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(57) A method of peeling a mother protective film
from a mother display panel includes: laminating the
mother display panel and the mother protective film, the
mother display panel including a plurality of display cells
each including a display area and a peripheral area
around the plurality of display cells; forming a target area
and a dummy area in the mother protective film by form-
ing a cutting line in a closed loop shape enclosing the
target area corresponding to each of the display cells and
a first additional cutting line in a first direction near the
cutting line; physically peeling off the dummy area from
the mother display panel, including: primarily peeling off
a portion of the mother protective film adjacent to the first
additional cutting line; and secondarily peeling off rest of
the mother protective film from the mother display panel
along the cutting line.
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Description

BACKGROUND

FIELD

[0001] Embodiments of the invention relate generally
to a method of peeling a mother protective film, a method
of manufacturing an organic light-emitting display appa-
ratus, and an organic light-emitting display apparatus
manufactured using the same, whereby process efficien-
cy may be increased and costs may be reduced.

DISCUSSION OF THE BACKGROUND

[0002] An organic light-emitting display apparatus in-
cludes a substrate, an organic light-emitting device on
the substrate, and an encapsulation member encapsu-
lating the organic light-emitting device. Unlike the case
when an encapsulation member formed of glass is used,
when an encapsulation member having a thin-film struc-
ture including an organic layer and an inorganic layer is
used, a protective film may be arranged temporarily or
permanently on the encapsulation member to protect the
thin-film encapsulation member and the organic light-
emitting device from external impurities.
[0003] The organic light-emitting display apparatus is
manufactured by simultaneously manufacturing a plural-
ity of display cells on a mother substrate, separating the
plurality of display cells from each other via scribing, and
performing a subsequent process such as a module at-
taching operation on each of the display cells. The scrib-
ing process is performed by forming a cutting line in a
peripheral area outside a display area of the display cells
on a mother substrate. When a glass lower substrate and
a glass upper substrate are combined with each other,
scribing may be performed using a wheel. When a flexible
lower substrate and a thin-film encapsulation member
are combined with each other, scribing may be performed
using a laser. However, when a protective film is attached
on a combination of a glass lower substrate and a thin-
film encapsulation member, it is difficult to perform a
scribing operation.
[0004] The above information disclosed in this Back-
ground section is only for understanding of the back-
ground of the inventive concepts, and, therefore, it may
contain information that does not constitute prior art.

SUMMARY

[0005] Methods according to implementations of the
invention include a method of peeling a mother protective
film, a method of manufacturing an organic light-emitting
display apparatus using the same, having increased
process efficiency and reduced costs. Devices construct-
ed according to implementations of the invention include
the organic light-emitting display apparatus manufac-
tured using the same.

[0006] Additional features of the inventive concepts will
be set forth in the description which follows, and in part
will be apparent from the description, or may be learned
by practice of the inventive concepts.
[0007] According to one or more embodiments of the
invention, a method of peeling a mother protective film
from a mother display panel includes: laminating the
mother display panel and the mother protective film, the
mother display panel including a plurality of display cells
each including a display area and a peripheral area
around the plurality of display cell; forming a target area
and a dummy area in the mother protective film by form-
ing a cutting line in a closed loop shape enclosing the
target area corresponding to each of the display cells and
a first additional cutting line in a first direction near the
cutting line; physically peeling off the dummy area from
the mother display panel, including: primarily peeling off
a portion of the mother protective film adjacent to the first
additional cutting line; and secondarily peeling off rest of
the mother protective film from the mother display panel
along the cutting line.
[0008] Depths of the cutting line and the first additional
cutting line may be less than a thickness of the mother
protective film.
[0009] The cutting line and the first additional cutting
line may be formed using a laser beam.
[0010] The laser beam may include a CO2 laser.
[0011] The cutting line and the first additional cutting
line may be formed using a knife.
[0012] The cutting line and the first additional cutting
line may be formed using an ultrasound cutter including
a vibrator and a blade.
[0013] The first additional cutting line may be connect-
ed to the cutting line.
[0014] At least an end of the first additional cutting line
may be formed within the cutting line.
[0015] The first additional cutting line may be spaced
apart from the cutting line.
[0016] The method may further include forming, in the
mother protective film, a second additional cutting line
connected to the first additional cutting line.
[0017] The primarily peeling off of the portion of the
mother protective film may include applying a first force
between the first additional cutting line and the second
additional cutting line.
[0018] The primarily peeling off of the portion of the
mother protective film may include applying a first force
having a component in a second direction away from the
first additional cutting line, and the secondarily peeling
off of the rest of the mother protective film may include
applying a second force in the first direction to the prima-
rily peeled mother protective film.
[0019] The primarily peeled mother protective film may
include a portion of the cutting line extending in a direction
intersecting with the second force.
[0020] The first force may be applied using a peeling
pin.
[0021] The target area defined by the cutting line in a
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closed loop shape may have a smaller area than the dis-
play cell.
[0022] The mother protective film may include an ad-
hesive layer attached to the mother display panel and a
base substrate arranged on the adhesive layer.
[0023] The method may further include, before the pri-
marily peeling, irradiating the dummy area with ultraviolet
rays (UV) to reduce an adhesive force of a portion of the
adhesive layer corresponding to the dummy area.
[0024] The method may further include, after the sec-
ondarily peeling, irradiating the target area with ultraviolet
rays (UV) to increase an adhesive force of a portion of
the adhesive layer corresponding to the target area.
[0025] The mother display panel may include a sub-
strate including a glass material, and the method may
further include, before the primarily peeling off of the
mother display panel, etching the substrate to reduce a
thickness of the substrate.
[0026] According to one or more embodiments of the
invention, a method of manufacturing an organic light-
emitting display apparatus includes forming a mother dis-
play panel on a mother substrate, the mother display pan-
el including: display cells including: a plurality of organic
light-emitting devices; and an encapsulation member en-
capsulating the plurality of organic light-emitting devices;
and a peripheral area arranged around the display cells;
laminating a mother protective film on the mother display
panel; forming a target area and a dummy area on the
mother protective film by forming a cutting line in a closed
loop shape enclosing the target area corresponding to
each of the display cells and an additional cutting line in
a first direction near the cutting line; physically peeling
off the dummy area from the mother display panel, in-
cluding: primarily peeling off a portion of the mother pro-
tective film adjacent to the additional cutting line; and
secondarily peeling off rest of the mother protective film
from the mother display panel along the cutting line; di-
viding the mother substrate into a plurality of display cells
by scribing the mother substrate; and processing rims of
the plurality of display cells.
[0027] The mother substrate may be scribed using a
wheel cutting device.
[0028] The mother substrate may be scribed by apply-
ing a force to the wheel cutting device in a direction from
the mother protective film to the mother substrate.
[0029] The processing of the rims of the plurality of
display cells may include rounding corner portions of the
plurality of display cells.
[0030] The processing of the rims of the plurality of
display cells may include polishing the rims of the plurality
of display cells.
[0031] The encapsulation member may include at least
one organic layer and at least one inorganic layer.
[0032] The method may further include, before lami-
nating the mother protective film, forming a touch layer
on the encapsulation member.
[0033] The mother protective film may include a polar-
ization film.

