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(57) Abstract: A display module, a display apparatus including a display module, and a method of manufacturing a display module are
provided. The method of manufacturing a display module includes forming a non-conductive layer that includes a fluxing function on a
substrate, providing a plurality of light-emitting diodes (LEDs) on the substrate, wherein each LED of the plurality of LEDs has a first
electrode pad and a second electrode pad spaced apart by a predetermined interval, and the substrate has a plurality of connection pads
that are configured to electrically connect to the first electrode pads and the second electrode pads; thermally compressing the plurality
of LEDs; and electrically connecting the plurality of LEDs and the substrate via a plurality of soldering members that are provided on
at least one of the plurality of LEDs or the substrate.
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Description

Title of Invention: DISPLAY MODULE, DISPLAY APPARATUS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

INCLUDING THE SAME AND METHOD OF MANU-

FACTURING DISPLAY MODULE
Technical Field

The disclosure relates to a display module having a simplified manufacturing
process, a display apparatus including the display module, and a method of manu-

facturing the display module.
Background Art

A micro light-emitting diode (LED) is a micro-sized inorganic light-emitting material
that emits light without the usage of a color filter and backlight. Specifically, a micro
LED may refer to a micro-sized LED having a width, a length, and a height, re-
spectively, of 10 to 100 micrometers (um). In other words, a micro LED may have an
area that is substantially one hundredth the size of a general LED chip.

A micro LED may be electrically connected to a target substrate for control of
driving and operating the micro LED, and may be physically fixed on the target
substrate to operate at a preset location.

A micro LED may be electrically and physically connected to the target substrate via
a metal bonding method (e.g., soldering). However, a short may occur between
adjacent solders formed on each micro LED due to the extremely fine size, or contact
between the micro LED and the target substrate may not be stable.

During soldering, even if oxidation of the solder is prevented using a flux between
the micro LED and the target substrate, a separate process of flux cleaning may be ad-
ditionally required. In addition, in order to prevent a short between the solders, a
separate process may be further required to fill a side-fill and an under-fill, which are
resinous materials, between the micro LED and the target substrate.

However, even through these additional processes, the micro LED might have a
problem in that, due to the fine size, the flux caught between the solders is not cleaned
well, or under-fill is not filled between the micro LEDs and between the plurality of

electrode pads of the micro LEDs.
Disclosure of Invention
Technical Problem
Provided are a display module of which manufacturing process is simplified, a

display apparatus including the same, and a method of manufacturing of the display

module.
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Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

Solution to Problem

In accordance with an aspect of the disclosure, there is provided a method of manu-
facturing a display module, the method including: forming a non-conductive layer that
includes a fluxing function on a substrate; providing a plurality of light-emitting diodes
(LEDs) on the substrate, each LED of the plurality of LEDs having a first electrode
pad and a second electrode pad spaced apart by a predetermined interval, and the
substrate having a plurality of connection pads that are configured to electrically
connect to the first electrode pads and the second electrode pads; thermally com-
pressing the plurality of LEDs; and electrically connecting the plurality of LEDs and
the substrate via a plurality of soldering members that are provided on at least one of
the plurality of LEDs or the substrate.

The method may further include forming the plurality of soldering members on the
first electrode pads and the second electrode pads.

The plurality of soldering members may be provided between the first and second
electrode pads and the plurality of connection pads.

The non-conductive layer including the fluxing function may fill a portion between
the plurality of soldering members.

The method may further include forming the plurality of soldering members on the
plurality of connection pads prior to forming the non-conductive layer.

The non-conductive layer including the fluxing function may be hardened simul-
taneously with thermal compression of the plurality of LEDs.

In accordance with an aspect of the disclosure, there is provided a display module
including: a substrate; a plurality of light-emitting diodes (LEDs) configured to emit
light; a plurality of soldering members provided between the substrate and the plurality
of LEDs, and configured to electrically connect the plurality of LEDs and the
substrate; and a non-conductive layer provided on the substrate, and configured to fill
gaps between the plurality of soldering members.

The non-conductive layer may surround respective portions of the plurality of LEDs.

Each LED of the plurality of LEDs may include a first electrode pad and a second
electrode pad that are spaced apart by a predetermined interval, the substrate may
include a plurality of connection pads that are electrically connected to the first
electrode pads and the second electrode pads, and each soldering member of the
plurality of soldering members may be provided between the first and second electrode

pads and the plurality of connection pads.
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The first electrode pad and the second electrode pad of at least one LED may be

spaced apart by an interval of less than or equal to 20 micrometers.
An upper surface of the non-conductive layer may be lower than respective upper

surfaces of the plurality of LEDs.

