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7) ABSTRACT

A method of manufacturing a display device includes pre-
paring a pixel circuit substrate including thin-film transistors
and pixel electrodes respectively electrically connected to
the thin-film transistors, forming a first deposition layer on
the pixel circuit substrate using a first mask assembly, and
forming a second deposition layer on the pixel circuit
substrate using a second mask assembly. At least one of the
first mask assembly and the second mask assembly includes
a mask plate including an opening portion through which a
deposition material passes and a covering portion that blocks
a passage of the deposition material. The mask plate
includes a protruding portion that protrudes from an edge of
the covering portion toward a center region of the opening
portion
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MANUFACTURING METHOD OF ORGANIC
LIGHT-EMITTING DISPLAY AND MASK
ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0133907,
filed on Nov. 2, 2018, in the Korean Intellectual Property
Office, and entitled: “Manufacturing Method of Organic
Light-Emitting Display and Mask Assembly,” is incorpo-
rated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to a manufacturing method of
an organic light-emitting display and a mask assembly
therefor.

2. Description of the Related Art

[0003] The usage of display devices is diversifying, the
thickness and the weight of the display devices are decreas-
ing, and the range of use thereof is widening.

[0004] Various functions for connecting or linking to
display devices have been added while the area occupied by
a display area in such display devices has increased. In
addition, ways of adding various functions while enlarging
the area are being considered.

SUMMARY

[0005] Embodiments are directed to a method of manu-
facturing a display device, including preparing a pixel
circuit substrate including thin-film transistors and pixel
electrodes respectively electrically connected to the thin-
film transistors, forming a first deposition layer on the pixel
circuit substrate using a first mask assembly, and forming a
second deposition layer on the pixel circuit substrate using
a second mask assembly. At least one of the first mask
assembly and the second mask assembly includes a mask
plate including an opening portion through which a depo-
sition material passes and a covering portion that blocks a
passage of the deposition material. The mask plate includes
a protruding portion that protrudes from an edge of the
covering portion toward a center region of the opening
portion.

[0006] The first mask assembly may include a mask sheet
including a plurality of holes spaced apart from each other.
The mask plate of the first mask assembly may partially
cover a first hole among the plurality of holes.

[0007] The mask plate of the first mask assembly may
overlap the mask sheet and may be arranged in a direction
intersecting an extending direction of the mask sheet.
[0008] The first deposition layer may include emission
layers spaced apart from each other. A shape of each of first
emission layers among the emission layers formed on the
pixel circuit substrate may be different from a shape of each
of second emission layers among the emission layers.
[0009] The organic light-emitting display device may
include a transmissive area through which light or sound is
transmitted, a display area that partially surrounds the trans-
missive area, and a non-display area between the transmis-
sive area and the display area. The first emission layers may
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correspond to the display area, and the second emission
layers may correspond to the non-display area.

[0010] The first deposition layer may include emission
layers spaced apart from each other. An area of each of first
emission layers among the emission layers formed on the
pixel circuit substrate may be greater than an area of each of
second emission layers among the emission layers.

[0011] The mask plate of the second mask assembly may
include an opening portion having a closed loop edge. An
edge of the protruding portion may correspond to a portion
of the closed loop edge.

[0012] The second deposition layer may include at least
one of a hole transport layer, a hole injection layer, an
electron transport layer, an electron injection layer, and an
opposite electrode having a polarity different from that of the
pixel electrodes. A thickness of a first portion of the second
deposition layer formed on the pixel circuit substrate may be
greater than a thickness of a second portion of the second
deposition layer.

[0013] The organic light-emitting display device may
include a transmissive area through which light or sound is
transmitted, a display area that partially surrounds the trans-
missive area, and a non-display area between the transmis-
sive area and the display area. The first portion of the second
deposition layer may correspond to the display area. The
second portion of the second deposition layer may corre-
spond to the non-display area.

[0014] The second deposition layer may not be on the
transmissive area.

[0015] Embodiments are also directed to a mask assembly
including a mask plate including an opening portion through
which a deposition material passes, a covering portion that
blocks a passage of the deposition material, and a protruding
portion protruding from an edge of the covering portion
toward a center region of the opening portion.

[0016] The opening portion of the mask assembly may
include a closed loop edge. An edge of the protruding
portion may correspond to a portion of the closed loop edge.
[0017] The edge of the protruding portion may include a
linear region. The protruding portion may protrude from the
linear region.

[0018] The edge of the protruding portion may include a
curved area. The protruding portion may protrude from the
curved area.

[0019] The covering portion and the protruding portion
may be integrally formed.

[0020] The mask assembly may further include a mask
sheet overlapping the mask plate, the mask sheet including
a plurality of holes spaced apart from each other.

[0021] The protruding portion of the mask plate may
partially cover the holes of the mask sheet.

[0022] The protruding portion of the mask plate may
partially cover a first hole among the holes of the mask sheet.
[0023] The mask sheet and the mask plate may overlap
each other while contacting each other.

