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Description
Title of Invention: DISPLAY MODULE AND DISPLAY DEVICE
INCLUDING INORGANIC LIGHT EMITTING ELEMENT AND

LIGHT BLOCKING MEMBER ON CONNECTING MEMBER
Technical Field

[1] The disclosure relates to a technology for disposing an inorganic light emitting
element and a light blocking member on a connecting member to improve the contrast
ratio (CR) of a display.

Background Art

[2] A display module including a display device may display a screen in various ways. A
display device, such as a liquid crystal display (LCD) device or a light emitting diode
(LED) chip, which includes a back light has a thin film transistor (TFT) substrate and a
color filter substrate that are sequentially disposed on the back light, in which the color
filter substrate imparts colors to light emitted from the back light. A light blocking
member such as a black matrix (BM) for preventing the mixture of light passing
through color filters of different colors is disposed between the color filters. The light
blocking member is disposed on a region through which light does not pass.

[3] Recently, a display module having micro light emitting diodes (mLEDs) applied
thereto has emerged. The display module having the mLEDs applied thereto includes
micrometer-scale inorganic light emitting elements having an area less than about 0.01
times to about 0.1 times the areas of LED chips. The inorganic light emitting elements
are at least partly exposed on an upper side of a TFT substrate and emit light of their

own colors.
Disclosure of Invention

Technical Problem

[4] In the case of the display module having the color filters, the luminance of a screen
displayed may be decreased. Furthermore, in the case of the display module having the
light blocking member disposed between the color filters, the viewing angle may be
reduced, and therefore the display quality of the display module may be degraded
when the display module is viewed from a side.

[5] In the case of the display module having the inorganic light emitting elements at least
partly exposed on the upper side of the TFT substrate, a connecting member may be
disposed to fix the inorganic light emitting elements. In this case, the performance of
displaying a black gradation may be degraded due to the color of the connecting

member. Furthermore, the display quality of the display module may be degraded due
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to diffused reflection caused by a non-uniform rough surface of the connecting
member.
Accordingly, an example aspect of the disclosure is to provide a display module and

a display device that have a light blocking member for improving the contrast ratio of
an inorganic light emitting element without reducing a viewing angle and without
invading an emissive area of the inorganic light emitting element.

Solution to Problem

In accordance with an example aspect of the disclosure, a display module includes a
substrate including a plurality of interconnection wires, a connecting member
comprising a conductive material disposed on one side of the substrate, a plurality of
inorganic light emitting elements arranged on the connecting member, and a light
blocking member comprising an opaque material disposed on a region other than
regions where the plurality of inorganic light emitting elements are disposed. A portion
of each of the plurality of inorganic light emitting elements is disposed to pass through
a portion of the connecting member and is spaced apart from the substrate. The
connecting member electrically connects each of the plurality of inorganic light
emitting elements with at least one interconnection wire among the plurality of inter-
connection wires. The light blocking member is spaced apart from the substrate and
disposed on the connecting member.

In accordance with another example aspect of the disclosure, a display device
includes one or more display modules and a connecting portion including a region
joining the one or more display modules. Each of the one or more display modules
includes a substrate including a plurality of interconnection wires, a connecting
member comprising a conductive material disposed on one side of the substrate, a
plurality of inorganic light emitting elements arranged on the connecting member, and
a light blocking member comprising an opaque material disposed on a region other
than regions where the plurality of inorganic light emitting elements are disposed. A
portion of each of the plurality of inorganic light emitting elements is disposed to pass
through a portion of the connecting member and is spaced apart from the substrate.
The connecting member electrically connects each of the plurality of inorganic light
emitting elements with at least one interconnection wire among the plurality of inter-
connection wires. The light blocking member is spaced apart from the substrate and
disposed on the connecting portion and the connecting member.

In accordance with another example aspect of the disclosure, a display module
includes a substrate, a connecting member comprising a conductive material disposed
on an upper side of the substrate, a plurality of inorganic light emitting elements, each

of which is disposed to pass through at least a portion of the connecting member and is
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fixed in a specified position, and a black matrix (BM) spaced apart from the plurality
of inorganic light emitting elements. The plurality of inorganic light emitting elements
are spaced apart from the substrate. The connecting member electrically connects the
plurality of inorganic light emitting elements with a plurality of electrodes or a
plurality of pads disposed on the substrate. The BM is spaced apart from the substrate
and disposed on the connecting member.
Advantageous Effects of Invention

According to the embodiments of the disclosure, the light blocking member may be
formed on the upper side of the connecting member, thereby improving the contrast
ratio of the display module and enabling representation of a darker black gradation, ir-
respective of non-uniformity of the color or surface of the connecting member.

Furthermore, according to various example embodiments of the disclosure, the light
blocking member is disposed on a region other that the regions where the plurality of
inorganic light emitting elements are disposed, thereby implementing a display module
having mLEDs applied thereto that has a light blocking member that does not reduce a
viewing angle and that does not invade emissive areas of inorganic light emitting
elements.

In addition, the disclosure may provide various effects that are directly or indirectly
recognized.
Brief Description of Drawings

Fig. 1 is a block diagram illustrating an example electronic device in a network en-
vironment according to various embodiments;

Fig. 2 is a block diagram illustrating an example display device according to various
embodiments;

FIG. 3 is a sectional view illustrating an example display module according to an em-
bodiment;

FIG. 4 is a sectional view illustrating an example display module according to
another embodiment;

FIG. 5 is a sectional view illustrating an example display module according to
another embodiment;

FIG. 6 is a sectional view illustrating an example display module according to
another embodiment;

FIGS. 7a and 7b are sectional views illustrating an example display module
according to another embodiment;

FIG. 8 is a sectional view illustrating an example display module according to
another embodiment;

FIG. 9 is a front view illustrating an example display module according to various
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embodiments;

FIG. 10a is a sectional view illustrating an example display module according to
another embodiment;

FIG. 10b is a front view illustrating the example display module according to the
other embodiment;

FIG. 11ais a sectional view illustrating an example display module according to
another embodiment;

FIG. 11b is a front view illustrating an example display module according to another
embodiment;

FIG. 12 is a sectional view illustrating an example display module according to an
embodiment;

FIGS. 13a and 13b are sectional views illustrating an example display module
according to another embodiment;

FIG. 14 is a front view illustrating an example display device according to an em-
bodiment; and

FIGS. 15a and 15b are sectional views illustrating an example display device
according to an embodiment.

With regard to the description of the drawings, identical or similar reference
numerals may be used to refer to identical or similar components.

Mode for the Invention

Hereinafter, various example embodiments of the disclosure will be described with
reference to the accompanying drawings. However, those of ordinary skill in the art
will recognize that various modifications, equivalents, and/or alternatives on the
various example embodiments described herein can be variously made without
departing from the scope and spirit of the disclosure.

Fig. 1 is a block diagram illustrating an example electronic device 101 in a network
environment 100 according to various embodiments. Referring to Fig. 1, the electronic
device 101 in the network environment 100 may communicate with an electronic
device 102 via a first network 198 (e.g., a short-range wireless communication
network), or an electronic device 104 or a server 108 via a second network 199 (e.g., a
long-range wireless communication network). According to an embodiment, the
electronic device 101 may communicate with the electronic device 104 via the server
108. According to an embodiment, the electronic device 101 may include a processor
120, a memory 130, an input device 150, a sound output device 155, a display device
160, an audio module 170, a sensor module 176, an interface 177, a haptic module
179, a camera module 180, a power management module 188, a battery 189, a commu-

nication module 190, a subscriber identification module (SIM) 196, or an antenna
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module 197. In some embodiments, at least one (e.g., the display device 160 or the
camera module 180) of the components may be omitted from the electronic device
101, or one or more other components may be added in the electronic device 101. In
some embodiments, some of the components may be implemented as single integrated
circuitry. For example, the sensor module 176 (e.g., a fingerprint sensor, an iris sensor,
or an illuminance sensor) may be implemented as embedded in the display device 160
(e.g., a display).

The processor 120 may execute, for example, software (e.g., a program 140) to
control at least one other component (e.g., a hardware or software component) of the
electronic device 101 coupled with the processor 120, and may perform various data
processing or computation. According to an example embodiment, as at least part of
the data processing or computation, the processor 120 may load a command or data
received from another component (e.g., the sensor module 176 or the communication
module 190) in volatile memory 132, process the command or the data stored in the
volatile memory 132, and store resulting data in non-volatile memory 134. According
to an embodiment, the processor 120 may include a main processor 121 (e.g., a central
processing unit (CPU) or an application processor (AP)), and an auxiliary processor
123 (e.g., a graphics processing unit (GPU), an image signal processor (ISP), a sensor
hub processor, or a communication processor (CP)) that is operable independently
from, or in conjunction with, the main processor 121. Additionally or alternatively, the
auxiliary processor 123 may be adapted to consume less power than the main
processor 121, or to be specific to a specified function. The auxiliary processor 123
may be implemented as separate from, or as part of the main processor 121.