The plurality of LEDs may include a first LED configured to emit red light; a second
LED configured to emit green light; and a third LED configured to emit blue light.

The first LED, the second LED, and the third LED may be sequentially arranged on
the substrate.

In accordance with an aspect of the disclosure, there is provided display apparatus
including: a plurality of display modules; an array plate configured to support the
plurality of display modules so that the plurality of display modules are provided in
parallel on a same plane; and a housing configured to fix the plurality of display
modules and the array plate, wherein each display module of the plurality of display
modules includes: a substrate; a plurality of light-emitting diodes (LEDs) provided on
the substrate, and configured to emit light; a plurality of soldering members provided
between the substrate and the plurality of LEDs, and configured to electrically connect
the plurality of LEDs and the substrate; and a non-conductive layer formed on the
substrate, and configured to fill gaps between the plurality of soldering members.

The non-conductive layer may surround respective portions of the plurality of LEDs.

The non-conductive layer may be configured to fill gaps between the plurality of
display modules.

The non-conductive layer that is formed on an upper portion of each display module
of the plurality of display modules may be integrally formed.

Each LED of the plurality of LEDs may include a first electrode pad and a second
electrode pad that are spaced apart by a predetermined interval, the substrate may
include a plurality of connection pads that are electrically connected to the first
electrode pads and the second electrode pads, and each soldering member of the
plurality of soldering members may be provided between the first and second electrode

pads and the plurality of connection pads.

Advantageous Effects of Invention

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is an exploded perspective view illustrating a display apparatus according to

an embodiment;
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FIG. 2 is a top view illustrating a display module according to an embodiment;
FIG. 3 is a block diagram illustrating an operation of the display module;

FIG. 4 is a sectional view illustrated along A-A line of FIG. 2;

FIG. 5A is a top view illustrating a state of arranging a plurality of display modules;

FIG. 5B is a top view illustrating a plurality of display modules on which a non-
conductive layer is formed according to an embodiment;

FIG. 6 is a sectional view illustrated along the B-B line of FIG. 5B;

FIGS. 7, 8,9, and 10 are schematic sectional views illustrating a process of manu-
facturing a display module according to an embodiment; and

FIGS. 11 and 12 are schematic sectional views illustrating a process of manu-

facturing a display module according to another embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

Examples described hereinafter are provided for comprehensive understanding of the
disclosure, and it should be understood that various changes can be made to examples
described herein and the disclosure can be embodied in different forms. In addition, in
the following description, detailed descriptions of well-known functions or config-
urations may be omitted so as to not obscure the subject matter of the disclosure.

In addition, it should be noted that the drawings are provided for comprehensive un-
derstanding of the disclosure, and the dimensions of some elements may be ex-
aggerated for clarity and convenience. Throughout the drawings, it should be noted
that like reference numbers are used to depict the same or similar elements, features,
and structures.

It will be understood that when an element is referred to as being "on" or "connected
to" another element, the element may be directly connected to the other element or in-
tervening elements may also be present. Further, when an element is referred to as
being "directly on" or "directly connected to" another element, no intervening elements
may be present. Other expressions describing relationships between components such
as "between" and "directly adjacent to" may be construed in a similar manner as
"connected to" and "directly connected to," respectively.

"o

The terms such as "first," "second," etc., may be used to describe a variety of
elements, but the elements should not be limited by these terms. The terms may be
used to distinguish an element from another element. The use of such ordinal numbers
should not be construed as limiting the meaning of the term. For example, without
departing from the scope of the disclosure, a "first component" may be referred to as a

"second component,” and similarly, the "second component” may also be referred to as
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a "first component."

Singular forms in the disclosure may include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that terms such as
"including," "having," etc., may indicate the existence of the features, numbers, op-
erations, actions, components, parts, or combinations thereof, disclosed in the speci-
fication, and are not intended to preclude the possibility that one or more other
features, numbers, operations, actions, components, parts, or combinations thereof,
may exist or may be added.

Unless otherwise defined, all terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure pertains.

The display module according to an embodiment of the disclosure may be applied to
an electronic product or an electronic device that requires a wearable device, a portable
device, a handheld device, or various displays, in a single unit. The display module can
also be applied to a small display device such as a monitor for a personal computer, a
TV, etc. and a large display device such as a digital signage, an electronic display
through a plurality of assembly arrangements.

Hereinafter, referring to FIG. 1, a structure of a display apparatus 1 according to an
embodiment will be described.

FIG. 1 is an exploded perspective view illustrating the display apparatus 1 according
to an embodiment.

