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(54) DISPLAY APPARATUS INCLUDING DISPLAY MODULE AND MANUFACTURING METHOD 
THEREOF

(57) A display module includes a substrate including
a mounting surface and a side surface; a Thin Film Tran-
sistor (TFT) layer provided on the mounting surface of
the substrate; a plurality of inorganic light emitting diodes
mounted on the mounting surface of the substrate; an
anisotropic conductive layer provided on an upper sur-
face of the TFT layer and electrically connecting the TFT
layer to the plurality of inorganic light emitting diodes; a
front cover covering the mounting surface; and a side
cover surrounding the side surface. A side end of the
front cover extends to a region outside the mounting sur-
face, the side cover is bonded to a lower surface of the
front cover and to the side surface of the substrate which
correspond to the region outside of the mounting surface,
and a side end of the anisotropic conductive layer is pro-
vided on an inner side with respect to the side end of the
front cover.
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Description

[Technical Field]

[0001] The disclosure relates to a display apparatus
capable of displaying an image by combining modules
in which an inorganic light emitting device that is self-
luminous is mounted on a substrate.

[Background Art]

[0002] A display apparatus is a type of an output device
that visually displays data information such as characters
and figures, and images.
[0003] In general, a display apparatus has mainly used
a liquid crystal panel that requires a backlight or an or-
ganic light-emitting diode (OLED) panel provided with a
film of an organic compound that emits light by itself in
response to an electric current. However, the liquid crys-
tal panel may have difficulties such as a slow-response
time, and high-power consumption. Further, it is difficult
to make the liquid crystal panel compact because the
liquid crystal panel does not emit light by itself, and re-
quires a backlight. In addition, because the OLED panel
emits light by itself, the OLED panel does not require a
backlight, and thus it is possible to make the OLED panel
thin. However, the OLED panel is susceptible to screen
burn-in. The screen burn-in is a phenomenon in which,
if the same screen is displayed for a long time, the lifetime
of the sub-pixels expires and the previous screen re-
mains the same even when the screen is changed. Ac-
cordingly, a micro light emitting diode (micro-LED or
mLED) panel that mounts an inorganic light emitting de-
vice on a substrate and uses the inorganic light emitting
device itself as a pixel has been studied as a new panel
to replace the OLED.
[0004] A micro-light emitting diode display panel (here-
inafter, micro-LED panel) is a flat display panel and is
composed of a plurality of inorganic light emitting diodes
(inorganic LEDs) that are 100 micrometers or less in size.
[0005] The micro-LED panel is also a self-light emitting
device, but the micro-LED does not suffer from the screen
burn-in and has excellent luminance, resolution, power
consumption, and durability because of its inorganic na-
ture.
[0006] In comparison with the LCD panel requiring a
backlight, a micro-LED panel may offer better contrast,
response times, and energy efficiency. Both organic light
emitting diodes (OLEDs) and micro-LEDs corresponding
to inorganic light emitting diodes have good energy effi-
ciency. However, the micro-LED has higher brightness
and emission efficiency, and longer lifetime than the
OLED.
[0007] In addition, by arraying the LEDs on a circuit
board in pixel units, it is possible to manufacture a display
module in a substrate unit, and it is easy to manufacture
in various resolutions and screen sizes according to the
customer’s order.

[Disclosure]

[Technical Problem]

[0008] Provided are a display apparatus and a manu-
facturing method thereof, and more particularly, a display
module capable of being suitable for enlargement and a
display apparatus including the display module and ca-
pable of preventing recognition of a seam caused by an
anisotropic conductive layer and capable of protecting
against electrostatic discharge.

[Technical Solution]

[0009] In accordance with an aspect of the disclosure,
a display module includes: a substrate including a mount-
ing surface and a side surface; a Thin Film Transistor
(TFT) layer provided on the mounting surface of the sub-
strate; a plurality of inorganic light emitting diodes mount-
ed on the mounting surface of the substrate; an aniso-
tropic conductive layer provided on an upper surface of
the TFT layer and electrically connecting the TFT layer
to the plurality of inorganic light emitting diodes; a front
cover covering the mounting surface; and a side cover
surrounding the side surface, wherein a side end of the
front cover extends to a region outside the mounting sur-
face, the side cover is bonded to a lower surface of the
front cover and to the side surface of the substrate which
correspond to the region outside of the mounting surface,
and a side end of the anisotropic conductive layer is pro-
vided on an inner side with respect to the side end of the
front cover.
[0010] The side end of the front cover and a side end
of the side cover may be coplanar.
[0011] The side end of the anisotropic conductive layer
may be between the side surface of the substrate and
the side end of the front cover.
[0012] The display module may further include a side
end member provided at a side end of the side cover,
the side end member including a material having higher
conductivity than a conductivity of the side cover.
[0013] The display module may further include a metal
plate bonded to a rear surface of the substrate an pro-
vided on a side of the substrate that is opposite to the
mounting surface.
[0014] One end of the side end member may contact
the front cover.
[0015] The side end of the anisotropic conductive layer
may be provided on an inner side with respect to the side
surface of the substrate.
[0016] The substrate may further include a side wiring
extending along the side surface of the substrate and
electrically connected to the TFT layer, and the side end
of the anisotropic conductive layer may be provided be-
tween a side end of the side wiring of the substrate and
the side end of the front cover.
[0017] The side cover may include a non-conductive
material.
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[0018] The side cover may include a material that ab-
sorbs light.
[0019] The side surface of the substrate may be posi-
tioned corresponding to four edges of the mounting sur-
face; the front cover may extend to a region outside the
four edges of the mounting surface; and the side cover
may contact an entirety of the lower surface of the front
cover, which corresponds to the region outside of the
mounting surface, and surrounds the side surface of the
substrate along the four edges of the mounting surface.
[0020] In accordance with an aspect of the disclosure,
a display apparatus includes: a display module array in-
cluding a plurality of display modules horizontally ar-
ranged in an MxN matrix, wherein each of the plurality
of display modules includes: a substrate including a
mounting surface and a side surface; a Thin Film Tran-
sistor (TFT) layer is provided on the mounting surface; a
plurality of inorganic light emitting diodes mounted on the
mounting surface; an anisotropic conductive layer pro-
vided on an upper surface of the TFT layer and electrically
connecting the TFT layer to the plurality of inorganic light
emitting diodes; a front cover covering the mounting sur-
face; and a side cover surrounding the side surface,
wherein a side end of the front cover extends to a region
outside the mounting surface, the side cover is bonded
to a lower surface of the front cover and to the side surface
of the substrate which correspond to the region outside
of the mounting surface, and a side end of the anisotropic
conductive layer is provided on an inner side with respect
to the side end of the front cover.
[0021] The side end of the front cover and a side end
of the side cover may be coplanar.
[0022] The side end of the anisotropic conductive layer
may be provided between the side surface of the sub-
strate and the side end of the front cover.
[0023] Each of the plurality of display modules may
further include a side end member provided at a side end
of the side cover, the side end member including a ma-
terial having higher conductivity than a conductivity of
the side cover.
[0024] The each of the plurality of display modules may
further include a metal plate bonded to a rear surface of
the substrate arranged on an opposite side of the mount-
ing surface.
[0025] The side end of the anisotropic conductive layer
may be arranged on an inner side than the side surface
of the substrate.
[0026] The substrate of the plurality of display modules
may further include a side wiring extending along the side
surface and electrically connected to the TFT layer, and
the side end of the anisotropic conductive layer may be
arranged between a side end of the side wiring of the
substrate and the side end of the front cover.
[0027] The side surface may be provided to corre-
spond to four edges of the mounting surface, the front
cover may be provided to extend to a region outside the
four edges of the mounting surface, and the side cover
may surround all the lower surface of the front cover,

which correspond to the outside of the mounting surface,
in the side surface and the front cover along the four
edges of the mounting surface.
[0028] In accordance with another aspect of the dis-
closure, a display module includes a substrate including
a mounting surface on which a Thin Film Transistor (TFT)
layer is formed and a side surface, a plurality of inorganic
light emitting diodes mounted on the mounting surface,
an anisotropic conductive layer provided to electrically
connect the TFT layer to the plurality of inorganic light
emitting diodes, and arranged on an upper surface of the
TFT layer, a front cover covering the mounting surface,
a side cover surrounding the side surface, a side end
member arranged at the side end of the side cover, and
formed of a material having higher conductivity than the
side cover. A side end of the front cover is extended to
a region outside the mounting surface, the side cover is
provided to be bonded to a lower surface of the front
cover and the side surface of the substrate which corre-
spond to the region outside of the mounting surface, the
side end of the front cover and a side end of the side
cover are arranged on the same line, and the side end
of the anisotropic conductive layer is arranged between
the side surface of the substrate and the side end of the
front cover.

[Advantageous Effects]

[0029] A display apparatus may have a seamless ef-
fect in which a seam is not visually visible by absorbing
light incident on a gap between adjacent display mod-
ules.
[0030] Further, as for a display apparatus, each of cov-
ers and substrates of display modules may individually
include a component configured to absorb light that is
incident on or reflected on a gap formed between adja-
cent display modules, and thus it is possible to more eas-
ily and efficiently implement the seamless effect even
when a plurality of display modules is assembled to each
other.
[0031] Further, as for a display apparatus, an aniso-
tropic conductive layer arranged on a display module of
a display apparatus may be prevented from being ar-
ranged outside the display module, thereby preventing
recognition of a seam that may be generated by the an-
isotropic conductive layer, and thereby preventing a cur-
rent from flowing from the outside through the anisotropic
conductive layer. The display apparatus may prevent the
display module from being damaged caused by electro-
static discharge.

[Description of Drawings]

[0032]

FIG. 1 is a view illustrating a display apparatus ac-
cording to an embodiment of the disclosure;
FIG. 2 is an exploded-view illustrating a main con-
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figuration of the display apparatus of FIG. 1;
FIG. 3 is an enlarged cross-sectional view illustrating
a part of one display module shown in FIG. 1;
FIG. 4 is a rear perspective view illustrating the dis-
play module of the display apparatus shown in FIG.
1;
FIG. 5 is a perspective view illustrating a part of the
configuration of the display module shown in FIG. 1;
FIG. 6 is a cross-sectional view illustrating a part of
the configuration of the display apparatus of FIG. 1
with respect to a second direction;
FIG. 7 is an enlarged cross-sectional view illustrating
a part of the configuration shown in FIG 6;
FIG. 8 is a cross-sectional view illustrating a part of
the configuration of the display apparatus of FIG. 1
with respect to a third direction;
FIG. 9 is an enlarged cross-sectional view illustrating
a part of the configuration shown in FIG 8;
FIG. 10 is a view schematically illustrating an Elec-
trostatic Discharge (ESD) flow of a part of the con-
figuration of the display apparatus of FIG. 1;
FIG. 11 is a flowchart illustrating a manufacturing
method of the display apparatus according to an em-
bodiment of the disclosure;
FIG. 12 is a view illustrating a manufacturing process
of the display apparatus according to an embodiment
of the disclosure;
FIG. 13 is a view illustrating a manufacturing process
of the display apparatus after FIG. 12;
FIG. 14 is a view illustrating a manufacturing process
of the display apparatus after FIG. 13 of the disclo-
sure;
FIG. 15 is a view illustrating a manufacturing process
of the display apparatus after FIG. 14 of the disclo-
sure;
FIG. 16 is a view illustrating a manufacturing process
of the display apparatus after FIG. 15 of the disclo-
sure;
FIG. 17 is a view illustrating a manufacturing process
of the display apparatus after FIG. 16 of the disclo-
sure;
FIG. 18 is an enlarged cross-sectional view illustrat-
ing a part of a configuration of a display apparatus
according to another embodiment of the disclosure,
with respect to the second direction;
FIG. 19 is an enlarged cross-sectional view illustrat-
ing a part of a configuration of a display apparatus
according to another embodiment of the disclosure,
with respect to the third direction; and
FIG. 20 is an enlarged cross-sectional view illustrat-
ing a part of a configuration of a display apparatus
according to another embodiment of the disclosure,
with respect to the second direction.

[Best Mode]

[0033] Embodiments described in the disclosure and
configurations shown in the drawings are merely exam-

