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(54) DISPLAY DEVICE

(57)  Adisplay device is provided. The display device
includes a substrate, a plurality of transistors, a plurality
of display units, and a plurality of alignment marks. The
substrate includes a display area and a non-display area
adjacent to the display area. The plurality of transistors
is disposed on the display area of the substrate. The plu-

rality of display units is disposed on the display area of
the substrate, and the plurality of display units is electri-
cally connected to the plurality of transistors. The plurality
of alignment marks is disposed on the substrate, wherein
atleast one of the plurality of alignment marks is disposed
on the display area of the substrate.
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Description
BACKGROUND
1. Technical Field

[0001] The present disclosure relates to a device, and
particularly, relates to a display device.

2. Description of Related Art

[0002] Because light emitting diode (LED) display ap-
paratuses have advantages such as active light emitting,
high brightness, high contrast ratio, and low power con-
sumption, in recent years, they have become one of tech-
nologies, which are vigorously developed, of new dis-
plays. To satisfy the requirement of high resolution, LED
display apparatuses are developing towards the direction
of being formed by an active element substrate and LEDs
that have the micrometer size and are arranged in an
array.

SUMMARY

[0003] The present disclosure provides a display de-
vice, which is capable of having a better accuracy of
transferring display units onto a substrate and a less re-
quired time for transferring the display units during the
fabrication.

[0004] In one embodiment, the display device of the
disclosure includes a substrate, a plurality of transistors,
a plurality of display units, and a plurality of alignment
marks. The substrate includes a display area and a non-
display area adjacent to the display area. The plurality
of transistors is disposed on the display area of the sub-
strate. The plurality of display units is disposed on the
display area of the substrate, and the plurality of display
units is electrically connected to the plurality of transis-
tors, respectively. The plurality of alignment marks is dis-
posed on the substrate, wherein at least one of the plu-
rality of alignment marks is disposed on the display area
of the substrate.

[0005] In another embodiment, the display device of
the disclosure includes a base substrate, a transistor, an
alignment mark, and a display unit. The transistor is dis-
posed on the base substrate. The alignment mark is dis-
posed on the base substrate. The display unitis disposed
on and electrically connected to the transistor, wherein
the display unit is a micro display diode.

[0006] In order to make the aforementioned and other
objectives and advantages of the present disclosure
comprehensible, embodiments accompanied with fig-
ures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Aspects of the disclosure are best understood
from the following detailed description when read with
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the accompanying figures. It is noted that, in accordance
with the standard practice in the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of
the various features may be arbitrarily increased or re-
duced for clarity of discussion.

FIG. 1 is a schematic top view of a carrier substrate
having display devices of the disclosure.

FIG. 2 is a schematic top view illustrating a display
device according to an embodiment of the disclo-
sure.

FIG. 3 is a schematic top view illustrating a display
device according to another embodiment of the dis-
closure.

FIG. 4 is a schematic top view illustrating a display
device according to another embodiment of the dis-
closure.

FIG. 5 is a schematic top view illustrating a display
device according to another embodiment of the dis-
closure.

FIG. 6 is a schematic cross-sectional view of a part
of a display device according to an embodiment of
the disclosure.

FIG. 7 is a schematic cross-sectional view of a part
of adisplay device according to another embodiment
of the disclosure.

FIG. 8 is a schematic cross-sectional view of a part
of adisplay device according to another embodiment
of the disclosure.

FIG. 9 is a schematic cross-sectional view of a part
of adisplay device according to another embodiment
of the disclosure.

FIG. 10A is a schematic cross-sectional view of an
intermediately stage in a manufacturing process of
a display device according to a first embodiment of
the disclosure.

FIG. 10B is a schematic plane view of the display
device depicted in FIG. 10A.

FIG. 11A is a schematic cross-sectional view of a
pick apparatus used in an intermediately stage in a
manufacturing process of the display device accord-
ing to the first embodiment of the disclosure.

FIG. 11B is a schematic plane view of the pick ap-
paratus depicted in FIG. 11A.

FIG. 12A is a schematic cross-sectional view of an
intermediately stage in a manufacturing process of
the display device according to the first embodiment
of the disclosure.

FIG. 12B is a schematic plane view of the display
device depicted in FIG. 12A.

FIG. 13A is a schematic cross-sectional view of an
intermediately stage in a manufacturing process of
a display device according to a second embodiment
of the disclosure.

FIG. 13B is a schematic plane view of the display
device depicted in FIG. 13A.

FIG. 14A is a schematic cross-sectional view of a
pick apparatus used in an intermediately stage in a
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manufacturing process of the display device accord-
ing to the second embodiment of the disclosure.
FIG. 14B is a schematic plane view of the pick ap-
paratus depicted in FIG. 14A.

FIG. 15A is a schematic cross-sectional view of an
intermediately stage in a manufacturing process of
the display device according to the second embod-
iment of the disclosure.

FIG. 15B is a schematic plane view of the display
device depicted in FIG. 15A.

FIG. 16A is a schematic cross-sectional view of a
pick apparatus used in an intermediately stage in a
manufacturing process of the display device accord-
ing to the second embodiment of the disclosure.
FIG. 16B is a schematic plane view of the pick ap-
paratus depicted in FIG. 16A.

FIG. 17A is a schematic cross-sectional view of an
intermediately stage in a manufacturing process of
the display device according to the second embod-
iment of the disclosure.

FIG. 17B is a schematic plane view of the display
device depicted in FIG. 17A.

FIG. 18A to FIG. 18D are schematic top views of a
relative position between an alignment mark dis-
posed on a display panel and an alignment mark
disposed on a pick apparatus.

FIG. 19 is a schematic top view illustrating a display
device according to another embodiment of the dis-
closure.

