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FLEXIBLE DISPLAY APPARATUS HAVING
ALIGNMENT MARK AND METHOD OF
ASSEMBLING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0149274 filed on Nov. 28, 2018,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] Exemplary embodiments relate to a flexible display
apparatus. More particularly, exemplary embodiments relate
to a flexible display apparatus having an alignment mark
used in a module-assembling process and a method of
assembling the flexible display apparatus using the same.

2. Description of the Related Art

[0003] A flat panel display device includes a liquid crystal
display (“LCD”) device and an organic light emitting dis-
play (“OLED”) device. The organic light emitting display
has an excellent luminance and viewing angle characteristics
and does not include a separate back light as compared with
the liquid crystal display, so that the organic light emitting
display may be realized as an ultra-thin type of display
device. In the organic light emitting display device, an
electron injected through a cathode and an anode is recom-
bined with holes in an organic thin film to form an exciton.
The organic light emitting display device uses a phenom-
enon in which a light of a specific wavelength is generated
by energy from the exciton.

[0004] A flexible display apparatus is being developed by
forming display areas, signal lines, etc. on a flexible sub-
strate which includes materials such as flexible plastic
materials.

SUMMARY

[0005] Exemplary embodiments provide a flexible display
apparatus including an alignment mark with improved vis-
ibility.

[0006] Exemplary embodiments provide a method of
assembling a flexible display apparatus using an alignment
mark thereof with improved visibility.

[0007] According to an exemplary embodiment, a flexible
display apparatus includes a flexible display panel including
a flexible substrate including a plastic layer, a display area
of the flexible substrate including a thin film transistor, an
organic light emitting layer, and a sensor electrode on the
flexible substrate, and a peripheral area of the flexible
substrate adjacent to the display area, the peripheral area
including a first alignment mark in which respective portions
of two metal layers are stacked; a window on a first surface
of the flexible display panel, the window including a refer-
ence point defined along the window, a transmissive window
corresponding to the display area and a light shielding part
corresponding to the peripheral area; and a protective film
on a second surface of the flexible display panel which is
opposite to the first surface thereof, the protective film
including a reference point defined along the protective film.
The first alignment mark is aligned with the reference point
of the window and with the reference point of the protective
film.
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[0008] In an exemplary embodiment, the flexible display
panel may further include a signal line which is in the
display area and to which a display signal is provided, an
extension area extended from the peripheral area in a direc-
tion away from the display area, and a pad in the extension
area, through which the display signal is transmitted from
outside the flexible display panel to the signal line in the
display area.

[0009] In anexemplary embodiment, the extension area of
the flexible display panel may further include a second
alignment mark in which respective portions of two metal
layers are stacked, the two metal layers of the first alignment
mark being different from the two metal layers of the second
alignment mark.

[0010] In an exemplary embodiment, the flexible display
apparatus may further include a flexible circuit board from
which the display signal is provided to the flexible display
panel, and a circuit mounting film connected to the flexible
circuit board and to the pad in the extension area the flexible
display panel, and through which the display signal from the
flexible circuit board is transmitted to the pad.

[0011] In an exemplary embodiment, the flexible display
apparatus may further include a metal plate facing the
second surface of the flexible display panel. The flexible
display panel which is bent may dispose the metal plate
between the extension area of the flexible display panel and
the protective film on the second surface of the flexible
display panel.

[0012] In an exemplary embodiment, the second align-
ment mark may be aligned with a reference point of each of
the circuit mounting film, the flexible circuit board and the
metal plate.

[0013] In an exemplary embodiment, the flexible display
apparatus may further include a polarizing member between
the flexible display panel and the window.

[0014] In an exemplary embodiment, the first alignment
mark may be further aligned with a reference point of the
polarizing member which is defined along the polarizing
member.

[0015] In an exemplary embodiment, the display area of
the flexible display panel may include a folding axis about
which the flexible display panel is bendable.

[0016] In an exemplary embodiment, the first alignment
mark and the second alignment mark may each include a
portion of a first metal layer, a portion of a second metal
layer, a portion of a third metal layer and a portion of a
fourth metal layer sequentially which are sequentially
stacked on the flexible substrate.

[0017] In an exemplary embodiment, the thin film tran-
sistor may include a gate electrode and a source electrode,
the sensor electrode may include a first touch electrode and
a second touch electrode, the gate electrode, the first align-
ment mark and the second alignment mark may each include
respective portions of a same first metal layer, the source
electrode, the first alignment mark and the second alignment
mark may each include respective portions of a same second
metal layer, the first touch electrode, the first alignment mark
and the second alignment mark may each include respective
portions of a same third metal layer, and the second touch
electrode, the first alignment mark and the second alignment
mark may each include respective portions of a same fourth
metal layer.

[0018] According to an exemplary embodiment, a method
of assembling a flexible display apparatus includes provid-
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ing a flexible display panel including a flexible substrate
including a plastic layer, a display area of the flexible
substrate including a thin film transistor, an organic light
emitting layer, and a sensor electrode on the flexible sub-
strate, and a peripheral area of the flexible substrate adjacent
to the display area, the peripheral area including a first
alignment mark in which respective portions of two metal
layers are stacked. The method may include attaching a
polarizing member on a first surface of the flexible display
panel using the first alignment mark, attaching a window on
the first surface of the flexible display panel using the first
alignment mark, and attaching a protective film on a second
surface of the flexible display panel using the first alignment
mark.

[0019] In an exemplary embodiment, the attaching the
polarizing member may include providing the polarizing
member on the flexible display panel and generating an
alignment image of the first alignment mark by using light
which is transmitted or reflected at an area of the flexible
display at which the first alignment mark is provided, and
aligning the first alignment mark and a reference point of the
polarizing member using the alignment image of the first
alignment mark.

[0020] In an exemplary embodiment, the attaching the
window may include providing the window on the flexible
display panel and generating an alignment image of the first
alignment mark by using light which is reflected at an area
of the flexible display at which the first alignment mark is
provided, and aligning the first alignment mark and a
reference point of the window using the alignment image of
the first alignment mark.

[0021] In an exemplary embodiment, the attaching the
protective film may include providing the protective film on
the flexible display panel and generating an alignment image
of the first alignment mark by using light which is reflected
at an area of the flexible display at which the first alignment
mark is provided, and aligning the first alignment mark and
a reference point of the protective film using the alignment
image of the first alignment mark.

[0022] In an exemplary embodiment, the flexible display
panel further may include a signal line which is in the
display area and to which a display signal is provided, an
extension area extended from the peripheral area in a direc-
tion away from the display area, a pad in the extension area,
through which the display signal is transmitted from outside
the flexible display panel to the signal line in the display area
and a second alignment mark which is in the extension area
and in which respective portions of two metal layers are
stacked, the two metal layers of the first alignment mark
being different from the two metal layers of the second
alignment mark. The method may further include attaching
a circuit mounting film on the extension area using the
second alignment mark, and attaching a metal plate on the
protective film using the second alignment mark.

