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(54) METHOD FOR MANUFACTURING MASK AND DEPOSITION APPARATUS INCLUDING MASK

(57) A deposition apparatus (EA) includes a chamber
(CH), a deposition source (ES) disposed in the chamber,
a mask assembly (MSA), and a base substrate (BS) dis-
posed on the mask assembly. The mask assembly (MSA)
includes a frame (SP) including frame openings (SP-OP),
a mask (MS) disposed on the frame (SP) and including
deposition holes (MS-OP), and a welding stick (WB) dis-
posed on the mask (MS). A welding groove (SP-H) is
disposed along an edge of the frame (SP) and has a
depth in the thickness direction of the frame. The welding
stick (WB) overlaps the welding groove (SP-H).
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Description

BACKGROUND

[0001] The disclosure herein relates to a method for
manufacturing a mask and a deposition apparatus in-
cluding the mask. The method for manufacturing a mask
may have an improved opening rate, and a deposition
apparatus including the mask.
[0002] In general, a light emitting display device in-
cludes a light emitting device disposed at each pixel. The
light emitting device includes a light emitting layer dis-
posed between spaced electrodes. The light emitting lay-
ers contained in the pixels may be distinguished into
groups.
[0003] A mask assembly is used to deposit the groups
of light emitting layers onto a working substrate. The
mask assembly includes a frame, a support, and a mask.
The working substrate may be disposed on the mask,
and a light emitting material may be deposited on the
working substrate to provide patterned light emitting lay-
ers.
[0004] It is to be understood that this background of
the technology section is, in part, intended to provide
useful background for understanding the technology.
However, this background of the technology section may
also include ideas, concepts, or recognitions that were
not part of what was known or appreciated by those
skilled in the pertinent art prior to a corresponding effec-
tive filing date of the subject matter disclosed herein.

SUMMARY

[0005] The disclosure provides a method for manufac-
turing a mask and a deposition apparatus including the
mask.
[0006] An embodiment provides a deposition appara-
tus which may include a chamber; a deposition source
disposed in the chamber; a mask assembly, and a base
substrate disposed on the mask assembly. The mask
assembly may include a frame including frame openings,
a mask disposed on the frame, the mask including dep-
osition holes, and a welding stick disposed on the mask.
A welding groove may be disposed along an edge of the
frame, the welding groove having a depth in the thickness
direction of the frame. The welding stick may overlap the
welding groove.
[0007] In an embodiment, the mask may include a base
layer including a first surface contacting the base sub-
strate and a second surface opposite to the first surface,
the base layer including first openings, and a metal layer
disposed on the second surface of the base layer, the
metal layer including second openings. The first open-
ings and second openings may include at least one first
opening and at least one second opening which overlap
each other to form a deposition hole disposed in the
mask. A width of the at least one first opening may be
less than a width of the at least one second opening.

[0008] In an embodiment, a portion of the second sur-
face may be exposed from the metal layer by the at least
one second opening.
[0009] In an embodiment, the base layer may have a
first side surface which defines the at least one first open-
ing and may be inclined from the first surface of the base
layer, and the metal layer may have a second side sur-
face which defines the at least one second opening and
may be inclined from the second surface of the base layer
in a same direction as the first side surface of the base
layer.
[0010] In an embodiment, each of the first openings
and the second openings may have a trapezoidal shape
in a cross-sectional view.
[0011] In an embodiment, the welding stick may be
welded to the frame. The mask may be disposed between
the frame and the welding stick. The welding stick may
be disposed in the welding groove such that the welding
stick and the first surface of the base layer provide a flat
surface on which the base substrate is disposed.
[0012] In an embodiment, the mask may have a portion
that overlaps the welding stick and may be disposed in
the welding groove.
[0013] In an embodiment, the mask may include an
inorganic layer disposed between the base layer and the
metal layer. The inorganic layer may include third open-
ings.
[0014] In an embodiment, the first openings, the sec-
ond openings, and the third openings include at least one
first opening, at least one second opening, and at least
one third opening which overlap each other to form a
deposition hole disposed in the mask. A width of the at
least one third opening may be greater than the width of
the at least one first opening and less than the width of
the at least one second opening.
[0015] In an embodiment, the deposition apparatus
may further include a magnetic plate disposed above the
mask assembly to provide a magnetic force to the mask.
[0016] In an embodiment, the frame may include first
partition parts extending in a first direction and second
partition parts extending in a second direction intersect-
ing the first direction. The frame openings may be divided
by the first partition parts and the second partition parts.
[0017] In an embodiment, the deposition source may
include an organic material, and the deposition source
may evaporate the organic material and inject the evap-
orated organic material to the frame openings.
[0018] In an embodiment, the base layer may include
an organic material, and the metal layer may include at
least one of aluminum, copper, and transparent conduc-
tive oxide.
[0019] In an embodiment, the mask may be provided
in plural. The plurality of masks may be arranged in a
first direction, and may extend in a second direction in-
tersecting the first direction. The welding stick may ex-
tend in the first direction to overlap an end of each of the
masks.
[0020] The invention also provides a method for man-

