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7) ABSTRACT

A manufacturing method of a micro-LED display device
comprises forming a plurality of thin-film transistor array
areas that includes a plurality of thin-film transistor arrays
on a first substrate; forming a plurality of micro-LED array
areas that includes a plurality of micro-LED arrays on a
second substrate; transferring the plurality of micro-LED
array areas that correspond to the plurality of thin-film
transistor array areas onto the first substrate; forming a bank
film on a third substrate over the first substrate; patterning
the bank film to form a first bank layer that corresponds to
a boundary area between the plurality of micro-LED arrays
and a second bank layer that corresponds to an edge area of
the plurality of micro-LED array areas, to form a pixel area
and a pixel array area, and to remove the bank film in a
boundary area between the second bank layers adjacent to
each other; cutting the third substrate and the first substrate
along a scribe zone that is set in a boundary area between the
second bank layers adjacent to each other; and separating a
plurality of pixel arrays that includes the plurality of thin-
film transistor arrays and the plurality of micro-LED arrays
from the first substrate and transferring the plurality of pixel
arrays onto a fourth substrate.
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FIG. 1
S101-1 S101-2
Form TFT array Form micro—LED array
above first substrate above second substrate
\
S102— Transfer micro—LED array onto first substrate

)

S103— Form third substrate and bank film above first substrate

Remove bank film in boundary area
S104— between second bank layers
corresponding to edge area of micro-LED array

)

Cut third substrate and first substrate along
scribe zone set in boundary area

S105—

)

Separate pixel array from first substrate and
transfer the same onto fourth substrate
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FIG. 2A
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FIG. 6A
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FIG. 6B
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FIG. 9A
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FIG. 9B
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HIGH-RESOLUTION MICRO-LED DISPLAY
DEVICE AND MANUFACTURING METHOD
OF THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0163161 filed on
Dec. 17, 2018 in the Republic of Korea, which is hereby
incorporated by reference in its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
and more particularly, to a high-resolution micro-LED dis-
play device and a manufacturing method of the same.
Although the present disclosure is suitable for a wide scope
of applications, it is particularly suitable for reducing a
boundary area between micro LEDs and minimizing crack
propagation to micro LED elements, which can be caused
during a manufacturing process.

Description of the Background

[0003] In the information society where there is a growing
demand for a variety of home appliances, mobile electronic
devices and the like, various flat-panel display devices that
are thin and lightweight are very much in demand.

[0004] The flat-panel display device includes a liquid
crystal display (LCD), a plasma display panel (PDP) display,
an organic light-emitting diode (OLED) display, a micro
light-emitting diode (micro LED) display and the like.
[0005] Among such devices, the organic light-emitting
diode and micro light-emitting diode use a self-light emit-
ting element. They do not require an additional light source
such as a backlight that is used for a liquid crystal display
device. Thus, the organic light-emitting diode and micro
LED diode become thinner and can be used as various types
of display devices.

[0006] In the case of an organic light-emitting diode that
uses an organic material, defect pixels are very likely caused
by moisture and air. Accordingly, a structure that is capable
of minimizing infiltration of moisture and air is required.
[0007] Inthe case of a micro LED display device that uses
a micro LED element that includes an inorganic material
such as GaN is not largely affected by external environmen-
tal factors such as moisture, air, heat and the like, thereby
ensuring reliability.

[0008] The micro LED elements of micro LED display
devices may display an image with luminance higher than
that of the organic light-emitting diode and may consume
less energy than the organic light-emitting diode. This is
because the micro light-emitting diodes have a high effi-
ciency in internal quantum. Accordingly, research into micro
LED display devices has been actively performed in recent
years.

SUMMARY

[0009] Accordingly, the present disclosure is directed to a
high-resolution micro-LED display device and a manufac-
turing method of the same that substantially obviate one or
more of the problems due to limitations and disadvantages
of the prior art.
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[0010] One aspect of the present disclosure is to provide a
high-resolution micro-LED display device and a manufac-
turing method of the same that can reduce a production time
period, increase production yield and lower manufacturing
COsts.

[0011] Another aspect of the present disclosure is to
provide a high-resolution micro-LED display device and a
manufacturing method of the same that can minimize crack
propagation to a micro LED, which may occur during the
process of manufacturing a micro LED display device.
[0012] Another aspect of the present disclosure is to
provide a high-resolution micro-LED display device and a
manufacturing method of the same that can minimize a
boundary area between micro LEDs.

[0013] Yet another aspect of the present disclosure is to
provide a high-resolution micro-LED display device and a
manufacturing method of the same that can minimize rec-
ognition of a boundary area between micro LEDs by a user.
[0014] The present disclosure is not limited to what has
been described. Additionally, other aspects and advantages
that have not been mentioned may be clearly understood
from the following description and may be more clearly
understood from aspects. Further, it will be understood that
the aspects and advantages of the present disclosure may be
realized via means and a combination thereof that are
described in the appended claims.

[0015] A manufacturing method of a micro-LED display
device according to the present disclosure is described as
follows.

[0016] The manufacturing method may include forming a
plurality of thin-film transistor arrays above a first substrate
that is partitioned into a plurality of thin-film transistor array
areas which include a plurality of thin-film transistor areas,
and forming a plurality of micro-LED arrays above a second
substrate that is partitioned into a plurality of micro-LED
array areas which include a plurality of micro-LED areas.
[0017] Next, the manufacturing method may include
transferring the micro-LED array that corresponds to the
thin-film transistor array area onto the first substrate.
[0018] Next, the manufacturing method may include
forming a third substrate and a bank film above the first
substrate, and patterning the bank film to form—a first bank
layer that corresponds to a boundary area between micro-
LED areas and a second bank layer that corresponds to an
edge area of a micro-LED array area, to form a pixel area
and a pixel array area respectively and to remove a bank film
in a boundary area between second bank layers adjacent to
each other.

[0019] Next, the manufacturing method may include cut-
ting the third substrate and the first substrate along a scribe
zone that is set in a boundary area between the second bank
layers adjacent to each other, and separating a pixel array
that includes the thin-film transistor array and the micro-
LED array from the first substrate and transferring the pixel
array onto a fourth substrate.

[0020] In the manufacturing method of a micro-LED
display device according to the present disclosure, micro
LEDs may be transferred as the unit of a preset array area.
Accordingly, unlike a method in which micro LEDs are
transferred individually, the manufacturing method makes it
possible to reduce a production time period and increase
production yield.

[0021] Additionally, in the manufacturing method of a
micro-LED display device according to the present disclo-
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sure, a thin-film transistor layer, a micro LED layer and a
bank film that correspond to a scribe zone may be removed
before the process of cutting. Accordingly, crack propaga-
tion that may happen during the process of cutting may be
minimized, and a boundary area between micro LEDs may
be minimized.

[0022] A micro-LED display device according to the pres-
ent disclosure may include a lower substrate that defines a
plurality of pixel array areas which include a plurality of
pixel areas, a thin-film transistor array that is placed above
the lower substrate and that includes a plurality of thin-film
transistors which correspond to each of the pixel areas, a
micro-LED array that is placed above the thin-film transistor
array and that includes a plurality of micro LEDs which
correspond to each of the pixel areas, an upper substrate that
is placed above the micro-LED array, and a first bank layer
that is placed in a boundary area between the pixel areas and
a second bank layer that is placed in an edge area of the pixel
array area, which are placed above the upper substrate.

[0023] In this case, the second bank layer is spaced a
certain distance apart from an end of the upper substrate that
corresponds to the pixel array area.