DESCRIPTION OF THE EMBODIMENTS

[0008] Reference will now be made in detail to the
present preferred embodiments of the disclosure, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
are used in the drawings and the description to refer to
the same or like parts.

[0009] In the present specification, the description of
forming another structure above or on a structure may
include an embodiment of forming direct contact between
the structure and the another structure, and may also
include an embodiment of forming an additional structure
between the structure and the another structure so that
the structure may not getin direct contact with the another
structure.

[0010] FIG. 1 is a schematic top view of a carrier sub-
strate having display devices of the disclosure. FIG. 2 is
a schematic top view illustrating a display device accord-
ing to an embodiment of the disclosure. FIG. 6 is a sche-
matic cross-sectional view of a part of a display device
according to an embodiment of the disclosure. FIG. 7 is
a schematic cross-sectional view of a part of a display
device according to another embodiment of the disclo-
sure. FIG.6 and FIG. 7 illustrate the cross-sectional views
of a part of the display device taken along section lines
A-A’, B-B’ and C-C’ depicted in FIG. 2.

[0011] Referring to FIG. 1 and FIG. 2, a carrier sub-
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strate SUB having display panels is provided. In the em-
bodiment, the display panels can be display devices 10.
In some embodiments, the carrier substrate SUB, for ex-
ample, includes four of the display devices 10, and each
of the display devices 10, for example, includes a sub-
strate 101 having four alignment regions 100A for trans-
ferring display units. A material of the substrate 101 may
be a single layer or a stack of one of glass, quartz, organic
polymers (e.g., polyimide, polyethylene terephthalate,
polycarbonate, PMMA etc.), opaque/reflective materials
(e.g., conductive materials, metals, wafers, ceramics,
etc.) and other applicable materials, or a stack or a mix-
ture of the at least two above-mentioned materials, but
the disclosure is not limited thereto. However, in other
embodiments, the carrier substrate SUB may include
less than four display devices or more than four display
panels, and each display device may include less than
or more than four regions for transferring display units,
the disclosure is not limited thereto. For clarification, as
the configurations of the alignment regions 100A in the
display devices 10 are the same, the detailed structure
of each display panel 10 will be elaborated by one align-
ment region 100A of one display device 10 in following
descriptions.

[0012] Inthe embodiment, asshowninFIG.2andFIG.
6, the display device 10 has a display area AA, a non-
display area PA adjacent to the display area AA. As
showninFIG.2andFIG. 6, the display device 10 includes
a plurality of sub-pixel units U1 having a transistor T and
a display unit 130 disposed on the display area AA, a
plurality of alignment marks AM1 disposed on the display
area AA and a plurality of alignment marks AM2 disposed
onthe non-display area PA. The display device 10 further
includes scan lines and data lines (not shown), a buffer
layer 102, a gate insulating layer 103, a plurality of insu-
lating layers 104/105/106/107/108, a pixel electrode 120,
a filling material 140, a conductive electrode 150, and a
protection layer 109.

[0013] Referring to FIG. 2, the sub-pixel units U1 are
disposed on the display area AA, and the sub-pixel units
U1 are arranged in an array along an X-direction and a
Y-direction. In the embodiment, the sub-pixel units U1
are arranged in a form of 6x8 array; however, people
having ordinary skills in the pertinent art should under-
stand that the array formed by the sub-pixel units U1
depicted in FIG. 2 is constituted by a plurality of sub-pixel
units arranged in an array based on the demand, where
the number of the sub-pixel units is not specifically limited
in the disclosure. In FIG. 6, a cross-sectional view taken
along the section line B-B’ depicted in FIG. 2 of one sub-
pixel unit U1 is illustrated, and cross-sectional views of
the alignment marks AM1 and the alignment marks AM2
taken along the section line A-A’ and the section line C-
C’ depicted in FIG. 2 are illustrated, so that persons
skilled in the art can understand the disclosure clearly.
Furthermore, as shown in FIG. 2 and FIG. 6, it should be
noted that each of the sub-pixel units U1 includes a tran-
sistor and a display element as illustrated in FIG. 6. How-
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ever, the disclosure does not limit each sub-pixel unit U1
toinclude one transistor and/or one display unit, the num-
bers of the transistors and the display units are not lim-
ited. The numbers of the transistors and the display units
can be one or more than one, and may be designated
and selected based on the demand. For example, as
shown in FIG. 7, the sub-pixel unit U1 may include one
transistor T and three display units 130 electrically con-
nected to the transistor T, wherein the display units 130
are electrically connected in series through the pixel elec-
trode 120. On the other hand, in the disclosure, a number
of the plurality of display units 130 is greater than a
number of the plurality of alignment marks AM1 disposed
on the display area AA of the substrate 101.

[0014] Referring to FIG. 2 and 6, the buffer layer 102
is optionally disposed on the substrate 101. A material
of the buffer layer 102 can includes, but not limited to,
silicon oxide, silicon nitride, silicon oxynitride, or a
stacked layer of the above materials.

[0015] Inthe embodiment, the transistor T is disposed
on the substrate 101 and the buffer layer 102. In the em-
bodiment, the transistor T includes a semiconductor layer
110, a gate electrode 112, a source/drain electrode 114
and a source/drain electrode 116. In the embodiment,
the gate electrode 112 is located on the semiconductor
layer 110. In detail, the semiconductor layer 110 includes
a first region S/D, a second region S/D, and a channel
region CH located between the first region S/D and the
second region S/D. In the embodiment, a material of the
semiconductor layer 110, forexample, may be selectively
a low temperature polysilicon semiconductor material,
an amorphous silicon semiconductor material, an oxide
semiconductor material, an organic semiconductor ma-
terial, or other semiconductor materials. In consideration
of electrical conductivity, the gate electrode 112 is often
made of metal materials. However, the disclosure is not
limited thereto. According to other embodiments of the
disclosure, the gate electrode 112 can also be made of
other conductive materials. The metal material includes,
for example, conductive materials (such as an alloy, a
metal nitride material, a metal oxide material, a metal
oxynitride material, or other suitable materials), or a
stacked layer containing the metallic material and any
other conductive material.