ples, and the scope of the disclosure should be under-
stood to include various modifications or equivalents to
replace the embodiments at the time of filing of the
present application.
[0034] The singular forms "a," "an" and "the" are in-
tended to include the plural forms as well, unless the
context clearly indicates otherwise. The shapes and siz-
es of elements in the drawings may be exaggerated for
the clear description.
[0035] In this disclosure, the terms "including", "hav-
ing", and the like are used to specify features, numbers,
steps, operations, elements, components, or combina-
tions thereof, but do not preclude the presence or addition
of one or more of the features, elements, steps, opera-
tions, elements, components, or combinations thereof.
[0036] Also, in the present disclosure, the meaning of
"identical" includes things that are similar to each other
in properties or are similar within a certain range. Also,
"identical" means "substantially identical". It should be
understood that "substantially identical" means that a val-
ue corresponding to differences within a negligible range
with respect to a reference value or a numerical value
corresponding to a manufacturing error range are includ-
ed in the range of "identical".
[0037] Hereinafter embodiments according to the dis-
closure will be described in detail with reference to the
accompanying drawings.
[0038] FIG. 1 is a view illustrating a display apparatus
according to an embodiment of the disclosure, FIG. 2 is
an exploded-view illustrating a main configuration of the
display apparatus of FIG. 1, FIG. 3 is an enlarged cross-
sectional view illustrating a part of one display module
shown in FIG. 1, FIG. 4 is a rear perspective view illus-
trating the display module of the display apparatus shown
in FIG. 1, and FIG. 5 is a perspective view illustrating a
part of the configuration of the display module shown in
FIG. 1.
[0039] A part of a configuration of a display apparatus
1 as well as a plurality of inorganic light emitting diodes
50 illustrated in the drawings is a component in a micro-
unit having a size of several mm to hundreds of mm, and
for convenience of description, dimensions of some com-
ponents (e.g., the plurality of inorganic light emitting di-
odes 50 and a black matrix 48, etc.) are exaggerated.
[0040] The display apparatus 1 is a device that displays
information, material, data, etc. as characters, figures,
graphs, images, etc. and a television, a personal com-
puter, mobile, and a digital signage may be implemented
as the display apparatus 1.
[0041] According to an embodiment of the disclosure,
as shown in FIGS. 1 and 2, the display apparatus 1 may
include a display panel 20 provided to display an image,
a power supply device configured to supply power to the
display panel 20, a main board 25 configured to control
an overall operation of the display panel 20, a frame 15
provided to support the display panel 20, and a rear cover
10 provided to cover a rear surface of the frame 15.
[0042] The display panel 20 may include a plurality of
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display modules 30A-30P, a driver board configured to
drive each of the display modules 30A-30P, and a timing
controller (T-con) board configured to generate a timing
signal to control each of the display modules 30A-30P.
[0043] The rear cover 10 may support the display panel
20. The rear cover 10 may be installed on the floor using
a stand, or may be installed on a wall using a hanger.
[0044] The plurality of display modules 30A-30P may
be arranged vertically and horizontally to be adjacent to
each other (e.g., in a contiguous arrangement). The plu-
rality of display modules 30A-30P may be arranged in an
M * N matrix. In the embodiment, 16 display modules
30A-30P are provided and arranged in a matrix of 4 * 4,
but there is no limitation in the number and arrangement
method of the plurality of display modules 30A-30P.
[0045] The plurality of display modules 30A-30P may
be installed in the frame 15. The plurality of display mod-
ules 30A-30P may be installed in the frame 15 through
various known methods such as magnetic force using a
magnet or a mechanical fitting structure. The rear cover
10 may be coupled to the rear of the frame 15, and the
rear cover 10 may form a rear exterior of the display ap-
paratus 1.
[0046] The rear cover 10 may include a metal material.
Accordingly, heat generated from the plurality of display
modules 30A-30P and the frame 15 may be easily con-
ducted to the rear cover 10 to increase the heat dissipa-
tion efficiency of the display apparatus 1.
[0047] As described above, the display apparatus 1
may implement a large screen by tiling the plurality of
display modules 30A-30P.
[0048] As another example, a single display module in
the plurality of display modules 30A-30P may be applied
to a display apparatus. That is, as a single unit, the display
modules 30A-30P may be installed and applied in a wear-
able device, a portable device, a handheld device and
an electronic product or an electronic component that
requires a display. As described in the disclosure, the
plurality of display modules 30A-30P may be assembled
in a matrix type and then applied to a display apparatus
such as a monitor for a personal computer (PC), a high-
resolution TV, a signage, or an electronic display.
[0049] The plurality of display modules 30A-30P may
include the same configuration. Accordingly, a descrip-
tion of any one display module described below may be
equally applied to all other display modules.
[0050] Hereinafter each of the plurality of display mod-
ules 30A-30P will be described with reference to a first
display module 30A because all of the plurality of display
modules 30A-30P are formed identically.
[0051] That is, in order to avoid overlapping descrip-
tion, a display module 30, a substrate 40, and a front
cover 70 will be described as representative of the con-
figuration of the plurality of display modules 30A-30P.
[0052] In addition, the first display module 30A, a sec-
ond display module 30E arranged adjacent to the first
display module 30A in a second direction Y, and a third
display module 30B arranged adjacent in a third direction

Z among the plurality of display modules 30A-30P will be
described if necessary.
[0053] Among the plurality of display modules 30A-
30P, the first display module 30A may be formed in a
quadrangle type. Alternatively, the first display module
30A may be provided in a rectangular type or a square
type.
[0054] Accordingly, the first display module 30A may
include edges 31, 32, 33, and 34 formed in up, down, left
and right direction with respect to a first direction X, which
is a front direction perpendicular to a display surface of
the display apparatus 1.
[0055] As illustrated in FIG. 3, each of the plurality of
display modules 30A-30P may include the substrate 40
and a plurality of inorganic light emitting diodes 50 mount-
ed on the substrate 40. The plurality of inorganic light
emitting diodes 50 may be mounted on a mounting sur-
face 41 of the substrate 40 facing the first direction X. In
FIG. 3, for convenience of description, a thickness of the
substrate 40 in the first direction X is shown to be en-
larged.
[0056] The substrate 40 may be formed in a quadran-
gle type. As described above, each of the plurality of dis-
play modules 30A-30P may be provided in a quadrangle
type, and thus the substrate 40 may be formed in a quad-
rangle type to correspond to the type of the display mod-
ule.
[0057] Alternatively, the substrate 40 may be provided
in a rectangle type or a square type.
[0058] Therefore, as for the first display module 30A,
the substrate 40 may include 4 edges E corresponding
to the edges 31, 32, 33, and 34 of the first display module
30A formed in in four directions of up, down, left and right
with respect to the first direction X that is the front direction
(refer to FIG.5).
[0059] The substrate 40 may include a substrate body
42, the mounting surface 41 forming one surface of the
substrate body 42, a rear surface 43 arranged on the
opposite side to the mounting surface 41 and forming the
other surface of the substrate body 42, and a side surface
45 arranged between the mounting surface 41 and the
rear surface 43.
[0060] The side surface 45 may form a side end of the
substrate 40 in the second direction Y and the third di-
rection Z that are perpendicular to the first direction X.
[0061] The substrate 40 may include a chamfer 49
formed between the mounting surface 41 and the side
surface 45 and between the rear surface 43 and the side
surface 45.
[0062] The chamfer 49 may prevent the respective
substrates from colliding and being damaged when the
plurality of display modules 30A-30P is arranged.
[0063] The edge E of the substrate 40 may include the
side surface 45 and the chamfer 49.
[0064] The substrate 40 may include a thin film tran-
sistor (TFT) layer 44 formed on the substrate body 42 to
drive the inorganic light emitting diodes 50. The substrate
body 42 may include a glass substrate. That is, the sub-
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strate 40 may include a Chip on Glass (COG) type sub-
strate. First and second pad electrodes 44a and 44b pro-
vided to electrically connect the inorganic light emitting
diodes 50 to the TFT layer 44 may be formed on the
substrate 40.
[0065] A thin film transistor (TFT) forming the TFT layer
44 is not limited to a specific structure or type, and may
be configured in various embodiments. That is, the TFT
of the TFT layer 44 according to an embodiment of the
disclosure may be implemented as an organic TFT and
a graphene TFT as well as a Low Temperature Poly Sil-
icon (LTPS) TFT, an oxide TFT, and a Si TFT such as a
poly silicon, or a-silicon TFT
[0066] Alternatively, when the substrate body 42 of the
substrate 40 is formed of a silicon wafer, the TFT layer
44 may be replaced with a Complementary Metal-Oxide
Semiconductor (CMOS) transistor, or n-type MOSFET
or p-type MOSFET transistor.
[0067] The plurality of inorganic light emitting diodes
50 may be formed of an inorganic material, and may in-
clude inorganic light emitting diodes having sizes of sev-
eral mm to several tens of mm in width, length, and height,
respectively. The micro-inorganic light emitting device
may have a length of 100 mm or less on a short side
among width, length, and height. That is, the inorganic
light emitting device 50 may be picked up from a sapphire
or silicon wafer and directly transferred onto the substrate
40. The plurality of inorganic light emitting diodes 50 may
be picked up and transported through an electrostatic
method using an electrostatic head or a stamp method
using an elastic polymer material such as PDMS or silicon
as a head.
[0068] The plurality of inorganic light emitting diodes
50 may be a light emitting structure including an n-type
semiconductor 58a, an active layer 58c, a p-type semi-
conductor 58b, a first contact electrode 57a, and a sec-
ond contact electrode 57b.
[0069] Any one of the first contact electrodes 57a and
the second contact electrodes 57b may be electrically
connected to the n-type semiconductor 58a and the other
of the first contact electrodes 57a and the second contact
electrodes 57b may be electrically connected to the p-
type semiconductor 58b.
[0070] The first contact electrode 57a and the second
contact electrode 57b may be a flip chip type in which
the first contact electrode 57a and the second contact
electrode 57b are horizontally arranged to face the same
direction (a direction opposite to an emission direction).
[0071] The inorganic light emitting device 50 may in-
clude a light emitting surface 54 arranged to face the first
direction X, a side surface 55, and a bottom surface 56
arranged to be opposite to the light emitting surface 54,
which are based on arrangement in which the inorganic
light emitting device 50 is mounted on the mounting sur-
face 41. The first contact electrode 57a and the second
contact electrode 57b may be formed on the bottom sur-
face 56.
[0072] That is, the contact electrodes 57a and 57b of

the inorganic light emitting device 50 may be arranged
on the opposite side of the light emitting surface 54, and
accordingly, the contact electrodes 57a and 57b may be
arranged on the opposite side to the direction in which
light is emitted.
[0073] The contact electrodes 57a and 57b may be
arranged to face the mounting surface 41, and provided
to be electrically connected to the TFT layer 43. The light
emitting surface 54 emitting light may be arranged in a
direction opposite to the direction in which the contact
electrodes 57a and 57b are arranged.
[0074] Therefore, when the light generated from the
active layer 58c is emitted in the first direction X through
the light emitting surface 54, the light may be emitted
toward the first direction X without the interference of the
first contact electrode 57a or the second contact elec-
trode 57b.
[0075] That is, the first direction X may be defined as
a direction in which the light emitting surface 54 is ar-
ranged to emit light.
[0076] The first contact electrode 57a and the second
contact electrode 57b may be electrically connected to
a first pad electrode 44a and a second pad electrode
44b, respectively, formed on the mounting surface 41
side of the substrate 40.
[0077] The inorganic light emitting device 50 may be
directly connected to the pad electrodes 44a and 44b
through an anisotropic conductive layer 47 or a bonding
structure such as solder.
[0078] The anisotropic conductive layer 47 may be
formed on the substrate 40 to mediate electrical bonding
between the contact electrodes 57a and 57b and the pad
electrodes 44a and 44b. The anisotropic conductive layer
47 may include a structure in which an anisotropic con-
ductive adhesive is attached on a protective film, and
particularly, a structure in which conductive balls 47a are
dispersed in an adhesive resin. The conductive balls 47a
may be conductive spheres surrounded by a thin insu-
lating film, and may electrically connect to each other
and/or to other conductors as the insulating film is broken
by pressure.
[0079] The anisotropic conductive layer 47 may in-
clude an anisotropic conductive film (ACF) in the form of
a film and an anisotropic conductive paste (ACP) in the
form of a paste.
[0080] In an embodiment, the anisotropic conductive
layer 47 may be provided with an anisotropic conductive
film.
[0081] Therefore, by a pressure applied to the aniso-
tropic conductive layer 47 when the plurality of inorganic
light emitting diodes 50 is mounted on the substrate 40,
the insulating film of the conductive balls 47a may be
broken and thus the contact electrodes 57a and 57b of
the inorganic light emitting device 50 may be electrically
connected to the pad electrodes 44a and 44b of the sub-
strate 40.
[0082] However, the plurality of inorganic light emitting
diodes 50 may be mounted on the substrate 40 through
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solder instead of the anisotropic conductive layer 47. Af-
ter the inorganic light emitting device 50 is aligned on the
substrate 40, the inorganic light emitting device 50 may
be bonded to the substrate 40 through a reflow process.
[0083] The plurality of inorganic light emitting diodes
50 may include a red light emitting device 51, a green
light emitting device 52, and a blue light emitting device
53. As for the inorganic light emitting device 50, a series
of the red light emitting device 51, the green light emitting
device 52, and the blue light emitting device 53 may be
mounted on the mounting surface 41 of the substrate 40
as one unit. A series of the red light emitting device 51,
the green light emitting device 52, and the blue light emit-
ting device 53 may form a single pixel. In this case, the
red light emitting device 51, the green light emitting de-
vice 52, and the blue light emitting device 53 may each
form a sub pixel, respectively.
[0084] The red light emitting device 51, the green light
emitting device 52, and the blue light emitting device 53
may be arranged in a line at a predetermined interval in
an embodiment, and alternatively, arranged in other
shapes such as a triangular shape.
[0085] The substrate 40 may include a light absorbing
layer 44c to absorb external light to improve contrast.
The light absorbing layer 44c may be formed on the entire
mounting surface 41 of the substrate 40. The light ab-
sorbing layer 44c may be formed between the TFT layer
43 and the anisotropic conductive layer 47.
[0086] The plurality of display modules 30A-30P may
further include a black matrix 48 formed between the plu-
rality of inorganic light emitting diodes 50.
[0087] The black matrix 48 may perform a function of
supplementing the light absorbing layer 44c formed en-
tirely on the mounting surface 41 side of the substrate
40. That is, the black matrix 48 may absorb external light
to allow the substrate 40 to appear black, thereby im-
proving the contrast of the screen.
[0088] It is appropriate that the black matrix 48 has a
black color.
[0089] According to an embodiment, the black matrix
48 may be arranged between pixels formed by a series
of the red light emitting device 51, the green light emitting
device 52, and the blue light emitting device 53. As an-
other example, the black matrix 48 may be formed more
precisely to partition each of the light emitting devices
51, 52, and 53 corresponding to the sub-pixel.
[0090] The black matrix 48 may be formed in a grid
shape having a horizontal pattern and a vertical pattern
to be arranged between pixels.
[0091] The black matrix 48 may be formed by applying
a light-absorbing ink on the anisotropic conductive layer
47 and then curing the light-absorbing ink through an ink-
jet process, or by coating a light-absorbing film on the
anisotropic conductive layer 47.
[0092] That is, on the anisotropic conductive layer 47
formed entirely on the mounting surface 41, the black
matrix 48 may be arranged on a space, in which the plu-
rality of inorganic light emitting diodes 50 is not mounted,

