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Description

Technical Field

[0001] This relates generally to electronic devices, and
more particularly, to electronic devices with a display.

Description of the Related Art

[0002] Electronic devices often include displays. For
example, cellular telephones and portable computers in-
clude displays for presenting information to a user. Com-
ponents for the electronic device, including but not limited
to a display, may be mounted in a plastic or a metal hous-
ing.
[0003] An assembled display may include a display
panel and a number of components for providing a variety
of functionalities. For instance, one or more display driv-
ing circuits for controlling the display panel may be in-
cluded in a display assembly. Examples of the driving
circuits include gate drivers, emission (source) drivers,
power (VDD) routing, electrostatic discharge (ESD) cir-
cuits, multiplex (mux) circuits, data signal lines, cathode
contacts, and other functional elements. There may be
a number of peripheral circuits included in the display
assembly for providing various kinds of extra functions,
such as touch sense or fingerprint identification function-
alities. Some of the components may be disposed on the
display panel itself, often in the periphery areas next to
the display area, which is referred in the present disclo-
sure as the non-display area and/or the non-display area.
[0004] Size and weight are of the critical importance in
designing modern electronic devices. Also, a high ratio
of the display area size compared to that of non-display
area, which is sometimes referred to as the screen to
bezel ratio, is one of the most desired feature. However,
placing some of the aforementioned components in a
display assembly may require large non-display area,
which may add up to a significant portion of the display
panel. Large non-display area tends to make the display
panel bulky, making it difficult to incorporate it into the
housing of electronic devices. Large non-display area
may also necessitate a large masking (e.g., bezel, bor-
ders, covering material) to cover a significant portion of
the display panel, leading to unappealing device aesthet-
ics.
[0005] Some of the components can be placed on a
separate flexible printed circuit (FPC) and positioned on
the rear side of the display panel. Even with such a con-
figuration, however, the interfaces for connecting the
FPC and the wires between the display area and the
connection interface still limit how much reduction in the
size of the non-display area can be realized by placing
components on a separate FPC.
[0006] US 2013/0341597 A1 discloses an organic light
emitting diode (OLED) display including a display panel,
a chip on film, and a printed circuit (PCB) is disclosed
where, the display panel includes a display area having

an OLED and a pixel circuit, and a pad area in an outer
side of the display area; and the chip on film is connected
to the pad area, is bent toward a non-luminescent surface
of the display panel, and include an integrated circuit chip;
and the PCB includes at least a part overlapping with the
chip on film in an outer side of the non-luminescent sur-
face of the display panel, and an opening for receiving
the integrated circuit. US 2013/0082984 A1 discloses an
electronic device provided with a display and a multi-layer
printed circuit where integrated circuits and other com-
ponents may be mounted to the multi-layer printed circuit
where the display and multi-layer printed circuit share a
common layer formed from a flexible substrate, the flex-
ible substrate having portions that are integrated into the
display and portions that are integrated into the multi-
layer printed circuit board, where the flexible substrate
may contain patterned conductive traces that are used
to route signals from components in the multi-layer print-
ed circuit to display circuitry such as a display driver in-
tegrated circuit, and an array of thin-film transistors may
be used to control the emission of light from the display
and may be formed on portions of the flexible substrate
that are integrated into the display, and where the display
may be a flexible display that includes an array of organic
light-emitting diodes. US 2014/0203703 A1 discloses an
apparatus including a substrate having a plurality of con-
ductive traces terminating at a peripheral edge of the
substrate with an active display portion disposed on an
upper surface of the substrate and electrically coupled
to the conductive traces of the substrate, where the pe-
ripheral edge of the substrate includes a protruding re-
gion that extends beyond a peripheral edge of the active
display portion, and a plurality of conductive bonding
pads are affixed at the protruding region and coupled to
the plurality of the conductive traces, and a flexible circuit
including a plurality of conductors electrically coupled to
the plurality of bonding pads at locations on or below a
lower surface of the substrate. US 2014/0239276 A1 dis-
closes an electronic device may be provided with a dis-
play such as an organic light-emitting diode display. The
display may include an array of display pixels formed on
a polymer substrate layer. The polymer substrate layer
may include a contiguous layer of polyimide that forms
a substrate layer in additional structures such as a poly-
mer film and a flexible printed circuit. A first transition
region may be interposed between the display and the
polymer film, and a second transition region may be in-
terposed between the polymer film and the flexible print-
ed circuit. Metal traces may be formed on the polymer
film and on the flexible printed circuit. A display driver
integrated circuit may be mounted to the traces on the
polymer film. The polymer film may form a U-shaped
bend. The flexible printed circuit may be coupled to a
printed circuit board in the device using hot bar solder
connections.
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BRIEF SUMMARY

[0007] Accordingly, it is desirable to bend the base sub-
strate where the display area and the non-display area
are formed thereon. This would allow even some of the
non-display area to be positioned behind the display area
of the display panel, thereby reducing or eliminating the
non-display area that needs to be hidden under the mask-
ing or the device housing. Not only does the bending of
the base substrate will minimize the non-display area size
need to be hidden from view, but it will also open possi-
bility to various new display device designs.
[0008] The present invention pertains to an organic
light emitting display apparatus as recited in claim 1. Fur-
ther aspects of the invention are disclosed in the depend-
ent claims.
[0009] Further features of the invention, its nature and
various advantages will be more apparent from the ac-
companying drawings and the following detailed descrip-
tion of the embodiments of the present disclosure, some
of which are embodiments of the invention as claimed.