The auxiliary processor 123 may control at least some of functions or states related to
at least one component (e.g., the display device 160, the sensor module 176, or the
communication module 890) among the components of the electronic device 101,
instead of the main processor 121 while the main processor 121 is in an inactive (e.g.,
sleep) state, or together with the main processor 121 while the main processor 121 is in
an active state (e.g., executing an application). According to an embodiment, the
auxiliary processor 123 (e.g., an image signal processor or a communication processor)
may be implemented as part of another component (e.g., the camera module 180 or the
communication module 190) functionally related to the auxiliary processor 123.

The memory 130 may store various data used by at least one component (e.g., the
processor 120 or the sensor module 176) of the electronic device 101. The various data
may include, for example, software (e.g., the program 140) and input data or output
data for a command related thereto. The memory 130 may include the volatile memory
132 or the non-volatile memory 134.

The program 840 may be stored in the memory 130 as software, and may include, for
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example, an operating system (OS) 842, middleware 844, or an application 146.

The input device 150 may receive a command or data to be used by other component
(e.g., the processor 120) of the electronic device 101, from the outside (e.g., a user) of
the electronic device 101. The input device 150 may include, for example, a mi-
crophone, a mouse, a keyboard, or a digital pen (e.g., a stylus pen).

The sound output device 155 may output sound signals to the outside of the
electronic device 101. The sound output device 155 may include, for example, a
speaker or a receiver. The speaker may be used for general purposes, such as playing
multimedia or playing record, and the receiver may be used for an incoming calls.
According to an embodiment, the receiver may be implemented as separate from, or as
part of the speaker.

The display device 160 may visually provide information to the outside (e.g., a user)
of the electronic device 101. The display device 160 may include, for example, a
display, a hologram device, or a projector and control circuitry to control a corre-
sponding one of the display, hologram device, and projector. According to an em-
bodiment, the display device 160 may include touch circuitry adapted to detect a touch,
or sensor circuitry (e.g., a pressure sensor) adapted to measure the intensity of force
incurred by the touch.

The audio module 170 may convert a sound into an electrical signal and vice versa.
According to an embodiment, the audio module 170 may obtain the sound via the input
device 150, or output the sound via the sound output device 155 or a headphone of an
external electronic device (e.g., an electronic device 102) directly (e.g., wiredly) or
wirelessly coupled with the electronic device 101.

The sensor module 176 may detect an operational state (e.g., power or temperature)
of the electronic device 101 or an environmental state (e.g., a state of a user) external
to the electronic device 101, and then generate an electrical signal or data value corre-
sponding to the detected state. According to an embodiment, the sensor module 176
may include, for example, a gesture sensor, a gyro sensor, an atmospheric pressure
sensor, a magnetic sensor, an acceleration sensor, a grip sensor, a proximity sensor, a
color sensor, an infrared (IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an illuminance sensor.

The interface 177 may support one or more specified protocols to be used for the
electronic device 101 to be coupled with the external electronic device (e.g., the
electronic device 102) directly (e.g., wiredly) or wirelessly. According to an em-
bodiment, the interface 177 may include, for example, a high definition multimedia
interface (HDMI), a universal serial bus (USB) interface, a secure digital (SD) card
interface, or an audio interface.

A connecting terminal 178 may include a connector via which the electronic device
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101 may be physically connected with the external electronic device (e.g., the
electronic device 102). According to an embodiment, the connecting terminal 178 may
include, for example, a HDMI connector, a USB connector, a SD card connector, or an
audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal into a mechanical stimulus
(e.g., a vibration or a movement) or electrical stimulus which may be recognized by a
user via his tactile sensation or kinesthetic sensation. According to an embodiment, the
haptic module 179 may include, for example, a motor, a piezoelectric element, or an
electric stimulator.

The camera module 180 may capture a still image or moving images. According to
an embodiment, the camera module 180 may include one or more lenses, image
sensors, image signal processors, or flashes.

The power management module 188 may manage power supplied to the electronic
device 101. According to an example embodiment, the power management module
188 may be implemented as at least part of, for example, a power management in-
tegrated circuit (PMIC).

The battery 189 may supply power to at least one component of the electronic device
101. According to an embodiment, the battery 189 may include, for example, a
primary cell which is not rechargeable, a secondary cell which is rechargeable, or a
fuel cell.

The communication module 190 may support establishing a direct (e.g., wired) com-
munication channel or a wireless communication channel between the electronic
device 101 and the external electronic device (e.g., the electronic device 102, the
electronic device 104, or the server 108) and performing communication via the es-
tablished communication channel. The communication module 190 may include one or
more communication processors that are operable independently from the processor
120 (e.g., the application processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an embodiment, the commu-
nication module 190 may include a wireless communication module 192 (e.g., a
cellular communication module, a short-range wireless communication module, or a
global navigation satellite system (GNSS) communication module) or a wired commu-
nication module 194 (e.g., a local area network (LAN) communication module or a
power line communication (PLC) module). A corresponding one of these commu-
nication modules may communicate with the external electronic device via the first
network 198 (e.g., a short-range communication network, such as Bluetooth#],
wireless-fidelity (Wi-Fi) direct, or infrared data association (IrDA)) or the second
network 199 (e.g., a long-range communication network, such as a cellular network,

the Internet, or a computer network (e.g., LAN or wide area network (WAN)). These
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various types of communication modules may be implemented as a single component
(e.g., a single chip), or may be implemented as multi components (e.g., multi chips)
separate from each other. The wireless communication module 192 may identify and
authenticate the electronic device 101 in a communication network, such as the first
network 198 or the second network 199, using subscriber information (e.g., inter-
national mobile subscriber identity (IMSI)) stored in the subscriber identification
module 196.

The antenna module 197 may transmit or receive a signal or power to or from the
outside (e.g., the external electronic device) of the electronic device 101. According to
an embodiment, the antenna module 197 may include an antenna including a radiating
element composed of a conductive material or a conductive pattern formed in or on a
substrate (e.g., PCB). According to an embodiment, the antenna module 897 may
include a plurality of antennas. In such a case, at least one antenna appropriate for a
communication scheme used in the communication network, such as the first network
198 or the second network 199, may be selected, for example, by the communication
module 190 (e.g., the wireless communication module 192) from the plurality of
antennas. The signal or the power may then be transmitted or received between the
communication module 190 and the external electronic device via the selected at least
one antenna. According to an embodiment, another component (e.g., a radio frequency
integrated circuit (RFIC)) other than the radiating element may be additionally formed
as part of the antenna module 197.

At least some of the above-described components may be coupled mutually and com-
municate signals (e.g., commands or data) therebetween via an inter-peripheral com-
munication scheme (e.g., a bus, general purpose input and output (GPI1O), serial pe-
ripheral interface (SPI), or mobile industry processor interface (MIPI)).

According to an embodiment, commands or data may be transmitted or received
between the electronic device 101 and the external electronic device 104 via the server
108 coupled with the second network 199. Each of the electronic devices 102 and 104
may be a device of a same type as, or a different type, from the electronic device 101.
According to an embodiment, all or some of operations to be executed at the electronic
device 101 may be executed at one or more of the external electronic devices 102, 104,
or 108. For example, if the electronic device 101 should perform a function or a
service automatically, or in response to a request from a user or another device, the
electronic device 101, instead of, or in addition to, executing the function or the
service, may request the one or more external electronic devices to perform at least
part of the function or the service. The one or more external electronic devices
receiving the request may perform the at least part of the function or the service

requested, or an additional function or an additional service related to the request, and
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transfer an outcome of the performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further processing of the
outcome, as at least part of a reply to the request. To that end, a cloud computing, dis-
tributed computing, or client-server computing technology may be used, for example.

Fig. 2 is a block diagram 200 illustrating an example display device 160 according to
various embodiments. Referring to Fig. 2, the display device 160 may include a display
210 and a display driver integrated circuit (DDI) 230 to control the display 210. The
DDI 230 may include an interface module 231, memory 233 (e.g., buffer memory), an
image processing module 235, or a mapping module 237. The DDI 230 may receive
image information that contains image data or an image control signal corresponding
to a command to control the image data from another component of the electronic
device 101 via the interface module 231. For example, according to an embodiment,
the image information may be received from the processor 120 (e.g., the main
processor 121 (e.g., an application processor)) or the auxiliary processor 123 (e.g., a
graphics processing unit) operated independently from the function of the main
processor 121. The DDI 230 may communicate, for example, with touch circuitry 250
or the sensor module 176 via the interface module 231. The DDI 230 may also store at
least part of the received image information in the memory 233, for example, on a
frame by frame basis.