between the plurality of inorganic light emitting diodes 50.
[0093] The plurality of display modules 30A-30P may
include a front cover 70 arranged in the first direction X
on the mounting surface 41 to cover the mounting surface
41 of the plurality of display modules 30A-30P.
[0094] The front cover 70 may be provided in plurality
so as to be respectively formed in the first direction X on
the plurality of display modules 30A-30P (refer to FIGS.
6 and 7).
[0095] Each of the plurality of display modules 30A-
30P may be assembled after a separate front cover 70
is formed. That is, as for the first display module 30A and
the second display module 30E among the plurality of
display modules 30A-30P, a first front cover 70A may be
formed on the mounting surface 41 of the first display
module 30A and a second front cover 70E may be formed
on the mounting surface 41 of the second display module
30E.
[0096] The front cover 70 may be provided to cover
the substrate 40 to protect the substrate 40 from external
force or external moisture.
[0097] A plurality of layers of the front cover 70 may
be provided as a functional film having optical perform-
ance. This will be described later in detail.
[0098] A part of the plurality of layers of the first cover
70 may include a base layer formed of optical clear resin
(OCR). The base layer may be provided to support a
plurality of other layers. The OCR may be in a very trans-
parent state having a transmittance of 90% or more.
[0099] The OCR may improve visibility and image qual-
ity by increasing transmittance through low reflection
properties. That is, in a structure including an air gap,
light loss may occur due to the difference in refractive
index between the film layer and the air layer. However,
in a structure including the OCR, the difference in refrac-
tive index may be reduced and thus light-loss may also
be reduced, thereby improving visibility and image qual-
ity.
[0100] That is, the OCR may improve image quality as
well as protecting the substrate 40.
[0101] A part of the plurality of layers may include an
adhesive layer provided to bond the front cover 70 to the
mounting surface 41 of the substrate 40.
[0102] Typically, the front cover 70 may be provided
to include a predetermined height or more in the first di-
rection X to which the mounting surface 41 or the light
emitting surface 54 faces.
[0103] This is to sufficiently fill a gap that may be
formed between the front cover 70 and the plurality of
inorganic light emitting diodes 50 when the front cover
70 is formed on the substrate 40.
[0104] In addition, each of the plurality of display mod-
ules 30A-30P may include a rear adhesive tape 61 ar-
ranged between the rear surface 43 and a metal plate
60 to bond the metal plate 60 to the rear surface 43 of
the substrate 40.
[0105] The rear adhesive tape 61 may be provided as
a double-sided adhesive tape, but is not limited thereto,
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and may be provided in the form of an adhesive layer
instead of a tape shape. That is, the rear adhesive tape
61 is an example of a medium for bonding the metal plate
60 to the rear surface 43 of the substrate 40, and is not
limited to the tape and may be provided in various me-
dium shapes.
[0106] The plurality of inorganic light emitting diodes
50 may be electrically connected to a pixel driving wiring
formed on the mounting surface 41, and an upper wiring
layer extending through the side surface 45 of the sub-
strate 40 and formed as a pixel driving wiring.
[0107] The upper wiring layer may be formed under
the anisotropic conductive layer 47. The upper wiring lay-
er may be electrically connected to a side wiring 46
formed on the side surface 45 of the substrate 40. The
side wiring 46 may be provided in the form of a thin film
(see, e.g., FIG. 5). The side wiring 46 may include a side
wiring coating 46b surrounding the side wiring 46 to pre-
vent damage that may occur when the side wiring 46 is
exposed to the outside (refer to FIG. 9).
[0108] When it is assumed that with respect to the first
direction X facing the front of the display apparatus 1, a
direction perpendicular to the first direction X and corre-
sponding to the left and right direction of the display ap-
paratus 1 is defined as the second direction Y, and a
direction perpendicular to the first direction X and the
second direction Y, and corresponding to the up and
down direction of the display apparatus 1 is defined as
the third direction Z, the side wiring 46 may extend to the
rear surface 43 of the substrate 40 along the chamfer 49
and the side surface 45 of the substrate 40 in the third
direction Z, along the third direction Z.
[0109] However, the disclosure is not limited thereto
and the side wiring 46 may extend to the rear surface 43
of the substrate 40 along the chamfer 49 and the side
surface 45 of the substrate 40 in the second direction Y,
along the second direction Y
[0110] According to an embodiment, the side wiring 46
may extend along one or more edges E of the substrate
40 corresponding to the upper edge 32 and/or the lower
edge 34 of the first display module 30A.
[0111] However, the disclosure is not limited thereto,
and the side wiring 46 may extend along one or more
edges E of the substrate 40 corresponding to at least two
edges among four edges 31, 32, 33 and 34 of the first
display module 30A.
[0112] The upper wiring layer may be connected to the
side wiring 46 by an upper connection pad formed on the
edge E side of the substrate 40.
[0113] The side wiring 46 may extend along the side
surface 45 of the substrate 40 and may be connected to
a rear wiring layer 43b formed on the rear surface 43.
[0114] An insulating layer 43c covering the rear wiring
layer 43b may be formed on the rear wiring layer 43b in
a direction to which the rear surface of the substrate 40
faces.
[0115] That is, the plurality of inorganic light emitting
diodes 50 may be sequentially and electrically connected

to the upper wiring layer, the side wiring 46, and the rear
wiring layer 43b.
[0116] Further, as shown in FIG. 4, the display module
30A may include a driver circuit board 80 provided to
electrically control the plurality of inorganic light emitting
diodes 50 mounted on the mounting surface 41. The driv-
er circuit board 80 may be formed of a printed circuit
board. The driver circuit board 80 may be arranged on
the rear surface 43 of the substrate 40 in the first direction
X. Although described in detail later, the driver circuit
board 80 may be arranged on the metal plate 60 bonded
to the rear surface 43 of the substrate 40.
[0117] The display module 30A may include a flexible
film 81 connecting the driver circuit board 80 to the rear
wiring layer 43b to allow the driver circuit board 80 to be
electrically connected to the plurality of inorganic light
emitting diodes 50.
[0118] Particularly, one end of the flexible film 81 may
be connected to a rear connection pad 43d arranged on
the rear surface 43 of the substrate 40 and electrically
connected to the plurality of inorganic light emitting di-
odes 50.
[0119] The rear connection pad 43d may be electrically
connected to the rear wiring layer 43b. Accordingly, the
rear connection pad 43d may electrically connect the rear
wiring layer 43b to the flexible film 81 (see, e.g., FIGS. 7
and 8).
[0120] Because the flexible film 81 is electrically con-
nected to the rear connection pad 43d, the flexible film
81 may transmit power and an electrical signal from the
driver circuit board 80 to the plurality of inorganic light
emitting diodes 50.
[0121] The flexible film 81 may be formed of a flexible
flat cable (FFC) or a chip on film (COF). The flexible film
81 may include a first flexible film 81a and a second flex-
ible film 81b that are respectively arranged in the up and
down direction (e.g., the direction Z).
[0122] The first and second flexible films 81a and 81b
are not limited thereto, and may be arranged in the left
and right directions (e.g., the direction Y), or may be ar-
ranged in at least two directions in the up, down, left, and
right directions, respectively.
[0123] The second flexible films 81b may be provided
in plurality. However, the disclosure is not limited thereto,
and a single second flexible film 81b may be provided,
and the first flexible films 81a may also be provided in
plurality.
[0124] The first flexible film 81a may transmit a data
signal from the driver circuit board 80 to the substrate
40. The first flexible film 81a may be formed of COF.
[0125] The second flexible film 81b may transmit power
from the driver circuit board 80 to the substrate 40. The
second flexible film 81b may be formed of FFC.
[0126] However, the disclosure is not limited thereto,
and the first flexible film 81a may be formed of FFC and
the second flexible film 81b may be formed of COF.
[0127] The driver circuit board 80 may be electrically
connected to a main board 25 (refer to FIG. 2). The main
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board 25 may be arranged on the rear side of the frame
15, and at the rear of the frame 15, the main board 25
may be connected to the driver circuit board 80 through
a cable.
[0128] As described above, the metal plate 60 may be
provided to be in contact with the substrate 40. The metal
plate 60 and the substrate 40 may be bonded to each
other by the rear adhesive tape 61 arranged between the
rear surface 43 of the substrate 40 and the metal plate 60.
[0129] The metal plate 60 may be formed of a metal
material having high thermal conductivity. For example,
the metal plate 60 may be formed of an aluminum mate-
rial.
[0130] Heat generated by the plurality of inorganic light
emitting diodes 50 mounted to the substrate 40 and the
TFT layer 44 may be transferred to the metal plate 60
through the rear adhesive tape 61 along the rear surface
43 of the substrate 40.
[0131] Accordingly, heat generated by the substrate
40 may be easily transferred to the metal plate 60 and it
is possible to prevent the substrate 40 from rising above
a predetermined temperature.
[0132] The plurality of display modules 30A-30P may
be arranged in various positions in the form of an M * N
matrix. Each of the display modules 30A-30P is provided
to be individually movable. In this case, each of the dis-
play modules 30A-30P may include the metal plate 60
to maintain a certain level of heat dissipation perform-
ance regardless of where each of the display modules
30A-30P is arranged.
[0133] The plurality of display modules 30A-30P may
be provided in the form of various M*N matrixes so as to
form various-sized screen of the display apparatus 1. Ac-
cording to an embodiment, rather than heat dissipation
through a single metal plate provided for heat dissipation,
each of the display modules 30A-30P may include an
independent metal plate 60 so as to individually dissipate
the heat, thereby improving the heat dissipation perform-
ance of the entire display apparatus 1.
[0134] When a single metal plate is arranged inside
the display apparatus 1, a part of the metal plate may not
be arranged at a position corresponding to a position
where some display modules are arranged in the front
and rear direction, and the metal plate may be arranged
at a position corresponding to a position where any dis-
play module is not arranged in the front and rear direction.
Therefore, the heat dissipation efficiency of the display
apparatus 1 may be reduced.
[0135] That is, the display modules 30A-30P may per-
form self-dissipation by the metal plate 60, arranged on
the display modules 30A-30P, regardless of the position
of the display modules 30A-30P, and thus it is possible
to improve the heat dissipation performance of the entire
display modules 30A-30P.
[0136] The metal plate 60 may be provided in a quad-
rangular shape substantially corresponding to the shape
of the substrate 40.
[0137] An area of the substrate 40 may be at least

equal to or greater than an area of the metal plate 60. In
response to the substrate 40 and the metal plate 60 being
arranged side by side in the first direction X (e.g., stacked
in the direction X), the four edges of the substrate 40
having a rectangular shape may be formed to correspond
to the four edges of the metal plate 60 with respect to the
center of the substrate 40 and the metal plate 60, or the
four edges of the substrate 40 having a rectangular shape
may be formed to be arranged on the outer side with
respect to the four edges of the metal plate 60.
[0138] It is appropriate that the four edges E of the
substrate 40 are arranged outside the four edges of the
metal plate 60. That is, the area of the substrate 40 may
be provided to be greater than the area of the metal plate
60.
[0139] The substrate 40 and the metal plate 60 may
thermally expand by heat transferred to each of the dis-
play modules 30A-30P. Because the metal plate 60 has
a higher coefficient of thermal expansion than the sub-
strate 40, a value at which the metal plate 60 expands is
greater than a value at which the substrate 40 expands.
[0140] In this case, in response to the four edges E of
the substrate 40 being formed to correspond to the four
edges of the metal plate 60 or being arranged on the
inner side with respect to the four edges of the metal
plate 60, the edge of the metal plate 60 may protrude to
the outside of the substrate 40.
[0141] Accordingly, a separation distance between
gaps formed between the respective display modules
30A-30P may be irregularly formed by the thermal ex-
pansion of the metal plate 60 of each of the modules 30A-
30P. Therefore, some of the seams may be easily rec-
ognized and thus a sense of unity in the screen of the
display panel 20 may be reduced.
[0142] However, when the four edges E of the sub-
strate 40 are arranged outside the four edges of the metal
plate 60, even when the substrate 40 and the metal plate
60 thermally expand, the metal plate 60 may not protrude
to the outside of the four edges E of the substrate 40.
Accordingly, the separation distance of the gap formed
between the display modules 30A-30P may be constantly
maintained.
[0143] In addition, in order to maintain a constant sep-
aration distance of the gap formed between the display
modules 30A-30P, the frame 15 supporting the display
modules 30A-30P may include a front surface having a
material property similar to the substrate 40. That is, each
of the display modules 30A-30P may be bonded to the
front surface of the frame 15.
[0144] According to an embodiment of the disclosure,
the area of the substrate 40 may be provided to substan-
tially correspond to the area of the metal plate 60. Ac-
cordingly, heat generated from the substrate 40 may be
evenly dissipated in the entire region of the substrate 40
without being isolated to a partial region.
[0145] The metal plate 60 may be bonded to the rear
surface 43 of the substrate 40 by the rear adhesive tape
61.
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[0146] The rear adhesive tape 61 may have a size cor-
responding to that of the metal plate 60. That is, the area
of the rear adhesive tape 61 may be provided to corre-
spond to the area of the metal plate 60. The metal plate
60 may be provided in a substantially quadrangular
shape, and the rear adhesive tape 61 may be provided
in a quadrangular shape to correspond to the shape of
the metal plate 60.
[0147] The edge of the metal plate 60 and the edge of
the rear adhesive tape 61 in the rectangular shape may
be formed to correspond to each other with respect to
the center of the metal plate 60 and the rear adhesive
tape 61.
[0148] Accordingly, the metal plate 60 and the rear ad-
hesive tape 61 may be easily manufactured in a single
coupling configuration, and thus it is possible to increase
the manufacturing efficiency of the entire display appa-
ratus 1.
[0149] That is, when the metal plate 60 is cut from one
plate into a unit number, the rear adhesive tape 61 may
be pre-bonded to one plate before the metal plate 60 is
cut, and thus the rear adhesive tape 61 and the metal
plate 60 may be simultaneously cut into a unit number,
thereby simplifying the process.
[0150] Heat generated by the substrate 40 may be
transferred to the metal plate 60 through the rear adhe-
sive tape 61. Accordingly, the rear adhesive tape 61 may
be provided to bond the metal plate 60 to the substrate
40 while transferring the heat generated by the substrate
40 to the metal plate 60.
[0151] Accordingly, the rear adhesive tape 61 may in-
clude a material having high heat dissipation perform-
ance.
[0152] Basically, the rear adhesive tape 61 may in-
clude a material having an adhesive property to bond the
substrate 40 and the metal plate 60.
[0153] Additionally, the rear adhesive tape 61 may in-
clude a material having higher heat dissipation perform-
ance than a material having general adhesive properties.
Accordingly, heat may be efficiently transferred from be-
tween the substrate 40 and the metal plate 60 to each
component.
[0154] In addition, the material having the adhesive-
ness of the rear adhesive tape 61 may be formed of a
material having higher heat dissipation performance than
the adhesive material forming the general adhesive.
[0155] A material having higher heat dissipation per-
formance means a material that effectively transfers heat
with high thermal conductivity, high heat transfer, and
low specific heat.
[0156] For example, the rear adhesive tape 61 may
include a graphite material. However, the disclosure is
not limited thereto, and the rear adhesive tape 61 may
be generally formed of a material having high heat dis-
sipation performance.
[0157] Flexibility of the rear adhesive tape 61 may be
greater than that of the substrate 40 and that of the metal
plate 60. Accordingly, the rear adhesive tape 61 may be

