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(57) ABSTRACT

A micro LED display device including a display substrate,
a plurality of conductive pad pairs and a plurality of micro
light emitting elements is provided. The display substrate
has a first arranging area, a splicing area connected to the
first arranging area, and a second arranging area connected
to the splicing area, wherein the splicing area is located
between the first arranging area and the second arranging
area. The conductive pad pairs are disposed on the display
substrate in an array with the same pitch. The micro light
emitting elements are disposed on the display substrate and
are electrically bonded to the conductive pad pairs. A
manufacturing method of the micro LED display device is
also provided.
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MICRO LED DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan patent application serial no. 107143614, filed on Dec.
5, 2018. The entirety of the above-mentioned patent appli-
cation is hereby incorporated by reference herein and made
a part of specification.

BACKGROUND

Technical Field

[0002] The disclosure relates to a display device, and
particularly relates to a micro Light-Emitting Diode (LED)
display device and a manufacturing method thereof.

Description of Related Art

[0003] Along with development of display technology,
since micro LEDs may meet the requirements of thinning,
miniaturization and arraying of products, and have advan-
tages of high luminescence efficiency, high brightness, high
contrast value, good reliability and faster response time, etc.,
relevant manufacturers are all optimistic about prospects of
this new generation of display technology and actively
invest in development and research of such display technol-
ogy.

[0004] During a process of transferring the micro LEDs
formed on a growth substrate to a display substrate, the
required micro LEDs are hundreds of thousands or millions
of pieces. The common transfer mode is, for example, to
pick up the micro LEDs from the growth substrate through
magnetic attraction or electrostatic adsorption, and to place
the micro LEDs to the display substrate. In each of transfer
procedures, the number of the micro LEDs picked up by a
transfer element is fixed and the micro LEDs are arranged in
an array. Therefore, the micro LEDs transferred to the
display substrate may be roughly divided into several rect-
angular regions, and due to a process error probably
occurred in transfer procedure or a photoelectric charactet-
istic difference in adjacent two transfer regions, light field
distributions of the micro LEDs in any two adjacent rect-
angular regions probably have a difference. Therefore, when
the display substrate operates, a viewer probably perceives
an obvious boundary existed between any two adjacent
rectangular regions, which results in a problem of poor
display quality.

SUMMARY

[0005] The disclosure is directed to a micro LED display
device and a manufacturing method thereof, which has good
display quality.

[0006] The disclosure provides a micro LED display
device including a display substrate, a plurality of conduc-
tive pad pairs and a plurality of micro light-emitting ele-
ments. The display substrate has a first arranging area, a
splicing area connected to the first arranging area, and a
second arranging area connected to the splicing area,
wherein the splicing area is located between the first arrang-
ing area and the second arranging area. The splicing area has
a plurality of first filling positions and a plurality of second
filling positions. The first filling positions and the second
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filling positions are arranged alternatively in an arranging
direction. The conductive pad pairs are disposed in the first
arranging area, the splicing area and the second arranging
area of the display substrate in an array with the same pitch,
wherein each of the first filling positions and each of the
second filling positions of the splicing area are respectively
configured with at least one of the conductive pad pairs. The
micro light-emitting elements are disposed on the display
substrate and are electrically bonded to the conductive pad
pairs. In the splicing area, the micro light-emitting elements
disposed in the first filling position and the second filling
position have different offsets with respect to the conductive
pad pairs bonded thereto.

[0007] In an embodiment of the disclosure, the micro
light-emitting elements disposed in the first filling positions
and the first arranging area have the same offset with respect
to the conductive pad pairs bonded thereto, and the micro
light-emitting elements disposed in the second filling posi-
tions and the second arranging area have the same offset
with respect to the conductive pad pairs bonded thereto.
[0008] Inan embodiment of the disclosure, the first filling
positions and the second filling positions are arranged alter-
natively in another arranging direction.

[0009] In an embodiment of the disclosure, each of the
conductive pad pairs has an N-type pad and a P-type pad
separated from each other and a reference line perpendicular
to the display substrate, and the reference line passes
through a middle point between the N-type pad and the
P-type pad.

[0010] In an embodiment of the disclosure, a sidewall of
each of the light-emitting elements and the reference line of
the corresponding conductive pad pair are spaced by a
distance, and the distance is the offset.

[0011] In an embodiment of the disclosure, a length of the
light-emitting elements is smaller than 100 pm.

[0012] In an embodiment of the disclosure, an interval
between two micro light-emitting elements in any two
adjacent first filling positions along the arraigning direction
in the splicing area is different to an interval between two
micro light-emitting elements in any two adjacent first filling
position and second filling position.

[0013] In an embodiment of the disclosure, an interval
between two adjacent micro light-emitting elements respec-
tively in the first arranging area and the first filling position
of the splicing area is different to an interval between two
adjacent micro light-emitting elements respectively in the
first arranging area and the second filling position of the
splicing area.

[0014] In an embodiment of the disclosure, in the arrang-
ing direction of the display substrate, the two adjacent
second filling positions are separated by at least one of the
first filling positions, and the two adjacent first filling
positions are separated by at least one of the second filling
positions.

[0015] In an embodiment of the disclosure, the number of
the first filling positions in the arranging direction on the
display substrate is equal to the number of the second filling
positions in the arranging direction on the display substrate,
and the first filling positions and the second filling positions
adopt a random distribution.

[0016] In an embodiment of the disclosure, the first filling
positions are symmetrically distributed along a middle line
of the splicing area.
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[0017] In an embodiment of the disclosure, the splicing
area adopts a multi-column distribution, wherein the number
of the first filling positions in each column of the splicing
area is gradually decreased towards a direction away from
the first arranging area.

