the other
forms.

The plurality of inorganic light emitting diodes 50 may be picked up from a wafer
and transferred directly onto the substrate 40. The plurality of inorganic light emitting
diodes 50 may be picked up and transferred through an electrostatic method using an
electrostatic head or a bonding method using an elastic polymer such as PDMS or
silicon as a head. A width, a length, and a height of the plurality of inorganic light
emitting diodes 50 each may have a size of several micrometers to several hundreds of
micrometers.

The plurality of inorganic light emitting diodes 50 may be formed in the form of a
flip chip in which the first contact electrode 58 and the second contact electrode 59 are
arranged in the same direction. The first and second contact electrodes 58 and 59 of the
plurality of inorganic light emitting diodes 50 may be connected to the electrodes 42 of

the substrate 40 through soldering.
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FIG. 4 is a flow chart illustrating a first manufacturing method of the display
apparatus according to an embodiment of the disclosure. Hereinafter, the first manu-
facturing method will be described with reference to FIGS. 5SA-5E.

As illustrated in FIG. 4, a manufacturing method of the display apparatus 1 may
include mounting the plurality of inorganic light emitting diodes 50 on the substrate 40
(S1). In this case, the first contact electrode 58 and the second contact electrode 59 of
the plurality of inorganic light emitting diodes 50 may be connected to the electrodes
42 of the substrate 40 through soldering.

The manufacturing method of the display apparatus 1 may further include forming a
black molding layer 100 by supplying a black molding liquid 120 onto the substrate 40
so as to surround side surfaces 50b of the plurality of inorganic light emitting diodes
50 (S2).

The manufacturing method of the display apparatus 1 may further include curing the
black molding layer 100 (S3).

The manufacturing method of the display apparatus 1 may further include arranging
a transparent molding layer 200 on the black molding layer 100 (S4).

The manufacturing method of the display apparatus 1 may further include arranging
a black optical film 300 on the transparent molding layer 200 (S5).

The manufacturing method of the display apparatus 1 may further include as-
sembling the plurality of unit modules 30A-30L each including the substrate 40, the
plurality of inorganic light emitting diodes 50, the black molding layer 100, the
transparent molding layer 200, and the black optical film 300 to be adjacent to each
other (S6).

Hereinafter, the first manufacturing method of the display apparatus 1 will be
described in detail.

FIGS. 5A to 5E are views illustrating a manufacturing process according to the first
manufacturing method of FIG. 4. Hereinafter, for convenience of description, a state in
which the red inorganic light emitting diode 51, the green inorganic light emitting
diode 52, and the blue inorganic light emitting diode 53 are mounted on the substrate
40 will be mainly described. Hereinafter, a drawing illustrating of assembling the
plurality of unit modules 30A-30L to each other will be omitted.

As illustrated in FIG. 5A, the plurality of inorganic light emitting diodes 50 may be
mounted on the substrate 40. The plurality of inorganic light emitting diodes 50 may
be mounted on the mounting surface 41 of the substrate 40 to be spaced apart from
each other at a predetermined distance. The first contact electrode 58 and the second
contact electrode 59 of the plurality of inorganic light emitting diodes 50 may be
connected to the electrodes 42 formed on the substrate 40 by a solder 60.

As illustrated in FIGS. 5B and 5C, the black molding layer 100 may be formed to
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surround the plurality of inorganic light emitting diodes 50 on the substrate 40. The
black molding layer 100 may be formed on the substrate 40 to surround the side
surfaces 50b of the plurality of inorganic light emitting diodes 50. In other words, the
black molding layer 100 may be formed on the substrate 40 in such a way that front
light emitting surfaces 50a of the plurality of inorganic light emitting diodes 50
directed the front of the display apparatus 1 are exposed. That is, the black molding
layer 100 may be formed to surround the side surfaces 50b of the plurality of inorganic
light emitting diodes 50, except for the front light emitting surfaces 50a of the plurality
of inorganic light emitting diodes 50.

