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(57) Abstract: A light-emitting diode (LED) transfer device is provided. The LED transfer device includes a transfer assembly con-
figured to move a first substrate, on which a plurality of LEDs are provided, above a second substrate, a laser light source configured
to emit a laser beam toward the first substrate, a mask that is disposed between the first substrate and the laser light source and has
a plurality of openings that are configured to be selectively exposed and blocked and a processor configured to control the transfer

assembly to move the first substrate to a predetermined position, and co

ntrol the mask to expose and block the plurality of openings

corresponding to the plurality of LEDs to be transferred from the first substrate to the second substrate.
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Description
Title of Invention: LED TRANSFER DEVICE COMPRISING
MASK AND LED TRANSFERRING METHOD USING THE

SAME
Technical Field

[1] The disclosure relates to a light-emitting diode (LED) transfer device which transfers
a plurality of LEDs formed on a wafer to a printed circuit board of a display panel, and

an LED transferring method using the same.

Background Art

[2] An LED is an inorganic light-emitting substance that emits light, and that might not
require a color filter and a backlight to do so.

[3] An LED may be manufactured in the form of a chip on a wafer, may be arranged on
a target substrate, and may constitute a light-emitting module of a display.

[4] Based on manufacturing tolerance, different semiconductor chips may exhibit
different performance such as brightness, color, etc. The semiconductor chips may be
provided on a wafer. Accordingly, different areas of the wafer may be associated with
semiconductor chips exhibiting different performance.

[5] Semiconductor chips provided on the wafer may be transferred to a target substrate.
The semiconductor chips may be arranged on the target substrate in substantially the
same arrangement as on the wafer. Accordingly, different areas of the target substrate
may be associated with semiconductor chips exhibiting different performance.

[6] A display may be manufactured using the target substrate. Because different areas of
the target substrate are associated with semiconductor chips that exhibit different per-

formance, the display may exhibit non-uniform luminance or color.
Disclosure of Invention

Technical Problem

[7] Provided are an LED transfer device which transfers a plurality of LEDs such that
uniformity of performances or characteristics among a plurality of LEDs arranged on a
second substrate is improved, and an LED transferring method thereof.

[8] 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
[9] According to an aspect of the disclosure, a light-emitting diode (LED) transfer device

may include a transfer assembly configured to move a first substrate, on which a
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[17]

[18]

plurality of LEDs are provided, above a second substrate, a laser light source
configured to emit a laser beam toward the first substrate, a mask that is disposed
between the first substrate and the laser light source and has a plurality of openings
that are configured to be selectively exposed and blocked and a processor configured
to control the transfer assembly to move the first substrate to a predetermined position,
and control the mask to expose and block the plurality of openings corresponding to
the plurality of LEDs to be transferred from the first substrate to the second substrate.

The processor may control the transfer assembly to rotate the first substrate in a first
direction and a second direction which is opposite to the first direction such that output
characteristics among a plurality of transfer areas of the second substrate on which the
plurality of LEDs are transferred are substantially uniform.

The mask may include a blind which is configured to be selectively changed between
a first mode and a second mode. In the first mode, first openings among the plurality of
openings are opened, the first openings corresponding to a first group of LEDs, among
the plurality of LEDs, to be arranged on the second substrate, and in the second mode,
second openings among the plurality of openings opened, the second openings corre-
sponding to a second group of LEDs, among the plurality of LEDs, to be arranged on
the second substrate between the first group of LEDs.

The processor may, based on the blind being in the first mode, control the transfer
assembly to set the first substrate in a first position, and based on the blind being in the
second mode, control the transfer assembly to set the first substrate in a second
position different from the first position.

The second position may be rotated by 180 degrees with respect to the first position.

The LED transfer device may include an adhesive layer provided between each of the
plurality of LEDs and the first substrate, and the laser beam may transfer heat to the
adhesive layer and separates the plurality of LEDs from the first substrate.

The first group of LEDs and the second group of LEDs may be arranged in parallel
in a diagonal direction on the first substrate.

The first group of LEDs and the second group of LEDs may be arranged in parallel
in a diagonal direction on the second substrate.

The LEDs of the first group of LEDs may include first anodes and first cathodes, and
the LEDs of the second group of LEDs may include second anodes and second
cathodes that are rotated 180 degrees with respect to the first anodes and the first
cathodes. First anode pads and first cathode pads may be provided on the second
substrate to which the first group of LEDs are transferred and may be arranged in a
same direction as second anode pads and second cathode pads on the second substrate
to which the second group of LEDs are transferred.

The LEDs of the first group of LEDs may include first anodes and first cathodes, and
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the second group of LEDs may include second anodes and second cathodes. First
anode pads and first cathode pads may be provided on the second substrate to which
the first group of LEDs are transferred and may be rotated by 180 degrees with respect
to second anode pads and second cathode pads on the second substrate to which the
second group of LEDs are transferred.

According to an aspect of the disclosure, a light-emitting diode (LED) transfer device
may include a first stage configured to support a first substrate on which a plurality of
LEDs are provided, a second stage configured to support a second substrate, a first
picker configured to pick a first group of LEDs among the plurality of LEDs from the
first substrate, and place the first group of LEDs on the second substrate, a second
picker configured to pick a second group of LEDs among the plurality of LEDs from
the first substrate, and place the second group of LEDs on the second substrate, the
second group of LEDs being different from the first group of LEDs, and a processor
configured to control the first picker and the second picker to place the first group of
LEDs and the second group of LEDs on the second substrate in an alternating manner.

The first picker may include a plurality of first picking parts configured to pick the
first group of LEDs from the first substrate, and the second picker may include a
plurality of second picking parts configured to pick the second group of LEDs from the
first substrate.

The first picker and the second picker may be respectively driven by different driving
devices.

The first picker and the second picker may be driven by a single driving device, and
are connected to a head of the single driving device.

The first picker and the second picker may be connected together via the head, and
an elevating operation of the first picker is performed in an opposite manner as an
elevating operation of the second picker.

The first substrate may include an adhesive layer formed between each of the
plurality of LEDs and the first substrate such that the plurality of LEDs can be picked
from the first substrate by the first picker and the second picker, and the anodes and
cathodes of each of the plurality of LEDs may be attached to the adhesive layer.

According to an aspect of the disclosure, a light-emitting diode (LED) transferring
method may include providing a first substrate in a first position, transferring a first
group of LEDs among a plurality of LEDs on the first substrate to a second substrate,
rotating the first substrate in a first direction, moving the first substrate to a second
position that is different from the first position, and transferring a second group of
LEDs among the plurality of LEDs on the first substrate to the second substrate.

The LED transferring method may include, after transferring the second group of

LEDs to the second substrate, rotating the first substrate in a second direction that is



WO 2020/159142 PCT/KR2020/001054

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

opposite to the first direction.
A first angle by which the first substrate rotates in the first direction and a second

angle by which the first substrate rotates in the second direction may be respectively
180 degrees.