[0018] The disclosure provides a micro LED display
device including a display substrate, a plurality of conduc-
tive pad pairs and a plurality of micro light-emitting ele-
ments. The display substrate has a first arranging area, a
splicing area connected to the first arranging area, and a
second arranging area connected to the splicing area,
wherein the splicing area is located between the first arrang-
ing area and the second arranging area, and the splicing area
has a plurality of first filling positions and a plurality of
second filling positions, and the first filling positions and the
second filling positions are arranged alternatively in an
arranging direction. The conductive pad pairs are disposed
on the display substrate and are distributed in the first
arranging area, the splicing area and the second arranging
area in an array in groups. Each of the first filling positions
and each of the second filling positions in the splicing area
are respectively configured with three conductive pad pairs.
The micro light-emitting elements are disposed on the
display substrate and are electrically bonded to the conduc-
tive pad pairs. The micro light-emitting elements include a
plurality of first color LEDs, a plurality of second color
LEDs and a plurality of third color LEDs, each of the first
filling positions and each of the second filling positions are
respectively configured with one of the first color LEDs, one
of the second color LEDs and one of the third color LEDs
at the three conductive pad pairs, and the first color LEDs
disposed in the first filling position and the second filling
position have different offsets with respect to the conductive
pad pairs bonded thereto.

[0019] In an embodiment of the disclosure, the first color
LEDs disposed in the first filling position and the first
arranging area have the same offset with respect to the
conductive pad pairs bonded thereto, and the first color
LEDs disposed in the second filling position and the second
arranging area have the same offset with respect to the
conductive pad pairs bonded thereto.

[0020] In an embodiment of the disclosure, an interval
between the first color LED in one of the two adjacent first
filling positions and the first color LED in the other one of
the two adjacent first filling positions adjacent along the
arranging direction in the splicing area is different to an
interval between the first color LED in one of the first filling
positions and the first color LED in the second filling
position adjacent to the first filling position.

[0021] In an embodiment of the disclosure, an interval
between two adjacent first color LEDs respectively in the
first arranging area and the first filling position of the
splicing area is different to an interval between two adjacent
first color LEDs respectively in the first arranging area and
the second filling position of the splicing area.

[0022] The disclosure provides a manufacturing method
of a micro LED display device including following steps.
First, a display substrate is provided, wherein the display
substrate includes a plurality of conductive pad pairs
arranged in an array. Then, a carrier is provided, wherein the
carrier is configured with a plurality of micro light-emitting
elements. Then, a transfer element is provided. Thereafter,
the micro light-emitting elements are transferred from the
carrier to the display substrate through the transfer element,
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and the micro light-emitting elements are -electrically
bonded to the conductive pad pairs. Further, in an n”
transferring step, the transfer element is aligned with the
carrier, and the transfer element generates a first pattern
transfer area to transfer a first part of the micro light-emitting
elements in a region of the carrier to the display substrate
according to the first pattern transfer area, and retain a
second part of the micro light-emitting elements in the
region, and define a plurality of vacancy positions in a
splicing area of the display substrate within a range corre-
sponding to the region. In another transferring step, the
transfer element is aligned with the carrier, and the transfer
element generates a second pattern transfer area to transfer
a plurality of the micro light-emitting elements to the display
substrate according to the second pattern transfer area to fill
the vacancy positions defined in the n” of transfer, wherein
n is a positive integer greater than or equal to 1.

[0023] In an embodiment of the disclosure, each of the
conductive pad pairs has a reference line perpendicular to
the display substrate. A sidewall of each of the micro
light-emitting elements transferred to the display substrate in
the n transferring step and the reference line of the corre-
sponding conductive pad pair are spaced by a first distance,
and a sidewall of each of the micro light-emitting elements
transferred to the display substrate in another transferring
step and the reference line of the corresponding conductive
pad pair are spaced by a second distance, wherein the second
distance is different to the first distance.

[0024] Inanembodiment of the disclosure, the first pattern
transfer area is matched with the second pattern transfer
area.

[0025] Based on the above description, in the manufac-
turing method of the micro LED display device of the
disclosure, a transfer force is generated at a partial area of
the transfer element to transfer the micro light-emitting
elements with a specific number and distribution pattern,
and a peripheral of the micro light-emitting elements in a
prior transfer procedure is configured with vacancy positions
for the micro light-emitting elements in a posterior transfer
procedure to fill in. Therefore, the splicing area between any
two adjacent arranging areas on the display substrate have
the micro light-emitting elements with two different offsets.
When the micro LED display device operates, the splicing
area may provide a blurring effect, such that the splicing area
between any two adjacent arranging areas would not pro-
duce an obvious boundary, so as to improve the display
quality of the micro LED display device.

[0026] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0028] FIG. 1A is a partial top view of a display substrate
according to a first embodiment of the disclosure.

[0029] FIG. 1B is a partial cross-sectional view of FIG. 1A
along a section line A-A'.

[0030] FIG. 2A to FIG. 2D are side views of a manufac-
turing flow of the micro LED display device of FIG. 1A.
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[0031] FIG. 3A is a partial top view of a carrier and a
display substrate of FIG. 2A, and illustrates a state that
micro light-emitting elements on the carrier are still not
picked up.

[0032] FIG. 3B is a schematic diagram of a transfer
surface of a transfer element of FIG. 2A.

[0033] FIG. 3C is a partial top view of the display sub-
strate of FIG. 2B.

[0034] FIG. 3D is a partial top view of the carrier of FIG.
2C.
[0035] FIG. 3E is a schematic diagram of the transfer

surface of the transfer element of FI1G. 2C.

[0036] FIG. 4 is a partial top view of a display substrate
according to a second embodiment of the disclosure.
[0037] FIG. 5 is a partial top view of a display substrate
according to a third embodiment of the disclosure.

[0038] FIG. 6 is a partial top view of a display substrate
according to a fourth embodiment of the disclosure.
[0039] FIG. 7 is a partial top view of a display substrate
according to a fifth embodiment of the disclosure.