The image processing module 235 may perform pre-processing or post-processing
(e.g., adjustment of resolution, brightness, or size) with respect to at least part of the
image data. According to an embodiment, the pre-processing or post-processing may
be performed, for example, based at least in part on one or more characteristics of the
image data or one or more characteristics of the display 210.

The mapping module 237 may generate a voltage value or a current value corre-
sponding to the image data pre-processed or post-processed by the image processing
module 235. According to an embodiment, the generating of the voltage value or
current value may be performed, for example, based at least in part on one or more at-
tributes of the pixels (e.g., an array, such as an RGB stripe or a pentile structure, of the
pixels, or the size of each sub-pixel). At least some pixels of the display 210 may be
driven, for example, based at least in part on the voltage value or the current value such
that visual information (e.g., a text, an image, or an icon) corresponding to the image
data may be displayed via the display 210.

According to an embodiment, the display device 160 may further include the touch
circuitry 250. The touch circuitry 250 may include a touch sensor 251 and a touch
sensor IC 253 to control the touch sensor 951. The touch sensor IC 253 may control
the touch sensor 251 to sense a touch input or a hovering input with respect to a certain

position on the display 210. To achieve this, for example, the touch sensor 251 may
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detect (e.g., measure) a change in a signal (e.g., a voltage, a quantity of light, a re-
sistance, or a quantity of one or more electric charges) corresponding to the certain
position on the display 210. The touch circuitry 250 may provide input information
(e.g., a position, an area, a pressure, or a time) indicative of the touch input or the
hovering input detected via the touch sensor 251 to the processor 120. According to an
embodiment, at least part (e.g., the touch sensor IC 253) of the touch circuitry 250 may
be formed as part of the display 210 or the DDI 230, or as part of another component
(e.g., the auxiliary processor 123) disposed outside the display device 160.

According to an embodiment, the display device 160 may further include at least one
sensor (e.g., a fingerprint sensor, an iris sensor, a pressure sensor, or an illuminance
sensor) of the sensor module 176 or a control circuit for the at least one sensor. In such
a case, the at least one sensor or the control circuit for the at least one sensor may be
embedded in one portion of a component (e.g., the display 210, the DDI 230, or the
touch circuitry 250)) of the display device 160. For example, when the sensor module
176 embedded in the display device 160 includes a biometric sensor (e.g., a fingerprint
sensor), the biometric sensor may obtain biometric information (e.g., a fingerprint
image) corresponding to a touch input received via a portion of the display 210. As
another example, when the sensor module 176 embedded in the display device 160
includes a pressure sensor, the pressure sensor may obtain pressure information corre-
sponding to a touch input received via a partial or whole area of the display 210.
According to an embodiment, the touch sensor 251 or the sensor module 176 may be
disposed between pixels in a pixel layer of the display 210, or over or under the pixel
layer.

FIG. 3 is a sectional view illustrating an example display module 300 according to an
embodiment. The display module 300 may include a substrate 310, a connecting
member (e.g., including a conductive material) 320, a plurality of inorganic light
emitting elements (e.g., including light emitting circuitry, such as, for example, a light
emitting diode) 330, and a light blocking member (e.g., including an opaque material)
340. In the following drawings, a front side of the display module 300 faces a Z-axis
direction, lateral sides of the display module 300 face an X-axis or Y-axis direction,
and the Z-axis direction is directed upward.

In an embodiment, the substrate 310 may include a plurality of interconnection wires.
The plurality of interconnection wires arranged on the substrate 310 may be connected
to at least one inorganic light emitting element among the plurality of inorganic light
emitting elements 330 to supply current.

In an embodiment, the substrate 310 may include a support substrate 311 and a thin
film transistor (hereinafter, referred to as TFT) substrate 312.

In an embodiment, the support substrate 311 may form one side of the display
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module 300. For example, the support substrate 311 may form a rear side of the
display module 300. The support substrate 311 may, for example, and without
limitation, be comprise glass or plastic. The support substrate 311 may maintain the
shape of the display module 300 and may protect the display module 300 from an
external impact.

In an embodiment, the TFT substrate 312 may be disposed on one side of the support
substrate 311. For example, the TFT substrate 312 may be disposed on an upper side of
the support substrate 311. The TFT substrate 312 may include a plurality of electrodes
connected with the display driver IC 230 (see, e.g., FIG. 2). The TFT substrate 312
may include, on an upper side thereof, a plurality of pads electrically connected with at
least one inorganic light emitting element among the plurality of inorganic light
emitting elements 330. The plurality of pads may be conductive. For example, the
plurality of pads may be a plurality of metal pads. The TFT substrate 312 may include
a plurality of interconnection wires connected with the plurality of electrodes and/or
the plurality of pads.

In an embodiment, the connecting member 320 may be disposed on one side of the
substrate 310. For example, the connecting member 320 may be disposed on (the term
"on" as used herein covers both directly on and indirectly on, and thus the term "on" is
not limited to being directly on or contacting) the upper side of the TFT substrate 312.

In an embodiment, the connecting member 320 may have the plurality of inorganic
light emitting elements 330 mounted in preset positions on the connecting member
320. The connecting member 320 may fix the plurality of inorganic light emitting
elements 330. The connecting member 320 may serve to hold the plurality of inorganic
light emitting elements 330 in place on the connecting member 320.

In an embodiment, the connecting member 320 may electrically connect each of the
plurality of inorganic light emitting elements 330 with at least one interconnection wire
among the plurality of interconnection wires. The connecting member 320 may
connect the plurality of inorganic light emitting elements 330 with the plurality of
electrodes and/or the plurality of pads of the TFT substrate 312. For example, the
connecting member 320 may include an anisotropic conductive film (hereinafter,
referred to as ACF). In this case, the ACF may be attached to at least part of an
emissive area on an upper side of the substrate 310. The ACF may be attached to the
entire upper side of the substrate 310.

In an embodiment, the plurality of inorganic light emitting elements 330 may be
arranged on the connecting member 320. The plurality of inorganic light emitting
elements 330 may be connected with the plurality of interconnection wires included in
the substrate 310. The plurality of inorganic light emitting elements 330 may be
connected with the plurality of electrodes and/or the plurality of pads included in the
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TFT substrate 312. The plurality of inorganic light emitting elements 330 may be
supplied with current and may emit light having specified colors. For example, the
plurality of inorganic light emitting elements 330 may include a red light element 331
that emits red light and a green light element 332 that emits green light. The plurality
of inorganic light emitting elements 330 may emit light by themselves using inorganic
materials. For example, each of the plurality of inorganic light emitting elements 330
may be a micro light emitting diode (mLED).

In an embodiment, the display module 300 having mLEDs applied thereto may refer,
for example, to a display module 300 including densely arranged micrometer
(mm)-scale LEDs having, for example, and without limitation, an area less than about
0.01 times to about 0.1 times the area of a light emitting diode chip (LED chip) and
may be too small to be identified with eyes. The mLEDs have high response speed,
consume low power, and have high luminance. The mLEDs are capable of im-
plementing high resolution and excellent color, contrast, and brightness.

In an embodiment, the mLEDs may accurately represent a wide range of colors and
may implement a clear screen even outdoors in bright sunlight. Furthermore, the
mLEDs may ensure a long service life without deformation due to high resistance to
burn-in and low heat. The mLEDs are appropriate for a virtual reality (VR) or
augmented reality (AR) display module, which has to display rapidly changing images,
because the mLEDs are capable of rapidly changing colors in nanoseconds. For
example, the mLEDs may be used in a display module, such as, for example, and
without limitation, a light, a bio-contact lens, a medical patch, a medical field, a
wearable display, a camera module, a head up display (HUD), or the like, for which
low-power consumption, down-sizing, and light weight are preferred.