[0024] The mask sheet and the mask plate may be made of
different materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0026] FIG. 1 illustrates a plan view of a display device
according to an embodiment;
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[0027] FIG. 2 illustrates a cross-sectional view of a pixel
of a display device according to an embodiment;

[0028] FIG. 3 illustrates a perspective view of a first mask
assembly for forming a first deposition layer of a display
device according to an embodiment;

[0029] FIG. 4A illustrates a plan view of a mask plate of
a first mask assembly according to an embodiment;

[0030] FIG. 4B illustrates a plan view of a state in which
a mask plate and a mask sheet of the first mask assembly of
FIG. 4A overlap each other;

[0031] FIG. 4C illustrates a plan view of a mask plate of
a first mask assembly according to another embodiment;
[0032] FIG. 4D illustrates a plan view of a mask plate of
a first mask assembly according to another embodiment;
[0033] FIG. 5 illustrates a cross-sectional view of a first
manufacturing device used in a manufacturing process of a
display device according to an embodiment;

[0034] FIG. 6 illustrates a plan view of a portion of a pixel
circuit substrate including a first deposition layer;

[0035] FIG. 7 illustrates a perspective view of a second
mask assembly for forming a second deposition layer of a
display device according to an embodiment;

[0036] FIG. 8 illustrates a plan view of an opening of the
second mask assembly of FIG. 7,

[0037] FIG.9illustrates a cross-sectional view of a second
manufacturing device used in a manufacturing process of a
display device according to an embodiment:

[0038] FIG. 10 illustrates a plan view of a portion of a
pixel circuit substrate including a second deposition layer;
and

[0039] FIG. 11 illustrates cross-sectional views taken
along line A-A' and line B-B' in FIG. 10.

DETAILED DESCRIPTION

[0040] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0041] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0042] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Throughout the disclosure, the expression “at least
one of a, b and ¢” indicates only a, only b, only ¢, both a and
b, both a and ¢, both b and ¢, all of a, b, and ¢, or variations
thereof.

[0043] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
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these terms. These components are only used to distinguish
one component from another.

[0044] An expression used in the singular encompasses
the expression of the plural, unless it has a clearly different
meaning in the context.

[0045] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two con-
secutively described processes may be performed substan-
tially at the same time or performed in an order opposite to
the described order.

[0046] FIG. 1 illustrates a plan view of a display device 10
according to an embodiment.

[0047] Referring to FIG. 1, the display device 10 may
include a display area DA for emitting light. The transmis-
sive area OA may be arranged in the display area DA. The
transmissive area OA may contact a first edge El of the
display area DA, and the transmissive area OA may be
partially surrounded by the display area DA. In this regard,
FIG. 1 discloses a structure in which a remaining portion,
except an upper portion, of the transmissive area OA is
surrounded by the display area DA.

[0048] The transmissive area OA may be an area through
which light or sound passes. A component for improving the
display device 10 or for adding a new function may be
located in the transmissive area OA. The component may
include, for example, a camera that captures an image, or an
electronic component such as an optical sensor capable of
recognizing distances or fingerprints. In some implementa-
tions, the component may be a speaker that outputs sound.
As an embodiment, the display device 10 may include an
opening corresponding to the transmissive area OA.
[0049] A first non-display area NDA1 may be located
between the transmissive area OA and the display area DA.
The first non-display area NDA1 may surround the trans-
missive area OA as a whole. A second non-display area
NDA2 may surround the display area DA as a whole. The
first non-display area NDA1 may be connected to the second
non-display area NDA2.

[0050] FIG. 1 shows that the transmissive area OA is
arranged adjacent to the first edge E1 of the display area DA
opposite a pad portion PAD. In some implementations, the
transmissive area OA may be located adjacent to a second
edge E2 of the display area DA opposite the first edge E1,
or may be located adjacent to a third edge E3 or a fourth
edge E4 that is perpendicular to the first edge FE1. In some
implementations, the transmissive area OA may be at a
corner of the display area DA, for example, at a corner
between adjacent edges.

[0051] FIG. 2 illustrates a cross-sectional view of a pixel
of a display device, taken along line II-IT' of FIG. 1,
according to an embodiment.

[0052] Referring to FIG. 2, the display device 10 may
include a pixel circuit substrate D and an intermediate layer
22 and an opposite electrode 23 on the pixel circuit substrate
D. The pixel circuit substrate D may include a pixel circuit
including a thin-film transistor TFT and a pixel electrode 21
electrically connected to the pixel circuit. The pixel elec-
trode 21, the intermediate layer 22 and the opposite elec-
trode 23 may form an organic light-emitting diode 20 that
emits light of a certain color. A sealing member may be on
the opposite electrode 23. The sealing member may include
a thin-film sealing layer including at least one inorganic
encapsulation layer and at least one organic sealing layer. In
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some implementations, the sealing member may include a
sealing substrate facing a substrate 11, and a sealing member
interposed between the sealing substrate and the substrate
11. The sealing member may surround the display area DA
in the second non-display area NDA2 and/or the first non-
display area NDALI.

[0053] The pixel circuit substrate D may include the
substrate 11, the thin-film transistor TFT, and the pixel
electrode 21. The substrate 11 may include a polymer resin
or a glass material. For example, the substrate 11 may
include a glass material containing silicon oxide (SiO,) as a
main component, or a resin such as a reinforced plastic. In
some implementations, the substrate 11 may be a multi-layer
structure including a base layer including a polymer resin
such as polyimide and a barrier layer such as silicon nitride
or silicon oxide.

[0054] A buffer layer 12 such as silicon nitride, silicon
oxynitride, or silicon oxide layer may be on the substrate 11.
A semiconductor layer 13 may be on the buffer layer 12. The
semiconductor layer 13 may include an inorganic semicon-
ductor material such as amorphous silicon or crystalline
silicon. In some implementations, the semiconductor layer
13 may include an oxide semiconductor or an organic
semiconductor material.

[0055] A gate electrode 15 may be on the semiconductor
layer 13. A gate insulating layer 14 including an inorganic
material, for example, silicon oxynitride, silicon oxide,
and/or silicon nitride may be between the gate electrode 15
and the semiconductor layer 13.