formed of a material having high flexibility while having
adhesive properties and heat dissipation properties. The
rear adhesive tape 61 may be formed of an inorganic
double-sided tape. As described above, the rear adhe-
sive tape 61 is formed of an inorganic tape, and thus the
rear adhesive tape 61 may be provided as a single layer
without a base material supporting one surface bonded
to the substrate 40 and the other surface bonded to the
metal plate 60, between the one surface and the other
surface.
[0158] Because the rear adhesive tape 61 does not
include a base material, the rear adhesive tape 61 may
not include a material that interferes with heat conduc-
tion, thereby increasing the heat dissipation perform-
ance. However, the rear adhesive tape 61 is not limited
to the inorganic double-sided tape, and may be provided
as a heat-dissipating tape having better heat dissipation
performance than a general double-sided tape.
[0159] As described above, because the substrate 40
is formed of a glass material and the metal plate 60 is
formed of a metal material, the material property thereof
may be different from each other and thus a degree of
deformation of the material by the same heat may be
different. That is, in response to heat generated in the
substrate 40, the substrate 40 and the metal plate 60
may thermally expand to different sizes due to heat. Ac-
cordingly, the display module 30A may be damaged.
[0160] The substrate 40 and the metal plate 60 have
different expansion values at the same temperature, and
thus when the substrate 40 and the metal plate 60 expand
to different sizes in a state in which the substrate 40 and
the metal plate 60 are fixed to each other, stress may be
generated in the substrate 40 and the metal plate 60.
[0161] As for the material properties, each material has
a different coefficient of thermal expansion and thus there
is a difference in the physical deformation of the material
caused by heat. Particularly, the coefficient of thermal
expansion of the metal material is greater than the coef-
ficient of thermal expansion of the glass, and thus in re-
sponse to the same heat applied to the substrate 40 and
the metal plate 60, the metal plate 60 may be expanded
and deformed more than the substrate 40.
[0162] Conversely, in response to the substrate 40 and
the metal plate 60 being cooled after heat generation in
the substrate 40 is terminated, the metal plate 60 may
be contracted and deformed more than the substrate 40.
[0163] The substrate 40 and the metal plate 60 are in
a state of being bonded to each other by the rear adhesive
tape 61, and thus when the metal plate 60 is deformed
more than the substrate 40, an external force may be
transmitted to the substrate 40.
[0164] Conversely, an external force may be transmit-
ted to the metal plate 60 by the substrate 40, but the
substrate 40 may be damaged because the rigidity of the
glass substrate 40 is less than the rigidity of the metal
plate 60 formed of metal.
[0165] The rear adhesive tape 61 may be provided be-
tween the substrate 40 and the metal plate 60 to absorb
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external forces that is transmitted in different configura-
tions while the substrate 40 and the metal plate 60 are
expanded to different sizes.
[0166] Accordingly, it is possible to prevent the external
force from being transmitted to the substrate 40 and the
metal plate 60, and further to prevent the substrate 40
from being damaged.
[0167] The rear adhesive tape 61 may be formed of a
material with high flexibility so as to absorb the external
force transmitted from the substrate 40 and the metal
plate 60. Particularly, the flexibility of the rear adhesive
tape 61 may be greater than that of the substrate 40 and
the metal plate 60.
[0168] Accordingly, in response to the external force,
which is generated by the size change of the substrate
40 and the metal plate 60, being transmitted to the rear
adhesive tape 61, the rear adhesive tape 61 itself may
be deformed and thus the rear adhesive tape 61 may
prevent the external force from being transmitted to dif-
ferent configurations.
[0169] The rear adhesive tape 61 may have a prede-
termined thickness in the first direction X. In response to
the state of the rear adhesive tape 61 being expanded
by the heat or being contracted, the metal plate 60 may
be expanded or contracted in a direction perpendicular
to the first direction X, as well as the first direction X and
thus the external force may be transmitted to the sub-
strate 40.
[0170] In response to the expansion or the contraction
of the metal plate in the direction perpendicular to the
first direction X, the thickness of the rear adhesive tape
61 may be changed and the external force may be pre-
vented from being transmitted to the substrate 40. Fur-
ther, the coefficient of thermal expansion of the rear ad-
hesive tape 61 may be different from the coefficient of
thermal expansion of the substrate 40 and the metal plate
60.
[0171] It is appropriate that the coefficient of thermal
expansion of the rear adhesive tape 61 is greater than
the coefficient of thermal expansion of the substrate 40
and less than the coefficient of thermal expansion of the
metal plate 60.
[0172] Accordingly, the rear adhesive tape 61 may be
deformed in a different way by both the substrate 40 and
the metal plate 60 at the same temperature, and thus the
rear adhesive tape 61 may ease the deformation of each
configuration between the substrate 40 and the metal
plate 60.
[0173] Therefore, the rear adhesive tape 61 may be
arranged and deformed between the substrate 40 and
the metal plate 60 to easily absorb the external force
generated according to the difference in the coefficient
of thermal expansion between the substrate 40 and the
metal plate 60.
[0174] The rear adhesive tape 61 may be formed in a
predetermined thickness or more. The predetermined
thickness represents a minimum length that allows the
rear adhesive tape 61 to be maintained in the state, in

which the external force is not applied to the substrate
40, even in response to the deformation of the rear ad-
hesive tape 61 caused by the thermal expansion of the
metal plate 60 and the substrate 40.
[0175] The display module 30A may include the fixing
member 82 provided to couple the frame 15 to the display
module 30A.
[0176] The fixing member 82 may be arranged on the
rear surface of the metal plate 60 to bond the metal plate
60 to the frame 15.
[0177] As described above, the metal plate 60 is
formed to have a size corresponding to that of the sub-
strate 40 and may be provided to cover the entire rear
surface 43 of the substrate 40, and thus a fixing member
82 may be arranged on the rear surface of the metal plate
60.
[0178] However, the disclosure is not limited thereto,
and the fixing member 82 may be provided to be arranged
on the rear surface 43 of the substrate 40. In this case,
the substrate 40 may be directly bonded to the frame 15
through the fixing member 82.
[0179] As another example, the metal plate 60 may be
provided to cover a portion of the rear surface 43 of the
substrate 40, and on the rear surface 43 of the substrate
40, the fixing member 82 may be bonded to a region that
is not covered by the metal plate 60.
[0180] It is appropriate that the fixing member 82 is
provided with a double-sided tape.
[0181] Hereinafter the front cover 70, a side cover 90,
and the anisotropic conductive layer 47 will be described
in detail.
[0182] FIG. 6 is a cross-sectional view illustrating a part
of the configuration of the display apparatus of FIG. 1
with respect to a second direction, FIG. 7 is an enlarged
cross-sectional view illustrating a part of the configuration
shown in FIG 6, FIG. 8 is a cross-sectional view illustrat-
ing a part of the configuration of the display apparatus of
FIG. 1 with respect to a third direction, FIG. 9 is an en-
larged cross-sectional view of a part of the configuration
shown in FIG 8, and FIG. 10 is a view schematically il-
lustrating an Electrostatic Discharge (ESD) flow of a part
of the configuration of the display apparatus of FIG. 1.
[0183] The front cover 70 may protect the substrate 40
from the external force, and may reduce the visibility of
the seam formed by a gap G between adjacent ones of
the plurality of display modules 30A-30P, and may re-
duce color deviation between the plurality of display mod-
ules 30A-30P.
[0184] The plurality of display modules 30A-30P may
include the side cover 90 arranged in the gap G formed
between the plurality of display modules 30A-30P in re-
sponse to the array of the plurality of display modules
30A-30P.
[0185] The front cover 70 may be extended to the out-
side of the substrate 40 of the plurality of display modules
30A-30P so as to adsorb light reflected from the gap G
between the plurality of display modules 30A-30P.
[0186] Particularly, the front cover 70 may be provided
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to extend to the outer side with respect to the edge (or
side end) 41S of the mounting surface 41 of the substrate
40 in the second direction Y and the third direction Z
(refer to FIGS. 5 and 6).
[0187] Substantially, the gap between the respective
display modules 30A-30P may be generated between
the side surfaces 45 of the substrate 40 of the respective
display modules 30A-30P. However, according to an em-
bodiment of the disclosure, the gap may mean a non-
display region formed between the respective display
modules 30A-30P, and it may be understood that the gap
G formed between the plurality of display modules 30A-
30P means separation from the side end 41S of the
mounting surface 41 of the substrate 40 of the respective
display modules 30A-30P to the side end 41S of the
mounting surface 41 of the substrate 40 of the respective
display modules 30A-30P that is adjacent thereto.
[0188] Therefore, the gap G formed between the plu-
rality of display modules 30A-30P may mean separation
from the side end 41S of the mounting surface 41 of the
substrate 40 of the respective display modules 30A-30P
to the side end 41S of the mounting surface 41 of the
substrate 40 of the respective display modules 30A-30P
that is adjacent thereto, in the second direction Y or the
third direction Z.
[0189] The front cover 70 extending from each of the
display modules 30A-30P may be arranged in (e.g.,
above in the direction X) the gap G between the plurality
of display modules 30A-30P, and thus the front cover 70
may absorb light emitted to the gap G or light reflected
from the gap G, thereby minimizing the recognition of the
seam.
[0190] In addition, as will be described later, the light
emitted to the gap G may be absorbed by the side cover
90 of the plurality of display modules 30A-30P arranged
in the gap G, thereby minimizing the recognition of the
seam.
[0191] As illustrated in FIGS. 6 and 7, the front cover
70 may be provided to extend to the outside of the sub-
strate 40 in the second direction Y Particularly, the front
cover 70 may be provided to extend to the outer side with
respect to the side surface 45 and the chamfer 49 in the
second direction Y
[0192] According to an embodiment of the disclosure,
only one edge side of the substrate 40 corresponding to
the right edge 31 of the first display module 30A has been
described, but the front cover 70 may extend outward in
the second direction Y or the third direction Z with respect
to the four edges E of the substrate 40.
[0193] That is, a side end 75 of the front cover 70 cor-
responding to the edge of the front cover 70 may extend
to the outside of the substrate 40 with respect to the four
edges E of the substrate 40 in the second direction Y or
the third direction Z (see, e.g., FIG. 7).
[0194] The front cover 70 may include a plurality of
layers each having different optical properties. Each of
the plurality of layers may be provided in a structure
stacked in the first direction X.

[0195] The plurality of layers may be bonded in the first
direction X to form the front cover 70.
[0196] Among the plurality of layers, one layer may be
provided as an anti-glare layer. However, the disclosure
is not limited thereto and may be provided as an anti-
reflective layer or a layer in which an anti-glare layer and
an anti-reflective layer are mixed.
[0197] Among the plurality of layers, other layer may
be provided as a light transmittance control layer. How-
ever, the disclosure is not limited thereto and other layers
may be formed of a layer including different physical prop-
erties or materials or having different functions. For ex-
ample, another layer may be provided as a circular po-
larization layer.
[0198] In addition, the disclosure is not limited thereto
and the plurality of layers may be provided as a single
layer. A single layer may be provided as a layer config-
ured to functionally implement all the functions of the plu-
rality of layers.
[0199] As described above, the front cover 70 may in-
clude an adhesive layer. The adhesive layer may be ar-
ranged at the rearmost side of the plurality of layers in
the first direction X and bonded to the mounting surface
41. The adhesive layer may be provided to have a pre-
determined height or more in the first direction X to which
the mounting surface 41 or the light emitting surface 54
faces.
[0200] This is to sufficiently fill a gap that may be
formed between the adhesive layer and the plurality of
inorganic light emitting diodes 50 in response to bonding
the adhesive layer to the substrate 40.
[0201] The disclosure is not limited thereto, and thus
an adhesive layer may be provided as a component,
which is separated from the front cover 70 and arranged
between the front cover 70 and the mounting surface 41,
thereby bonding the front cover 70 to the mounting sur-
face 41.
[0202] Accordingly, the front cover 70 may be closely
bonded to the mounting surface 41 so as to protect com-
ponents mounted on the mounting surface 41 and thus
the display module 30 may directly bond the front cover
70 to the substrate 40 without an additional molding struc-
ture between the front cover 70 and the substrate 40.
[0203] The front cover 70 may be provided to diffusely
reflect light incident from the outside so as to prevent
glare of the user that is caused by specular reflection of
light incident from the outside.
[0204] The front cover 70 may diffusely reflect light in-
cident from the outside and thus it is possible to reduce
the glare and improve the contrast of the screen dis-
played on the display panel 20.
[0205] Further, the front cover 70 may be provided to
reduce transmittance of incident external light or external
light reflected from the substrate 40 and the gap G.
[0206] The front cover 70 according to an embodiment
of the disclosure may include a material that reduces the
transmittance of light, and absorb at least a portion of
light transmitted toward the substrate 40 or at least a
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portion of light reflected from the substrate 40 in the first
direction X.
[0207] Upon manufacturing the plurality of substrates,
colors of some of the substrates may be different due to
a difficulty in the production process. Accordingly, sub-
strates having different unique colors may be tiled to form
a single display panel.
[0208] As described above, the front cover 70 accord-
ing to an embodiment of the disclosure absorbs at least
a portion of the light that is reflected from the substrate
40 and transmitted to the outside, thereby increasing the
sense of unity of the screen of the display panel 20.
[0209] That is, the front cover 70 may reduce the color
deviation of each display module 30A-30P, which is gen-
erated in the production process of the plurality of display
modules 30A-30P, by lowering the external light trans-
mittance.
[0210] The front cover 70 may prevent external light,
which is incident from the outside to the display panel
20, from being transmitted to the substrate 40, and ad-
ditionally absorb a portion of light incident on the display
panel 20 from the outside or a portion of light that is re-
flected from the substrate 40 and transmitted to the out-
side of the display panel 20. Therefore, the front cover
70 may improve the contrast of the screen display on the
display panel 20. The different optical actions may be
respectively implemented using the above-described
plurality of layers.
[0211] That is, the front cover 70 may be arranged in
front of the substrate 40 with respect to the first direction
X to improve the contrast that may be reduced by external
light in the screen displayed on the display panel 20.
[0212] As described above, in the display module 30
according to an embodiment of the disclosure, the front
cover 70 may be provided to extend to the outside of the
substrate 40 in the second direction Y
[0213] Accordingly, a portion of the light introduced into
the gap G formed between the plurality of display mod-
ules 30A-30P may be blocked by at least a portion of the
front cover 70 arranged in the gap G, and at least a portion
of external light introduced into the gap G or external light
reflected from the gap G may be absorbed by the front
cover 70, and thus the light may be not transmitted to the
outside. Therefore, it is possible to reduce the visibility
of the seam formed in the gap G, and thus it is possible
to increase the sense of unity of the screen displayed on
the display panel 20 due to the reduction of the visibility
of the seam.
[0214] Particularly, the side end 75 of the front cover
70 in the second direction Y may be arranged outside
the side end 41S of the mounting surface 41 or in the
gap G in the second direction Y
[0215] Accordingly, the front cover 70 may include a
first region 71 arranged on the outer side with respect to
the side end 41S of the mounting surface 41 or in the
gap G in the second direction Y, and a second region 72
arranged on the mounting surface 41 in the second di-
rection Y as shown in FIG. 7.