[0040] FIG. 8 is a partial top view of a display substrate
according to a sixth embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0041] FIG. 1A s a partial top view of a display substrate
according to a first embodiment of the disclosure. FIG. 1B
is a partial cross-sectional view of FIG. 1A along a section
line A-A'. Referring to FIG. 1A and FIG. 1B, in the embodi-
ment, a micro LED display device 100 includes a display
substrate 110, a plurality of micro light-emitting elements
120 and a plurality of conductive pad pairs 130, wherein the
micro light-emitting elements 120 are arranged in an array
and electrically bonded to the conductive pad pairs 130 for
being fixed to the display substrate 110 and electrically
connected to the display substrate 110. In other words, the
conductive pad pairs 130 disposed on the display substrate
110 are also arranged in an array. The micro light-emitting
elements 120 are micro light-emitting diodes (LEDs) with
lengths generally smaller than 100 um and thickness smaller
than 10 pm.

[0042] The display substrate 110 is roughly divided into a
first arranging area 111, a first sub-splicing area 112 con-
nected to the first arranging area 111, a second arranging
area 113 and a second sub-splicing area 114 connected to the
second arranging area 113. As shown in FIG. 1A, the first
sub-splicing area 112 and the second sub-splicing area 114
are overlapped with each other to form a splicing area
located between the first arranging area 111 and the second
arranging area 113. Further, according to arranging direc-
tions of the conductive pad pairs 130 and the micro light-
emitting element 120, the display substrate 110 has a column
direction cd and a row direction rd perpendicular with each
other. The first sub-splicing area 112 is configured with a
plurality of first vacancy positions 112a and a plurality of
first filling positions 1124 in the column direction cd of the
display substrate 110, and the second sub-splicing area 114
is configured with a plurality of second vacancy positions
114a and a plurality of second filling positions 1145 in the
column direction cd of the display substrate 110. The micro
light-emitting elements 120 in the first filling positions 1125
and the first arranging area 111 are transferred and bonded
to the display substrate 110 at the same time, and the micro
light-emitting elements 120 in the second filling positions
1145 and the second arranging area 113 are transferred and
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bonded to the display substrate 110 at the same time. The
transferring and bonding steps will be described in the
subsequent content for manufacturing process, and detail
thereof is not introduced herein.

[0043] Regarding the first sub-splicing area 112, an offset
of each of the micro light-emitting elements 120 in the first
filling position 1125 with respect to the corresponding
conductive pad pair 130 in the row direction rd of the display
substrate 110 is equal to an offset of each of the micro
light-emitting elements 120 in the first arranging area 111
with respect to the corresponding conductive pad pair 130 in
the row direction rd of the display substrate 110. Regarding
the second sub-splicing area 114, an offset of each of the
micro light-emitting elements 120 in the second filling
positions 1145 with respect to the corresponding conductive
pad pair 130 in the row direction rd of the display substrate
110 is equal to an offset of each of the micro light-emitting
elements 120 in the second arranging area 113 with respect
to the corresponding conductive pad pair 130 in the row
direction rd of the display substrate 110. Namely, the offset
of each of the micro light-emitting elements 120 in the first
filling position 1125 with respect to the corresponding
conductive pad pair 130 in the row direction rd of the display
substrate 110 is different to the offset of each of the micro
light-emitting elements 120 in the second filling positions
1145 with respect to the corresponding conductive pad pair
130 in the row direction rd of the display substrate 110. In
other words, as shown in FIG. 1A, an interval between the
micro light-emitting element 120 in the first filling position
1124 in the splicing area 112 and the micro light-emitting
element 120 adjacent thereto in the first arranging area 111
is the same with an interval between any two adjacent micro
light-emitting elements 120 in the first arranging area 111,
and an interval between the micro light-emitting elements
120 in the second filling position 1145 and the micro
light-emitting element 120 adjacent thereto in the second
arranging area 113 is the same with an interval between any
two adjacent micro light-emitting elements 120 in the sec-
ond arranging area 113.

[0044] In the embodiment, the first sub-splicing area 112
and the second sub-splicing area 114 are overlapped with
each other, wherein the first vacancy positions 112a are filled
by the second filling positions 1145, and the second vacancy
positions 114a are filled by the first filling positions 1124.
On the other hand, the first filling positions 1126 are
separated by at least one second filling position 1145 in the
column direction cd of the display substrate 110. The second
filling positions 1145 are separated by at least one first filling
position 1125 in the column direction c¢d of the display
substrate 110. Further, the first sub-splicing area 112 and the
second sub-splicing area 114 are overlapped with each other
to construct a splicing area, and the first arranging area 111
is spliced to the second arranging area 113 through the said
splicing area. In the said splicing area, the second filling
positions 1145 and the first filling positions 1126 are
arranged alternatively in the column direction cd of the
display substrate 110, and the number of the second filling
positions 1145 is equal to the number of the first filling
positions 1125. In other embodiments, the number of the
second filling positions may be not equal to the number of
the first filling positions.

[0045] Based on the design that the offset of each of the
micro light-emitting elements 120 in the second filling
positions 1145 with respect to the corresponding conductive



US 2020/0185360 A1

pad pair 130 in the row direction rd of the display substrate
110 is different to the offset of each of the micro light-
emitting elements 120 in the first filling position 1125 with
respect to the corresponding conductive pad pair 130 in the
row direction rd of the display substrate 110, and the first
filling positions 1125 and the second filling positions 1145
are arranged alternatively, a light field of each of the micro
light-emitting elements 120 in the second filling positions
11456 is mixing with a light field of each of the micro
light-emitting elements 120 in the first filling position 1125
to blur boundary effect between process steps (e.g. transfer-
ring process) or chips variation (e.g. wavelength distribution
within wafer). When the micro LED display device 100
shows image, the splicing area between the first arranging
area 111 and the second arranging area 113 would not have
an obvious boundary, so as to improve the display quality of
the micro LED display device 100.

[0046] In the embodiment, each of the conductive pad
pairs 130 has two separated conductive pads 131, and one of
the two conductive pads is an N-type pad, and the other one
is a P-type pad. As shown in FIG. 1B, in the cross-sectional
view, a virtual line passing through a middle point of the
conductive pads 131 configured in pairs and perpendicular
to the display substrate 110 is a reference line r of each of
the conductive pad pairs 130. On the other hand, as shown
in FIG. 1A, at least one of the conductive pad pairs 130 is
configured in the second filling positions 114b. Similarly, the
first filling positions 1126 are also configured with at least
one of the conductive pad pairs 130.

