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7) ABSTRACT

Provided is a mask assembly including a mask sheet includ-
ing a pattern part with at least one opening part, and a
welding part connected to the pattern part, and a mask frame
with the mask sheet mounted thereon and welded to the
welding part. The mask sheet includes a first surface con-
figured to fact the mask frame and a second surface opposite
to the first surface. The welding part includes a hatching area
in which a surface roughness of the second surface is larger
than that of the second surface in the pattern part.
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MASK ASSEMBLY, METHOD OF
MANUFACTURING THE SAME, AND
METHOD OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY APPARATUS
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application
claims priority under 35 U.S.C. § 119 of Korean Patent
Application No. 10-2018-0136310, filed on Nov. 8, 2018,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

[0002] The present disclosure herein relates to a mask
assembly, a method of manufacturing the same, and a
method of manufacturing an organic light emitting display
apparatus using the same.

[0003] Various methods for providing a thin film of an
organic compound in an organic light emitting display
apparatus include vacuum deposition, sputtering, ion-beam
deposition, pulsed-laser deposition, molecular beam depo-
sition, chemical vapor deposition (CVD), spin coating, and
the like.

[0004] Among them, the vacuum deposition technique,
which is most typically used, is a method of combining a
deposition source and a film forming substrate in a vacuum
chamber to provide a thin film. This is a representative
method for providing a light emission layer of an organic
electric-field light-emitting element. However, a mask used
in such a deposition process is manufactured in an etching
manner, and thus the manufacturing range becomes limited.
[0005] In order to manufacture a mask that produces a
high resolution product, an electroplating manner is used.
An electroplating mask may realize a high resolution prod-
uct, and thus is widely used for providing a light emission
layer of an organic electric-field light-emitting element.

SUMMARY

[0006] The present disclosure provides a mask assembly
of which welding characteristics are improved, a method of
manufacturing the same, and a method of manufacturing an
organic light emitting display apparatus using the same.
[0007] An embodiment of the inventive concept provides
a mask assembly including: a mask sheet and a mask frame.
The mask sheet includes a pattern part with at least one
opening part, and a welding part connected to the pattern
part. The mask sheet is mounted on the mask frame, and the
mask frame is welded to the welding part of the mask sheet.
[0008] In an embodiment, the mask sheet may include a
first surface facing the mask frame and a second surface
opposite to the first surface, and the welding part may
include a hatching area. A surface roughness of the second
surface in the hatching area may be larger than that of the
second surface in the pattern part.

[0009] In an embodiment, an arithmetical average rough-
ness of the second surface in the hatching area may be larger
than that of the second surface in the pattern part.

[0010] In an embodiment, the arithmetical average rough-
ness of the second surface in the hatching area may be about
0.1 um to about 0.2 um, and the arithmetical average
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roughness of the second surface in the pattern part may be
about 0 pm to about 0.05 pm.

[0011] In an embodiment, a ten-point roughness of the
second surface in the hatching area may be larger than that
of the second surface in the pattern part.

[0012] Inanembodiment, the ten-point average roughness
of the second surface in the hatching area may be about 2.0
um to about 5.0 um, and the ten-point average roughness of
the second surface in the pattern part may be about 0 um to
about 0.5 pum.

[0013] In an embodiment, the mask sheet may have the
thickness of about 20 pm to about 50 pm.

[0014] In an embodiment, the welding part may further
include a welding spot fixed to the mask frame, and the
welding spot may be provided in the hatching area.

[0015] In an embodiment, the welding spot may have a
smaller width than the hatching area.

[0016] In an embodiment, the particle size of the mask
sheet in the hatching area may be larger than that of the mask
sheet in the pattern part.

[0017] In an embodiment of the inventive concept, a
method of manufacturing a mask assembly includes: pro-
viding a base sheet including a provisional pattern part and
a provisional welding part; providing a machining pattern to
the provisional pattern part at a first surface position of the
base sheet; inverting the base sheet; performing a hatching
process for providing a hatching area in the provisional
welding part on a second surface of the base sheet opposite
to the first surface to complete a mask sheet; and performing
a welding process for irradiating the hatching area with a
welding laser to fix the mask sheet to a mask frame. The
hatching area has a higher surface roughness than the
provisional pattern part.

[0018] In an embodiment, the performing the hatching
process may be proceeded by irradiating the hatching area
with a hatching laser.

[0019] In an embodiment, the hatching laser may have a
green wavelength band.

[0020] In an embodiment, in the performing the welding
process, a welding spot may be provided in the hatching area
by the welding laser.

[0021] In an embodiment, the width of the hatching area
may be equal to or larger than that of the welding spot.
[0022] In an embodiment, an arithmetical average rough-
ness of the second surface in the hatching area may be larger
than that of the second surface in the pattern part.

[0023] In an embodiment, the arithmetical average rough-
ness of the second surface in the hatching area may be about
0.1 um to about 0.2 pym, and the arithmetical average
roughness of the second surface in the pattern part may be
about 0 pm to about 0.05 pm.

[0024] In an embodiment, a ten-point average roughness
of the second surface in the hatching area may be larger than
that of the second surface in the pattern part.