[0216] The first region 71 and the second region 72 of
the front cover 70 may be partitioned in the second di-
rection Y by the gap G.
[0217] The first region 71 of the front cover 70 may be
arranged in the gap G and thus external light emitted to
the gap G may be blocked by the first region 71 of the
front cover 70 and light reflected from the gap G may be
prevented from being emitted to the outside. Therefore,
it is possible to reduce the visibility of the seam, which is
a boundary between the plurality of display modules 30A-
30P and generated by the gap G, and thus it is possible
to improve the sense of unity of the display panel 20.
[0218] The front cover 70 may be provided to extend
to the outer side than the four edges 41S of the mounting
surface 41 of the substrate 40 as described above, and
thus the visibility of the seam, which is formed at each
edge of the plurality of display modules 30A-30P, may
be reduced.
[0219] When the first display module 30A and the sec-
ond display module 30E are described as an example,
a first region 71A of the first front cover 70A extending
from the first display module 30A may be arranged in the
gap G formed between the first display module 30A and
the second display module 30E.
[0220] Side ends 75A and 75E, which are adjacent to
each other, of the front covers 70A and 70E of the first
and second modules 30A and 30E may be arranged in
the gap G.
[0221] In addition, the side surface 45 and the chamfer
49 of the first and second display modules 30A and 30E
may be arranged in the gap G.
[0222] The second region 72A of the first front cover
70A may be arranged on the mounting surface 41 of the
first display module 30A.
[0223] The first region 71E of the second cover 70E
extending from the second display module 30E may be
arranged in the gap G formed between the first display
module 30A and the second display module 30E. The
second region 72E of the second front cover 70E may
be arranged on the mounting surface 41 of the second
display module 30E.
[0224] That is, in the gap G formed between the first
display module 30A and the second display module 30E,
the first regions 71A and 71E of the first and second front
covers 70A and 70E may be arranged side by side in the
second direction Y
[0225] A length in which the first regions 71A and 71E
of the first and second front covers 70A and 70E extend
in the second direction Y may be approximately less than
or equal to half of the gap G.
[0226] Accordingly, in response to the first regions 71A
and 71E of the first and second front covers 70A and 70E
being arranged side by side in the second direction Y,
the sum of the lengths of the first regions 71A and 71E
may be provided to be approximately less than or equal
to the length of the gap G.
[0227] According to an embodiment of the disclosure,
in response to the first regions 71A and 71E of the first
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and second front covers 70A and 70E being arranged
side by side in the second direction Y, predetermined
separation may be formed between the side end 75A of
the first cover 70A and the side end 75E of the second
cover 70E.
[0228] However, the separation may be a relatively
small value and thus may be negligible. Therefore, the
first display module 30A and the second display module
30E may be tiled substantially without large separation
between the first region 71A of the first front cover 70A
and the first region 71E of the second cover 70E.
[0229] As described above, in the gap G between the
first display module 30A and the second display module
30E, the first region 71A of the first front cover 70A and
the first region 71E of the second front cover 70E may
be arranged.
[0230] External light incident on the display panel 20
may be diffusely reflected to the outside of the display
panel 20 or partially absorbed to the first regions 71A and
71E while passing through the first regions 71A and 71E
of the first and second front covers 70A and 70E. Accord-
ingly, an amount of light reaching the gap G may be re-
duced, and the visibility of the boundary between the first
display module 30A and the second display module 30E
due to the gap G may be reduced.
[0231] In addition, the light reflected from the gap G
and directed to the outside of the display panel 20 may
be diffusely reflected to the outside of the display panel
20 or partially absorbed by the first regions 71A and 71E
while passing through the first regions 71A and 71E of
the first and second front covers 70Aand 70E. Accord-
ingly, an amount of light that is transmitted to the outside
of the display panel 20 may be reduced, and the visibility
of the boundary between the first display module 30A
and the second display module 30E due to the gap G
may be reduced.
[0232] That is, it is possible to absorb at least a portion
of external light reflected from the gap G while reducing
the amount of light introduced into the gap G formed be-
tween the plurality of display modules 30A-30P. Accord-
ingly, it is possible to improve the sense of unity of the
screen of the display panel 20.
[0233] Additionally, even if the substrate 40A of the
first display module 30A and the substrate 40E of the
second display module 30E have different colors, at least
a portion of the light, which is reflected when each of the
substrates 40A and 40E is displayed to the outside by
the reflection of the external light, may be absorbed to
the first and second front covers 70A and 70E and thus
the unique color of each of the substrates 40A and 40E
may be not recognized to the outside. Therefore, it is
possible to improve the sense of unity of the screen of
the display panel 20.
[0234] The display module 30A may include the side
cover 90 arranged under the front cover 70 in a direction,
to which the mounting surface 41 faces, and provided on
the side surface 45 of the substrate 40.
[0235] Particularly, the side cover 90 may be arranged

in a space formed on a lower surface 76 of the first region
71 of the front cover 70 in the first direction X and the
side surface of the substrate 40 in the second direction Y
[0236] The side cover 90 may be bonded to the lower
surface 76 of the first region 71, the side surface 45 and
at least a portion of the metal plate 60. It is appropriate
that the side cover 90 is provided to be bonded to the
entire lower end 76 of the first region 71. Further, it is
appropriate that the side cover 90 is provided to cover
the entire region of the side surface 45.
[0237] The lower surface 76 of the first region 71 may
correspond to the entire lower surface of the enter front
cover 70 and represent an adhesive layer formed at the
rearmost end of the front cover 70.
[0238] In addition, the side cover 90 may be provided
to cover all of the pair of chamfers 49 arranged in the
front and rear direction of the side surface 45 in the first
direction X (see, e.g., FIG. 7).
[0239] The side cover 90 may be provided to surround
the entire chamfer 49 formed between the mounting sur-
face 41 and the side surface 45, as well as the side sur-
face 45.
[0240] The side cover 90 is provided to surround the
chamfer 49 formed between the mounting surface 41 and
the side surface 45 and thus the side cover 90 may fill
all space formed between the substrate 40 and the front
cover 70.
[0241] Accordingly, the side cover 90 may prevent for-
eign substances or moisture from entering the space be-
tween the substrate 40 and the front cover 70 from the
outside.
[0242] In addition, because the side cover 90 is pro-
vided to surround the chamfer 49 formed between the
rear surface 43 and the side surface 45, the side cover
90 may fill all space formed between the substrate 40
and the metal plate 60.
[0243] Accordingly, the side cover 90 may prevent for-
eign substances or moisture from entering the space be-
tween the substrate 40 and the metal plate 60 from the
outside.
[0244] The side cover 90 may be provided to be in con-
tact with the lower surface 76 of the first region 71 and
the chamfer 49 and the side surface 45 of the substrate
40. Accordingly, the side cover 90 may support the lower
surface 76 of the first region 71 and the chamfer 49 and
the side surface 45 of the substrate 40.
[0245] As described above, the front cover 70 and the
substrate 40 are bonded to each other, and the adhe-
siveness of the front cover 70 and the substrate 40 may
be increased by the side cover 90. Accordingly, the side
cover 90 may prevent the front cover 70 from being sep-
arated from the substrate 40.
[0246] That is, the reliability of the display module 30A
may be increased by the side cover 90.
[0247] In addition, the substrate 40 and the metal plate
60 are bonded to each other by the rear adhesive tape
61, and the adhesiveness between the metal plate 60
and the substrate 40 may be increased by the side cover
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90. Accordingly, the side cover 90 may prevent the metal
plate 60 from being separated from the substrate 40.
[0248] As described above, the side surface 45 of the
substrate 40 may be provided to correspond to the four
edges 41S of the mounting surface 41, and the first region
71 of the front cover 70 may extend to the outer side with
respect to the four edges 41S of the mounting surface
41 in the second direction Y and in the third direction Z
in which the mounting surface 41 is extended.
[0249] The side cover 90 may be provided to contact
an entirety of the lower surface 76 of the first region 71
and to surround the side surface 45 corresponding to the
four edges 41S of the mounting surface 41 along the
circumference of the four edges 41S of the mounting sur-
face 41.
[0250] That is, the side cover 90 may be provided to
seal the entire edge of the portion where the substrate
40 and the front cover 70 are bonded to each other.
[0251] The side cover 90 may cover the lower surface
76 of the first region 71 and the side surface 45 in all
directions perpendicular to the first direction X.
[0252] Accordingly, the coupling between the front
cover 70 and the substrate 40 may be improved, and the
side cover 90 may protect the front cover 70 and the side
surface 45 of the substrate 40 from external forces.
[0253] In addition, as described above, the side cover
90 may prevent external moisture or foreign substances
from entering between the substrate 40 and the front cov-
er 70. Additionally, even when space is formed between
the substrate 40 and the front cover 70 due to an adhesive
difficulty, the side cover 90 may prevent external moisture
or foreign substances from entering the space.
[0254] The side cover 90 may be provided to surround
all four edges E of the substrate 40 along the side surface
45 of the substrate 40 and thus it is possible to seal among
the substrate 40 and the front cover 70 and the metal
plate 60.
[0255] Accordingly, the side cover 90 may prevent for-
eign substances or moisture from entering between the
substrate 40 and the front cover 70 even when foreign
substances or moisture enter the substrate 40 in any di-
rection.
[0256] As described above, because the rearmost end
of the front cover 70 in the first direction X is provided as
an adhesive layer, the lower surface 76 of the first region
71 may be provided as a rear surface of the adhesive
layer.
[0257] Accordingly, in response to the lower surface
76 of the first region 71 being exposed to the outside,
foreign substances flowing from the outside may adhere
to the lower surface 76 of the first region 71.
[0258] In response to the array of the plurality of display
modules 30A-30P in a state in which the foreign sub-
stances adhere to the lower surface 76 of the first region
71, the recognition of the seam between the plurality of
display modules 30A-30P may be increased by the for-
eign substances adhering to the lower surface 76 of the
first region 71.

[0259] However, the display module 30A according to
an embodiment of the disclosure includes the side cover
90, and the side cover 90 is provided to cover the lower
surface 76 of the first region 71. It is possible to prevent
the foreign substances from adhering to the lower surface
76 of the first region 71.
[0260] Accordingly, foreign substances may adhere to
the front cover 70 when the plurality of display modules
30A-30P is arrayed, and thus it is possible to reduce the
recognition of the seam generated between the plurality
of display modules 30A-30P.
[0261] As will be described later, due to the electro-
static discharge that may occur on the display modules
30A-30P, the current may flow into the plurality of elec-
trical components mounted on the substrate 40 and thus
the electrical components may be damaged. However,
the side cover 90 may seal the substrate 40 from the
outside to prevent damage to the electrical components,
thereby preventing the electric charges generated by the
electrostatic discharge from flowing into the substrate 40.
[0262] That is, the substrate 40 is sealed by the front
cover 70 and the side cover 90 and thus the electric
charges generated by the electrostatic discharge do not
pass through the front cover 70 and the side cover 90.
Accordingly, it is possible to prevent the electric charges
from passing through the substrate 40 and to guide the
electric charges, which flow on the front cover 70 and the
side cover 90, to the metal plate 60 in contact with the
side cover 90, thereby providing a path of the current
generated by the electrostatic discharge. Accordingly,
the ESD withstand voltage of the electrical components
mounted on the substrate 40 may be improved.
[0263] As described above, the side cover 90 may be
provided to be arranged under the front cover 70 in a
direction to which the mounting surface 41 faces. That
is, the side cover 90 is not arranged above the lower
surface 76 in the first direction X.
[0264] A frontmost surface 92 of the side cover 90 in
the first direction X may be provided in contact with the
lower surface 76 of the first region 71, and may not be
arranged above the lower surface 76 of the first region
71 in the first direction X.
[0265] This is to prevent the side cover 90 from being
arranged on a movement path of the light emitted from
the plurality of inorganic light emitting diodes 50.
[0266] In response to at least a portion of the side cover
90 being arranged in front of the lower surface 76 or in
front of the front cover 70 in the first direction X, the at
least a portion of the side cover 90 may be arranged on
the path of light moving forward through the front cover
70.
[0267] That is, the side cover 90 may absorb or dif-
fusely reflect a portion of light and thus a region of image
displayed on the display module 20 may be distorted.
[0268] However, the side cover 90 according to an em-
bodiment of the disclosure is arranged behind the front
cover 70 in the first direction X, and thus the side cover
90 may not restrict the movement of light emitted by the
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plurality of inorganic light emitting diodes 50. Therefore,
the image quality of the display module 20 may be im-
proved.
[0269] The side end 75 of the front cover 70 in the
second direction Y and a side end 91 of the side cover
90 in the second direction Y may be arranged on sub-
stantially the same line in the first direction X (e.g., the
side end 75 and the side end 91 may be coplanar).
[0270] As will be described later, this is because the
front cover 70 and the side cover 90 are simultaneously
cut in the manufacturing process of the display module
30A. In addition, with reference to FIG. 18, a side end
member 100 may be bonded to the side end 75 of the
front cover 70 and the side end 91 of the side cover 90
that are arranged on the substantially same line in the
first direction X.
[0271] That is, separation formed between the plurality
of display modules 30A-30P in response to the array of
the plurality of display modules 30A-30P may be mini-
mized, and the seam recognized through the separation
between the plurality of display modules 30A-30P may
be minimized.
[0272] The side cover 90 may include a material that
absorbs light. For example, the side cover 90 may be
formed of an opaque or translucent material.
[0273] Further, the side cover 90 may include a pho-
tosensitive material. For example, the side cover 90 may
be formed of a photosensitive optical clear resin (OCR).
In response to the external light having a wavelength
other than that of visible light such as ultraviolet (UV)
light, physical properties of the photosensitive material
may be changed, and the color of the photosensitive ma-
terial may be changed to a dark color.
[0274] Accordingly, the side cover 90 may be provided
as a material that is colored to a dark color in response
to the emission of the UV light to the side cover 90 during
the manufacturing process, so as to absorb light.
[0275] The side cover 90 may have a dark color. The
side cover 90 may have a darker color than the front
cover 70.
[0276] It is appropriate that the side cover 90 has a
color similar to that of the black matrix 48.
[0277] Accordingly, light incident on the side cover 90
may be absorbed by the material, which absorbs the light,
of the side cover 90 without being reflected.
[0278] The side cover 90 may be arranged in the gap
G formed between the plurality of display modules 30A-
30P together with the first region 71 of the front cover 70
when the plurality of display modules 30A-30P is arrayed.
[0279] Accordingly, it is possible to absorb the light in-
troduced into the gap G so as to minimize light that is
introduced into the gap G and reflected toward the out-
side. Accordingly, it is possible to reduce the visibility of
the seam formed by the gap G formed between the plu-
rality of display modules 30A-30P.
[0280] When the first display module 30A and the sec-
ond display module 30E are described as an example,
a first side cover 90A of the first display module 30A and