[0047] The offset of each of the micro light-emitting
elements 120 in different areas with respect to the corre-
sponding conductive pad pair 130 in the row direction rd is
described below.

[0048] To be specific, a sidewall of each of the light-
emitting elements 120 in the first arranging area 111 and the
reference line r of the corresponding conductive pad pair
130 are spaced by a first distance D1. Since the offset of the
micro light-emitting elements 120 in each of the first filling
positions 1125 with respect to the corresponding conductive
pad pair 130 in the row direction rd is equal to the offset of
each of the micro light-emitting elements 120 in the first
arranging area 111 with respect to the corresponding con-
ductive pad pair 130 in the row direction rd, it is deduced
that the sidewall of the micro light light-emitting element
120 in each of the first filling positions 1126 and the
reference line r of the corresponding conductive pad pair
130 are also spaced by the first distance D1.

[0049] On the other hand, a sidewall of the light-emitting
elements 120 in each of the second filling positions 1146 and
the reference line r of the corresponding conductive pad pair
130 are spaced by a second distance D2. The sidewall of
each of the micro light light-emitting element 120 in the
second arranging area 113 and the reference line r of the
corresponding conductive pad pair 130 are also spaced by
the second distance D2. In the embodiment, the second
distance D2 is different to the first distance D1.

[0050] Further, the offset of the micro light-emitting ele-
ment 120 in each of the second filling positions 1144 with
respect to the corresponding conductive pad pair 130 in the
row direction rd of the display substrate 110 is different to
the offset of the micro light-emitting elements 120 in each of
the first filling positions 1126 with respect to the correspond-
ing conductive pad pair 130 in the row direction rd of the
display substrate 110. Therefore, an interval between the
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micro light-emitting elements 120 in any two adjacent first
filling positions 1126 along the row direction rd in the
splicing area is different to an interval between the micro
light-emitting elements 120 in any adjacent first filling
position 1124 and second filling position 1145. On the other
hand, an interval between two adjacent micro light-emitting
elements 120 respectively in the first arranging area 111 and
the first filling position 1125 of the splicing area is different
to an interval between two adjacent micro light-emitting
elements 120 respectively in the first arranging area 111 and
the second filling position 1146 of the splicing area.
[0051] The interval difference mentioned above is due to
that the micro light-emitting elements 120 in the first arrang-
ing area 111 and the first filling position 1125 are transferred
in a same transferring step, and the micro light-emitting
elements 120 in the second arranging area 113 and the
second filling position 1145 are transferred in another trans-
ferring step. Moreover, the micro light-emitting elements
120 may include red micro LEDs, blue micro LEDs, green
micro LEDs, white micro LEDs or a combination of the
above LEDs.

[0052] A manufacturing process of the micro LED display
device 100 is described below.

[0053] FIG. 2A to FIG. 2D are side views of a manufac-
turing flow of the micro LED display device of FIG. 1A.
FIG. 3A is a partial top view of a carrier and the display
substrate of FIG. 2A, and illustrates a state that the micro
light-emitting elements on the carrier are still not picked up.
FIG. 3B is a schematic diagram of a transfer surface of a
transfer element of FIG. 2A. FIG. 3C is a partial top view of
the display substrate of FIG. 2B. FIG. 3D is a partial top
view of the carrier of FIG. 2C. FIG. 3E is a schematic
diagram of the transfer surface of the transfer element of
FIG. 2C. First, referring to FIG. 2A to FIG. 2B, and FIG. 3A
to FIG. 3C, the display substrate 110 is provided, wherein
the display substrate 110 is, for example, an array substrate,
and includes a plurality of conductive pad pairs 131
arranged in an array to serve as electrical contacts of the
micro light-emitting elements 120 subsequently transferred
to the display panel 110. Then, a carrier 50 is provided,
wherein the carrier 50 is, for example, a glass substrate, a
semiconductor substrate, a sapphire substrate or a temporary
carrier, and is configured with a plurality of micro light-
emitting elements 120 arranged in an array. Then, a transfer
element 20 is adopted to transfer the micro light-emitting
elements 120 on the carrier 50 to the display substrate 110.
Further, the transfer element 20 may be moved between the
carrier 50 and the display substrate 110, and moved verti-
cally with respect to the carrier 50 and the display substrate
110. On the other hand, the transfer element 20 has a transfer
surface 20a capable of generating a transfer force, and the
transfer force may be a magnetic attraction force, a viscous
force or an electrostatic adsorption force. According to a size
of the transfer surface 20a of the transfer element 20, the
carrier 50 may be divided into a plurality of transfer-pending
areas with sizes equal to or close to the size of the transfer
surface 20a, and FIG. 3A schematically illustrates a first
transfer-pending area 50a and a second transfer-pending
area 504 adjacent to each other on the carrier 50.

[0054] When one of the transfer procedures is carried out,
the transfer element 20 is moved to the position above the
carrier 50, and the transfer surface 20q is aligned with the
first transfer-pending area 50a. In order to obtain a splicing
configuration of the micro light-emitting elements 120 in the
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micro LED display device 100 shown in FIG. 1A, only a
partial region of the transfer surface 20a of the transfer
element 20 generates the transfer force (as shown in FIG.
3B), so as to pick up a first part of the micro light-emitting
elements 120 in the first transfer-pending area 50a. Now, the
region that generates the transfer force on the transfer
surface 20a of the transfer element 20 defines a first pattern
transfer area 21, and the micro light-emitting elements 120
in a corresponding region on the carrier 50 are picked up and
removed from the carrier 50.

[0055] Further, not only the operation of the transfer
element 20 are controlled by a controller (not shown), but
the generation and distribution of the transfer force of the
transfer surface 20a thereof are controlled by the controller
(not shown). For example, the controller (not shown) may
include a processing chip, or a Central Processing Unit
(CPU), or other programmable general purpose or special
purpose microprocessor, a Digital Signal Processor (DSP), a
programmable controller, an Application Specific Integrated
Circuits (ASIC), a Programmable Logic Device (PLD),
other similar processing circuit or a combination of the
above devices.