[0056] The semiconductor layer 13 may include a channel
region 13-2 overlapping the gate electrode 15 and a source
region 13-1 and a drain region 13-3 located on both sides of
the channel region 13-2. The source region 13-1 and the
drain region 13-3 may be respectively connected to a source
electrode 17-1 and a drain electrode 17-2. The source
electrode 17-1 and the drain electrode 17-2 may be on a
interlayer insulating layer 16. The interlayer insulating layer
16 may include an inorganic material such as silicon oxyni-
tride, silicon oxide, and/or silicon nitride.

[0057] The source electrode 17-1 and the drain electrode
17-2 may be respectively connected to the source region
13-1 and the drain region 13-3 through a contact hole
passing through the interlayer insulating layer 16 and the
gate insulating layer 14.

[0058] The thin film transistor TFT including the semi-
conductor layer 13, the gate electrode 15, and the source
electrode 17-1 and the drain electrode 17-2 may be covered
with a planarization insulating layer 18. The planarization
insulating layer 18 may include an organic material such as
polyimide.

[0059] The pixel electrode 21 is on the planarization
insulating layer 18 and may be connected to the thin-film
transistor TFT through the contact hole of the planarization
insulating layer 18. The pixel electrode 21 may be a reflec-
tive layer including silver (Ag), magnesium (Mg), aluminum
(Al), platinum (Pt), palladium (Pd), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Ir), chromium (Cr), or the like.
The pixel electrode 21 may further include a transparent
conductive layer such as indium tin oxide (ITO) arranged
above and below the reflective layer.

[0060] The pixel-defining layer 19 may be on the pixel
electrode 21. The pixel-defining layer 19 may have a
through hole exposing the center region of the pixel elec-
trode 21. The pixel-defining layer 19 may increase a distance
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between an edge of the pixel electrode 21 and the opposite
electrode 23, thereby reducing or preventing the generation
of an arc or the like therebetween. The pixel-defining layer
19 may include an organic material such as polyimide or
hexamethyldisiloxane (HMDSO).

[0061] The intermediate layer 22 may include a low
molecular material or a polymer material. The intermediate
layer 22 may include an emission layer 22B. The emission
layer 22B may include a polymer material or a low molecu-
lar material that emits light of a certain color. A first common
layer 22A and a second common layer 22C may be located
above and below the emission layer 22B.

[0062] The first common layer 22A may be a single layer
or multiple layers. For example, when the first common
layer 22A includes a polymer material, the first common
layer 22A may be a hole transport layer (HTL) having a
single-layer structure and may include 3, 4-ethylene-dihy-
droxythiophene (PEDOT) or polyaniline (PANI). When the
first common layer 22A includes a low molecular material,
the first common layer 22A may include a hole injection
layer (HIL) and a hole transport layer (HTL).

[0063] The second common layer 22C is optional. When
the first common layer 22A and the emission layer 22B
include a polymer material, it may be desirable to form the
second common layer 22C. The second common layer 22C
may be a single layer or multiple layers. The second
common layer 22C may include an electron transport layer
(ETL) and/or an electron injection layer (EIL).

[0064] The emission layer 22B in the intermediate layer
22 may be arranged for each pixel in the display area DA.
The emission layer 22B may overlap with an upper surface
of the pixel electrode 21 exposed through an opening of the
pixel-defining layer 19. The first and second common layers
22A and 22C of the intermediate layer 22 may be formed as
a single body so as to cover the display area DA (of F1G. 1),
respectively.

[0065] The opposite electrode 23 may include a conduc-
tive material having a low work function. For example, the
opposite electrode 21 may include a (semi) transparent
electrode including Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or
an alloy thereof. In some implementations, the opposite
electrode 23 may further include a layer such as ITO, indium
zine oxide (IZ0), zinc oxide (ZnO), or indium oxide (In,0;)
on the (semi) transparent layer including the above-men-
tioned material. The opposite electrode 23 may be formed as
a single body so as to cover the display area DA (of F1G. 1).

[0066] In a manufacturing process of the display device
10, the intermediate layer 22 and the opposite electrode 23
may be formed through a deposition process. The pixel
circuit substrate D may be arranged in a chamber for
deposition in which the intermediate layer 22 and the
opposite electrode 23 are formed. The pixel circuit substrate
D including layers extending from the substrate 11 to the
pixel-defining layer 19 may be formed through a separate
process and then moved to the chamber for deposition.

[0067] FIG. 3 illustrates a perspective view of a first mask
assembly for forming a first deposition layer of a display
device according to an embodiment, FIG. 4A illustrates a
plan view of a mask plate of a first mask assembly according
to an embodiment, FIG. 4B illustrates a plan view of a state
in which a mask plate and a mask sheet of the first mask
assembly of FIG. 4A overlap each other, FIG. 4C illustrates
a plan view of a mask plate of a first mask assembly
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according to another embodiment, and FIG. 4D illustrates a
plan view of a mask plate of a first mask assembly according
to another embodiment.

[0068] Referring to FIG. 3, a first mask assembly 100 may
include a plurality of mask sheets 120. The mask sheets 120
may be arranged in one direction. For example, FIG. 3
shows that the mask sheets 120 are arranged in a Y direction.
[0069] The mask sheets 120 may include a plurality of
holes 121. The holes 121 may be spaced apart from each
other by a certain distance. The arrangement of the holes 121
may be substantially the same as the arrangement of pixels,
for example, light-emitting regions, of the display device 10
described with reference to FIG. 1.

[0070] The mask sheets 120 may be on a mask frame 110.
Both ends of a mask sheet 120 in the X direction may be
supported by the mask frame 110. Both sides of the mask
sheet 120 in the Y direction may be supported by a support
frame 140 coupled to the mask frame 110 to prevent sagging
of each mask sheet 120 due to gravity.