According to an aspect of the disclosure, a non-transitory computer-readable medium
may include a program for executing a light-emitting diode (LED) transferring method,
and the LED transferring method may include providing a first substrate in a first
position, transferring a first group of LEDs among a plurality of LEDs on the first
substrate to a second substrate, rotating the first substrate in a first direction, moving
the first substrate to a second position that is different from the first position, and
transferring a second group of LEDs among the plurality of LEDs on the first substrate
to the second substrate.

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 display s, in a single unit. The display module
can also be applied to a display device such as a monitor for a person al computer, a
TV and a large format display device such as a digital signage, an electronic display
through a plurality of assembly arrangements.

Brief Description of Drawings

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

FIG. 1 is a schematic diagram illustrating an LED transfer device according to an
embodiment;

FIG. 2 is a block diagram illustrating a memory and a processor provided in an LED
transfer device according to an embodiment;

FIG. 3 is a diagram illustrating a mask unit of an LED transfer device according to an
embodiment;

FIG. 4 is a diagram illustrating a mask of the mask unit illustrated in FIG. 3
according to an embodiment;

FIG. 5 is a diagram illustrating areas of a first substrate used by an LED transfer
device according to an embodiment;

FIG. 6 is a diagram illustrating an enlarged area illustrated in FIG. 5 according to an
embodiment;

FIG. 7 is an enlarged view illustrating the section A and the section B illustrated in
FIG. 6 according to an embodiment;

FIG. 8 is a diagram illustrating a second substrate according to an embodiment;



WO 2020/159142 PCT/KR2020/001054

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

FIG. 9 is a flow chart illustrating a process of transferring a plurality of LEDs from
the first substrate to the second substrate by using an LED transfer device according to

an embodiment;
FIG. 10 is a diagram illustrating a state wherein a blind is moved to a left side with

respect to the mask according to an embodiment;

FIG. 11 is a diagram illustrating an example of radiating a laser beam toward the first
substrate through the opening of the mask illustrated in FIG. 10 according to an em-
bodiment;

FIG. 12 is a diagram illustrating an example wherein a subset of LEDs have been
separated from the first area by laser transfer while the first substrate is set in a first
position according to an embodiment;

FIG. 13 is a diagram illustrating a state wherein the blind of the mask is moved to the
right side with respect to the mask according to an embodiment;

FIG. 14 is a diagram illustrating an example of radiating a laser beam toward the first
substrate through the opening of the mask illustrated in FIG. 13 according to an em-
bodiment;

FIG. 15 is a diagram illustrating an example wherein a subset of LEDs have been
separated from the first area by laser transfer while the first substrate is set in a second
position according to an embodiment;

FIG. 16 is a diagram illustrating another example of the first substrate according to
an embodiment;

FIG. 17 is a diagram illustrating another example of the second substrate according
to an embodiment;

FIG. 18 is a schematic diagram illustrating an LED transfer device according to
another embodiment;

FIG. 19 is a diagram illustrating a first picker for picking a plurality of LEDs
according to an embodiment;

FIG. 20 is a diagram illustrating a second picker for picking a plurality of LEDs
according to an embodiment;

FIG. 21 is a flow chart illustrating a process of transferring a plurality of LEDs from
the first substrate to the second substrate by using an LED transfer device according to
another embodiment; and

FIG. 22 is a flow chart illustrating a process of transferring a plurality of LEDs from
the first substrate to the second substrate by using an LED transfer device according to

another embodiment.
Best Mode for Carrying out the Invention

Hereinafter, embodiments of the disclosure will be described with reference to the
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accompanying drawings. Meanwhile, the disclosure is not limited to the embodiments
described herein, but may be implemented in various forms, and various modifications
may be made to the embodiments of the disclosure. The descriptions of the em-
bodiments of the disclosure are provided for comprehensiveness, and to provide
persons having ordinary knowledge in the technical field to which the disclosure
belongs with comprehensive understanding of the range of the disclosure. Meanwhile,
in the accompanying drawings, components may include enlarged sizes than as
compared to their actual sizes for convenience of description, and the proportion of
each component may be exaggerated or reduced.

Also, the description that a component is "on top of" or "contacts" another
component may refer to the component being directly in contact with or being
connected to the other component, and might not exclude the presence of another
component between the components. In contrast, the description that a component is
"directly on top of" or "directly contacts" another component may refer to the
component being directly in contact with or being connected to the other component,
and may exclude the presence of another component between the components. Other
expressions describing relations between components such as "between" and "directly
between" may be interpreted in a similar manner.

"o

Further, terms such as "first," "second," and the like, may be used to describe various
elements, but the elements are not intended to be limited by the terms. Such terms may
be used to distinguish one element from another element. For example, a "first"
element may be referred to as a "second"” element, and a "second” element may be
referred to as a "first" element in a similar manner, without departing from the scope of
the disclosure.

Singular expressions include plural expressions, unless defined obviously differently
in the context. Also, terms such as "include” or "have" should be construed as des-
ignating that there are such characteristics, numbers, steps, operations, elements,
components, or a combination thereof, described in the specification, and may be in-
terpreted to denote that one or more of other characteristics, numbers, steps, op-
erations, elements, components or a combination thereof may be added.

The terms used in the embodiments of the disclosure may be interpreted based on
meanings generally known to those of ordinary skill in the art described in the
disclosure, unless defined differently in the disclosure.

Hereinafter, an LED transfer device according to an embodiment of the disclosure
which, when transferring LEDs from a first substrate (e.g., a wafer on which a plurality
of LEDs are provided in the form of semiconductor chips) to a second substrate (e.g., a
substrate applied to a display module), transfers a plurality of LEDs to the second

substrate to compensate for non-uniformity in performance of the semiconductor chips



WO 2020/159142 PCT/KR2020/001054

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

provided on the first substrate, and a transferring method using the same will be
explained.

A display module to which the second substrate according to the disclosure is
applied, as described above, may be applied to or installed in an electronic product or
an electronic device that provides a wearable device, a portable device, a handheld
device, or various displays, in a single unit. Also, the display module may also be
applied to a display device such as a monitor for a personal computer (PC), a high
resolution television (TV), a sign (or, a digital sign), an electronic display, etc. through
a plurality of assembly arrangements in a matrix type.

FIG. 1 is a schematic diagram illustrating an LED transfer device according to an
embodiment. FIG. 2 is a block diagram illustrating an LED transfer device according
to an embodiment. FIG. 3 is a diagram illustrating a mask unit of an LED transfer
device according to an embodiment. FIG. 4 is a diagram illustrating a mask of the
mask device illustrated in FIG. 3.

Referring to FIGS. 1 and 2, the LED transfer device 1 according to an embodiment
may include a transfer assembly 10 that movably supports a first substrate 20 above a
second substrate 30, a stage 40 on which the second substrate 30 is provided and which
moves the second substrate 30, a mask unit (or mask) 50 which selectively allows laser
beams radiated toward the first substrate 20 to pass through the mask unit 50, a laser
light source 60 which radiates laser beams toward the first substrate 20, and a
processor 80 which controls each of the transfer assembly 10, the stage 40, and the
mask unit 50.

The transfer assembly 10 may include a fixing member 11 which supports the first
substrate 20 such that a plurality of LEDs 21 are disposed toward and face the second
substrate 30, and a guide member 12 to which the fixing member 11 is rotatably
connected.