[0056] On the other hand, the controller (not shown) may
further include an inbuilt or external memory device, for
example, a Dynamic Random Access Memory (DRAM), a
flash memory or a Non-Volatile Random Access Memory
(NVRAM), etc., to save size information of the carrier 50,
size information of the display substrate 110, quantity and
arranging information of the conductive pad pairs 130,
quantity and arranging information of the micro light-
emitting elements 120, moving route information between
the carrier 50 and the display substrate 110, transfer force
distribution information (or referred to as transfer pattern
information) of the transfer surface 20a of the transfer
element 20 or other required information or parameters. On
the other hand, the memory device may further save com-
putation, processing or analysis modules for the manufac-
turing process of the micro LED display device of different
implementation configurations.

[0057] As shown in FIG. 2B, after the transfer element 20
is moved to the position above the display substrate 110, the
micro light-emitting elements 120 picked by the transfer
element 20 are aligned with the conductive pad pairs 130 on
the display substrate 110. Then, to electrically bond the
micro light-emitting elements 120 to the conductive pad
pairs 130. After the bonding process, the transfer element 20
is moved away from the display substrate 110. During the
process that the transfer element 20 is moved away from the
display substrate 110, the transfer element 20 stops genet-
ating the transfer force to prevent the micro light-emitting
elements 120 being damaged by the transfer force.

[0058] As shown in FIG. 3C, after one of the transfer
procedures, a region configured with the micro light-emit-
ting elements 120 on the display substrate 110 may be
corresponding to the first arranging area 111 and the first
filling positions 1126 shown in FIG. 1A. Besides, the other
regions which are arranged alternatively with the first filling
positions 1125 in the column direction c¢d on the display
substrate 110 and configured without the micro light-emit-
ting elements 120 may be corresponding to the first vacancy
positions 112a shown in FIG. 1A. In other embodiments, the
first vacancy positions and the first filling positions may be
arranged alternatively along the row direction of the display
substrate.
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[0059] Referring to FIG. 2C to FIG. 2D and FIG. 3D to
FIG. 3E, during one of the transfer procedures, a second part
of the micro light-emitting elements 120 is left in the first
transfer-pending area 50a. After the transfer element 20 is
moved back to the position above the carrier 50, a part of
region of the transfer surface 20a of the transfer element 20
is aligned with the second part of the micro light-emitting
elements 120 left in the first transfer-pending area 50a, and
other part of region of the transfer surface 20a of the transfer
element 20 is aligned with at least a part of the micro
light-emitting elements 120 in the second transfer-pending
area 505. The controller (not shown) makes a partial region
of the transfer surface 20a of the transfer element 20 to
generate the transfer force to define a second pattern transfer
area 22 according to arranging information of the second
part of the micro light-emitting elements 120 left in the first
transfer-pending area 50a and arranging information of the
micro light-emitting elements 120 in the second transfer-
pending area 505, so as to pick up the second part of the
micro light-emitting elements 120 left in the first transfer-
pending area 50a and at least a part of the micro light-
emitting elements 120 in the second transfer-pending area
504 to move away from the carrier 50.

[0060] The transfer element 20 is moved to the position
above the display substrate 110 according to arranging
information of the micro light-emitting elements 120 that
have been transferred to the display substrate 110, and a part
of the micro light-emitting elements 120 picked up by the
transfer element 20 is aligned with the conductive pad pairs
130 in the first vacancy positions 1124, and the other part of
the micro light-emitting elements 120 picked up by the
transfer element 20 is aligned with the conductive pad pairs
130 besides the first vacancy positions 112a and the first
filling positions 1125, wherein the micro light-emitting
elements 120 aligned with the conductive pad pairs 130 in
the first vacancy positions 112a are the second part of the
micro light-emitting elements 120 left in the first transfer-
pending area 50a. Then, the transfer element 20 is moved
close to the display substrate 110 to electrically bond the
micro light-emitting elements 120 to the conductive pad
pairs 130. In other words, the transfer element 20 picks up
the second part of the micro light-emitting elements 120 left
in the first transfer-pending area 50a in one of the transfer
procedures to fill the first vacancy positions 112a left on the
display substrate 110 in one of the transfer procedures.

[0061] It should be noted that as shown in FIG. 3B and
FIG. 3E, if a geometric contour (or referred to as an image)
of the second pattern transfer area 22 is rotated by 180
degrees along a rotation axis (not shown) perpendicular to
the transfer surface 20a, the rotated geometric contour (or
image) of the second pattern transfer area 22 is completely
overlapped with a geometric contour (or referred to as an
image) of the first pattern transfer area 21. Moreover, a part
of the geometric contour (or image) of the first pattern
transfer area 21 has a first concave-convex side edge, and a
part of the geometric contour (or image) of the second
pattern transfer area 22 has a second concave-convex side
edge. The second concave-convex side edge of the second
pattern transfer area 22 will be fitted in a concave portion of
the first concave-convex side edge of the first pattern trans-
fer area 21, and a concave portion of the second concave-
convex side edge of the second pattern transfer area 22 may
be fitted in a convex portion of the first concave-convex side
edge of the first pattern transfer area 21. In other words, the
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image of the second pattern transfer area 22 may be spliced
to the image of the first pattern transfer area 21.

[0062] For example, since the image of the second pattern
transfer area 22 rotated by 180 degrees may be completely
overlapped with the image of the first pattern transfer area
21, the transfer element 20 is rotated by 180 degrees along
the rotation axis (not shown) perpendicular to the transfer
surface 20a and the first pattern transfer area 21 defined by
the transfer force on the transfer surface 20a of the transfer
element 20 may be still maintained the first pattern transfer
area 21 when another one of the transfer procedures is
carried out. Afterwards, the transfer element 20 is moved to
the position above the carrier 50, and a part of region of the
transfer surface 20a of the transfer element 20 is aligned
with the second part of the micro light-emitting elements
120 left in the first transfer-pending area 50a, and other part
of region of the transfer surface 20a of the transfer element
20 is aligned with at least a part of the micro light-emitting
elements 120 in the second transfer-pending area 504, such
that the second part of the micro light-emitting elements 120
left in the first transfer-pending area 50a and at least a part
of the micro light-emitting elements 120 in the second
transfer-pending area 505 may be picked up and removed
from the carrier 50.