[0024] As described above, the micro-LED display device
according to the present disclosure may minimize cracks
that can be directly propagated through the second bank
layer because the second bank layer is spaced a certain
distance apart from an end of the upper substrate. Addition-
ally, internal light may be re-reflected by a spaced part of the
upper substrate. Thus, recognition of a boundary area by a
user may be minimized.

[0025] According to the present disclosure, micro LEDs
are not transferred individually. Instead, micro LEDs may be
transferred as the unit of a preset array area. Thus, a
production time period may be reduced. Additionally, the
unit of an array area may be set in different sizes and
patterns. Accordingly, an area of a circular substrate, which
is not used, may be minimized. Thus, production yield may
be increased, and manufacturing costs may be reduced.

[0026] According to the present disclosure, a thin-film
transistor layer, a micro LED layer and a bank film that
correspond to a scribe zone may be removed before the
process of cutting. Accordingly, direct crack propagation
through the layers and film during the process of cutting may
be minimized, and a defect rate may be minimized. Addi-
tionally, because a second bank layer in an edge area of a
pixel array area is spaced a certain distance apart from an
end of an upper substrate. Accordingly, direct crack propa-
gation through the second bank layer during the process of
cutting may be minimized, and a defect rate may be mini-
mized.

[0027] According to the present disclosure, the thin-film
transistor layer, the micro LED layer and the bank film that
correspond to the scribe zone may be removed before the
process of cutting. Accordingly, a width of a dead zone for
preventing damage done to elements, which may be caused
by the process of cutting, may be minimized, a width of the
second bank layer may be reduced, a gap between micro
LEDs may be minimized, and high resolution may be
implemented.

[0028] According to the present disclosure, a spaced part
of the upper substrate, which is in a boundary area between
micro LEDs, may re-reflect light of the micro LEDs out-
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ward, which is reflected inward by a cover layer. Thus, the
boundary area between the micro LEDs recognized by a user
may be minimized.

[0029] Specific effects of the present disclosure together
with the above-described effects are described in the fol-
lowing detailed description of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspects of the disclosure and together with the
description serve to explain the principles of the disclosure.
[0031] In the drawings:

[0032] FIG. 1 is a flow chart illustrating a manufacturing
method of a micro-LED display device according to the
present disclosure;

[0033] FIGS. 2A and 2B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
forming a plurality of thin-film transistor arrays on a first
substrate;

[0034] FIGS. 3A and 3B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
forming a micro-LED array on a second substrate;

[0035] FIGS. 4A and 4B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
transferring a micro-LED array onto the first substrate;
[0036] FIGS. 5A and 5B are a schematic plan view and a
schematic sectional view illustrating a process of forming a
third substrate and a bank film on the first substrate;
[0037] FIGS. 6A and 6B are a schematic plan view and a
schematic sectional view illustrating a process of patterning
the bank film;

[0038] FIGS. 7A and 7B are a schematic plan view and a
schematic sectional view illustrating a process of cutting the
third substrate and the first substrate;

[0039] FIG. 8 is a schematic plan view illustrating pro-
cesses of separating a pixel array from the first substrate and
transferring the separated pixel array onto a fourth substrate;
[0040] FIGS. 9A, 9B and 9C are schematic plan views
illustrating various examples of a pixel array area that has
various sizes and patterns; and

[0041] FIG. 10 is a cross-sectional view illustrating a
partial area of a micro-LED display device according to the
present disclosure.

DETAILED DESCRIPTION

[0042] The above-described features and advantages are
specifically described hereunder with reference to the
attached drawings. Accordingly, one having ordinary skill in
the art to which the present disclosure pertains may readily
implement the technical spirit of the present disclosure.
Further, in describing the present disclosure, publicly-
known technologies in relation to the disclosure are not
specifically described if they are deemed to make the gist of
the disclosure unnecessarily vague. Below, aspects are
described with reference to the attached drawings. In the
drawings, identical reference numerals denote identical or
similar elements.

[0043] When any element is described as being “on (or
under)” an element, or “above (or below)” an element, any
element may be directly on (or directly under) the element,
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and an additional element may be interposed between the
element and any element that is placed above (or below) the
element.

[0044] It should be further understood that when an ele-
ment is described as being “connected”, “coupled” or “con-
nected” to another element, the element may be directly
connected or may be able to be directly connected to another
element. However, it is also to be understood that an
additional element may be “interposed” between the two
elements, or the two elements may be “connected”,
“coupled” or “connected” through an additional element.

[0045] FIG. 1 is a flow chart illustrating a manufacturing
method of a micro-LED display device 10 according to the
present disclosure.

[0046] First, a plurality of thin-film transistor arrays 120
may be formed on a first substrate 100 (shown in FIG. 2A)
that is partitioned into a plurality of thin-film transistor array
areas (TAA) which includes a plurality of thin-film transistor
areas (TA), and a plurality of micro-LED arrays 220 (shown
in FIG. 3B) may be formed on a second substrate 200
(shown in FIG. 3A) that is partitioned into a plurality of
micro-LED array areas (MAA) which includes a plurality of
micro-LED areas (MA) (S101-1, and S101-2).

[0047] Next, the micro-LED array 220 that corresponds to
the thin-film transistor array area (TAA) may be transferred
onto the first substrate 100 (S102).

[0048] Next, a third substrate 300 and a bank film 310 may
be formed over the first substrate 100 (S103).

[0049] Next, the bank film 310 may be patterned to form
a first bank layer 311 that corresponds to a boundary area
between the micro-LED areas (MA) and a second bank layer
312 that corresponds to an edge area of the micro-LED array
area (MAA), to form a pixel area (PA) and a pixel array area
(PAA) respectively, and to remove the bank film 310 in a
boundary area between the second bank layers 312 adjacent
to each other (S104).

[0050] Next, the third substrate 300 and the first substrate
100 may be cut along a scribe zone (SZ) that is set in a
boundary area between the second bank layers 312 adjacent
to each other (S105).

[0051] Next, a pixel array that includes the thin-film
transistor array 120 and the micro-LED array 220 is sepa-
rated from the first substrate 100 and is transferred onto a
fourth substrate 400. Thus, a micro-LED display device 10
may be manufactured (S106).

[0052] Below, a manufacturing method of a micro-LED
display device according to the present disclosure is spe-
cifically described, based on the above-described manufac-
turing order.

[0053] In the following description, the process of photo-
lithography including deposition, photoresist (PR) coating,
exposure, development, etching, and photoresist (PR) strip-
ping may be used to pattern each of the layers and films. The
process of photolithography is known to one having ordi-
nary skill in the art. Accordingly, description of the process
is avoided. For instance, in deposition, the process of
sputtering may be used for a metallic material, and the
process of plasma enhanced vapor deposition (PECVD) may
be used for a semiconductor or an insulation film. Also, in
etching, dry etching and wet etching may be optionally used
on the basis of materials. Technologies that are used by one
having ordinary skill in the art may be applied.
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[0054] FIGS. 2A and 2B a schematic plan view and a
schematic cross-sectional view illustrating a process of
forming a plurality of thin-film transistor arrays 120 on the
first substrate 100.

[0055] A thin-film transistor layer may be formed over a
first substrate 100 such that a plurality of thin-film transistor
array areas (TAA) including a plurality of thin-film transis-
tor arrays (TA) is partitioned. That is, a plurality of thin-film
transistors 110 may form a single thin-film transistor array
120.