Brief Description of Drawings

[0010]

FIG. 1 illustrates a schematic view of an exemplary
flexible display according to embodiments of the
present disclosure.
FIG. 2 illustrates a schematic view of an exemplary
flexible display according to embodiments of the
present disclosure.
FIGS. 3A-3B illustrate exemplary arrangement of
display areas in a flexible display according to em-
bodiments of the present disclosure.
FIG. 4 illustrates simplified stack-up structure of
components in an exemplary flexible display appa-
ratus according to embodiment of the present dis-
closure.
FIGS. 5A-5D are cross-sectional views of illustrative
arrangement of components in a flexible display ap-
paratus according to various embodiments of the
present disclosure.
FIG. 6A illustrates exemplary arrangement of
bridged conductive lines in a non-display area with
a bend allowance section according to embodiments
of the present disclosure.
FIG. 6B illustrates exemplary arrangement of
bridged conductive lines in a non-display area with-
out a bend allowance section according to embodi-
ments of the present disclosure.
FIGS. 7A-7B each illustrates a cross-sectional view
of an exemplary configuration of bridged conductive
lines according to embodiments of the present dis-
closure.
FIGS. 8A-8B illustrate a schematic view of exempla-
ry strain-reducing wire trace designs having a plu-
rality of sub-traces that split and merge at a certain

interval according to embodiments of the present dis-
closure.
FIG. 8C illustrates an exemplary arrangement of the
wire traces including indented sections and distend-
ed sections.
FIGS. 9A-9C illustrate schematic views of the flexible
display provided with a micro-coating layer accord-
ing to embodiments of the present disclosure.
FIGS. 10A-10B illustrate schematic views of embod-
iments of the flexible display in a bent state, which
are provided with a micro-coating layer according to
embodiments of the present disclosure.
FIG. 11 illustrates a schematic view of an exemplary
strain-reducing wire trace design provided with elon-
gated channel(s) for improving spread dynamics of
a micro-coating layer.
FIG. 12 illustrates schematic view of a film on panel
(FOP) area where a printed circuit film is attached
to a base layer if the flexible display according to an
embodiment of the present disclosure.
FIGS. 13A-13D each illustrates a schematic cross-
sectional view of an exemplary printed circuit film,
which may be employed in various embodiments of
the invention as claimed.
FIGS. 14A-14D are plan views illustrating exemplary
configurations of the connectors on the first printed
circuit in the FOP area.

DETAILED DESCRIPTION

FLEXIBLE DISPLAY

[0011] FIGS. 1 and 2 illustrate exemplary embodiment
of a flexible display which may be incorporated in elec-
tronic devices. The flexible display 100 includes at least
one display area (i.e., Active Area), in which an array of
display pixels are formed therein.
[0012] One or more non-display areas may be provid-
ed at the periphery of the display area. That is, the non-
display area may be adjacent to one or more sides of the
display area. In FIGS. 1 and 2, the non-display area sur-
rounds a rectangular shape display area. However, it
should be appreciated that the shapes of the display area
and the arrangement of the non-display area adjacent to
the display area are not particularly limited as the exem-
plary flexible display 100 illustrated in FIGS. 1 and 2. The
display area and the non-display area may be in any
shape suitable to the design of the electronic device em-
ploying the flexible display 100. Non-limiting examples
of the display area shapes in the flexible display 100 in-
clude a pentagonal shape, a hexagonal shape, a circular
shape, an oval shape, and more.
[0013] Each display pixel PX may include a light-emit-
ting element, for instance an organic light-emitting diode
(OLED), and pixel circuit. Each display pixel in the display
area may be associated with a pixel circuit, which in-
cludes at least one switching thin-film transistor (TFT)
and at least one driving TFT on the backplane of the

3 4 



EP 3 238 259 B1

4

5

10

15

20

25

30

35

40

45

50

55

flexible display 100. Each pixel circuit may be electrically
connected to a gate line and a data line to communicate
with one or more driving circuits, such as a gate driver
and a data driver positioned in the non-display area of
the flexible display 100.
[0014] For example, one or more driving circuits may
be implemented with TFTs fabricated in the non-display
area as depicted in FIG. 2. Such a driving circuit may be
referred to as a gate-in-panel (GIP). The flexible display
100 may include various additional components for gen-
erating a variety of signals for operating the pixels in the
display area. Non limiting examples of the components
for operating the pixels include a display driver integrated
circuit, an inverter circuit, a multiplexer, an electro static
discharge (ESD) circuit, a power supply unit and the like.
[0015] The flexible display 100 may also include com-
ponents associated with functionalities other than for op-
erating the pixels of the flexible display 100. For instance,
the flexible display 100 may include components for pro-
viding a touch sensing functionality, a user authentication
functionality (e.g., finger print scan), a multi-level pres-
sure sensing functionality, a tactile feedback functionality
and/or various other functionalities for the electronic de-
vice employing the flexible display 100.
[0016] Some of the aforementioned components may
be mounted on a separate printed circuit film 200 and
coupled to a connection interface (e.g., pads, bumps,
pins, etc.) disposed in the non-display area using a print-
ed circuit film 200 such as flexible printed circuit board
(FPCB), chip-on-film (COF), tape-carrier-package (TCP)
or any other suitable technologies.
[0017] As will be described in further detail below, the
non-display area with the connection interface can be
bent away from the plane of the adjacent portion of the
flexible display so that the printed circuit film 200 (e.g.,
COF, FPCB, etc.) is positioned at the rear side of the
flexible display 100.
[0018] Multiple parts of the flexible display 100 can be
bent along the bend line BL. The bend line BL in the
flexible display 100 may be oriented horizontally (e.g., X-
axis shown in FIG. 2), vertically (e.g., Y-axis shown in
FIG. 2) or even diagonally. Accordingly, the flexible dis-
play 100 can be bent in any combination of horizontal,
vertical and/or diagonal directions based on the desired
design of the flexible display 100.
[0019] In some embodiments, one or more edges of
the flexible display 100 can be bent away from the plane
of the central portion along the bend line BL. In FIG.2,
the bend line BL is depicted as being located near the
edges of the flexible display 100. However, it should be
noted that the bend lines BL can extend across the central
portion or extend diagonally at one or more corners of
the flexible display 100. Such configurations would allow
the flexible display 100 to provide a display area at an
edge of the display device or a foldable display with dis-
play pixels provided on both inner/outer sides of in folded
configuration.
[0020] With the ability to bend one or more portions of