1 2 



EP 4 012 065 A2

3

5

10

15

20

25

30

35

40

45

50

55

ufacturing a mask includes: providing a working substrate
on which an initial base layer including an organic mate-
rial and an initial metal layer formed on the initial base
layer and including metal are formed; forming an initial
opening by patterning the initial metal layer through a
first photolithography process; forming a base layer in
which a first opening that overlaps the initial opening is
defined by etching the initial base layer; and forming a
metal layer in which a second opening that overlaps the
first opening is defined by patterning the initial metal layer
adjacent to the initial opening through a second photoli-
thography process. Here, the first opening has a width
greater than that of the initial opening and less than that
of the second opening in one direction.
[0021] The base layer may include a first surface and
a second surface opposite to the first surface and on
which the metal layer is formed, and one portion of the
base layer adjacent to the first opening may be exposed
from the metal layer by the second opening.
[0022] A first side surface of the base layer, which de-
fines the first opening, may be inclined from the first sur-
face, and a second side surface of the metal layer, which
defines the second opening, may be inclined from the
second surface in the same direction as the first side
surface.
[0023] The first side surface may be a curved surface.
[0024] The base layer may include an organic material,
and the metal layer may include one of aluminum, copper,
and transparent conductive oxide.
[0025] The first opening and the second opening may
constitute one deposition hole, the deposition hole may
be provided in plurality, and the plurality of deposition
holes may have different shapes from each other.
[0026] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects and features of
the disclosure will become more apparent by describing
in detail embodiments thereof with reference to the at-
tached drawings, in which:

FIG. 1 is a schematic cross-sectional view illustrating
a deposition apparatus according to an embodiment;
FIG. 2A is a schematic cross-sectional view illustrat-
ing a mask assembly according to an embodiment;
FIG. 2B is a schematic exploded perspective view
illustrating the mask assembly according to an em-
bodiment;
FIG. 3 is a schematic plan view illustrating a mask
according to an embodiment;
FIG. 4 is a schematic cross-sectional view illustrating
a display panel according to an embodiment;
FIG. 5 is a schematic plan view illustrating a depo-
sition area according to an embodiment;
FIG. 6 is a schematic cross-sectional view taken
along line I-I’ of FIG. 3;

FIG. 7 is a schematic cross-sectional view illustrating
a mask according to an embodiment;
FIG. 8A is a schematic cross-sectional view of a
method for manufacturing a mask according to an
embodiment;
FIG. 8B is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment;
FIG. 8C is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment;
FIG. 8D is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment;
FIG. 8E is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment;
FIG. 9A is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment;
FIG. 9B is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment; and
FIG. 9C is a schematic cross-sectional view of the
method for manufacturing the mask according to an
embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The disclosure will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which embodiments are shown. This disclosure
may, however, 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 the scope of the disclosure to those skilled
in the art.
[0029] In this specification, it will also be understood
that when one component (or region, layer, portion) is
referred to as being ’on,’ ’connected to,’ or ’coupled to’
another component, it can be directly disposed/connect-
ed/coupled on/to the one component, or an intervening
third component may also be present.
[0030] Like reference numerals refer to like elements
throughout. Also, in the figures, the thickness, ratio, and
dimensions of components are exaggerated for clarity of
illustration.
[0031] The term "and/or" includes any and all combi-
nations of one or more of the associated listed items.
[0032] It will be understood that although the terms
such as ’first’ and ’second’ are used herein to describe
various elements, these elements should not be limited
by these terms. The terms are only used to distinguish
one component from other components. For example, a
first element referred to as a first element in one embod-
iment can be referred to as a second element in another
embodiment without departing from the scope of the ap-
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pended claims. The terms of a singular form may include
plural forms unless referred to the contrary.
[0033] Also, ""under," "below," "above,’ "upper," and
the like are used for explaining relation association of
components illustrated in the drawings. The terms may
be a relative concept and described based on directions
expressed in the drawings.
[0034] The spatially relative terms "below", "beneath",
"lower", "above", "upper", or the like, may be used herein
for ease of description to describe the relations between
one element or component and another element or com-
ponent as illustrated in the drawings. It will be understood
that the spatially relative terms are intended to encom-
pass different orientations of the device in use or opera-
tion, in addition to the orientation depicted in the draw-
ings. For example, in the case where a device illustrated
in the drawing is turned over, the device positioned "be-
low" or "beneath" another device may be placed "above"
another device. Accordingly, the illustrative term "below"
may include both the lower and upper positions. The de-
vice may also be oriented in other directions and thus
the spatially relative terms may be interpreted differently
depending on the orientations.
[0035] The terms "overlap" or "overlapped" mean that
a first object may be above or below or to a side of a
second object, and vice versa. Additionally, the term
"overlap" may include layer, stack, face or facing, extend-
ing over, covering, or partly covering or any other suitable
term as would be appreciated and understood by those
of ordinary skill in the art.
[0036] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as generally understood by those skilled in the
art. Terms as defined in a commonly used dictionary
should be construed as having the same meaning as in
an associated technical context, and unless defined ap-
parently in the description, the terms are not ideally or
excessively construed as having formal meaning.
[0037] The meaning of ’include’ or ’comprise’ specifies
a property, a fixed number, a step, an operation, an ele-
ment, a component, or a combination thereof, but does
not exclude other properties, fixed numbers, steps, op-
erations, elements, components, or combinations there-
of. Hereinafter, embodiments will be described with ref-
erence to the accompanying drawings.
[0038] FIG. 1 is a schematic cross-sectional view illus-
trating a deposition apparatus according to an embodi-
ment. FIG. 2A is a schematic cross-sectional view illus-
trating a mask assembly according to an embodiment.
FIG. 2B is a schematic exploded perspective view illus-
trating the mask assembly according to an embodiment.
FIG. 3 is a schematic plan view illustrating a mask ac-
cording to an embodiment. FIG. 4 is a schematic cross-
sectional view illustrating a display panel according to an
embodiment.
[0039] Referring to FIGS. 1 to 2B, a deposition appa-
ratus EA according to an embodiment may include a
chamber CH, a deposition source ES, a seat part HM, a