[0056] The thin-film transistor layer may include a buffer
layer 111 that is formed over the entire surface of the first
substrate 100, a gate electrode 112 that is formed on the
buffer layer 111, a gate insulation layer 113 that is formed
over the entire surface of the first substrate 100 to cover the
gate electrode 112, a semiconductor layer 114 that is formed
on the gate insulation layer 113, and a first electrode 1154
and a second electrode 1155 that are formed on the semi-
conductor layer 114.

[0057] Thin-film transistors (TFT) 110 may be formed to
correspond to each of the thin-film transistor arrays (TA),
and may operate as a driving element that can drive a micro
LED 210.

[0058] The thin-film transistor layer that corresponds to a
boundary area between the thin-film transistor array areas
(TAA) which are adjacent to each other may be removed
through the process of patterning using etching. In this case,
the removed thin-film transistor layer may be the buffer layer
111 and the gate insulation layer 113 that are formed over the
entire surface of the first substrate 100.

[0059] Accordingly, the thin-film transistor array areas
(TAA) that are adjacent to each other may be respectively
partitioned, may not be connected to each other, and may be
physically divided.

[0060] Specifically, in the plurality of thin-film transistor
array areas (TAA) above the first substrate 100, the thin-film
transistor layer may be patterned along a pattern of each of
the thin-film transistor array areas (TAA). Accordingly, each
of the thin-film transistor array areas (TAA) may be con-
figured to separate in the shape of an island.

[0061] A size and pattern of the thin-film transistor array
area (TAA) may be preset through design. Specifically, the
size and pattern of the thin-film transistor array area (TAA)
may be preset to correspond to the size and pattern a pixel
array area (PAA) of the micro-LED display device 10, which
1s finally transferred to form the micro-LED display device
10.

[0062] Accordingly, the size and pattern of the plurality of
thin-film transistor array areas (TAA) above the same first
substrate 100 may be the same. However, each of the
plurality of thin-film transistor array areas (TAA) may be set
to have a different size and pattern in advance, and the size
and pattern of the plurality of thin-film transistor array areas
(TAA) vary depending on the size and pattern of the pixel
array area (PAA) of the micro-LED display device 10, which
is finally formed.

[0063] A sapphire substrate or a silicon substrate may be

used as the first substrate 100. However, the first substrate
100 is not limited.

[0064] FIGS. 3A and 3B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
forming a micro-LED array 220 on a second substrate 200.
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[0065] A micro-LED layer may be formed on the second
substrate 200 such that a plurality of micro-LED array areas
(MAA) including a plurality of micro-LED areas (MA) is
partitioned.

[0066] That is, a plurality of micro LEDs 210 may form a
single micro-LED array 220, as illustrated in FIG. 3A.
[0067] The micro LED 210 may have a structure in which
an undoped GaN buffer layer 211 and an n-type GaN layer
212 are formed over the entire surface of the second sub-
strate 200, and an active layer 213 with a multi quantum well
(MQW) structure and a p-type GaN layer 214 are stacked on
the undoped GaN buffer layer 211 and the n-type GaN layer
212.

[0068] The micro LEDs 210 may be configured to corre-
spond to each of the micro-LED areas (MA) and may
respectively operate as a light-emitting element that emits
light. In the present disclosure, the micro LED 210 that emits
blue light is used. However, the micro LED 210 is not
limited to what has been described, and micro LEDs 210 that
respectively emit red light, green light, and blue light may be
used.

[0069] The micro-LED layer that corresponds to a bound-
ary area between the micro-LED array areas (MAA) adja-
cent to each other may be removed through the process of
patterning using etching. In this case, the removed micro-
LED layer may be the undoped GaN buffer layer 211 and the
n-type GaN layer 212 that are formed over the entire surface
of the second substrate 200.

[0070] Accordingly, the micro-LED array areas (MAA)
adjacent to each other may be respectively partitioned, may
not be connected to each other, and may be physically
divided.

[0071] Specifically, in the plurality of micro-LED array
areas (MAA) on the second substrate 200, the micro-LED
layer may be patterned along a pattern of each of the
micro-LED array areas (MAA). Accordingly, each of the
micro-LED array areas (MAA) may be configured to sepa-
rate in the shape of an island.

[0072] The size and pattern of the micro-LED array areas
(MAA) may be set through design in advance. Specifically,
the size and pattern of the micro-LED array area (MAA)
may be set in advance to correspond to the pixel array area
(PAA) of the micro-LED display device 10, which is finally
transferred to form the micro-LED display device 10.
[0073] Accordingly, the size and pattern of the plurality of
micro-LED array areas (MAA) above the same second
substrate 200 may be the same. However, each of the
plurality of micro-LED array areas (MAA) may be set to
have a different size and pattern in advance, and the size and
pattern of the plurality of micro-LED array areas (MAA)
vary depending on the size and pattern of the pixel array area
(PAA) of the micro-LED display device 10 that is finally
formed.

[0074] That is, the size and pattern of the micro-LED array
area (MAA) may correspond to the size and pattern of the
above-described thin-film transistor array area (TAA) in the
same manner.

[0075] A buffer layer is formed on the second substrate
200, and then a GaN thin film is grown above the buffer
layer. By doing so, the micro LED 210 may be formed. In
this case, sapphire, silicon (Si), GaN, silicon carbide (SiC),
gallium arsenide (GaAs), zinc oxide (ZnO) and the like may
be used for the second substrate 200 for growing the GaN
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thin film. However, materials for the second substrate are not
limited to what has been described.

[0076] Specifically, the micro LED 210 is formed by
crystallizing an inorganic material such as GaN on a semi-
conductor substrate. The process of crystallization may be
commonly referred to as epitaxy, epitaxial growth or epi-
taxial processing.

[0077] FIGS. 4A and 4B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
transferring the micro-LED array 220 onto the first substrate
100.

[0078] Sizes and patterns of the thin-film transistor arrays
120 and the micro-LED arrays 220 are set in advance on the
basis of a size and a pattern of a pixel array of a micro-LED
display device 10 that is finally formed. Accordingly, the
thin-film transistor arrays 120 that have a size and a pattern
corresponding to those of the micro-LED arrays 220 are
placed on the first substrate 100.

[0079] Thus, the micro-LED array 220 that has a size and
pattern corresponding to a size and pattern of a thin-film
transistor array area (TAA) is separated from a second
substrate 200, and the separated micro-LED array 220 may
be transferred onto the first substrate 100.

[0080] When a size of the first substrate 100 above which
the thin-film transistor arrays 120 are placed is larger than a
size of the second substrate 200 above which the micro-LED
arrays 220 are placed, a plurality of second substrates 200
may be used to allow all the micro-LED arrays 220 of the
first substrate 100 to correspond to the thin-film transistor
arrays 120.

[0081] A laser lift-off (LLO) method may be used as a
method for separating the micro-LED arrays 200 from the
second substrate 200. However, various separation methods
may be used.

[0082] A transfer method using polvdimethylsiloxane
(PDMS) may be used as a method for transferring the
separated micro-LED arrays 200 onto the first substrate 100.
However, various separation methods may be used.

[0083] FIGS. 5A and 5B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
forming a third substrate 300 and a bank film 310 on the first
substrate 100.

[0084] A third substrate 300 may be formed on the thin-
film transistor arrays 120 and the micro-LED arrays 200 that
are formed on the first substrate 100, and a bank film 310
may be formed to cover the entire surface of the third
substrate 300.