Based on the coordinate system illustrated in FIG. 1, the fixing member 11 may be
connected to the guide member 12 via a rotation member 15 such that the fixing
member 11 may move horizontally along the X-axis direction of the guide member 12
via a slider 14. Also, the fixing member 11 may rotate in a clockwise direction or a
counterclockwise direction via the rotation member 15 about the Z-axis.

The guide member 12 may be slidably connected to guide rails (not shown) re-
spectively arranged in the Y-axis direction such that the fixing member 11 may be
moved horizontally in the Y-axis direction.

The first substrate 20 may be moved to any position on an X-Y plane via the fixing
member 11 and the guide member 12, and may rotate in a clockwise direction or a
counterclockwise direction via the rotation member 15 about the Z-axis.

Although FIG. 1 depicts the fixing member 11 as fixing the first substrate 20 by
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supporting the edge area of the first substrate 20 , the fixing member 11 is not limited
thereto, and may be connected to any portion of the first substrate 20 via a component
or method that can stably fix the fixing member 11 to the first substrate 20 such as, for
example, various clamping structures , a vacuum suction method, etc. For convenience
of explanation, the illustration of a driving device for rotating the fixing member 11
and a driving device for moving the guide member 12 is omitted in FIG. 1.

The guide member 12 may be arranged above the second substrate 30, and may
move the fixing member 11 connected to the first substrate 20 to any position on the
X-Y plane with respect to the second substrate 30. In addition, the guide member 12
may move the fixing member 11 via various structures such as a multiple joint
structure, a piston structure, a sliding structure, etc.

The first substrate 20 may be a wafer. That is, the first substrate 20 may be a wafer
on which a plurality of LEDs 21 are arranged on various substrates, such as a sapphire
substrate, or the like.

An adhesive layer 22 may be provided on a bottom surface of the first substrate 20.
The adhesive layer 22 may attach a plurality of LEDs 21 on the first substrate 20. Also,
the adhesive layer 22 may include a material that is capable of being melted by a laser
beam radiated on the first substrate 20 to permit the LEDs 21 to be separated from the
first substrate 20.

The LED 21 may include an inorganic light-emitting material having a width, a
length, and a height, respectively, that is less than or equal to 100 micrometers (um),
and may be configured to emit light when power is supplied to the LED 21.

In addition, the LED 21 may have fast reaction speed, low power consumption, and
high luminance, and is thus gaining popularity as a light-emitting element for next
generation displays. Specifically, the LED 21 may have higher efficiency of converting
electrons to photons as compared to liquid crystal displays (LLCDs) or optical light-
emitting diodes (OLEDs). That is, the LED 21 has higher "brightness per watt" as
compared to LCD or OLED displays. In this way, the LED 21 may exhibit sub-
stantially the same brightness while consuming substantially half of the energy as
compared to conventional LEDs or OLEDs.

The LED 21 may implement high resolution, excellent color, contrast, and
brightness, and may thus express color in a wide range with precision, and may also
implement a clear screen even in outdoor environments susceptible to direct sunlight
exposure. Also, the LED 21 may be resistant to burn-in phenomenon, and may
generate a small amount of heat. Accordingly, the LED 21 may be less prone to de-
formation, and may improve product lifespan.

In addition, the LED 21 may be a red LED 21 configured to emit red light, a green
LED 21 configured to emit green light, or a blue LED 21 configured to emit blue light.
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LEDs 21 configured to emit light of the same color may be arranged on a single
wafer. For example, red LEDs 21 configured to emit red light, green LEDs 21
configured to emit green light, or blue LEDs 21 configured to emit blue light may be
provided on the first substrate 20.

Also, each of the LEDs 21 provided on the wafer may include an anode and a
plurality of cathodes.

A first subset of LEDs 21a may be rotated by 180 degrees with respect to a second
subset of LEDs 21b. Here, and referring to FIG. 7 as an example, "rotated by 180
degrees" may refer to the anodes and the cathodes of the second subset of LEDs
21bbeing arranged in an opposite direction to the anodes and the cathodes of the first
subset of LEDs 21a.

Alternatively, and referring to FIG. 16 as an example, all of the anodes and the
cathodes of all the LEDs 21 on a single wafer may be arranged in the same direction.

The second substrate 30 may be a target substrate, may be a printed circuit board
(PCB) applied to a display panel, and may be formed in various sizes and shapes. Also,
the second substrate 30 may be a relay substrate that receives the first substrate 20 and
relays LEDs 21 to the PCB of the display panel.

A plurality of LEDs 21 transferred from the first substrate 20 may be mounted on the
second substrate 30. Also, and referring to FIG. § as an example, a plurality of anode
pads 31aand a plurality of cathode pads 31b to which the LEDs 21 are physically and
electrically connected may be provided on the second substrate 30.

In this case, the arrangement of the plurality of anode pads 31a and the plurality of
cathode pads 31b of the second substrate 30 may vary according to the arrangement of
the anodes and the cathodes of the plurality of LEDs 21 arranged on the first substrate
20.

For example, and referring to FIGS. 7 and 8 as an example, if the second subset of
LEDs 21b are rotated by 180 degrees with respect to the first subset of LEDs 21a, then
each of the plurality of anode pads 31a and the plurality of cathode pads 31b on the
second substrate 30 may be arranged in the same direction. Also, , and referring to
FIGS. 16 and 17 as an example, if all of the anodes and the cathodes of all of the LEDs
21 are formed in the same direction, then a first subset of the plurality of anode pads
31a and the plurality of cathode pads 31b on the second substrate 30 may be arranged
in a same direction, and a second subset of the plurality of anode pads 31a and the
plurality of cathode pads 31b on the second substrate 30 may be rotated by 180 degrees
with respect to the first subset of the plurality of anode pads 31a and the plurality of
cathode pads 31b .

The second substrate 30 may be provided on the stage 40, and the stage 40 may

support the second substrate 30 to be arranged in parallel with respect to the first
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[84]

[85]

[86]

[87]

[88]

[89]

[90]

substrate 30 is provided on the stage 40. That is, the stage 40 may move horizontally
along the X-Y plane. Also, the stage 40 may move vertically along the Z-axis
direction. For convenience of explanation, the illustration of each driving device for
the horizontal movement along the X-Y plane and the vertical movement of the stage
40 is omitted in FIG. 1.

The mask unit 50 may be arranged between the laser light source 60 and the first
substrate 20, and may permit the laser beam emitted from the laser light source 60 to
pass through the mask unit 50 toward the first substrate 20. The specific configuration
of the mask unit 50 will be explained in more detail elsewhere herein with reference to
FIGS. 3 and 4.

The laser light source 60 may radiate a laser beam toward the top surface of the first
substrate 20 on which the plurality of LEDs 21 are not formed, and may cause the
plurality of LEDs 21 to detach from the bottom surface of the first substrate 20 via the
adhesive layer 22. The LEDs 21 that detach from the first substrate 20 via the laser
beam may be transferred to the second substrate 30.