the flexible display 100, part of the flexible display 100
may be defined as a substantially flat portion and a bend
portion. A part of the flexible display 100 may remain
substantially flat and referred to as a substantially flat
portion of the flexible display 100. A part of the flexible
display 100 may be bent in a certain bend angle from the
plane of an adjacent portion, and such portion is referred
to as a bend portion of the flexible display 100. The bend
portion includes a bend allowance section, which can be
actively curved in a certain bend radius.
[0021] Depending on the location of the bend line BL
in the flexible display 100, a portion on one side of the
bend line may be positioned toward the center of the
flexible display 100, whereas the portion on the opposite
side of the bend line BL is positioned toward an edge
portion of the flexible display 100. The portion toward the
center may be referred to as the central portion and the
portion toward the edge may be referred to as the edge
portion of the flexible display 100. Although this may not
always be the case, a central portion of the flexible display
100 can be the substantially flat portion and the edge
portion can be the bend portion of the flexible display
100. It should be noted that a substantially flat portion
can also be provided in the edge portion of the flexible
display 100. Further, in some configuration of the flexible
display 100, a bend allowance section may be positioned
between two substantially flat portions.
[0022] It should be understood that the term "substan-
tially flat" includes a portion that may not be perfectly flat.
As such, a central portion of the flexible display 100 pro-
vided with a slightly concave or convex contour may still
be referred as a substantially flat portion in some embod-
iments discussed in the present disclosure. Even when
the "substantially flat" portion has a concave or convex
contour, one or more bend portions positioned at the pe-
riphery of the convex or concave central portion are bent
inwardly or outwardly along the bend line in a bend angle
about a bend axis. The bend radius of the bend portion
is smaller than the bend radius of the central portion. In
short, the term "substantially flat portion" is used in the
present disclosure to refer a portion with a lesser curva-
ture than that of an adjacent bend allowance section of
the flexible display 100.
[0023] The location of the display area is not limited to
the central portion or to the substantially flat portion of
the flexible display 100. In some embodiments, the bend
portion of the flexible display 100 may include a display
area capable of displaying image from the bend portion,
which is referred herein after as the secondary display
area. That is, the bend line BL can be positioned in the
display area so that at least some display pixels of the
display area is included in the bend portion of the flexible
display 100.
[0024] FIGS. 3A and 3B each illustrates an exemplary
configuration of display areas in an embodiment of flex-
ible display 100 of the present disclosure. In the config-
uration depicted in FIG. 3A, the matrix of pixels in the
secondary display area of the bend portion may be con-
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tinuously extended from the matrix of the pixels in the
display area of the central portion. Alternatively, in the
configuration depicted in FIG. 3B, the secondary display
area within the bend portion and the display area within
the central portion of the flexible display 100 may be sep-
arated apart from each other by a space in the bend al-
lowance section of the flexible display 100. Some com-
ponents in the central portion and the bend portion can
be electrically connected via one or more conductive
lines 120 laid across the bend allowance section of the
flexible display 100.
[0025] The pixels in the secondary display area and
the pixels in the central display area may be addressed
by the driving circuits (e.g., gate driver, data driver, etc.)
as if they are in a single matrix. In this case, the pixels
of the central display area and the pixels of the secondary
display area may be operated by the same set of driving
circuits. By way of example, the Nth row pixels of the
central display area and the Nth row pixels of the sec-
ondary display area may be configured to receive the
gate/data signals from the same display driver IC. As
shown in FIG. 3B, the part of the conductive line crossing
over the bend allowance section may have a strain-re-
ducing trace design, which will be described in further
detail below.
[0026] Depending on the functionality of the secondary
display area, the pixels of the secondary display area
can be driven discretely from the pixels in the central
display area. That is, the pixels of the secondary display
area may be recognized by the display driving circuits as
being an independent matrix of pixels separate from the
matrix of pixels of the central display area. In such cases,
the pixels of the secondary display area may receive sig-
nals from at least one discrete driving circuit other than
a driving circuit for providing signals to the pixels of the
central display area.
[0027] Regardless of the configuration, the secondary
display area in the bend portion may serve as a second-
ary display area in the flexible display 100. Also, the size
of the secondary display area is not particularly limited.
The size of the secondary display area may depend on
its functionality within the electronic device. For instance,
the secondary display area may be used to provide im-
ages and/or texts such a graphical user interface, but-
tons, text messages, and the like. In some cases, the
secondary display area may be used to provide light of
various colors for various purposes (e.g., status indica-
tion light), and thus, the size of the secondary display
area need not be as large as the display area in the central
portion of the flexible display 100.