[0025] Inan embodiment, the ten-point average roughness
of the second surface in the hatching area may be about 2.0
um to about 5.0 um, and the ten-point average roughness of
the second surface in the pattern part may be about O um to
about 0.5 pum.

[0026] In an embodiment, the mask sheet may have a
nickel content of about 30 wt % to about 50 wt %.

[0027] In an embodiment of the inventive concept, a
method of manufacturing an organic light emitting display
device, which includes a pixel including an organic light



US 2020/0152876 A1l

emitting element and a pixel driving circuit configured to
drive the organic light emitting element, includes: providing
the pixel driving circuit on a base layer; and providing the
organic light emitting element on the pixel driving circuit.
The providing of the organic light emitting element
includes: providing a first electrode; providing a light emis-
sion layer on the first electrode using a mask assembly; and
providing a second electrode configured to face the first
electrode on the light emission layer.

[0028] Here, the mask assembly may include a mask sheet
and a mask frame. The mask sheet includes a pattern part
with at least one opening part, and a welding part connected
to the pattern part. The mask sheet is mounted on the mask
frame. The mask frame is welded to the welding part of the
mask sheet. The mask sheet may include a first surface
facing the mask frame and a second surface opposite to the
first surface, and the welding part may include a hatching
area. A surface roughness of the second surface in the
hatching area may be larger than that of a second surface in
the pattern part.

BRIEF DESCRIPTION OF THE FIGURES

[0029] The accompanying drawings are included to pro-
vide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:
[0030] FIG. 1 is a perspective view illustrating a mask
assembly according to an embodiment of the inventive
concept;

[0031] FIG. 2 is a perspective view of a mask sheet
illustrated in FIG. 1;

[0032] FIG. 3 is a plan view of the mask sheet illustrated
i FIG. 2;
[0033] FIG. 4 is a plan view of the mask assembly

illustrated in FIG. 1;

[0034] FIG.51is an enlarged view of an I part illustrated in
FIG. 4;
[0035] FIG. 6A is a cross-sectional view cut along II-IP

illustrated in FIG. 4;

[0036] FIG. 6B is a cross-sectional view cut along III-III'
illustrated in FIG. 4;

[0037] FIG. 7 is an enlarged cross-sectional view of a IV
part of FIG. 6A;

[0038] FIG. 8A is a plan view obtained by capturing an
image of the surface of a pattern part illustrated in FIG. 4;
[0039] FIG. 8B is a plan view obtained by capturing an
image of the surface of a second hatching area illustrated in
FIG. 4;

[0040] FIG. 9A is a stereoscopic view obtained by cap-
turing an image of the surface of the pattern part illustrated
in FIG. 4;

[0041] FIG. 9B is a stereoscopic view obtained by cap-
turing an image of the surface of the second hatching area
illustrated in FIG. 4;

[0042] FIG. 10A is a cross-sectional view cut along a
cutting line V-V' illustrated in FIG. 8A;

[0043] FIG. 10B is a cross-sectional view cut along line
VI-VI' illustrated in FIG. 8B;

[0044] FIGS. 11A, 11B, 11C, 11D, 11E, 11F, and 11G are
process charts showing a procedure for providing the mask
assembly illustrated in FIG. 4;
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[0045] FIG. 12 is a plan view obtained by capturing an
image of a welding spot of FIG. 11G;

[0046] FIG. 13 is an equivalent circuit diagram of a pixel
of an organic light emitting display apparatus according to
an embodiment of the inventive concept; and

[0047] FIG. 14 is an enlarged cross-sectional view of the
organic light emitting display apparatus according to an
embodiment of the inventive concept.

DETAILED DESCRIPTION

[0048] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or intervening third elements

may be present.

[0049] Like reference numerals in the drawings refer to
like elements. In addition, in the drawings, the thickness and
the ratio and the dimension of the element are exaggerated
for effective description of the technical contents.

[0050] The term “and/or” includes any and all combina-
tions of one or more of the associated items.

[0051] Terms such as first, second, and the like may be
used to describe various components, but these components
should not be limited by the terms. The terms are used only
for the purpose of distinguishing one component from
another component. For instance, a first component may be
referred to as a second component, or similarly, a second
component may be referred to as a first component, without
departing from the scope of the present invention. The
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise.

[0052] In addition, the terms such as “under”, “lower”,
“on”, and “upper” are used for explaining associations of
items illustrated in the drawings. It will be understood that
the spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures.

[0053] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly-
used dictionaries, should be interpreted as having a mearning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0054] It will be further understood that the terms
“includes” and/or “including”, when used in this specifica-
tion, specify the presence of stated features, integers, steps,
operations, elements, components or combinations thereof,
but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, compo-
nents, or combinations thereof.

[0055] Hereinafter, embodiments of the inventive concept
will be described with reference to the accompanying draw-
ings.

[0056] FIG. 1 is a perspective view illustrating a mask
assembly according to an embodiment of the inventive
concept, FIG. 2 is a perspective view of a mask sheet
illustrated in FIG. 1, and FIG. 3 is a plan view of the mask
sheet illustrated in FIG. 2.
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[0057] Referring to FIGS. 1 and 2, the mask assembly 100
may include a mask frame 110 and one or more mask sheets
120 mounted on the mask frames 110.