[0071] The support frame 140 may extend in the same
direction as the mask sheet 120, for example, in an X
direction of FIG. 3. The support frame 140 may support both
sides of the mask sheet 120 without covering the holes 121
of the mask sheet 120.

[0072] Both ends of the support frame 140 may be coupled
to the mask frame 110 by being inserted into the mask frame
110 or the like. The support frame 140 may be between
adjacent mask sheets 120 and may support both sides of the
mask sheets 120 as described above.

[0073] Mask plates 130 may be arranged in a direction
intersecting the mask sheets 120. For example, the mask
plates 130 may be arranged in the X direction of FIG. 3,
which is a direction intersecting the direction of arrangement
of the mask sheets 120.

[0074] The mask plates 130 may be installed in the mask
frame 110. Both ends of each of the mask plates 130 in the
Y direction may be respectively supported by the mask
frame 110. The mask frame 110 may include a groove that
accommodates the end of the mask plate 1300.

[0075] The mask sheet 120 and a mask plate 130 may
include different materials. For example, the mask plate 130
may include austenitic stainless steel and the mask sheet 120
may include a nickel-iron alloy (for example, Invar).
[0076] A space S between adjacent mask plates 130 over-
lapping with one mask sheet 120 may be an opening portion
through which a deposition material passes. The space S
may have an area corresponding to the display device 10
described above with reference to FIG. 1. The display device
10 may be formed by forming a plurality of display devices
on a mother substrate and separating them by a scribing
process or the like. The space S shown in FIG. 3 may
correspond to the display device 10.

[0077] As described above with reference to FIG. 1, the
display device 10 may include the transmissive area OA.
The transmissive area OA is an area through which light or
sound is transmitted. The intermediate layer 22 (of FIG. 2)
is not deposited in the transmissive area OA. To this end, the
mask plate 130 may include a protruding portion 133
corresponding to the transmissive area OA.

[0078] Referring to FIGS. 3 and 4A, the mask plate 130
may include a body portion 131 extending in the Y direction
and the protruding portion 133 protruding from one side of
the body portion 131.
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[0079] The body portion 131 may be a covering portion
for blocking the passage of the deposition material through
the holes 121 of the mask sheet 120 where the body portion
131 is located. The body portion 131 may include a first
sub-body portion 131-1 having a rectangular shape with a
straight edge and a second sub-body portion 131-2 protrud-
ing from the first sub-body portion 131-1 and having a
rounded edge. The rounded edge of the second sub-body
portion 131-2 may be smoothly connected to the edge of the
first sub-body portion 131-1. The rounded edge of the
second sub-body portion 131-2 may correspond to a rounded
corner in the display area DA described with reference to
FIG. 1. As another embodiment, when the corner of the
display area DA of a display device 10 to be formed is not
rounded, for example, when the corner is at a right angle, the
body portion 131 may include only the first sub-body
portion 131-1.

[0080] The protruding portion 133 may protrude from the
body portion 131. The protruding portion 133 may corre-
spond to the transmissive area OA described with reference
to FIG. 1. The protruding portion 133 may have a size
greater than the transmissive area OA of the display area
DA. FIG. 3 shows that the protruding portion 133 is sub-
stantially circular, but in some implementations, the pro-
truding portion 133 may have an elliptical shape or a variety
of planar shapes such as a polygonal shape.

[0081] The space S between the adjacent mask plates 130
is an opening portion through which the deposition material
described above with reference to FIG. 3 transmits. The
mask plates 130 may define a boundary of the space S.

[0082] Referring to FIGS. 3 and 4B, the mask plate 130
may cover some of the plurality of holes 121 of the mask
sheet 120. First holes 121A of the plurality of holes 121 may
not be covered by the mask plate 130 while the mask plate
130 and the mask sheet 120 overlap each other. However,
second holes 121B may be completely covered by the mask
plate 130 and third holes 121C may be partially covered by
the mask plate 130.

[0083] A first deposition layer, for example, the emission
layer 22B that is a portion of the intermediate layer 22, may
be deposited using the first mask assembly 100. In the
deposition process, the mask plate 130 and the mask sheet
120 may overlap each other and a relative position therebe-
tween may be fixed. For example, the mask plate 130 and the
mask sheet 120 may be fixed through a process such as
welding.

[0084] FIGS. 3, 4A, and 4B illustrate that the protruding
portion 133 protrudes from a linear region of the edge of the
body portion 131. In some implementations, the protruding
portion 133 may protrude from a curved area of the edge of
the body portion 131, as shown in FI1G. 4C. In this case, the
transmissive area OA of the display device 10 (of FIG. 1)
may be in contact with a cormer edge of the display area DA.

[0085] The protruding portion 133 may have various
shapes. For example, as shown in FIGS. 3, 4A, and 4B, the
protruding portion 133 may be substantially circular. In
some implementations, the protruding portion 133 may have
a semi-elliptical shape, as shown in FIG. 4D. In some
implementations, the protruding portion 133 may have a
rectangular shape with rounded corners or may have a
polygonal or irregular shape.
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[0086] FIG. 5 illustrates a cross-sectional view of a first
manufacturing device 1000 that may be used in a manufac-
turing process of a display device according to an embodi-
ment.

[0087] Referring to FIG. 5, the first manufacturing device
1000 may include a chamber 1110, a first supporting portion
1120, a second supporting portion 1130, a source portion
1140, a magnetic force portion 1160, a vision portion 1170,
and a pressure regulator 1180.

[0088] The chamber 1110 may include a space therein.
One side of the chamber 1110 may be opened and a gate
valve 1110-1 may be installed in the open area. The one side
of the chamber 1110 may be opened or closed by an
operation of the gate valve 1110-1.