STACK-UP STRUCTURE

[0028] FIG. 4 is a simplified cross-sectional view show-
ing an exemplary stack up structure of a flexible display
100 in an embodiment of the present disclosure. For con-
venience of explanation, the central portion of the flexible
display 100 is illustrated as being substantially flat, and

the bend portions are provided at the edges of the flexible
display 100 in FIG. 4.
[0029] As shown, one or more bend portions may be
bent away from the plane of the substantially flat portion
in a certain bend angle θ and with a bend radius R about
the bending axis. The size of each bend portion that is
bent away from the central portion needs not be the
same. That is, the length of the base layer 106 from the
bend line BL to the outer edge of the base layer 106 at
each bend portion can be different from other bend por-
tions. Also, the bend angle θ around the bend axis and
the bend radius R from the bend axis can vary between
the bend portions.
[0030] In the example shown in FIG. 4, the right side
bend portion has the bend angle θ of 90°, and the bend
portion includes a substantially flat section. A bend por-
tion can be bent at a larger bend angle θ, such that at
least some part of the bend portion comes underneath
the plane of the central portion of the flexible display 100
as the bend portion on the left side of the flexible display
100. Also, a bend portion can be bent at a bend angle θ
that is less than 90°.
[0031] In some embodiments, the radius of curvatures
(i.e., bend radius) for the bend portions in the flexible
display 100 may be between about 0.1 mm to about 10
mm, more preferably between about 0.1 mm to about 5
mm, more preferably between about 0.1 mm to about 1
mm, more preferably between about 0.1 mm to about 0.5
mm. In some embodiments, the bend radius at a bend
portion of the flexible display 100 may be less than 0.5
mm.
[0032] One or more support layers 108 may be provid-
ed at the underside of the base layer 106 to increase
rigidity and/or ruggedness at the selective portion of the
flexible display 100. For instance, the support layer 108
can be provided on the inner surface of the base layer
106 at the substantially flat portions of the flexible display
100. The support layer 108 may also be provided in the
bend portion. If desired, some part of the base layer 106
requiring more flexibility may not be provided with the
support layer 108. For instance, the support layer 108
may not be provided in the bend allowance section of the
flexible display 100. In one suitable embodiment, the part
of the base layer 106 in the bend portion, which is posi-
tioned under the plane of the central portion of the flexible
display 100, can be provided with the support layer 108.
Increased rigidity and ruggedness at selective parts of
the flexible display 100 may help in ensuring accurate
configuration and placement of various components dur-
ing manufacturing and using the flexible display 100.
[0033] The base layer 106 and the support layer 108
may each be made of a thin plastic film formed from poly-
imide, polyethylene naphthalate (PEN), polyethylene
terephthalate (PET), other suitable polymers, a combi-
nation of these polymers, etc. Other suitable materials
that may be used to form the base layer 106 and the
support layer 108 include, a thin glass, a metal foil cov-
ered with a dielectric material, a multi-layered polymer
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stack and a polymer composite film comprising a polymer
material combined with nanoparticles or micro-particles
dispersed therein, etc. Support layers 108 provided in
various parts of the flexible display 100 need not be made
of the same material. For example, a thin-glass layer may
be used as a support layer 108 for the central portion of
the flexible display 100 while a thin plastic film layer is
used as a support layer 108 for edge portions.
[0034] In addition to the constituent material, the thick-
ness of the base layer 106 and the support layer 108 is
another factors to consider in designing the flexible dis-
play 100. On the one hand, bending of the base layer
106 at a small bend radius can be difficult if the base
layer 106 has excessively high thickness. Also, exces-
sive thickness of the base layer 106 can increase me-
chanical stress to the components disposed thereon dur-
ing bending the base layer 106. On the other hand, how-
ever, the base layer 106 can be too fragile to serve as a
substrate for various components of the flexible display
if it is too thin.
[0035] To meet such requirements, the base layer 106
may have a thickness in a range of about from 5mm to
about 50mm, more preferably in a range of about 5mm
to about 30mm, and more preferably in a range of about
5mm to about 16mm. The support layer 108 may have a
thickness from about 100mm to about 125mm, from about
50mm to about 150mm, from about 75mm to 200mm, less
than 150mm, or more than 100mm.
[0036] In one suitable exemplary configuration, a layer
of polyimide with a thickness of about 10mm to about
16mm serves as the base layer 106 while a polyethylene
terephthalate (PET) layer with a thickness of about 50mm
to about 125mm serves as the support layer 108. In an-
other suitable exemplary configuration, a layer of poly-
imide with a thickness of about 10mm to about 16mm
serves as the base layer 106 while a thin-glass layer with
a thickness of about 50mm to about 200mm is used as
the support layer 108. In yet another suitable exemplary
configuration, a thin glass layer is used as the base layer
106 with a layer of polyimide serving as the support layer
108 to suppress breaking of the base layer 106.
[0037] During manufacturing, some part of the flexible
display 100 may be exposed to external light. Some ma-
terials used in fabricating the components on the base
layer 106 or the components themselves may undergo
undesirable state changes (e.g., threshold voltage shift
in the TFTs) due to the light exposure during the manu-
facturing of the flexible display 100. Some parts of the
flexible display 100 may be more heavily exposed to the
external light than others, and this can lead to a display
non-uniformity (e.g., mura, shadow defects, etc.). To min-
imize such problems, the base layer 106 and/ or the sup-
port layer 108 may include one or more materials capable
of reducing the amount of external light passing through
in some embodiments of the flexible display 100.
[0038] The light blocking material, for instance chloride
modified carbon black, may be mixed in the constituent
material of the base layer 106 (e.g., polyimide or other