mask assembly MSA, a base substrate BS, a pressing
part PM, and a transfer part DM. The deposition appa-
ratus EA may deposit an organic material or a conductive
material on the base substrate BS.
[0040] The chamber CH may provide an inner space
in which a deposition process may be performed. The
deposition source ES, the seat part HM, the mask as-
sembly MSA, the base substrate BS, the pressing part
PM, and a transfer rod ML of the transfer part DM may
be disposed in the inner space of the chamber CH.
[0041] The deposition source ES may provide a dep-
osition material to the base substrate BS. For example,
the deposition source ES may evaporate a deposition
material such as an organic material or a conductive ma-
terial toward the mask MS. Here, the deposition material
may pass through the mask assembly MSA and be de-
posited to the base substrate BS. Here, the deposition
source ES may be realized by heating and evaporating
the deposition material with a high temperature.
[0042] Although not shown, the deposition apparatus
EA may further include a transfer unit for moving the dep-
osition source ES in a horizontal direction (e.g., a first
direction D1 and a second direction D2) or a vertical di-
rection (e.g., a third direction D3).
[0043] The seat part HM may be disposed on a sidewall
of the chamber CH to support the mask assembly MSA.
However, the embodiment is not limited by the shape,
position, and number of the seat part HM as long as the
seat part HM supports the mask assembly MSA.
[0044] The mask assembly MSA may be supported by
the seat part HM. The mask assembly MSA may include
a frame SP, a mask MS, and welding sticks WB
[0045] The frame SP may be seated on the seat part
HM. The frame SP may be seated on the seat part HM
to support the mask MS. The frame SP may be disposed
below the mask MS to prevent a deflection (or sagging)
phenomenon caused by a load of the mask MS.
[0046] The frame SP according to the embodiment
may include a body part SP-B, a first partition part SP-1,
and a second partition part SP-2. The body part SP-B
may have a rectangular frame extending in a first direc-
tion D1 and a second direction D2.
[0047] There may be multiple first partition parts SP-1
provided and each first partition part SP-1 may extend in
the first direction D1. The first partition parts SP-1 may
be arranged in the second direction D2 and connected
to the body part SP-B.
[0048] There may be multiple second partition parts
SP-2 provided and each second partition part SP-2 may
extend in the second direction D2. The second partition
parts SP-2 may be arranged in the first direction D1 and
connected to the body part SP-B.
[0049] A space provided as the first partition parts SP-
1 and the second partition parts SP-2 intersect with each
other is defined as a frame opening SP-OP. The frame
opening SP-OP may correspond to one deposition area
VA of the base substrate BS. The deposition area VA,
on which a deposition material is deposited, in the base
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substrate BS may provide one display cell unit.
[0050] In the frame SP according to an embodiment,
a welding groove SP-H obtained by removing a portion
of the frame SP along an edge of the frame SP in a third
direction D3 may be defined. The welding groove SP-H
may overlap a welding stick WB. The welding groove SP-
H may be defined in the body part SP-B of the frame SP.
[0051] In this embodiment, the welding groove SP-H
may be a rectangular groove extending in the first direc-
tion D1. However, the embodiment is not limited to the
cross-sectional shape of the welding groove SP-H. For
example, the cross-sectional shape of the welding
groove SP-H may be a circular shape, an oval shape, or
a polygonal shape.
[0052] The welding groove SP-H may be disposed at
both ends in the second direction D2 and each extend in
the first direction D1. However, the embodiment is not
limited to the shape and number of the welding groove
SP-H. For example, the welding grooves SP-H may cor-
respond to the shape and number of the welding sticks
WB
[0053] As illustrated in FIG. 2A, the welding sticks WB
may be welded and coupled to the frame SP with the
base substrate BS disposed between the welding sticks
WB Here, the welding stick WB and the mask MS over-
lapping the welding stick WB may be accommodated in
the welding groove SP-H. The mask MS according to an
embodiment may include a flexible material.
[0054] Although the welding sticks WB are disposed
on the mask MS and welded to the frame SP with the
base substrate BS disposed between the welding sticks
WB, as the welding grooves SP-H provide a space in
which the welding sticks WB and the mask MS are ac-
commodated, a surface of the mask MS and a surface
of the welding stick WB may provide a flat surface FS.
Thus, as the base substrate BS is stably seated on the
frame SP, a uniform deposition process may be per-
formed on the base substrate BS.
[0055] The welding stick WB may be disposed on the
mask MS. The welding stick WB may overlap a plurality
of masks MS, and may be welded to the frame SP with
the masks MS disposed between the frame SP and the
welding stick WB, and disposed to overlap the welding
groove SP-H. The material, shape, and number of the
welding sticks WB may be modified as required for weld-
ing, and thus, the shape and position of the welding
groove SP-H may be also modified to accommodate the
welding stick WB
[0056] Multiple masks MS may be provided, and the
masks MS may each extend in the second direction D2
and be arranged in the first direction D1. Deposition holes
MS-OP may be defined in each of the masks MS. The
deposition material provided from the deposition source
ES may be provided onto a surface of the base substrate
BS through the deposition holes MS-OP.
[0057] The mask MS according to an embodiment may
include a flexible material. The mask MS may include
multiple layers. One layer of the mask MS may include