[0089] The pixel circuit substrate D may be on the first
supporting portion 1120. The pixel circuit substrate D shown
in FIG. 5 may be a substrate including the thin-film tran-
sistor TFT on the substrate 11 and the pixel electrode 21
connected to the thin-film transistor TFT as described above
with reference to FIG. 2.

[0090] The first supporting portion 1120 may support the
pixel circuit substrate D. In an embodiment, the first sup-
porting portion 1120 may be a bracket type fixed in the
chamber 1110. In another embodiment, the first supporting
portion 1120 may be a shuttle type that is linearly movable
within the chamber 1110. Hereinafter, for convenience of
explanation, it is assumed that the first supporting portion
1120 is a bracket type fixed in the chamber 1110.

[0091] The first mask assembly 100 may be on the second
supporting portion 1130 in the chamber 1110. The second
supporting portion 1130 may finely adjust a position of the
first mask assembly 100. The second supporting portion
1130 may include a driving unit or an aligning unit for
moving the first mask assembly 100.

[0092] The source portion 1140 may be located to face the
first mask assembly 100. The source portion 1140 includes
a deposition material. The source portion 1140 may evapo-
rate or sublimate the deposition material by applying heat to
the deposition material.

[0093] The magnetic force portion 1160 may be in the
chamber 1110 to face the pixel circuit substrate D. The
magnetic force portion 1160 may be on the opposite side of
the source portion 1140 with the pixel circuit substrate D
therebetween. The magnetic force portion 1160 may apply a
magnetic force to the mask sheet 120 (see FIG. 3) of the first
mask assembly 100. The magnetic force portion 1160 may
prevent the mask sheet 120 (of FIG. 3) from sagging, so that
the mask sheet 120 remains adjacent to the pixel circuit
substrate D. The magnetic force portion 1160 may maintain
a uniform gap between the mask sheet 120 and the pixel
circuit substrate D uniform.

[0094] The vision portion 1170 may be installed in the
chamber 1110. The vision portion 1170 may photograph
positions of the pixel circuit substrate D and the first mask
assembly 100. The vision portion 1170 may include a
camera for photographing the pixel circuit substrate D and
the first mask assembly 100. The position of the pixel circuit
substrate D and the first mask assembly 100 may be detected
based on an image photographed by the vision portion 1170.
The second supporting portion 1130 may finely adjust the
position of the first mask assembly 100 based on the detected
position information.

[0095] The pressure regulator 1180 may be connected to
the chamber 1110. The pressure regulator 1180 may adjust
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pressure inside the chamber 1110. For example, the pressure
regulator 1180 may adjust the pressure inside the chamber
1110 to be equal to or similar to atmospheric pressure. In
some implementations, the pressure regulator 1180 may
adjust the pressure inside the chamber 1110 to be the same
as or similar to a vacuum state.

[0096] The pressure regulator 1180 may include a con-
nection pipe 1181 connected to the chamber 1110 and a
pump 1182 installed in the connection pipe 1181. According
to an operation of the pump 1182, outside air may be
introduced through the connection pipe 1181 or gas inside
the chamber 1110 may be guided to the outside.

[0097] A sub-layer of an intermediate layer of the display
device 10 described with reference to FIG. 2, for example,
the emission layer 22B, may be formed in the first manu-
facturing device 1000.

[0098] The first mask assembly 100 and the pixel circuit
substrate D may be arranged inside the chamber 1110.
[0099] For example, when the pressure regulator 1180
regulates the pressure inside the chamber 1110 to be the
same as or similar to the atmospheric pressure, the gate
valve 1110-1 may operate to open the chamber 1110. There-
after, the pixel circuit substrate D may be charged into the
chamber 1110. The pixel circuit substrate D may be charged
into the chamber 1110 in various ways. For example, the
pixel circuit substrate D may be charged into the chamber
1110 from outside the chamber 1110 by a robot arm or the
like outside the chamber 1110. In another embodiment,
when the first supporting portion 1120 is formed in a shuttle
shape, the supporting portion 1120 with the pixel circuit
substrate D thereon may be carried out of the chamber 1110
or into the chamber 1110 by a separate robot arm or the like
outside the chamber 1110, and the first supporting portion
1120 1s charged into the chamber 1110 from the outside of
the chamber 1110.

[0100] The first mask assembly 100 may be arranged in
the chamber 1110, In another embodiment, the first mask
assembly 100 may be charged into the chamber 1110 from
the outside of the chamber 1110 in the same manner as the
pixel circuit substrate D.

[0101] The pixel circuit substrate D may be on the first
supporting portion 1120. The vision portion 1170 may
photograph the position of the pixel circuit substrate D and
the first mask assembly 100. For example, the vision portion
1170 may photograph a first alignment mark formed on the
pixel circuit substrate D and a second alignment mark of the
first mask assembly 100. The positions of the pixel circuit
substrate D and the first mask assembly 100 may be obtained
based on photographic detection of the first alignment mark
and the second alignment mark.

[0102] When the positions of the pixel circuit substrate D
and the first mask assembly 100 are obtained, the second
supporting portion 1130 may finely adjust the position of the
first mask assembly 100.

[0103] Thereafter, a deposition material may be supplied
to the first mask assembly 100 according to an operation of
the source portion 1140. The deposition material may pass
through the plurality of holes 121 provided in the mask sheet
120 of the first mask assembly 100 described with reference
to FIG., or the like. The deposition material that has passed
through the plurality of holes 121 may be deposited on the
pixel circuit substrate D. The deposition material may be, for
example, a material constituting the emission layer 22B (of
FIG. 2), as described above. During the deposition process,
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the pump 1182 may exhaust gas inside the chamber 1110 to
the outside, thereby keeping the pressure inside the chamber
1110 the same as, or similar to, a vacuum state.