polymers). In this way, the base layer 106 may formed
of polyimide with a shade to provide a light blocking func-
tionality. Such a shaded base layer 106 can also improve
the visibility of the image content displayed on the flexible
display 100 by reducing the reflection of the external light
coming in from the front side of the flexible display 100.
[0039] Instead of the base layer 106, the support layer
108 may include a light blocking material to reduce the
amount of light coming in from the rear side (i.e., the
support layer 108 attached side) of the flexible display
100. The constituent material of the support layer 108
may be mixed with one or more light blocking materials
in the similar fashion as described above with the base
layer 106. Further, both the base layer 106 and the sup-
port layer 108 can include one or more light blocking ma-
terials. Here, the light blocking materials used in the base
layer 106 and the support layer 108 need not be the same.
[0040] Backplane of the flexible display 100, including
the array of pixel circuits, is implemented on the base
layer 106. Thin-film transistors used in implementing the
backplane of the flexible display 100 may use a low-tem-
perature poly-silicon (LTPS) semiconductor layer or use
an oxide semiconductor layer. In some embodiments,
the flexible display 100 may employ multiple kinds of
TFTs to implement the driving circuits in the non-display
area and/or the pixel circuits in the display area. That is,
a combination of an oxide semiconductor TFT and an
LTPS TFT may be used to implement the backplane of
the flexible display 100. In the backplane, the type of
TFTs may be selected according to the operating condi-
tions and/or requirements of the TFTs within the corre-
sponding circuit.
[0041] The organic light-emitting diode (OLED) ele-
ment layer 102 is provided on the base layer 106. The
OLED element layer 102 includes a plurality of OLED
elements, which is controlled by the pixel circuits and the
driving circuits implemented on the base layer 106 as
well as any other driving circuits connected to the con-
nection interfaces on the base layer 106. The OLED el-
ement of the display pixel may emit light of certain spec-
tral color (e.g., red, green, blue). In some embodiments,
the OLED element layer 102 may include OLED ele-
ments configured to emit white light.
[0042] The encapsulation 104 is provided to protect
the OLED element layer 102 from gas and moisture. The
encapsulation 104 may include multiple layers of mate-
rials for reducing permeation of gas and moisture to pro-
tect OLED elements thereunder. In some embodiments,
the encapsulation 104 may be provided in a form of a
thin film, which is sometimes called as "barrier film layer
(BFL)."
[0043] The flexible display 100 may also include a po-
larization layer 110 for controlling the display character-
istics (e.g., external light reflection, color accuracy, lumi-
nance, etc.) of the flexible display 100. Also, the cover
layer 114 may be used to protect the flexible display 100.
[0044] Electrodes for sensing touch input from a user
may be integrated into the one or the layers provided in
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the flexible display 100. For instance, the electrodes for
sensing touch input from a user may be integrated into
the OLED element layer 102. The electrodes for sensing
touch input may be formed on an interior surface of a
cover layer 114 and/or at least one surface of the polar-
ization layer 110. If desired, an independent layer with
the touch sensor electrodes and/or other components
associated with sensing of touch input (referred herein-
after as touch-sensor layer 112) may be provided in the
flexible display 100. The touch sensor electrodes (e.g.,
touch driving/ sensing electrodes) may be formed from
transparent conductive material such as indium tin oxide,
carbon based materials like graphene or carbon nano-
tube, a conductive polymer, a hybrid material made of
mixture of various conductive and nonconductive mate-
rials. Also, metal mesh (e.g., aluminum mesh, silver
mesh, etc.) can also be used as the touch sensor elec-
trodes.
[0045] The touch sensor layer 112 may include a layer
formed of one or more deformable dielectric materials.
One or more electrodes may be interfaced with or posi-
tioned near the touch sensor layer 112, and loaded with
one or more signals to facilitate measuring electrical
changes on one or more of the electrodes upon defor-
mation of the touch sensor layer 112. The measurement
may be analyzed to assess the amount of pressure at a
plurality of discrete levels and/or ranges of levels on the
flexible display 100.
[0046] In some embodiments, the touch sensor elec-
trodes can be utilized in identifying the location of the
user inputs as well as assessing the pressure of the user
input. Identifying the location of touch input and measur-
ing of the pressure of the touch input on the flexible dis-
play 100 may be achieved by measuring changes in ca-
pacitance from the touch sensor electrodes on one side
of the touch sensor layer 112. The touch sensor elec-
trodes and/or other electrode may be used to measure
a signal indicative of the pressure on the flexible display
100 by the touch input. Such a signal may be obtained
simultaneously with the touch signal from the touch sen-
sor electrodes or obtained at a different timing.
[0047] As mentioned above, bending the non-display
area allows to minimize or to eliminate the non-display
area to be seen from the front side of the assembled
flexible display 100. Part of the non-display area that re-
mains visible from the front side can be covered with a
bezel. The bezel may be formed, for example, from a
stand-alone bezel structure that is mounted to the cover
layer 114, a housing or other suitable components of the
flexible display 100. The non-display area remaining vis-
ible from the front side may also be hidden under an
opaque masking layer, such as black ink (e.g., a polymer
filled with carbon black) or a layer of opaque metal. Such
an opaque masking layer may be provided on a portion
of various layers included in the flexible display 100, such
as a touch sensor layer 112, a polarization layer 110, a
cover layer 114, and other suitable layers included in the
flexible display 100.