The display apparatus 1 may be an apparatus configured to process an image signal
received from an external source, and visually display a processed image, and may be
implemented as various types of apparatuses. For example, the display apparatus 1
may be a television, a monitor, a portable multimedia device, a portable commu-
nication device, or the like.

As illustrated in FIG. 1, the display apparatus 1 may include a protection plate 10, a
plurality of display modules 20, an array plate 30, and a housing 40.

The protection plate 10 may be arranged on a front surface (e.g., in the Y-axis
direction) of the display apparatus 1, and may protect the plurality of display modules
20 arranged at a rear side of the protection plate 10 from external disturbances.

The protection plate 10 may be formed of a glass material with a thin thickness, or of
various materials.

The plurality of display modules 20 may be configured to display an image in a front
direction (e.g., in the Y-axis direction) according to the image signal that is input from
the external device.

The plurality of display modules 20 may be arranged to fit the size of a display that
each display module 20 is configured to implement, and may collectively constitute a

display screen.



WO 2020/101277 PCT/KR2019/015146

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

6

For example, when first and second display modules 21 and 22 are arranged in a row
in a horizontal direction (e.g., the X-axis direction), the display screen may be im-
plemented such that a width of the display screen in the horizontal direction (e.g., the
X-axis direction) is greater than a height of the display screen in the vertical direction
(e.g., the Z-axis direction).

When the first and third display modules 21 and 23 are arranged in a vertical
direction (e.g., the Z-axis direction) in a side by side manner, the display screen may
be implemented such that the height of the display screen in the vertical direction (e.g.,
the Z-axis direction) is greater than the width of the display screen in the horizontal
direction (e.g., the X-axis direction).

According to the number and arrangement of the plurality of display modules 20,
display screens of various sizes and formats may be implemented.

A specific description of the display module 20 will be given with reference to FIGS.
2 and 3.

The array plate 30 may be a plate on which the plurality of display modules 20 may
be arranged, and is arranged on a rear surface of the plurality of display modules 20.
The array plate 30 may be formed as a flat plate, and may be formed in various shapes
and sizes, based on the shape and size of the display modules 20.

Accordingly, the array plate 30 may support the plurality of display modules 20 so
that the plurality of display modules 20 are arranged in parallel on the same plane, and
implement a uniform brightness of the display screen by implementing the same height
between the display modules 20.

A housing 40 may form an appearance of the display apparatus 1, may be arranged at
a rear side of the array plate 30, and may fix the plurality of display modules 20 and
the array plate 30 in a stable manner.

The housing 40 may fix edge regions of the array plate 30 in a stable manner.

Accordingly, the housing 40 may isolate the various components included in the
display apparatus 10 from external exposure, and may protect various components
included in the display apparatus 1 from external disturbances.

Referring to FIGS. 2 and 3, a specific structure and operation of the display module
20 will be described.

FIG. 2 is a top view illustrating a display module 21 according to an embodiment,
and FIG. 3 is a block diagram illustrating an operation of the display module 21.

Although FIG. 1 illustrates multiple display modules 20, a first display module 21
will be described herein for convenience of description. The display module 22, the
display module 23, and other non-labelled display modules may be substantially the
same as the first display module 21.

The first display module 21 may include a plurality of micro LEDs 50 (e.g., micro
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LED 51, micro LED 52, micro LED 53, etc.), a substrate 70 on which the micro LEDs
50 are arranged in a lattice shape, and a driver 60 which drives each micro LED 50.

The micro LED 50 is formed of an inorganic light-emitting material having, re-
spectively, a width, a length, and a height less than or equal to 100 pm, is arranged on
the substrate 70, and is configured to emit light.

The plurality of micro LEDs 50 may include a first micro LED 51 that emits red
light, a second micro LED 52 that emits green light, and a third LED 53 that emits blue
light.

In addition, the first to third micro LEDs 51, 52, and 53 may be sequentially arranged
on the substrate 70.

Accordingly, the first to third micro LEDs 51, 52, and 53 may collectively form a
pixel configured to implement various colors.

In FIG. 2, it is illustrated that the first to third micro LEDs 51, 52, and 53, which are
sub-pixels, are sequentially arranged on the substrate 70, but the first to third micro
LEDs 51, 52, and 53 may form a pixel.

Even when the first to third micro LEDs 51, 52, 53 form a pixel, the structure in
which a non-conductive layer 80 including a fluxing function is formed between the
first to third micro LEDs 51, 52, and 53 and the substrate 70 may be the same.