[0023] In an exemplary embodiment, the attaching the
circuit mounting film may include providing the circuit
mounting film on the flexible display panel and generating
an alignment image of the second alignment mark by using
light which is transmitted or reflected at an area of the
flexible display at which the second alignment mark is
provided, and aligning the second alignment mark and the
circuit mounting film using the alignment image of the
second alignment mark.
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[0024] In an exemplary embodiment, the attaching the
metal plate may include providing the metal plate on the
flexible display panel and generating an alignment image of
the second alignment mark by using light which is reflected
at an area of the flexible display at which the second
alignment mark is provided, and aligning the second align-
ment mark with a reference point of the metal plate using the
alignment image of the second alignment mark.

[0025] In an exemplary embodiment, the method may
further include bending the extension area of the flexible
display panel having the metal plate attached to the protec-
tive film, toward the metal plate, generating an alignment
image of the second alignment mark by using light which is
reflected at an area of the flexible display at which the
second alignment mark is provided, and aligning the second
alignment mark with a bending reference point using the
alignment image of the second alignment mark.

[0026] According to one or more of the exemplary
embodiments, the flexible display apparatus includes align-
ment marks of a stacked structure of respective portions of
a plurality of metal layers fabricated from a plurality of
metal layers used in manufacturing processes of the thin film
transistor and the touch sensor. In the module-assembling
processes of the flexible display apparatus, a clear alignment
mark image may be obtained by the alignment mark having
a structure in which a plurality of metal layers is stacked.
Therefore, an accuracy of the module-assembling processes
may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0028] FIG. 1is atop plan view illustrating an exemplary
embodiment of a flexible display panel;

[0029] FIG. 2 is a cross-sectional view illustrating the
flexible display panel taken along line I-I' in FIG. 1;
[0030] FIGS. 3 to 5 are cross-sectional views illustrating
structures of a flexible display panel in an exemplary
embodiment of a method of manufacturing the flexible
display panel of FIG. 2;

[0031] FIGS. 6A and 6B are respectively embodiments of
a front plan view and a back plan view of a flexible display
apparatus;

[0032] FIG. 7A is a cross-sectional view illustrating the
flexible display apparatus taken along line a-a' in FIG. 6A;
[0033] FIG. 7B is a cross-sectional view illustrating the
flexible display apparatus taken along line b-b' in FIG. 6B;
and

[0034] FIGS. 8 to 12 are cross-sectional views illustrating
structures of a flexible display apparatus in an exemplary
embodiment of a method of module-assembling the flexible
display apparatus of FIG. 6A and 6B.

DETAILED DESCRIPTION

[0035] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
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convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.

[0036] It will be understood that when an element is
referred to as being related to another element such as being
“on” another element, it can be directly on the other element
or intervening elements may be present therebetween. In
contrast, when an element is referred to as being related to
another element such as being “directly on” another element,
there are no intervening elements present.

[0037] Tt will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0038] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“At least one” 1s not to be construed as limiting “a” or “an.”
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof

[0039] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0040] 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 this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.
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[0041] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. 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 described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0042] Hereinafter, the invention will be explained in
detail with reference to the accompanying drawings.

[0043] FIG. 1is atop plan view illustrating an exemplary
embodiment of a flexible display panel. FIG. 2 is a cross-
sectional view illustrating the flexible display panel taken
along line I-I' in FIG. 1.

[0044] Referring to FIG. 1, the flexible display panel 100
may include a first area Al and a second area A2 which is
adjacent to the first area Al.

[0045] The first area A1 may include a display area DA
and a peripheral area PA which is adjacent to the display area

[0046] The display area DA may include a folding axis FA
defined in a central area thereof, and the display area DA
may be foldable along the folding axis FA. The flexible
display panel 100 and/or components thereof may also be
foldable or bendable about the folding axis FA. Therefore, a
first display area DP1 and a second display area DP2 of the
display area DA may be respectively defined at opposing
sides of the folding axis FA.

[0047] The display area DA is an area at which an image
is displayed. A plurality of signal lines and a plurality of
pixels which are connected to corresponding ones of the
plurality of signal lines may be arranged in the display area
DA.

[0048] The peripheral area PA is an area which is adjacent
to an edge portion of the display area DA. The peripheral
area PA is an area at which an image is not displayed. The
peripheral area PA may define an outermost region of the
flexible display panel 100. A driver circuit (not shown) for
generating signals which are provided to and transmitted
through the plurality of signal lines arranged in the display
area DA, may be disposed in the peripheral area PA. That is,
a driving display signal, a control display signal, etc. may be
provided from the outside the display area DA by the driver
circuit, and to the pixels in the display area DA via the signal
lines.

[0049] In one exemplary embodiment, a first alignment
mark AM1 provided in plural (also hereinafter, referred to as
a plurality of first alignment marks AM1 or first alignment
marks AM1) and used in a module-assembling process of
the flexible display panel 100, may be disposed in the
peripheral area PA. The plurality of first alignment marks
AMI1 may be used for a bonding alignment and a bonding
accuracy test between the flexible display panel 100 and
various members of a flexible display apparatus during the
module-assembling process. The members of the flexible
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display apparatus which may be attached to the flexible
display panel 100 include film members of the flexible
display apparatus.

[0050] The plurality of first alignment marks AM1 may
have various shapes and may be disposed at various posi-
tions within the peripheral area PA. As shown in FIG. 1, each
one of the first alignment marks AM1 within a group of first
alignment marks AM1 may have a discrete shape in the top
plan view. Within a group, the plurality of first alignment
marks AM1 may be spaced apart from each other.

[0051] The second area A2 may be an extension area
which extends from a first side portion of the peripheral area
PA. The second area A2 may be considered a portion of the
peripheral area PA, without being limited thereto. The
second area A2 may include a line area LA and a pad area
PDA. The second area A2 together with the peripheral area
PA may define a non-display area of the flexible display
panel 100.

[0052] The line area LA may include arranged therein a
plurality of fan-out signal lines connected to signal lines
arranged in the display area DA.

[0053] The pad area PDA may include arranged therein a
plurality of pads connected to the fan-out signal lines. That
is, signals such as a driving signal, a control signal, etc. may
be provided to the pads in the pad area PDA from outside the
flexible display panel 100. In an exemplary embodiment, the
signals may be provided from the pads in the pad area PDA,
through the fan-out signal lines in the line area LA, and to
the signal lines arranged in the display area DA. Pixels in the
display area DA may be controlled or driven to display an
image with the signals provided from the fan-out signal lines
in the line area LA.