The laser light source 60 may directly radiate a laser beam toward the first substrate
20. Alternatively, a lens member (e.g., a P-lens, etc.) that may change the direction of
the laser beam may be arranged on a path on which the laser beam is radiated.

In addition, the laser light source 60 may be a point laser beam, a line laser beam, an
area laser beam, etc. A point laser beam may be a laser beam that is radiated toward a
single point, and a line laser beam may be a laser beam that is radiated along a
direction, such as along the X-axis or the Y-axis as shown in FIG. 1. An area beam
may be a laser beam that is simultaneously radiated on a random area, or a laser beam
that is simultaneously or sequentially radiated on a plurality of coordinate points. In
this case, an area laser beam may be simultaneously or sequentially radiated in a
plurality of parallel diagonal directions with respect to a random area.

The laser light source 60 may be a component of a laser beam scanner, and the laser
beam scanner may be included in an LED transfer device 1 according to an em-
bodiment.

The memory 70 illustrated in FIG. 2 may be included in the LED transfer device 1.
The memory 70 may be implemented as at least one of a flash memory, a read-only
memory (ROM), a random access memory (RAM), a hard disk, a micro multimedia
card, a card-type memory (e.g., a secure digital (SD) or extreme digital (XD) memory,
etc.), etc.

In addition, the memory 70 may be electrically connected to the processor 80, and

thus may transmit signals and information to the processor 80. Accordingly, the
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memory 70 may store a program that, when executed by the processor 80, causes the
processor 80 to control components of the LED transfer device 1 to transfer a plurality
of LEDs 21 from the first substrate 20 to the second substrate 30.

The processor 80 may be included in the LED transfer device 1, and may be
configured to control the overall operation of the LED transfer device 1. That is, the
processor 80 may be electrically connected to each of the transfer assembly 10, the
stage 40, the mask unit 50, and the laser light source 60, and may control each of the
foregoing components.

For example, the processor 80 may control the transfer assembly 10to horizontally
move the first substrate 20 to a random location on an X-Y plane above the second
substrate 30, and may rotate the first substrate 20 by a desired angle. Also, the
processor 80 may horizontally move the stage 40 to a random location on an X-Y
plane, and may vertically move the stage 40 in the vertical direction along the Z-axis.
In addition, the processor 80 may control the laser light source 60 to radiate a laser
beam toward a predetermined point of the first substrate 20.

Although it is described that all of the foregoing components are controlled by a
single processor 80, embodiments are not limited thereto, and one or more components
may be controlled by one or more processors 80.

The processor 80 may include a central processing unit (CPU), a controller, an ap-
plication processor (AP), a communication processor (CP), an ARM processor, elc.

In addition, the processor 80 may be electrically connected to the memory 70, and
may execute a program for LED transfer and utilize information stored in the memory
70. The specific functions of the processor 80 according to an embodiment will be
explained in more detail elsewhere herein.

Hereinafter, the specific configuration of the mask unit 50 will be explained with
reference to FIGS. 3 and 4.

FIG. 3 is a diagram illustrating a mask unit (or mask) of an LED transfer device
according to an embodiment. FIG. 4 is a diagram illustrating a mask of the mask unit
illustrated in FIG. 3. FIG. 5 is a diagram illustrating areas of a first substrate used by an
LED transfer device according to an embodiment. FIG. 6 is a diagram illustrating an
enlarged area illustrated in FIG. 5 according to an embodiment. FIG. 7 is an enlarged
view illustrating the section A and the section B illustrated in FIG. 6 according to an
embodiment.

The mask unit 50 may be arranged between the first substrate 20 and the laser light
source 60 as shown in FIG. 1. Also, the mask unit 50 may move horizontally along the
X-Y plane together with the first substrate 20 that is connected to the fixing member
11 of the transfer assembly 10. In this case, the mask unit 50 may be connected to the

fixing member 11 in a state of not being influenced by the rotation of the fixing
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member 11. That is, when the fixing member 11 rotates in a clockwise direction or a
counterclockwise direction to rotate the first substrate 20, the mask unit 50 may not
rotate and may remain stationary.

Referring to FIG. 3, the mask unit 50 may include a mask 51, and may include a
blind 53 that is arranged to be movable by a certain distance in the X-axis direction
with respect to the mask 51.

Referring to FIG. 4, the mask 51 may be formed approximately in a plate form, and
may include a plurality of openings S formed at regular intervals in the X-axis
direction and the Y-axis direction that permit laser beams to pass through.

The plurality of openings S may be arranged at a first pitch P1 in the X-axis
direction, and may be arranged at a second pitch P2 in the Y-axis direction. In this
case, the first pitch P1 and the second pitch P2 may have the same lengths or different
lengths. Here, the first and second pitches Pland P2 may be set variously from tens of
micrometers to hundreds of micrometers according to a user setting.

The plurality of openings S may be provided in rows. Further, odd numbered rows
may include openings S that include the same position along the X-axis, and even
numbered rows may include openings S that include the same position along the X-
axis. Further still, the openings S of odd numbered rows may be offset with respect to
the openings S of even numbered rows.

The mask 51 may include a material which blocks a laser beam , and may be heat-
resistant to improve durability against the laser beam. In addition, a heat-resistant
material which can endure the heat of the laser beam may be applied on a top surface
of the mask 51 disposed toward and facing the laser light source 60.

Referring to FIG. 3, the blind 53 may be arranged above or below the mask 51, and
may have an exposure hole 54 that exposes a first subset of openings among the
openings S of the mask 51 at all times, and selectively exposes and blocks a second
subset of openings S' and S?

The blind 53 may move along the X-axis by a certain distance and selectively expose
and block the second subset of openings S' and S" of the mask 51. Here, the second
subset of openings S' and S" may be openings that belong to a column arranged on the
leftmost side and a column arranged on the rightmost side of the mask 21, respectively.

In this case, and referring to FIG. 10, if the blind 53 moves to the left side in the X-
axis direction and is set in a first position, openings S' constituting the right column are
closed/blocked by the blind 53, and other openings S and S" of the mask 51 are
opened/exposed by the exposure hole 54. In contrast, and referring to FIG. 13, if the
blind 53 moves to the right side in the X-axis direction and is set in a second position,
openings S" constituting the left column are closed/blocked by the blind 53, and the

other openings S and S' are opened/exposed by the exposure hole 54.
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According to such a configuration, if laser beams are radiated through openings S
exposed by the exposure hole 54, each LED 21 on the first substrate 20 in a position
corresponding to an opening may be separated from the bottom surface of the first
substrate 20 by the laser beams, and may be transferred to the top surface of the second
substrate 30. Here, the anode and the cathode of each LED 21 may respectively be
physically and electrically connected to the anode pad 31a and the cathode pad 31b of
the second substrate 30 via heat from the laser beams.

The plurality of openings S formed on the mask 51 may have various forms or sizes
through which laser beams can pass to permit the transfer of the LEDs 21 on the first
substrate 20 to the second substrate 30.

Also, the plurality of openings S may be formed on the mask 51 at the first and
second pitches Pland P2 in the X-axis and Y-axis directions, respectively. Here,
pitches between each opening S may be set in consideration of the arrangement of the
plurality of LEDs 21 on the first substrate 20.