Micro LEDs 50 having fast response rate, low power consumption, and high
luminance are gaining spotlight as light-emitting elements of next generation displays.
Specifically, micro LEDs 50 are more efficient in converting electricity into photons as
compared to related-art liquid crystal displays (LCDs) and organic light-emitting diode
(OLED) displays.

That is, "brightness per Watt" is greater as compared to related-art LCD or OLED
displays. In this way, micro LEDs 50 may provide a similar brightness as LCD or
OLED displays while consuming substantially half as much energy as such displays.

In addition to the foregoing, micro LEDs 50 are capable of providing high resolution,
outstanding color, contrast and brightness, may accurately provide a wide range of
colors, and may provide a clear screen even in the outdoors under direct and bright
sunlight. In addition, micro LEDs 50 are resistant to burn-in phenomenon, and
generate less heat, thereby improving product lifespan and reducing deformation.

The substrate 70 may be electrically connected to the micro LEDs 50 that are
mounted on the substrate 70 in the form of a matrix, respectively, and may control the
micro LEDs 50 via a driving signal of the driver 60.

The substrate 70 may be a thin film transistor (TFT) substrate, a wafer, a printed
circuit board (PCB), a flexible PCB, or the like.

In addition, the substrate 70 may be formed of various materials such as a ductile

material, a glass, a plastic, or the like.
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The driver 60 may control each micro LED 50, and may be connected to the
substrate 70 via chip on class (COG) bonding or via film on glass (FOG) bonding on
an edge area or a rear side of the substrate 70.

The position of the driver 60 on the substrate 70, and the bonding method of the
driver 60 to the substrate 70 may vary.

Hereinafter, referring to FIG. 4, a specific structure of the display module 21 that
includes the non-conductive layer 80 including a fluxing function will be described.

FIG. 4 is a sectional view illustrated along A-A line of FIG. 2.

As shown in FIG. 4, the display module 21 may include the substrate 70, a plurality
of micro LEDs 50 configured to irradiate light, a plurality of soldering members 90
arranged between the substrate 70 and the plurality of micro LEDs 50 for electrically
connecting the plurality of micro LEDs 50 and the substrate 70, and the non-
conductive layer 80 formed on the substrate 70 to fill gaps between the plurality of
soldering members 90.

The plurality of micro LEDs 51 and 52 may include first electrode pads 51a-1 and
52a-1, and second electrode pads 51a-2 and 52a-2 arranged on a surface in a prede-
termined interval D1.

For example, the first electrode pad 51a-1 and the second electrode pad 51a-2 may be
spaced apart by a preset interval D1, and may be arranged on a surface of the first
micro LED 51.

Similarly, on a surface of the second micro LED 52, the second electrode pad 52a-1
and the second electrode pad 52a-2 may be spaced apart by a preset interval D1.

The first and second electrode pads 51a-1 and 51a-2 formed on the first micro LED
51, and the first and second electrode pads 52a-1 and 52a-2 formed on the second
micro LED 52 may be substantially the same. Accordingly, the following description
of the first and second electrode pads S1a-1 and 51a-2 of the first micro LED 51 may
be applicable to the first and second electrode pads 52a-1 and 52a-2 of the second
micro LED 52.

The first electrode pad 5S1a-1 and the second electrode pad 5S1a-2 may be spaced apart
by a preset interval D1. The first electrode pad S1a-1 and the second electrode pad
51a-2 may have different potential values to drive the first micro LED 51.

Accordingly, the first electrode pad 51a-1 and the second electrode pad 51a-2 may be
spaced apart by an interval D1 which is predetermined in order to maintain a sub-
stantially constant potential difference.

Here, the predetermined interval D1 may be less than or equal to 20 um. Ac-
cordingly, the first electrode pad 51a-1 and the second electrode pad 51a-2 may be
physically spaced apart, and the micro LED 50 having the size of 100 um or less may

be operated while maintaining a potential difference.
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In addition, the first electrode pad 51a-1 may be a p-pad, and the second electrode
pad 51a-2 may be an n-pad. The pad may not be limited thereto, and the first electrode
pad 51a-1 may be an n-pad and the second electrode pad 51a-2 may be a p-pad.

The first electrode pad S1a-1 and the second electrode pad S1a-2 may be arranged on
the same surface of the first micro LED 51. That is, the first micro LED 51 may be a
flip chip. Similarly, the plurality of micro LEDs 50 may be flip chips.

The substrate 70 may be electrically connected to each of the first and second
electrode pads 51a-1 and 51a-2, and may include a plurality of connection pads 71 and
72 (e.g., as shown in FIG. 4) arranged on the substrate 70 and spaced apart by a prede-
termined interval.