[0058] The mask frame 110 may be provided in a frame
type of which a center part is open. In FIG. 1, a structure in
which the mask frame 110 is provided with one frame is
illustrated. However, the inventive concept is not limited
thereto, and when the size of the mask assembly 100
increases, the mask frame 110 may be provided with a
plurality of frames. Here, the plurality of frames may be
connected to each other to provide one mask frame.
[0059] The mask sheet 120 may be installed on the mask
frame 110. As an example of the inventive concept, a
structure in which a plurality of mask sheets are installed on
the mask frame 110 is illustrated. The number of the mask
sheets 120, which are provided in the mask assembly 100, is
not particularly limited.

[0060] The mask sheets 120 may be attached to the mask
frame 110 through welding. The plurality of mask sheets 120
may be arrayed to be adjacent to each other along one side
direction (hereinafter, a first direction DR1) of the mask
frame 110. Here, the plurality of mask sheets 120 may shield
the opening center part of the mask frame 110.

[0061] Each of the mask sheets 120 may have a structure
extended lengthwise along one direction. When the mask
sheets 120 are arrayed in the first direction DR1, a length
direction of each of the mask sheets 120 may be parallel to
a second direction DR2 that is perpendicular to the first
direction DR1.

[0062] Each of the mask sheets 120 may be provided with
a material of a nickel-iron alloy. Here, the content of nickel
may be about 30 wt % to about 50 wt % of the total weight
of each of the mask sheets 120.

[0063] Inrelation to FIGS. 1 to 3, each of the mask sheets
120 may include a pattern part PP and a welding part
connected to the pattern part PP. The pattern part PP may
include one or more pattern areas PA. As an example of the
inventive concept, the structure in which the pattern part PP
includes 4 pattern areas PA is illustrated, but the number of
the pattern areas PA is not limited thereto. The pattern areas
PA may be arrayed at a constant interval in the second
direction DR2. Each of the pattern areas PA may correspond
to a process area of a target substrate on which a deposition
material is to be deposited.

[0064] A plurality of opening parts OP may be provided in
each of the pattern areas PA. The plurality of opening parts
OP may be disposed to be separated by a constant interval
and provide a certain pattern.

[0065] The welding part WP1 and WP2 may include a first
welding part WP1 connected to one end of the pattern part
PP and a second welding part WP2 connected to a second
end of the pattern part PP. The first and second welding parts
WP1 and WP2 may be parts mounted on the mask frame
110.

[0066] Each of the mask sheets 120 may include a first
surface 1204 configured to face the mask frame 110, and a
second surface 1205 opposite to the first surface 120a. Here,
the first surface 120a is defined as a lower surface of each
mask sheet 120, and the second surface 1205 is defined as
an upper surface of the each mask sheet 120.

[0067] The welding part WP1 and WP2 may include a
hatching area. The first welding part WP1 includes a first
hatching area HAL and the second welding part WP2
includes a second hatching area HA2. The width of each
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hatching area HA1 or HA2 may be smaller than that of the
corresponding welding part WP1 or WP2. Here, the width of
each of'the first and second hatching area HA1 and HA2 and
the width of each of the first and second welding part WP1
and WP2 indicate widths in the second direction DR2.
[0068] The surface roughness of the second surface 1205
corresponding to the first and second hatching areas HA1
and HA2 is larger than that of the second surface 1205
corresponding to the pattern part PP. In other words, the
second surface 1205 has a larger surface roughness in the
first and second hatching areas HA1 and HA2 than in the
pattern part PP.

[0069] FIG. 4 is a plan view of the mask assembly
illustrated in FIG. 1, FIG. 5 is an enlarged view of an I part
illustrated in FIG. 4, FIG. 6A is a cross-sectional view cut
along II-IF illustrated in FIG. 4, FIG. 6B is a cross-sectional
view cut along III-1II" illustrated in FIG. 4, and FIG. 7 is an
enlarged cross-sectional view of a IV part of FIG. 6A.
[0070] Referring to FIGS. 4 and 5, the mask sheets 120
may be attached to the mask frame 110 through welding.
Each of the mask sheets 120 includes the first and second
welding parts WP1 and WP2 on which welding is per-
formed, and a welding spot WS is provided at each of the
first and second welding parts WP1 and WP2. A plurality of
welding spots WS may be provided at each of the welding
parts WP1 and WP2, and the plurality of welding spots WS
may be disposed separately from each other. The number of
welding spots WS provided to each of the welding parts
WP1 and WP2 is not particularly limited. The plurality of
welding spots WS may be arrayed at each of the first and
second welding parts WP1 and WP2 in the first direction
DR1. Each of the plurality of welding spots WS may be
provided in a polygonal or a circular type. For example, the
welding spots WS may be semicircles and/or arches.
[0071] As illustrated in FIG. 5, the second welding part
WP2 includes the second hatching area HA2. The width of
the second hatching area HA2 may be smaller than that of
the second welding part WP2. Here, the width of the second
hatching area HA2 and the width of the second welding part
WP2 represent the widths in the second direction DR2.
[0072] The second welding part WP2 is provided with the
plurality of welding spots WS so as to be arrayed in the first
direction DR1. In particular, the plurality of welding spots
WS are provided to the second hatching area HA2. The
plurality of welding spots WS may be arrayed at a constant
interval along the first direction DR1. FIGS. 4 and 5 illus-
trate the structure in which the welding spots WS are arrayed
in a row, but the array structure of the welding spots WS is
not limited thereto. The welding spots WS may be arrayed
in two or three rows.