a second side cover 90E of the second display module
30E may be arranged in the gap G formed between the
first display module 30A and the second display module
30E together with the first region 71A of the first cover
70A and the first region 71E of the second cover 70E.
[0281] The adjacent side ends 75A and 75E of the front
covers 70A and 70E and the adjacent side ends 91A and
91E of the side covers 90A and 90E of the first and second
display modules 30A and 30E may be arranged in the
gap G.
[0282] The adjacent side ends 75A and 75E of the front
covers 70A and 70E and the adjacent side ends 91A and
91E of the side covers 90A and 90E may be arranged to
face each other. It is appropriate that the adjacent side
ends 75A and 75E of the front covers 70A and 70E and
the adjacent side ends 91A and 91E of the side covers
90A and 90E may be arranged in parallel to each other.
[0283] That is, in the gap G formed between the first
display module 30A and the second display module 30E,
the first regions 71A and 71E of the first and second front
covers 70A and 70E and the first and second side covers
90A and 90E may be arranged side by side in the second
direction Y
[0284] A length of the first and second side covers 90A
and 90E extending in the second direction Y may be pro-
vided in approximately less than or equal to half of the
gap G in accordance with the first regions 71A and 71E
of the first and second front covers 70A and 70E.
[0285] In the gap G formed between the first display
module 30A and the second display module 30E, the first
region 71A of the first front cover 70A and the first region
71E of the second front cover 70E may be arranged, and
the first and second side covers 90A and 90E may be
arranged behind each of the first regions 71A and 71E
in the first direction X.
[0286] As described above, the external light incident
on the display panel 20 is diffusely reflected to the outside
of the display panel 20 or partially absorbed while passing
through the first regions 71A and 71E of the first and
second front covers 70A and 70E. Accordingly, the
amount of light reaching to the gap G may be reduced.
[0287] Further, even if a portion of light reaches the
gap G, the light introduced into the gap G is absorbed by
the first and second side covers 90A and 90E, which are
arranged in the gap G, and thus the visibility of the bound-
ary between the first display module 30A and the second
display module 30E may be reduced.
[0288] That is, it is possible to additionally absorb the
light reaching the gap G while reducing the amount of
external light introduced into the gap G formed between
the plurality of display modules 30A-30P. Accordingly, it
is possible to improve the sense of unity of the screen of
the display panel 20.
[0289] Light, which is not absorbed by the first and sec-
ond side covers 90A and 90E and which is reflected on
the first and second side covers 90A and 90E and direct-
ed to the outside of the display panel 20, may be diffusely
reflected to the outside of the display panel 20 or partially
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absorbed in the first regions 71A and 71E while passing
through the first and second front covers 70A and 70E.
Accordingly, an amount of light transmitted to the outside
of the display panel 20 may be reduced and the visibility
of the boundary between the first display module 30A
and the second display module 30E due to the gap G
may be reduced.
[0290] As described above, the side cover 90 may be
arranged in the gap G formed between the plurality of
display modules 30A-30P in response to the array of the
plurality of display modules 30A-30P, and thus the side
cover 90 may absorb light reaching the gap G so as to
reduce the recognition of the seam caused by the gap G.
[0291] In the above-described example, the front cover
70 is provided to reduce the amount of light reaching the
substrate 40 by diffusely reflecting, absorbing, circularly
polarizing, or changing the reflection direction of a portion
of the light introduced into the display module 20.
[0292] However, the disclosure is not limited thereto,
and the front cover 70 may be formed of a transparent
material through which light is transmitted without defor-
mation. Even in this case, the visibility of the boundary
between the plurality of display modules 30A-30P due to
the gap G may be reduced by the side cover 90 arranged
between the plurality of display modules 30A-30P.
[0293] As described above, the side cover 90 may be
formed of a material that absorbs light, and based on at
least a portion of the side cover 90 being arranged in
front of the front cover 70 in the first direction X, a portion
of the light emitted from the inorganic light emitting diodes
50 may be absorbed. Accordingly, a difficulty in that a
part of the screen displayed on the display module 20 is
darkly displayed may occur.
[0294] However, the side cover 90 according to an em-
bodiment of the disclosure is arranged under the front
cover 70 in the first direction X, particularly, under the
lower surface 76 of the first region 71. The side cover 90
may not absorb light emitted from the plurality of inorganic
light emitting diodes 50, and thus the brightness of the
image displayed on the display module 20 may be uni-
form.
[0295] As illustrated in FIGS. 8 and 9, the front cover
70 may be provided to extend to the outside of the sub-
strate 40 in the third direction Z. Particularly, the front
cover 70 may be provided to extend to the outer side
than the side surface 45 and the chamfer 49 in the third
direction Z.
[0296] The side end 75 of the front cover 70 in the third
direction Z may be arranged outside the side end 41S of
the mounting surface 41 or in the gap G in the third di-
rection Z.
[0297] The first region 71 and the second region 72 of
the front cover 70 described above may be partitioned in
the third direction Z by the gap G.
[0298] When the first display module 30A and the third
display module 30B are descried as an example, the first
region 71A of the first front cover 70A extending from the
first display module 30A may be arranged in the gap G

formed between the first display module 30A and the
third display module 30B.
[0299] The adjacent side ends 75A and 75B of the front
covers 70A and 70B of the first and third display modules
30A and 30B may be arranged in the gap G.
[0300] Further, the side surface 45 and the chamfer 49
of the first and third display modules 30A and 30B may
be arranged in the gap G.
[0301] A first region 71B of the third front cover 70B
extending from the third display module 30B may be ar-
ranged in the gap G formed between the first display
module 30A and the third display module 30B. A second
region 72B of the third front cover 70B may be arranged
on the mounting surface 41 of the third display module
30B.
[0302] That is, in the gap G formed between the first
display module 30A and the third display module 30B,
the first regions 71A and 71B of the first and third front
covers 70A and 70B may be arranged side by side in the
third direction Z.
[0303] External light incident into the display panel 20
may be diffusely reflected to the outside of the display
panel 20 or partially absorbed by the first regions 71A
and 71B while passing through the first regions 71A and
71B of the first and third front covers 70A and 70B. Ac-
cordingly, an amount of light reaching the gap G may be
reduced and thus the visibility of the boundary between
the first display module 30A and the third display module
30B due to the gap G may be reduced.
[0304] Light, which is reflected on the gap G and di-
rected to the outside of the display panel 20, may be
diffusely reflected to the outside of the display panel 20
or partially absorbed by the first regions 71A and 71B
while passing through the first regions 71A and 71B of
the first and third front covers 70A and 70B. Accordingly,
an amount of light transmitted to the outside of the display
panel 20 may be reduced and thus the visibility of the
boundary between the first display module 30A and the
third display module 30B by the gap G may be reduced.
[0305] As described above, the side cover 90 may be
arranged in a space formed on the side surface of the
substrate 40 in the third direction Z as well as the second
direction Y
[0306] The side wiring 46 may be arranged on the side
surface 45 of the substrate 40 arranged in the third di-
rection Z. Accordingly, the side cover 90 provided on the
side surface 45 arranged toward the third direction Z may
be provided to cover not only the side surface 45 and the
chamfer 49, but also the side wiring 46. Therefore, the
side cover 90 may protect the side wiring 46 from external
force and prevent foreign substances or moisture from
entering the side wiring 46.
[0307] That is, the side cover 90 may cover an entirety
of the lower surface 76 of the first region 71 and may
surround the side surface 45 corresponding to the four
edges 41S of the mounting surface 41 along the circum-
ference of the four edges 41S of the mounting surface
41. Accordingly, the side cover 90 may surround the side
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wiring 46 extending along the side surface 45 in the third
direction Z.
[0308] Accordingly, the coupling between the front
cover 70 and the substrate 40 may be improved, and the
side cover 90 may protect the front cover 70, the side
surface 45 and the side wiring 46 of the substrate 40 from
external forces.
[0309] The side end 75 of the front cover 70 in the third
direction Z and the side end 91 of the side cover 90 in
the third direction Z may be arranged on the same line
in the first direction X (e.g., the side end 75 and the side
end 91 may be coplanar). It is appropriate that the side
end 75 of the front cover 70 and the side end 91 of the
side cover 90 may be arranged on the same line in a
direction parallel to the first direction X.
[0310] When the first display module 30A and the third
display module 30B are descried as an example, the first
side cover 90A of the first display module 30A and the
third side cover 90B of the third display module 30B may
be arranged in the gap G formed between the first display
module 30A and the third display module 30B together
with the first region 71A of the first front cover 70A and
a third region 71B of the third front cover 70B.
[0311] The adjacent side ends 75A and 75B of the front
covers 70A and 70B and the adjacent side ends 91A and
91B of the side covers 90A and 90B of the first and third
display modules 30A and 30B may be arranged in the
gap G.
[0312] The adjacent side ends 75A and 75B of the front
covers 70A and 70B and the adjacent side ends 91A and
91B of the side covers 90A and 90B may be arranged to
face each other.
[0313] It is appropriate that the adjacent side ends 75A
and 75B of the front covers 70A and 70B and the adjacent
side ends 91A and 91B of the side covers 90A and 90B
may be arranged parallel to each other.
[0314] That is, in the gap G formed between the first
display module 30A and the third display module 30B,
the first regions 71A and 71B of the first and third front
covers 70A and 70B and the first and third side covers
90A and 90B may be arranged side by side in the third
direction Z.
[0315] The side end 75 of the front cover 70 and the
side end 91 of the side cover 90 and the side end 91 of
the side cover 90 in the third direction Z may be formed
on the same line in the first direction X. The side end
member 100 may be bonded to the side end 75 of the
front cover 70 and the side end 91 of the side cover 90
in the third direction Z (see, e.g., FIG. 18), and thus it is
possible to minimize separation formed between the first
and third display modules 30A and 30B in response to
the array of the first and third display modules 30A and
30B.
[0316] In the gap G formed between the first display
module 30A and the third display module 30B, the first
regions 71A and 71B of the first and third front covers
70A and 70B and the first and third side covers 90A and
90B may be arranged side by side in the third direction Z.

[0317] In the gap G formed between the first display
module 30A and the third display module 30B, the first
region 71A of the first front cover 70A and the first region
71B of the third front cover 70B may be arranged, and
the first and third side covers 90A and 90B may be ar-
ranged behind each of the first regions 71A and 71B in
the first direction X.
[0318] As described above, external light incident on
the display panel 20 may be diffusely reflected to the
outside of the display panel 20 or partially absorbed while
passing through the first regions 71A and 71B of the first
and third front covers 70A and 70B. Accordingly, an
amount of light that reaches the gap G may be reduced.
[0319] In addition, even when a portion of the light
reaches the gap G, the light may be absorbed to the first
and third side covers 90A and 90B formed in the gap G,
and thus the visibility of the boundary between the first
display module 30A and the third display module 30B
may be reduced.
[0320] Light, which is not absorbed by the first and third
side covers 90A and 90B and is reflected on the first and
third side covers 90A and 90B and directed to the outside
of the display panel 20, may be diffusely reflected to the
outside of the display panel 20 or partially absorbed in
the first regions 71A and 71B while passing through the
first regions 71A and 71B of the first and third front covers
70A and 70B. Accordingly, an amount of light transmitted
to the outside of the display panel 20 may be reduced
and thus the visibility of the boundary between the first
display module 30A and the third display module 30B
due to the gap G may be reduced.
[0321] Hereinafter an extended length of a side end
47S of the anisotropic conductive layer 47 will be de-
scribed in detail.
[0322] As described above, the anisotropic conductive
layer 47 may be provided in the shape of an anisotropic
conductive film. Although the anisotropic conductive lay-
er 47 will be described in detail later, the anisotropic con-
ductive layer 47 may be provided to be in the form of a
film and bonded to the TFT 41.
[0323] The anisotropic conductive layer 47 may be
formed in a film shape, and thus an area of the anisotropic
conductive layer 47 may be greater than an area of the
substrate 40.
[0324] Accordingly, after the anisotropic conductive
layer 47 is bonded to the TFT layer 41, a process of cut-
ting the anisotropic conductive layer 47 may be per-
formed to allow the area of the anisotropic conductive
layer 47 to correspond to the area of the substrate 40.
[0325] In the cutting process, the anisotropic conduc-
tive layer 47 may be cut to allow the area of the anisotropic
conductive layer 47 to correspond to the area of the sub-
strate 40 through laser cutting.
[0326] It is appropriate that the anisotropic conductive
layer 47 is provided with the area corresponding to the
area of the mounting surface 41. However, as described
above, because the anisotropic conductive layer 47 is
formed of an anisotropic conductive film, it is not easy to