The plurality of connection pads 71 and 72 may be made of a conductive material,
and may be electrically connected to each of the first and second electrode pads 51a
and 52a of the micro LEDs 51 and 52.

For example, the first connection pad 71 on the substrate 70 may include a 1-1
connection pad 71a and 1-2 connection pad 71b. The 1-1 connection pad 71a may be
electrically connected to the first electrode pad 51a-1 of the micro LED 51, and the 1-2
connection pad 71b may be electrically connected to the second electrode pad 51a-2 of
the micro LED 51.

The 1-1 connection pad 71a and the 1-2 connection pad 71b may have different po-
tentials, and may not physically contact each other in order to maintain a substantially
constant potential difference.

Accordingly, the 1-1 connection pad 71a and the 1-2 connection pad 71b may be
spaced apart by a preset interval D2.

The first connection pad 71 may include a pair of connection pads, and a shape of the
first connection pad 71 may vary.

A plurality of connection pads 71 and 72 arranged on the substrate 70 may be formed
to have a structure that is substantially identical to the first connection pad 71.

The second connection pad 72 may be spaced apart by a first interval L.1 with the
first connection pad 71.

The first interval L1 between the first connection pad 71 and the second connection
pad 72 may be based on the second interval L2 between the plurality of micro LEDs 51
and 52 which are arranged to be spaced apart from each other based on brightness,
color, or the like which the first display apparatus 1 is configured to implement.

That is, the plurality of micro LEDs 51 and 52 may be respectively arranged at the
positions corresponding to each of the plurality of connection pads 71 and 72 on the
substrate 70. Therefore, the plurality of connection pads 71 and 72 may be formed to
be spaced apart by the first interval L1.

For example, as illustrated in FIG. 4, since the first micro LED 51 is arranged on the
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first connection pad 71, and the second micro LED 52 is arranged on the second
connection pad 72, an increase in the first interval L1 between the first connection pad
71 and the second connection pad 72 may correspond to an increase in the second
interval L2 between the first micro LED 51 and the second micro LED 52.

The plurality of soldering members 90 may be arranged between the substrate 70 and
the plurality of micro LEDs 50, respectively, and may electrically connect the plurality
of micro LEDs 50 and the substrate 70.

Specifically, each of the plurality of soldering members 90 may be arranged between
the first electrode pads 51a-1 and 52a-1 and the second electrode pads S1a-2 and
52a-2, and the plurality of connection pads 71 and 72.

For example, the soldering member 90 may be arranged between the first electrode
pad 51a-1 and the 1-1 connection pad 71a, and between the second electrode pad 51a-2
and the 1-2 connection pad 71b, respectively.

The soldering member 90 may be made of a conductive material and may be used for
metal bonding. For example, metal bonding may be performed through various
materials of the soldering member 90, such as gold-indium (Au-In) bonding, gold-tin
(Au-Sn) bonding, copper (Cu) pillar / tin-silver (SnAg) bump bonding, and nickel (Ni)
pillar / SnAg bump bonding, or the like.

Accordingly, the soldering member 90 may electrically connect the plurality of micro
LEDs 50 and the substrate 70, and may fix the plurality of micro LEDs 50 on the
substrate 70.

The non-conductive layer 80 including a fluxing function may include a flux particle
F to implement a fluxing function.

The non-conductive layer 80 may be made of a non-conductive material. For
example, the non-conductive layer 80 may be formed of a thermosetting resin. The
main components of the thermosetting resin may include an epoxy resin, a phenol
resin, a polyimide resin, a polyurethane resin, a melamine resin, a urea resin, or the
like.

The thermosetting resin may include one or more of the above resins. In addition, the
thermosetting resin may be liquid at room temperature, and if a solid resin is
employed, the solid resin may be used in combination with the thermosetting resin that
is liquid at room temperature.

Accordingly, the non-conductive layer 80 including a fluxing function may fill the
gaps between the plurality of soldering members 90 to prevent the soldering members
90 from being electrically connected, and thereby preventing an electric short from
occurring.

The non-conductive layer 80 including a fluxing function may allow the micro LED

50 to be driven in an electrically stable manner.
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The fluxing function may, when the soldering member 90 is melted to electrically
connect the first and second electrode pads 5S1a and 52a of the micro LED 50 and the
plurality of connection pads 71 and 72, deoxidize a part of the surface of the oxidized
soldering member 90 by the flux particles F, and cause the coating film to be pushed
by the molten soldering member 90 to prevent the soldering member 90 from being
oxidized.

The flux particles F may be arranged to surround a surface of the soldering member
90, and prevent oxidization of the soldering member 90 by isolating external oxygen
and the surface of the soldering member 90.