[0063] In other embodiments, in response to a variation of
a combination of the geometric contours (or images) of the
first pattern transfer area and the second pattern transfer
area, a part of the geometric contour (or image) of the second
pattern transfer area may be rotated to fit a part of the
geometric contour (or image) of the first pattern transfer
area.

[0064] It should be noted that a distance between the
sidewall of each of the micro light-emitting elements 120 in
a prior transferring step (for example, a first transferring
step) and the reference line r of the corresponding conduc-
tive pad pair 130 is different to a distance between the
sidewall of each of the micro light-emitting elements 120 in
a posterior transferring step (for example, a second trans-
ferring step) and the reference line r of the corresponding
conductive pad pair 130.

[0065] It should be noted that only two transfer procedures
are taken as an example for description in the above embodi-
ment, and in other embodiments, the number of times of
transferring to the micro light-emitting elements may be
increased according to an actual application, and each trans-
fer procedure has to refer to a previous transfer procedure for
the transfer surface of the transfer element to generate a
corresponding transfer force distribution (for example, a
fifth transfer procedure has to refer to a fourth transfer
procedure for the transfer surface of the transfer element to
generate the corresponding transfer force distribution).
[0066] Through the above manufacturing procedure, the
splicing area may be formed between any two adjacent
display regions with different transfer procedures on the
display substrate 110, and when the micro LED display
apparatus 100 operates, the splicing area may provide the
blurring effect, so as to improve the display quality of the
micro LED display device 100.

[0067] FIG. 4 is a partial top view of a display substrate
according to a second embodiment of the disclosure. Refer-
ring to FIG. 4, a main difference between the display
substrate 110a of the embodiment and the display substrate
110 of the first embodiment lies in a structural type design
of the splicing area. To be specific, in the embodiment, the
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first filling positions 1125 and the second filling positions
1144 in the splicing area are randomly distributed in each
column.

[0068] FIG. 5 is a partial top view of a display substrate
according to a third embodiment of the disclosure. Referring
to FIG. 5, a main difference between the display substrate
1106 of the embodiment and the display substrate 110 of the
first embodiment lies in the arrangement of the first filling
positions 1126 and the second filling position 1146 in the
splicing area. To be specific, in the embodiment, the first
sub-splicing area 112 and the second sub-splicing area 114
adopt a multi-column distribution, wherein each column of
the first sub-splicing area 112 has at least one of the first
vacancy positions 112a and at least one of the first filling
positions 1125. On the other hand, each column of the
second sub-splicing area 114 has at least one of the second
vacancy positions 114 and at least one of the second filling
position 1145. The first filling positions 1125 are used for
filling the second vacancy positions 114a, and the second
filling positions 1145 are used for filling the first vacancy
positions 112a.

[0069] Therefore, the number of the first filling positions
1126 in each column of the splicing area is gradually
decreased from the first arranging area 111 towards the
second arranging area 113. In other words, the number of the
second filling positions 1145 in each column is gradually
increased in a direction away from the first arranging area
111. Namely, this design provides the blurring effect when
the micro LED display device 100 operates, such that the
splicing area of the first arranging area 111 and the second
arranging area 113 would not have an obvious boundary.
[0070] FIG. 6 is a partial top view of a display substrate
according to a fourth embodiment of the disclosure. Refer-
ring to FIG. 6, a main difference between the display
substrate 110¢ of the embodiment and the display substrate
110 of the first embodiment lies in the arrangement of the
first filling positions 1126 and the second filling position
1144 in the splicing area.

[0071] To be specific, the micro light-emitting elements
120 of the same column in the splicing area are respectively
located in the first filling positions 1125 and the second
filling positions 1145, and in each column, the number of the
first filling positions 1125 is equal to the number of the
second filling positions 1144.

[0072] In the embodiment, a middle line C of the splicing
area is a central line parallel to the column direction cd of the
display substrate 110¢, wherein the first filling positions
1125 or the second filling positions 114 are distributed
symmetrically with respect to the central line C.

[0073] Based on pattern design of the splicing area of the
embodiment, during the process of transferring the micro
light-emitting elements 120, it is only required to rotate the
transfer element to pick up the micro light-emitting elements
on the carrier at different transferring steps, so as to improve
manufacturing process efficiency.

[0074] FIG. 7 is a partial top view of a display substrate
according to a fifth embodiment of the disclosure. Referring
to FIG. 7, a main difference between the display substrate
1104 of the embodiment and the display substrate 110 of the
first embodiment lies in the arrangement of the first filling
positions 1126 and the second filling position 1145 in the
splicing area. To be specific, in the embodiment, the periph-
erals of the first arranging area 111, the second arranging
area 113, a third arranging area 115 and a fourth arranging
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area 117 are all surrounded by a splicing area 1120. Any two
adjacent arranging areas (including the first arranging area
111, the second arranging area 113, the third arranging area
115 and the fourth arranging area 117) is configured with the
splicing area 1120 there between. The splicing area 1120 is
configured with one portion of the micro light-emitting
elements 120 which transferring step is the same as the
micro light-emitting elements 120 in one arranging area
located at one side of the splicing area 1120, and the splicing
area 1120 is configured with the other portion of the micro
light-emitting elements 120 which transferring step is the
same as the micro light-emitting elements 120 in the other
arranging area located at the other side of the splicing area
1120. Namely, relative offsets of the micro light-emitting
elements 120 and the conductive pads 131 in the splicing
area 1120 are different.