In addition, the plurality of openings S may be arranged to constitute an arrangement
wherein a plurality of LEDs 21 can be transferred in a diagonal direction according to
an LED transferring method according to an embodiment.

The blind 53 may move in the X-axis direction or the Y-axis direction by a driving
device which is not illustrated.

As described above, the blind 53 may move to the first or second position and se-
lectively expose the openings S' and S" of the mask 51. The movement of the blind 53
to the first and second positions may respectively be synchronized with the rotation of
the first substrate 20 from O degrees to 180 degrees. For example, when the blind 53 is
in the first position, the first substrate 20 may be set to a 0 degree position, and when
the blind 53 is in the second position, the first substrate 20 may be set to a position that
is rotated 180 degrees from the 0 degree position.

As described above, as transfer of the LEDs 21 proceeds while movement of the
blind 53 and rotation of the first substrate 20 are synchronized, when a plurality of
LEDs 21 having different performance are transferred from the first substrate 20 to the
second substrate 30, the LEDs 21 may be arranged in a manner that permits a display
to exhibit more uniform performance. For example, a display panel to which the
second substrate 30 manufactured by such an arrangement is applied, the display area
may exhibit more uniform color, luminance, etc..

Hereinafter, the configurations of the first substrate 20 and the second substrate 30
applied to an LED transfer device 1 according to an embodiment will be explained
with reference to FIGS. 5 to 8.

FIG. 5 is a diagram illustrating areas of a first substrate used by an LED transfer

device according to an embodiment. FIG. 6 is a diagram illustrating an enlarged area
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illustrated in FIG. 5 according to an embodiment. FIG. 7 is an enlarged view il-
lustrating the section A and the section B illustrated in FIG. 6 according to an em-
bodiment. FIG. 8§ is a diagram illustrating a second substrate.

Referring to FIG. 5, the first substrate 20 may be a wafer, and a plurality of LEDs 21
may be formed on the first substrate 20.

The plurality of LEDs 21 may exhibit different performance from one another based
on processing conditions, manufacturing tolerance, and the manufacturing environment
of the first substrate 20. For example, , and referring to FIG. 5, the performance (e.g.,
color, luminance, etc.) of the LEDs 21 may be greater towards a center of the first
substrate 20 than as compared to an outer edge of the first substrate 20.

In FIG. 5, performance distribution of the plurality of LEDs 21 formed on the first
substrate 20 is expressed in the form of gradation. In FIG. 5, performance distribution
of LEDs 21 in each area of the first substrate 20 is expressed as a plurality of square
shapes of which sizes gradually increase radially from the square shape indicated in the
center portion of the first substrate 20, but this is merely for convenience of ex-
planation, and performance distribution of LEDs 21 on the first substrate 20 may be
expressed as gradation in the form of a circle, an oval, or an atypical looped curve.
Also, an area wherein performance of LEDs 21 is above a threshold may not nec-
essarily belong to the center portion of the first substrate 20, but may be located toward
a side of the first substrate 20.

The first substrate 20 may be divided into a plurality of virtual areas for transferring a
plurality of LEDs 21 to the second substrate 30 as shown in FIG. 5. Division of such
virtual areas may be performed by a vision camera (not shown) and the processor 80
that may be provided in the LED transfer device 1 according to the disclosure. In this
case, information associated with the virtual areas of the first substrate 20 and in-
formation identifying the coordinates of the plurality of LEDs 21 arranged in each
virtual area may be stored in the memory 70.

FIG. 6 illustrates the first area as shown in FIG. 5.. FIG. 6 is a top view of the first
substrate 20, and depicts a top surface of the first substrate 20. Referring to FIG. 1, the
top surface of the first substrate 20 may face toward the laser light source 60, and a
bottom surface of the first substrate 20 may face toward the second substrate 30. The
LEDs 21 are shown in solid lines in FIG. 6 instead of broken lines, but it should be un-
derstood that the LEDs 21 are disposed on the bottom surface of the first substrate 20.

Referring to FIG. 6, in the first area, LEDs 21 having the highest performance may
be located in in the upper left corner of the first substrate 20 shown in FIG. 6 (e.g.,
which corresponds to a center of the first substrate 20 shown in FIG. 5), and LEDs 21
having the lowest performance may be located in the bottom right corner of the first

substrate 20 shown in FIG. 6 (e.g., which corresponds to a bottom left corner shown in
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FIG. 5). The performance of the LEDs 21 may gradually decrease from the top left
corner toward the bottom right corner as shown in FIG. 6.

Also, as shown in FIG. 6, in the first area, anodes and cathodes of a first subset of
LEDs 21a and anodes and cathodes of a second subset of LEDs 21b among a plurality
of LEDs 21 may be formed to be oppositely arranged to one another.

In a case where the electrodes of the LEDs 21a and 21b are respectively arranged at O
degrees and 180 degrees, as above, all of the anode pads 31a and the cathode pads 31b
of the second substrate 30 may be set in the same direction (e.g., O degrees), as shown
in FIG. 8.

In FIG. 8, and referring to LEDs 21 transferred on the second substrate 30, three
LEDs 21 which are red (R), green (G), and blue (B) LEDs 21, respectively, constitute a
single pixel. Accordingly, the anode pads 31a and the cathode pads 31b arranged on
the second substrate 30 may be arranged such that three pairs of electrode pads are
arranged to be adjacent to each other, and other pixels arranged around the pixel may
be arranged at a specific interval from the pixel.

Hereinafter, an LED transferring method according to an embodiment will be
explained with reference to FIGS. 9 to 13.

FIG. 9 is a flow chart illustrating a process of transferring a plurality of LEDs from
the first substrate to the second substrate by using an LED transfer device according to
an embodiment. FIG. 10 is a diagram illustrating a state wherein a blind is moved to a
left side with respect to the mask according to an embodiment. FIG. 11 is a diagram il-
lustrating an example of radiating a laser beam toward the first substrate through the
opening of the mask illustrated in FIG. 10 according to an embodiment. FIG. 12 is a
diagram illustrating an example wherein a subset of LEDs have been separated from
the first area by laser transfer while the first substrate is set in a first position according
to an embodiment. FIG. 13 is a diagram illustrating a state wherein the blind of the
mask is moved to the right side with respect to the mask according to an embodiment.
FIG. 14 is a diagram illustrating an example of radiating a laser beam toward the first
substrate through the opening of the mask illustrated in FIG. 13 according to an em-
bodiment. FIG. 15 is a diagram illustrating an example wherein a subset of LEDs have
been separated from the first area by laser transfer while the first substrate is set in a
second position according to an embodiment.

First, the first substrate 20 is connected to the fixing member 11 of the transfer
assembly 10 such that a plurality of LEDs 21 are disposed toward and face the top
surface of the second substrate 30. The second substrate 30 may be provided on the
stage 40 such that the anode pad 31a and the cathode pad 31b are disposed toward and
face the plurality of LEDs 21. In this state, the first substrate 20 may be set in the first
position by the transfer assembly 10 at operation S11 of FIG. 9.
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In this case, the first and second substrates 20 and 30 may be arranged in parallel.
Also, the interval in the Z-axis direction between the LEDs 21 of the first substrate 20
and the transfer surface of the second substrate 30 may be maintained such that a
plurality of LEDs 21 may be transferred to the second substrate 30 via laser transfer in
a stable manner. The interval may be 10 micrometers, 50 micrometers, 100 mi-
crometers, etc.