[0054] In one exemplary embodiment, a second alignment
mark AM2 provided in plurality (hereinafter, referred to as
a plurality of second alignment marks AM2 or second
alignment marks AM2) and used in the module-assembling
process of the flexible display panel 100, may be disposed
in the second area A2.

[0055] The plurality of second alignment marks AM2 are
used as a reference point with which a device external to the
flexible display panel 100 (hereinafter, referred to as an
external device) is coupled to a pad area PDA of the flexible
display panel 100. In addition, the plurality of second
alignment marks AM2 may be used as the reference point
with which a position of the external device coupled to the
flexible display panel 100 is indicated in determining if such
position is correct.

[0056] In an exemplary embodiment of a bending process
during a module-assembling process, the second area A2 of
the flexible display panel 100 is bent toward a back surface
of the first area A1. The plurality of second alignment marks
AM2 may be used as a reference point with which a bending
alignment and a bending accuracy in bending the second
area A2 are determined.

[0057] The plurality of second alignment marks AM2 may
have various shapes and may be disposed at various posi-
tions within the second area A2. Each one of the second
alignment marks AM2 may have a discrete shape in the top
plan view. In an exemplary embodiment, for example, the
plurality of second alignment marks AM2 may be each
disposed at an edge portion of the second area A2.

[0058] According to one exemplary embodiment, each
one alignment mark among the plurality of first alignment
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marks AM1 and the plurality of second alignment marks
AM2 may include at least two metal layers each including
a metal material.

[0059] Referring to FIG. 2, the flexible display panel 100
may include a colored flexible substrate 110 including the
display area DA, the peripheral area PA, and the second area
A2.

[0060] The colored flexible substrate 110 may include a
first transparent layer 101, a colored layer 102 and a second
transparent layer 103 which are sequentially stacked. The
colored layer 102 may include an opaque material filled
therein. Each of the first transparent layer 101, the colored
layer 102 and the second transparent layer 103 may include
a plastic layer including a plastic material. In an exemplary
embodiment, for example, the plastic layer may include or
be formed of a material selected from among polyimide
(“PI”), polyethylene naphthalate (“PEN”), polyethylene
terephthalate (“PET”), polyarylate (“PAR”), polycarbonate
(“PC™), polyetherimide (“PEI”), polyethersulfone (“PS™),
and the like. The first transparent layer 101, the colored layer
102 and the second transparent layer 103 including the
plastic layer may hereinafter be referred to as a first trans-
parent plastic layer 101, a colored plastic layer 102 and a
second transparent plastic layer 103, respectively.

[0061] The flexible display panel 100 may include a thin
film transistor TFT, an organic light emitting diode OLED as
a light-emitting element, a touch sensor electrode TSE, a
first alignment mark AM1 and a second alignment mark
AM2. The touch sensor electrode TSE may include a first
touch electrode XE and a second touch electrode YE. Fach
one of the aforementioned elements may be provided in
plural within the flexible display panel 100.

[0062] The flexible display panel 100 may include a buffer
layer 111, a gate insulating layer 113, a first interlayer
insulating layer 116, a first planarization layer 121, a pixel
definition layer 122, an encapsulation member 150, a second
planarization layer 160, a second interlayer insulating layer
170, and a passivation layer 180.

[0063] The thin film transistor TFT includes an active
pattern AC, a gate electrode GE, a source electrode SE, and
a drain electrode DE. The gate electrode GE may include or
be formed from a first metal layer, and the source electrode
SE and the drain electrode DE may be formed from a second
metal layer. The source electrode SE and the drain electrode
DE may be formed from a same one second metal layer to
be disposed in a same layer of the flexible display panel 100
among layers disposed on the colored flexible substrate 110.

[0064] The organic light emitting diode OLED may
include a first pixel electrode PE1, a light emitting layer EL,
and a second pixel electrode PE2. The first pixel election
PE1 is connected to the drain electrode DE of the thin film
transistor TFT at or through a contact hole in the first
planarization layer 121. The light emitting layer EL is
disposed on the first pixel electrode PE1 exposed through an
opening in the pixel definition layer 122. The second pixel
electrode PE2 is disposed on the light emitting layer EL and
overlaps with the first pixel electrode PE1.

[0065] The encapsulation member 150 may cover a front
surface of the display area DA and extend from the display
area DA to cover both the peripheral area PA and the second
area A2. However, in an alternative exemplary embodiment,
the encapsulation member 150 may not cover the pad area
PDA in the second area A2.
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[0066] The first touch electrode XE may be provided or
formed in the display area DA. The first touch electrode XE
may be a first electrode of a touch sensor for sensing a touch
from outside the flexible display panel 100. The first touch
electrode XE may include or be formed from a third metal
layer.

[0067] The second touch electrode YE may be a second
electrode of the touch sensor. The second touch electrode YE
may include or be formed from a fourth metal layer.

[0068] The first alignment mark AM1 may be disposed in
the peripheral area PA. The first alignment mark AM1
includes a first layer MG1 formed from a same first metal
layer as the gate electrode GE, a second layer MS1 formed
from a same second metal layer as the source electrode SE,
a third layer MX1 formed from a same third metal layer as
the first touch electrode XE and a fourth layer MY 1 formed
from a same fourth metal layer as the second touch electrode
XY. That is, the various layers of the first alignment mark
AM1 and the corresponding electrodes described above, are
respectively portions of a same material layer, so as to be
disposed in a same layer of the flexible display panel 100
among layers provided on the colored flexible substrate 110.

[0069] In one exemplary embodiment, the first alignment
mark AM1 may have a structure in which at least two
portions among the first through fourth metal layers are
stacked.

[0070] The second alignment mark AM2 may be disposed
in the second area A2. The second alignment mark AM2
includes a first layer MG2 formed from a same first metal
layer as the gate electrode GE, a second layer MS2 formed
from a same second metal layer as the source electrode SE,
a third layer MX2 formed from a same third metal layer as
the first touch electrode XE and a fourth layer MY 2 formed
from a same fourth metal layer as the second touch electrode
XY. That is, the various layers of the second alignment mark
AM2 and the corresponding electrodes described above, are
respectively portions of a same material layer, so as to be
disposed in a same layer of the flexible display panel 100
among layers provided on the colored flexible substrate 110.

[0071] In one exemplary embodiment, the second align-
ment mark AM2 may have a multi-layer structure in which
at least two portions among the first to fourth metal layers
are stacked.

[0072] FIGS. 3 to 5 are cross-sectional views illustrating
structures of a flexible display panel in an exemplary
embodiment of a method of manufacturing the flexible
display panel of FIG. 2.

[0073] Referring to FIG. 3, the colored flexible substrate
110 may include a first transparent plastic layer 101, a
colored plastic layer 102 and a second transparent plastic
layer 103 which are sequentially stacked.