an organic material, and another layer may include metal.
Thus, the mask MS may be accommodated in the welding
groove SP-H together with the welding stick WB accord-
ing to the flexibility of the mask MS. A detailed description
of a layer structure of the mask MS will be described later.
[0058] Referring to FIG. 3, the mask MS may include
a top surface MS-B contacting the base substrate BS
and a rear surface MS-U contacting the frame SP. The
deposition material may not pass through the deposition
holes MS-OP defined in an area overlapping the partition
parts SP-1 and SP-2 of the frame SP.
[0059] Although the deposition holes MS-OP are illus-
trated to be arranged in a square shape as an example
in FIG. 3, the embodiment is not limited thereto. For ex-
ample, the deposition holes MS-OP may have the same
shape with the same size or may each have different
shapes with different areas.
[0060] The base substrate BS may be a mother sub-
strate on to which the deposition material is deposited.
The base substrate BS may include deposition areas VA.
The deposition areas VA may be arranged in a matrix
form along the first direction D1 and the second direction
D2. The deposition areas VA may be divided by the par-
tition parts SP-1 and SP-2 of the frame SP. The deposi-
tion areas VA may be cut into individual cells in a subse-
quent process.
[0061] Referring to FIG. 1 again, the pressing part PM
may include a magnetic plate MP and a support plate
YK. Although not shown, the pressing part PM may fur-
ther include a cooling plate disposed between the base
substrate BS and the support plate YK
[0062] The cooling plate (not shown) may be disposed
between the base substrate BS and the support plate YK
The cooling plate may cool the base substrate BS or the
mask MS to prevent the base substrate BS or the mask
MS from being overheated during the deposition process.
Thus, deformation of the base substrate BS may be pre-
vented. A cooling line to which a coolant or cooled air is
injected may be provided in the cooling plate.
[0063] The magnetic plate MP may be disposed in the
support plate YK However, the embodiment is not limited
by the position, shape, and number of the magnetic plates
MP as long as the magnetic plate MP is disposed above
the mask MS and can couple the mask MS and the base
substrate BS together with a magnetic force.
[0064] The magnetic plate MP provides a magnetic
force in a state in which the base substrate BS closely
contacts the mask MS and pulls the mask MS which con-
tains metal with an attractive force. Thus, the coupling
force between the base substrate BS and the mask MS
may be increased.
[0065] The magnetic plate MP may prevent a lifting
phenomenon generated due to difference between cur-
vatures of the base substrate BS and the mask MS and
thus prevent deposition defects such as the shadowing
phenomenon. The magnetic plate MP may be comprised
of either a permanent magnet or an electromagnet.
[0066] The support plate YK may accommodate the
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magnetic plate MP. The support plate YK may be coupled
to the transfer part DM to allow the magnetic plate MP
to closely contact the base substrate BS or separate the
magnetic plate MP from the base substrate BS.
[0067] The transfer part DM is connected to the press-
ing part PM. The transfer part DM may include a transfer
rod ML and a transfer body MC. The transfer body MC
may transfer the pressing part PM by means of the trans-
fer rod ML in the third direction D3, i.e., a vertical direction.
[0068] For example, the transfer body MC may be dis-
posed outside the chamber CH. The transfer body MC
may be implemented as either a cylinder or a motor. For
example, when the transfer body MC is a cylinder, the
transfer rod ML may be a piston. When the transfer body
MC is a motor, the transfer rod ML may be a ball screw
shaft that is movable in the vertical direction by rotating
the motor. However, the embodiment is not limited there-
to. For example, the transfer part DM may include a range
of devices that can transfer the pressing part PM.
[0069] FIG. 4 is a schematic cross-sectional view illus-
trating a display panel according to an embodiment.
Some of components of a display panel DP in FIG. 4 may
be provided through the deposition apparatus EA de-
scribed in FIGS. 1 to 3. For example, the base substrate
BS described in FIGS. 1 to 3 may be a component con-
tained in a base substrate BS of the display panel DP.
[0070] A gradation display layer of the display panel
DP according to an embodiment may include an organic
light emitting layer. Thus, the display panel DP may be
an organic light emitting display panel.
[0071] The organic light emitting display panel includes
a base substrate BS and an encapsulation substrate US.
The base substrate BS includes a first substrate BL1, a
circuit device layer DP-CL disposed on the first substrate
BL1, a display device layer DP-OLED disposed on the
circuit device layer DP-CL, and a cover layer CL disposed
on the display device layer DP-OLED. The encapsulation
substrate US may include a second substrate BL2, a
black matrix layer BM disposed on the second substrate
BL2, and a color control layer CCL.
[0072] The circuit device layer DP-CL may include in-
sulation layers, a semiconductor pattern, a conductive
pattern, and a signal line. The insulation layer, the sem-
iconductor layer, and the conductive layer are provided
on the first substrate BL1 by a method such as coating
and deposition. Thereafter, the insulation layer, the sem-
iconductor layer, and the conductive layer may be selec-
tively patterned by a photolithography method. By using
the above-described method, the semiconductor pattern,
the conductive pattern, and the signal line, which are con-
tained in the circuit device layer DP-CL and the display
device layer DP-OLED, are provided.
[0073] The first substrate BL1 may include a synthetic
resin film. Besides, the first substrate BL1 may include a
glass substrate, a metal substrate, or an organic/inor-
ganic composite substrate.
[0074] A buffer layer BFL is disposed on the first sub-
strate BL1. The buffer layer BFL enhances a coupling