In an embodiment, a portion of each of the plurality of inorganic light emitting
elements 330 may pass through a portion of the connecting member 320 and may be
spaced apart from the substrate 310. Lower portions of the plurality of inorganic light
emitting elements 330 may be surrounded by the connecting member 320. Upper
portions of the plurality of inorganic light emitting elements 330 may be exposed. For
example, in the case where the connecting member 320 has a thickness of not less than
about 5 mm and not more than about 10 mm in the Z-axis direction and the plurality of
inorganic light emitting elements 330 have a length of not less than about 4 mm and
not more than about 5 mm in the Z-axis direction, the plurality of inorganic light
emitting elements 330 may pass through the connecting member 320 by a distance of
not less than about 3 mm and nor more than about 4 mm in a lower direction and may
be exposed upwards by a distance of not less than about 1 mm and not more than about
2 mm. The plurality of inorganic light emitting elements 330 may be attached to the

connecting member 320 by, for example, being pressed in the Z-axis direction after
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aligned in preset positions on the connecting member 320.

In an embodiment, the light blocking member 340 may include, for example, an
opaque (or substantially opaque) material and be disposed on a region other than the
regions where the plurality of inorganic light emitting elements 330 are disposed. The
light blocking member 340 may prevent and/or reduce the mixture of light emitted
from different pixels among the plurality of inorganic light emitting elements 330. For
example, the light blocking member 340 may prevent and/or reduced the mixture of
red light emitted from the red light element 331 and green light emitted from the green
light element 332 of adjacent pixels among the plurality of inorganic light emitting
elements 330.

In an embodiment, the light blocking member 340 may include a black matrix
(hereinafter, referred to as BM). The BM may represent a black gradation or a black
color between a pixel and a pixel or between the plurality of inorganic light emitting
elements 330. The light blocking member 340 including the BM may increase the
contrast ratio (hereinafter, referred to as CR) of the display module 300.

In an embodiment, the light blocking member 340 may be patterned and disposed so
as not to overlap the plurality of inorganic light emitting elements 330. For example,
the light blocking member 340 may be applied, for example, and without limitation, by
a jetting method using a jetting head, a printing method using a printing apparatus, or
the like. The light blocking member 340 may, for example, be formed by applying
black ink to the connecting member 320.

In an embodiment, the light blocking member 340 may be spaced apart from the
substrate 310 and disposed on the connecting member 320. For example, the light
blocking member 340 may be disposed on an upper side of the connecting member
320. The light blocking member 340 may be disposed on at least one side of the
plurality of inorganic light emitting elements 330. The light blocking member 340 and
the TFT substrate 312 may be spaced apart from each other by a specified distance in
the Z-axis direction by the thickness of the connecting member 320.

In an embodiment, the light blocking member 340 may be spaced apart from the
plurality of inorganic light emitting elements 330. The light blocking member 340
including the BM may block light emitted from the plurality of inorganic light emitting
elements 330 to prevent and/or reduce the light from passing though the light blocking
member 340. In the case where the light blocking member 340 including the BM is in
contact with lateral sides of the plurality of inorganic light emitting elements 330, the
light blocking member 340 may block light emitted from the lateral sides of the
plurality of inorganic light emitting elements 330, and therefore the viewing angle of
the display module 300 may be reduced. The light blocking member 340 may be
laterally spaced apart from the plurality of inorganic light emitting elements 330 by a
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specified distance. For example, the BM may be applied so as not to make contact with
the plurality of inorganic light emitting elements 330, for example, according to
settings of the jetting head.

FIG. 4 is a sectional view illustrating an example display module 400 according to an
embodiment. The display module 400 may include a substrate 310, a connecting
member (e.g., including a conductive material) 320, a plurality of inorganic light
emitting elements (e.g., including light emitting circuitry, for example, a light emitting
diode) 330, and a transparent layer (e.g., including a transparent material) 410. The
substrate 310, the connecting member 320, and the plurality of inorganic light emitting
elements 330 of FIG. 4 may be components substantially identical to or similar to the
substrate 310, the connecting member 320, and the plurality of inorganic light emitting
elements 330 described above in relation to FIG. 3. Descriptions of the identical
components may not be repeated here.

In an embodiment, the transparent layer 410 may be disposed on the connecting
member 320 and the plurality of inorganic light emitting elements 330. For example,
the transparent layer 410 may be disposed on an upper side of the connecting member
320 and upper sides of the plurality of inorganic light emitting elements 330. The
transparent layer 410 may include a polymer compound with excellent light trans-
mittance. For example, the transparent layer 410 may comprise, for example, and
without limitation, a clear resin, an optical clear resin (hereinafter, referred to as OCR),
or the like. The OCR may enhance luminance and may be cured by ultraviolet (UV)
light. The OCR may have an adhesive force, and therefore an additional protective
layer may be disposed on the transparent layer 410.

In an embodiment, the connecting member 320 may include a conductive material
for electrically connecting the plurality of inorganic light emitting elements 330 with a
plurality of interconnection wires included in the substrate 310. The surface of the
connecting member 320 may include a bumpy structure of the conductive material.
The upper side of the connecting member 320 may not be smooth like a mirror, and
therefore light emitted from the plurality of inorganic light emitting elements 330 may
be diffusely reflected, which may lead to a decrease in the transparency of the display
module 400. The transparency of the display module 400 may be increased by
applying the transparent layer 410 to the upper side of the connecting member 320. In
the case of increasing the transparency of the display module 400, the color of the
substrate 310 covered with the connecting member 320 may appear to be dark, and
thus the CR of the display module 400 may be improved.

FIG. 5 is a sectional view illustrating an example display module 500 according to an
embodiment. The display module 500 may include a substrate 310, a connecting

member (e.g., including a conductive material) 320, a plurality of inorganic light
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emitting elements (e.g., including light emitting circuitry, for example, a light emitting
diode) 330, a light blocking member (e.g., including an opaque material) 340, and a
transparent layer (e.g., including a transparent material) 410. The substrate 310, the
connecting member 320, the plurality of inorganic light emitting elements 330, and the
light blocking member 340 of FIG. 5 may be components substantially identical to or
similar to the substrate 310, the connecting member 320, the plurality of inorganic
light emitting elements 330, and the light blocking member 340 described above in
relation to FIG. 3. Furthermore, the transparent layer 410 of FIG. 5 may be a
component substantially identical to or similar to the transparent layer 410 described
above in relation to FIG. 4.

In an embodiment, the transparent layer 410 may be disposed on the plurality of
inorganic light emitting elements 330 and the light blocking member 340. For
example, the transparent layer 410 may be disposed on upper sides of the plurality of
inorganic light emitting elements 330 and an upper side of the light blocking member
340. The transparent layer 410 may be integrally formed with an upper portion of the
connecting member 320, upper portions of the plurality of inorganic light emitting
elements 330, and an upper portion of the light blocking member 340.

In an embodiment, the light blocking member 340 may be applied between the
plurality of inorganic light emitting elements 330. The transparent layer 410 may be
applied all over the surface. The transparent layer 410 may include a material having
no repulsive force on the light blocking member 340. In the case of applying both the
light blocking member 340 and the transparent layer 410 to the display module 500,
the CR of the display module 500 may be further improved.

FIG. 6 is a sectional view illustrating an example display module 600 according to
another embodiment. The display module 600 may include a substrate 310, a
connecting member (e.g., including a conductive material) 320, a plurality of inorganic
light emitting elements (e.g., including light emitting circuitry, for example, a light
emitting diode) 330, a transparent layer (e.g., including a transparent material) 410,
and a light blocking member (e.g., including an opaque material) 610. The substrate
310, the connecting member 320, and the plurality of inorganic light emitting elements
330 of FIG. 6 may be components substantially identical to or similar to the substrate
310, the connecting member 320, and the plurality of inorganic light emitting elements
330 described above in relation to FIG. 3. Furthermore, the transparent layer 410 of
FIG. 6 may be a component substantially identical to or similar to the transparent layer
410 described above in relation to FIG. 4.

In an embodiment, the transparent layer 410 may be disposed on the connecting
member 320 and the plurality of inorganic light emitting elements 330, and the light

blocking member 610 may be disposed on the transparent layer 410. For example, the
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light blocking member 610 may be disposed on an upper side of the transparent layer
410. The light blocking member 610 may be disposed so as not to overlap the plurality
of inorganic light emitting elements 330. The light blocking member 610 may include
a material having no repulsive force on the transparent layer 410.

In an embodiment, the transparent layer 410 may be applied all over the surface. The
light blocking member 610 may be applied to a region of the upper side of the
transparent layer 410 that does not overlap the regions where the plurality of inorganic
light emitting elements 330 are disposed, with respect to the Z-axis direction. In the
case where the transparent layer 410 is applied all over the surface and the light
blocking member 610 is applied, the light blocking member 610 may be prevented
from and/or avoid invading lateral sides or upper sides of the plurality of inorganic
light emitting elements 330 when applied.