[0016] The gate insulating layer 103 is disposed be-
tween the semiconductor layer 110 and the gate elec-
trode 112, wherein the gate insulating layer 103 is con-
formally formed on and covers the semiconductor layer
110. A material of the gate insulating layer 103 can in-
clude an inorganic material (such as silicon oxide, silicon
nitride, or silicon oxynitride), an organic material (such
as polyimide resin, epoxy resin, or acrylic resin), or a
stacked layer containing the insulating material and any
other insulating material.

[0017] AsshowntoFIG.6, the insulating layer 104 and
the insulating layer 105 are disposed on the gate elec-
trode 112, wherein the insulating layer 105 is located on
the insulating layer 104. In detail, the insulating layer 104
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and the insulating layer 105 are both used for protecting
the gate electrode 112 from being damaged during the
manufacturing process, wherein the insulating layer 105
can be further served as a passivation layer for provide
a flattening function. The materials of the insulating layer
104 and insulating layer 105 can include an inorganic
material (such as silicon oxide, silicon nitride, or silicon
oxynitride), an organic material (such as polyimide resin,
epoxy resin, or acrylic resin), or a stacked layer contain-
ing the insulating material and any other insulating ma-
terial.

[0018] In the embodiment, the source/drain electrode
114 and the source/drain electrode 116 are disposed on
the gate electrode 112. As shown in FIG. 6, the
source/drain electrode 114 is physically connected to the
first region S/D through a first via hole formed in the in-
sulating layer 104 and the insulating layer 105; and sim-
ilarly, the source/drain electrode 116 is physically con-
nected to the second region S/D through a second via
hole formed in the insulating layer 104 and the insulating
layer 105. The materials of the source/drain electrode
114 and the source/drain electrode 116 caninclude metal
materials (such as aluminium, molybdenum, titanium,
gold indium, tin or a combination thereof), metal oxide or
other semiconductor materials. As such, the transistor T
includes at least the semiconductor layer 110, the gate
electrode 112, the source/drain electrode 114, and the
source/drain electrode 116.

[0019] Referringto FIG. 6, the insulating layer 106 and
the insulating layer 107 are disposed on the transistor T,
wherein the insulating layer 107 is located on the insu-
lating layer 106. In detail, the insulating layer 107 and
the insulating layer 106 are both used for protecting the
transistor T from being damaged during the manufactur-
ing process, wherein the insulating layer 107 can be fur-
ther served as a passivation layer for provide a flattening
function. The materials of the insulating layer 106 and
insulating layer 107 can include an inorganic material
(such as silicon oxide, silicon nitride, or silicon oxynitride),
an organic material (such as polyimide resin, epoxy resin,
or acrylic resin), or a stacked layer containing the insu-
lating material and any other insulating material.

[0020] Referring to FIG. 6, the pixel electrode 120 is
disposed on the transistor T and is electrically connected
to the transistor T. In the embodiment, the pixel electrode
120 is physically connected to the source/drain electrode
116 of the transistor T through an opening formed in the
insulating layer 106 and the insulating layer 107. In detail,
the opening formed in the insulating layer 106 and the
insulating layer 107 exposes a portion of the transistor T
(e.g. a part of the source/drain electrode 116). The pixel
electrode 120 fills up a part of the opening (e.g., the open-
ing formed in the insulating layer 106) and covers a bot-
tom surface and sidewalls of a part of the opening (e.g.,
the opening formed in the insulating layer 107), and the
pixel electrode 120 extends to a surface of the insulating
layer 107 opposite to the transistor T. In the embodiment,
the pixel electrode 120 is served as a pixel electrode of
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the transistor T. A material of the pixel electrode 120 can
include metal materials, such as aluminium, molybde-
num, titanium, gold indium, tin or a combination thereof.
In some embodiments, the materials of the source/drain
electrode 114, the source/drain electrode 116 and the
pixel electrode 120 can be the same or different, the dis-
closure is not limited thereto.

[0021] The insulating layer 108 is disposed on the in-
sulating layer 107 and a portion of the pixel electrode
120, as shown in FIG. 6. In other words, a portion of the
pixel electrode 120 is exposed by the insulating layer
108. A material of the insulation layer 108, for example,
may be an inorganic material, an organic material, or a
combination thereof, where the inorganic material, for
example, is silicon oxide, silicon nitride, silicon oxynitride,
or a stack layer of the foregoing at least two materials;
the organic material, for example, is a macromolecular
material, such as polyimide resin, epoxy resin, or acrylic
resin. In the embodiment, the pixel electrode 120 and the
insulating layer 108 together define an accommodated
space for the display unit 130. In other words, the location
of the accommodated space corresponds to the location
of the pixel electrode 120.