[0104] FIG. 6 illustrates a plan view of a portion of a pixel
circuit substrate including a first deposition layer (e.g., an
emission layer) formed using the first manufacturing device
described with reference to FIG. 5. Hereinafter, a case where
the first deposition layer is an emission layer will be mainly
described. In some implementations, the first deposition
layer formed using a first mask assembly may be any one of
first and second common layers.

[0105] Referring to FIG. 6, the first deposition layer, for
example, emission layers 22B, may be formed on the pixel
circuit substrate D. The emission layers 22B may be
arranged to be spaced apart from each other in the display
area DA to correspond to respective pixels. The emission
layers 22B in the display area DA may include deposition
materials that have passed through the first holes 121A of the
mask sheet 120 not covered by the mask plate 130 among
openings of the mask sheet 120 described above with
reference to F1G. 4B.

[0106] The transmissive area OA may be a portion where
the protruding portion 133 of the mask plate 130 overlaps
and covers the mask sheet 120. The first deposition layer, for
example, the emission layers 22B, is not formed therein.
[0107] A first dummy deposition layer. for example,
dummy emission layers 220, may be formed around the
display area DA, for example, in the first non-display area
NDA1. The dummy emission layers 220 may be layers
corresponding to dummy pixels that do not emit light. The
dummy emission layers 220 and the emission layers 22B
may be formed during a process that forms the first depo-
sition layer. The first deposition layer may include first
emission layers (e.g., emission layers 22B) and second
emission layers (e.g., dummy emission layers 220). Thus,
the material of the dummy emission layer 220 may be the
same as the material of the emission layer 22B formed in the
display area DA while the area and/or shape of the dummy
emission layer 220 is different from the area and/or shape of
the emission layer 22B formed in the display area DA. For
example, the area of the dummy emission layer 220 may be
less than the area of the emission layer 22B formed in the
display area DA. The dummy emission layer 220 may
include deposition materials that have passed through the
third holes 121C partially covered by the mask plate 130
among the openings of the mask sheet 120 described above
with reference to FIG. 4B. A virtual line L1 connecting
respective edges of the dummy emission layers 220 may
correspond to an edge of the protruding portion 133
described above with reference to FIGS. 3 and 4A.

[0108] FIG. 7 illustrates a perspective view of a second
mask assembly for forming a second deposition layer of a
display device according to an embodiment, and FIG. 8
illustrates a plan view of an opening of the second mask
assembly of FIG. 7.

[0109] Referring to FIGS. 7 and 8, a second mask assem-
bly 200 may include a mask frame 210, a mask plate 220,
and a support frame 230. The mask frame 210 may have a
shape of a square ring or a frame. The support frame 230
may be installed in the mask frame 210 as a lattice-shaped
rib. For example, the support frame 230 may be manufac-
tured separately from the mask frame 210 and then coupled
to the mask frame 210. In some implementations, the
support frame 230 may be integrally formed with the mask
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frame 210. The support frame 230 may partition an inner
space of the mask frame 210 through the rib and may
support the mask plate 220.

[0110] The mask plate 220 may include opening portions
2200p. An opening portion 220op, which is a portion
through which a deposition material passes, may be sur-
rounded by a body portion 221 defining the opening 220op.
The body portion 221 may be a covering portion for cov-
ering or blocking the passage of the deposition material. The
opening 2200p may have an edge of a closed curve as a
whole by the body portion 221.

[0111] The mask plate 220 may include a protruding
portion 223 protruding from the body portion 221 toward the
center region of the opening portion 2200p. The protruding
portion 223 may correspond to the transmissive area OA of
the display device 10 described above with reference to FIG.
1.

[0112] The protruding portion 223 may be formed to be
larger than the transmissive area OA. The protruding portion
223 contacting an edge of the body portion 221 may be
formed integrally with the body portion 221. An edge of the
protruding portion 223 may be integrally connected with the
edge of the body portion 221 to form a boundary, for
example, the edge of the opening portion 2200p. A shape of
the opering 2200p may correspond to the display area DA
of the display device 10 described above with reference to
FIG. 1.

[0113] The shape and position of the protruding portion
223 may correspond to the shape and position of the
protruding portion 133 of the first mask assembly 100
described above with reference to FIG. 3, respectively. For
example, the protruding portion 223 may be in a position
corresponding to the protruding portion 133 described above
with reference to FIGS. 3 and 4A. In another embodiment,
when the protruding portion 133 of the first mask assembly
100 is formed in a position as shown in FIG. 4C, the
protruding portion 223 of the second mask assembly 200
may also be formed in a position corresponding to the
position of the protruding portion 133 described with refer-
ence to FIG. 4C. In another embodiment, when the protrud-
ing portion 133 of the first mask assembly 100 has a shape
described with reference to F1G. 4D, the protruding portion
223 of the second mask assembly 200 may also have a shape
described with reference to FIG. 4D.

[0114] FIG. 9 illustrates a cross-sectional view of a second
manufacturing device that may be used in a manufacturing
process of a display device according to an embodiment.
[0115] Referring to FIG. 9, a second manufacturing device
2000 may include a chamber 2010, a third supporting
portion 2020, a fourth supporting portion 2030, a source
portion 2060, a pressure regulator 2070, and a vision portion
2080.

[0116] The chamber 2010 may include a space therein.
One side of the chamber 2010 may be opened. A gate valve
2011 may be arranged in the open area to shield or close the
open area.