[0073] The width w of each of the welding spots WS may
be smaller than the width of the second hatching area HA2.
Here, the width w of each of the welding spots WS and the
width of the second hatching area HA2 represents the width
in the second direction DR2.

[0074] In reference to FIG. 6A, FIG. 6B and FIG. 7, the
mask sheet 120 may be provided with a material of a
nickel-iron alloy. A second surface 1205 of the mask sheet
120 faces the mask frame 110. A plurality of opening parts
OP opened and provided from the first surface 120a are
provided to the pattern part PP. The second surface 1205 of
the mask sheet 120 is opposite to the first surface 120a. The
second surface 1204 has a first surface roughness in the first
and second hatching areas HA1 and HA2, and has a second
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surface roughness smaller than the first surface roughness in
the pattern part PP. As an example of the inventive concept,
the second surface 1205 may be irradiated with a laser in
correspondence to the first and second hatching areas HA1
and HA2, and increase the surface roughness of the first and
second hatching areas HA1 and HA2.

[0075] The welding spots WS are provided to each of the
first and second welding parts WP1 and WP2. In particular,
the welding spots WS may be provided in the first and
second hatching areas HA1 and HA2. The size of each of the
welding spots WS may be smaller than the widths of each of
the first and second hatching areas HA1 and HA2.

[0076] The welding spot WS is an area in which the
welding laser is provided, and the mask sheet 120 may be
fixed to the mask frame 110 at the welding spot WS. The first
and second hatching areas HA1 and HA2 have the higher
surface roughness than another area of each of the first and
second welding parts WP1 and WP2. When the surface
roughness becomes large, an absorptance of a laser beam
increases. Accordingly, when the first and second hatching
areas HA1 and HA2 are irradiated with the welding laser,
laser process efficiency increases according to the rough
surfaces of the first and second hatching areas HA1 and
HAZ2, and the welding characteristics may be improved.
[0077] In addition, when the laser is irradiated in order to
increase the surface roughness of the first and second
hatching areas HA1 and HA2, the size of the particles
constituting the mask sheet 120 may be changed by heat in
the first and second hatching areas HA1 and HA2. In other
words, the particle size in the first and second hatching areas
HA1 and HA2 may be larger than that in the pattern part PP.
As an example of the inventive concept, the particle size in
the first and second hatching areas HA1 and HA2 may be
several micrometers, and the particle size in the pattern part
PP may be tens of nanometers. As the particle size increases,
a fusion phenomenon at the welding spot may decrease in a
welding process.

[0078] FIG. 8A is a plan view obtained by capturing an
image of the surface of the pattern part illustrated in FIG. 4,
and FIG. 8B is a plan view obtained by capturing an image
of the surface of the second hatching area illustrated in FIG.
4. FIG. 9A is a stereoscopic view obtained by capturing an
image of the surface of the pattern part illustrated in FIG. 4,
and FIG. 9B is a stereoscopic view obtained by capturing an
image of the surface of the second hatching area illustrated
in FIG. 4. FIG. 10A is a cross-sectional view cut along a
cutting line V-V' illustrated in FIG. 8A, and FIG. 10B is a
cross-sectional view cut along line VI-VI'illustrated in FIG.
8B.

[0079] Referring to FIGS. 8A to 10B, the surface rough-
nesses of the second surfaces 1205 in the first and second
hatching areas HA1 and HA2 and in the pattern part PP are
different. The surface roughness of the second surface 1205
in the pattern part PP is smaller than that of the second
surface 1205 in the first and second hatching areas HA1 and
HA2.

[0080] In particular, an arithmetical average roughness Ra
of the second surfaces 1204 in the first and second hatching
areas HA1 and HA2 is different from that of the second
surface 1205 in the pattern part PP. The second surface 1205
has a first arithmetical average surface roughness in the first
and second hatching areas HA1 and HA2, and the second
surface 1206 has a second arithmetical average surface
roughness in the pattern part PP. The first arithmetical
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average roughness is larger than the second arithmetical
average roughness. As an example of the inventive concept,
the first arithmetic average roughness may be about 0.1 pm
to about 0.2 um, and the second arithmetic average rough-
ness may be about 0 um to about 0.05 pm.

[0081] In addition, a ten-point average roughness Rz of
the second surface 1205 in the first and second hatching
areas HA1 and HA2 is different from that of the second
surface 1205 in the pattern part PP. The second surface 1205
in the first and second hatching areas HA1 and HA2 has a
first ten-point average roughness, and the second surface
1205 in the pattern part PP has a second ten-point average
roughness. The first ten-point average roughness is larger
than the ten-point average roughness. As an example of the
inventive concept, the ten-point average roughness may be
about 2.0 um to about 5.0 pm, and the second ten-point
average roughness may be about 0 um to about 0.5 pm.