force between the first substrate BL1 and the semicon-
ductor pattern. The buffer layer BFL may include a silicon
oxide layer and a silicon nitride layer. The silicon oxide
layer and the silicon nitride layer may be alternately lam-
inated with each other.
[0075] A semiconductor pattern is disposed on the
buffer layer BFL. The semiconductor pattern may include
polysilicon. However, the embodiment is not limited
thereto. For example, the semiconductor pattern may in-
clude amorphous silicon or metal oxide.
[0076] The semiconductor pattern may include a
doped area and a non-doped area. The doped area may
be doped with a n-type dopant or a p-type dopant. A p-
type transistor includes a doped area that is doped with
the p-type dopant.
[0077] The doped area has a conductivity greater than
that of a non-doped area and substantially serves as an
electrode or a signal line. The non-doped area substan-
tially corresponds to an active (or a channel) of the tran-
sistor. A portion of the semiconductor pattern may be the
active of the transistor, another portion may be a source
or a drain of the transistor, and another portion may be
a connection electrode or a connection signal line.
[0078] A transistor T1 is disposed on the buffer layer
BFL. A source S1, an active A1 and a drain DEI of the
transistor T1 may be provided from the semiconductor
pattern. FIG. 4 illustrates a portion of a connection signal
line SCL provided from the semiconductor pattern. The
connection signal line SCL may be connected to the drain
DEI of the transistor T1 on a plane.
[0079] A first insulation layer 10 to a sixth insulation
layer 60 are disposed on the buffer layer BFL. Each of
the first insulation layer 10 to the sixth insulation layer 60
may be an inorganic layer or an organic layer. A gate G1
is disposed on the first insulation layer 10. An upper elec-
trode UE may be disposed on the second insulation layer
20. A first connection electrode CNE1 may be disposed
on the third insulation layer 30.
[0080] The first connection electrode CNE1 may be
connected to the connection signal line SCL through a
contact hole CNT-1 passing through the first to third in-
sulation layers 10 to 30. A second connection electrode
CNE2 may be disposed on the fifth insulation layer 50.
The second connection electrode CNE2 may be connect-
ed to the first connection electrode CNE1 through a con-
tact hole CNT-2 passing through the fourth insulation lay-
er 40 and the fifth insulation layer 50.
[0081] A light emitting device OLED is disposed on the
sixth insulation layer 60. A first electrode AE is disposed
on the sixth insulation layer 60. The first electrode AE is
connected to the second connection electrode CNE2
through a contact hole CNT-3 passing through the sixth
insulation layer 60.
[0082] The display device layer DP-OLED includes the
light emitting device OLED and a pixel defining layer PDL.
For example, the pixel defining layer PDL may be an
organic layer. The light emitting device OLED includes a
first electrode AE, a hole control layer HCL, a light emit-
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ting layer EML, an electron control layer ECL, and a sec-
ond electrode CE.
[0083] The pixel defining layer PDL is disposed on the
sixth insulation layer 60. A display opening OP is defined
in a pixel defining layer PDL. The display opening OP
exposes at least a portion of the first electrode AE. In an
embodiment, the pixel defining layer PDL may have a
black color. The pixel defining layer PDL may include a
black coloring agent. The pixel defining layer PDL may
include a black dye and a black pigment mixed in a base
resin.
[0084] The display panel DP may include a light emit-
ting area PXA and a non-light emitting area NPXA dis-
posed adjacent to the light emitting area PXA. Substan-
tially, the light emitting area PXA may be defined in cor-
respondence to an area of the first electrode AE exposed
by the display opening OP.
[0085] The hole control layer HCL may be disposed on
the light emitting area PXA and the non-light emitting
area NPXA in common. The hole control layer HCL may
include a hole transport layer and further include a hole
injection layer. The light emitting layer EML is disposed
on the hole control layer HCL. The light emitting layer
EML may be disposed on an area corresponding to the
display opening OP.
[0086] The electron control layer ECL is disposed on
the light emitting layer EML. The electron control layer
ECL may include an electron transport layer and further
include an electron injection layer. The second electrode
CE is disposed on the electron control layer ECL.
[0087] The cover layer CL is disposed on the second
electrode CE. The cover layer CL may include a plurality
of thin-films. In this embodiment, the cover layer CL may
include a capping layer and a thin-film encapsulation lay-
er.
[0088] The second substrate BL2 is spaced apart from
the cover layer CL. The second substrate BL2 may be
one of a glass substrate, a plastic substrate, or a sub-
strate containing polyimide.
[0089] The color control layer CCL may transmit first
color light or covert the first color light into second color
light or third color light according to a color of light. The
color control layer CCL may include a quantum-dot. Here,
the first color light may be blue light.
[0090] The black matrix layer BM may overlap the non-
light emitting area NPXA. The black matrix layer BM may
have a black color. Although the black matrix layer BM
may include a material absorbing light, the embodiment
is not limited thereto.
[0091] The deposition apparatus EA according to an
embodiment may be used to provide the light emitting
layer EML containing an organic material among com-
ponents contained in the light emitting device OLED.
However, the embodiment is not limited thereto. For ex-
ample, a component provided through the deposition
process among components provided on the base layers
BL1 and BL2 of the display panel DP may be provided
by the deposition apparatus EA according to an embod-