[0074] A buffer layer 111 is provided or formed on the
colored flexible substrate 110. In an exemplary embodiment,
for example, the buffer layer 111 may be provided or formed
by various methods such as a chemical vapor deposition
(“CVD™) or a sputtering using silicon oxide, silicon nitride,
silicon oxynitride, or the like.

[0075] A thin film transistor TFT, the first layer MG1 and
the second layer MS1 of a first alignment mark AM1 and the
first layer MG2 and the second layer MS2 of a second
alignment mark AM2 are provided or formed on the buffer
layer 111.
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[0076] The thin film transistor TFT may include an active
pattern AC, a gate electrode GE. a source electrode SE, and
a drain electrode DE.

[0077] A semiconductor layer may be provided or formed
on the buffer layer 111. In an exemplary embodiment, for
example, a semiconductor layer may be provided or formed
by providing or forming a layer including a silicon-contain-
ing material, an oxide semiconductor material or the like, on
an entire surface of the buffer layer 111, and then patterned
the layer to form a semiconductor layer. When a semicon-
ductor layer is provided or formed using the silicon-con-
taining material, an amorphous silicon layer may be pro-
vided or formed on the entire surface of the buffer layer 111
and crystallized to form a polycrystalline silicon layer. The
semiconductor layer is patterned to form an active pattern
AC. Each of opposing sides of the active pattern AC may be
doped with impurities to form the active pattern AC includ-
ing a source area, a drain area, and a channel area which is
between the source and drain areas.

[0078] A gate insulating layer 113 may be provided or
formed on the active pattern AC. In an exemplary embodi-
ment, for example, the gate insulating layer 113 may be
provided or formed using silicon oxide, silicon nitride,
silicon oxynitride, or the like.

[0079] A first metal layer is provided or formed on the gate
insulating layer 113 and patterned to provide or form a gate
electrode GE, a first layer MG1 of the first alignment mark
AMI1 and a first layer MG2 of the second alignment mark
AM2.

[0080] A first interlayer insulating layer 116 may be pro-
vided or formed on the gate electrode GE, the first layer
MGT and the first layer MG2. In an exemplary embodiment,
for example, the first interlayer insulating layer 116 may
include or be formed of silicon oxide, silicon nitride, silicon
oxynitride, or the like.

[0081] A plurality of contact holes exposing the semicon-
ductor layer may be provided or formed in the first interlayer
insulating layer 116 and the gate insulating layer 113. In an
exemplary embodiment, for example, the contact holes may
respectively expose a source area and a drain area of the
active pattern AC.

[0082] A second metal layer is provided or formed on the
first interlayer insulating layer 116. The second metal layer
is patterned to form a source electrode SE connected to the
source area, a drain electrode DE connected to the drain
area, a second layer MS1 of the first alignment mark AM1
and a second layer MS2 of the second alignment mark AM2.
[0083] Referring to FIG. 4, a first planarization layer 121
is provided or formed on the source electrode SE and the
drain electrode DE. The first planarization layer 121 may
include an organic material such as an acrylic resin, an
epoxy resin, a polyimide resin, and a polyester resin. The
first planarization layer 121 may be provided or formed only
in the display area DA.

[0084] A first pixel electrode PE1 is provided or formed on
the first planarization layer 121. The first pixel electrode PE1
may be connected to the drain electrode DE of the thin film
transistor TFT through a contact hole provided or formed in
the first planarization layer 121.

[0085] A pixel definition layer 122 is provided or formed
on the first pixel electrode PH. The pixel definition layer 122
may be provided or formed only in the display area DA. In
an exemplary embodiment, for example, the pixel definition
layer 122 may include or be formed of a polyimide resin, a
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photoresist, an acryl resin, a polyamide resin, a siloxane
resin, or the like. The pixel definition layer 122 may be
patterned to provide or form an opening exposing a portion
of the first pixel electrode PE1.

[0086] A light emitting layer EL is provided or formed on
the first pixel electrode PE1 in the opening. The light
emitting layer ELL may include a hole injection layer
(“HIL”), a hole transport layer (“HTL”), an electron trans-
port layer (“ETL”), an organic light emitting layer (“EML”),
and an electron injection layer (“EIL”).

[0087] A second pixel electrode PE2 is provided or formed
on light emitting layer EL. The second pixel electrode PE2
may be provided or formed entirely in the display area DA.
[0088] Referring to FIG. 5, an encapsulation member 150
is provided or formed on the second layer MS1, the second
layer MS2 and the organic light emitting diode OLED. The
encapsulation member 150 may have a structure in which an
inorganic layer and an organic layer are alternately stacked.
The encapsulation member 150 may protect the organic light
emitting diode OLED from moisture. The encapsulation
member 150 may be provided or formed in the peripheral
area PA and the second area A2. Alternatively, the encap-
sulation member 150 may not be provided or formed in the
peripheral area PA or the second area A2.

[0089] A second planarization layer 160 is provided or
formed on the encapsulation member 150. The second
planarization layer 160 may be provided or formed entirely
in the display area DA, the peripheral area PA, and the
second area A2.

[0090] A third metal layer is provided or formed on the
second planarization layer 160. The third metal layer is
patterned to form a first touch electrode XE, a third layer
MX1 of a first alignment mark AM1, and a third layer MX2
of a second alignment mark AM2.

[0091] A second interlayer insulating layer 170 is provided
or formed on the first touch electrode XE, the third layer
MX1 and the third layer MX2.

[0092] A fourth metal layer is provided or formed on the
second interlayer insulating layer 170. The fourth metal
layer may be patterned to provide or form a second touch
electrode

[0093] YE, a fourth layer MY1 of a first alignment mark
AM1 and a fourth layer MY?2 of a second alignment mark
AM2.

[0094] A passivation layer 180 is provided or formed on
the second touch electrode YE, the fourth layer MY1 and the
fourth layer MY2. The passivation layer 180 may be pro-
vided or formed entirely in the display area DA, the periph-
eral area PA, and the second area A2 of the colored flexible
substrate 110.

[0095] The flexible display panel 100 according to the
exemplary embodiment may be completed by the above
manufacturing processes.

[0096] The flexible display panel 100 according to the
exemplary embodiment may include the first alignment
mark AM1 and the second alignment mark AM?2 in each of
which at least portions of two metal layers are stacked.
[0097] FIGS. 6A and 6B are respectively embodiments of
a front plan view and a back plan view of a flexible display
apparatus. FIG. 7A is a cross-sectional view illustrating the
flexible display apparatus taken along line a-a' in FIG. 6A.
FIG. 7B is a cross-sectional view illustrating the flexible
display apparatus taken along line b-b' in FIG. 6B.
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[0098] Referring to FIGS. 6A to 7B, the flexible display
apparatus 1000 may include a flexible display panel 100, a
polarizing member 200, a circuit mounting film 310, a
flexible circuit board 330, a window member 400, a protec-
tive film 500 and a metal plate 600. The flexible display
apparatus 1000 and/or components thereof may be disposed
in a plane defined by a first direction and a second direction
which cross each other. In FIG. 6A and 6B, for example, the
horizontal direction and the vertical direction may variously
represent the first direction and/or the second direction. A
thickness of the flexible display apparatus 1000 and/or
components thereof may be defined along a third direction
which crosses each of the first direction and the second
direction. In FIGS. 7A and 7B, for example, the vertical
direction may represent a thickness direction, while the
horizontal direction may variously represent the first direc-
tion and/or the second direction.