When the first substrate 20 is set in the first position, the first area of the first
substrate 20 and the area to which LEDs 21 will be transferred (hereinafter referred to
as a "transfer area") on the second substrate 30 may be arranged in positions facing
each other. The transfer area of the second substrate 30 may be divided in identical or
similar sizes to the first area of the first substrate, but is not limited thereto, and may be
divided in various sizes.

Referring to FIG. 10, the blind 53 may move by a certain distance in the first
direction (toward the left side along the X-axis direction) while the first substrate 20 is
set in the first position at operation S12 of FIG. 9. When the blind 53 moves in the first
direction as described above, the openings S' arranged in the rightmost column among
the openings S of the mask 51 may be blocked by the blind 53, and the other openings
S and S" of the mask 51 may be exposed.

Each of the openings S and S" of the mask 51 exposed by the blind 53 are in
positions corresponding to LEDs 21 to be transferred in the first area of the first
substrate 20. Also, the LEDs 21 in the first area corresponding to each opening of the
mask 51 may respectively be set in positions corresponding to the transfer area of the
second substrate 30. That is, with respect to a single exposed opening, the position of
the LED 21 of the first substrate and the position of the second substrate to which the
LED 21 will be transferred may be located on the same vertical line.

In a state as mentioned above, the laser light source 60 radiates a laser beam toward
the first substrate 20 via a plurality of exposed openings S as shown in FIG. 11 at
operation S13 of FIG. 9.

Heat of the laser beam may be transferred to the adhesive layer 22 arranged between
the LEDs 21 and the first substrate 20. As the adhesive force of the adhesive layer 22 is
reduced by the heat, the LEDs 21a of the first group G1 may be separated from the first
substrate 20 and transferred to the transfer area of the second substrate 30.

The plurality of LEDs 21a transferred from the first area of the first substrate 20 to
the transfer area of the second substrate 30 may be arranged on virtual diagonal lines at
certain intervals as illustrated in FIG. 7. The plurality of LEDs 21a may be defined as
the first group GI.

The anode and the cathode of each of the LEDs 21a of the first group G1 transferred

to the second substrate 30 may be physically and electrically connected to the anode
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pad 31a and the cathode pad 31b of the second substrate 30. In this case, the anode pad
31a and the cathode pad 31b of the second substrate 30 may be transformed into a
molten state from a solid state by the laser beam and may be connected to the anodes
and the cathodes of the LEDs 21a of the first group G1.

The first area of the first substrate 20 after the LEDs 21a of the first group G1 are
transferred is illustrated in FIG. 12. In FIG. 12, the reference numeral E1 indicates
empty spaces that are generated as the plurality of LEDs 21a belonging to the first
group G1 are separated from the first area. The empty spaces El are located on virtual
diagonal lines arranged to have certain intervals as similar to the plurality of LEDs 21
of the first group G1 as shown in FIG. 7.

After the LEDs 21a of the first group G1 are transferred, when the fixing member 11
is rotated by 180 degrees via the rotation member 15 about the Z-axis, the first
substrate 20 rotates by 180 degrees together with the fixing member 11 at operation
S14 of FIG. 9.

If the first substrate 20 rotates by 180 degrees as mentioned above, performance dis-
tribution of the LEDs 21 is changed. That is, the location of the upper left corner that
includes LEDs 21 having the highest performance is changed to the bottom right
corner, and the location of the bottom right corner that includes LEDs 21 having the
lowest performance is changed to the upper left corner.

Then, the first substrate 20 is moved along the X-Y plane via the transfer assembly
10 and the position of the first substrate 20 is set in the second position at operation
S15 of FIG. 9. The second position may be a position wherein the plurality of LEDs
21b belonging to the second group G2 among the plurality of LEDs 21 on the first
substrate 20 may be transferred to the transfer area of the second substrate 30.

Referring to FIG. 13, the blind 53 may move by a certain distance in the second
direction (toward the right side along the X-axis direction) while the first substrate 20
is set in the second position at operation S16 of FIG. 9.

When the blind 53 moves in the second direction as described above, the openings S"
arranged in the leftmost column among the openings of the mask 51 may be blocked
by the blind 53, and the openings S and S' of the mask 51 may be exposed. Each of the
openings S and S' of the mask 51 exposed by the blind 53 includes a position corre-
sponding to LEDs 21 to be transferred in the first area of the first substrate 20. Also,
the LEDs 21 in the first area corresponding to each opening of the mask 51 may re-
spectively be set in positions corresponding to the transfer area of the second substrate
30.

Referring to FIG. 14, the laser light source 60 radiates a laser beam toward the first
substrate 20 through the plurality of exposed openings S of the mask 51 by the blind
53 at operation S17 of FIG. 9.
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The plurality of LEDs 21b on the first substrate 20 may be separated {from the
adhesive layer 22 by a laser beam radiated toward the first substrate 20 and may be
transferred to the transfer area of the second substrate 30.

The first area of the first substrate 20 after the LEDs 21b of the second group G2 are
transferred is illustrated in FIG. 15. In FIG. 15, the reference numeral E2 indicates
empty spaces that are generated as the plurality of LEDs 21b belonging to the second
group G2 are separated from the first area. The empty spaces E2 are located on virtual
diagonal lines arranged to have certain intervals similar to the plurality of LEDs 21b of
the second group G2 as shown in FIG. 7.

As described above, the plurality of LEDs 21 formed on the first substrate 20 may
exhibit different performance . Accordingly, transfer is performed while the first
substrate 20 is alternatingly rotated between O degrees and 180 degrees so that the
locations of areas having LEDs 21 having high performance and the locations of areas
having LEDs 21 having low performance are changed. Accordingly, a plurality of
LEDs 21 may be transferred in a manner that permits a display to exhibit more uniform
performance distribution.

By repeating the aforementioned transfer process, the plurality of LEDs 21 arranged
in the remaining divided areas of the first substrate 20 may be transferred to the second
substrate 30.

FIG. 16 is a diagram illustrating another example of the first substrate, and FIG. 17 is
a diagram illustrating another example of the second substrate.

On the first substrate 20 used in the aforementioned LED transferring method
according to an embodiment, anodes and cathodes of a plurality of LEDs 21 are
arranged in opposite directions to one another. That is, a plurality of LEDs 21 having a
first electrode arrangement (O degrees) and a second electrode arrangement (180
degrees) are arranged based on a predetermined condition.

However, in the LED transferring method according to an embodiment, a first
substrate 20 on which a plurality of LEDs 21 are arranged only in a first electrode ar-
rangement (or a second electrode arrangement) may be used as shown in FIG. 16.