iment.
[0092] FIG. 5 is a schematic plan view illustrating a
deposition area VA-A according to an embodiment. Here-
inafter, a method for forming the light emitting layer EML
(refer to FIG. 4) in each of display openings OP-R, OP-
G, and OP-B of the pixel defining layer PDL in FIG. 4 will
be described.
[0093] As illustrated in FIG. 5, three kinds of display
openings OP-R, OP-G, and OP-B may be formed in the
pixel defining layer PDL. The three kinds of display open-
ings OP-G, OP-R, and OP-B may include a first display
opening OP-G, a second display opening OP-R, and a
third display opening OP-B, which are distinguished ac-
cording to areas thereof.
[0094] Each of the first display opening OP-G, the sec-
ond display opening OP-R, and the third display opening
OP-B may have an area that is proportional to a light
emitting area (or an area of the first electrode) of a cor-
responding pixel. In this embodiment, the first display
opening OP-G may be a pixel providing a green color,
the second display opening OP-R may be a pixel provid-
ing a red color, and the third display opening OP-B may
be a pixel providing a blue color.
[0095] Different masks may be used to form a light
emitting layer of the green light emitting device, a light
emitting layer of the red light emitting device, and a light
emitting layer of the blue light emitting device in the first
display opening OP-G, the second display opening OP-
R, and the third display opening OP-B, respectively.
[0096] FIG. 6 is a schematic cross-sectional view taken
along line I-I’ of FIG. 3. The same or similar components
as those in FIGS. 1 to 5 will be designated by the same
or similar reference numerals, respectively, and previ-
ously described components will not be repeated.
[0097] The mask MS according to an embodiment may
include a top surface MS-B contacting the base substrate
BS (refer to FIG. 1) and a rear surface MS-U opposite to
the top surface MS-B and contacting the frame SP (refer
to FIG. 1). The mask MS may include a base layer PI
and a metal layer EL.
[0098] A first opening PI-OP may be defined in the base
layer PI. The first opening PI-OP may be formed by a
first side surface PI-S exposed by passing through the
base layer PI in the third direction D3. The base layer PI
may include a first surface contacting the base substrate
BS and a second surface opposite to the first surface and
on which the metal layer EL is disposed. The first surface
may be substantially provided as the top surface MS-B
of the mask MS. The first side surface PI-S may be in-
clined from the first surface. Multiple first openings PI-
OP may be provided.
[0099] In this embodiment, the base layer PI may in-
clude an organic material. For example, the base layer
PI may include at least one of polyimide, polycarbonate,
polyethylene naphthalene (PEN), and polyethylene-
terephthalate (PETE). Thus, the base layer PI may com-
prise a flexible material.
[0100] A second opening EL-OP may be defined in the
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metal layer EL. The second opening EL-OP may be
formed by a second side surface EL-S exposed by pass-
ing through the metal layer EL in the third direction D3.
The second side surface EL-S may be inclined from the
second surface of the base layer PI on a cross-section.
An inclined direction of the second side surface EL-S
may be the same direction as that of the first side surface
PI-S from the first surface. The second opening EL-OP
may be provided in plurality.
[0101] In this embodiment, the metal layer EL may in-
clude metal. For example, the metal layer EL may include
at least one of aluminum (Al), copper (Cu), and a trans-
parent conductive oxide. Thus, the metal layer EL may
be coupled with the magnetic plate MP
[0102] A portion PI-E of the second surface of the base
layer PI according to an embodiment may be exposed
from the metal layer EL by the second opening EL-OP.
This may be formed by removing an additional portion of
the metal layer EL while removing a tip portion of the
metal layer EL.
[0103] The deposition holes MS-OP defined in the
mask MS may be defined by a first opening PI-OP and
a second opening EL-OP, which may overlap each other
in the third direction D3.
[0104] According to this embodiment, the first opening
PI-OP may have a width less than that of the second
opening EL-OP in the first direction D1. Also, each of the
first opening PI-OP and the second opening EL-OP may
have a trapezoidal shape in the cross-section.
[0105] FIG. 7 is a schematic cross-sectional view of a
mask according to an embodiment. The same or similar
components as those in FIG. 6 will be designated by the
same or similar reference numerals, respectively, and
their descriptions will not be repeated.
[0106] A mask MS-1 according to an embodiment may
include a top surface MS-B contacting the base substrate
BS (refer to FIG. 1) and a rear surface MS-U opposite to
the top surface MS-B and contacting the frame SP (refer
to FIG. 1). The mask MS-1 may include a base layer PI,
an inorganic layer BR, and a metal layer EL.
[0107] A first opening PI-OP may be defined in the base
layer PI. The first opening PI-OP may be formed by a
first side surface PI-S exposed by passing through the
base layer PI in the third direction D3.
[0108] In this embodiment, the base layer PI may in-
clude an organic material. For example, the base layer
PI may include at least one of polyimide, polycarbonate,
polyethylene naphthalene (PEN), and polyethylene-
terephthalate (PETE). Thus, the base layer PI may have
a flexible property.
[0109] The inorganic layer BR may be disposed be-
tween the base layer PI and the metal layer EL. The in-
organic layer BR may be disposed between the base
layer PI and the metal layer EL to increase a coupling
force between the base layer PI and the metal layer EL.
A between opening (or a third opening) BR-OP may be
defined in the inorganic layer BR. The between opening
BR-OP may be formed by a between side surface BR-S