[0034] According to one or more embodiments of the
invention, an organic light-emitting display apparatus in-
cludes a substrate including glass; a display area ar-
ranged on the substrate and including an organic light-
emitting device; a non-display area arranged on the sub-
strate and located around the display area; a thin-film
encapsulation member including an organic layer and an
inorganic layer and configured to cover the display area;
and an adhesive layer having an irregular width and an
irregular height at a portion of a virtual closed loop-
shaped line that surrounds the display area.
[0035] According to one or more embodiments of the
invention, a method of manufacturing an organic light-
emitting display apparatus includes forming, on a sub-
strate, a display area including a plurality of organic light-
emitting devices, a non-display area located within the
display area, and a thin-film encapsulation member en-
capsulating the display area, the thin-film encapsulation
member including an organic layer and an inorganic lay-
er; laminating a protective film on the thin-film encapsu-
lation member, the protective film including an adhesive
layer and a base film; forming a cutting line in the pro-
tective film in a closed loop shape in the non-display area,
the cutting line having a depth that is less than or equal
to a thickness of the protective film; and peeling the pro-
tective film from the substrate by applying a twisting force
along the cutting line in the closed loop shape.
[0036] It is to be understood that both the foregoing
general description and the following detailed description
are explanatory and are intended to provide further ex-
planation of the invention as claimed.
[0037] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the inventive
concepts.

FIG. 1 is a flowchart of a method of manufacturing
an organic light-emitting display apparatus, accord-
ing to an embodiment.
FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G are plan views
schematically illustrating a method of manufacturing
an organic light-emitting display apparatus accord-
ing to the embodiment of FIG. 1.
FIG. 3 is a schematic cross-sectional view of an area
A of FIG. 2B.
FIG. 4 is a schematic cross-sectional view of an area
B of FIG. 2C.
FIGS. 5A, 5B, 5C, 5D, 5E, 5F, and 5G are plan views
schematically illustrating a method of manufacturing
an organic light-emitting display apparatus, accord-
ing to a comparative example.
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FIGS. 6, 7, 8, 9, and 10 are plan views illustrating
various examples of a cutting line and an additional
cutting line.
FIGS. 11A, 11B, 11C, and 11D are plan views sche-
matically illustrating a method of manufacturing an
organic light-emitting display apparatus, according
to another embodiment.
FIGS. 12A, 12B, 12C, and 12D are plan views sche-
matically illustrating a method of manufacturing an
organic light-emitting display apparatus, according
to another embodiment. and
FIGS. 13 and 14 are views for schematically illus-
trating a method of manufacturing an organic light-
emitting display apparatus, according to another em-
bodiment.

DETAILED DESCRIPTION

[0039] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various em-
bodiments or implementations of the invention. As used
herein "embodiments" and "implementations" are inter-
changeable words that are non-limiting examples of de-
vices or methods employing one or more of the inventive
concepts disclosed herein. It is apparent, however, that
various embodiments may be practiced without these
specific details. In other instances, well-known structures
and devices are shown in block diagram form in order to
avoid unnecessarily obscuring various embodiments.
Further, various embodiments may be different, but do
not have to be exclusive. For example, specific shapes,
configurations, and characteristics of an embodiment
may be used or implemented in another embodiment
without departing from the inventive concepts.
[0040] Unless otherwise specified, the illustrated em-
bodiments are to be understood as providing features of
varying detail of some ways in which the inventive con-
cepts may be implemented in practice. Therefore, unless
otherwise specified, the features, components, modules,
layers, films, panels, regions, and/or aspects, etc. (here-
inafter individually or collectively referred to as "ele-
ments"), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged
without departing from the inventive concepts.
[0041] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither
the presence nor the absence of cross-hatching or shad-
ing conveys or indicates any preference or requirement
for particular materials, material properties, dimensions,
proportions, commonalities between illustrated ele-
ments, and/or any other characteristic, attribute, proper-
ty, etc., of the elements, unless specified. Further, in the
accompanying drawings, the size and relative sizes of
elements may be exaggerated for clarity and/or descrip-
tive purposes. When an embodiment may be implement-
ed differently, a specific process order may be performed

differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order. Also, like reference nu-
merals denote like elements.
[0042] When an element, such as a layer, is referred
to as being "on," "connected to," or "coupled to" another
element or layer, it may be directly on, connected to, or
coupled to the other element or layer or intervening ele-
ments or layers may be present. When, however, an el-
ement or layer is referred to as being "directly on," "di-
rectly connected to," or "directly coupled to" another el-
ement or layer, there are no intervening elements or lay-
ers present. To this end, the term "connected" may refer
to physical, electrical, and/or fluid connection, with or
without intervening elements. Further, an X-axis, a Y-
axis, and a Z-axis are not limited to three axes of a rec-
tangular coordinate system, such as the x, y, and z -
axes, and may be interpreted in a broader sense. For
example, the X-axis, the Y-axis, and the Z-axis may be
perpendicular to one another, or may represent different
directions that are not perpendicular to one another. For
the purposes of this disclosure, "at least one of X, Y, and
Z" and "at least one selected from the group consisting
of X, Y, and Z" may be construed as X only, Y only, Z
only, or any combination of two or more of X, Y, and Z,
such as, for instance, XYZ, XYY, YZ, and ZZ. As used
herein, the term "and/or" includes any and all combina-
tions of one or more of the associated listed items.
[0043] Although the terms "first," "second," etc. may
be used herein to describe various types of elements,
these elements should not be limited by these terms.
These terms are used to distinguish one element from
another element. Thus, a first element discussed below
could be termed a second element without departing from
the teachings of the disclosure.
[0044] Spatially relative terms, such as "beneath," "be-
low," "under," "lower," "above," "upper," "over," "higher,"
"side" (e.g., as in "sidewall"), and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one elements relationship to another element(s) as illus-
trated in the drawings. Spatially relative terms are intend-
ed to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements de-
scribed as "below" or "beneath" other elements or fea-
tures would then be oriented "above" the other elements
or features. Thus, the term "below" can encompass both
an orientation of above and below. Furthermore, the ap-
paratus may be otherwise oriented (e.g., rotated 90 de-
grees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.
[0045] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
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Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It is also
noted that, as used herein, the terms "substantially,"
"about," and other similar terms, are used as terms of
approximation and not as terms of degree, and, as such,
are utilized to account for inherent deviations in meas-
ured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.
[0046] Various embodiments are described herein with
reference to sectional and/or exploded illustrations that
are schematic illustrations of idealized embodiments
and/or intermediate structures. As such, variations from
the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments disclosed herein should
not necessarily be construed as limited to the particular
illustrated shapes of regions, but are to include deviations
in shapes that result from, for instance, manufacturing.
In this manner, regions illustrated in the drawings may
be schematic in nature and the shapes of these regions
may not reflect actual shapes of regions of a device and,
as such, are not necessarily intended to be limiting.
[0047] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0048] FIG. 1 is a flowchart of a method of manufac-
turing an organic light-emitting display apparatus, ac-
cording to an embodiment.
[0049] FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G are plan
views schematically illustrating a method of manufactur-
ing an organic light-emitting display apparatus according
to the embodiment of FIG. 1. In detail, FIG. 2A is a plan
view illustrating a mother display panel 100 and a mother
protective film 50 that are laminated to each other; FIG.
2B is a plan view illustrating the mother protective film
50 including cutting lines CL1 and first additional cutting
lines CL2 formed therein; FIG. 2C is a plan view illustrat-
ing primary peeling of the mother protective film 50; FIG.
2D is a plan view illustrating secondary peeling of the
mother protective film 50; FIG. 2E is a plan view illustrat-
ing an operation of scribing a mother substrate; FIG. 2F
is a plan view illustrating an operation of rounding corner
portions of a display cell CE; and FIG. 2G is a plan view
illustrating an operation of polishing a rim of the display
cell CE.
[0050] FIG. 3 is a schematic cross-sectional view of an
area A of FIG. 2B, and FIG. 4 is a schematic cross-sec-