In an embodiment, in the case where the light blocking member 610 is disposed on
the upper side of the transparent layer 410, a coating layer may be disposed on the
upper side of the transparent layer 410. The coating layer may be configured such that
the light blocking member 610 is removable from the transparent layer 410. In the case
where an error in alignment occurs while the light blocking member 340 is applied
between the plurality of inorganic light emitting elements 330, re-work to apply the
light blocking member 340 again is impossible due to damage to the plurality of
inorganic light emitting elements 330. In the case where the coating layer is disposed
on the upper side of the transparent layer 410, re-working of the light blocking member
610 may be easy when an error in alignment of the light blocking member 610 occurs.

FIGS. 7a and 7b are sectional views illustrating an example display module 700
according to another embodiment. The display module 700 may include a substrate
310, a connecting member (e.g., including a conductive material) 320, a plurality of
inorganic light emitting elements (e.g., including light emitting circuitry, for example,
a light emitting diode) 330, a light blocking member (e.g., including an opaque
material) 340, and a first transparent pattern (e.g., including a transparent material)
710. The substrate 310, the connecting member 320, the plurality of inorganic light
emitting elements 330, and the light blocking member 340 of FIGS. 7a and 7b may be
components substantially identical to or similar to the substrate 310, the connecting
member 320, the plurality of inorganic light emitting elements 330, and the light
blocking member 340 described above in relation to FIG. 3.

In an embodiment, the first transparent pattern 710 may be disposed on the plurality
of inorganic light emitting elements 330. For example, the first transparent pattern 710
may be disposed to surround upper sides and parts of lateral sides of the plurality of
inorganic light emitting elements 330. The first transparent pattern 710 may be

disposed on a region other than the region where the light blocking member 340 is
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disposed. The first transparent pattern 710 may include, for example, a polymer
compound with excellent light transmittance. For example, the first transparent pattern
710 may be formed of a clear resin, or the like, but is not limited thereto. The first
transparent pattern 710 may be partly applied to the upper sides of the plurality of
inorganic light emitting elements 330. For example, the first transparent pattern 710
may be applied by a jetting method using a jetting head or a printing method using, for
example, a printing apparatus, or the like, but the disclosure is not limited thereto.

In an embodiment, in the case of disposing the first transparent pattern 710 on the
plurality of inorganic light emitting elements 330, the light blocking member 340 may
be spaced apart from the plurality of inorganic light emitting elements 330. The first
transparent pattern 710 and the light blocking member 340 may make contact with
each other because the light blocking member 340 and the plurality of inorganic light
emitting elements 330 are spaced apart from each other by the first transparent pattern
710. However, without being limited thereto, the first transparent pattern 710 and the
light blocking member 340 may be spaced apart from each other within a range
satisfying a specified CR.

In an embodiment, the first transparent pattern 710 may adjust a patterned unit size to
satisfy the specified CR and increase the degree of freedom in manufacturing or
design.

For example, as illustrated in FIG. 7a, the first transparent pattern 710 may be formed
on the plurality of inorganic light emitting elements 330 forming one pixel. In this
case, upper portions of a red light element 331 and a green light element 332 that form
one pixel may be covered with one first transparent pattern 710.

In another example, as illustrated in FIG. 7b, the first transparent pattern 710 may be
formed on an element-by-element basis. In this example, one first transparent pattern
710 may cover the red light element 331, and another first transparent pattern 710 may
cover the upper portion of the green light element 332. The first transparent patterns
710 may be separately formed to cover the upper portions of the inorganic light
emitting elements 331 and 332 forming one pixel (the term "cover" as used herein may
refer, for example, to overlapping when viewed from a normal viewing direction, e.g.,
Z+ direction).

In an embodiment, the light blocking member 340 and the first transparent pattern
710 may have repulsive forces therebetween. A repellent liquid characteristic may be
formed between the light blocking member 340 and the first transparent pattern 710.
Because the viewing angle is reduced in the case where the light blocking member 340
spreads along a lateral side of the first transparent pattern 710, it is advantageous that
the repellent liquid characteristic between the light blocking member 340 and the first

transparent pattern 710 increases. FIGS. 7a and 7b illustrate a case in which the first
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transparent pattern 710 is in an island shape and the first transparent pattern 710 and
the light blocking member 340 have a complete repellent liquid characteristic. In the
case where the first transparent pattern 710 and the light blocking member 340 have
the complete repellent liquid characteristic, the light blocking member 340 may be
more assuredly prevented from and/or avoid invading the first transparent pattern 710
or making contact with the plurality of inorganic light emitting elements 330 when the
light blocking member 340 is applied after the first transparent pattern 710.

In an embodiment, the first transparent pattern 710 may be disposed on the plurality
of inorganic light emitting elements 330 to prevent and/or avoid the light blocking
member 340 from invading the lateral sides or the upper sides of the plurality of
inorganic light emitting elements 330. Furthermore, by disposing the first transparent
pattern 710 on a region other than the region where the light blocking member 340 is
disposed, the height of the upper side of the light blocking member 340 may be
lowered, and thus the viewing angle of the display module 700 may be more easily
ensured.

FIG. 8 is a sectional view illustrating an example display module 800 according to an
embodiment. The display module 800 may include a substrate 310, a connecting
member (e.g., including a conductive material) 320, a plurality of inorganic light
emitting elements (e.g., including light emitting circuitry, for example, a light emitting
diode) 330, a light blocking member (e.g., including an opaque material) 340, a first
transparent pattern (e.g., including a transparent material) 710, and a second
transparent pattern (e.g., including a transparent material) 720. The substrate 310, the
connecting member 320, the plurality of inorganic light emitting elements 330, and the
light blocking member 340 of FIG. 8 may be components substantially identical to or
similar to the substrate 310, the connecting member 320, the plurality of inorganic
light emitting elements 330, and the light blocking member 340 described above in
relation to FIG. 3. Furthermore, the first transparent pattern 710 of FIG. 8 may be a
component substantially identical to or similar to the first transparent pattern 710
described above in relation to FIGS. 7a and 7b.

In an embodiment, the second transparent pattern 720 may be disposed on the light
blocking member 340 and the first transparent pattern 710. For example, the second
transparent pattern 720 may be disposed to surround an upper side of the light blocking
member 340 and an upper portion of the first transparent pattern 710. The second
transparent pattern 720 may include, for example, a polymer compound with excellent
light transmittance. For example, the second transparent pattern 720 may be formed of
a clear resin, or the like, but is not limited thereto.

In an embodiment, the second transparent pattern 720 may uniformly cover an upper

side of the connecting member 320. The second transparent pattern 720 may include a
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material having no repulsive force on the light blocking member 340 and the first
transparent pattern 710. After the first transparent pattern 710 is partly applied to upper
portions of the plurality of inorganic light emitting elements 330, the light blocking
member 340 may be applied to a region other than the regions where the plurality of
inorganic light emitting elements 330 are disposed, and the second transparent pattern
720 may be applied to the entire upper side.

In an embodiment, in the case of uniformly covering the entire upper side of the
connecting member 320 with the second transparent pattern 720, depressions generated
on the upper side of the connecting member 320 by the light blocking member 340 and
the first transparent pattern 710 may be flattened. Accordingly, a change in light
emitting characteristics by the convex shape of the first transparent pattern 710 may be
compensated for.

FIG. 9 is a front view illustrating an example display module 900 according to
various embodiments. The display module 900 may include a connecting member
(e.g., including a conductive material) 320, a plurality of inorganic light emitting
elements (e.g., including light emitting circuitry, for example, a light emitting diode)
330, and a light blocking member (e.g., including an opaque material) 340. The
connecting member 320, the plurality of inorganic light emitting elements 330, and the
light blocking member 340 of FIG. 9 may be components substantially identical to or
similar to the connecting member 320, the plurality of inorganic light emitting
elements 330, and the light blocking member 340 described above in relation to FIG.
3.

In an embodiment, the plurality of inorganic light emitting elements 330 may be
grouped and arranged by pixels. The plurality of inorganic light emitting elements 330
may be continuously arranged in all directions on the XY plane. The plurality of
inorganic light emitting elements 330 may each include a red light element 331 that
emits red light, a green light element 332 that emits green light, and a blue light
element 333 that emits blue light. One pixel formed by the plurality of inorganic light
emitting elements 330 may include RGB sub-pixels.

In an embodiment, the plurality of inorganic light emitting elements 330 may be
arranged in a pentile structure. For example, the red light element 331, the green light
element 332, and the blue light element 333 may be disposed on a lower left side, a
lower right side, and an upper right side of one pixel with respect to the XY plane.
However, without being limited thereto, the red light element 331, the green light
element 332, and the blue light element 333 may be disposed in three positions among
an upper left side, a lower left side, an upper right side, and a lower right side of one
pixel.