[0099] The flexible display panel 100 may include sub-
stantially the same components as those of the flexible
display panel according to the previous embodiments
described with reference to FIGS. 1 and 2.

[0100] The flexible display panel 100 may include a first
area Al and a second area A2.

[0101] The first area A1 may include a display area DA
and a peripheral area PA which is adjacent to the display area
DA. The peripheral area PA may surround the display area
DA in a top plan view, without being limited thereto.
[0102] The display area DA includes a folding axis FA
defined at a central area of the display area DA, and a first
display area DP1 and a second display area DP2 may be
defined respectively on opposing sides of the folding axis
FA. The display area DA is an area at which an image is
displayed, and in which a plurality of signal lines and a
plurality of pixels may be arranged.

[0103] The peripheral area PA is an area adjacent to an
edge portion of the display area DA. A driver circuit (not
shown) for generating signals which are provided to the
plurality of signal lines arranged in the display area DA, may
be disposed in peripheral area PA.

[0104] In one exemplary embodiment, a plurality of first
alignment marks AM1 used in a module-assembling process
of the flexible display panel 100 may be disposed in the
peripheral area PA. The plurality of first alignment marks
AMI1 may be used for a bonding alignment and a bonding
accuracy test between the flexible display panel 100 and
various attachment members of the flexible display appara-
tus 1000, such as film members of the flexible display
apparatus 1000, during the module-assembling process.
[0105] The plurality of first alignment marks AM1 may
have various shapes and may be disposed at various posi-
tions within the peripheral area PA.

[0106] The second area A2 may be an extension area of the
flexible display panel 100 which extends from a first side
portion of the peripheral area PA. The second area A2 may
include a pad area PDA. The pad area PDA may include a
plurality of pads, and the plurality of pads may be connected
to the circuit mounting film 310.

[0107] In one exemplary embodiment, a plurality of sec-
ond alignment marks AM2 used in the module assembling
process of the flexible display panel 100 may be disposed in
the second area A2.

[0108] The plurality of second alignment marks AM2 are
used as a reference point for accurately coupling an external
device to a pad area PDA of the flexible display panel 100.
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In addition, the plurality of second alignment marks AM2
may be used as the reference point for checking whether the
external device is coupled to the flexible display panel 100
at a correct position.

[0109] Referring to FIGS. 6A and 6B, the flexible display
panel 100 having the circuit mounting film 310 and the
flexible circuit board 330 coupled thereto is bendable at the
second arca A2. The flexible display panel 100 may be
bendable at a boundary between the first area Al and the
second area A2, without being limited thereto. In an exem-
plary embodiment of a bending process of a module-assem-
bling process, the flexible display panel 100 which is bent
disposes the second area A2 facing the back surface of the
first area Al. The plurality of second alignment marks AM2
may be used to check a bending alignment and a bending
accuracy related to a position of the second area A2 relative
to the first area Al.

[0110] The plurality of second alignment marks AM2 may
have various shapes and may be disposed at various posi-
tions within the second area A2. In an exemplary embodi-
ment, for example, the plurality of second alignment marks
AM2 may be disposed at an edge portion of the second area
A2.

[0111] The plurality of first alignment marks AM1 and the
plurality of second alignment marks AM2 may each have a
structure in which portions of at least two metal layers are
stacked along a thickness direction of the flexible display
panel 100, as described with reference to FIG. 2.

[0112] Referring to FIG. 7A, the polarizing member 200 is
disposed on a first surface of the flexible display panel 100.
The first surface may correspond to a front surface of the
flexible display panel 100 as a light emitting surface thereof.
The polarizing member 200 may be attached to the first
surface of the flexible display panel 100 using an adhesive
film member.

[0113] The circuit mounting film 310 may include a first
end portion mounted on and/or connected to the plurality of
pads formed in the second area A2 of the flexible display
panel 100, and a second end portion which is opposite to the
first end portion and connected to the flexible circuit board
330.

[0114] The flexible circuit board 330 may be connected at
a second end thereof to the second end portion of the circuit
mounting film 310, and the flexible circuit board 300 may be
connected at a first end thereof to an external graphics device
(not shown).

[0115] The window member 400 is disposed on the first
surface of the polarizing member 200. The window member
400 is a film material and may be attached to the polarizing
member 200 using an adhesive film member. The window
member 400 includes a light shielding part 410 for blocking
a light generated from the flexible display panel 100 and a
transmission window 430 for transmitting the light. The
light shielding part 410 may correspond to the peripheral
area PA of the flexible display panel 100. The transmission
window 430 may correspond to the display area DA of the
flexible display panel 100.

[0116] Referring to FIGS. 7A and 7B, the protective film
500 is disposed on a second surface of the flexible display
panel 100 which is opposite to the first surface of the flexible
display panel 100. The second surface may correspond to a
back surface which is opposite to the front surface of the
flexible display panel 100. The protective film 500 may
protect the flexible display panel 100 from external impacts
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by including a cushioning material. The protective film 500
may be attached to the second surface of the flexible display
panel 100 by an adhesive film member.

[0117] The metal plate 600 is disposed on the protective
film 500 disposed on the second surface of the flexible
display panel 100. The metal plate 600 may serve as a frame
to maintain a rigidity or an overall shape of the flexible
display panel 100. The metal plate 600 may be attached to
the protective film 500 by an adhesive film member.
[0118] Referring to FIGS. 6B and 7B, the metal plate 600
may include a first surface attached to the protective film 500
and a second surface opposite to the first surface. Referring
to FIG. 7A, the flexible display panel 100 which is not bent
disposes the second surface of the metal plate 600 exposed
outside the flexible display apparatus 1000. The flexible
display panel 100 which is bent disposes the second area A2
thereof facing the second surface of the metal plate 600. The
flexible display panel 100 which is bent also disposes the
second area A2 thereof facing the first area A1, as shown in
FIG. 6B and 7B. The circuit mounting film 310 and the
flexible circuit board 330 which are connected to the second
area A2 of the flexible display panel 100 may be disposed
facing the second surface of the metal plate 600.