As illustrated in FIG. 5B, the black molding liquid 120 may be supplied to the
substrate 40 to form the black molding layer 100. The black molding liquid 120 may
be applied, coated, or jetted onto the substrate 40 by a molding liquid supplier 130. The
black molding liquid 120 may be printed on the substrate 40 by the molding liquid
supplier 130. A method in which the black molding liquid 120 is supplied to the
substrate 40 is not limited to the above example and thus the method may vary.

As illustrated in FIG. 5C, the black molded layer 100 may be formed on the substrate
40 in such a way that the black molded layer 100 covers other surfaces of the plurality
of inorganic light emitting diodes 50, except for the front light emitting surfaces 50a of
the plurality of inorganic light emitting diodes 50, and then the black molded layer 100
may be cured. For example, the black molding layer 100 may be cured by at least one
of thermal curing and UV curing.

As illustrated in FIG. 5D, the transparent molding layer 200 may be arranged on the
black molded layer 100 to protect the plurality of inorganic light emitting diodes 50.
The transparent molding layer 200 may be disposed on the black molding layer 100 to
physically protect the plurality of inorganic light emitting diodes 50 without optical
distortion. As an example, the transparent molding layer 200 may be formed of a
transparent material such as epoxy or silicone.

As illustrated in FIG. SE, the black optical film 300 may be disposed on the
transparent molding layer 200 to improve optical characteristics of the plurality of
inorganic light emitting diodes 50. The black optical film 300 may be arranged to
maintain the black impression and to lower the reflectance when the display apparatus
1 is turned off. As an example, the black optical film 300 may include a neutral density
(ND) film), a circularly polarizing film, and a film capable of exhibiting the black im-
pression by using a liquid coating.

The black molding layer 100 may have a low refractive index. The black molding
layer 100 may have a refractive index of 1.40 or more and 1.58 or less. For example,
when the black molding layer 100 is formed of an epoxy material, the black molding

layer 100 may have a refractive index of 1.50 or more and 1.58 or less. The black
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molding layer 100 may have a refractive index of 1.50 or more and 1.51 or less when
the black molding layer 100 is formed of an epoxy material. As another example, when
the black molding layer 100 is formed of a silicon material, the black molding layer
100 may have a refractive index of 1.40 or more and 1.58 or less. The black molding
layer 100 has a refractive index of 1.40 or more and 1.51 or less when the black
molding layer 100 is formed of a silicon material.

The black molding layer 100 may include a base material and a black pigment. The
base material may include at least one of a thermosetting material and a photosensitive
material. As an example, the thermosetting material may include at least one of silicon,
epoxy, ethylene-vinyl acetate copolymer (EVA), polyvinyl butyral (PVB) or urethane.
As an example, the photosensitive material may include a photosensitive material
capable of utilizing a photolithography process.

The black molding layer 100 may be implemented by a liquid or solid material. The
black molding liquid 120 described in FIGS. 5A to 5E illustrates an example of the
liquid material for forming the black molding layer 100. Alternatively, the black
molding layer 100 may be implemented by a material in the form of a film. However,
the material of the black molding layer 100 is not limited thereto and thus the material
of the black molding layer 100 may vary.

As described above, when the side surfaces 50b of the plurality of inorganic light
emitting diodes 50 are covered with the black molding layer 100 having a low re-
fractive index, it is possible to effectively reduce a speckle noise caused by the tilting
of the plurality of inorganic light emitting diodes 50. The speckle noise is a
phenomenon in which a screen of the display apparatus appears to be shiny according
to an angle. For example, in a state in which the side surfaces 50b of the plurality of
inorganic light emitting diodes 50 are surrounded by the black molding layer having a
refractive index of 1.48, the light may be emitted to the outside of the display
apparatus and thus the speckle noise may occur when the plurality of inorganic light
emitting diodes 50 are tilted. On the other hand, in a state in which the side surfaces
50b of the plurality of inorganic light emitting diodes 50 are surrounded by the black
molding layer having a refractive index of 1.58, the light may be not emitted to the
outside of the display apparatus and thus the speckle noise may not occur although the
plurality of inorganic light emitting diodes 50 are tilted.