[0085] The bank film 310 may include an organic material
or an inorganic material, and a material of the bank film 310
is not limited. When the bank film is configured to have a
thick thickness, an organic material may be used.

[0086] Inthis case, the buffer film 301 may be additionally
formed between the bank film 310 and the third substrate
300. An inorganic material may be used for the buffer film
301.

[0087] FIGS. 6A and 6B are a schematic plan view and a
schematic sectional view illustrating a process of patterning
the bank film 310.

[0088] The bank film 310 may be patterned and may
consist of a first bank layer 311 that corresponds to a
boundary area between micro-LED arrays (MA), and a
second bank layer 312 that corresponds to an edge area of a
micro-LED array area (MAA).
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[0089] Specifically, the bank film 310 that corresponds to
the boundary area between micro-LED arrays (MA) is left,
and the bank film 310 that corresponds to the micro-L.ED
array (MA) is removed. Accordingly, an area that corre-
sponds to the micro-L.ED array (MA) may have an opening.
[0090] That is, the bank film 310 that corresponds to the
boundary area between micro-LED arrays (MA) may be the
first bank layer 311, and an area that corresponds to the
opening formed between the first bank layers 311 may be
defined as a pixel area (PA).

[0091] A single pixel area (PA) may include a single
thin-film transistor 110, a single micro-LED 210, and an
opening that is formed by the first bank layers 311.

[0092] After the bank film 310 is patterned, a color filter
layer 320 may be additionally formed in each pixel area
(PA).

[0093] That is, a color filter layer 320 may be formed in
each opening that is formed by the first bank layers 311 and
may be included in the pixel area (PA). Accordingly, light of
a color desired by a user may be implemented.

[0094] A usual color filter film may be used as the color
filter layer 320, and a quantum dot film may be formed with
an inkjet method to form the color filter layer 320. However,
a forming process of the color filter layer 320 is not limited.
[0095] Forinstance, a micro LED 210 that emits blue light
may be used in present disclosure. In this case, the color
filter layer 320 may be formed in pixel areas (PA) for
implementing red and green to implement red and green, and
a micro LED 210 that emits blue light may be used with no
additional color filter layer 320 in pixel areas (PA) for
implementing blue.

[0096] The bank film 310 that corresponds to the edge area
of the micro-LED array area (MAA) may be the second bank
layer 312.

[0097] The second bank layer 312 is configured to encircle
the edge area of the micro-LED array area (MAA). Accord-
ingly, the second bank layer 312 may serve as a boundary
between the micro-LED array areas (MAA). Thus, a pixel
array area (PAA) may be defined.

[0098] The second bank layer 312 may be patterned in the
same form as the first bank layer 311.

[0099] Specifically, the bank film 310 that corresponds to
an edge area of the micro-LED array area (MAA) is left, and
the bank film 310 that corresponds to the micro-LED area
(MA) is removed except the first bank layer 311. Thus, the
second bank layer 312 may be formed.

[0100] Like the area between the first bank layers 311, an
area between the first bank layer 311 and the second bank
layer 312 may be defined as a pixel area (PA) and may have
an opening from which the bank film 310 is removed.
Accordingly, a color filter layer 320 may also be formed in
the opening in the pixel area (PA) between the first bank
layer 311 and the second bank layer 312.

[0101] Additionally, the bank film 310 according to an
aspect of the present disclosure may be patterned with the
method of etching such that the bank films 310 not only in
the area that corresponds to the pixel area (PA) but also in
the boundary area between the second bank layers 312
adjacent to each other are removed.

[0102] As described above, the second bank layer 312
may serve as a boundary between the micro-LED array areas
(MAA) and may also serve as a boundary between the pixel
array areas (PAA).
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[0103] That is, a boundary area exists among pixel array
areas (PAA). During the process of patterning for forming
the first bank layer 311 and the second bank layer 312, the
bank film 310 that corresponds to the boundary area is
removed. Accordingly, an opening is formed in a boundary
area between second bank layers 312 adjacent to each other.
[0104] The opening formed in the boundary area between
second bank layers 312 adjacent to each other may be
configured to match an area which is placed below the
opening and in which a thin-film transistor layer is removed
in the boundary area between thin-film transistor array areas
(TAA) adjacent to each other, and an area which is placed
below the opening and in which a micro-LED layer is
removed in the boundary area between micro-LED array
areas (MAA) adjacent to each other.

[0105] Accordingly, a third substrate 300 from which a
micro-LED layer is removed, and a first substrate 100 from
which a thin-film transistor layer is removed may be placed
below the opening that is formed in the boundary area
between the second bank layers 312 adjacent to each other.
[0106] When a buffer film 301 is formed between the third
substrate 300 and the bank film 310, the buffer film 301 may
also be patterned to correspond to the opening formed in the
boundary area between the second bank layers 312 adjacent
to each other, and may be formed as a buffer layer 302 of the
third substrate corresponding to each of the pixel array areas
(PAA).

[0107] The boundary area between the second bank layers
312 adjacent to each other may match a scribe zone (SZ) that
is defined during a process of cutting the third substrate 300,
which is performed in the next step. However, the boundary
area may be wider than the scribe zone (SZ7).

[0108] The first bank layer 311 and the second bank layer
312 may be used as a wall that serves as a boundary to form
each pixel area (PA) and each pixel array area (PAA), and
may prevent different colors of light rays that are emitted
from each pixel area (PA) from being mixed.

[0109] FIGS. 7A and 7B are a schematic plan view and a
schematic cross-sectional view illustrating a process of
cutting the third substrate 300 and the first substrate 100.
[0110] As illustrated in FIGS. 7A and 7B, the third sub-
strate 300 and the first substrate 100 may be laser-cut along
a scribe zone (SZ7) that is set in a boundary area between
second bank layers 312 adjacent to each other.

[0111] In this case, the scribe zone (SZ) may be configured
to match the boundary area between second bank layers 312
adjacent to each other but may be narrower than the bound-
ary area, as described above.

[0112] When the laser-cutting is performed in the state in
which the scribe zone (S7) is set to be the same as or
narrower than the boundary area between second bank
layers 312 adjacent to each other, the second bank layer 312,
the micro-LED layer, and the thin-film transistor layer and
the scribe zone (SZ) are not overlapped, and the layers are
not directly affected by laser-cutting. Thus, crack propaga-
tion to each element may be minimized, thereby reducing a
defect rate.

[0113] On the contrary, when laser-cutting is performed in
the state in which the bank film 310, the micro-LED layer
and the thin-film transistor layer that correspond to the
scribe zone (SZ) are not removed, the bank film 310, the
micro-LED layer, and the thin-film transistor layers are
directly affected by laser-cutting. Accordingly, a crack may
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be propagated to elements such as the micro-LED 210 and
the thin-film transistor 110, thereby increasing a defect rate.
[0114] Additionally, as a buffer area, a dead zone (DZ) that
serves as a buffer material to minimize crack propagation is
required to be set relatively widely in advance in the bank
film 310, the micro-LED layer, and the thin-film transistor
layer.

[0115] That is, to minimize the effect of laser-cutting on
the elements, a dead zone (DZ) that may serve as a buffer
area may be set between the elements and the scribe zone
(8Z). The dead zone (DZ) may be set between the elements
such as the second bank layer 312, the micro-LED layer, and
the thin-film transistor layer, and the scribe zone (SZ).
Accordingly, the dead zone (DZ) may be formed along both
lateral lines of the scribe zone (S7).