[0119] FIGS. 8 to 12 are cross-sectional views illustrating
structures of a flexible display apparatus in an exemplary
embodiment of a method of module-assembling a flexible
display apparatus.

[0120] FIG. 8 is a cross-sectional view illustrating the
flexible display apparatus taken along line II-IT" in FIG. 6A,
according to a first assembling process.

[0121] Referring to FIG. 8, the module-assembling pro-
cess may include using a camera 810 and a lamp 830. The
camera 810 generates an alignment image using a light
generated from the lamp 830. The lamp 830 irradiates an
area of the flexible display panel 100 in which an alignment
mark is disposed to identify and determine a location of the
alignment mark disposed on the flexible display panel 100.
The light from the lamp 830 may be incident to the area of
the flexible display panel 100 in which an alignment mark is
disposed and subsequently transmitted or reflected based on
interaction of the light relative to the alignment mark and
surrounding area of the flexible display panel 100.

[0122] In the first assembling process, the polarizing
member 200 may be aligned and attached on the flexible
display panel 100 using a first alignment mark AM1 dis-
posed in the flexible display panel 100. The portions of
various metal layers within the first alignment mark AM1
are shown as solid line bars in FIG. 8.

[0123] The camera 810 may be disposed on the flexible
display panel 100 and the lamp 830 may be disposed on a
lower portion of the flexible display panel 100. In this case,
the camera 810 may generate a first alignment image using
the light of the lamp 830 transmitted through the flexible
display panel 100.

[0124] In one exemplary embodiment, a substrate of the
flexible display panel 100 may be flexible and may include
a plastic layer which is colored. When the lamp 830 is
disposed at the lower portion of the flexible display panel
100, the light may be reflected by a material included in and
filling the plastic layer which is colored. Therefore, the light
incident on the camera 810 decreases, and thus a sharpness
of the alignment image may be degraded.

[0125] However, according to one or more exemplary
embodiment, the first alignment mark AM1 has a structure
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in which a plurality of metal layers is stacked, so that a
sharpness of the alignment image corresponding to the first
alignment mark AM1 may be increased. Light may be
reflected by the first alignment mark AMI, to increase
sharpness of the alignment image.

[0126] Alternatively, although not shown in figures, the
lamp 830 may be disposed at an upper portion of the flexible
display panel 100, such as corresponding to the camera 810.
In this case, the camera 8§10 may generate a first alignment
image using the light reflected from the flexible display
panel 100.

[0127] In one exemplary embodiment, the first alignment
mark AM1 has a structure in which portions of a plurality of
metal layers are stacked, so that the sharpness of the
alignment image is increased by generation of reflected light
by the metal layers.

[0128] The first alignment mark AM1 and a first reference
point RP1 of the polarizing member 200 are aligned to be
adjacent to each other, using the first alignment image
generated by the camera 810. While the first reference point
RP1 of the polarizing member 200 is aligned with the first
alignment mark AM1, the polarizing member 200 may be
coupled to the flexible display panel 100. The first reference
point RP1 of the polarizing member 200 may be defined at
a location along the polarizing member 200. The first
reference point RP1 of the polarizing member 200 may be
an edge area of the polarizing member 200.

[0129] In one exemplary embodiment, the polarizing
member 200 is attached on the first surface of the flexible
display panel 100, and then a process of attaching the circuit
mounting film 310 and the flexible circuit board 330 may be
performed.

[0130] Referring to FIG. 6A, in an assembling process of
the circuit mounting film 310, the circuit mounting film 310
is aligned and attached to the pad area PDA of the flexible
display panel 100 using the second alignment mark AM2
disposed in the second area A2 of the flexible display panel
100. The circuit mounting film 310 may be aligned and
attached to the pad area PDA of the flexible display panel
100 by using the second alignment mark AM2 and a
reference point (not shown) of the circuit mounting film 310.
[0131] The camera 810 may generate an alignment mark
image using transmitted light or reflected light according to
a position of the lamp 830.

[0132] In one exemplary embodiment, the second align-
ment mark AM2 has a structure in which portions of a
plurality of metal layers are stacked, so that the alignment
mark image of the second alignment mark AM2 generated
by the transmitted light or the reflected light, may be clearly
viewable.

[0133] The second alignment mark AM2 and the circuit
mounting film 310 are aligned by using the alignment mark
image. While the second alignment mark AM2 and the
circuit mounting film 310 are aligned with each other, the
circuit mounting film 310 is attached to the flexible display
panel 100.

[0134] The flexible circuit board 330 may be mounted on
the circuit mounting film 310 using the second alignment
mark AM2 in substantially the same manner as the assem-
bling process of the circuit mounting film 310 described
above.

[0135] FIG. 9 is a cross-sectional view illustrating the
flexible display apparatus taken along line II-IP in FIG. 6A
according to a second assembling process.
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[0136] Referring to FIG. 9, in the second assembling
process, a window member 400 is aligned and attached to
the polarizing member 200 using a first alignment mark
AM1 disposed in the flexible display panel 100. An adhesive
film member may be disposed between the polarizing mem-
ber 200 and the window member 400 to attach the polarizing
member 200 and the window member 400 to each other. The
first alignment mark AM1 used in the second assembling
process may be the same first alignment mark AM1 used in
the first assembling process, without being limited thereto.
[0137] The camera 810 and the lamp 830 may be disposed
under the flexible display panel 100 since the light shielding
part 410 of the window member 400 is above the flexible
display panel 100.

[0138] The camera 810 generates a second alignment
image using the reflected light reflected from the first
alignment mark AM1 of the flexible display panel 100.
[0139] In one exemplary embodiment, the first alignment
mark AM1 has a structure in which portions of a plurality of
metal layers are stacked, so that a sharpness of the second
alignment image generated by the reflected light may be
increased.

[0140] The first alignment mark AM1 and a second ref-
erence point RP2 of the window member 400 are aligned
with each other using the second alignment image generated
by the camera 810. While the first alignment mark AM1 and
the second reference point RP2 of the window member 400
are aligned with each other, the window member 400 may be
attached to the flexible display panel 100. The second
reference point RP2 of the window member 400 may be
defined at a location along the window member 400. The
second reference point RP2 of the window member 400 may
be at an edge area of the window member 400.

[0141] FIG. 10 is a cross-sectional view illustrating the
flexible display apparatus taken along line II-IP in FIG. 6 A
according to a third assembling process.

[0142] Referring to FIG. 10, in the third assembling pro-
cess, the protective film 500 is aligned and attached to the
second surface of the flexible display panel 100 using the
first alignment mark AM1 disposed in the flexible display
panel 100. An adhesive film member may be disposed
between the second surface of the flexible display panel 100
and the protective film 500 to attach the flexible display
panel 100 and the protective film 500 to each other. The first
alignment mark AM1 used in the third assembling process
may be the same first alignment mark AM1 used in the
second assembling process, without being limited thereto.
[0143] The camera 810 and the lamp 830 may be disposed
under the flexible display panel 100 due to the light shielding
part 410 of the window member 400 above the flexible
display panel 100.