When the side surfaces 50b of the plurality of inorganic light emitting diodes 50 are
covered with the black molding layer 100, light emitting regions of the plurality of
inorganic light emitting diodes 50 may be changed from a rear end portion of the
plurality of inorganic light emitting diodes 50 to a front end portion of the plurality of
inorganic light emitting diodes 50. That is, when the side surfaces 50b of the plurality
of inorganic light emitting diodes 50 are covered with the black molding layer 100, the
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light generated from the plurality of inorganic light emitting diodes 50 may be blocked
by the black molding layer 100, and thus the light may be not emitted to the outside of
the display apparatus 1 through the side surfaces 50b of the plurality of inorganic light
emitting diodes 50. Therefore, the light may be emitted to the outside of the display
apparatus 1 through the front light emitting surface 50a of the plurality of inorganic
light emitting diodes 50. Accordingly, the right and left viewing angles may be
reduced and the seam between adjacent unit modules may be prevented from being
seen.

When the solder 60 is also formed to have a black color like the black molding layer
100, it is possible to maintain the black impression in an off state of the display
apparatus 1 and to expect the improvement of the image quality contrast ratio in an on
state of the display apparatus 1.

FIG. 6 is a flow chart illustrating a second manufacturing method of the display
apparatus according to an embodiment of the disclosure. Hereinafter, the second manu-
facturing method will be described with reference to FIGS. 7A to 7E.

As illustrated in FIG. 6, a manufacturing method of the display apparatus 1 may
include mounting the plurality of inorganic light emitting diodes 50 on the substrate 40
(P1). In this case, the first contact electrode 58 and the second contact electrode 59 of
the plurality of inorganic light emitting diodes 50 may be connected to the electrodes
42 of the substrate 40 through soldering.

The manufacturing method of the display apparatus 1 may further include forming
the black molding layer 100 by arranging a black film 140 on the substrate 40 to cover
the plurality of inorganic light emitting diodes 50 (P2). In this case, the black film 140
may be laminated on the substrate 40 to cover both the front light emitting surfaces 50a
and the side surfaces 50b of the plurality of inorganic light emitting diodes 50.

The manufacturing method of the display apparatus 1 may further include allowing
the black molding layer 100 to be exposed to light such that the front light emitting
surfaces 50a of the plurality of inorganic light emitting diodes 50 are exposed to
outside (P3). The manufacturing method of the display apparatus 1 may further include
exposing and developing the black molding layer 100 so that the front light emitting
surfaces 50a of the plurality of inorganic light emitting diodes 50 are exposed.

The manufacturing method of the display apparatus 1 may further include arranging
the transparent molding layer 200 on the black molding layer 100 (P4).

The manufacturing method of the display apparatus 1 may further include arranging
the black optical film 300 on the transparent molding layer 200 (P5).

The manufacturing method of the display apparatus 1 may further include as-
sembling the plurality of unit modules 30A-30L each including the substrate 40, the
plurality of inorganic light emitting diodes 50, the black molding layer 100, the
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transparent molding layer 200, and the black optical film 300 to be adjacent to each
other (P6).

Hereinafter, the second manufacturing method of the display apparatus 1 will be
described in detail.

FIGS. 7A to 7E are views illustrating a manufacturing process according to the
second manufacturing method of FIG. 6. Hereinafter, description of the same as the
first manufacturing method of the display apparatus 1 will be omitted. Hereinafter, the
drawing of assembling the plurality of unit modules 30A-30L together will be omitted.

As illustrated in FIG. 7A, the plurality of inorganic light emitting diodes 50 may be
mounted on the substrate 40. A description thereof is the same as those shown in FIG.
SA and thus it will be omitted.