[0116] However, when the dead zone (DZ) of the second
bank layer 312 is configured to be wide, the second bank
layer 312 becomes wide. Accordingly, in a micro-LED
display device 10 to which the pixel array is finally trans-
ferred, a gap between pixels that have the second bank layer
312 therebetween becomes wide.

[0117] Thus, high resolution may be hardly implemented
due to a wider gap between pixels, and a wider boundary
area may be recognized by a user.

[0118] However, when the boundary area that corresponds
to the scribe zone (S7) is patterned in advance by etching
before the process of laser-cutting, as in an aspect of the
present disclosure, the second bank layer 312, the micro-
LED layer, and the thin-film transistor layer are not directly
affected by the process of laser-cutting. Accordingly, crack
propagation to each element may be minimized, and a defect
rate may be decreased.

[0119] Inanaspect of the present disclosure, the dead zone
(DZ) that is a buffer area for minimizing crack propagation
may be relatively narrow.

[0120] When the dead zone (DZ) is configured to be
narrow as in the aspect, in the micro-LED display device 10
to which the pixel array is finally transferred, a distance
among pixels that have the second bank layer 312 therebe-
tween may be as short as possible. Thus, high resolution may
be implemented, and recognition of the boundary area by a
user may be minimized.

[0121] FIG. 8 is a schematic plan view illustrating pro-
cesses of separating a pixel array from a first substrate 100
and transferring the separated pixel array onto a fourth
substrate 400.

[0122] In the processes of FIGS. 7A and 7B, pixel arrays
in each pixel array area (PAA) are laser-cut in a predeter-
mined size and pattern. The cut pixel arrays are transferred
onto a fourth substrate 400 that is a base substrate of the
micro-LED display device 10.

[0123] In this case, the pixel arrays are formed in a size
and pattern that correspond to a size and pattern of the pixel
array area (PAA) formed in the fourth substrate 400 from the
step of forming a thin-film transistor array area (TAA).
Accordingly, the pixel arrays that are transferred onto the
fourth substrate 400 may be finally transferred to match
pixel array areas (PAA) of a micro-LED display device 10
designed by a user.

[0124] Inthe fourth substrate 400, sizes and patterns of the
pixel array area (PAA) that is designed by a user in advance
may vary as illustrated in FIGS, 9A, 9B and 9C.

[0125] The size and pattern of the pixel arrays may vary,
thereby increasing a production yield rate.
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[0126] Specifically, when a circular silicon wafer substrate
is used as the first substrate 100 and the second substrate
200, all the area of the circular silicon wafer substrate may
be hardly used like other circular substrates.

[0127] According to a manufacturing method for a micro-
LED display device 10 of an aspect, sizes and patterns of
pixel arrays may vary. Thus, even when a circular silicon
wafer substrate is used, processing is performed such that a
wasted area may be minimized, thereby increasing a pro-
duction yield rate.

[0128] For instance, when pixel array areas (PAA) having
a very large size are required, pixel arrays having a size that
corresponds to a size of pixel array areas (PAA) are formed
on a substrate. Additionally, the rest area of the substrate,
except the area which is used by the pixel array areas (PAA)
having a large size, may be used by pixel array areas (PAA)
having a small size.

[0129] Thus, pixel arrays of a large size may be formed,
and pixel arrays of a small size adequate for the rest area,
except the area that is used by the pixel arrays of a large size,
may be additionally formed. Thus, almost all of the area of
the substrate may be used for forming pixel arrays without
being wasted.

[0130] The area of the substrate may be used as much as
possible without being wasted, thereby increasing a produc-
tion yield rate and decreasing production costs.

[0131] In a manufacturing method for a micro-LED 210
display device according to an aspect, micro LEDs 210 are
not individually transferred. Instead, as a unit, a micro-LED
array 220 that includes a plurality of micro LEDs 210, i.e.,
a pixel array, is transferred at a time, thereby improving
efficiency of processing and minimizing a gap between pixel
areas (PA).

[0132] When micro LEDs 210 are cut and transferred one
by one, each boundary area among the micro LEDs 210 is
required to be cut. Accordingly, a bank layer that encircles
each micro LED 210 may become thicker.

[0133] For instance, according to an aspect, the first bank
layer 311 is formed to correspond to a boundary area
between pixel areas (PA). A pixel array area (PAA) that
includes a plurality of pixel areas (PA) is cut and transferred
as a unit. Accordingly, a boundary area between pixel areas
(PA) is not required to be cut. Thus, the first bank layer 311
may not have a wide width.

[0134] On the contrary, when micro LEDs 210 are cut and
transferred one by one, a boundary area between pixel areas
(PA) is required to be cut. Accordingly, a width of a bank
layer corresponding to the first bank layer 311 according to
an aspect is required to be wide enough to include a dead
zone (D7) having a predetermined width.

[0135] Thus, a width of the bank layer that encircles each
of the cut micro LEDs 210 becomes wider, and a gap
between pixel areas (PA) also becomes wider because a
plurality of bank layers serve as a boundary between micro
LEDs 210.

[0136] In this case, the boundary area between pixel areas
(PA) may be recognized by a user due to a wider gap
between the pixel areas (PA). Additionally, when each of the
micro LEDs 210 is cut, the bank layers that encircle the
micro LEDs 210 are cut. Accordingly, a crack is likely
propagated to elements adjacent to the bank layers, thereby
increasing the possibility of causing a defect in each micro
LED 210.
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[0137] However, according to the present disclosure,
micro LEDs 210 are not cut and transferred one by one.
Instead, a micro-LED array 220 that includes a plurality of
micro LEDs 210 is cut and transferred as a unit. Thus, the
possibility of crack propagation may be reduced, gaps
among pixel areas (PA) may be minimized, high resolution
may be implemented, and recognition of a boundary area by
a user may be minimized.

[0138] A plurality of pixel arrays are transferred onto the
fourth substrate 400, and pad units such as a gate pad umt
or a readout integrated circuit (ROIC) pad unit that can
connect various signals and power to the transferred pixel
arrays, and cables may be formed in the fourth substrate 400,
to constitute the micro-LED display device 10.

[0139] FIG. 10 is a cross-sectional view illustrating a
partial area of a micro-LED display device 10 according to
an aspect of the present disclosure.

[0140] The micro-LED display device 10 according to the
present disclosure may include a lower substrate 100 that
defines a plurality of pixel array areas (PAA) which include
aplurality of pixel areas (PA), a thin-film transistor layer that
is placed above the lower substrate 100 and that includes a
plurality of thin-film transistors 110 which correspond to
each of the pixel arcas (PA), a micro-LED layer that is
placed above the thin-film transistor layer and that includes
a plurality of micro LEDs 210 which correspond to each of
the pixel areas (PA), an upper substrate 300 that is placed
above the micro-LED layer, and a first bank layer 311 that
is placed in a boundary area between the pixel areas (PA)
and a second bank layer 312 that is placed in an edge area
of a pixel array area (PAA), which are placed above the
upper substrate 300. In this case, the second bank layer 312
may be spaced a certain distance apart from an end of the
upper substrate 300 that corresponds to the pixel array area
(PAA).

[0141] Additionally, a cover layer 500 that is an outermost
surface of the micro-LED display device 10 may be placed
above the upper substrate 400, and a polarizing layer 510
may be placed below the cover layer 500.

[0142] The lower substrate 100 may be used as a thin-film
transistor array substrate, and glass or plastic materials may
be used for the lower substrate 100. Additionally, a flexible
substrate that consists of a plastic material having flexibility
such as polyimide may be used as the lower substrate 100.