[0144] In this case, the camera 810 generates a third
alignment image using the reflected light reflected from the
first alignment mark AM1 of the flexible display panel 100.
[0145] In one exemplary embodiment, the first alignment
mark AM1 has a structure in which portions of a plurality of
metal layers are stacked, such that a sharpness of the third
alignment image generated by the reflected light may be
increased.

[0146] The first alignment mark AM1 and a third reference
point RP3 of the protective film 500 are aligned with each
other using the third alignment image generated by the
camera 810. While the first alignment mark AM1 and the
third reference point RP3 of the protective film 500 are
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aligned with each other, the protective film 500 may be
attached to the flexible display panel 100. The third refer-
ence point RP3 of the protective film 500 may be defined at
a location along the protective film 500. The third reference
point RP3 of the protective film 500 may be at an edge area
of the protective film 500.

[0147] FIG. 11 is a cross-sectional view illustrating the
flexible display apparatus taken along line in FIG. 6A
according to a fourth assembling process.

[0148] Referring to FIG. 11, in the fourth assembling
process, the metal plate 600 is aligned and attached to the
protective film 500 using a second alignment mark AM2
disposed in the flexible display panel 100. An adhesive film
member may be disposed between the protective film 500
and the metal plate 600 to attach the protective film 500 and
the metal plate 600 to each other.

[0149] The camera 810 and the lamp 830 may be disposed
under the flexible display panel 100 due to the light shielding
part 410 and the metal plate 600 of the window member 400
above the flexible display panel 100.

[0150] The camera 810 generates a fourth alignment
image using the reflected light reflected by the second
alignment mark AM2 of the flexible display panel 100. The
metal plate 600 is arranged to overlap the first area Al of the
flexible display panel 100, e.g., the display area DA and the
peripheral area PA. Thus, the metal plate 600 may be aligned
with respect to the stacked structure in FIG. 10 by using the
second alignment mark AM2 disposed in the second area
A2.

[0151] In one exemplary embodiment, the second align-
ment mark AM2 has a structure in which portions of a
plurality of metal layers are stacked, so that a sharpness of
the fourth alignment image generated by the reflected light
may be increased.

[0152] The second alignment mark AM2 and a fourth
reference point RP4 of the metal plate 600 are aligned with
each other using the fourth alignment image generated by
the camera 810. While the second alignment mark AM2 and
the fourth reference point RP4 of the metal plate 600 are
aligned with each other, the metal plate 600 may be attached
to the flexible display panel 100. The fourth reference point
RP4 of the metal plate 600 may be defined at a location
along the metal plate 600. The fourth reference point RP4 of
the metal plate 600 may be at an edge area of the metal plate
600.

[0153] FIG. 12 is a cross-sectional view illustrating the
flexible display apparatus taken along line IV-IV' in FIG. 6B
according to a fifth assembling process.

[0154] Referring to FIG. 12, in a fifth assembling process,
the stacked structure in FIG. 11 is bent to dispose the second
area A2 of the flexible display panel 100 facing the second
surface of the flexible display panel 100.

[0155] The metal plate 600 may include a first surface
facing and at which the metal plate 600 is attached to the
protective film 500, and a second surface opposite the first
surface. The flexible display panel 100 may be bent to
dispose the second area A2 facing the second surface of the
metal plate 600.

[0156] The camera 810 and the lamp 830 may be disposed
under the flexible display panel 100, at a same side of the
stacked structure in FIG. 12 at which the metal plate 600 is
disposed.

[0157] The camera 810 generates a fifth alignment image
using the reflected light reflected by the second alignment
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mark AM2 of the flexible display panel 100. The second
alignment mark AM2 used in the fifth assembling process
may be the same second alignment mark AM1 used in the
fourth assembling process, without being limited thereto.

[0158] In one exemplary embodiment, the second align-
ment mark AM2 has a structure in which portions of a
plurality of metal layers is stacked, so that a sharpness of the
fifth alignment image generated by the reflected light may be
increased.

[0159] The second alignment mark AM2 of the flexible
display panel 100 is aligned with a bending reference point
RP5 in an area of the stacked structure in FIG. 12, using the
fifth alignment image displayed on the camera 810. A
bending reference point RP5 may be defined relative to the
second surface of the metal plate 600, without being limited
thereto. The stacked structure of FIG. 11 may be bent
dispose the second area A2 of the flexible display panel 100
at an accurate position relative to the metal plate 600 and to
avoid multiple bending attempts thereby reducing or effec-
tively preventing defects such as cracks in the fan-out signal
lines in the second area A2 which may also be bent in the
fifth assembling process.

[0160] A module assembly of the flexible display appara-
tus may be completed by the above assembling processes.

[0161] According to one or more of the exemplary
embodiments, the flexible display apparatus includes align-
ment marks each having stacked portions of a plurality of
metal layers fabricated from the same plurality of metal
layers used in manufacturing processes of the thin film
transistor and the touch sensor. In the module-assembling
processes of the flexible display apparatus, a clear alignment
mark image may be obtained by the alignment marks having
a structure in which portions of a plurality of metal layers are
stacked. Therefore, an accuracy of the module-assembling
processes may be improved.

[0162] One or more exemplary embodiments may be
applied to a display device and an electronic device which
has the display device. One or more exemplary embodi-
ments, for example, may be applied to a computer monitor,
a laptop, a digital camera, a cellular phone, a smart phone,
a smart pad, a television, a personal digital assistant, a
portable multimedia player (“PMP”), a MP3 player, a navi-
gation system, a game console, a video phone, etc.

[0163] The foregoing is illustrative of the invention and is
not to be construed as limiting thereof. Although a few
exemplary embodiments of the invention have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the novel teachings
and advantages of the invention. Accordingly, all such
modifications are intended to be included within the scope of
the invention as defined in the claims. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is
illustrative of the invention and is not to be construed as
limited to the specific exemplary embodiments disclosed,
and that modifications to the disclosed exemplary embodi-
ments, as well as other exemplary embodiments, are
intended to be included within the scope of the appended
claims. The invention is defined by the following claims,
with equivalents of the claims to be included therein.
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What is claimed is:

1. A flexible display apparatus comprising:

a flexible display panel comprising:

a flexible substrate comprising a plastic layer,

adisplay area of the flexible substrate comprising a thin
film transistor, an organic light emitting layer, and a
sensor electrode on the flexible substrate, and

a peripheral area of the flexible substrate adjacent to the
display area, the peripheral area comprising a first
alignment mark in which respective portions of two
metal layers are stacked:;

a window on a first surface of the flexible display panel,
the window comprising a reference point defined along
the window, a transmissive window corresponding to
the display area and a light shielding part correspond-
ing to the peripheral area; and

a protective film on a second surface of the flexible
display panel which is opposite to the first surface
thereof, the protective film comprising a reference
point defined along the protective film,

wherein the first alignment mark is aligned with the
reference point of the window and with the reference
point of the protective film.