[0022] Referring to FIG. 6, the display unit 130 is dis-
posed on the transistor T and is electrically connected to
the transistor T through the pixel electrode 120. In the
embodiment, the display unit 130 includes a semicon-
ductor layer of first conductivity type 132, an active layer
134, a semiconductor layer of second conductivity type
136, an electrode 138a, and an electrode 138b. In detail,
the display unit 130 is disposed in the accommodated
spaced formed by the firstelement 120 and the insulating
layer 108, and the display unit 130 is electrically connect-
ed to the pixel electrode 120 via the electrode 138b, so
that the transistor T can drive the display unit 130 through
the pixel electrode 120. In one embodiment, the semi-
conductor layer of the first conductivity type 132 may be
a n-type semiconductor layer, the active layer 134 may
be a quantum-well structure layer, the semiconductor lay-
er of the second conductivity type 136 may be a p-type
semiconductor layer, the electrode 138a may be a n-type
electrode, and the electrode 138b may be p-type elec-
trode. However, the disclosure is not limited thereto. In
another embodiment, the semiconductor layer of the first
conductivity type 132 may be a p-type semiconductor
layer, the active layer 134 may be a quantum-well struc-
ture layer, the semiconductor layer of the second con-
ductivity type 136 may be a n-type semiconductor layer,
the electrode 138a may be a p-type electrode, and the
electrode 138b may be n-type electrode. The active layer
134 may be, for example, a multiple quantum-well struc-
ture layer. In the embodiment, the display unit 130 may
be alight emitting diode (LED) or a LED with micrometer-
level sizes (e.g. micro light emitting diode (micro LED);
and as shown in FIG. 6, the display unit 130 is a vertical
light emitting diode (LED), however, the disclosure is not
limited thereto. In other embodiments, the display unit
130 may be a flip chip LED.
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[0023] The filling material 140 fills the accommodated
space and covers at least the side surfaces of the display
unit 130. A material of the filling material 140 may, for
example, include glue, resin, silicon oxide, silicon nitride
or underfiller. In additional, the material of the filling ma-
terial 140 may further include, but not limited to, a quan-
tum dot material, a fluorescent powder material, a phos-
phor power material, or a combination thereof. In other
embodiments, the filling material 140 may completely en-
capsulate the display unit 130.

[0024] Referring to FIG. 6, the conductive electrode
150 is disposed on the display unit 130, the filling material
140, and the insulating layer 108. In the embodiment, the
conductive electrode 150 is conformally formed on the
display unit 130, thefilling material 140, and the insulating
layer 108. The conductive electrode 150 receives a com-
mon voltage from an element (e.g., a transistor or a ter-
minal pad electrically grounded) of a driving circuitry lo-
cated on the non-display area PA, the driving circuitry
may be selected based on the demand by persons skilled
in the art and is not specifically limited in the disclosure,
and thus are omitted from illustration herein. In certain
embodiments, the conductive electrode 150 may be
served as a common electrode of the transistor T. A ma-
terial of the conductive electrode 150 may include metal
materials, such as aluminium, molybdenum, titanium,
gold indium, tin or a combination thereof. The materials
of the conductive electrode 150 can be the same or dif-
ferent from that of the source/drain electrode 114, the
source/drain electrode 116 and the pixel electrode 120;
the disclosure is not limited thereto.

[0025] The protectionlayer 109 is disposed on the sub-
strate 101. As shown in FIG. 6, the protection layer 109
is conformally formed on the insulating layer 108 and the
conductive electrode 150. The protection layer 109 pro-
tects the display unit 130 and the conductive electrode
150 from being damaged during the manufacturing proc-
ess. A material of the insulation layer 109, for example,
may be an inorganic material, an organic material, or a
combination thereof, where the inorganic material, for
example, is silicon oxide, silicon nitride, silicon oxynitride,
or a stack layer of the foregoing at least two materials;
the organic material, for example, is a macromolecular
material, such as polyimide resin, epoxy resin, or acrylic
resin.

[0026] Insome embodiments, the materials of the buff-
er layer 102, the insulating layer 103, the insulating layer
104, the insulating layer 105, the insulating layer 106,
the insulating layer 107, the insulating layer 108, and the
protection layer 109 can be the same or different from
one another. The disclosure is not limited thereto.
[0027] As shown in FIG. 2 and FIG. 6, the alignment
marks AM1 is located on the display area AA of the sub-
strate 101, and the alignment marks AM2 is located on
the non-display area PA of the substrate 101. In the em-
bodiment, as shown in FIG. 6, the alignment marks AM1
and the alignment marks AM2 are formed in the same
layer as the gate electrode 112; however, the disclosure
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is not limited thereto. In one embodiment, the alignment
marks AMI’ and the alignment marks AM2’ are formed in
the same layer as the first source/ drain electrode 114
and the source/drain electrode 116, as shown in FIG. 8.
In another one embodiment, the alignment marks
AMI" and the alignment marks AM2" are formed in the
same layer as the pixel electrode 120, as shown in FIG.
9. In one embodiment, the alignment marks AM1 and the
alignment marks AM2 can, for example, be formed in two
different layers which are selected from a group of the
gate electrode 112, the source/drain electrode 114, the
source/drain electrode 116, and the pixel electrode 120.
The alignment marks AM1 and the alignment marks AM2
are not overlapped with the display unit 130.

[0028] BacktoFIG.2, eachalignmentregion 100A has
a pair of the alignment marks AM2 located at two different
positions on the non-display area which are positioning
along an extending direction of a diagonal line of the dis-
play area AA, and each sub-pixel unit U1 has a pair of
the alignment marks AM1 located at two different posi-
tions on the sub-pixel unit U1 which are positioning along
an extending direction of a diagonal line of the sub-pixel
unit U1. However, the disclosure is not limited thereto.
[0029] FIG. 3 is a schematic top view illustrating a dis-
play device according to another embodiment of the dis-
closure. Referring to FIG. 2 and 3 together, the display
device 10 depicted in FIG. 2 and the display device 20
depicted in FIG. 3 is similar, the difference is that, for the
display device 20 depicted in FIG. 3, each alignment re-
gion 100B of the display device 20 has a pair of the align-
ment marks AM2 located at two different positions on the
non-display area which are positioning along a extending
direction of a diagonal line of the display area AA, and
each sub-pixel unit U1 has two pairs of the alignment
marks AM1 respectively located at four different positions
on the sub-pixel unit U1 which are positioning along ex-
tending directions of two diagonal lines of the sub-pixel
unit U1. In other words, the alignment marks AM1 are
respectively located at four corners of the sub-pixel unit
u1.