[0048] Components of the flexible display 100 may
make it difficult to bend the flexible display 100 along the
bend line BL. Some of the elements, such as the support
layer 108, the touch sensor layer 112, the polarization
layer 110 and the like, may add too much rigidity to the
flexible display 100. Also, the thickness of such elements
shifts the neutral plane of the flexible display 100 and
thus some of the components may be subject to greater
bend stresses than other components.
[0049] To facilitate easier bending and to enhance the
reliability of the flexible display 100, the configuration of
components in the bend portion of the flexible display
100 differs from the substantially flat portion of the flexible
display 100. Some of the components existing in the sub-
stantially flat portion may not be disposed in the bend
portions of the flexible display 100, or may be provided
in a different thickness. The bend portion may free of the
support layer 108, the polarization layer 110, the touch
sensor layer 112, a color filter layer (not shown) and/or
other components that may hinder bending of the flexible
display 100. Such components may not be needed in the
bend portion if the bend portion is to be hidden from the
view or otherwise inaccessible to the users of the flexible
display 100.
[0050] Even if the secondary display area is in the bend
portion for providing information to users, the secondary
display area may not require some of these components
depending on the usage and/or the type of information
provided by the secondary display area. For example,
the polarization layer 110 and/or color filter layer may not
be needed in the bend portion when the secondary dis-
play area is used for simply emitting colored light, dis-
playing texts or simple graphical user interfaces in a con-
trast color combination (e.g., black colored texts or icons
in white background). Also, the bend portion of the flexible
display 100 may be free of the touch sensor layer 114 if
such functionality is not needed in the bend portion. If
desired, the bend portion may be provided with a touch
sensor layer 112 and/or the layer of electro-active mate-
rial even though the secondary display area for displaying
information is not provided in the bend portion.
[0051] Since the bend allowance section is most heav-
ily affected by the bend stress, various bend stress-re-
ducing features are applied to the components on the
base layer 106 of the bend allowance section. To this
end, some of the elements in the central portion may be
absent in at least some part of the bend portion. The
separation between the components in the central por-
tion and the bend portion may be created by selectively
removing the elements at the bend allowance section of
the flexible display 100 such that the bend allowance
section is free of the respective elements.
[0052] As depicted in FIG. 4, the support layer 108 in
the central portion and the support layer 108 in the bend
portion can be separated from each other by the absence
of the support layer 108 at the bend allowance section.
Instead of using the support layer 108 attached to the
base layer 106, a support member 116 with a rounded
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end portion can be positioned underside of the base layer
106 at the bend allowance section. Various other com-
ponents, for example the polarization layer 110 and the
touch sensor layer 112 and more, may also be absent
from the bend allowance section of the flexible display
100. The removal of the elements may be done by cutting,
wet etching, dry etching, scribing and breaking, or other
suitable material removal methods. Rather than cutting
or otherwise removing an element, separate pieces of
the element may be formed at the selective portions (e.g.,
substantially flat portion and the bend portion) to keep
the bend allowance section free of such element.
[0053] As mentioned, the support layer 108 may not
be present at the bend allowance section to facilitate eas-
ier bending of the base layer 106. Absent the support
layer 108, however, the curvature at the bend allowance
section may be easily altered by external force. To sup-
port the base layer 106 and maintain the minimum cur-
vature at the bend allowance section, the flexible display
100 may also include a support member 116, which may
also be referred to as a "mandrel." The exemplary support
member 116 depicted in FIG. 4 has an elongated body
portion and a rounded end portion. The base layer 106
and the support member 116 are arranged so that that
the rounded end portion of the support member 116 is
positioned at the underside of the base layer 106 corre-
sponding to the bend allowance section of the flexible
display 100.
[0054] In embodiments where a bend portion is pro-
vided at an edge of the flexible display 100, the support
member 116 can be provided at the edge of the flexible
display 100. In this setting, a part of the base layer 106
may come around the rounded end portion of the support
member 116 and be positioned at the underside the sup-
port member 116 as depicted in FIG. 4. Various circuits
and components in the non-display area of the flexible
display 100, such as driving circuits and interfaces for
connecting chip-on-flex (COF) and/or flexible printed cir-
cuit board (FPCB), may be provided on the base layer
106 that is positioned at the rear side of the flexible display
100. In this way, even the components that are not flexible
enough to be bent in a bend radius desired by the flexible
display 100 can be placed under the display area of the
flexible display 100.
[0055] The support member 116 can be formed of plas-
tic material such as polycarbonate (PC), polyimide (PI),
polyethylene naphthalate (PEN), polyethylene tereph-
thalate (PET), other suitable polymers, a combination of
these polymers, etc. The rigidity of the support member
116 formed of such plastic materials may be controlled
by the thickness of the support member 116 and/or by
providing additives for increasing the rigidity. The support
member 116 can be formed in a desired color (e.g., black,
white, etc.). Further, the support member 116 may also
be formed of glass, ceramic, metal or other rigid materials
or combinations of aforementioned materials.
[0056] Size and shape of the rounded end portion of
the support member 116 can vary depending on the min-