exposed by passing through the inorganic layer BR in
the third direction D3. In this embodiment, the between
side surface BR-S may be aligned with the first side sur-
face PI-S and inclined from the top surface MS-B.
[0110] A second opening EL-OP may be defined in the
metal layer EL. The second opening EL-OP may be
formed by a second side surface EL-S exposed by pass-
ing through the metal layer EL in the third direction D3.
[0111] In this embodiment, the metal layer EL may in-
clude metal. For example, the metal layer EL may include
at least one of aluminum (Al), copper (Cu), and a trans-
parent conductive oxide. Thus, the metal layer EL may
be coupled with the magnetic plate MP.
[0112] A portion BR-E of the inorganic layer BR ac-
cording to an embodiment may be exposed from the met-
al layer EL by the second opening EL-OP.
[0113] Deposition holes MS-OP1 defined in the mask
MS-1 may be defined by a first opening PI-OP, a between
opening (or third opening) BR-OP, and a second opening
EL-OP, which overlap each other in the third direction D3.
[0114] According to this embodiment, the between
opening BR-OP may have a width greater than that of
the first opening PI-OP and less than that of the second
opening EL-OP in the first direction D1. Also, each of the
first opening PI-OP, the between opening BR-OP, and
the second opening EL-OP may have a trapezoidal
shape on the cross-section.
[0115] FIG. 8A is a schematic cross-sectional view of
a method for manufacturing a mask according to an em-
bodiment. FIG. 8B is a schematic cross-sectional view
of the method for manufacturing the mask according to
an embodiment. FIG. 8C is a schematic cross-sectional
view of the method for manufacturing the mask according
to an embodiment. FIG. 8D is a schematic cross-section-
al view of the method for manufacturing the mask ac-
cording to an embodiment. FIG. 8E is a schematic cross-
sectional view of the method for manufacturing the mask
according to an embodiment. FIG. 9A is a schematic
cross-sectional view of the method for manufacturing the
mask according to an embodiment. FIG. 9B is a sche-
matic cross-sectional view of the method for manufac-
turing the mask according to an embodiment. FIG. 9C is
a schematic cross-sectional view of the method for man-
ufacturing the mask according to an embodiment. In ad-
dition, FIG. 9A may correspond to a part "TT" in FIG. 8E.
Hereinafter, the method for manufacturing the mask ac-
cording to an embodiment will be described with refer-
ence to FIGS. 8A to 9C.
[0116] The same or similar components as those de-
scribed in FIGS. 1 to 6 will be designated by the same
or similar reference numerals, respectively, and their de-
scriptions will not be repeated.
[0117] Referring to FIG. 8A, the method for manufac-
turing the mask according to an embodiment may include
a process of forming an initial base layer PI-A on a work-
ing substrate BG. The initial base layer PI-A may be
formed by applying an organic material on the working
substrate BG.
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[0118] Thereafter, referring to FIG. 8B, the method for
manufacturing the mask according to an embodiment
may include a process of forming an initial metal layer
EL-A. The initial metal layer EL-A may be formed on the
initial base layer PI-A. The initial metal layer EL-A may
be formed by applying at least one of aluminum (Al), cop-
per (Cu), and a transparent conductive oxide on the initial
base layer PI-A.
[0119] Thereafter, referring to FIGS. 8C and 8D, the
method for manufacturing the mask according to an em-
bodiment may include a process of forming an initial
opening EL-OT. The initial opening EL-OT may be
formed by patterning the initial metal layer EL-A through
a first photolithography process. Here, the first photoli-
thography process may form the initial opening EL-OT
by exposing, developing, and etching the initial metal lay-
er EL-A through a first photoresist PR1 and a first photo
mask MK1 having a photo opening MK-OP.
[0120] Thereafter, referring to FIG. 8E, the method for
manufacturing the mask according to an embodiment
may include a process of forming a base layer BI in which
a first opening PI-OP is defined by etching the initial base
layer PI-A.
[0121] The first opening PI-OP may be formed by etch-
ing the initial base layer PI-A using the initial metal layer
EL-A as a mask. Here, the etching method used may be
either a wet etch method or a dry etch method.
[0122] Due to the etch rate difference in the process
of forming the first opening PI-OP in the base layer PI, a
side surface of the initial metal layer EL-A defining the
initial opening EL-OT may protrude further than a side
surface of the base layer PI defining the first opening PI-
OP in the first direction D1. Here, the side surface of the
initial metal layer EL-A protruding further than the side
surface of the base layer PI may be defined as a tip por-
tion. This tip portion may act as an obstruction element
when a deposition material is deposited on the base sub-
strate BS. The obstruction may cause a deposition failure
known as a shadowing phenomenon.
[0123] The method for manufacturing the mask ac-
cording to an embodiment may further include a process
of removing the tip portion of the initial metal layer EL-A.
[0124] Referring to FIGS. 9A and 9B, the method for
manufacturing the mask according to an embodiment
may include a process of forming the metal layer EL in
which a second opening EL-OP is formed by removing
the tip portion TIP of the initial metal layer EL-A. The first
side surface PI-S of the first opening PI-OP may be a
curved surface.
[0125] A second opening EL-OP defined in the metal
layer EL may be formed by patterning the initial metal
layer EL-A in which the initial opening EL-OT is defined
through a second photolithography process. Here, the
second photolithography process may form the second
opening EL-OP by exposing, developing, and etching the
initial metal layer EL-A through a second photoresist PR2
and a second photo mask MK2 having a photo opening
overlapping the initial opening EL-OT.