[0030] FIG. 4 is a schematic top view illustrating a dis-
play device according to another embodiment of the dis-
closure. Referring to FIG. 2 and 4 together, the display
device 10 depicted in FIG. 2 and the display device 30
depicted in FIG. 4 is similar, the difference is that, for the
display device 30 depicted in FIG. 4, each alignment re-
gion 100C of the display device 30 has two pair of the
alignment marks AM2 respectively located at four differ-
ent positions on the non-display area which are position-
ing along extending directions of two diagonal lines of
the display area AA, and each sub-pixel unit U1 has a
pair of the alignment marks AM1 located at two different
positions on the sub-pixel unit U1 which are positioning
along an extending direction of a diagonal line of the sub-
pixel unit U1. In other words, the alignment marks AM2
are respectively located at four corners of the alignment
region 110C and on the non-display area.

[0031] FIG. 5is a schematic top view illustrating a dis-
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play device according to another embodiment of the dis-
closure. Referring to FIG. 2 and 4 together, the display
device 10 depicted in FIG. 2 and the display device 40
depicted in FIG. 5 is similar, the difference is that, for the
display device 40 depicted in FIG. 5, each alignment re-
gion 100D of the display device 40 has two pair of the
alignment marks AM2 respectively located at four differ-
ent positions on the non-display area which are position-
ing along extending directions of two diagonal lines of
the display area AA, and each sub-pixel unit U1 has two
pairs of the alignment marks AM1 respectively located
at four different positions on the sub-pixel unit U1 which
are positioning along extending directions of two diagonal
lines of the sub-pixel unit U1.

[0032] In another embodiment (not shown), two adja-
cent alignment marks AM1 (as depicted in FIG. 2 and
FIG. 4) independently located in two different sub-pixel
units U1 can be substituted by one alignment mark AMI,
wherein the one alignment mark is shared by the two
sub-pixel units U1. In another embodiment (not shown),
four adjacent alignment marks AM1 (as depicted in FIG.
3 and FIG. 5) independently located in four different sub-
pixel units U1 can be substituted by one alignment mark
AMI, wherein the one alignment mark is shared by the
four sub-pixel units U1.

[0033] Additionally, in some embodiments, the display
device 10 may include an opposite substrate (not shown),
wherein the opposite substrate may include a substrate
having at least one of a color filter layer, a wavelength
conversion layer, a black matrix layer, and other insulat-
ing layers, and the positioning configuration and materi-
als of the above elements may be common known and
may be designated and selected based on the demand
by persons skilled in the art, and thus are omitted from
illustration herein.

[0034] FIG. 10Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of a
display device according to a first embodiment of the dis-
closure. FIG. 10B is a schematic plane view of the display
device depicted in FIG. 10A. FIG. 11A is a schematic
cross-sectional view of a pick apparatus used in an in-
termediately stage in a manufacturing process of the dis-
play device according to the first embodiment of the dis-
closure. FIG. 11B is a schematic plane view of the pick
apparatus depicted in FIG. 11A. FIG. 12A is a schematic
cross-sectional view of an intermediately stage in a man-
ufacturing process of the display device according to the
first embodiment of the disclosure. FIG. 12B is a sche-
matic plane view of the display device depicted in FIG.
12A.

[0035] FIG. 10Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of
the display device 10 depicted in FIG. 2 according to the
first embodiment, and FIG. 10B is a plane view of the
display device 10 depicted in FIG. 10A, wherein the
cross-sectional view of FIG. 10A is taken along the sec-
tion line A-A’, the section line B-B’ and the section line
C-C’ of FIG 10B. Referring to FIG. 10A and FIG. 10B
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together, the substrate 101 having the transistor T, the
pixel electrode 120, the alignment marks AM1 and the
alignment marks AM2 is provided. In other words, the
display unit 130, the insulating layer 108, the filling ma-
terial 140, the conductive electrode 150, and the protec-
tion layer 109 are not yet formed on the substrate 101 of
the display device 10 depicted in FIG. 2 and FIG. 6.
[0036] FIG. 11Ais a schematic cross-sectional view of
a pick apparatus 50 of an intermediately stage in a man-
ufacturing process of the display device 10 according to
the first embodiment, and FIG. 11B is a plane view of the
pick apparatus 50 depicted in FIG. 11A, wherein the
cross-sectional view of FIG. 11A is taken along the sec-
tion line D-D’, the section line E-E’ and the section line
F-F’ of FIG. 11B. Referring to FIG. 11A and FIG. 11B
together, the display units 130 temporarily stored in a
form of array on a carrier substrate (not shown) are
moved and picked by means of an array pick apparatus
(e.g., the pick apparatus 50 as shown in FIG. 11A) to
assemble with the substrate 101. In other words, the pick
apparatus 50 moves a plurality of the display units 130
in an array manner.