[0075] FIG. 8 is a partial top view of a display substrate
according to a sixth embodiment of the disclosure. Referring
to FIG. 8, a main difference between the display substrate
110¢ of the embodiment and the display substrate 110 of the
first embodiment lies a configuration pattern of a plurality of
micro light-emitting elements. To be specific, in the embodi-
ment, a plurality of the micro light-emitting elements are
disposed on the display substrate 110e and respectively
electrically bonded to the conductive pad pairs, wherein the
micro light-emitting elements include a plurality of first
color LEDs R, a plurality of second color LEDs G and a
plurality of third color LEDs B. for example, the first color
LED R, for example, emits red light, the second color LED
G emits green light, and the third color LED B emits blue
light, though the disclosure is not limited thereto.

[0076] According to FIG. 8, it is known that each of the
micro light-emitting element areas 120A and each of the
micro light-emitting element areas 120B respectively in the
first arranging area 111 and the second arranging area 113 all
have the aforementioned first color LED R, the second color
LED G and the third color LED B. Meanwhile, a micro
light-emitting element area 120C selected in the splicing
area includes a plurality of micro light-emitting elements in
two first filling positions 1125 and one second filling posi-
tion 1145 on a same row of the splicing area.

[0077] Each of the first filling positions 1125 and each of
the second filling positions 1145 are respectively configured
with one first color LED R, one second color LED G and one
third color LED B on three conductive pad pairs, and the first
color LEDs R in the first filling positions 11256 and the
second filling positions 1145 have different offsets with
respect to the bonded conductive pad pairs.

[0078] Based on the above description, according to the
plurality of micro light-emitting elements in the two first
filling positions 1124 and the second filling position 1145 of
the micro light-emitting element area 120C, it is known that
since the first color LEDs R in the first filling positions 1125
and the second filling position 1145 have different offsets
with respect to the bonded conductive pad pairs, a first
interval S1 between the first color LED R of the micro
light-emitting element in one of the two adjacent first filling
positions 1125 and the first color LED R of the micro
light-emitting element in the other one of the two adjacent
first filling positions 1124 is different to a second interval S2
between the first color LED R of the micro light-emitting
element in the first filling position 1126 and the first color
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LED R of the micro light-emitting element in the second
filling positions 1145 adjacent to the first filling position
1125.

[0079] Meanwhile, it should be understood that an offset
of the first color LED of any micro light-emitting element of
the first arranging area 111 (for example, the first color LED
R in the micro light-emitting element area 120A) with
respect to the conductive pad pair bonded thereto is equiva-
lent to an offset of the first color LED R of the micro
light-emitting element in the first filling position 1125 (for
example, the first color LED R in any first filling position
1124 in the micro light-emitting element area 120C) with
respect to the conductive pad pair bonded thereto. Similarly,
an offset of the first color LED of any micro light-emitting
element of the second arranging area 113 (for example, the
first color LED R in the micro light-emitting element area
120B) with respect to the conductive pad pair bonded
thereto is equivalent to an offset of the first color LED R of
the micro light-emitting element in the second filling posi-
tion 1145 (for example, the first color LED R in any second
filling position 1145 in the micro light-emitting element area
120C) with respect to the conductive pad pair bonded
thereto.

[0080] Moreover, an interval between the first color LEDs
of two adjacent micro light-emitting elements in the first
filling positions 1126 (for example, the first interval S1
between the first color LEDs R of the two adjacent first
filling positions 1126 in the micro light-emitting element
area 120C) is different to an interval between the first color
LEDs of two adjacent micro light-emitting elements of the
second filling positions 1145 respectively in the first arrang-
ing area 111 and the splicing area. Since the first color LEDs
of the micro light-emitting elements in the first arranging
area 111 and the first color LEDs of the first filling positions
1124 in the splicing area are placed on the display substrate
at the same time, it should be understood that the interval
between the first color LEDs of two adjacent micro light-
emitting elements in the first arranging area 111 and the
second filling position of the splicing area is equivalent to
the interval between the first color LEDs of two adjacent
micro light-emitting elements of the adjacent first filling
position 1125 and the second filling position 1145 of the
splicing area (for example, the interval S2 between the first
color LEDs R of the two adjacent first filling position 1124
and the second filling position 1145 in the micro light-
emitting element area 120C).

[0081] In summary, in the manufacturing method of the
micro LED display device of the disclosure, a transfer force
is generated at a partial area of the transfer element to
transfer the micro light-emitting elements with a specific
number and distribution pattern, and a peripheral of the
micro light-emitting elements in a prior transfer procedure is
configured with vacancy positions for the micro light-
emitting elements in a posterior transfer procedure to fill in.
Therefore, the splicing area between any two adjacent
arranging areas on the display substrate have the micro
light-emitting elements with two different offsets. When the
micro LED display device operates, the splicing area may
provide a blurring effect, such that the splicing area between
any two adjacent arranging areas would not produce an
obvious boundary, so as to improve the display quality of the
micro LED display device.

[0082] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
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disclosed embodiments without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A micro Light-Emitting Diode (LED) display device,
comprising:

a display substrate, having a first arranging area, a splic-
ing area connected to the first arranging area, and a
second arranging area connected to the splicing area,
wherein the splicing area is located between the first
arranging area and the second arranging area, and the
splicing area has a plurality of first filling positions and
a plurality of second filling positions, the first filling
positions and the second filling positions are arranged
alternatively in an arranging direction;

a plurality of conductive pad pairs, disposed in the first
arranging area, the splicing area and the second arrang-
ing area of the display substrate in an array with the
same pitch, wherein each of the first filling positions
and each of the second filling positions of the splicing
area are respectively configured with at least one of the
conductive pad pairs; and

a plurality of micro light-emitting elements, disposed on
the display substrate, and respectively electrically
bonded to the conductive pad pairs,

in the splicing area, the micro light-emitting elements
disposed in the first filling position and the second
filling position have different offsets with respect to the
conductive pad pairs bonded thereto.

2. The micro LED display device as claimed in claim 1,
wherein the micro light-emitting elements disposed in the
first filling positions and the first arranging area have the
same offset with respect to the conductive pad pairs bonded
thereto, and the micro light-emitting elements disposed in
the second filling positions and the second arranging area
have the same offset with respect to the conductive pad pairs
bonded thereto.