[0143] A plurality of pixel array areas (PAA) that include
a plurality of pixel areas (PA) are defined above the lower
substrate 100.

[0144] Specifically, each of the thin-film transistors 110 is
formed to correspond to each of the pixel areas (PA) in each
pixel area (PA). A plurality of thin-film transistors 110 that
are formed as described above are gathered. By doing so, a
thin-film transistor array 120 that corresponds to the pixel
array area (PAA) may be formed.

[0145] Thin-film transistor arrays 120 may be formed in
the state of being separated from one another in boundary
areas among pixel array areas (PAA). The thin-film transis-
tor arrays 120 may be physically separated from one another
but may be electrically connected to one another by various
cables that are formed above the lower substrate 100.
[0146] Specifically, a buffer layer 111 may be first formed
above the lower substrate 100. SiO2 may be used for the
buffer layer 111 and the buffer layer 111 may be formed in
a single layer or in multiple layers.
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[0147] The buffer layer 111 that is configured to cover all
the plurality of pixel areas (PA) may be configured to cover
the lower substrate 100 that corresponds to a single pixel
array area (PAA).

[0148] The buffer layers 111 in pixel array areas (PAA)
adjacent to each other may be separated from each other
along a boundary area between the pixel array areas (PAA).
[0149] A thin-film transistor 110 may be formed above the
buffer layer 111. The thin-film transistor 110 may include a
gate electrode 112 that is formed above the lower substrate,
a gate insulation layer 113 that is formed over a whole
surface of the lower substrate 100 to cover the gate electrode
112, a semiconductor layer 114 that is formed above the gate
insulation layer 113, and a first electrode 115a and a second
electrode 1156 that are formed above the semiconductor
layer 114.

[0150] The gate electrode 112 may consist of a metallic
material such as Cr, Mo, Ta, Cu, Ti, and Al, or an alloy
thereof but is not limited.

[0151] The gate insulation layer 113 may be formed to
cover the gate electrode 112 over the whole surface of the
lower substrate 100 above the gate electrode 112. Accord-
ingly, the gate insulation layer 113 may cover all the gate
electrodes 112 of the plurality of thin-film transistors 110
that correspond to the plurality of pixel areas (PA).

[0152] That is, the gate insulation layer 113 that is con-
figured to cover all the plurality of pixel areas (PA) may be
configured to cover the lower substrate 100 that corresponds
to a single pixel array area (PAA).

[0153] However, gate insulation layers 113 in pixel array
areas (PAA) adjacent to each other may be separated from
each other along a boundary area between the pixel array
areas (PAA).

[0154] The gate insulation layer 113 may be formed in a
single layer that consists of an inorganic material such as
SiOx and SiNXx, or in multiple layers that include SiOx and
SiNx.

[0155] The semiconductor layer 114 may be formed above
the gate insulation layer 113. The semiconductor layer 114
may consist of an amorphous semiconductor such as amor-
phous silicon and may consist of an oxide semiconductor
such as IGZO (Indium Gallium Zinc Oxide), TiO2, ZnO,
WO,, and SnO,, but is not limited.

[0156] The first electrode 115 and the second electrode
1155 that are connected with the semiconductor layer 114
may be formed above the semiconductor layer 114. The first
electrode 115a may be a source electrode, and the second
electrode 115h may be a drain electrode. However, the
source electrode and the drain electrode may be exchanged
on the basis of a direction of electric currents. The first
electrode 115a and second electrode 1155 may consist of a
metallic material such as Cr, Mo, Ta, Cu, Ti, and Al, or an
alloy thereof but is not limited.

[0157] In the present disclosure, a bottom gate-type thin-
film transistor in which a gate electrode 112 is placed below
a semiconductor layer 114 is described as an example.
However, the thin-film transistor 110 is not limited to what
has been described. Various types of thin-film transistors
such as a top gate-type thin-film transistor 110 may be
applied.

[0158] A micro LED 210 that corresponds to a pixel area
(PA) may be formed above the thin-film transistor 110. An
insulation layer may be placed between each thin-film
transistor 110 and each micro LED 210. In this case, the
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insulation layer may be formed in a single organic layer that
consists of an organic material such as photoacryl or in a
single inorganic layer that consists of an inorganic material,
and may be formed in multiple layers that consist of organic
and inorganic materials.

[0159] The thin-film transistor 110 may be electrically
connected with the micro LED 210 through a third electrode
117 and may serve as a driving element that drives the micro
LED 210. A method of connecting the thin-film transistor
110 and the micro LED 210 is not limited. The thin-film
transistor 110 and the micro LED 210 may be connected
using various methods.

[0160] The micro LED 210 may have a structure in which
an undoped GaN buffer layer 211, an n-type GaN layer 212,
an active layer 213 having a multi quantum well (MQW)
structure, and a p-type GaN layer 214 are stacked.

[0161] Additionally, an ohmic contact layer that is placed
above the p-type GaN layer 214, a p-type electrode that
contacts a part of the ohmic contact layer, and an n-type
electrode that contacts a part of the n-type GaN layer 212
which is exposed by etching a part of the active layer 213,
the p-type GaN layer 214 and the ohmic contact layer may
be further formed in the micro LED 210.

[0162] The n-type GaN layer 212 is a layer for providing
electrons to the active layer 213. The n-type GaN layer 212
may be formed by doping n-type impurities such as silicon
to a GaN semiconductor layer.

[0163] The active layer 213 is a layer that emits light by
coupling of injected electrons and holes. In the multi quan-
tum well structure of the active layer 213, a plurality of
barrier layers and a plurality of well layers are alternately
arranged. The well layer may consist of InGaN, and the
barrier layer may consist of GaN but are not limited to what
has been described.

[0164] The p-type GaN layer 214 is a layer for injecting
holes to the active layer 213. The p-type GaN layer 214 may
be formed by doping p-type impurities such as Mg, Zn and
Be to a GaN semiconductor layer.

[0165] The ohmic contact layer is a layer for allowing the
p-type GaN layer 214 to ohmically contact the p-type
electrode. Transparent metal oxides such as indium tin oxide
(ITO), indium gallium zinc oxide (IGZ0), and indium zinc
oxide (IZ0O) may be used for the ohmic contact layer.
[0166] The p-type electrode and n-type electrode may be
formed in a single layer or in multiple layers that consist of
at least one of metallic materials including Ni, Au, Pt, Ti, Al
and Cr, or an alloy thereof.

[0167] In the micro LED 210 with the structure, as a
voltage is applied to the p-type electrode and n-type elec-
trode, electrons and holes are respectively injected from the
n-type GaN layer 212 and the p-type GaN layer 214 to the
active layer 213. Then excitons are generated in the active
layer 213. As the excitons are decayed, light that corre-
sponds to a difference in energy of a lowest unoccupied
molecular orbital (LUMO) and a highest occupied molecular
orbital (HOMO) of a light-emitting layer is generated and
emitted outward.

[0168] In this case, wavelengths of light that is emitted
from the micro LED 210 may be adjusted by adjusting a
thickness of the barrier layer of the multi quantum well
structure of the active layer 213. In the present disclosure, a
micro LED 210 that emits blue light is used. However, the
micro LED 210 is not limited to what has been described.
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[0169] The structure of the micro LED 210 according to
the present disclosure is not limited to a specific structure.
Micro LEDs 210 with various structures such as a vertically
structured micro LED and a horizontally structured micro
LED may be applied.