[0037] In the embodiment, the pick apparatus 50 has
a holder 51, alignment marks 52, alignment marks 53,
and an array of pick heads 54, wherein the alignment
marks 52, the alignment marks 53 and the pick heads 54
are disposed on the holder 51, and a pick action is per-
formed by the pick heads 54 to prevent any fail display
unit 130 being moved and disposed on the substrate 101.
In the embodiment, as shown in FIG. 11A and FIG. 11B,
the holder 51 of the pick apparatus 50 corresponds to
one alignmentregion 100A of the substrate 101, wherein
the holder 51 has a plurality of regions M1 arranged in
an array along an X-direction and a Y-direction, and the
array of the regions M1 corresponds to the array of sub-
pixel units U1, where one region M1 is corresponding to
one sub-pixel unit U1. In detail, at least two alignment
marks 53 and at least one pick head 54 are located in
each region M1, and at least two alignment marks 52 are
located outside of the array of the regions M1. In the
embodiment, each of the alignment marks 52 corre-
sponds to one of the alignment marks AM2 of the sub-
strate 101, and each of the alignment marks 53 corre-
sponds to one of the alignment marks AM1.

[0038] FIG. 12Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of
the display device 10 according to the first embodiment,
and the pick apparatus 50 is omitted in the cross-sec-
tional view for clarification. FIG. 12B is a plane view of
the display device 10 depicted in FIG. 12A, wherein the
cross-sectional view of FIG. 12A is taken along the sec-
tion line A-A’, the section line B-B’ and the section line
C-C’ of FIG 12B. As shown in FIG. 12A and FIG. 12B, a
moving action is performed, the display units 130 are
assembly with the substrate 101 accurately, wherein one
of the display units 130 is electrically connected to the
corresponding transistor T through the pixel electrode
120.
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[0039] In the embodiment, by the moving action, the
regions M1 of the holder 51, the alignment marks 52, and
the alignment marks 53 are aligned with the sub-pixel
units U1, the alignment marks AM2, and the alignment
marks AM1, respectively. Owing to the positioning con-
figurations between the alignment marks 52 and the
alignment marks AM2 and between the alignment marks
53 and the alignment marks AM1, the display units 130
can be assembly with the substrate 101 accurately. In
detail, the aligning manner between the alignment marks
AM1 and the alignmentmarks 53 and the aligning manner
between the alignment marks AM2 and the alignment
marks 52 can be easily performed by using an optical
microscope (e.g. a detection of an intensity of light re-
flection of the alignment marks AM1 and/or the alignment
marks AM2). Since the locations of the alignment marks
AM1 and the alignment marks AM2 are determined, the
alignment marks 53 and the alignment marks 52 can rap-
idly aligns the alignment marks AM1 and the alignment
marks AM2, respectively. As such, a better accuracy of
transferring display units onto a substrate and a less re-
quired time for transferring the display units during the
fabrication can be achieved.

[0040] FIG. 13Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of a
display device according to a second embodiment of the
disclosure. FIG. 13B is a schematic plane view of the
display device depicted in FIG. 13A. FIG. 14A is a sche-
matic cross-sectional view of a pick apparatus used in
an intermediately stage in a manufacturing process of a
display device according to the second embodiment of
the disclosure. FIG. 14B is a schematic plane view of the
pick apparatus depicted in FIG. 14A. FIG. 15A is a sche-
matic cross-sectional view of an intermediately stage in
a manufacturing process of the display device according
to the second embodiment of the disclosure. FIG. 15B is
a schematic plane view of the display device depicted in
FIG. 15A. FIG. 16A is a schematic cross-sectional view
of a pick apparatus used in an intermediately stage in a
manufacturing process of the display device according
to the second embodiment of the disclosure. FIG. 16B is
a schematic plane view of the pick apparatus depicted
in FIG. 16A.FIG. 17Ais a schematic cross-sectional view
of an intermediately stage in a manufacturing process of
the display device according to the second embodiment
of the disclosure. FIG. 17B is a schematic plane view of
the display device depicted in FIG. 17A.

[0041] FIG. 13Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of
the display device 10 depicted in FIG. 2 according to the
second embodiment, and FIG. 13B is a plane view of the
display device 10 depicted in FIG. 13A, wherein the
cross-sectional view of FIG. 13A is taken along the sec-
tion line A-A’, the section line B-B’ and the section line
C-C’ of FIG 13B. Referring to FIG. 13A and FIG. 13B
together, the substrate 101 having the transistor T, the
pixel electrode 120, the alignment marks AM1 and the
alignment marks AM2 is provided. In other words, the
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display unit 130, the insulating layer 108, the filling ma-
terial 140, the conductive electrode 150, and the protec-
tion layer 109 are not yet disposed on the substrate 101
of the display device 10 depicted in FIG. 2 and FIG. 6.
[0042] FIG. 14Ais a schematic cross-sectional view of
a pick apparatus 50 of an intermediately stage in a man-
ufacturing process of the display device 10 according to
the second embodiment, and FIG. 14B is a plane view
of the pick apparatus 50 depicted in FIG. 14A, wherein
the cross-sectional view of FIG. 14A is taken along the
section line D-D’, the section line E-E’ and the section
line F-F’ of FIG. 14B. Referring to FIG. 14Aand FIG. 14B
together, the display units 130 temporarily stored in a
form of an array on a carrier substrate (not shown) are
moved and picked by means of an array pick apparatus
(e.g., the pick apparatus 50) to assemble with the sub-
strate 101. In the embodiment, a few of the display units
130 are damaged or malfunctioned and thus are dis-
missed from the array of the display units 130 that is
moved via the pick apparatus 50 by a pick action. In other
words, the pick apparatus 50 moves a plurality of the
display units 130 in an array manner, where the damaged
and/or malfunctioned display units 130 are not picked
and thus resulting vacancies VA (see FIG. 14B) may be
presented in the array of the display units 130 moved
and picked by the pick apparatus 50.