For example, the flux particles F may include inorganic flux including zinc chloride
and zinc chloride-ammonia chloride; organic flux including glutamic acid hy-
drochloride urea, ethylene diamine stearic acid hydrochloride, rosin-based flux
including inactivate / activate rosin, a water-soluble flux including salts, acids, amine,
or the like.

In order to enhance the fluxing effect, an organic acid, such as a dibasic acid having
an alkyl group in the side chain, may be deployed. Such dibasic acids are not par-
ticularly limited, but may have 6 carbon atoms or more. As an alkyl group adopted to
configure a side chain, a lower alkyl group which has 1-5 carbon atoms may be
adopted. The number of alkyl groups adopted to constitute the side chain may be
singular or plural. If multiple alkyl groups are included in the molecule of the organic
acid, these alkyl groups may be identical or non-identical.

The non-conductive layer 80 including a fluxing function may be formed by
combining the flux particle F with the thermosetting resin material N.

Accordingly, the non-conductive layer 80 including a fluxing function may prevent
the soldering member 90 from being oxidized, and may fill the gaps between the
plurality of soldering members 90. In this way, the non-conductive layer 80 may
prevent the soldering members 90 from being electrically connected, and may prevent
electrical shorts from occurring.

The flux particles F may adhere to a fixed position within the thermosetting resin
material N based on the thermosetting resin material of the non-conductive layer 80
being hardened. That is, the thermosetting resin material N may be arranged between
the flux particles F to prevent an electrical connection between the plurality of flux
particles F.

The non-conductive layer 80 including a fluxing function may be arranged to
surround a portion of the plurality of micro LEDs 51 and 52. Accordingly, the non-
conductive layer 80 including a fluxing function may stably fix the plurality of micro
LEDs 51 and 52 onto the substrate 70.

Therefore, the plurality of micro LEDs 51 and 52 may be spaced apart from the
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substrate 70, the first height H1 from the substrate 70 to the plurality of micro LEDs 51
and 52 may be maintained, and uniform brightness of the display apparatus 1 may be
implemented.

An upper surface 80b of the non-conductive layer 80 may be arranged lower than
upper surfaces 51b and 52b of the plurality of micro LEDs 51 and 52. Specifically, the
second height H2 from the substrate 70 to the upper surface 80b of the non-conductive
layer 80 may be less than the first height HI from the substrate 70 to the upper surfaces
51b and 52b of the micro LEDs 51 and 52.

Accordingly, the non-conductive layer 80 may fix the micro LEDs 51 and 52 ata
predetermined position on the substrate 70, and may not conceal the upper surfaces
51b and 52b of the micro LEDs 51 and 52 which emit light. Accordingly, the non-
conductive layer 80 may not adversely affect the brightness of the micro LEDs 51 and
52.

Referring to FIGS. 5A, 5B, and 6, a structure of the non-conductive layer 80
including the fluxing function when the plurality of display modules 21 and 22 are
arranged will be specifically described.

FIG. 5A is a top view illustrating a state of arranging a plurality of display modules
21 and 22; FIG. 5B is a top view illustrating a plurality of display modules 21 and 22
on which a non-conductive layer 80 is formed according to an embodiment; and FIG. 6
is a sectional view illustrated along the B-B line of FIG. 5B.

Referring to FIG. 6, micro LEDs 57 and 58 may be substantially the same as the
above-described micro LEDs 51, 52, and 53, and the color of the light emitted by the
micro LEDs 57 and 58 may vary. A plurality of connection pads 77 and 78, and first
and second electrode pads 57a and 58a may have substantially the same structure as
the aforementioned plurality of connection pads 71 and 72 and the second electrode
pads 51a and 52a described above.

As illustrated in FIG. 5A, the first and second display modules 21 and 22 may be
manufactured in a form of a module having a predetermined size, and the first and
second display modules 21 and 22 may be arranged on the array plate 30 to implement
a display screen of various sizes and forms.

As illustrated in FIG. 5B, the first and second display modules 21 and 22 may be
arranged on the array plate 30, and the non-conductive layer 80 including a fluxing
function may be formed on an upper surface of the array plate 30.

Specifically, the first and second display modules 21 and 22 may be arranged on the
array plate 30, and may be spaced apart by a micro unit interval D3 in order to prevent
contact damage between the first and second display modules 21 and 22.

At this point, the non-conductive layer 80 including a fluxing function may be in-

tegrally formed with the array plate 30 on top of the first and second display modules
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21 and 22 arranged on the array plate 30, and may fill the interval D3 of the first and
second display modules 21 and 22.