tional view of an area B of FIG. 2C.
[0051] Referring to FIG. 1, the method of manufactur-
ing an organic light-emitting display apparatus according
to the embodiment of FIG. 1 may include operation S1
of laminating a mother display panel and a mother pro-
tective film, the mother display panel including a plurality
of display cells each including a display area, and a pe-
ripheral area around the display cells, operation S2 of
forming, in the mother protective film, a cutting line having
a closed loop shape corresponding to the display cells
and a first additional cutting line near the cutting line,
operation S3 of primarily peeling a portion of the mother
protective film in which the cutting line is formed, by ap-
plying a first force to the first additional cutting line, op-
eration S4 of secondarily peeling a dummy area except
a target area within the cutting line from the mother dis-
play panel by applying a second force to the mother pro-
tective film, operation S5 of scribing the mother display
panel to divide the mother display panel into the plurality
of display cells, and operation S6 of processing rims of
the plurality of display cells. Operations S1, S2, S3, and
S4 constitute a method of separating the mother protec-
tive film. The mother protective film 50 refers to a protec-
tive film in a mother state.
[0052] Referring to FIG. 2A, the mother protective film
50 is laminated on the mother display panel 100.
[0053] The mother display panel 100 includes a plu-
rality of display cells CE and a peripheral area PA located
around the display cells CE.
[0054] Each display cell CE is a minimum unit that may
be individually separated after a scribing process and
distributed as a display apparatus, and may include a
display area DA (see FIG. 3) and a non-display area NDA
(see FIG. 3) including a pad unit PAD.
[0055] The display area DA is an area displaying an
image, and a plurality of pixels each including an organic
light-emitting device 30 (see FIG. 3) may be arranged in
the display area DA. Each pixel may include at least two
thin-film transistors and at least one capacitor.
[0056] The non-display area NDA is an area where no
images are displayed, and wiring, a pad unit PAD, and
a circuit unit that is used to apply an electrical signal to
the display area DA may be arranged in the non-display
area NDA. Although nine display cells CE are illustrated
in FIG. 2A, this is an example. In actual, the mother dis-
play panel 100 may include more display cells CE.
[0057] The peripheral area PA is an area that is re-
moved after a scribing operation. A wiring or a pad used
to inspect performance of display cells CE may be ar-
ranged in a portion of the peripheral area PA. In another
portion of the peripheral area PA, no functional layers
may be formed, and only the mother substrate 10 may
be arranged or some insulating layers may be further
arranged on the mother substrate 10.
[0058] The mother substrate 10 may include a glass
material. The mother substrate 10 formed of a glass ma-
terial is more rigid than a substrate formed of a plastic
material, and thus, display cells CE may be formed on
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the mother substrate 10 formed of a glass material, with-
out a supporting substrate, thus simplifying a process of
attaching and detaching a supporting substrate.
[0059] The mother protective film 50 is attached on the
display cells CE to protect the display cells CE. The moth-
er protective film 50 may include an adhesive layer 51
(see FIG. 3) and a base film 52 (see FIG. 3).
[0060] The base film 52 is a plastic film supporting the
adhesive layer 51, and may include, for example, poly-
ethylene terephthalate (PET).
[0061] The adhesive layer 51 includes an adhesive
material. A dummy area RA (see FIG. 2B) of the mother
protective film 50 except target areas TA (see FIG. 2B)
may be removed before a scribing operation, and the
target areas TA may be removed after the display cells
CE are completed.
[0062] Referring to FIG. 2B, cutting lines CL1 and first
additional cutting lines CL2 are formed on the mother
protective film 50.
[0063] Each cutting line CL1 has a closed loop shape
that is smaller than an area of the display cell CE, in an
area corresponding to the display cell CE Each first ad-
ditional cutting line CL2 extends in a first direction X and
is connected between adjacent cutting lines CL1. Each
end of the first additional cutting line CL2 extends to each
end of the mother protective film 50.
[0064] The mother protective film 50 includes the target
areas TA defined by the cutting lines CL1 each having a
closed loop shape, and the dummy area RA outside the
target areas TA.
[0065] Referring to FIG. 3 illustrating a portion A of FIG.
2B, a target area TA on the inside of a cutting line CL1
may include the display area DA and a portion of the non-
display area NDA.
[0066] A thin-film transistor TFT and a capacitor and
various wires may be arranged on the mother substrate
10 in the display area DA. The organic light-emitting de-
vice 30 that is electrically connected to at least one thin-
film transistor TFT may be arranged on the mother sub-
strate 10.
[0067] The organic light-emitting device 30 may in-
clude a first electrode 31, an intermediate layer 32 in-
cluding an organic emissive layer, and a second elec-
trode 33.
[0068] The first electrode 31 and the second electrode
33 may include a reflective layer formed of Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr or a compound thereof, or a trans-
parent conductive oxide layer on or under the reflective
layer. Alternatively, the first electrode 31 and the second
electrode 33 may be a thin film including Ag or an Ag
alloy or may include a transparent conductive oxide layer
formed on a thin film. The first electrode 31 and the sec-
ond electrode 33 may be formed as a reflective electrode
or a light-transmissive electrode according to a type and
thickness of a conductive material.
[0069] A pixel defining layer 34 covering an end of the
first electrode 31 may prevent or suppress an electric
field concentration at the end of the first electrode 31 and