33 34 



EP 4 290 504 A1

19

5

10

15

20

25

30

35

40

45

50

55

allow the area of the anisotropic conductive film to cor-
respond to the area of the mounting surface 41. Further,
in response to bonding the anisotropic conductive film
corresponding the area of the mounting surface 41 to the
mounting surface 41, the anisotropic conductive film may
have a smaller cross-section than the mounting surface
41 due to manufacturing tolerances of the anisotropic
conductive film. Therefore, the reliability of the display
module 30 may be reduced.
[0327] Accordingly, the anisotropic conductive film
having an area greater than the area of the mounting
surface 41 may be bonded to the substrate 40, and then
the anisotropic conductive film may be cut to an area
corresponding to the area of the substrate 40, thereby
forming the anisotropic conductive layer 47.
[0328] The side surface 45 may be arranged outside
the mounting surface 41 by way of the chamfer 49. In
this case, it is appropriate that the anisotropic conductive
film is cut in the second direction Y with respect to the
side surface 45 of the substrate 40 and cut in the third
direction Z with respect to a side end 46S of the side
wiring 46.
[0329] This is because in response to cutting the ani-
sotropic conductive film with respect to the mounting sur-
face 41, the side surface 45, the chamfer 49, or the side
wiring 46 of the substrate 40 may be damaged.
[0330] Accordingly, in response to cutting the aniso-
tropic conductive film, the side end 47S of the anisotropic
conductive layer 47 may be arranged on an outer region
of the mounting surface 41. Particularly, as described
above, the anisotropic conductive film is cut based on
the side end 46S of the side surface 45 or the side wiring
46, and thus it is appropriate that with respect to the first
direction X, the side end 47S of the anisotropic conduc-
tive layer 47 is arranged on the same line as the side
surface 45 or the side end 46S of the side wiring 46 (e.g.,
the side end 47S is coplanar with the side surface 45 or
the side end 46S). In addition, the side end 47S of the
anisotropic conductive layer 47 may be arranged on the
outer side with respect to the side surface 45 or the side
end 46S of the side wiring 46 due to burrs formed on the
anisotropic conductive film during cutting, or due to a
process tolerance.
[0331] However, in order to substantially prevent dam-
age to the substrate 40 that may occur in the cutting proc-
ess, a cutting position of the anisotropic conductive film
may be a region outside the side surface 45 or the side
end 46S of the side wiring 46.
[0332] Accordingly, the side end 47S of the anisotropic
conductive layer 47 may be formed outside the substrate
40. Particularly, the side end 47S of the anisotropic con-
ductive layer 47 may be arranged on the outer side with
respect to the side cover 90.
[0333] In response to the anisotropic conductive layer
47 being arranged on the outer side with respect to the
side cover 90, the side end 47S of the anisotropic con-
ductive layer 47 may be arranged in the gap G between
the plurality of display modules 30A-30P. Accordingly,

the side end 47S of the anisotropic conductive layer 47
may be recognized as a seam between the plurality of
display modules 30A-30P, and thus the sense of unity of
the screen displayed on the display panel 20 may be
reduced.
[0334] In addition, a current generated by the electro-
static discharge is introduced into the display module
through the side end 47S of the anisotropic conductive
layer 47, thereby causing the damage of the electrical
components mounted inside the display module.
[0335] That is, the side end 47S of the anisotropic con-
ductive layer 47 may be exposed to the outside, and in
response to the electrostatic discharge around the dis-
play module 30, the high voltage electricity may be intro-
duced into the inside of the display module 30 through
the side end 47S of the anisotropic conductive layer 47,
thereby causing the damage of the display module 30.
[0336] In the display apparatus 1 according to an em-
bodiment of the disclosure, in order to prevent the dam-
age of the display module 30, the side end 47S of the
anisotropic conductive layer 47 may be arranged on the
inner side with respect to the side end 75 of the front
cover 70 as shown in FIGS. 7 and 9. Particularly, the side
end 47S of the anisotropic conductive layer 47 may be
arranged on the first region 71.
[0337] Accordingly, a region 47X, which extends to a
region outside the mounting surface 41 of the substrate
40, in the anisotropic conductive layer 47 may be provid-
ed to extend to the first region 71.
[0338] As described above, the display module 30 in-
cludes the side cover 90 arranged on the outside of the
substrate 40, and even when the side end 47S of the
anisotropic conductive layer 47 is arranged on the out-
side of the substrate 40, the side end 47S of the aniso-
tropic conductive layer 47 may be covered by the side
cover 90.
[0339] Because the anisotropic conductive layer 47 is
provided not to be exposed to the outside by the side
cover 90, it is possible to prevent the recognition of the
seam caused by the side end 47S of the anisotropic con-
ductive layer 47, and to prevent the current from entering
the side end 47S of the anisotropic conductive layer 47.
[0340] That is, even when the side end 47S of the an-
isotropic conductive layer 47 is arranged in the region
outside the substrate 40, the side end 47S of the aniso-
tropic conductive layer 47 may be covered by the side
cover 90 and thus it is possible to prevent the above-
mentioned difficulties. However, in response to the side
end 47S of the anisotropic conductive layer 47 extending
to the outside of the side cover 90, the side end 47S of
the anisotropic conductive layer 47 may be exposed to
the outside of the display module 30. Therefore, the side
end 47S of the anisotropic conductive layer 47 may be
arranged on the inner side with respect to the side end
91 of the side cover 90.
[0341] As described above, the side end 91 of the side
cover 90 may be provided on the same line as (e.g., co-
planar with) the side end 75 of the front cover 70, and
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thus the side end 47S of the anisotropic conductive layer
47 may be arranged on the inner side with respect to the
side end 75 of the front cover 70.
[0342] Particularly, when it is assumed that a region
corresponding to the first region 71 of the front cover 70
is defined as a first position region A2, and a region cor-
responding to the second region 72 of the front cover 70
is defined as a second position region A1, and when it is
assumed that, with respect to the second direction Y in
the first position region A2, a region between the side
end 41S of the mounting surface 41 and the side surface
45 is defined as a third position region A3, and a region
between the side end 91 of the side cover 90 and the
side surface 45 is defined as a fourth position region A4,
the side end 47S of the anisotropic conductive layer 47
in the second direction Y may be arranged in the fourth
position region A4. In other words, edges of the aniso-
tropic conductive layer 47 may protrude from side sur-
faces 45 of the substrate 40 and from a mounting surface
41 of the substrate 40, and edges of the front cover 70
may protrude from the edges of the anisotropic conduc-
tive layer 47.
[0343] Further, when it is assumed that, with respect
to the third direction Z in the first position region A2, a
region between the side end 41S of the mounting surface
41 and the side end 46S of the side wiring 46 is defined
as a third position region A3, and a region between the
side end 46S of the side wiring 46 and the side end 91
of the side cover 90 is defined as a fourth position region
A4, the side end 47S of the anisotropic conductive layer
47 in the third direction Z may be arranged in the fourth
position region A4.
[0344] As described above, if the side end 47S of the
anisotropic conductive layer 47 is arranged in the third
position region A3, the side surface 45, the chamfer 49,
or the side wiring 46 of the substrate 40 may be damaged.
In order to prevent the damage, the side end 47S of the
anisotropic conductive layer 47 may be arranged in the
fourth position region A4.
[0345] Accordingly, the side end 47S of the anisotropic
conductive layer 47 may be arranged inside the side end
75 of the front cover 70 or the side end 91 of the side
cover 90 and thus the side end 47S of the anisotropic
conductive layer 47 may not be exposed to the outside
of the display module 30 and covered by the side cover
90. Therefore, it is possible to reduce the visibility of the
seam and to prevent the introduction of the high-voltage
current caused by the electrostatic discharge.
[0346] The side cover 90 may not only cover the out-
side of the side surface 45 of the substrate 40 in the third
direction Z, but also cover all the outside of the side sur-
face 45 in the second direction Y, as illustrated in FIG. 10.
[0347] That is, as described above, the side cover 90
may be provided to surround all four edges E of the sub-
strate 40.
[0348] Accordingly, the mounting surface 41, which is
the front surface of the substrate 40, may be covered by
the front cover 70, the rear surface 43 of the substrate

40 may be covered by the metal plate 60, and the side
surface 45 and the chamfer 49 of the substrate 40 may
be covered by the side cover 90.
[0349] Particularly, the side cover 90 may be provided
to extend from the upper portion of the metal plate 60 to
the lower surface 76 of the front cover 70 in the first di-
rection X, thereby completely sealing the substrate 40
from the outside.
[0350] The front cover 70 may be formed of a non-
conductive material through which electric charges do
not flow.
[0351] The side cover 90 may be formed of a non-con-
ductive material through which electric charges do not
flow.
[0352] The front cover 70 and the side cover 90 may
be formed of a non-conductive material, and thus most
of the current applied to the front cover 70 or the side
cover 90 may flow on the front cover 70 and the side
cover 90 without passing through the front cover 70 and
the side cover 90.
[0353] In addition, the metal plate 60 may be formed
of a material having a large capacitance to serve as a
ground configuration. Accordingly, in response to a cur-
rent applied to the metal plate 60, the potential of the
metal plate 60 may be maintained at a constant potential
and thus the current flowing into the metal plate 60 may
be absorbed by the metal plate 60, and the current may
not flow to the substrate 40 through the metal plate 60.
[0354] Particularly, in the conventional manner, the
side wiring or the anisotropic conductive layer 47 extend-
ing along the side surface of the substrate is exposed to
the outside, and thus the current flows into the side wiring
caused by the electrostatic discharge, thereby causing
the damage of the electrical component arranged on the
substrate.
[0355] In the display apparatus 1 according to an em-
bodiment of the disclosure, all of the side wiring 46 of the
substrate 40 may be covered by the side cover 90, and
thus the side wiring 46 may be sealed and may not be
exposed to the outside. Therefore, even when the elec-
trostatic discharge occurs on the side surface 45 of the
substrate 40, the side cover 90 may prevent the current
from flowing into the side wiring 46.
[0356] The side cover 90 may be formed of a non-con-
ductive material, and may additionally be formed of a
material mixed with an antistatic agent.
[0357] Accordingly, the side end 47S of the anisotropic
conductive layer 47 covered from the outside by the side
cover 90 may be provided to prevent the introduction of
the current.
[0358] Particularly, as shown in FIG. 10, electrostatic
discharge E2 may not easily occur on the side cover 90,
and even when a current e2 is generated by the electro-
static discharge E2, an amount of the current e2 may be
a relatively small amount. The generated current e2 may
flow on the side cover 90 and flow to the metal plate 60
provided in contact with the side cover 90.
[0359] In response to a current e1 generated by elec-
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trostatic discharge E1 on the front cover 70, the current
e1 may not pass through the front cover 70, and thus the
current e1 may not flow into the substrate 40. Therefore,
the current may flow on the front cover 70 and then flow
to the side cover 90.
[0360] The current e1 flowing into the side cover 90
may not pass through the side cover 90 and thus may
not flow into the substrate 40. Therefore, the current e1
may flow on the side cover 90 and then flow to the metal
plate 60 in contact with the side cover 90.
[0361] That is, the side end 91 of the side cover 90
may provide a path on which the current flows to the
metal plate 60.
[0362] Accordingly, the display module 30 may be pro-
vided to be sealed from the outside by the front cover 70
and the side cover 90 even when the side end 47S of the
anisotropic conductive layer 47 is arranged outside the
substrate 40. The metal plate 60 arranged on the rear
surface 43 of the substrate 40 may be formed in a ground
configuration and thus even when a current caused by
the electrostatic discharge is generated on the front cover
70 or the side cover 90, the current may flow to the metal
plate 60 along the side end 91 of the side cover 90, and
thus ESD withstand voltage of the electrical components
mounted on the substrate 40 may be improved.
[0363] Hereinafter a method of manufacturing the dis-
play module 30 according to an embodiment of the dis-
closure will be briefly described.
[0364] FIG. 11 is a flowchart illustrating a manufactur-
ing method of the display apparatus according to an em-
bodiment of the disclosure, FIG. 12 is a view illustrating
a manufacturing process of the display apparatus ac-
cording to an embodiment of the disclosure, FIG. 13 is a
view illustrating a manufacturing process of the display
apparatus after FIG. 12, FIG. 14 is a view illustrating a
manufacturing process of the display apparatus after
FIG. 13 of the disclosure, FIG. 15 is a view illustrating a
manufacturing process of the display apparatus after
FIG. 14 of the disclosure, FIG. 16 is a view illustrating a
manufacturing process of the display apparatus after
FIG. 15 of the disclosure, and FIG. 17 is a view illustrating
a manufacturing process of the display apparatus after
FIG. 16 of the disclosure.
[0365] As shown in FIG. 12, the substrate 40 in which
the TFT layer 44 is formed on the mounting surface 41
is prepared, and an anisotropic conductive film 47T is
bonded to the TFT layer 44 (501).
[0366] As shown in FIG. 13, the anisotropic conductive
film 47T bonded to the substrate 40 is cut in the second
direction Y with respect to the side surface 45 and cut in
the third direction Z with respect to the side end 46S of
the side wiring 46 (502).
[0367] The cutting process may be performed by laser
L cutting or the like. Accordingly, the anisotropic conduc-
tive film 47T may be formed as the anisotropic conductive
layer 47 bonded to the substrate 40.
[0368] It is appropriate that the side end 47S of the
anisotropic conductive layer 47 is arranged on the same