As illustrated in FIGS. 7B and 7C, the black molding layer 100 may be formed on
the substrate 40 to cover the plurality of inorganic light emitting diodes 50. The black
molding layer 100 may be formed on the substrate 40 to completely cover the plurality
of inorganic light emitting diodes 50, that is, the black molding layer 100 may be
formed on the substrate 40 to surround both of the front light emitting surfaces 50a and
the side surfaces 50b of the plurality of inorganic light emitting diodes 50.

As illustrated in FIG. 7B, the black molding layer 100 may be implemented in the
form of the black film 140. The black film 140 may be disposed on the substrate 40 to
cover the plurality of inorganic light emitting diodes 50. At this time, the light
generated from the plurality of inorganic light emitting diodes 50 is blocked by the
black film 140 covering the four sides of the plurality of inorganic light emitting
diodes 50, and thus the light may be not emitted to the outside of the display apparatus
1.

As illustrated in FIG. 7C, the black film 140 may be exposed so that the front light
emitting surfaces 50a of the plurality of inorganic light emitting diodes 50 are exposed,
and thus the black molding layer 100 may be formed through an exposure operation
and a development operation. At this time, the light generated from the plurality of
inorganic light emitting diodes 50 may be emitted to the outside of the display
apparatus 1 through the front light emitting surfaces 50a of the plurality of inorganic
light emitting diodes 50.

As illustrated in FIG. 7D, the transparent molding layer 200 may be arranged on the
black molding layer 100 to protect the plurality of inorganic light emitting diodes 50.
A description thereof is the same as those shown in FIG. 5D and thus it will be
omitted.

As illustrated in FIG. 7E, the black optical film 300 may be disposed on the
transparent molding layer 200 to improve the optical characteristics of the plurality of

inorganic light emitting diodes 50. A description thereof is the same as those shown in
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[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

FIG. 5E and thus it will be omitted.

FIG. 8 is a flow chart illustrating a third manufacturing method of the display
apparatus according to an embodiment of the disclosure and FIGS. 9A to 9D are views
illustrating a manufacturing process according to the third manufacturing method of
FIG. 8. The third manufacturing method of the display apparatus 1 is a method of man-
ufacturing the display apparatus 1 by assembling a plurality of unit modules 30A-30L
manufactured by the first manufacturing method of the display apparatus 1.
Hereinafter, for convenience of description, the plurality of unit modules 30A-30L
manufactured by the first manufacturing method of the display apparatus 1 will be
mainly described, but alternatively may be manufactured by the second manufacturing
method of the display apparatus 1. Hereinafter, FIGS. 1 to SE may be referred to for
reference numerals not shown in FIGS. 9A to 9D. Hereinafter, a case where the unit
module 30A and the unit module 30D are assembled will be described as an example.

As illustrated in FIG. 8, a manufacturing method of the display apparatus 1 may
include mounting the plurality of inorganic light emitting diodes 50 on the substrate 40
(K1). In this case, the first contact electrode 58 and the second contact electrode 59 of
the plurality of inorganic light emitting diodes 50 may be connected to the electrodes
42 of the substrate 40 through soldering.

As illustrated in FIGS. 8 and 9A, the manufacturing method of the display apparatus
I may further include forming the black molding layer 100 by supplying the black
molding liquid 120 onto the substrate 40 so as to surround the side surfaces 50b of the
plurality of inorganic light emitting diodes 50 (K2). The black molding liquid 120 may
be supplied on the substrate 40 to overflow. That is, the black molding liquid 120 may
be supplied on the substrate 40 sufficiently to overflow from the substrate 40.

The manufacturing method of the display apparatus 1 may further include curing the
black molding layer 100 (K3).