In an embodiment, the connecting member 320 may be disposed on a substrate 310.
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The connecting member 320 may be uniformly formed on an upper side of the
substrate 310. The connecting member 320 may be implemented using an ACF. The
connecting member 320 may fix the plurality of inorganic light emitting elements 330
in specified positions. The connecting member 320 may supply current to the plurality
of inorganic light emitting elements 330.

In an embodiment, the light blocking member 340 may be disposed to distinguish
between the plurality of inorganic light emitting elements 330 by pixels. The light
blocking member 340 may be continuously arranged in all directions on the XY plane.
The light blocking member 340 may have a matrix structure on the XY plane. The
light blocking member 340 may have various forms as described above, depending on
the arrangement of the plurality of inorganic light emitting elements 330. For example,
in the case where no sub-pixel is disposed on an upper left side of one pixel with
respect to the XY plane, the light blocking member 340 may cover at least part of the
upper left side of the one pixel.

In an embodiment, a black gradation having a feeling of dark black or a low
brightness may be increased as the CR of the display module 900 increases. The black
gradation may be increased with an increase in the area of the light blocking member
340. In other words, a high black gradation may be represented as an aperture ratio
decreases. Accordingly, the light blocking member 340 may be disposed on a region
other than the regions where the plurality of inorganic light emitting elements 330 are
disposed. However, the viewing angle of the display module 900 may be reduced in
the case where the light blocking member 340 makes contact with the plurality of
inorganic light emitting elements 330. Therefore, the light blocking member 340 may
be disposed under the condition that the light blocking member 340 does not make
contact with the plurality of inorganic light emitting elements 330.

FIG. 10a is a sectional view illustrating an example display module 1000 according
to another embodiment. FIG. 10b is a front view illustrating the example display
module 1000 according to the other embodiment. The display module 1000 may
include a substrate 310, a connecting member (e.g., including a conductive material)
320, a plurality of inorganic light emitting elements (e.g., including light emitting
circuitry, for example, a light emitting diode) 330, and a light blocking member (e.g.,
including an opaque material) 340. The substrate 310, the connecting member 320, the
plurality of inorganic light emitting elements 330, and the light blocking member 340
of FIG. 10a may be components substantially identical to or similar to the substrate
310, the connecting member 320, the plurality of inorganic light emitting elements
330, and the light blocking member 340 described above in relation to FIG. 3.

In an embodiment, the light blocking member 340 may be disposed between the

plurality of inorganic light emitting elements 330 forming one pixel. For example, the
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light blocking member 340 may be additionally disposed between a red light element
331 and a green light element 332 that form one pixel.

In the case of additionally disposing the light blocking member 340 between the
plurality of inorganic light emitting elements 330 forming one pixel, the CR of the
display module 100 may be further improved.

FIG. 11ais a sectional view illustrating an example display module 1100 according
to another embodiment. The display module 1100 may include a substrate 310, a
connecting member (e.g., including a conductive material) 320, a plurality of inorganic
light emitting elements (e.g., including light emitting circuitry, for example, a light
emitting diode) 1010, and a light blocking member (e.g., including an opaque material)
340. The substrate 310, the connecting member 320, and the light blocking member
340 of FIG. 11a may be components substantially identical to or similar to the
substrate 310, the connecting member 320, and the light blocking member 340
described above in relation to FIG. 3.

In an embodiment, the plurality of inorganic light emitting elements 1010 may be
arranged on the connecting member 320. The plurality of inorganic light emitting
elements 1010 may include a red light element 1011 that emits red light, a green light
element 1012 that emits green light, and a blue light element 1013 that emits blue light.

In an embodiment, the red light element 1011, the green light element 1012, and the
blue light element 1013 included in the plurality of inorganic light emitting elements
1010 may implement RGB sub-pixels in one pixel.

In an embodiment, the plurality of inorganic light emitting elements 1010 may be
red, green, and blue semiconductor light emitting elements that form sub-pixels. For
example, the plurality of inorganic light emitting elements 1010 may be mLED
elements.

In an embodiment, the mLED elements may have a length and a width of not less
than about 1 mm and not more than about 100 mm. The mLED elements may, for
example, be manufactured by growing a thin film on a substrate, such as a sapphire
substrate or a silicon substrate, using an inorganic material such as aluminum (Al),
gallium (Ga), nitrogen (N), phosphor (P), arsenic (As), or indium (In).

In an embodiment, the plurality of inorganic light emitting elements 1010 may, for
example, and without limitation, have a lateral electrode structure, a vertical electrode
structure, a flip chip structure, or the like, according to a manufacturing process. The
lateral electrode structure may refer, for example, to a structure in which a cathode and
an anode are spaced apart from each other on a substrate without overlapping each
other. The vertical electrode structure may refer, for example, to a structure in which a
cathode and an anode are vertically superimposed on each other. The flip chip structure

may refer, for example, to a structure in which a chip is fused as it is, using an
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electrode pattern on a lower side of the chip without a separate connecting structure
such as a metal lead or wire. The flip chip structure may, for example, be referred to as
a leadless chip structure.

In an embodiment, in the lateral electrode structure and the vertical electrode
structure, a separate connecting structure is used to attach a semiconductor chip to a
circuit board. These structures may have a limitation in compactness and high density
integration of elements and may have low manufacturing efficiency, in particular, in
manufacturing medium and large displays. In the flip chip structure, a space required
for a separate connecting structure may be omitted because an electrode does not limit
an emissive area and no separate connecting structure is used in combining the
electrode with a substrate. Accordingly, the flip chip structure may be advantageous in
compactness, light weight, and high density integration of elements. Furthermore, the
flip chip structure may improve luminous efficiency and transfer process efficiency in
manufacturing a display device and hence is widely applied to a mLED field.

FIG. 11b is a front view illustrating a display module 1100 according to another em-
bodiment. The display module 1100 may include a connecting member (e.g., including
a conductive material) 320, a plurality of inorganic light emitting elements (e.g.,
including light emitting circuitry, for example, a light emitting diode) 1010, and a light
blocking member (e.g., including an opaque material) 340. The connecting member
320 and the light blocking member 340 of FIG. 11b may be components substantially
identical to or similar to the connecting member 320 and the light blocking member
340 described above in relation to FIG. 3. Furthermore, the plurality of inorganic light
emitting elements 1010 of FIG. 11b may be components substantially identical to or
similar to the plurality of inorganic light emitting elements 1010 described above in
relation to FIG. 11a.

In an embodiment, the plurality of inorganic light emitting elements 1010 may be
grouped and arranged by pixels. The plurality of inorganic light emitting elements
1010 may be arranged in an RGB stripe structure. The plurality of inorganic light
emitting elements 1010 forming one pixel may, for example, be arranged in a row. The
plurality of inorganic light emitting elements 1010 forming one pixel may be arranged
in arow in the X-axis direction or the Y-axis direction. For example, a red light
element 1011, a green light element 1012, and a blue light element 1013 may, for
example, be disposed on a left side, at the center, and on a right side of one pixel with
respect to the XY plane. However, without being limited thereto, the red light element
1011, the green light element 1012, or the blue light element 1013 may be disposed in
various sequences on a left side, at the center, and on a right side of one pixel. Fur-
thermore, the red light element 1011, the green light element 1012, or the blue light

element 1013 may be disposed on an upper side, at the center, and on a lower side of
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an embodiment. The display module 1200 may include a TFT substrate 312, a
connecting member (e.g., including a conductive material) 320, a plurality of inorganic
light emitting elements (e.g., including light emitting circuitry, for example, a light
emitting diode) 330, a light blocking member (e.g., including an opaque material) 340,
at least one interconnection wire 1210, a fixing member 1220, and a plurality of
conductive balls 1221. The TFT substrate 312, the plurality of inorganic light emitting
elements 330, and the light blocking member 340 of FIG. 12 may be components sub-
stantially identical to the TFT substrate 312, the plurality of inorganic light emitting
elements 330, and the light blocking member 340 described above in relation to FIG.
3.

In an embodiment, the plurality of inorganic light emitting elements 330 and the light
blocking member 340 are spaced apart in the X-axis direction. The plurality of
inorganic light emitting elements 330 and the light blocking member 340 do not
contact to each other. The gap G is the distance between the plurality of inorganic light
emitting elements 330 and the light blocking member 340 in the X-axis direction. The
gap G prevents or avoids light blocking member 340 blocking emitted light from the
plurality of inorganic light emitting elements 330. The distance of gap G is above 1xm.