In this case, on the second substrate 33, an anode pad 35a and a cathode pad 35bin a
first arrangement are formed, and an anode pad 35a and a cathode pad 35b in a second
arrangement are formed as shown in FIG. 17. If the first arrangement is set as 0
degrees as above, the second arrangement may be set as 180 degrees which is opposite
to the first arrangement.

FIG. 18 is a schematic diagram illustrating an LED transfer device according to
another embodiment, and FIGS. 19 and 20 are diagrams respectively illustrating a first
picker and a second picker for picking a plurality of LEDs.

Referring to FIG. 18, the LED transfer device 110 according to another embodiment
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may be a device which transfers the LEDs 21 of the first substrate 20 to the second
substrate 30 by a pick and place method.

The first substrate 20 may be provided on the first stage 41, and the second substrate
30 may be provided on the second stage 43 adjacent to the first stage 41.

An adhesive layer 22 for separating the LEDs 21 from the first substrate 20 may be
formed on the first substrate 20.

The anodes and the cathodes of each of the plurality of LEDs 21 may be adhered to
the adhesive layer 22.

The first stage 41 may move to a random location on the X-Y plane by a driving
device which is not illustrated, and may rotate in a clockwise direction and a counter-
clockwise direction about the Z-axis. Accordingly, the first substrate 20 provided on
the first stage 41 may move along the X-Y plane, and rotate between 0 degrees and
180 degrees.

The LED transfer device 100 according to another embodiment may include a first
picker 91 and a second picker 93 for picking and placing LEDs 21.

Referring to FIGS. 19 and 20, the first picker 91 may be mounted on the head of the
driving device (not shown) and move in the X-axis, Y-axis, and Z-axis directions. A
plurality of picking parts 92 may be provided at certain intervals on the bottom surface
of the first picker 91. The arrangement of the plurality of picking parts 92 may
correspond to the arrangement of the plurality of openings S of the mask 51 exposed
through the exposure hole 54 of the blind 53 illustrated in FIG. 10.

Referring to FIG. 20, the second picker 93 may be mounted on the head (not shown)
of a driving device (not shown) different from the driving device driving the first
picker 91 and move in the X-axis, Y-axis, and Z-axis directions. A plurality of picking
parts 94 may be provided at certain intervals on the bottom surface of the second
picker 93. The arrangement of the plurality of picking parts 94 may correspond to the
arrangement of the plurality of openings S of the mask 51 exposed through the
exposure hole 54 of the blind 53 illustrated in FIG. 13.

The first and second pickers 91and 93 may be driven by separate driving devices, but
are not limited thereto, and they may be constituted to be simultaneously mounted on a
head provided on a single driving device. In this case, it may be preferable that the op-
erations of the first and second pickers 91 and 93 are performed separately from
elevating operations. That is, when the first picker 91 descends for picking and placing,
the second picker 93 does not descend, and alternatively, when the second picker 93
descends for picking and placing, the first picker 91 does not descend.

Hereinafter, a transferring method using an LED transfer device according to another
embodiment will be explained with reference to FIG. 21.

FIG. 21 is a flow chart illustrating a process of transferring a plurality of LEDs from
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the first substrate to the second substrate by using an LED transfer device according to
another embodiment. In a case where the LEDs 21 on the first substrate 20 are
transferred to the second substrate 30 by a pick and place method, a plurality of virtual
areas may be defined on the first substrate 20 and the LEDs 21 may be transferred to
the transfer area of the second substrate 30 corresponding to each area of the first
substrate 20. As can be seen above, in a pick and place method, LEDs 21 may also be
transferred for each area in a similar manner as compared to the LED transferring
method by the aforementioned laser transfer method.

First, the first substrate 20 is provided on the first stage 41 such that the plurality of
LEDs 21 are facing upward, and is set in a first position at operation S21. Further, the
second substrate 30 is provided on the second stage 43 such that the anode pad and the
cathode pad are facing upward.

In this state, the first picker 91 moves above the first substrate 20 and is set in the
first position such that the plurality of picking parts 92 correspond to the plurality of
LEDs 21 which are to be picked, so that the plurality of LEDs 21 can be picked simul-
taneously.

When the first picker 91 is set in the first position, the first picker 91 is descended
and the plurality of LEDs 21 of the first group G1 on the first substrate are picked at
operation S22.

In this state, the first picker 91 is ascended to a certain height, and is then moved to
the transfer position of the second substrate 30. Then, the first picker 91 is descended
and the plurality of LEDs 21 are mounted on the transfer area of the second substrate
30 at operation S23.

The first picker 91 ascends and moves to a predetermined standby position for
picking the plurality of LEDs 21 from the first substrate 20 again.

The first stage 41 rotates the first substrate 20 by 180 degrees at operation $24. When
the first substrate 20 rotates by 180 degrees as mentioned above, performance dis-
tribution of the LEDs 21 changes. That is, the location of LEDs 21 having the highest
performance may be changed, and the location of LEDs 21 having the lowest per-
formance may be changed.

After the first substrate 20 rotates by 180 degrees, the first substrate 20 is set in a
second position at operation S25. Then, the second picker 93 moves above the first
substrate 20 and is set in the second position different from the first position such that
the plurality of picking parts 94 correspond to the plurality of LEDs 21 which are to be
picked so that the plurality of LEDs 21 can be picked simultaneously.

When the second picker 93 is set in the second position, the second picker 93 is
descended and the plurality of LEDs 21 of the second group G2 on the first substrate
20 are picked at operation S26.
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In this state, the second picker 93 is ascended to a certain height, and is then moved
to the transfer position of the second substrate 30. Then, the second picker 93 is
descended and the plurality of LEDs 21 are mounted on the transfer area of the second
substrate 30 at operation S27.

The second picker 93 ascends and moves to a predetermined standby position for
picking the plurality of LEDs 21 from the first substrate 20 again. The first stage 41
rotates by 180 degrees again for positioning the first substrate 20 to the first position.

In the LED transferring method according to another embodiment, the afore-
mentioned transfer process is repeatedly performed, and the plurality of LEDs 21
arranged in the remaining divided areas of the first substrate 20 may thereby be
transferred to the second substrate 30.

According to the aforementioned LED transferring method through a pick and place
method, the first substrate 20 is alternatingly rotated between 0 degrees and 180
degrees for changing the arrangement of performance distribution of the LEDs 21 on
the first substrate 20. However, the arrangement of performance distribution of the
LEDs 21 on the first substrate 20 may be changed without rotating the first substrate
20.

FIG. 22 is a flow chart illustrating a process of transferring a plurality of LEDs from
the first substrate to the second substrate by using an LED transfer device according to
another embodiment.

As shown in FIG. 22, the first substrate 20 may be set in a first position at operation
S31. Then, the first picker 91 may pick LEDs 21 from the first substrate, based on the
first substrate being set in the first position at operation S32. Then, the first picker 91
may mount the LEDs 21 on a second substrate 30 at operation S33.

After a picking and placing operation is performed by the first picker 91, the first
substrate 20 may remain stationary. The second picker 93 may pick the plurality of
LEDs 21 from the first substrate 20 at operation S34, rotate by 180 degrees at
operation S35, and then place the plurality of LEDs 21 on the second substrate 30 at
operation S36. After the placing operation, the second picker 93 may rotate by 180
degrees again and move to a standby position.