2. The flexible display apparatus of claim 1, wherein the

flexible display panel further comprises:

a signal line which is in the display area and to which a
display signal is provided,

an extension area extended from the peripheral area in a
direction away from the display area, and

a pad in the extension area, through which the display
signal is transmitted from outside the flexible display
panel to the signal line in the display area.

3. The flexible display apparatus of claim 2, wherein the
extension area of the flexible display panel comprises a
second alignment mark in which respective portions of two
metal layers are stacked, the two metal layers of the first
alignment mark being different from the two metal layers of
the second alignment mark.

4. The flexible display apparatus of claim 2, further
comprising:

a flexible circuit board from which the display signal is

provided to the flexible display panel, and

a circuit mounting film connected to the flexible circuit
board and to the pad in the extension area the flexible
display panel, and through which the display signal
from the flexible circuit board is transmitted to the pad.

5. The flexible display apparatus of claim 4, further
comprising a metal plate facing the second surface of the
flexible display panel,

wherein the flexible display panel which is bent disposes
the metal plate between the extension area of the
flexible display panel and the protective film on the
second surface of the flexible display panel.

6. The flexible display apparatus of claim 5, wherein the
second alignment mark is aligned with a reference point of
each of the circuit mounting film, the flexible circuit board
and the metal plate, which is respectively defined along the
circuit mounting film, the flexible circuit board and the metal
plate.

7. The flexible display apparatus of claim 1, further
comprising a polarizing member between the flexible dis-
play panel and the window.
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8. The flexible display apparatus of claim 7, wherein the
first alignment mark is further aligned with a reference point
of the polarizing member which is defined along the polar-
izing member.

9. The flexible display apparatus of claim 1, wherein the
display area of the flexible display panel includes a folding
axis about which the flexible display panel is bendable.

10. The flexible display apparatus of claim 3, wherein the
first alignment mark and the second alignment mark each
comprise a portion of a first metal layer, a portion of a
second metal layer, a portion of a third metal layer and a
portion of a fourth metal layer sequentially which are
stacked on the flexible substrate.

11. The flexible display apparatus of claim 3, wherein

the thin film transistor comprises a gate electrode and a

source electrode,

the sensor electrode includes a first touch electrode and a

second touch electrode,

the gate electrode, the first alignment mark and the second

alignment mark each include respective portions of a
same first metal layer,

the source electrode, the first alignment mark and the

second alignment mark each include respective por-
tions of a same second metal layer,

the first touch electrode, the first alignment mark and the

second alignment mark each include respective por-
tions of a same third metal layer, and

the second touch electrode, the first alignment mark and

the second alignment mark each include respective
portions of a same fourth metal layer.

12. The flexible display apparatus of claim 1, wherein the
flexible substrate comprises a first transparent plastic layer,
a plastic layer, and a second transparent plastic layer that are
sequentially stacked.

13. A method of assembling a flexible display apparatus,
the method comprising:

providing a flexible display panel comprising:

a flexible substrate comprising a plastic layer,

adisplay area of the flexible substrate comprising a thin
film transistor, an organic light emitting layer, and a
sensor electrode on the flexible substrate, and

a peripheral area of the flexible substrate adjacent to the
display area, the peripheral area comprising a first
alignment mark in which respective portions of two
metal layers are stacked,

attaching a polarizing member on a first surface of the

flexible display panel by using the first alignment mark;
attaching a window on the first surface of the flexible
display panel by using the first alignment mark; and
attaching a protective film on a second surface of the
flexible display panel which is opposite to the first
surface thereof, by using the first alignment mark.

14. The method of claim 13, wherein the attaching the
polarizing member comprises:

providing the polarizing member on the flexible display

panel and generating an alignment image of the first
alignment mark by using light which is transmitted or
reflected at an area of the flexible display at which the
first alignment mark is provided, and

aligning the first alignment mark and a reference point of

the polarizing member which is defined along the
polarizing member, by using the alignment image of
the first alignment mark.
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15. The method of claim 13, wherein the attaching the
window comprises:

providing the window on the flexible display panel and
generating an alignment image of the first alignment
mark by using light which is reflected at an area of the
flexible display at which the first alignment mark is
provided, and

aligning the first alignment mark and a reference point of
the window which is defined along the window, by
using the alighment image of the first alignment mark.

16. The method of claim 13, wherein the attaching a

protective film comprises:

providing the protective film on the flexible display panel
and generating an alignment image of the first align-
ment mark by using light which is reflected at an area
of the flexible display at which the first alignment mark
is provided, and

aligning the first alignment mark and a reference point of
the protective film which is defined along the protective
film, by using the alignment image of the first align-
ment mark.

17. The method of claim 13, wherein

the flexible display panel further comprises:

a signal line which is in the display area and to which
a display signal is provided,

an extension area extended from the peripheral area in
a direction away from the display area,

a pad in the extension area, through which the display
signal is transmitted from outside the flexible display
parel to the signal line in the display area, and

a second alignment mark which is in the extension area
and in which respective portions of two metal layers
are stacked, the two metal layers of the first align-
ment mark being different from the two metal layers
of the second alignment mark, and

the method further comprises:

attaching a circuit mounting film on the extension area

using the second alignment mark; and
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attaching a metal plate on the protective film using the
second alignment mark.
18. The method of claim 17. wherein the attaching the
circuit mounting film comprises:

providing the circuit mounting film on the flexible display
panel and generating an alignment image of the second
alignment mark by using light which is transmitted or
reflected at an area of the flexible display at which the
second alignment mark is provided, and

aligning the second alignment mark and a reference point
of the circuit mounting film which is defined along the
circuit mounting film, by using the alignment image of
the second alignment mark.

19. The method of claim 17, wherein the attaching the

metal plate comprises:

providing the metal plate on the flexible display panel and
generating an alignment image of the second alignment
mark by using light which is reflected at an area of the
flexible display at which the second alignment mark is
provided, and

aligning the second alignment mark with a reference point
of the metal plate which is defined along the metal
plate, by using the alignment image of the second
alignment mark.

20. The method of claim 17, further comprising:

bending the extension area of the flexible display panel
having the metal plate attached to the protective film,
toward the metal plate;

generating an alignment image of the second alignment
mark by using light which is reflected at an area of the
flexible display at which the second alignment mark is
provided, and

aligning the second alignment mark with a bending ref-
erence point defined along the metal plate, by using the
alignment image of the second alignment mark.
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