imum curvature desired at the bend allowance section
of the flexible display 100. In some embodiments, the
thickness of the rounded end portion and the thickness
of the elongated body portion may be substantially the
same. In other embodiments, the elongated body portion,
which has a planar shape, may be thinner than the round-
ed end portion of the support member 116. With a thinner
profile at the elongated body portion, the support member
116 can support the bend allowance section while avoid-
ing unnecessary increase in the thickness in the flexible
display 100.
[0057] Since the support at the bend allowance section
is provided by the rounded end portion of the support
member 116, the elongated body portion in the substan-
tially flat portion of the flexible display 100 needs not be
extended into the display area. While the elongated body
portion can be extended under the display area for var-
ious reasons, the length of the elongated body portion
from the rounded end portion towards the opposite end
is sufficient so long as it provides enough surface area
for securing the support member 116 in a desired location
of the flexible display 100.
[0058] To secure the support member 116 in the flex-
ible display 100, an adhesive layer 118 may be provided
on the surface of the support member 116. The adhesive
layer 118 may include a pressure-sensitive adhesive, a
foam-type adhesive, a liquid adhesive, a light-cured ad-
hesive or any other suitable adhesive material. In some
embodiments, the adhesive layer 118 can be formed of,
or otherwise includes, a compressible material and serve
as a cushion for the parts bonded by the adhesive layer
118. As an example, the constituent material of the ad-
hesive layer 118 may be compressible. The adhesive
layer 118 may be formed of multiple layers, which in-
cludes a cushion layer (e.g., polyolefin foam) interposed
between an upper and a lower layers of an adhesive ma-
terial.
[0059] The adhesive layer 118 can be placed on at
least one of the upper surface and the lower surface of
the elongated body portion of the support member 116.
When the bend portion of the flexible display 100 wraps
around the rounded end portion of the support layer 116,
an adhesive layer 118 can be provided on both the lower
surface (i.e., the surface facing the rear side) and the
upper surface (i.e., the surface facing the front side) of
the elongated body portion. If desired, an adhesive layer
118 may be provided between the surface of the rounded
end portion of the support member 116 and the inner
surface of the base layer 106.
[0060] During bending, a part of the flexible display 100
on one side of the support member 116 may be pulled
toward the support member 116, and the base layer 106
may be damaged by the highest and the lowest edges
of the rounded end portion. As such, the height of the
adhesive layer 118 and the support layer 108 between
the support member 116 and the base layer 106 may be
at least equal to or greater than the vertical distance be-
tween the highest edge of the rounded end portion and
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the surface of the elongate body portion where the ad-
hesive layer 118 is placed. In other words, the height of
the space created by the thickness difference between
the rounded end portion and the elongated body portion
of the support member 116 may be equal to or less than
the collective thickness of the support layer 108 and the
adhesive layer 118.
[0061] Depending on the shape of the support member
116, a thickness of the adhesive layer 118 on the upper
and the lower surfaces of the elongated body portion may
be different. For instance, the elongated body portion,
which is thinner than the rounded end portion, may not
be at the center of the rounded end portion of the support
member 116. In such cases, the space on one side of
the support member 116 may be greater than the space
on the opposite side.
[0062] In another example, the lowest edge of the
rounded end portion may be in-line with the bottom sur-
face of the elongated body portion such that the space
is provided only on one side of the elongated body por-
tion. In such cases, the adhesive layer 118 on one side
of the elongated body portion of the support member 116
can be thicker than the one on the opposite side. It should
be appreciated that the dimensions of the support mem-
ber 116 in FIG. 4 may be exaggerated for the purposes
of simpler explanation.
[0063] FIGS. 5A, 5B, 5C and 5D are simplified cross-
sectional views showing exemplary arrangements of el-
ements in various embodiments of the flexible display
100. In one suitable configuration, which is depicted in
FIG. 5A, the thickness of the rounded end portion and
the elongated body portion of the support member 116A
may be substantially the same as illustrated in FIG. 5A.
Such a support member 116A can be formed of the plas-
tic materials mentioned above. The support member
116A may also be formed of a folded thin sheet metal
(e.g., SUS). In this case, the folded edge of the sheet
metal can serve as the rounded end portion of the support
member 116A. Even when a sheet metal is used to form
the support member, the rounded end portion can have
greater thickness than the elongated body portion. For
instance, pressure can be applied on the part of the folded
metal sheet for the elongated body portion to make that
portion thinner than the folded edge.
[0064] An adhesive layer 118A may be applied on the
upper, the lower surface and the surface of the rounded
end portion of the support member 116A. As the thick-
ness of the support member 116A at the rounded end
portion and the elongated body portion is about the same,
the thickness of the adhesive layer 118A may have a
substantially uniform thickness on the surface of the sup-
port member 116A. However, it should be noted that the
adhesive layer 118A can be thinner and/or thicker at se-
lective parts of the support member 116A.
[0065] In another suitable configuration, which is de-
picted in FIG. 5B, the elongated body portion of the sup-
port member 116 is thinner than its rounded end portion.
In this regard, the bottom surface of the elongated body