line as the side surface 45 with respect to the second
direction Y and arranged on the same line as the side
end 46S of the side wiring 46 with respect to the third
direction Z.
[0369] However, in consideration of the possibility that
the side surface 45 and the side wiring 46 are damaged,
the side end 47S of the anisotropic conductive layer 47
may be arranged on the outside of the side surface 45
with respect to the second direction Y and arranged on
the outside of the side end 46S of the side wiring 46 with
respect to the third direction Z.
[0370] As shown in FIG. 14, the display module 30, in
which the plurality of inorganic light emitting diodes 50
and the electrical components forming the display mod-
ule 30 are mounted on the anisotropic conductive layer
47, is prepared and a front cover 70X is bonded to the
mounting surface 41 of the display module 30 (503).
[0371] The front cover 70X means the front cover 70X
before being cut. The front cover 70X may be provided
to cover the entire area of the mounting surface 41. The
front cover 70X may be formed through a compression
curing process on the mounting surface 41.
[0372] As shown in FIG. 15, a side cover 90X is dis-
pensed to a space between the chamfer 49 formed be-
tween the rear surface of the front cover 70X and the
side surface 45 of the substrate 40 in the first direction
X (504).
[0373] The side cover 90X means the side cover 90X
before being cut together with the front cover 70X.
[0374] A predetermined amount may be applied as the
side cover 90X by a dispenser W. The side cover 90X
that is applied may be cured through subsequent oper-
ations. For example, the side cover 90X may be formed
of non-conductive black resin.
[0375] The side cover 90X may be applied to cover all
the chamfer 49 formed between the rear surface of the
front cover 70X and the side surface 45, and the mounting
surface 41 and the side surface 45 of the substrate 40,
and the chamfer 49 formed between the side surface 45
and the rear surface 43.
[0376] In addition, in the anisotropic conductive layer
47, the region 47X arranged outside the mounting sur-
face 41 may also be covered by the applied side cover
90X.
[0377] The dispensing operation of the side cover 90X
may be performed on all four edges E of the substrate
40. Accordingly, the side cover 90X may be dispensed
to cover all the side surfaces 45 of the substrate 40. In
addition, in the anisotropic conductive layer 47, the entire
region 47X arranged outside the mounting surface 41
may be covered by the side cover 90X.
[0378] While the side cover 90X is cured, the side cover
90X may be bonded to the chamfer 49 formed between
the rear surface of the front cover 70X and the side sur-
face 45 of the substrate 40, and the mounting surface 41
and the side surface 45, and bonded to the region 47X,
which is arranged on the outside of the mounting surface
41, in the anisotropic conductive layer 47.
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[0379] Based on the side cover 90X including a pho-
tosensitive material, the side cover 90X may be colored
in a dark color by emitting ultraviolet rays (UX) or the like
as a subsequent operation. However, based on the side
cover 90X being formed of a translucent or opaque ma-
terial without including a photosensitive material, such a
manufacturing process is not required.
[0380] As shown in FIG. 16, the front cover 70X and
the side cover 90X are cut in the first direction X so as
to allow at least a portion of the front cover 70X to extend
to the outside of the substrate 40 in the second direction
Y that is perpendicular to the first direction X to which the
mounting surface 41 faces (505).
[0381] The cutting process may be performed by laser
L cutting or the like. Accordingly, the front cover 70X and
the side cover 90X may be simultaneously cut.
[0382] In the cutting process, the front cover 70X and
the side cover 90X may be cut to allow the front cover
70X to include the first region 71 in the third direction Z,
which is perpendicular to the first direction X and the sec-
ond direction Y, as well as the second direction Y and to
allow the side cover 90X to be arranged in the second
direction Y and the third direction Z.
[0383] That is, the cutting process may be performed
on all four edges E of the substrate 40.
[0384] The cutting process may be performed to allow
a cutting position of the front cover 70X and the side cover
90X to be on the outer side with respect to the side end
47X of the anisotropic conductive layer 47.
[0385] This is because if the cutting position of the front
cover 70X and the side cover 90X is on the inner side
with respect to the side end 47X of the anisotropic con-
ductive layer 47, the anisotropic conductive layer 47 may
be exposed to the outside of the side cover 90.
[0386] As illustrated in FIG. 16, the side end 75 of the
front cover 70 and the side end 91 of the side cover 90
may be formed on the same line in the first direction X
by the cutting process. It is appropriate that the side end
75 of the front cover 70 and the side end 91 of the side
cover 90 may be cut to be formed in a direction parallel
to the first direction X.
[0387] The process may be performed to allow a length
of the first region 71, which extends to the outside of the
mounting surface 41, to be approximately less than or
equal to half of a length of the gap G formed between
the plurality of display modules 30A-30P in the state in
which the display module 30 is provided as the plurality
of display modules 30A-30P.
[0388] As shown in FIG. 17, the metal plate 60 is bond-
ed to the rear surface 43 of the substrate 40 (506).
[0389] The rear adhesive tape 61 may be arranged on
the upper surface of the metal plate 60 in the first direction
X, and thus in response to compressing the rear adhesive
tape 61 and the rear surface 43 of the substrate 40, the
rear adhesive tape 61 may bond the substrate 40 to the
metal plate 60.
[0390] However, the disclosure is not limited thereto,
and the rear adhesive tape 61 may be arranged on the

rear surface 43 of the substrate 40, and the metal plate
60 may be compressed against the rear adhesive tape
61 arranged on the rear surface 43.
[0391] In this case, a portion of the side cover 90X dis-
pensed on the rear surface 43 of the substrate 40 re-
mains, but this is a relatively small portion that may be
negligible. Therefore, the metal plate 60 and the rear sur-
face 43 of the substrate 40 may be bonded to each other
approximately horizontally.
[0392] The display module 30, which is processed
through the above-mentioned processing, may be pre-
pared as the plurality of display modules 30A-30P, and
the plurality of display modules 30A-30P may be ar-
ranged adjacent to each other. In this case, the plurality
of display modules 30A-30P may be fixed through a jig.
The plurality of display modules 30A-30P may be ar-
ranged in an M * N matrix.
[0393] Hereinafter a display apparatus 1 according to
an embodiment of the disclosure will be described. Con-
figurations other than a side end cover 100 to be de-
scribed below are the same as those of the display ap-
paratus 1 according to an embodiment of the disclosure
described above, and thus overlapping descriptions will
be omitted.
[0394] FIG. 18 is an enlarged cross-sectional view il-
lustrating a part of a configuration of a display apparatus
according to another embodiment of the disclosure, with
respect to the second direction, FIG. 19 is an enlarged
cross-sectional view illustrating a part of a configuration
of a display apparatus according to another embodiment
of the disclosure, with respect to the third direction, and
FIG. 20 is an enlarged cross-sectional view illustrating a
part of a configuration of a display apparatus according
to another embodiment of the disclosure, with respect to
the second direction.
[0395] In the process of the display apparatus for im-
plementing the display panel with the display module,
the plurality of display modules may be tiled to form the
display panel.
[0396] In this case, in a production line, in which each
display module is manufactured and transported, during
the process of forming the display panel with the display
module, the current generated by the electrostatic dis-
charge may flow into the inside of the display module and
the electrical components mounted inside the display
module may be damaged.
[0397] Even before the display module is coupled to
the frame 15 and assembled as the display apparatus 1,
it is required for each display module to include a com-
ponent configured to absorb an electric shock so as to
prevent the current, which is generated by the electro-
static discharge, from flowing into the inside of the display
module, and to prevent the electrical components mount-
ed inside the display module from being damaged.
[0398] That is, each of the display modules 30A-30P
may independently include a component configured to
prevent the current, which is generated by the electro-
static discharge, from flowing into a configuration mount-
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ed to the substrate 40, and include a component config-
ured to allow the current, which is generated by the elec-
trostatic discharge, to be easily guided to the ground con-
figuration on each of the display modules 30A-30P with-
out flowing into the configuration mounted to the sub-
strate 40.
[0399] Each of the display modules 30A-30P of the dis-
play apparatus 1 according to an embodiment of the dis-
closure described above may include the side cover 90
provided to extend from the upper portion of the metal
plate 60 in the first direction X, to which the mounting
surface 41 faces, to the lower surface 76 of the first region
71, which is arranged on the outer side than the mounting
surface 41, in the front cover 70 so as to seal the side
surface 45 from the outside.
[0400] In addition, each of display modules 30A-30P
of the display apparatus 1 according to an embodiment
of the disclosure may additionally include the side end
member 100 arranged at the outer end of the side cover
90 in the second direction Y and the third direction Z and
formed of a material having higher conductivity than the
side cover 90.
[0401] Each of the display modules 30A-30P is the
same. Hereinafter the first display module 30A will be
described as a representative.
[0402] As shown in FIGS. 18 and 19, the side end
member 100 may not only cover the outside of the side
surface 45 of the substrate 40 in the third direction Z, but
also cover all the side surface 45 in the second direction Y
[0403] That is, the side end member 100 may be pro-
vided to surround all four edges E of the substrate 40.
[0404] It is appropriate that the side end member 100
is formed of a metal material, and formed of a material
having higher conductivity than the side cover 90. The
side end member 100 may be coated on the side cover
90 to be arranged on the outer end of the side cover 90.
[0405] The side end member 100 may be provided to
be in contact with the metal plate 60 in the first direction
X. That is, one end 101 of the side end member 100 in
the first direction X may be provided to be in contact with
the metal plate 60.
[0406] It is appropriate that the one end 101 of the side
end member 100 is provided to be in contact with a side
surface 60a of the metal plate 60 in the second direction
Y or the third direction Z.
[0407] The side end member 100 may be provided to
be in contact with the front cover 70 in the first direction
X. That is, the other end 102 of the side end member 100
in the first direction X may be provided to be in contact
with the front cover 70.
[0408] It is appropriate that the other end 102 of the
side end member 100 is provided to be in contact with
the side end 75 of the front cover 70 in the second direc-
tion Y or the third direction Z.
[0409] The other end 102 of the side end member 100
in the first direction X may be arranged above the lower
surface 76 of the front cover 70.
[0410] The one end 101 of the side end member 100

in the first direction X may be arranged below the lower
surface 76 of the front cover 70.
[0411] Accordingly, the side end member 100 may be
provided to surround the entire side cover 90 correspond-
ing to the four edges E of the substrate 40 and may be
provided to prevent the side cover 90 from being exposed
to the outside.
[0412] As described above, the side end member 100
may be formed of a material having higher conductivity
than the side cover 90.
[0413] Further, the side end member 100 may be
formed of a material having higher conductivity than the
front cover 70.
[0414] That is, the display module 30 may be provided
to be sealed from the outside by the front cover 70, the
side cover 90, and the side end member 100, so as to
physically and electrically protect the electrical compo-
nents forming the display module 30.
[0415] Hereinafter a display module 30 according to
an embodiment of the disclosure will be described. Con-
figurations other than an anisotropic conductive layer 47’
described below are the same as those of the display
module 30 described above, and thus overlapping de-
scriptions will be omitted.
[0416] FIG. 20 is an enlarged cross-sectional view il-
lustrating a part of a configuration of a display apparatus
according to another embodiment of the disclosure, with
respect to the second direction.
[0417] Unlike the display apparatus 1 according to an
embodiment of the disclosure described above, in the
anisotropic conductive layer 47’ of the display module 30
of the display apparatus 1 according to another embod-
iment of the disclosure, a region 47X’ extending to a re-
gion outside the mounting surface 41 of the substrate 40
may be provided to be arranged in the third position re-
gion A3.
[0418] The anisotropic conductive layer 47’ may be
formed of an anisotropic conductive film. The anisotropic
conductive film may be provided to be larger than the
area of the mounting surface 41 of the substrate 40 and
smaller than the entire area of the substrate 40.
[0419] Accordingly, in the process of the display mod-
ule 30, it is possible to omit a process in which the ani-
sotropic conductive film having an area less than that of
the substrate 40 is bonded to the mounting surface 41
and the anisotropic conductive film is cut.
[0420] A side end 47X’ of the anisotropic conductive
layer 47’ may be arranged in the third position region A3,
and thus the side end 47X’ of the anisotropic conductive
layer 47’ may be covered by the side cover 90.
[0421] Although a few embodiments of the 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

1. A display module comprising:

a substrate comprising a mounting surface and
a side surface;
a Thin Film Transistor (TFT) layer provided on
the mounting surface of the substrate;
a plurality of inorganic light emitting diodes
mounted on the mounting surface of the sub-
strate;
an anisotropic conductive layer provided on an
upper surface of the TFT layer and electrically
connecting the TFT layer to the plurality of inor-
ganic light emitting diodes;
a front cover covering the mounting surface; and
a side cover surrounding the side surface,
wherein a side end of the front cover extends to
a region outside the mounting surface,
wherein the side cover is bonded to a lower sur-
face of the front cover and to the side surface of
the substrate which correspond to the region
outside of the mounting surface, and
wherein a side end of the anisotropic conductive
layer is provided on an inner side with respect
to the side end of the front cover.

2. The display module of claim 1, wherein the side end
of the front cover and a side end of the side cover
are coplanar.

3. The display module of claim 1, wherein the side end
of the anisotropic conductive layer is between the
side surface of the substrate and the side end of the
front cover.

4. The display module of claim 1, further comprising:
a side end member provided at a side end of the side
cover, the side end member comprising a material
having higher conductivity than a conductivity of the
side cover.

5. The display module of claim 4, further comprising:
a metal plate bonded to a rear surface of the sub-
strate an provided on a side of the substrate that is
opposite to the mounting surface.

6. The display module of claim 4, wherein one end of
the side end member contacts the front cover.

7. The display module of claim 1, wherein the side end
of the anisotropic conductive layer is provided on an
inner side with respect to the side surface of the sub-
strate.

8. The display module of claim 1, wherein the substrate
further comprises a side wiring extending along the
side surface of the substrate and electrically con-

nected to the TFT layer,
wherein the side end of the anisotropic conductive
layer is provided between a side end of the side wir-
ing of the substrate and the side end of the front
cover.

9. The display module of claim 1, wherein the side cover
comprises a non-conductive material.

10. The display module of claim 1, wherein the side cover
comprises a material that absorbs light.

11. The display module of claim 1, wherein the side sur-
face of the substrate is positioned corresponding to
four edges of the mounting surface;

the front cover extends to a region outside the
four edges of the mounting surface; and
the side cover contacts an entirety of the lower
surface of the front cover, which corresponds to
the region outside of the mounting surface, and
surrounds the side surface of the substrate
along the four edges of the mounting surface.

12. A display apparatus comprising:

a display module array comprising a plurality of
display modules horizontally arranged in an
MxN matrix,
wherein each of the plurality of display modules
comprises:

a substrate comprising a mounting surface
and a side surface;
a Thin Film Transistor (TFT) layer is provid-
ed on the mounting surface;
a plurality of inorganic light emitting diodes
mounted on the mounting surface;
an anisotropic conductive layer provided on
an upper surface of the TFT layer and elec-
trically connecting the TFT layer to the plu-
rality of inorganic light emitting diodes;
a front cover covering the mounting surface;
and
a side cover surrounding the side surface,
wherein a side end of the front cover ex-
tends to a region outside the mounting sur-
face,
wherein the side cover is bonded to a lower
surface of the front cover and to the side
surface of the substrate which correspond
to the region outside of the mounting sur-
face, and
wherein a side end of the anisotropic con-
ductive layer is provided on an inner side
with respect to the side end of the front cov-
er.
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13. The display apparatus of claim 12, wherein the side
end of the front cover and a side end of the side cover
are coplanar.

14. The display apparatus of claim 12, wherein the side
end of the anisotropic conductive layer is provided
between the side surface of the substrate and the
side end of the front cover.

15. The display apparatus of claim 12, wherein each of
the plurality of display modules further comprises a
side end member provided at a side end of the side
cover, the side end member comprising a material
having higher conductivity than a conductivity of the
side cover.
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