The LED transferring methods according to the aforementioned various em-
bodiments may be implemented in the forms of applications that may be installed on
LED transfer devices.

Also, methods according to the aforementioned various embodiments may be im-
plemented via software upgrade, or hardware upgrade of LED transfer devices.

In addition, the aforementioned various embodiments may be performed by an
embedded server provided in an LED transfer device, or an external server of an LED

transfer device.
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The aforementioned various embodiments may be implemented by a computer
configured to execute instructions stored on a non-transitory computer-readable
recording medium that can be read by the computer or a device similar to a computer,
by using software, hardware, or a combination thereof. In some cases, the em-
bodiments described in this specification may be implemented by the processor 80.
According to implementation by software, the embodiments such as processes and
functions described in this specification may be implemented by separate software
modules. Each of the software modules may perform one or more functions and op-

erations described in this specification.
Computer instructions for performing processing operations of the LED transfer

device 1 according to the aforementioned various embodiments may be stored in a
non-transitory computer-readable medium. Computer instructions stored in such a non-
transitory computer-readable medium render the processing operations of the LED
transfer device 1 according to the aforementioned various embodiments performed by
a specific machine, when the instructions are executed by the processor of the specific
machine.

A non-transitory computer-readable medium refers to a medium that stores data
semi-permanently, and is readable by machines. As specific examples of a non-
transitory computer-readable medium, there may be a compact disc (CD), a digital
versatile disc (DVD), a hard disc, a blue-ray disc, a universal serial bus (USB) drive, a
memory card, a ROM, and the like.

Also, while the various embodiments have been described separately from one
another, the embodiments do not have to be implemented independently, but the con-
figuration and operation of each embodiment may be implemented in combination
with at least one other embodiment.

In addition, while embodiments have been shown and described, the disclosure is not
limited to the aforementioned specific embodiments, and it should be apparent that
various modifications may be made by those having ordinary skill in the technical field
to which the disclosure belongs, without departing from the scope and spirit of the
disclosure as claimed by the appended claims. Also, it is intended that such modi-
fications are not to be interpreted independently from the technical idea or spirit of the
disclosure.

Industrial Applicability

The disclosure relates to a light-emitting diode (LED) transfer device which transfers

a plurality of LEDs formed on a wafer to a printed circuit board of a display panel, and

an LED transferring method using the same.
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Claims
A light-emitting diode (LED) transfer device comprising:

a transfer assembly configured to move a first substrate, on which a
plurality of LEDs are provided, above a second substrate;

a laser light source configured to emit a laser beam toward the first
substrate;

a mask that is disposed between the first substrate and the laser light
source and has a plurality of openings that are configured to be se-
lectively exposed and blocked; and

a processor configured to:

control the transfer assembly to move the first substrate to a prede-
termined position and selectively rotates the first substrate; and
control the mask to expose and block the plurality of openings corre-
sponding to the plurality of LEDs to be transferred from the first
substrate to the second substrate.

The LED transfer device of claim 1, wherein the processor is further
configured to control the transfer assembly to rotate the first substrate
in a first direction and a second direction which is opposite to the first
direction such that output characteristics among a plurality of transfer
areas of the second substrate on which the plurality of LEDs are
transferred are substantially uniform.

The LED transfer device of claim 2, wherein the mask comprises a
blind which is configured to be selectively changed between a first
mode and a second mode,

wherein in the first mode, first openings among the plurality of
openings are opened, the first openings corresponding to a first group
of LEDs, among the plurality of LEDs, to be arranged on the second
substrate, and

in the second mode, second openings among the plurality of openings
opened, the second openings corresponding to a second group of LEDs,
among the plurality of LEDs, to be arranged on the second substrate
between the first group of LEDs.

The LED transfer device of claim 3, wherein the processor is further
configured to:

based on the blind being in the first mode, control the transfer assembly
to set the first substrate in a first position; and

based on the blind being in the second mode, control the transfer
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[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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assembly to set the first substrate in a second position different from
the first position.

The LED transfer device of claim 4, wherein the second position is
rotated by 180 degrees with respect to the first position.

The LED transfer device of claim 1, further comprising an adhesive
layer provided between each of the plurality of LEDs and the first
substrate, and

wherein the laser beam transfers heat to the adhesive layer and
separates the plurality of LEDs from the first substrate.

The LED transfer device of claim 3, wherein the first group of LEDs
and the second group of LEDs are arranged in parallel in a diagonal
direction on the first substrate.

The LED transfer device of claim 3, wherein the first group of LEDs
and the second group of LEDs are arranged in parallel in a diagonal
direction on the second substrate.

The LED transfer device of claim 3, wherein the LEDs of the first
group of LEDs include first anodes and first cathodes,

wherein the LEDs of the second group of LEDs include second anodes
and second cathodes that are rotated 180 degrees with respect to the
first anodes and the first cathodes, and

wherein first anode pads and first cathode pads are provided on the
second substrate to which the first group of LEDs are transferred and
are arranged in a same direction as second anode pads and second
cathode pads on the second substrate to which the second group of
LEDs are transferred.

The LED transfer device of claim 3, wherein the LEDs of the first
group of LEDs include first anodes and first cathodes,

wherein the LEDs of the second group of LEDs include second anodes
and second cathodes, and

wherein first anode pads and first cathode pads are provided on the
second substrate to which the first group of LEDs are transferred and
are rotated by 180 degrees with respect to second anode pads and
second cathode pads on the second substrate to which the second group
of LEDs are transferred.

A light-emitting diode (LED) transfer device comprising:

a first stage configured to support a first substrate on which a plurality
of LEDs are provided;

a second stage configured to support a second substrate;
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[Claim 14]
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a first picker configured to pick a first group of LEDs among the
plurality of LEDs from the first substrate, and place the first group of
LEDs on the second substrate;

a second picker configured to pick a second group of LEDs among the
plurality of LEDs from the first substrate, and place the second group
of LEDs on the second substrate, the second group of LEDs being
different from the first group of LEDs; and

a processor configured to control the first picker and the second picker
to place the first group of LEDs and the second group of LEDs on the
second substrate in an alternating manner.

The LED transfer device of claim 11,wherein the first picker comprises
a plurality of first picking parts configured to pick the first group of
LEDs from the first substrate, and

wherein the second picker comprises a plurality of second picking parts
configured to pick the second group of LEDs from the first substrate.
A light-emitting diode (LED) transferring method comprising:
providing a first substrate in a first position;

transferring a first group of LEDs among a plurality of LEDs on the
first substrate to a second substrate;

rotating the first substrate in a first direction;

moving the first substrate to a second position that is different from the
first position; and

transferring a second group of LEDs among the plurality of LEDs on
the first substrate to the second substrate.

The LED transferring method of claim 13, further comprising:

after transferring the second group of LEDs to the second substrate,
rotating the first substrate in a second direction that is opposite to the
first direction.

The LED transferring method of claim 14, wherein a first angle by
which the first substrate rotates in the first direction and a second angle
by which the first substrate rotates in the second direction are re-

spectively 180 degrees.
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