[0082] As an example of the inventive concept, each of the
mask sheets 120 may have the thickness of about 20 um to
about 50 pm.

[0083] In relation to FIG. 10A, when the surface that is
smooth like the second surface 1205 provided in the pattern
part PP is irradiated with a laser, the laser is reflected by the
surface and thus a proportion of the laser which is not
absorbed inside and then is reflected outside increases. In
other words, an absorptance of the laser beam is low.
However, as shown in FIG. 10B, when the first and second
hatching areas HA1 and HA2 having the high surface
roughness are irradiated with the welding laser, the laser is
reflected everywhere by the rough surface of the first and
second hatching areas HA1 and HA2, the proportion of the
laser being reflected outside decreases, and a part of the
beam reflected everywhere is absorbed inside. Accordingly,
the overall absorptance of the laser beam increases.

[0084] As the absorptance of the laser beam increases,
efficiency of the laser process in the welding procedure
increases and a welding defect may be reduced.

[0085] FIGS. 11A to 11G are process charts showing a
procedure for providing the mask assembly illustrated in
FIG. 4, and FIG. 12 is a plan view obtained by capturing an
image of a welding spot of FIG. 11G.

[0086] In relation to FIGS. 11A and 11B, a base sheet 121
to be manufactured as the mask sheet 120 (see FIG. 2) is
provided. The base sheet 121 may be disposed on a base
substrate BS for machining. Here, the base sheet 121 is
provided with first and second surfaces 121¢ and 1215. The
second surface 1215 faces the base substrate BS and the first
surface 121a is opposite to the second surface face 1215.
The first surface 121a may be defined as an upper surface of
the base sheet 121, and the second surface 1215 may be
defined as a lower surface of the base sheet 121.

[0087] The base sheet 121 may comprise with a metal
material provided with an iron-nickel alloy. The base sheet
121 may be provided in a rolling manner or an electroform-
ing manner. In relation to FIGS. 11A to 11E, descriptions
will be provided by exemplifying a metal base sheet manu-
factured in the electroforming manner.

[0088] In the base sheet 121, a provisional pattern part
P-PP, and first and second provisional welding parts P-WP1
and P-WP2 disposed in both sides of the provisional pattern
part P-PP may be defined. A plurality of provisional pattern
areas P-PA may be defined in the provisional pattern part
P-PP.
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[0089] A processing process is performed for providing a
processing pattern in each of the provision pattern areas
P-PA of the provisional pattern part P-PP.

[0090] Then, as shown in FIGS. 11C and 11D, a plurality
of processing patterns may be provided in the basis sheet
121. That is, after processing process, a pattern part PP
comprises a plurality of pattern area PA, a plurality of
processing patterns is provided in each of the pattern areas
PA, Here, each of the processing patterns may be opening
parts OP.

[0091] As an example of the inventive concept, the pro-
cessing process for providing the opening parts OP may
include a process for irradiating the laser, but is not limited
thereto.

[0092] The process for providing the processing pattern
may be performed by irradiating the laser over the first
surface 121a of the base sheet 121.

[0093] When the processing process for providing the
machining pattern is completed, as shown in FIG. 11E, the
base sheet 121 is inverted and disposed on the base substrate
BS. In other words, after being inverted, the first surface
1214 of the base sheet 121 faces the base substrate BS. Here,
the first surface 121a of the base sheet 121 may be defined
as a lower surface of the base sheet 121, and the second
surface 1215 may be defined as an upper surface of the base
sheet 121.

[0094] A hatching process may be performed for increas-
ing the surface roughness of a part of the first and second
welding parts WP1 and WP2 in the second surface 1215 of
the base sheet 121. The hatching process may be performed
by irradiating the part of the first and second welding parts
WP1 and WP2 with a hatching laser. As an example of the
inventive concept, the hatching laser may have a green
wavelength band.

[0095] The hatching process is not limited to the process
for irradiating the hatching laser, but may include a process
capable of increasing the surface roughness. In other words,
as another embodiment of the inventive concept, the hatch-
ing process may include a polishing process, a sandblasting
process, an electrochemical nano-etching process, or the like
in order to increase the surface roughness of a part of the
welding part.