In other words, the non-conductive layer 80 including a fluxing function formed on
an upper portion of each of the plurality of display modules 21 and 22 may be in-
tegrally formed with the array plate 30.

Accordingly, when the non-conductive layer 80 including a fluxing function is
hardened, the non-conductive layer 80 including a fluxing function may fix the
plurality of display modules 21 and 22 at predetermined positions on the array plate
30.

The non-conductive layer 80 including a fluxing function may include a black matrix
photo sensitive resin composition for a liquid crystal display including a binder resin, a
photopolymer initiator, a black pigment and a solvent, or a resin composition including
a black pigment for shielding.

Accordingly, the non-conductive layer 80 including a fluxing function fills or covers
a portion corresponding to a seam, which may be seen on a display screen due to an
interval D3 between the first and second display modules 21 and 22, and may stably
fix the plurality of display modules 20 on the array plate 30 and provide a seamless ap-
pearance by covering a seam on a display screen.

Hereinafter, referring to FIGS. 7 to 10, a process of manufacturing a display module
according to an embodiment will be described in detail.

FIGS. 7, 8,9, and 10 are schematic sectional views illustrating a process of manu-
facturing the display module 21 according to an embodiment.

As illustrated in FIG. 7, a plurality of connection pads 71 and 72 may be formed on
the substrate 70.

Then, as illustrated in FIG. 8, the non-conductive layer 80 including a fluxing
function may be formed on the substrate 70 on which the plurality of connection pads
71 and 72 are formed. At this time, the non-conductive layer 80 may have a prede-
termined viscosity.

The second height H2 of the non-conductive layer 80 including a fluxing function
may be substantially the same along the substrate 70.

As illustrated in FIG. 9, a plurality of micro LEDs 51 and 52 that have first and
second electrode pads S1a-1 and 51a-2 and 52a-1 and 52a-2 respectively formed on a
surface at predetermined intervals may be arranged on the substrate 70 in which the
plurality of connection pads 71a and 71b and 72a and 72b electrically connected to
each of the first and second electrode pads 51a-1 51a-2 and 52a-1 and 52a-2 are
formed.

Before the plurality of micro LEDs 51 and 52 are arranged on the substrate 70, the

soldering members 90 may be formed on each of the first and second electrode pads
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S1a and 52a of the plurality of micro LEDs 51 and 52.

A plurality of micro LEDs 51 and 52 arranged on the substrate 70 may be thermally
compressed along the P direction at the same time, and the plurality of micro LEDs 51
and 52 may be electrically and physically connected to the substrate 70.

The plurality of micro LEDs 51 and 52 and the soldering member 90 may contact the
non-conductive layer 80, and at the same time, the non-conductive layer 80 is pushed
by the plurality of micro LEDs 51 and 52 and the soldering member 90.

At the time when the soldering member 90 is in contact with the connection pads 71
and 72, the surface of the soldering member 90 is melted and the soldering member 90
may electrically and physically connect the first electrode pad S1a and the connection
pad 71, and may electrically and physically connect the second electrode pad 52a and
the connection pad 72.

The non-conductive layer 80 including a fluxing function may be hardened at the
same time with thermal compression of the plurality of micro LEDs 51 and 52.

Therefore, a separate process is not necessary to harden the non-conductive layer 80
and the soldering member 90, and a manufacturing time and cost may be reduced.

As mentioned above, a method of manufacturing the display module 21 according to
an embodiment uses the non-conductive layer 80 including a fluxing function and thus,
there is no need to apply and clean a flux and form an under-fill which is a separate in-
sulating resin layer. Thus, a manufacturing process can be simplified, and manu-
facturing costs may be significantly reduced.

While the non-conductive layer 80 including a fluxing function is formed on the
substrate 70, a plurality of micro LEDs 51 and 52 are thermally compressed and thus,
the gaps between the first and second connection pads 51a-1 and 51a-2 of the micro
LEDs 51 and 52, and the gaps between the plurality of soldering members 90 may be
easily filled, thereby preventing electrical shorts between the plurality of soldering
members 90 from occurring.

A metal bonding (soldering) method with good manufacturing efficiency is used, and
a manufacturing cost may be reduced significantly.

Referring to FIGS. 11 and 12, a process of manufacturing the display module 21
according to another embodiment will be specified.

FIGS. 11 and 12 are schematic sectional views illustrating a process of manu-
facturing the display module 21 according to another embodiment.

Herein, the same reference numerals are used for the same elements and repeated de-
scriptions are omitted. Specifically, the plurality of micro LEDs 51 and 52, the
substrate 70, and the non-conductive layer 80 including a fluxing function may be the
same as the aforementioned configuration.