As illustrated in FIGS. 8 and 9B, the manufacturing method of the display apparatus
1 may further include forming an assembly surfaces 110 of the plurality of unit
modules 30A-30L by cutting a spare portion 102 of the black molding layer 100 that is
placed out of the substrate 40 (K4). The assembly surfaces 110 of the plurality of unit
modules 30A-30L may be flat.

As illustrated in FIGS. 8 and 9C, the manufacturing method of the display apparatus
1 may further include arranging the transparent molding layer 200 on the black
molding layer 100 (K5).

As illustrated in FIGS. 8 and 9C, the manufacturing method of the display apparatus
I may further include arranging the black optical film 300 on the transparent molding
layer 200 (K6).

As illustrated in FIGS. 8 and 9D, the manufacturing method of the display apparatus
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[102]

[103]

[104]

[105]

1 may further include assembling the plurality of unit modules 30A-30L such that the
respective assembly surfaces 110 faces each other (K7). Assembling the plurality of
unit modules 30A-30L to be adjacent to each other may include arranging a plurality of
unit modules 30A-30L in a matrix form. A seam G may be formed between the
plurality of the unit modules 30A-30L assembled with each other, but the light
generated from the plurality of inorganic light emitting diodes 50 may be blocked by
the black molding layer 100 covering the side surfaces 50b of the inorganic light
emitting diodes 50 and thus the seam G may be not seen from the outside of the
display apparatus 1. That is, without a separate process for removing the seam G
between the plurality of the unit modules 30A-30L, it is possible to prevent the seam G
from being conspicuous to a user.

FIG. 10 is a flow chart illustrating a fourth manufacturing method of the display
apparatus according to an embodiment of the disclosure and FIGS. 11A to 11D are
views illustrating a manufacturing process according to the fourth manufacturing
method of FIG. 10. The fourth manufacturing method of the display apparatus 1 is a
method of manufacturing the display apparatus 1 by assembling a plurality of unit
modules 30A-30L manufactured by the first manufacturing method of the display
apparatus 1. Hereinafter, for convenience of description, the plurality of unit modules
30A-30L manufactured by the first manufacturing method of the display apparatus 1
will be mainly described, but alternatively may be manufactured by the second manu-
facturing method of the display apparatus 1. Hereinafter, FIGS. 1 to SE may be
referred to for reference numerals not shown in FIGS. 11A to 11D. Hereinafter, a case
where the unit module 30A and the unit module 30D are assembled will be described
as an example.

As illustrated in FIG. 10, a manufacturing method of the display apparatus 1 may
include mounting the plurality of inorganic light emitting diodes 50 on the substrate 40
(M1). In this case, the first contact electrode 58 and the second contact electrode 59 of
the plurality of inorganic light emitting diodes 50 may be connected to the electrodes
42 of the substrate 40 through soldering.

As illustrated in FIGS. 10 and 11A, the manufacturing method of the display
apparatus 1 may further include arranging a dam 400 to be adjacent to the substrate 40
(M2). The dam 400 may be arranged in close contact with opposite ends of the
substrate 40.

As illustrated in FIGS. 10 and 11A, the manufacturing method of the display
apparatus 1 may further include forming the black molding layer 100 by supplying the
black molding liquid 120 to a space that is defined by the substrate 40 and the dam 400
(M3). The black molding liquid 120 may be supplied on the substrate 40 in such a way
that the black molding liquid 120 surrounds the side surfaces 50b of the plurality of
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[106]

[107]

[108]

[109]

[110]

inorganic light emitting diodes 50 and the front light emitting surfaces 50a are
exposed.

As illustrated in FIGS. 10 and 11B, the manufacturing method of the display
apparatus 1 may further include curing the black molding layer 100 and removing the
dam 400 (M4). The assembly surface 110 of the plurality of unit modules 30A-30L
may be defined as one surface of the black molding layer 100 cured in contact with the
dam 400. Therefore, the assembly surface 110 of the plurality of unit modules
30A-30L may have a shape corresponding to the dam 400. The assembly surface 110
of the plurality of unit modules 30A-30L may have a flat shape.