[0096] When the hatching process is completed, as shown
in FIG. 11F, a mask sheet 120, to which the first and second
hatching areas HA1 and HA2 are provided respectively at
the first and second welding parts WP1 and WP2, may be
finished. The first and second hatching areas HA1 and HA2
may have the higher surface roughness than the pattern part
PP. In addition, the first and second hatching areas HA1 and
HA2 may have the higher surface roughness than other area
of the first and second welding parts WP1 and WP2.
[0097] Then, referring to FIGS. 11F and 11G, the mask
sheet 120 may be disposed on the mask frame 110. A
plurality of mask sheets 120 may be disposed on the mask
frame 110. Then, a welding process is performed for fixing
the mask sheets 120 on the mask frame 110. As an example
of the inventive concept, the welding process may be
performed by irradiating a part of the first and second
hatching areas HA1 and HA2 with the welding laser. When
the welding laser is irradiated, the mask sheets 120 are fused
in the area to which the welding laser is irradiated and the
fused parts are cured and fixed to the mask frame 110.
[0098] Like the first and second hatching areas HA1 and
HA2, when the welding laser is irradiated on a position at
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which the surface roughness is high, the welding laser may
be reflected at various angles by the rough surfaces of the
first and second hatching areas HA1 and HA2. Accordingly,
a proportion of the laser reflected outside the mask sheet 120
is reduced, and a proportion of the laser absorbed inside
increases. Accordingly, the overall absorptance of the laser
beam increases. When the laser absorptance is reduced, heat
is not transferred well and the mask sheet may be partially
fused, which may result in a fault that the mask sheet is not
fixed properly to the mask frame. However, when the laser
absorptance is increased by the high surface roughness, the
welding is normally performed as illustrated in FIG. 12, the
welding characteristics may increase, and, as a result, a
fraction defective may be reduced.

[0099] When the welding process is completed, the weld-
ing spots WS are provided in the first and second welding
parts HA1 and HA2. The plurality of welding spots WS may
be provided in each of the hatching areas HA1 and HA2. At
the welding spot WS, the mask sheet 120 may be fixed to the
mask frame 110.

[0100] FIG. 13 is an equivalent circuit diagram of a pixel
of an organic light emitting display apparatus according to
an embodiment of the inventive concept, and FIG. 14 is an
enlarged cross-sectional view of the organic light emitting
display apparatus according to an embodiment of the inven-
tive concept.

[0101] As shown in FIGS. 13 and 14, the organic light
emitting display apparatus may include a plurality of pixels
PX. In FIG. 13, the pixel PX connected to any one gate line
GL, any one data line DL, and the power supply line PL is
exemplarily illustrated. The configuration of the pixel PX is
not limited thereto, but may be modified and practiced.

[0102] The pixel PX according to the embodiment of the
inventive concept may include an organic light emitting
diode and a pixel driving circuit PDC. The organic light
emitting diode OLED may be a front light emitting type
diode or rear light emitting type diode. The pixel driving
circuit PDC may be a circuit for driving an organic light
emitting diode OLED. As an example of the inventive
concept, the pixel driving circuit PDC may include a first
transistor T1 (or a switching transistor), a second transistor
T2 (or a driving transistor) and a capacitor Cst. A first power
supply voltage ELVDD is provided to the second transistor
T2, and a second power supply voltage ELVSS is provided
to the organic light emitting diode OLED. The second power
supply voltage ELCSS may be lower than the first power
supply voltage ELVDD.

[0103] The first transistor T1 outputs a data signal applied
to the data line in response to a scan signal applied to the
scan line GL. The capacitor Cst is charged with a voltage
corresponding to the data signal received from the first
transistor T1.

[0104] The second transistor T2 is connected to the
organic light emitting diode OLED. The second transistor
T2 controls a driving current flowing through the organic
light emitting diode OLED in correspondence to a charge
amount stored in the capacitor Cst. The organic light emit-
ting diode OLED emits light during a turn-on period of the
second transistor T2.

[0105] FIG. 13 illustrates a structure in which the pixel
driving circuit PDC is provided with two transistors T1 and
T2 and one capacitor Cst, but the configuration of the pixel
driving circuit PDC is not limited thereto.
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[0106] FIG. 14 illustrates a partial cross section of the
display apparatus corresponding to the equivalent circuit
illustrated in FI1G. 13.

[0107] A circuit element layer DP-CL, a display element
layer DP-OLED, and a thin film encapsulation layer TFE are
sequentially disposed on a base layer SUB.

[0108] The circuit element layer DP-CL includes at least
one inorganic film, at least one organic film and a circuit
element. The circuit element layer DP-CL may include a
buffer layer BFL that is an inorganic layer, a first interme-
diate inorganic layer 10 and a second intermediate inorganic
layer 20, and an intermediate organic layer 30 that is an
organic layer.

[0109] The inorganic layers may include silicon nitride,
silicon oxy-nitride and silicon oxide, etc. The organic layer
may include at least one among an acrylic-based resin, a
methacrylic-based resin, polyisoprene, a vinyl-based resin,
an epoxy-based resin, a urethane-based resin, a cellulose-
based resin, a siloxane-based resin, a polyimide-based resin,
a polyamide-base resin and a perylene-based resin. The
circuit element includes conductive patterns and/or semi-
conductor patterns.

[0110] The buffer layer BFL enhances a binding force
between the base layer SUB and the conductive patterns or
the semiconductor patterns. Although not illustrated sepa-
rately, a barrier layer configured to prevent a foreign mate-
rial from being flowed in may be further disposed on an
upper surface of the base layer SUB. The buffer layer BFL
and barrier layer may be selectively disposed/omitted.
[0111] A semiconductor pattern OSP1 (hereinafter, a first
semiconductor pattern) of a first transistor T1 and a semi-
conductor pattern OSP2 (hereinafter, a second semiconduc-
tor pattern) of a second transistor TR2 are disposed on the
buffer layer BFL. The first semiconductor pattern OSP1 and
the second semiconductor pattern OSP2 may be selected
from among amorphous silicon, polysilicon and metal oxide
semiconductor.