[0043] In the embodiment, the pick apparatus 50 of
FIG. 14A and FIG. 14B has a holder 51, alignment marks
52, alignment marks 53, and an array of pick heads 54,
wherein the alignment marks 52, the alignment marks 53
and the pick heads 54 are disposed on the holder 51,
and a pick action is performed by the pick heads 54 to
prevent any fail display unit 130 being moved and dis-
posed on the substrate 101. In the embodiment, as
shown in FIG. 14A and FIG. 14B, the holder 51 of the
pick apparatus 50 corresponds to one alignment region
100A of the substrate 101, wherein the holder 51 has a
plurality of regions M1 arranged in an array along an X-
direction and a Y-direction, and the array of the regions
M1 corresponds to the array of sub-pixel units U1, where
oneregion M1 is corresponding to one sub-pixel unit U1.
In detail, at least two alignment marks 53 and at least
one pick head 54 are located in one region M1, and the
at least two alignment marks 52 are located outside of
the array of the regions M1, wherein each of the align-
ment marks 52 corresponds to one of the alignment
marks AM2 of the substrate 101, and each of the align-
ment marks 53 corresponds to one of the alignment
marks AM1.

[0044] FIG. 15Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of
the display device 10 according to the second embodi-
ment, and the pick apparatus 50 is omitted in the cross-
sectional view for clarification. FIG. 15B is a plane view
of the display device 10 depicted in FIG. 15A, wherein
the cross-sectional view of FIG. 15A is taken along the
section line A-A’, the section line B-B’ and the section
line C-C’ of FIG 15B. As shown in FIG. 15A and FIG.
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15B, a moving action is performed, the display units 130
are assembly with the substrate 101 accurately, wherein
one of the display units 130 is electrically connected to
the corresponding transistor T through the pixel electrode
120.

[0045] In the embodiment, by the moving action, the
regions M1 of the holder 51, the alignment marks 52, and
the alignment marks 53 are aligned with the sub-pixel
units U1, the alignment marks AM2, and the alignment
marks AM1, respectively. Owing to the positioning con-
figurations between the alignment marks 52 and the
alignment marks AM2 and between the alignment marks
53 and the alignment marks AM1, the display units 130
can be assembly with the substrate 101 accurately. In
detail, the aligning manner between the alignment marks
AM1 and the alignmentmarks 53 and the aligning manner
between the alignment marks AM2 and the alignment
marks 52 can be easily performed by using an optical
microscope (e.g. a detection of an intensity of light re-
flection of the alignment marks AM1 and/or the alignment
marks AM2). Since the locations of the alignment marks
AM1 and the alignment marks AM2 are determined, the
alignment marks 53 and the alignment marks 52 can rap-
idly aligns the alignment marks AM1 or the alignment
marks AM2, respectively. As such, a better accuracy of
transferring display units onto a substrate and a less re-
quired time for transferring the display units during the
fabrication can be achieved.

[0046] FIG. 16Ais a schematic cross-sectional view of
a pick apparatus 60 of an intermediately stage in a man-
ufacturing process of the display device 10 according to
the second embodiment, and FIG. 16B is a plane view
of the pick apparatus 60 depicted in FIG. 16A. Referring
to FIG. 16A and FIG. 16B together, one of the display
units 130 temporarily stored in a form of array on a carrier
substrate (not shown) are individually moved and picked
by means of a single pick apparatus (e.g., the pick ap-
paratus 60) to assemble with the substrate. That is, dif-
fering from the pick apparatus 50 moving a plurality of
the display units 130 in an array manner, the pick appa-
ratus 60 moves one display unit 130 at one time.
[0047] In detail, the pick apparatus 60 of FIG. 16A and
FIG. 16B has a holder 61, at least two alignment marks
62, and a pick head 63, wherein the alignment marks 62
and the pick head 63 are disposed on the holder 61, and
a pick action is performed by the pick head 63 to prevent
any fail display unit 130 being moved and disposed on
the substrate 101. In the embodiment, the at least two of
the alignment marks 62 and the pick head 63 are located
in a region M2 of the pick apparatus 60, and the region
M2 corresponds to one sub-pixel unit U1, wherein each
of the alignment marks 62 corresponds to one of the
alignment marks AM1.

[0048] FIG. 17Ais a schematic cross-sectional view of
an intermediately stage in a manufacturing process of
the display device 10 according to the first embodiment,
and the pick apparatus 50 is omitted in the cross-sec-
tional view for clarification. FIG. 17B is a plane view of
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the display device 10 depicted in FIG. 17A, wherein the
cross-sectional view of FIG. 17A is taken along the sec-
tion line A-A’, the section line G-G’ and the section line
C-C’ of FIG 17B. As shown in FIG. 17A and FIG. 17B, a
moving action is performed, the display unit 130 is as-
sembly with the substrate 101 accurately, wherein the
display unit 130 is electrically connected to the corre-
sponding transistor T through the pixel electrode 120.
[0049] In the embodiment, by the moving action, the
regions M2 of the holder 61 and the alignment marks 62
are aligned with the sub-pixel units U1 and the alignment
marks AM1, respectively. Owing to the positioning con-
figurations between the alignment marks 62 and the
alignment marks AM1, the display unit 130 can be as-
sembly with the substrate 101 accurately. In detail, the
aligning manner between the alignment marks AM1 and
the alignment marks 62 can be easily performed by using
an optical microscope (e.g. a detection of an intensity of
light reflection of the alignment marks AM1). Since the
locations of the alignment marks AM1 are determined,
the alignment marks 62 can rapidly aligns the alignment
marks AM1, respectively. As such, a better accuracy of
transferring display units onto a substrate and a less re-
quired time for transferring the display units during the
fabrication can be achieved. In addition, the step of FIG.
17A and FIG. 17B can be repeated by several times to
ensure each sub-pixel unit U1 has one display unit 130.
[0050] FIG. 18A to FIG. 18D are schematic top views
of a relative position between an alignment mark dis-
posed on a display panel and an alignment mark dis-
posed on a pick apparatus. The alignment mark AM2
may be, for example, a cross-shaped, or a square or a
rectangular shaped. On the other hand, the alignment
mark 52 may include, for example, a hollow square or
rectangular shape, a plurality of triangular shaped por-
tions, or a plurality of L-shaped portions. As shown in
FIG. 18A an FIG. 18B, the alignment mark 52 surrounds
the alignment mark AM2. As shown in FIG. 18C an FIG.
18D, the alignment mark 52 partially overlaps the align-
ment mark AM2. Furthermore, the alignment marks AM1
can have the same shape as the alignment mark AM2,
and the alignment marks 53 and the alignment marks 62
can have the same shape as the alignment mark 52.
However, the disclosure is not limited thereto.