In an embodiment, the connecting member 320 may be an ACF that includes the
fixing member 1220 for fixing the plurality of inorganic light emitting elements 330
and the plurality of conductive balls 1221 for electrically connecting the at least one in-
terconnection wire 1210 and the plurality of inorganic light emitting elements 330. The
fixing member 1220 is the modified ACF which is at the state having supporting
strength by adding pressure and/or heat to ACF. The material that comprises the fixing
member 1220 may be various types of resin. For example, the fixing member 1220
may be made of epoxy resin. The ACF may cause the plurality of conductive balls
1221 to be connected or pressed together in a region to which pressure is applied. The
ACF may form a current path, through which current flows, in the region to which the
pressure is applied.

In an embodiment, the at least one interconnection wire 1210 may be formed on the
TFT substrate 312. In an embodiment, the at least one interconnection wire 1210 may
be formed on an upper side of the TFT substrate 312. The at least one interconnection
wire 1210 may be connected with a plurality of electrodes and/or a plurality of pads
included in the TFT substrate 312.

In an embodiment, the plurality of inorganic light emitting elements 330 may be
disposed in specified positions by the fixing member 1220.

In an embodiment, the plurality of inorganic light emitting elements 330 may be
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disposed to pass through portions of the connecting member 320. The regions of the
connecting member 320 in which the plurality of inorganic light emitting elements 330
are disposed may be pressed. A current path may be formed in the regions where the
plurality of inorganic light emitting elements 330 are disposed. For example, a current
path may be formed in the Z-axis direction in the regions where the plurality of
inorganic light emitting elements 330 are disposed.

In an embodiment, the plurality of inorganic light emitting elements 330 and the at
least one interconnection wire 1210 may be electrically connected using the current
path. Accordingly, the plurality of electrodes and/or the plurality of pads included in
the TFT substrate 312 and the plurality of inorganic light emitting elements 330 may
be electrically connected through the at least one interconnection wire 1210 and the
current path. The plurality of inorganic light emitting elements 330 may emit light by
current supplied from the TFT substrate 312.

FIGS. 13a and 13b are sectional views illustrating an example display module 1300
according to another embodiment. The display module 1300 may include a support
substrate 311, a TFT substrate 312, a connecting member (e.g., including a conductive
material) 320, a plurality of inorganic light emitting elements (e.g., including light
emitting circuitry, for example, a light emitting diode) 330, a first transparent pattern
(e.g., including a transparent material) 710, and a light blocking member (e.g.,
including an opaque material) 1310. The support substrate 311, the TFT substrate 312,
the connecting member 320, and the plurality of inorganic light emitting elements 330
of FIGS. 13a and 13b may be components substantially identical to or similar to the
support substrate 311, the TFT substrate 312, the connecting member 320, and the
plurality of inorganic light emitting elements 330 described above in relation to FIG. 3.
Furthermore, the first transparent pattern 710 of FIGS. 13a and 13b may be a
component substantially identical to or similar to the first transparent pattern 710
described above in relation to FIGS. 7a and 7b.

In an embodiment, the light blocking member 1310 may be disposed to make contact
with the first transparent pattern 710. The light blocking member 1310 may make
contact with a lateral side of the first transparent pattern 710. The light blocking
member 1310 may be disposed to overlap the first transparent pattern 710 with respect
to the Z-axis direction. The light blocking member 1310 and the first transparent
pattern 710 may overlap each other when the degree of repellent liquid characteristic
between the first transparent pattern 710 and the light blocking member 1310 is low or
the light blocking member 1310 is abundantly applied. The light blocking member
1310 may be spaced apart from the plurality of inorganic light emitting elements 330
by the first transparent pattern 710.

In an embodiment, the light blocking member 1310 may be applied to a portion that
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is defined as the boundary of the first transparent pattern 710. In the case where the
light blocking member 1310 is applied to the portion that is defined as the boundary of
the first transparent pattern 710, the aperture ratio of the display module 1300 may be
decreased. The CR may be increased in the case of decreasing the aperture ratio of the
display module 1300.

In an embodiment, the light blocking member 1310 may be applied after the first
transparent pattern 710 is applied by, for example, a jetting method, but the disclosure
is not limited thereto. The light blocking member 1310 may, for example, be applied
by a jetting method, a spray method, or the like, but is not limited thereto. When the
light blocking member 1310 is applied, the first transparent pattern 710 may have a
shape to protect the plurality of inorganic light emitting elements 330 such that the
light blocking member 1310 does not make contact with the plurality of inorganic light
emitting elements 330. The light blocking member 1310, when applied, does not need
to be jetted in a pattern form. The light blocking member 1310 may be more easily
applied by a spray method, and the tact time of the display module 1300 may be
reduced.

In an embodiment, the thickness of the light blocking member 1310 on an upper side
may be much smaller than that of the light blocking member 1310 on a lateral side.
The light blocking member 1310, before cured, may flow down to a height lower than
the height of the first transparent pattern 710 with respect to the Z-axis direction. As 1il-
lustrated in FIG. 13a, the light blocking member 1310 may at least partly protrude
from the border between the light blocking member 1310 and the first transparent
pattern 710. However, the light blocking member 1310 is not disposed on an upper
portion of the first transparent pattern 710, and therefore the viewing angle of the
display module 1300 may be ensured.

In an embodiment, as illustrated in FIG. 13b, the light blocking member 1310 may
cover at least part of the upper portion of the first transparent pattern 710. The upper
portion of the first transparent pattern 710 may have a convex form, and therefore the
light blocking member 1310 may easily flow down to the edge. Accordingly, the light
blocking member 130 may be formed to be very thin on the upper portion of the first
transparent pattern 710. Furthermore, after the first transparent pattern 710 is formed, a
solvent used to form the first transparent pattern 710 may evaporate. A thin film may
be formed on an upper side of the first transparent pattern 710 when the solvent
evaporates. The thin film may cause the light blocking member 1310 to flow down.
Accordingly, the light blocking member 1310 may not hide light emitted from the
plurality of inorganic light emitting elements 330 even though a structure close to
wetting in which the light blocking member 1310 is formed to an emissive area is

formed.
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In an embodiment, the first transparent pattern 710 may be applied to be wider than
the emissive area. The light blocking member 1310 may be formed to be thick on the
lateral side of the first transparent pattern 710, and thus a high CR may be maintained
when the plurality of inorganic light emitting elements 330 are turned on. Furthermore,
most of light may pass because most of the light blocking member 1310 substantially
flows down from the upper side of the first transparent pattern 710 and the remaining
light blocking member 1310 is a very thin film. Accordingly, the viewing angle of the
display module 1300 may be ensured.

FIG. 14 is a front view illustrating an example display device 1400 according to an
embodiment.

In an embodiment, the display device 1400 may include one or more display modules
1410 and a connecting portion (e.g., a region between adjacent display modules) 1420.

In an embodiment, the display modules 1410 may include a substrate 310, a
connecting member 320, a plurality of inorganic light emitting elements 330, and a
light blocking member 340. The display modules 1410 may display a screen based on
image data. The connecting portion 1420 may be formed in the display device 1400
having a large display that cannot be formed by one display module 1410.

In an embodiment, the connecting portion 1420 may connect the one or more display
modules 1410. The display modules 1410 connected by the connecting portion 1420
may display one screen. The connecting portion 1420 may include, on a lateral side
thereof, a connecting member for connecting the one or more display modules 1410 or
a side coating member for preventing and/or reducing a gap between the display
modules 1410, which is formed in the connecting portion 1420, from being viewed
from the outside.

FIGS. 15a and 15b are sectional views illustrating an example display device 1500
according to an embodiment. The display device 1500 may include a substrate 310, a
connecting member (e.g., including a conductive material) 320, a plurality of inorganic
light emitting elements (e.g., including light emitting circuitry, for example, a light
emitting diode) 330, and a light blocking member (e.g., including an opaque material)
340. The substrate 310, the connecting member 320, the plurality of inorganic light
emitting elements 330, and the light blocking member 340 of FIGS. 15a and 15b may
be components substantially identical to or similar to the substrate 310, the connecting
member 320, the plurality of inorganic light emitting elements 330, and the light
blocking member 340 described above in relation to FIG. 3.

In an embodiment, the light blocking member 340 may be spaced apart from the
substrate 310 and disposed on a connecting portion (or region) 1420 and the
connecting member 320. The connecting portion 1420 may be formed in a structure in

which a hole is between display modules 1410. The connecting portion 1420 may be
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visible from the front of the display device 1500 in the case where light emitted from
the plurality of inorganic light emitting elements 330 leaks from lateral sides of the
display modules 1410 or external light is reflected from the lateral sides of the display
modules 1410. In the case of disposing the light blocking member 340 on the
connecting portion 1420, the connecting portion 1420 may be prevented from being
viewed.