[0112] The first intermediate inorganic layer 10 is dis-
posed on the first semiconductor pattern OSP1 and second
semiconductor pattern OSP2. A control electrode GE1 (here-
inafter, a first control electrode) of the first transistor T1 and
a control electrode GE2 (hereinafter, a second control elec-
trode) of the second transistor TR2 are disposed on the first
intermediate inorganic layer 10. The first control electrode
GE1 and the second control electrode GE2 may be manu-
factured according to the same photolithography process as
that of the gate lines GL (see FIG. 4).

[0113] The second intermediate inorganic layer 20 con-
figured to cover the first control electrode GE1 and the
second control electrode GE2 is disposed on the first inter-
mediate inorganic layer 10. An input electrode DE1 (here-
inafter, a first input electrode) and an output electrode SE1
(hereinafter, a first output electrode) of the first transistor T1,
and an input electrode DE2 (hereinafter, a second input
electrode) and an output electrode SE2 (hereinafter, a second
output electrode) of the second transistor TR2 are disposed
on the second intermediate inorganic layer 20.

[0114] The first input electrode DE1 and the first output
electrode SE1 are connected to the first semiconductor
pattern OSP1 through a first through-hole CH1 and a second
through-hole CH2 configured to penetrate respectively
through the first intermediate inorganic layer 10 and the
second intermediate inorganic layer 20. The second input
electrode DE2 and the second output electrode SE2 are
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connected to the second semiconductor pattern OSP2
through a third through-hole CH3 and a fourth through-hole
CH4 configured to penetrate respectively through the first
intermediate inorganic layer 10 and the second intermediate
inorganic layer 20. In other words, in another embodiment
of the inventive concept, a part of the first transistor T1 and
the second transistor T2 may be modified to and practiced as
a bottom-gate structure.

[0115] The intermediate organic layer 30 configured to
cover the first input electrode DEI1, the second input elec-
trode DE2, the first output electrode SE1, and the second
output electrode SE2 is disposed on the second intermediate
inorganic layer 20. The intermediate organic layer 30 may
provide a flat surface.

[0116] The display element layer DP-OLED is disposed
on the intermediate organic layer 30. The display element
layer DP-OLED may include a pixel definition layer PDL
and the organic light emitting diode OLED. Like the inter-
mediate organic layer 30, the pixel definition layer PDL may
include an organic material. A first electrode AE is disposed
on the intermediate layer 30. The first electrode AE is
connected to the second output electrode SE2 through a fifth
through-hole CHS configured to penetrate through the inter-
mediate organic layer 30. An opening part OPP is defined in
the pixel definition layer PDL. The opening part OPP of the
pixel definition layer PDL exposes at least a part of the first
electrode AE.

[0117] The pixel PX may be disposed on a pixel area on
a plane. The pixel area may include the emission area PXA
and the non-emission area NPXA adjacent to the emission
area PXA. The non-emission area NPXA may surround the
emission area PXA. In the present embodiment, the pixel
area PXA is defined to correspond to a part of area of the first
electrode AE exposed by the opening part OPP.

[0118] The hole control layer HCL may be commonly
disposed on the pixel PXA and the surrounding pixel area
NPXA. Although not shown separately, a common layer
such as the hole control layer HCL, may be commonly
formed in the plurality of pixels PX.

[0119] Alight emission layer EML is disposed on the hole
control layer HCL. The light emission layer EML may be
disposed on an area corresponding to the opening part OPP.
In other words, the light emission layer EML may be
separately formed in each of the plurality of pixels PX. The
light emission layer EML may include an organic material
and/or an inorganic material. Here, as an example of the
inventive concept, a structure in which the light emission
layer EML is patterned in a pixel unit is illustrated. A process
for patterning the light emission layert EML may be pet-
formed using the mask assembly 100 illustrated in FIGS. 1
to 11G.

[0120] An electron control layer ECL is disposed on the
light emission layer EML. Although not illustrated sepa-
rately, the electron control layer ECL may be commonly
provided on the plurality of pixels PX (see FIG. 3).

[0121] The second electrode CE is disposed on the elec-
tron control layer ECL. The second electrode CE is com-
monly disposed in the plurality of pixels PX.

[0122] The thin film encapsulation layer TFE is disposed
on the second electrode CE. The thin film encapsulation
layer TFE is commonly disposed on the plurality of pixels
PX. In the embodiment, the thin film encapsulation layer
TFE directly covers the second electrode CE. In an embodi-
ment of the inventive concept, a capping layer configured to
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cover the second electrode CE may be further disposed
between the thin film encapsulation layer TFE and the
second electrode CE. Here, the thin film encapsulation layer
TFE may directly cover the capping layer.

[0123] According to embodiments of the inventive con-
cept, a hatching area having a high surface roughness is
provided to a welding part of a mask sheet. When the
hatching area is irradiated with a welding laser, the welding
laser may be reflected at various angles by the rough surface
of the hatching area. Accordingly, an overall absorptance of
the welding laser increases, and accordingly, welding char-
acteristics between a mask sheet and a mask frame may be
improved.