As illustrated in FIG. 11, prior to forming the non-conductive layer 80 on the
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substrate 70, the soldering member 91 may be formed on each of the plurality of

connection pads 71 and 72.
Accordingly, prior to the thermal compression of the plurality of micro LEDs 51 and

52, the non-conductive layer 80 has been already formed between the plurality of
soldering members 91 and thus, manufacturing reliability for the structure in which the
non-conductive layer 80 is filled between the soldering members 91 may be improved.

Here, the soldering member 91 may be formed of the same material as the afore-
mentioned soldering member 90.

As shown in FIG. 12, a plurality of micro LEDs 51 and 52 arranged on the substrate
70 may be simultaneously heat pressed along the P direction and the plurality of micro
LEDs 51 and 52 may be electrically and physically connected to the substrate 70.

The various embodiments have been described individually, but it is not necessary
that each embodiment is implemented as a sole embodiment, but configurations and
operations of each embodiment can be implemented in combination with at least one
other embodiment.

While the disclosure has been shown described with reference to various em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the spirit and scope of

the disclosure as defined by the appended claims and their equivalents.

Industrial Applicability
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Claims

A method of manufacturing a display module, the method comprising:
forming a non-conductive layer that includes a fluxing function on a
substrate;

providing a plurality of light-emitting diodes (LEDs) on the substrate,
each LED of the plurality of LEDs having a first electrode pad and a
second electrode pad spaced apart by a predetermined interval, and the
substrate having a plurality of connection pads that are configured to
electrically connect to the first electrode pads and the second electrode
pads;

thermally compressing the plurality of LEDs; and

electrically connecting the plurality of LEDs and the substrate via a
plurality of soldering members that are provided on at least one of the
plurality of LEDs or the substrate.

The method of claim 1, further comprising:

forming the plurality of soldering members on the first electrode pads
and the second electrode pads.

The method of claim 2, wherein the plurality of soldering members are
provided between the first and second electrode pads and the plurality
of connection pads.

The method of claim 3, wherein the non-conductive layer including the
fluxing function fills a portion between the plurality of soldering
members.

The method of claim 1, further comprising:

forming the plurality of soldering members on the plurality of
connection pads prior to forming the non-conductive layer.

The method of claim 1, wherein the non-conductive layer including the
fluxing function is hardened simultaneously with thermal compression
of the plurality of LEDs.

A display module comprising:

a substrate;

a plurality of light-emitting diodes (LEDs) configured to emit light;

a plurality of soldering members provided between the substrate and
the plurality of LEDs, and configured to electrically connect the
plurality of LEDs and the substrate; and

a non-conductive layer provided on the substrate, and configured to fill

gaps between the plurality of soldering members.
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The display module of claim 7, wherein the non-conductive layer
surrounds respective portions of the plurality of LEDs.

The display module of claim 8, wherein each LED of the plurality of
LEDs comprises a first electrode pad and a second electrode pad that
are spaced apart by a predetermined interval,

the substrate comprises a plurality of connection pads that are elec-
trically connected to the first electrode pads and the second electrode
pads, and

each soldering member of the plurality of soldering members is
provided between the first and second electrode pads and the plurality
of connection pads.

The display module of claim 9, wherein the first electrode pad and the
second electrode pad of at least one LED are spaced apart by an
interval of less than or equal to 20 micrometers.

The display module of claim 8, wherein an upper surface of the non-
conductive layer is lower than respective upper surfaces of the plurality
of LEDs.

The display module of claim 7, wherein the plurality of LEDs
comprises:

a first LED configured to emit red light;

a second LED configured to emit green light; and

a third LED configured to emit blue light.

The display module of claim 12, wherein the first LED, the second
LED, and the third LED are sequentially arranged on the substrate.

A display apparatus comprising:

a plurality of display modules;

an array plate configured to support the plurality of display modules so
that the plurality of display modules are provided in parallel on a same
plane; and

a housing configured to fix the plurality of display modules and the
array plate,

wherein each display module of the plurality of display modules
comprises:

a substrate;

a plurality of light-emitting diodes (LEDs) provided on the substrate,
and configured to emit light;

a plurality of soldering members provided between the substrate and

the plurality of LEDs, and configured to electrically connect the
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plurality of LEDs and the substrate; and

a non-conductive layer formed on the substrate, and configured to fill
gaps between the plurality of soldering members.

The display apparatus of claim 14, wherein the non-conductive layer is

surrounds respective portions of the plurality of LEDs.
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