In an embodiment, the light blocking member 340 may be disposed on the
connecting portion 1420. For example, as illustrated in FIG. 15a, due to the viscosity
and curing of the light blocking member 340, the light blocking member 340 may be
disposed on the connecting member 320 without flowing down to the connecting
portion 1420. In another example, as illustrated in FIG. 15b, the light blocking member
340 may be disposed in the state of at least partly flowing into the connecting portion
1420. The connecting portion 1420 may have a width of about 100 mm or less in the
X-axis direction. Accordingly, the amount of the light blocking member 340 flowing
into the connecting portion 1420 is small, and a specified penetration condition range
may be satisfied.

The electronic device according to various embodiments may be one of various types
of electronic devices. The electronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer device, a portable multimedia
device, a portable medical device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the electronic devices are not limited to
those described above.

It should be appreciated that various embodiments of the disclosure and the terms
used therein are not intended to limit the technological features set forth herein to
particular embodiments and include various changes, equivalents, or replacements for
a corresponding embodiment. With regard to the description of the drawings, similar
reference numerals may be used to refer to similar or related elements. It is to be un-
derstood that a singular form of a noun corresponding to an item may include one or
more of the things, unless the relevant context clearly indicates otherwise. As used
herein, each of such phrases as "A or B," "at least one of A and B," "at least one of A
or B," "A, B, or C," "at least one of A, B, and C," and "at least one of A, B, or C," may
include any one of, or all possible combinations of the items enumerated together in a
corresponding one of the phrases. As used herein, such terms as "1st" and "2nd," or
"first" and "second" may be used to simply distinguish a corresponding component
from another, and does not limit the components in other aspect (e.g., importance or
order). It is to be understood that if an element (e.g., a first element) is referred to, with

"o

or without the term "operatively" or "communicatively", as "coupled with," "coupled

"o

to," "connected with," or "connected to" another element (e.g., a second element), it
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means that the element may be coupled with the other element directly (e.g., wiredly),
wirelessly, or via a third element.

As used herein, the term "module” may include a unit implemented in hardware,
software, or firmware, and may interchangeably be used with other terms, for example,
"logic," "logic block," "part," or "circuitry". A module may be a single integral
component, or a minimum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the module may be implemented
in a form of an application-specific integrated circuit (ASIC).

Various embodiments as set forth herein may be implemented as software (e.g., the
program 140) including one or more instructions that are stored in a storage medium
(e.g., internal memory 136 or external memory 138) that is readable by a machine
(e.g., the electronic device 101). For example, a processor(e.g., the processor 120) of
the machine (e.g., the electronic device 101) may invoke at least one of the one or
more instructions stored in the storage medium, and execute it, with or without using
one or more other components under the control of the processor. This allows the
machine to be operated to perform at least one function according to the at least one in-
struction invoked. The one or more instructions may include a code generated by a
complier or a code executable by an interpreter. The machine-readable storage medium
may be provided in the form of a non-transitory storage medium. Wherein, the "non-
transitory" storage medium is a tangible device, and does not include a signal (e.g., an
electromagnetic wave), but this term does not differentiate between where data is semi-
permanently stored in the storage medium and where the data is temporarily stored in
the storage medium.

According to an embodiment, a method according to various embodiments of the
disclosure may be included and provided in a computer program product. The
computer program product may be traded as a product between a seller and a buyer.
The computer program product may be distributed in the form of a machine-readable
storage medium (e.g., compact disc read only memory (CD-ROM)), or be distributed
(e.g., downloaded or uploaded) online via an application store (e.g., PlayStore#|), or
between two user devices (e.g., smart phones) directly. If distributed online, at least
part of the computer program product may be temporarily generated or at least tem-
porarily stored in the machine-readable storage medium, such as memory of the manu-
facturer's server, a server of the application store, or a relay server.

According to various embodiments, each component (e.g., a module or a program) of
the above-described components may include a single entity or multiple entities.
According to various embodiments, one or more of the above-described components
may be omitted, or one or more other components may be added. Alternatively or addi-

tionally, a plurality of components (e.g., modules or programs) may be integrated into
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a single component. In such a case, according to various embodiments, the integrated
component may still perform one or more functions of each of the plurality of
components in the same or similar manner as they are performed by a corresponding
one of the plurality of components before the integration. According to various em-
bodiments, operations performed by the module, the program, or another component
may be carried out sequentially, in parallel, repeatedly, or heuristically, or one or more
of the operations may be executed in a different order or omitted, or one or more other

operations may be added.
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Claims
A display module comprising:
a substrate including a plurality of interconnection wires;
a connecting member comprising a conductive material disposed on
one side of the substrate;
a plurality of inorganic light emitting elements comprising light
emitting circuitry arranged on the connecting member; and
a light blocking member comprising an opaque material disposed on a
region other than regions where the plurality of inorganic light emitting
elements are disposed,
wherein a portion of each of the plurality of inorganic light emitting
elements is disposed to pass through a portion of the connecting
member and is spaced apart from the substrate,
wherein the connecting member electrically connects each of the
plurality of inorganic light emitting elements with at least one inter-
connection wire among the plurality of interconnection wires, and
wherein the light blocking member is spaced apart from the substrate
and disposed on the connecting member.
The display module of claim 1, wherein the light blocking member is
spaced apart from the plurality of inorganic light emitting elements.
The display module of claim 1, further comprising:
a transparent layer disposed on the plurality of inorganic light emitting
elements and the light blocking member.
The display module of claim 1, further comprising:
a transparent layer disposed on the connecting member and the
plurality of inorganic light emitting elements,
wherein the light blocking member is disposed on the transparent layer.
The display module of claim 1, further comprising:
a first transparent pattern comprising a transparent material disposed on
the plurality of inorganic light emitting elements,
wherein the light blocking member is disposed on a region other than
where the first transparent pattern is disposed.
The display module of claim 5, further comprising:
a second transparent pattern comprising transparent material disposed
on the light blocking member and the first transparent pattern.
The display module of claim 1, wherein the connecting member

includes:
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a fixing member configured to fix the plurality of inorganic light
emitting elements; and

a plurality of conductive balls configured to electrically connect the at
least one interconnection wire and the plurality of inorganic light
emitting elements.

The display module of claim 1, further comprising:

a first transparent pattern comprising a transparent material disposed on
the plurality of inorganic light emitting elements,

wherein the light blocking member is disposed to make contact with the
first transparent pattern.

A display device comprising:

one or more display modules; and

a connecting portion including a connecting region configured to
connect the one or more display modules,

wherein each of the one or more display modules includes:

a substrate including a plurality of interconnection wires;

a connecting member comprising a conductive material disposed on
one side of the substrate;

a plurality of inorganic light emitting elements comprising light
emitting circuitry arranged on the connecting member; and

a light blocking member comprising an opaque material disposed on a
region other than regions where the plurality of inorganic light emitting
elements are disposed,

wherein a portion of each of the plurality of inorganic light emitting
elements is disposed to pass through a portion of the connecting
member and is spaced apart from the substrate,

wherein the connecting member electrically connects each of the
plurality of inorganic light emitting elements with at least one inter-
connection wire among the plurality of interconnection wires, and
wherein the light blocking member is spaced apart from the substrate
and disposed on the connecting portion and the connecting member.
The display device of claim 9, wherein the light blocking member is
spaced apart from the plurality of inorganic light emitting elements.
The display device of claim 9, further comprising:

a transparent layer disposed on the plurality of inorganic light emitting
elements and the light blocking member.

The display device of claim 9, further comprising:

a transparent layer disposed on the connecting member and the



WO 2020/101172

[Claim 13]

[Claim 14]

[Claim 15]

32
PCT/KR2019/012727

plurality of inorganic light emitting elements,

wherein the light blocking member is disposed on the transparent layer.
The display device of claim 9, further comprising:

a first transparent pattern comprising a transparent material disposed on
the plurality of inorganic light emitting elements,

wherein the light blocking member is spaced apart from the first
transparent pattern.

The display device of claim 13, further comprising:

a second transparent pattern comprising a transparent material disposed
on the light blocking member and the first transparent pattern.

The display device of claim 9, wherein the connecting member
includes:

a fixing member configured to fix the plurality of inorganic light
emitting elements; and

a plurality of conductive balls configured to electrically connect the at
least one interconnection wire and the plurality of inorganic light

emitting elements.
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