3. The micro LED display device as claimed in claim 1,
wherein the first filling positions and the second filling
positions are arranged alternatively in another arranging
direction.

4. The micro LED display device as claimed in claim 1,
wherein each of the conductive pad pairs has an N-type pad
and a P-type pad separated from each other and a reference
line perpendicular to the display substrate, and the reference
line passes through a middle point between the N-type pad
and the P-type pad.

5. The micro LED display device as claimed in claim 4,
wherein a sidewall of each of the light-emitting elements
and the reference line of the corresponding conductive pad
pair are spaced by a distance, and the distance is the offset.

6. The micro LED display device as claimed in claim 1,
wherein a length of the light-emitting elements is smaller
than 100 pm.

7. The micro LED display device as claimed in claim 1,
wherein an interval between two micro light-emitting ele-
ments in any two adjacent first filling positions along the
arraigning direction in the splicing area is different to an
interval between two micro light-emitting elements in any
two adjacent first filling position and second filling position.

8. The micro LED display device as claimed in claim 1,
wherein an interval between two adjacent micro light-
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emitting elements respectively in the first arranging area and
the first filling position of the splicing area is different to an
interval between two adjacent micro light-emitting elements
respectively in the first arranging area and the second filling
position of the splicing area.

9. The micro LED display device as claimed in claim 1,
wherein in the arranging direction of the display substrate,
the two adjacent second filling positions are separated by at
least one of the first filling positions, and the two adjacent
first filling positions are separated by at least one of the
second filling positions.

10. The micro LED display device as claimed in claim 1,
wherein the number of the first filling positions in the
arranging direction of the display substrate is equal to the
number of the second filling positions in the arranging
direction of the display substrate, and the first filling posi-
tions and the second filling positions adopt a random dis-
tribution.

11. The micro LED display device as claimed in claim 1,
wherein the first filling positions are symmetrically distrib-
uted along a middle line of the splicing area.

12. The micro LED display device as claimed in claim 1,
wherein the splicing area adopts a multi-column distribu-
tion, the number of the first filling positions in each column
of the splicing area is gradually decreased towards a direc-
tion away from the first arranging area.

13. A micro LED display device, comprising:

a display substrate, having a first arranging area, a splic-
ing area connected to the first arranging area, and a
second arranging area connected to the splicing area,
wherein the splicing area is located between the first
arranging area and the second arranging area, and the
splicing area has a plurality of first filling positions and
a plurality of second filling positions, and the first
filling positions and the second filling positions are
arranged alternatively in an arranging direction;

a plurality of conductive pad pairs, disposed on the
display substrate and distributed in the first arranging
area, the splicing area and the second arranging area in
an array in groups, wherein each of the first filling
positions and each of the second filling positions in the
splicing area are respectively configured with three
conductive pad pairs; and

a plurality of micro light-emitting elements, disposed on
the display substrate and respectively electrically
bonded to the conductive pad pairs, wherein the micro
light-emitting elements comprise a plurality of first
color LEDs, a plurality of second color LEDs and a
plurality of third color LEDs, each of the first filling
positions and each of the second filling positions are
respectively configured with one of the first color
LEDs, one of the second color LEDs and one of the
third color LEDs at the three conductive pad pairs, and
the first color LEDs disposed in the first filling position
and the second filling position have different offsets
with respect to the conductive pad pairs bonded thereto.

14. The micro LED display device as claimed in claim 13,
wherein the first color LEDs disposed in the first filling
positions and the first arranging area have the same offset
with respect to the conductive pad pairs bonded thereto, and
the first color LEDs disposed in the second filling positions
and the second arranging area have the same offset with
respect to the conductive pad pairs bonded thereto.
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15. The micro LED display device as claimed in claim 13,
wherein an interval between the first color LED in one of the
two adjacent first filling positions and the first color LED in
the other one of the two adjacent first filling positions
adjacent along the arranging direction in the splicing area is
different to an interval between the first color LED in one of
the first filling positions and the first color LED in the second
filling position adjacent to the first filling position.

16. The micro LED display device as claimed in claim 13,
wherein an interval between two adjacent first color LEDs
respectively in the first arranging area and the first filling
position of the splicing area is different to an interval
between two adjacent first color LEDs respectively in the
first arranging area and the second filling position of the
splicing area.

17. A manufacturing method of a micro LED display
device, comprising:

providing a display substrate comprising a plurality of

conductive pad pairs arranged in an array;

providing a carrier configured with a plurality of micro

light-emitting elements;

providing a transfer element; and

transferring the micro light-emitting elements from the

carrier to the display substrate through the transfer
element, and electrically bonding the micro light-emit-
ting elements to the conductive pad pairs,

wherein in an n™ transferring step, the transfer element is

aligned with the carrier, and the transfer element gen-
erates a first pattern transfer area to transfer a part of the
micro light-emitting elements in a region of the carrier
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to the display substrate according to the first pattern
transfer area, and retain the other micro light-emitting
elements in the region, and define a plurality of vacancy
positions in a splicing area of the display substrate
within a range corresponding to the region,

in another transferring step, the transfer element is aligned

with the carrier, and the transfer element generates a
second pattern transfer area to transfer the micro light-
emitting elements to the display substrate according to
the second pattern transfer area to fill the vacancy
positions defined in the n” of transfer,

wherein n is a positive integer greater than or equal to 1.

18. The manufacturing method of the micro LED display
device as claimed in ¢laim 17, wherein each of the conduc-
tive pad pairs has a reference line perpendicular to the
display substrate, a sidewall of each of the micro light-
emitting elements transferred to the display substrate in the
n” transferring step and the reference line of the correspond-
ing conductive pad pair are spaced by a first distance, and a
sidewall of each of the micro light-emitting elements trans-
ferred to the display substrate in another transferring step
and the reference line of the corresponding conductive pad
pair are spaced by a second distance, wherein the second
distance is different to the first distance.

19. The manufacturing method of the micro LED display
device as claimed in claim 17, wherein the first pattern
transfer area is matched with the second pattern transfer
area.
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