defines a light-emitting area.
[0070] The intermediate layer 32 may further include,
in addition to the organic emissive layer, at least one of
a hole injection layer, a hole transport layer, an electron
transport layer, and an electron injection layer.
[0071] A thin-film encapsulation member 40 is ar-
ranged on the organic light-emitting device 30. The thin-
film encapsulation member 40 may include a first inor-
ganic layer 41, an organic layer 42, and a second inor-
ganic layer 43. The organic layer 42 may include a pol-
ymer-based material such as polymethyl methacrylate
(PMMA), polycarbonate (PC), polystyrene (PS), acryl-
based resin, epoxy-based resin, polyimide, and polyeth-
ylene. The first inorganic layer 41 and the second inor-
ganic layer 43 may include aluminum nitride (AlN), alu-
minum oxide (Al2O3), titanium nitride (TiN), titanium ox-
ide (TiO2), silicon oxynitride (SiON), silicon nitride (SiNx),
silicon oxide (SiOx), or the like.
[0072] The mother protective film 50 including the ad-
hesive layer 51 and the base film 52 on the thin-film en-
capsulation member 40 is arranged in the display area
DA. The mother protective film 50 is integrally attached,
that is, as a single unit, over an area covering the non-
display area NDA and up to the dummy area RA which
is outside the target area TA.
[0073] Although the mother protective film 50 attached
on the thin-film encapsulation member 40 is illustrated in
FIG. 3, a touch sensing layer may be further arranged
on the thin-film encapsulation member 40, and the moth-
er protective film 50 may be attached onto the touch sens-
ing layer.
[0074] According to another embodiment, instead of a
structure where the thin-film encapsulation member 40
and a touch sensing layer are independent of each other,
a touch sensing layer may be formed between thin films
of the thin-film encapsulation member 40, and the mother
protective film 50 may be attached to an outermost thin
film of the thin-film encapsulation member 40.
[0075] According to another embodiment, a polariza-
tion film may be further included on the thin-film encap-
sulation member 40, and the mother protective film 50
may be attached onto the polarization film.
[0076] According to another embodiment, the mother
protective film 50 may be attached onto the thin-film en-
capsulation member 40 on which both a touch sensing
layer and a polarization film are included.
[0077] In other words, after forming all components
needed for each display cell CE before a scribing oper-
ation, the mother protective film 50 is integrally attached
to the mother display panel 100.
[0078] Although FIG. 3 illustrates the mother protective
film 50 attached directly on the mother protective film 50
in the non-display area NDA, the disclosure is not limited
thereto. Some insulating layers may be further arranged
between the mother substrate 10 and the mother protec-
tive film 50.
[0079] The cutting lines CL1 and the first additional cut-
ting lines CL2 may be formed in the above-described
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mother protective film 50 using a laser beam. For exam-
ple, the laser beam may be a CO2 laser or an yttrium
aluminum garnet (YAG) laser. As in the present embod-
iment, when the mother protective film 50 includes a non-
metallic organic compound material, a CO2 laser may be
used.
[0080] Here, by adjusting a laser beam intensity and/or
a laser irradiation time, the mother protective film 50 is
cut such that a beam does not reach the mother substrate
10 (this may be hereinafter referred to as half cutting).
[0081] In detail, a cutting depth D1 of the cutting lines
CL1 and the first additional cutting lines CL2 is set to be
less than a total thickness D2 of the mother protective
film 50. In this way, the base film 52 of the mother pro-
tective film 50 is completely cut but the adhesive layer
51 is cut only partially in a thickness direction.
[0082] When the base film 52 is not completely cut, it
is difficult to peel the mother protective film 50, and thus,
cutting is performed at least up to a thickness of the base
film 52. However, as an intensity of an emitted laser beam
has a process distribution in a certain range, if a laser
beam intensity is too large, a cutting depth may exceed
a depth of the adhesive layer 51 and may be greater than
the thickness D2 of the mother protective film 50. In this
case, the mother substrate 10 may be damaged, or when
some insulating layers are on the mother substrate 10,
the insulating layers may be damaged, and thus the or-
ganic light-emitting device 30 may be deteriorated. Thus,
cutting may be performed by adjusting an intensity and/or
an irradiation time of a laser beam such that the adhesive
layer 51 is cut only partially in the depth direction.
[0083] According to another embodiment, in the moth-
er protective film 50, the cutting lines CL1 and the first
additional cutting lines CL2 may be formed using an ul-
trasound cutter. The ultrasound cutter resonates a vibra-
tor and a blade by using a force generated in a piezoe-
lectric element to generate a microvibration of about 20
kHz to about 40 kHz over a width of about 10 to about
70 micrometer (mm) in a third direction Z, thereby cutting
the mother protective film 50. Also in this case, the mother
protective film 50 is half cut such that the adhesive layer
51 is partially left so that ultrasound waves do not reach
the mother substrate 10 by adjusting an amplitude and/or
vibration of the ultrasound cutter.
[0084] Cutting performed using a laser beam requires
a device that collects gas byproducts of the base film 52
and the adhesive layer 51 generated due to heat and
discharges the gas byproducts, whereas no such byprod-
ucts are generated when an ultrasound cutter is used.
[0085] According to another embodiment, in the moth-
er protective film 50, the cutting line CL1 and the first
additional cutting line CL2 may be formed using a general
cutter such as a knife. Also in this case, the mother pro-
tective film 50 may be half cut such that the adhesive
layer 51 is partially left so that the blade of a knife does
not reach the mother substrate 10 by adjusting a cutting
depth of the knife.
[0086] Referring to FIGS. 2C and 2D, the mother pro-