[0117] The third supporting portion 2020 may be in the
chamber 2010 to support the pixel circuit substrate D. In an
embodiment, the third supporting portion 2020 may be fixed
in the chamber 2010 and the pixel circuit substrate D may be
above the third supporting portion 2020. In another embodi-
ment, the third supporting portion 2020 may be in the form
of a shuttle that is linearly movable within the chamber
2010. In another embodiment, the third supporting portion
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2020 may be in the form of a clamp that is arranged inside
the chamber 2010 and that holds the pixel circuit substrate
D. In some implementations, the third supporting portion
2020 may include an electrostatic chuck or an adhesive
chuck for fixing the pixel circuit substrate D in the chamber
2010.

[0118] The second mask assembly 200 may be in the
fourth supporting portion 2030. The fourth supporting por-
tion 2030 may adjust a position of the second mask assembly
200. For example, the fourth supporting portion 2030 may
elevate or lower the second mask assembly 200 by a certain
distance, rotate the second mask assembly 200, or linearly
move the second mask assembly 200 in one direction.
[0119] The source portion 2060 may include a deposition
material. The source portion 2060 may sublimate or vapor-
ize the deposition material. The source portion 2060 may
include a heater for applying heat to the deposition material.
The source portion 2060 may include a crucible for accom-
modating the deposition material. During the deposition
process, the source portion 2060 may remain stationary in a
certain position within the chamber 2010. In some imple-
mentations, the source portion 2060 may linearly move and
reciprocate in one direction within the chamber 2010 during
the deposition process.

[0120] The pressure regulator 2070 may be connected to
the chamber 2010. The pressure regulator 2070 may adjust
pressure inside the chamber 2010. The pressure regulator
2070 may include a guide pipe 2071 connected to the
chamber 2010 and a vacuum pump 2072 installed in the
guide pipe 2071 to regulate pressure inside the chamber
2010. Gas inside the chamber 2010 may be exhausted to the
outside or gas may be supplied toward the inside of the
chamber 2010 according to an operation of the vacuum
pump 2072.

[0121] The vision portion 2080 may photograph the pixel
circuit substrate D and the second mask assembly 200 in the
chamber 2010. The pixel circuit substrate D and the second
mask assembly 200 may be aligned based on an image
photographed by the vision portion 2080.

[0122] A sub-layer of the intermediate layer of the display
device 10 described above with reference to FIG. 2, for
example, the first common layer 22A and/or the second
common layer 22C, or the opposite electrode 23, may be
formed in the second manufacturing device 2000. Herein-
after, for convenience of description, a process of forming
the first common layer 22A will be described.

[0123] First, the second mask assembly 200 and the pixel
circuit substrate D are arranged inside the chamber 2010.
When the pixel circuit substrate D and the second mask
assembly 200 are arranged, a first alignment mark of the
pixel circuit substrate D and a third alignment mark of the
second mask assembly 200 may be photographed and com-
pared with each other through the vision portion 2080 so that
the positions of the pixel circuit substrate D and the second
mask assembly 200 may be adjusted. The fourth supporting
portion 2030 may finely adjust the position of the second
mask assembly 200.

[0124] Thereafter, the source portion 2060 may operate to
supply the deposition material to the pixel circuit substrate
D. The deposition material may pass through the opening
2200p described above with reference to FIGS. 7 and 8. The
deposition material that has passed through the opening
2200p may be deposited on the pixel circuit substrate D. In
an embodiment, during the deposition process, the pump

May 7, 2020

2072 may exhaust gas inside the chamber 2010 to the
outside, thereby keeping the pressure inside the chamber
2010 the same or similar to a vacuum state.

[0125] FIG. 10 illustrates a plan view of a portion of a
pixel circuit substrate including a second deposition layer
(e.g., a first common layer, a second common layer, and/or
an opposite electrode) formed using the second manufac-
turing device described above with reference to FIG. 9. FIG.
11 illustrates a cross-sectional view taken along line A-A'
and line B-B' in FIG. 10. Hereinafter, a case where the
second deposition layer is the first common layer will be
mainly described. However, in other embodiments, the first
deposition layer formed using the first mask assembly may
be the second common layer and/or the opposite electrode.

[0126] Referring to FIGS. 10 and 11, the second deposi-
tion layer, for example, the first common layer 22A, may be
formed on the pixel circuit substrate D. The first common
layer 22A may be formed as a single body so as to cover the
display area DA as a whole. The transmissive area OA is a
portion where the protruding portion 133 of the mask plate
130 is overlaps and covers the mask plate so that the second
deposition layer, for example, the first common layer 22A,
is not formed therein.

[0127] In the deposition process described above with
reference to FIG. 9, the mask plate 220 may be arranged so
as to face an upper surface of the pixel electrode 21 and the
pixel-defining layer 19 with a certain gap therebetween. The
protrusing portion 223 of the mask plate 220 may cover the
transmissive area OA and the first non-display area NDA1
with a size greater than the transmissive area OA. However,
when the deposition process is performed with the protrud-
ing portion 223 spaced apart from the pixel-defining layer 19
by a certain distance so as to have a gap with the upper
surface of the pixel-defining layer 19, a deposition material
advancing obliquely with respect to a direction toward the
upper surface of the pixel-defining layer 19 may be partially
deposited in a region immediately below the protruding
portion 223 in a region on the pixel circuit substrate D. In
this regard, FIG. 10 shows an edge portion 220" extending
to the first non-display area NDA1 through the display area
DA. A portion of the first common layer 22A that is located
in the first non-display area NDAI, for example, the edge
portion 220" of the first common layer 22A that is adjacent
to an edge of the transmissive area OA, may have a thickness
that is different from the thickness of a portion of the first
common layer 22A that is located in the display area DA.