[0126] The second opening EL-OP may be formed as
the tip portion is removed from the initial metal layer EL-
A. The second opening EL-OP may have a width greater
than a maximum width of the first opening PI-OP in the
first direction D1. The second opening EL-OP and the
first opening PI-OP overlapping the second opening EL-
OP in the third direction D3 may constitute the deposition
hole MS-OP of the mask MS.
[0127] Thereafter, referring to FIG. 9C, the mask MS
according to an embodiment may be manufactured by
removing the mask MK2 from the metal layer EL and
removing the working substrate BG from the base layer
PI.
[0128] The method for manufacturing the mask ac-
cording to an embodiment may provide the mask man-
ufacturing method having an improved deposition effi-
ciency by adding the process of removing the tip portion.
[0129] The welding groove defined in the frame ac-
cording to the embodiment may provide the space in
which the welding stick and the mask are accommodated
although the welding stick is disposed on the mask and
welded to the frame with the base substrate disposed
between the welding sticks, and a surface of the mask
and a surface of the welding stick, which contact the base
substrate, may provide the flat surface. Thus, as the base
substrate is stably seated on the frame, the uniform dep-
osition process may be performed.
[0130] Also, the method for manufacturing the mask
according to the embodiment may provide the mask man-
ufacturing method having the improved deposition effi-
ciency by adding the process of removing the tip portion.
[0131] Embodiments have been disclosed herein, and
although 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 by one of ordinary skill in the art, fea-
tures, characteristics, and/or elements described in con-
nection with an embodiment may be used singly or in
combination with features, characteristics, and/or ele-
ments described in connection with other embodiments
unless otherwise specifically indicated. Accordingly, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made without
departing from the scope of the invention as set forth in
the following claims.

Claims

1. A deposition apparatus comprising:

a chamber;
a deposition source disposed in the chamber;
a mask assembly comprising:

a frame including frame openings;
a mask disposed on the frame, the mask
including deposition holes; and
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a welding stick disposed on the mask; and

a base substrate disposed on the mask assem-
bly, wherein
a welding groove is disposed along an edge of
the frame, the welding groove having a depth in
a thickness direction of the frame, and
the welding stick overlaps the welding groove.

2. The deposition apparatus of claim 1, wherein

the mask comprises:
a base layer comprising a first surface contact-
ing the base substrate and a second surface op-
posite the first surface, the base layer including
first openings; and a metal layer disposed on
the second surface of the base layer, the metal
layer including second openings,
the first openings and the second openings in-
clude at least one first opening and at least one
second opening which overlap each other to
form a deposition hole disposed in the mask, and
a width of the at least one first opening is less
than a width of the at least one second opening.

3. The deposition apparatus of claim 2, wherein a por-
tion of the second surface is exposed from the metal
layer by the at least one second opening.

4. The deposition apparatus of claim 2 or 3, wherein

the base layer has a first side surface which de-
fines the at least one first opening and is inclined
from the first surface of the base layer, and
the metal layer has a second side surface which
defines the at least one second opening and is
inclined from the second surface of the base lay-
er in a same direction as the first side surface
of the base layer.

5. The deposition apparatus of claim 4, wherein each
of the first openings and the second openings has a
trapezoidal shape in a cross-sectional view.

6. The deposition apparatus of any one of claims 2 to
5, wherein

the welding stick is welded to the frame,
the mask is disposed between the frame and
the welding stick, and
the welding stick is disposed in the welding
groove such that the welding stick and the first
surface of the base layer provide a flat surface
on which the base substrate is disposed.

7. The deposition apparatus of claim 6, wherein the
mask has a portion that overlaps the welding stick
and is disposed in the welding groove.

8. The deposition apparatus of any one of claims 2 to
7, wherein

the mask comprises an inorganic layer disposed
between the base layer and the metal layer, and
the inorganic layer includes third openings .

9. The deposition apparatus of claim 8, wherein

the first openings, the second openings, and the
third openings include at least one first opening,
at least one second opening, and at least one
third opening which overlap each other to form
a deposition hole disposed in the mask, and
a width of the at least one third opening is greater
than the width of the at least one first opening
and less than the width of the at least one second
opening.

10. The deposition apparatus of any one of claims 2 to
9, wherein

the base layer comprises an organic material,
and
the metal layer comprises at least one of alumi-
num, copper, and transparent conductive oxide.

11. The deposition apparatus of any one preceding
claim, further comprising a magnetic plate disposed
above the mask assembly to provide a magnetic
force to the mask.

12. The deposition apparatus of any one preceding
claim, wherein

the frame comprises:

first partition parts extending in a first direc-
tion; and
second partition parts extending in a second
direction intersecting the first direction, and

the frame openings of the frame are divided by
the first partition parts and the second partition
parts.

13. The deposition apparatus of any one preceding
claim, wherein

the deposition source comprises an organic ma-
terial, and
the deposition source evaporates the organic
material and injects the evaporated organic ma-
terial to the frame openings.

14. The deposition apparatus of any one preceding
claim, wherein
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the mask is provided in plural,
the plurality of masks are arranged in a first di-
rection and extend in a second direction inter-
secting the first direction, and
the welding stick extends in the first direction to
overlap an end of each of the masks.

15. A method for manufacturing a mask, the method
comprising:

providing a working substrate on which an initial
base layer comprising an organic material and
an initial metal layer formed on the initial base
layer and comprising metal are formed;
forming an initial opening by patterning the initial
metal layer through a first photolithography
process;
forming a base layer in which a first opening that
overlaps the initial opening is defined by etching
the initial base layer; and
forming a metal layer in which a second opening
that overlaps the first opening is defined by pat-
terning the initial metal layer adjacent to the in-
itial opening through a second photolithography
process,
wherein the first opening has a width greater
than that of the initial opening and less than that
of the second opening in one direction.
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