tective film 50 undergoes a primary peeling operation
and a secondary peeling operation.
[0087] A portion of the mother protective film 50 in
which the cutting line CL1 is formed is primarily peeled
from the mother display panel 100 by applying the first
force F1 to the first additional cutting line CL2. The dum-
my area RA except for the target area TA defined by the
cutting line CL1 is secondarily peeled off by applying the
second force F2 to the mother protective film 50.
[0088] In FIG. 2C, first forces F1 directed in different
directions are indicated by the same reference numeral.
Forces being indicated by the same reference numeral
is not limited to forces having the same magnitude, and
may be interpreted as forces with similar magnitudes be-
ing applied.
[0089] Referring to FIG. 4 illustrating a portion B of FIG.
2C, the first force F1 is applied to the mother protective
film 50 in the second direction Y by using a peeling pin
60. An irregularity or a jagged surface 61 is formed at an
end of the peeling pin 60 to increase friction with the
mother protective film 50.
[0090] When the first force F1 is applied in the second
direction Y from a first additional cutting line CL2, a cutting
line CL1 connected to the first additional cutting line CL2
and directed in the second direction Y is also cut, and
thus the mother protective film 50 adjacent to the first
additional cutting line CL2 is peeled off and pushed in
the second direction Y.
[0091] On the other hand, when the first force F1 is
applied in a direction -Y opposite to the second direction
Y from an adjacent first additional cutting line CL2, a cut-
ting line CL1 connected to the adjacent first additional
cutting line CL2 and directed in the direction -Y opposite
to the second direction Y is also cut, and thus the mother
protective film 50 is peeled off and pushed in the direction
-Y opposite to the second direction Y.
[0092] As shown in FIG. 2C, the first force F1 is applied
from a plurality of places where the first additional cutting
lines CL2 are formed. A portion of the mother protective
film 50 is peeled by the first force F1. In other words,
areas of the mother protective film 50 where the first ad-
ditional cutting lines CL2 in the first direction X are formed
and areas of the mother protective film 50 where the cut-
ting lines CL1 in the second direction Y are formed, as
portions of the mother protective film 50 indicated by bold
segments in FIG. 2D, are peeled by the first force F1.
The first force F1 may be applied in a direction that is
substantially perpendicular to the additional cutting line
CL2. At this time, because the cutting lines CL1 and the
first additional cutting lines CL2 have been half-cut, tear-
ing of the adhesive layer 51 may occur in a portion where
the adhesive layer 51 has not been completely cut.
[0093] When a portion of the mother protective film 50
has been primarily peeled and the second force F2 is
applied to the dummy area RA of the mother protective
film 50 in the first direction X, portions of the mother pro-
tective film 50 not peeled during primary peeling at the
cutting line CL1, namely, portions not indicated by the

11 12 



EP 3 657 564 A1

8

5

10

15

20

25

30

35

40

45

50

55

bold segments in FIG. 2D, are easily peeled off because
each of the portions extends in the first direction X that
is the same as a direction of the second force F2. Direc-
tionally, the first force F1 and the second force F2 may
be substantially orthogonal. Such secondary peeling
may be conducted simultaneously at several portions
during one process, or may be conducted during a plu-
rality of numbers of processes.
[0094] Although the direction of the second force F2 is
illustrated two-dimensionally on a XY plane, the second
force F2 may be applied as a three-dimensional vector.
For example, the second force F2 may have a component
in a third direction Z. A component in the third direction
Z included in the second force F2 may be more than the
adhesive force between the mother protective film 50 and
the mother substrate 10.
[0095] When the first force F1 is omitted and only the
second force F2 is applied, the adhesive layer 51 is par-
tially left without being removed from areas that are not
parallel to the first direction X, which is a component on
a plane of the second force F2, but cross the first direction
X, namely, portions of each cutting line CL1 each extend-
ing in the second direction Y, and accordingly, the target
areas TA near the cutting line CL1 may be lifted during
a peeling operation. However, according to the present
embodiment, before applying the second force F2, the
first forces F1 are applied to portions of the cutting line
CL1 each extending in a direction intersecting with the
second force F2 on a plane, and accordingly the cutting
line CL1 is peeled off in advance. Thus, according to the
present embodiment, the dummy area RA may be peeled
with less defect. At this time, because the adhesive layer
51 has not been completely removed due to half cutting,
the adhesive layer 51 may be left with an irregular width
and an irregular height at a portion of a virtual closed
loop-shaped line that surrounds a display area.
[0096] Before the primary peeling of the mother pro-
tective film 50, a process of etching the mother substrate
10 formed of a glass material such that the mother sub-
strate 10 becomes thinner may be further included. In
this case, an acid-resistant film may be further attached
onto the mother protective film 50. As the mother sub-
strate 10 becomes thinner, a thin display apparatus may
be obtained.
[0097] Referring to FIG. 2E, after the dummy area RA
of the mother protective film 50 is peeled off and the target
areas TA are left, the mother substrate 10 is scribed.
[0098] Scribing lines SL are formed along rims of the
plurality of display cells CE in the first direction X and the
second direction Y.
[0099] A scribing operation may be performed using a
laser beam or a wheel cutting device. The laser beam
may be a CO2 laser or a YAG laser. Alternatively, scribing
lines SL may be formed by applying a force from the
mother protective film 50 towards the mother substrate
10 by using a wheel cutting device. In other words, the
scribing operation may be simplified by performing the
scribing operation on an upper surface of the mother sub-