[0170] An upper substrate 300 may be formed above the
micro LED layer that includes a plurality of micro LEDs
210. In this case, the upper substrate 300 is formed to have
a size and patterns that correspond to a size and pattern of
each of the pixel array areas (PAA). Accordingly, upper
substrates 300 in the pixel array areas (PAA) adjacent to
each other may be spaced apart from each other with a
boundary area between the upper substrates 300.

[0171] A first bank layer 311 in a boundary area between
pixel areas (PA), and a second bank layer 312 in an edge area
of the pixel array area (PAA) may be placed above the upper
substrate 300.

[0172] A buffer layer 302 of a third substrate may be
formed between the upper substrate 300, and the first bank
layer 311 and the second bank layer 312. In this case, the
buffer layer 302 of the third substrate may be formed along
a whole surface of the upper substrate 300 to correspond to
a single pixel array area.

[0173] The bank layers may be used as a wall that serves
as a boundary to form each pixel area (PA) and each pixel
array area (PAA), and may prevent different colors of light
rays that are emitted from each pixel area (PA) from being
mixed.

[0174] In this case, the second bank layer 312 may be
spaced a certain distance apart from an end of the upper
substrate 300 that corresponds to the pixel array area (PAA).

[0175] That is, in the micro LED display device 10 accord-
ing to the present disclosure, the second bank layer 312
above the upper substrate 300 is not matched with the end
of the upper substrate 300 but is spaced a certain distance
apart from the end of the upper substrate 300. Accordingly,
the second bank layer 312 does not correspond to a scribe
zone (SZ), thereby minimizing crack propagation that may
happen during a process of cutting the upper substrate 300
and bank film 310.

[0176] Specifically, in the micro-LED display device 10
according to the present disclosure, pixels that correspond to
each pixel area (PA) are not respectively cut and transferred
to the lower substrate 100. Instead, each pixel array that
includes a plurality of pixels is cut and transferred. In this
case, a structure for minimizing crack propagation particu-
larly in boundary areas among pixel arrays may be required.

[0177] The end of the upper substrate 300 corresponds to
a boundary part of the scribe zone (SZ) that is cut in the
laser-cutting process. Accordingly, when the second bank
layer 312 is configured to match the end of the upper
substrate 300, a crack may is propagated through the second
bank layer 312 during the process of cutting the upper
substrate 300 and may affect a micro LED element, a
thin-film transistor element and the like in the pixel area
(PA).

[0178] According to the present disclosure, the second
bank layer 312 may be spaced a certain distance apart from
the end of the upper substrate 300 and may be spaced a
certain distance apart from the boundary part of the scribe
zone (S7), thereby minimizing the effect of a crack, which
is propagated through the second bank layer 312 during the
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process of cutting the upper substrate 300, on a micro LED
element, a thin-film transistor element and the like in the
pixel area (PA).

[0179] Additionally, the buffer layer 302 of the third
substrate may be removed to match an end of the second
bank layer 312. Accordingly, the buffer layer 302 of the third
substrate does not correspond to the scribe zone, thereby
minimizing the effect of a crack, which is propagated
through the buffer layer 302 of the third substrate during the
process of cutting the upper substrate 300, on a micro LED
element, a thin-film transistor element and the like in the
pixel area (PA).

[0180] According to the present disclosure, the second
bank layer 312 is spaced a certain distance apart from the
end of the upper substrate 300. Accordingly, the second bank
layer 312 is not formed at the end of the upper substrate 300,
and a spaced part 330 that is exposed to the outside is formed
at the end of the upper substrate 300.

[0181] Light that is emitted in the pixel area (PA) is
reflected inward by a cover layer 500, and the spaced part
330 may re-reflect reflected light of the micro LED 210
outward. Accordingly, the spaced part 330 has the effect of
emitting light in the boundary area without an additional
light source such as the micro LED 210. As a result,
recognition of boundary areas among micro LEDs 210 by a
user may be minimized.

[0182] Specifically, light is not emitted in the boundary
area because a micro LED 210 is not placed in a boundary
area between micro LEDs 210. In this case, a user may
recognize the boundary area from the outside. Accordingly,
light is required to be sent to the boundary area as much as
possible such that the user may not recognize the boundary
area from the outside.

[0183] However, according to the present disclosure, the
spaced part 330 of the upper substrate 300 in a boundary
area between micro LEDs 210 may re-reflect light, reflected
inward by the cover layer 500, outward. Accordingly, the
spaced part 330 may perform the function that emits light in
the boundary area, thereby minimizing recognition of the
boundary area between micro LEDs 210 by a user.

[0184] According to the present disclosure, micro LEDs
210 are not transferred one by one. Instead, as a unit, a
micro-LED array 220 that includes a plurality of micro
LEDs 210, i.e., a pixel array, is transferred at a time, thereby
minimizing a distance among pixel areas (PA).

[0185] Accordingly, a distance between the micro LEDs
210 that have the first bank layer 311 therebetween may be
shorter than a distance between the micro LEDs 210 that
have the second bark layer 312 therebetween.

[0186] For instance, the first bank layer 311 according to
an aspect is formed to correspond to a boundary area
between pixel areas (PA), and a pixel array area (PAA) that
includes a plurality of pixel areas (PA) is cut and transferred
as a unit. Accordingly, the boundary area between pixel
areas (PA) is not required to be cut, and the first bank layer
311 is not required to have a wide width.

[0187] When the micro LEDs 210 are cut and transferred
one by one, a boundary area between pixel areas (PA) is
required to be cut. Accordingly, a bank layer is required to
have a wide width to include a dead zone (DZ) having a
predetermined width.

[0188] Thus, a width of the bank layer that encircles each
of the cut micro LEDs 210 becomes wide, and a gap between
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pixel areas (PA) becomes wide because a plurality of bank
layers serve as a boundary between micro LEDs 210.
[0189] In this case, the boundary area between pixel areas
(PA) may be recognized by a user due to a wider gap
between the pixel areas (PA). Additionally, when each of the
micro LEDs 210 is cut, the bank layers that encircle the
micro LEDs 210 are cut. Accordingly, a crack is likely
propagated to elements adjacent to the bank layers, thereby
increasing the possibility of causing a defect in micro LEDs
210.

[0190] However, according to an aspect of the present
disclosure, micro LEDs 210 are not cut and transferred one
by one. Instead, a micro-LED array 220 that includes a
plurality of micro LEDs 210 is cut and transferred as a unit.
Thus, the possibility of crack propagation may be reduced,
gaps among pixel areas (PA) may be minimized, recognition
of a boundary area by a user may be minimized, and high
resolution may be implemented.

[0191] The first bank layer 311 and second bank layer 312
may have an inclined surface that faces toward a direction in
which the micro LED 210 emits light. Accordingly, lumi-
nous efliciency of the micro LED 210 may improve.
[0192] Additionally, surfaces on which adjacent second
bank layers 312 face each other may also be inclined
surfaces that faces toward a direction in which the micro
LED 210 emits light. Accordingly, luminous efficiency of
the micro LED 210 may improve further.

[0193] Specifically, an additional micro LED 210 is not
placed in an area between second bank layers 312 adjacent
to each other. However, when light of the micro LED 210,
which is emitted in the pixel area (PA), reflects from the
cover layer 500 above the micro LED 210 and comes into
the micro-LED display device, the light may be re-reflected
outward by the inclined surfaces of the second bank layers
312.

[0194] The plurality of pixel array areas (PAA) of the
micro LED display device 10 according to the present
disclosure may have the same size and pattern. However, the
pixel array areas (PAA) may have different sizes and pat-
terns by proving a different size to at least one pixel array
area (PAA).