[0128] For example, as shown in FIG. 11, a thickness t2 of
the edge portion 220" in the first common layer 22A may be
equal to a thickness t2 of the portion of the first common
layer 22A that is located in the display area DA, and the
thickness t2 of the edge portion 220" may gradually decrease
in a direction toward the transmissive area OA.

[0129] By way of summation and review, a display device
that has a transmissive area through which light or sound is
transmitted while the area of a display area is enlarged is
being developed. When an organic material or the like is
deposited in the transmissive area, a layer of the organic
material or the like may be damaged during a process such
as formation of an opening through the transmissive area, or
a foreign substance may pass through the layer to a light-
emitting element of a pixel. Meanwhile, even if an opening
is not formed through the transmissive area, there is a risk
that the layer of the organic material or the like may be
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deposited on the transmissive area and may lower transmit-
tance in the transmissive area.

[0130] According to one or more embodiments, a method
of manufacturing an organic light-emitting display and a
mask assembly may prevent a deposition layer from being
formed on a portion corresponding to a transmissive area or
on an opening. The possibility that a foreign substance could
progress to a pixel of a display area or to transmissive area
such that transmittance decreases may be reduced.

[0131] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope
thereof as set forth in the following claims.

What is claimed is:

1. A method of manufacturing a display device, the
method comprising:

preparing a pixel circuit substrate including thin-film

transistors and pixel electrodes respectively electrically
connected to the thin-film transistors;

forming a first deposition layer on the pixel circuit sub-

strate using a first mask assembly; and

forming a second deposition layer on the pixel circuit

substrate using a second mask assembly,

wherein:

at least one of the first mask assembly and the second

mask assembly includes a mask plate including an
opening portion through which a deposition material
passes and a covering portion that blocks a passage of
the deposition material, and

the mask plate includes a protruding portion that pro-

trudes from an edge of the covering portion toward a
center region of the opening portion.

2. The method as claimed in claim 1, wherein:

the first mask assembly includes a mask sheet including a

plurality of holes spaced apart from each other, and
the mask plate of the first mask assembly partially covers
a first hole among the plurality of holes.

3. The method as claimed in claim 2, wherein the mask
plate of the first mask assembly overlaps the mask sheet and
is arranged in a direction intersecting an extending direction
of the mask sheet.

4. The method as claimed in claim 1, wherein:

the first deposition layer includes emission layers spaced

apart from each other, and

a shape of each of first emission layers among the

emission layers formed on the pixel circuit substrate is
different from a shape of each of second emission
layers among the emission layers.

5. The method as claimed in claim 4, wherein:

the display device includes a transmissive area through

which light or sound is transmitted, a display area that
partially surrounds the transmissive area, and a non-
display area between the transmissive area and the
display area, and
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the first emission layers correspond to the display area,
and the second emission layers correspond to the
non-display area.

6. The method as claimed in claim 1, wherein:

the first deposition layer includes emission layers spaced
apart from each other, and

an area of each of first emission-layers among the emis-
sion layers formed on the pixel circuit substrate is
greater than an area of each of second emission layers
among the emission layers.

7. The method as claimed in claim 1, wherein:

the mask plate of the second mask assembly includes an
opening portion having a closed loop edge, and

an edge of the protruding portion corresponds to a portion
of the closed loop edge.

8. The method as claimed in claim 7, wherein:

the second deposition layer includes at least one of a hole
transport layer, a hole injection layer, an electron trans-
port layer, an electron injection layer, and an opposite
electrode having a polarity different from that of the
pixel electrodes, and

a thickness of a first portion of the second deposition layer
formed on the pixel circuit substrate is greater than a
thickness of a second portion of the second deposition
layer.

9. The method as claimed in claim 8, wherein:

the display device includes a transmissive area through
which light or sound is transmitted, a display area that
partially surrounds the transmissive area, and a non-
display area between the transmissive area and the
display area, and

the first portion of the second deposition layer corre-
sponds to the display area, and the second portion of the
second deposition layer corresponds to the non-display
area.

10. The method as claimed in claim 9, wherein the second

deposition layer is not on the transmissive area.

11. A mask assembly comprising:

a mask plate including an opening portion through which
a deposition material passes, a covering portion that
blocks a passage of the deposition material, and a
protruding portion protruding from an edge of the
covering portion toward a center region of the opening
portion.

12. The mask assembly as claimed in claim 11, wherein:

the opening portion of the mask assembly includes a
closed loop edge, and

an edge of the protruding portion corresponds to a portion
of the closed loop edge.

13. The mask assembly as claimed in claim 12, wherein:

the edge of the protruding portion includes a linear region,
and

the protruding portion protrudes from the linear region.

14. The mask assembly as claimed in claim 12, wherein:

the edge of the protruding portion includes a curved area,
and

the protruding portion protrudes from the curved area.

15. The mask assembly as claimed in claim 12, wherein
the covering portion and the protruding portion are inte-
grally formed.

16. The mask assembly as claimed in claim 11, further
comprising a mask sheet overlapping the mask plate, the
mask sheet including a plurality of holes spaced apart from
each other.
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17. The mask assembly as claimed in claim 16, wherein
the protruding portion of the mask plate partially covers the
holes of the mask sheet.

18. The mask assembly as claimed in claim 17, wherein
the protruding portion of the mask plate partially covers a
first hole among the holes of the mask sheet.

19. The mask assembly as claimed in claim 16, wherein
the mask sheet and the mask plate overlap each other while
contacting each other.

20. The mask assembly as claimed in claim 16, wherein
the mask sheet and the mask plate are made of different
materials.
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