strate 10 without reversing the mother substrate 10.
[0100] Referring to FIG. 2F, an operation of rounding
corner portions E1, E2, E3, and E4 of a display cell CE-
0 that is separated as a result of the scribing operation
is illustrated. By rounding the corner portions E1, E2, E3,
and E4, apparatus strength may be reinforced.
[0101] Referring to FIG. 2G, an operation of polishing
a rim of a display cell CE is illustrated. As the boundary
of the display cell CE scribed using a wheel cutting device
has a rough surface, a defect may be caused in a sub-
sequent module process. Thus, by polishing the bound-
ary of the display cell CE, a defect rate of the display cell
CE may be reduced.
[0102] After the operation illustrated in FIG. 2G, a
cleaning operation or the like may be additionally per-
formed, and when a subsequent operation, such as com-
bining an external connection terminal to a pad unit PAD
while the target area TA is being attached to a protective
film, is completed, the protective film attached to the tar-
get area TA may be finally removed. Alternatively, when
the protective film attached to the target area TA may not
be removed but left when the protective film is a functional
film or according to other necessity.
[0103] As described above, in a method of peeling a
mother protective film and a method of manufacturing an
organic light-emitting display apparatus, according to the
disclosure, peeling is conducted by applying the first forc-
es F1 to portions of the cutting line CL1 each extending
in a direction intersecting with the second force F2 on a
plane before applying the second force F2, and thus, the
dummy area RA may be peeled with less defects. The
first force F1 and the second force F2 may be substan-
tially orthogonal. In addition, a protective film is not at-
tached to each of individual display cells, but a protective
film is integrally used and attached, and thus, the process
may be simplified. Moreover, even when a protective film
is attached to a mother display panel of a combination
of a glass substrate and a thin-film encapsulation mem-
ber, a scribing operation may be performed just by using
a wheel cutting device, and thus, the process may be
simplified.
[0104] A method of manufacturing an organic light-
emitting display apparatus, according to a comparative
example, will be described with reference to FIGS. 5A,
5B, 5C, 5D, 5E, and 5G. The method of FIGS. 5A, 5B,
5C, 5D, 5E, and 5G will be described by focusing on
differences from the method of manufacturing an organic
light-emitting display apparatus according to the embod-
iment of FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G).
[0105] Referring to FIG. 5A, the mother protective film
50 is laminated on the mother display panel 100.
[0106] The mother display panel 100 may include a
plurality of display cells CE and a peripheral area PA
located around the display cells CE, and the mother sub-
strate 10 may include a glass material. The mother pro-
tective film 50 is attached onto the display cells CE to
protect the display cells CE.
[0107] Referring to FIG. 5B, cutting lines CL1, first ad-
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ditional cutting lines CL2, second additional cutting lines
CL3, and third additional cutting line CL4 are formed on
the mother protective film 50.
[0108] Similar to the above-described embodiment of
FIG. 1, each cutting line CL1 has a closed loop shape
that is smaller than an area of each display cell CE in an
area corresponding to each display cell CE.
[0109] Each first additional cutting line CL2 extends in
the second direction Y, but is not connected between
adjacent cutting lines CL1, and an end of the first addi-
tional cutting line CL2 is connected to a second additional
cutting line CL3. The second additional cutting lines CL3
and the third additional cutting lines CL4 surround the
display cells CE and are each cut in a lattice shape.
[0110] The cutting lines CL1 and the first through third
additional cutting lines CL2, CL3, and CL4 may be formed
using a CO2 laser beam. Here, by adjusting a laser beam
intensity and/or a laser irradiation time, the mother pro-
tective film 50 is cut such that a beam does not reach the
mother substrate 10.
[0111] Referring to FIG. 5C, when the mother protec-
tive film 50 has been entirely attached, a first scribing
operation is performed on the mother substrate 10.
[0112] Before the first scribing operation, a process of
etching the mother substrate 10 formed of a glass mate-
rial such that the mother substrate 10 becomes thinner
may be further included. In this case, an acid-resistant
film may be further attached onto the mother protective
film 50.
[0113] A plurality of first scribing lines SL1 are formed
along rims of the plurality of display cells CE in the first
direction X and the second direction Y. In the first scribing
operation, a laser beam may be used. Alternatively, in
the first scribing operation, a wheel cutting device may
be used.
[0114] In the comparative example, the mother protec-
tive film 50 of the dummy area RA is not removed, and
thus, no force may be applied from the mother protective
film 50 toward the mother substrate 10. In other words,
after having reversed the mother substrate 10, the first
scribing operation is performed on a lower surface of the
mother substrate 10. Unlike the above-described embod-
iment of FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G, an op-
eration of turning the mother substrate 10 upside down
is additionally performed.
[0115] After the first scribing operation, the mother dis-
play panel 100 is divided into a plurality of units each
including a display cell CE-1.
[0116] Referring to FIG. 5D, an operation of peeling a
dummy area RA of a mother protective film 50-1 obtained
due to the aforementioned division from the display cell
CE-1 obtained as a result of the first scribing operation
is illustrated.
[0117] The dummy area RA of the mother protective
film 50-1 is peeled by applying a force F3 in two directions
from each first additional cutting line CL2. It is necessary
to perform the peeling operation with respect to a plurality
of display cells CE-1 obtained by the aforementioned di-

vision, and accordingly the peeling operation is repeated
a number of times that is equal to the number of display
cells CE-1. In addition, by turning the display cell CE-1
upside down again, a peeling operation is performed on
an upper surface of the mother protective film 50-1.
[0118] Referring to FIG. 5E, when the dummy area RA
has been peeled off and the target area TA remains, a
second scribing operation in which second scribing lines
SL2 are formed to remove a boundary of the display cell
CE-1 is performed.
[0119] Referring to FIG. 5F, corner portions E1, E2,
E3, and E4 of a display cell CE-0 obtained as a result of
the second scribing operation are rounded, thereby form-
ing a display cell CE-0 having rounded corner portions.
[0120] Referring to FIG. 5G, a display cell CE is formed
by polishing a boundary of the display cell CE-0 of FIG.
5F.
[0121] Unlike the comparative example, in the present
embodiment, instead of removing a dummy area of a
protective film for each individual display cell, a dummy
area may be removed at a time in a mother state, thus
increasing process efficiency. In addition, the number of
times a mother substrate is turned upside down may be
reduced, and thus the process efficiency may be in-
creased.
[0122] Hereinafter, various examples of a cutting line
and an additional cutting line formed in the mother pro-
tective film 50 according to the present embodiment will
be described with reference to FIGS. 6, 7, 8, 9, and 10.
[0123] Referring to FIG. 6, both ends of a first additional
cutting line CL2 connected between cutting lines CL1 are
formed inside the cutting lines CL1. In other words, by
overlapping the cutting lines CL1 and the first additional
cutting line CL2, the peeling operation may be easily per-
formed.
[0124] Referring to FIG. 7, the first additional cutting
line CL2 may be spaced apart from the cutting lines CL1.
A first end of the first additional cutting line CL2 may be
spaced apart from a cutting line CL1 by a first width wa,
and a second end of the first additional cutting line CL2
may be spaced apart from another cutting line CL1 by a
second width wb. Along the first width wa and the second
width wb, a portion of the adhesive layer 51 (see FIG. 3)
may remain.
[0125] Referring to FIG. 8, two first additional cutting
lines CL2 may be formed at a corner portion of a cutting
line CL1. In this case, a first peeling process may be
conducted by applying a first force F1 in a direction op-
posite to a direction of a second force F2 from the corner
portion of the cutting line CL1. Even in this case, because
peeling is conducted by applying the first force F1 to por-
tions of the cutting line CL1 each extending in a direction
intersecting with the second force F2 on a plane before
applying the second force F2, the dummy area RA may
be peeled with less defects.
[0126] Referring to FIG. 9, two first additional cutting
lines CL2 may be formed at a corner portion of a cutting
line CL1, and two second additional cutting lines CL3
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may be formed around the corner portion of the cutting
line CL1 to be parallel to the comer portion of the cutting
line CL1. The two second additional cutting lines CL3 are
connected to both ends of the two first additional cutting
lines CL2, respectively. In this case, a first peeling proc-
ess may be conducted by applying a first force F1 from
one of the two first additional cutting lines CL2 in a direc-
tion intersecting with a direction of a second force F2.
Even in this case, because peeling is conducted by ap-
plying the first force F1 to portions of the cutting line CL1
each extending in a direction intersecting with the second
force F2 on a plane before applying the second force F2,
the dummy area RA may be peeled with less defects.
[0127] Referring to FIG. 10, when an interval w be-
tween adjacent cutting lines CL is wide, peeling by using
only first additional cutting lines CL2 may be difficult. Sec-
ond additional cutting lines CL3 parallel to cutting lines
CL1 and connected to the first additional cutting lines
CL2 are formed, and first forces F1 are applied from the
first additional cutting lines CL2 in the second direction
Y. Even in this case, because peeling is conducted by
applying the first force F1 to portions of the cutting line
CL1 each extending in a direction intersecting with the
second force F2 (see FIG. 7) on a plane before applying
the second force F2, the dummy area RA may be peeled
with less defects.
[0128] A method of manufacturing an organic light-
emitting display apparatus, according to another embod-
iment, will now be described with reference to FIGS. 11A,
11B, 11C, and 11D. The present embodiment will be de-
scribed by focusing on differences from the embodiment
of FIG. 1.
[0129] FIG. 11A illustrates a state identical to that of
FIG. 2B of the embodiment of FIG. 1. In other words,
after laminating the mother display panel 100 (see FIG.
2B) and the mother protective film 50, cutting lines CL1
and first additional cutting lines CL2 are formed in the
mother protective film 50. In this case, the adhesive layer
51 (see FIG. 3) of the mother protective film 50 has rel-
atively high adhesive force.
[0130] Referring to FIG. 11B, an area except for the
target area TA of the mother protective film 50, that is,
the dummy area RA, are irradiated with ultraviolet (UV)
ray to reduce the adhesiveness of the adhesive layer.
[0131] Referring to FIGS. 11C and 11D, a portion of
the mother protective film 50 in which the cutting lines
CL1 are formed is primarily peeled from the mother dis-
play panel 100 by applying the first force F1 to the first
additional cutting lines CL2, and the dummy area RA
except for the target areas TA defined by the cutting lines
CL1 is secondarily peeled off by applying the second
force F2 to the mother protective film 50. The embodi-
ment of FIGS. 11C and 11D is different from FIGS. 2C
and 2D in that UV is further irradiated to the dummy area
RA of the mother protective film 50.
[0132] By using the mother protective film 50 but irra-
diating only the dummy area RA with UV, adhesiveness
of the dummy area RA may be reduced, thereby facili-