As illustrated in FIGS. 10 and 11C, the manufacturing method of the display
apparatus 1 may further include arranging the transparent molding layer 200 on the
black molding layer 100 (M5).

As illustrated in FIGS. 10 and 11C, the manufacturing method of the display
apparatus 1 may further include arranging the black optical film 300 on the transparent
molding layer 200 (M6).

As illustrated in FIGS. 10 and 11D, the manufacturing method of the display
apparatus 1 may further include assembling the plurality of unit modules 30A-30L
such that the respective assembly surfaces 110 faces each other (M7). A description
thereof is the same as those shown in FIG. 5D and thus it will be omitted.

Although a few embodiments of the present disclosure have been shown and
described, it would be appreciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles and spirit of the

disclosure, the scope of which is defined in the claims and their equivalents.
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Claims

A manufacturing method of a display apparatus comprising:

mounting a plurality of inorganic light emitting diodes on a substrate;
forming a black molding layer having a low refractive index and
configured to surround the plurality of inorganic light emitting diodes
such that front light emitting surfaces of the plurality of inorganic light
emitting diodes that are directed to a front side of the display apparatus
are exposed; and

assembling a plurality of unit modules each comprising the substrate,
the plurality of inorganic light emitting diode, and the black molding
layer to be adjacent to each other.

The manufacturing method of claim 1, wherein

side surfaces of the plurality of inorganic light emitting diodes are
covered with the black molding layer.

The manufacturing method of claim 1, wherein

the black molding layer has a refractive index of 1.40 or more and 1.58
or less.

The manufacturing method of claim 1, wherein

the black molding layer comprises at least one of a thermosetting
material and a photosensitive material.

The manufacturing method of claim 4, wherein

the thermosetting material comprises at least one of silicon, epoxy,
ethylene-vinyl acetate copolymer (EVA), polyvinyl butyral (PVB), and
urethane.

The manufacturing method of claim 1, wherein

a width and a length of the plurality of inorganic light emitting diodes
each has a size of several micrometers to several hundreds of mi-
crometers.

The manufacturing method of claim 1, wherein

a first contact electrode and a second contact electrode of the plurality
of inorganic light emitting diodes are connected to electrodes of the
substrate through soldering.

The manufacturing method of claim 1, wherein the forming the black
molding layer comprises: forming the black molding layer by supplying
a black molding liquid onto the substrate; and

curing the black molding layer.

The manufacturing method of claim 1, wherein the forming the black
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molding layer comprises:

forming the black molding layer by arranging a black film on the
substrate to cover the plurality of inorganic light emitting diodes; and
allowing the black molding layer to be exposed to light such that the
front light emitting surfaces of the plurality of inorganic light emitting
diodes are exposed to outside.

The manufacturing method of claim 1, further comprising

arranging a transparent molding layer on the black molding layer to
protect the plurality of inorganic light emitting diodes.

The manufacturing method of claim 10, further comprising

arranging a black optical film on the transparent molding layer to
improve optical characteristics of the plurality of inorganic light
emitting diodes.

The manufacturing method of claim 1, further comprising:

forming the black molding layer to cover the substrate;

forming assembly surfaces of the plurality of unit modules by cutting a
spare portion of the black molding layer that is placed out of the
substrate; and

assembling the plurality of unit modules such that the assembly
surfaces face each other.

The manufacturing method of claim 1, further comprising:

arranging a dam to be adjacent to the substrate; and

forming the black molding layer in a space that is defined by the
substrate and the dam.

The manufacturing method of claim 13, further comprising:

curing the black molding layer;

removing the dam; and

assembling the plurality of unit modules such that assembly surfaces of
the plurality of unit modules formed by the dam face each other.

The manufacturing method of claim 1, wherein the assembling the
plurality of unit modules to be adjacent to each other comprises

arranging the plurality of unit modules in a matrix form.
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[Fig. 1]
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