[0124] While this disclosure has been described with
reference to exemplary embodiments thereof, it will be clear
to those of ordinary skill in the art to which the invention
pertains that various changes and modifications may be
made to the described embodiments without departing from
the spirit and technical area of the disclosure as defined in
the appended claims and their equivalents.

[0125] Thus, the scope of the inventive concept shall not
be restricted or limited by the foregoing description, but be
determined by the broadest permissible interpretation of the
following claims.

What is claimed is:

1. A mask assembly comprising:

a mask sheet comprising a pattern part with at least one
opening part, and a welding part connected to the
pattern part; and

a mask frame on which the mask sheet is mounted, the
mask frame being welded to the welding part of the
mask sheet,

wherein the mask sheet comprises a first surface facing
the mask frame and a second surface opposite to the
first surface,

the welding part comprises a hatching area, and a surface
roughness of the second surface in the hatching area is
larger than that of the second surface in the pattern part.

2. The mask assembly of claim 1, wherein an arithmetical
average roughness of the second surface in the hatching area
is larger than that of the second surface in the pattern part.

3. The mask assembly of claim 2, wherein

the arithmetical average roughness of the second surface
in the hatching area is about 0.1 um to about 0.2 pm,
and

the arithmetical average roughness of the second surface
in the pattern part is about 0 pm to about 0.05 pm.

4. The mask assembly of claim 1, wherein a ten-point
roughness of the second surface in the hatching area is larger
than that of the second surface in the pattern part.

5. The mask assembly of claim 4, wherein

the ten-point average roughness of the second surface in
the hatching area is about 2.0 pm to about 5.0 pm, and

the ten-point average roughness of the second surface in
the pattern part is about O pm to about 0.5 pm.

6. The mask assembly of claim 4, wherein the mask sheet

has a thickness of about 20 um to about 50 pm.

7. The mask assembly of claim 1, wherein

the welding part further comprises a welding spot fixed to
the mask frame, and

the welding spot is provided in the hatching area.

8. The mask assembly of claim 7, wherein the welding
spot has a smaller width than the hatching area.
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9. The mask assembly of claim 1, wherein a particle size
of the mask sheet in the hatching area is larger than that of
the mask sheet in the pattern part.

10. A method of manufacturing a mask assembly, the
method comprising:

providing a base sheet comprising a provisional pattern

part and a provisional welding part;

providing a machining pattern to the provisional pattern

part at a first surface of the base sheet;
inverting the base sheet;
performing a hatching process for providing a hatching
area in the provisional welding part on a second surface
of the base sheet opposite to the first surface to com-
plete a mask sheet, the hatching area having a higher
surface roughness than the provisional pattern part; and

performing a welding process for irradiating the hatching
area with a welding laser to fix the mask sheet to a mask
frame.

11. The method according to claim 10, wherein the
performing of the hatching process is proceeded by irradi-
ating the hatching area with a hatching laser.

12. The method according to claim 11, wherein the
hatching laser has a green wavelength band.

13. The method according to claim 10, wherein, in the
performing of the welding process, a welding spot is pro-
vided in the hatching area by the welding laser.

14. The method according to claim 13, wherein a width of
the hatching area is equal to or larger than that of the welding
spot.

15. The method according to claim 10, wherein an arith-
metical average roughness of the second surface in the
hatching area is larger than that of the second surface in the
pattern part.

16. The method according to claim 15, wherein

the arithmetical average roughness of the second surface

in the hatching area is about 0.1 um to about 0.2 pm,
and

the arithmetical average roughness of the second surface

in the pattern part is about 0 pm to about 0.05 pm.

17. The method according to claim 10, wherein a ten-
point average roughness of the second surface in the hatch-
ing area is larger than that of the second surface in the
pattern patt.

18. The method according to claim 17, wherein

the ten-point average roughness of the second surface in

the hatching area is about 2.0 pm to about 5.0 um, and
the ten-point average roughness of the second surface in
the pattern part is about 0 um to about 0.5 pum.

19. The method according to claim 10, wherein the mask
sheet has a nickel content of about 30 wt % to about 50 wt
%.

20. A method of manufacturing an organic light emitting
display device, which comprises a pixel comprising an
organic light emitting element and a pixel driving circuit
configured to drive the organic light emitting element, the
method comprising:

providing the pixel driving circuit on a base layer; and

providing the organic light emitting element on the pixel

driving circuit,

wherein the providing of the organic light emitting ele-

ment comprises:

providing a first electrode;

providing a light emission layer on the first electrode

using a mask assembly; and
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providing a second electrode configured to face the first
electrode on the light emission layer, and

the mask assembly comprises:

a mask sheet comprising a pattern part with at least one
opening part, and a welding part connected to the
pattern part; and

a mask frame on which the mask sheet is mounted, the
mask frame being welded to the welding part of the
mask sheet,

wherein the mask sheet comprises a first surface facing
the mask frame and a second surface opposite to the
first surface,

the welding part comprises a hatching area, and a surface
roughness of the second surface in the hatching area is
larger than that of the second surface in the pattern part.

® 0% % % %
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