tating the peeling operation. In addition, in the target ar-
eas TA, adhesiveness of the mother protective film 50 is
strong, and thus, the present embodiment may be ap-
plied to an operation that requires strong adhesiveness,
for example, to a case where the mother protective film
50 is attached onto a polarization film and used.
[0133] A method of manufacturing an organic light-
emitting display apparatus, according to another embod-
iment, will now be described with reference to FIGS. 12A,
12B, 12C, and 12D. The present embodiment will be de-
scribed by focusing on differences from the embodiment
of FIGS. 11A, 11B, 11C, and 11D.
[0134] FIG. 12A is identical to FIG. 11A except for ad-
hesiveness of the mother protective film 50. In other
words, after laminating the mother display panel 100 (see
FIG. 2B) and the mother protective film 50, cutting lines
CL1 and first additional cutting lines CL2 are formed in
the mother protective film 50. In this case, the adhesive
layer 51 (see FIG. 3) which is lowly adhesive is used as
the mother protective film 50.
[0135] Referring to FIGS. 12C and 12D, a portion of
the mother protective film 50 in which the cutting lines
CL1 are formed is primarily peeled from the mother dis-
play panel 100 by applying the first force F1 to the first
additional cutting lines CL2, and the dummy area RA
except for the target areas TA defined by the cutting lines
CL1 is secondarily peeled off by applying the second
force F2 to the mother protective film 50.
[0136] Referring to FIG. 12D, only the target areas TA
of the mother protective film 50 are irradiated with UV by
using a mask, thereby reinforcing the adhesiveness of
the adhesive layer 51.
[0137] Compared to the embodiment of FIGS. 11A,
11B, 11C, and 11D, the present embodiment is different
in that, even though an adhesive layer having low adhe-
siveness is used, UV is radiated to target areas after a
peeling operation to thereby reinforcing the adhesive-
ness of the adhesive layer. However, also in the present
embodiment, adhesiveness of the mother protective film
50 is strong in the target areas TA, and thus, the present
embodiment may be applied to an operation that requires
strong adhesiveness, for example, to a case where the
mother protective film 50 is attached onto a polarization
film and used.
[0138] A method of manufacturing an organic light-
emitting display apparatus, according to another embod-
iment, will now be described with reference to FIGS. 13
and 14.
[0139] Referring to FIGS. 13 and 14, a display cell
CE+1 includes a display area DA, and a non-display area
NDA including a circular or irregular hole formed within
the display area DA.
[0140] A stacking structure of the display area DA is
the same as that according to the aforementioned em-
bodiment of FIG. 1. Accordingly, a plurality of organic
light-emitting devices 30 (see FIG. 3) are arranged on a
substrate 10, and the thin-film encapsulation member 40
(see FIG. 3) encapsulates the organic light-emitting de-
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vices 30. The present embodiment is different from the
aforementioned embodiment of FIG. 1 in that the non-
display area NDA is located within the display area DA.
[0141] In this case, a protective film 50’ may be ar-
ranged on the thin-film encapsulation member 40 in the
display area DA and on the substrate 10’ in the non-
display area NDA. As described above, in the display
area DA, a touch sensing layer and/or a polarization film
may be further arranged between the thin-film encapsu-
lation member 40 and the protective film 50’.
[0142] The protective film 50’ includes an adhesive lay-
er 51’ and a base film 52’, and a closed loop-shaped
cutting line CL1 is formed around a hole corresponding
to the non-display area NDA in the protective film 50’. A
depth of the cutting line CL1 may be less than or equal
to a thickness of the protective film 50’.
[0143] A subsequent process may be conducted on
holes obtained by peeling protective film 50’ from the
substrate 10’ by applying a twisting force F4 to the closed
loop-shaped cutting line CL1. According to the aforemen-
tioned present embodiment, even when a dummy area
of the protective film 50’ is very narrow, the protective
film 50’ may be peeled from the substrate 10’ by using
the aforementioned cutting process and a twisting force.
[0144] According to the aforementioned present em-
bodiment, because peeling is conducted by applying the
first force F1 to portions of a cutting line CL1 each ex-
tending in a direction intersecting with the second force
F2 on a plane before applying the second force F2, the
dummy area RA may be peeled with less defects.
[0145] In addition, a protective film is not attached to
each of individual display cells CE, but a protective film
is used and attached integrally, and thus, the process
may be simplified.
[0146] Moreover, even when a protective film is at-
tached to a mother display panel of a combination of a
glass substrate and a thin-film encapsulation member, a
scribing operation may be performed just by using a
wheel cutting device, and thus, the process may be sim-
plified.
[0147] In addition, the scribing operation may be sim-
plified by performing the scribing operation on an upper
surface of the mother substrate 10 without reversing the
mother substrate 10.
[0148] Although certain embodiments and implemen-
tations have been described herein, other embodiments
and modifications will be apparent from this description.
Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of
the appended claims as would be apparent to a person
of ordinary skill in the art.