[0195] A color filter layer 320 that corresponds to the pixel
area (PA) may be placed above the upper substrate 300.
[0196] That is, the color filter layer 320 may be formed in
each of the openings that are formed by the first bank layers
311 and may be included in the pixel area (PA). Accordingly,
the color filter layer 320 may emit light of a color desired by
a user.

[0197] A usual color filter film may be used as the color
filter layer 320, and a quantum dot film may be formed with
an inkjet method to form the color filter layer 320. However,
the color filter layer 320 is not limited.

[0198] Forinstance, a micro LED 210 that emits blue light
may be used in an aspect. In this case, the color filter layer
320 may be formed in pixel areas (PA) for implementing red
and green to implement red and green, and a micro LED 210
that emits blue light may be used with no additional color
filter layer 320 in pixel areas (PA) for implementing blue.
[0199] Additionally, a pad area may be formed above the
lower substrate 100 except the pixel array area (PAA), and
a pad unit 410 that includes various connection cables and
the like may supply various signals and voltages to the pixel
area (PA).
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[0200] The present disclosure has been described with
reference to the attached drawings. However, the present
disclosure should not be construed as being limited to the
aspects and drawings set forth herein. Additionally, it will be
apparent that the disclosure may be modified in different
forms by one having ordinary skill in the art within the
technical spirit of the present disclosure. Further, although
effects of configurations of the present disclosure are not
described explicitly in description of the aspects, expected
effects based on the configurations should be included in the
scope of the present disclosure.

What is claimed is:

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

forming a plurality of thin-film transistor array areas that

includes a plurality of thin-film transistor arrays on a
first substrate;

forming a plurality of micro-LED array areas that

includes a plurality of micro-LED arrays on a second
substrate;

transferring the plurality of micro-LED array areas that

correspond to the plurality of thin-film transistor array
areas onto the first substrate;

forming a bank film on a third substrate over the first

substrate;
patterning the bank film to form a first bank layer that
corresponds to a boundary area between the plurality of
micro-LED arrays and a second bank layer that corre-
sponds to an edge area of the plurality of micro-LED
array areas, to form a pixel area and a pixel array area,
and to remove the bank film in a boundary area between
the second bank layers adjacent to each other;
cutting the third substrate and the first substrate along a
scribe zone that is set in a boundary area between the
second bank layers adjacent to each other; and

separating a plurality of pixel arrays that includes the
plurality of thin-film transistor arrays and the plurality
of micro-LED arrays from the first substrate and trans-
ferring the plurality of pixel arrays onto a fourth
substrate.

2. The manufacturing method of a micro-LED display
device of claim 1, further comprising removing a thin-film
transistor layer that corresponds to a boundary area between
the plurality of thin-film transistor array areas adjacent to
each other, and removing a micro-LED layer that corre-
sponds to a boundary area between the plurality of micro-
LED array areas adjacent to each other before the forming
of the plurality of thin-film transistor array areas and the
forming of the plurality of micro-LED array areas respec-
tively includes.

3. The manufacturing method of a micro-LED display
device of claim 2, wherein the bank layer, the thin-film
transistor layer, and the micro-LED layer are removed by
etching.

4. The manufacturing method of a micro-LED display
device of claim 1, wherein a size and pattern of the plurality
of thin-film transistor array areas is the same as a size and
pattern of the plurality of micro-LED array areas.

5. The manufacturing method of a micro-LED display
device of claim 1, wherein the cutting the third substrate and
the first substrate is performed by a laser.

6. The manufacturing method of a micro-LED display
device of claim 1, wherein the boundary area between the
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second bank layers adjacent to each other has a width greater
than a width of the scribe zone.

7. The manufacturing method of a micro-LED display
device of claim 1, wherein at least one of the plurality of
pixel arrays has a different size.

8. The manufacturing method of a micro-LED display
device of claim 1, further comprising forming a color filter
layer in each of the plurality of pixel arrays over the third
substrate after the patterning the bank film.

9. A micro-LED display device comprising:

a lower substrate where a plurality of pixel array areas that

include a plurality of pixel arrays is defined,

a thin-film transistor array placed over the lower substrate
and including a plurality of thin-film transistors which
correspond to each of the plurality of pixel arrays:

a micro-LED array placed over the thin-film transistor
array and including a plurality of micro LEDs which
correspond to each of the plurality of pixel arrays;

an upper substrate placed over the micro-LED array; and

a first bank layer placed in a boundary area between the
plurality of pixel arrays and a second bank layer placed
in an edge area of the plurality of pixel array areas,
which are placed over the upper substrate,

wherein the second bank layer is spaced apart from an end
of the upper substrate that corresponds to the plurality
of pixel arrays.

10. The micro-LED display device of claim 9, wherein a
distance between the micro LEDs that have the first bank
layer therebetween is shorter than a distance between the
micro LEDs that have the second bank layer therebetween.

11. The micro-LED display device of claim 9, wherein the
first bank layer and the second bank layer have an inclined
surface that faces a direction in which the micro LED emits
light.

12. The micro-LED display device of claim 9, wherein
adjacent two second bank layers face each other have a
surface that is inclined to face a direction in which the micro
LED emnits light.

13. The micro-LED display device of claim 9, wherein at
least one of the plurality of pixel array areas has a different
size.

14. The micro-LED display device of claim 9, further
comprising a color filter layer that corresponds to the pixel
area is placed over the upper substrate.

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

removing a thin-film transistor layer that corresponds to a
boundary area between a plurality of thin-film transis-
tor array areas to be formed;

removing a micro-LED layer that corresponds to a bound-
ary area between a plurality of micro-LED array areas
to be formed;

forming the plurality of thin-film transistor array areas
that includes a plurality of thin-film transistor arrays on
a first substrate;

forming the plurality of micro-LED array areas that
includes a plurality of micro-LED arrays on a second
substrate;

transferring the plurality of micro-LED array areas that
correspond to the plurality of thin-film transistor array
areas onto the first substrate;

forming a bank film on a third substrate over the first
substrate;
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patterning the bank film to form a first bank layer that
corresponds to a boundary area between the plurality of
micro-LED arrays and a second bank layer that corre-
sponds to an edge area of the plurality of micro-LED
array areas, to form a pixel area and a pixel array area,
and to remove the bank film in a boundary area between
the second bank layers adjacent to each other;
cutting the third substrate and the first substrate along a
scribe zone that is set in a boundary area between the
second bank layers adjacent to each other; and
separating a plurality of pixel arrays that includes the
plurality of thin-film transistor arrays and the plurality
of micro-LED arrays from the first substrate and trans-
ferring the plurality of pixel arrays onto a fourth
substrate.
16. The manufacturing method of a micro-LED display
device of claim 15, wherein a size and pattern of the plurality
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of thin-film transistor array areas is the same as a size and
pattern of the plurality of micro-LED array areas.

17. The manufacturing method of a micro-LED display
device of claim 15, wherein the cutting the third substrate
and the first substrate is performed by a laser.

18. The manufacturing method of a micro-LED display
device of claim 15, wherein the boundary area between the
second bank layers adjacent to each other has a width greater
than a width of the scribe zone.

19. The manufacturing method of a micro-LED display
device of claim 15, wherein at least one of the plurality of
pixel arrays has a different size.

20. The manufacturing method of a micro-LED display
device of claim 15, further comprising forming a color filter
layer in each of the plurality of pixel arrays over the third
substrate after the patterning the bank film.
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