[0051] Additionally, FIG. 19 is a schematic top view
illustrating a display device according to another embod-
iment of the disclosure. Referring to FIG. 2 and FIG. 19
together, the display device 10’ of FIG. 19 is similar to
the display devices 10 of FIG. 2; therefore, the identical
orsimilar elementinthese embodiments are represented
by the identical or similar reference numbers and will not
be further explained. The difference is that, the sub-pixel
units U1’ of the display device 10’ depicted in FIG. 19
has replaced the alignment marks AM1 with intersections
of datalines (e.g., data lines D1~D8) and scanlines (e.g.,
scan lines S1~S8) as indicated by AM. In other words,
the display device 10’ of FIG. 19 is similar to the display
device 10 of FIG. 2, the difference is that, the display
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device 10’ has only the alignment marks AM2. With such
configuration, a simple calculation is performed to locate
a specificintersection of one of the scan lines S1~S6 and
one of the data lines D1~D8, so that each the display unit
130 can be disposed on the corresponding transistor T
accurately.

[0052] Based onthe above, in the display device of the
disclosure, owing to the presence(s) of the alignment
marks disposed on the non-display area and/or disposed
on the display area, a better accuracy of transferring dis-
play units onto a substrate of the display device and a
less required time for transferring the display units during
the manufacturing process are achieved.

Claims
1. A display device, comprising:

a substrate (101), comprising a display area
(AA) and a non-display area (PA) adjacent to
the display area (AA);

a plurality of transistors (T), disposed on the dis-
play area (AA) of the substrate (101);

a plurality of display units (130), disposed on the
display area (AA) of the substrate (101) and
electrically connected to the plurality of transis-
tors (T), respectively; and

a plurality of alignment marks (AM1/AM2), dis-
posed on the substrate (101),

wherein at least one of the plurality of alignment
marks (AM1/AM2) is disposed on the display ar-
ea (AA) of the substrate (101).

2. The display device according to claim 1, wherein at
least another one of the plurality of alignment marks
(AM1/AM2) is disposed on the non-display area (PA)
of the substrate (101).

3. Thedisplay device according to claim 1 or 2, wherein
one of the plurality of transistors (T) comprises a gate
electrode (112), and the at least one of the plurality
of alignment marks (AM1/AM2) and the gate elec-
trode (112) comprise the same material.

4. The display device according to any of the claims 1
to 3, wherein one of the plurality of transistors (T)
comprises a source/drain electrode (114/116), and
the at least one of the plurality of alignment marks
(AM1/AM2) and the source/drain electrode
(114/116) comprise the same material.

5. The display device according to any of the claims 1
to 4, further comprising:

an insulating layer (106, 107), disposed on the
plurality of transistors (T), and the insulating lay-
er (106, 107) including an opening; and



10.

11.

12.

13.

17 EP 3 343 611 A1

a pixel electrode (120), disposed in the opening
and electrically connected to at least one of the
plurality of display units (130);

wherein the at least one of the plurality of align-
ment marks (AM1/AM2) and the pixel electrode
(120) comprise the same material.

The display device according to any of the claims 1
to 5, wherein a number of the plurality of display units
(130) is greater than a number of the plurality of align-
ment marks (AM1/AM2) disposed on the display ar-
ea (AA) of the substrate (101).

The display device according to any of the claims 1
to 6, wherein the plurality of display units (130) are
light emitting diodes.

The display device according to any of the claims 1
to 7, wherein the plurality of alignment marks
(AM1/AM2) and the plurality of display units (130)
are not overlapping.

A display device, comprising:

a base substrate (101);

a transistor (T), disposed on the base substrate
(101);

an alignment mark (AM2), disposed on the base
substrate (101); and

a display unit (130), disposed on the transistor
(T) and electrically connected to the transistor
(T), wherein the display unit (130) is a micro light
emitting diode.

The display device according to claim 9, wherein the
base substrate (101) comprises a display area (AA)
and a non-display area (PA) adjacent to the display
area (AA), wherein the alignment mark (AM2) is dis-
posed on the non-display area (PA) of the base sub-
strate (101).

The display device accordingto claim 9 or 10, where-
inthe transistor (T) comprises a gate electrode (112),
and the alignment mark (AM2) and the gate elec-
trode (112) comprise the same material.

The display device according to any of the claims 9
to 11, wherein the transistor (T) comprises a
source/drain electrode (114/116), and the alignment
mark (AM2) and the source/drain electrode
(114/116) comprise the same material.

The display device according to any of the claims 9
to 12, further comprising:

an insulating layer (106, 107), disposed on the
transistor (T), wherein the insulating layer (106,
107) including an opening; and
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a pixel electrode (120), disposed in the opening
and electrically connected to the display unit
(130),

wherein the alignment mark (AM2) and the pixel
electrode (120) comprise the same material.
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