Claims

1. A method of peeling a mother protective film from a
mother display panel, the method comprising:

laminating the mother display panel and the
mother protective film, the mother display panel
comprising a plurality of display cells each com-
prising a display area and a peripheral area, the
peripheral area around the plurality of display
cells;
forming a target area and a dummy area in the
mother protective film by forming a cutting line
in a closed loop shape enclosing the target area
corresponding to each of the display cells and
a first additional cutting line in a first direction
near the cutting line;
physically peeling off the dummy area of the
mother protective film from the mother display
panel, comprising:

firstly peeling off a portion of the mother pro-
tective film adjacent to the first additional
cutting line; and then
secondly peeling off a remainder of the
mother protective film from the mother dis-
play panel along the cutting line.

2. The method of claim 1, wherein depths of the cutting
line and the first additional cutting line are less than
a thickness of the mother protective film.

3. The method of claim 1 or claim 2, wherein the cutting
line and the first additional cutting line are formed
using a laser beam.

4. The method of claim 3, wherein the laser beam com-
prises a CO2 laser.

5. The method of claim 1 or claim 2, wherein the cutting
line and the first additional cutting line are formed
using a knife.

6. The method of any preceding claim, wherein the cut-
ting line and the first additional cutting line are formed
using an ultrasound cutter including a vibrator and a
blade.

7. The method of any preceding claim, wherein the first
additional cutting line is connected to the cutting line.

8. The method of claim 7, wherein at least an end of
the first additional cutting line is formed within the
cutting line.

9. The method of any of claims 1 to 6, wherein the first
additional cutting line is spaced apart from the cutting
line.

10. The method of any preceding claim, further compris-
ing:
forming, in the mother protective film, a second ad-
ditional cutting line connected to the first additional
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cutting line.

11. The method of claim 10, wherein the firstly peeling
off of the portion of the mother protective film com-
prises applying a first force between the first addi-
tional cutting line and the second additional cutting
line.

12. The method of any preceding claim, wherein
the firstly peeling off of the portion of the mother pro-
tective film comprises applying a first force having a
component in a second direction away from the first
additional cutting line, the second direction intersect-
ing with the first direction, and
the secondly peeling off of the rest of the mother
protective film comprises applying a second force in
the first direction to the primarily peeled mother pro-
tective film.

13. The method of claim 12, wherein the firstly peeled
mother protective film comprises a portion of the cut-
ting line extending in a direction intersecting with the
second force.

14. The method of claim 12 or claim 13, wherein the first
force is applied using a peeling pin.

15. The method of any preceding claim, wherein the tar-
get area defined by the cutting line in a closed loop
shape has a smaller area than the display cell.

16. The method of any preceding claim, wherein the
mother protective film comprises an adhesive layer
attached to the mother display panel and a base sub-
strate arranged on the adhesive layer.

17. The method of claim 16, the method further compris-
ing, before the firstly peeling, irradiating the dummy
area with ultraviolet rays to reduce an adhesive force
of a portion of the adhesive layer corresponding to
the dummy area.

18. The method of claim 16 or claim 17, the method fur-
ther comprising, after the secondly peeling, irradiat-
ing the target area with ultraviolet rays to increase
an adhesive force of a portion of the adhesive layer
corresponding to the target area.

19. The method of any preceding claim, wherein the
mother display panel comprises a substrate com-
prising a glass material, and
wherein the method further comprises, before the
firstly peeling off of the mother display panel, etching
the substrate to reduce a thickness of the substrate.

20. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming a mother display panel on a mother sub-
strate, the mother display panel comprising:

display cells comprising: a plurality of or-
ganic light-emitting devices; and an encap-
sulation member encapsulating the plurality
of organic light-emitting devices; and
a peripheral area arranged around the dis-
play cells;

the method of peeling a mother protective film
from a mother display panel according to any
preceding claim;
dividing the mother substrate into a plurality of
display cells by scribing the mother substrate;
and
processing rims of the plurality of display cells.

21. The method of claim 20, wherein the mother sub-
strate is scribed using a wheel cutting device.

22. The method of claim 21, wherein the mother sub-
strate is scribed by applying a force to the wheel
cutting device in a direction from the mother protec-
tive film to the mother substrate.

23. The method of any of claims 20 to 22, wherein the
processing of the rims of the plurality of display cells
comprises rounding corner portions of the plurality
of display cells.

24. The method of any of claims 20 to 23, wherein the
processing of the rims of the plurality of display cells
comprises polishing the rims of the plurality of display
cells.

25. The method of any of claims 20 to 24, wherein the
encapsulation member comprises at least one or-
ganic layer and at least one inorganic layer.

26. The method of any of claims 20 to 25, further com-
prising, before laminating the mother protective film,
forming a touch layer on the encapsulation member.

27. The method of any of claims 20 to 26, wherein the
mother protective film comprises a polarization film.

28. An organic light-emitting display apparatus compris-
ing:

a substrate comprising glass;
a display area arranged on the substrate and
comprising an organic light-emitting device;
a non-display area arranged on the substrate
and located around the display area;
a thin-film encapsulation member comprising an
organic layer and an inorganic layer and config-
ured to cover the display area; and
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an adhesive layer having an irregular width and
an irregular height at a portion of a virtual closed
loop-shaped line that surrounds the display ar-
ea.

29. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming, on a substrate, a display area compris-
ing a plurality of organic light-emitting devices,
a non-display area located within the display ar-
ea, and a thin-film encapsulation member en-
capsulating the display area, the thin-film encap-
sulation member comprising an organic layer
and an inorganic layer;
laminating a protective film on the thin-film en-
capsulation member, the protective film com-
prising an adhesive layer and a base film;
forming a cutting line in the protective film in a
closed loop shape in the non-display area, the
cutting line having a depth that is less than or
equal to a thickness of the protective film; and
peeling the protective film from the substrate by
applying a twisting force along the cutting line in
the closed loop shape.
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摘要(译)

从母显示面板剥离母保护膜的方法包括：层压母显示面板和母保护膜，
母显示面板包括多个显示单元，每个显示单元包括显示区域和围绕多个
显示器的外围区域。 细胞; 通过以封闭回路形状形成切割线以在母保护
膜中形成目标区域和虚设区域，该切割线围绕与显示单元相对应的目标
区域和在该切割线附近的第一方向上的第一附加切割线； 从母显示面板
上物理剥离虚设区域，包括：首先剥离母保护膜与第一附加切割线相邻
的部分； 然后沿切割线从母显示板上剥离剩余的母保护膜。
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