portion is in-line with the lowest edge of the rounded end
portion, providing a support member 116B with a flat bot-
tom. In this exemplary configuration, the support mem-
bers 116B may be formed of one or a combination of
aforementioned plastic materials (e.g., polycarbonate).
Also, the adhesive layer 118B provided on the upper sur-
face of the elongated body portion is thicker than the
adhesive layer 118B provided on the bottom surface of
the elongated body portion of the support member 116B.
The adhesive layer 118B on the upper surface of the
elongated body portion may include a cushion layer de-
scribed above while the adhesive layer 118B on the lower
surface does not.
[0066] In yet another suitable configuration shown in
FIG. 5C, neither the top nor the bottom surfaces of the
elongated body portion of the support member 116C is
in-line with the highest/lowest edges of the rounded por-
tion. The support members 116C may be formed of one
or a combination of aforementioned plastic materials
(e.g., polycarbonate). In this example, the elongated
body portion may be off-centered (i.e., closer to the low-
est edge of the rounded portion), and the adhesive layer
118C on the upper surface of the elongated body portion
is thicker than the adhesive layer 118C on the lower sur-
face. The adhesive layer 118C on the upper surface of
the elongated body portion may include a cushion layer
described above while the adhesive layer 118C on the
lower surface does not.
[0067] In the exemplary configurations depicted in
FIGS. 5A-5C, the support layer 108 on the upper side of
the support member 116 is extended out toward the bend
allowance section further than the encapsulation 104. In
other words, some of the support layer 108 near the edge
of the flexible display 100 is not overlapped by the en-
capsulation 104. The extra margin (denoted "A") of the
support layer 108 provided under the encapsulation 104
can help maintain a steady rate of curvature in the bend
allowance section.
[0068] When bending the base layer 106 around the
rounded end portion of the support member 116, the sup-
port layer 108 can be positioned on the rounded end por-
tion of the support member 116 due to alignment error.
In such cases, the support layer 108 on the rounded end
portion may push away the elements on the base layer
106 and shift the neutral plane or cause delamination of
those elements in the bend portion of the flexible display
100. As such, the support layer 108 under the base layer
106 is arranged such that the edge of the support layer
108 is extended out toward the bend allowance section
further than the edge of the encapsulation 104. In other
words, the support member 116 may be placed under
the support layer 108 with some margin (denoted "B")
between the edge of the support layer 108 and the tip of
the support member 116.
[0069] Similar to the support layer 108 place above the
support member 116, the support layer 108 under the
support member 116 should not be placed on the round-
ed end portion of the support member 116. However, the
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edge of the support layer 108 under the support member
116 needs not be aligned with the edge of the support
layer 108 above the support member 116. Considering
that the base layer 106 will be wrapped around the round-
ed end portion of the support member 116, spacing be-
tween the separated support layers 108 on the bottom
surface of the base layer 106 can be set with some align-
ment error margin. As such, the support layer 108 to be
placed under the support member 116 may be arranged
on the bottom surface of the base layer 106 such that
the edge of the lower side support layer 108 is positioned
further away from bend allowance section than the edge
of the support layer 108 above the support member 116.
In this setting, the distance between the edge of the lower
side support layer 108 and the lower tip of the rounded
end portion of the support member 116 (denoted "C")
can be greater than the distance between the edge of
the upper side support layer 108 and the upper tip of the
rounded end portion of the support member 116 (denoted
"C").
[0070] In some embodiments, the edge of the support
layer 108 toward the bend allowance section can be pro-
vided with a flange 108F, which extends even further out
toward the bend allowance section as shown in FIG. 5A.
The flange may be formed by cutting or otherwise pat-
terning the support layer 108 to have a tapered edge.
The flange can also be provided by stacking at least two
support layers with their edges shifted from each other.
While omitted in FIGS. 5B and 5C, the flange can be
provided in those embodiments as well.
[0071] It should be appreciated that the configurations
described above in reference to FIGS. 5A-5C are merely
illustrative. Adhesive layers 118 having the same thick-
ness can be provided on the upper and the lower surfaces
of the support member regardless of the position of the
elongated body portion. Further, adhesive layers 118 on
both the upper surface and the lower surface of the sup-
port member 116 can include a cushion layer.
[0072] Instead of employing a discrete support mem-
ber 116, in some embodiments of the flexible display 100,
the support layer 108 may be provided with a thickened
rounded end positioned under the base layer 106 in the
bend allowance section. FIG. 5D is a schematic illustra-
tion showing an exemplary arrangement of the support
layer 108 under the base layer 106 at the bend portion
of the flexible display 100. In this example, the end portion
of the support layer 108 is thicker than the portion of the
support layer 108 under the display area of the flexible
display 100. Also, the thicker portion of the support layer
108 has a rounded edge, which substantially conforms
to the curvature of the base layer 106 in the bend allow-
ance section. In this way, the rounded edge of the support
layer 108 can serve as the support member 116 em-
ployed in the embodiments depicted in FIGS. 5A-5C.
[0073] As such, a portion of the support layer 108D
corresponding to the substantially flat portion of the flex-
ible display 100 or to the display area can have a different
thickness from the portion of the support layer 108D cor-

responding to the bend portion of the flexible display 100.
It should be noted that the thickness of the support layer
108D may be thicker in the bend portion of the flexible
display 100 than the substantially flat portion of the flex-
ible display 100 as the rounded edge portion of the sup-
port layer 108D is used in providing the curved surface
for the flexible base layer 106 to be wrapped around.
Similar to the support member 116 of the previously men-
tioned embodiments, the support layer 108D provided
with the rounded edge portion can be formed in a desired
color (e.g., black, white, etc.).
[0074] Unlike the embodiments employing two sepa-
rate support layers 108 (e.g., 108A, 108B) at the opposite
ends of the bend allowance section, a single piece of
support layer 108D is used to support the base layer 106
in the bend portion of the flexible display 100. In addition
to the cost savings and process simplification in manu-
facturing of the flexible display 100, the elimination of a
separate support member 116 from the flexible display
100 provides may provide various benefits as to the de-
sign of the flexible display 100. First of all, it is very unlikely
that the encapsulation 104 will be extended out toward
the bend allowance section past the support layer 108D
when using the end of the support layer 108D to support
the base layer 106 in the bend allowance section. Ac-
cordingly, any problems which might result from the mis-
alignment of the encapsulation 104 in relation to the edge
of the support layer 108 on the separate support member
116 can be prevented.
[0075] Also, using a single piece of support layer 108D
for supporting the base layer 106 in the bend portion elim-
inates the needs for providing alignment error margins
between separate pieces of the elements in the bend
allowance section. For instance, the extra margins for
ensuring that the support layers are not placed over the
rounded end portion of the support member 116 (e.g.,
margins B and C) are no longer needed. With the extra
margin reduced or eliminated from the design of the bend
portion, even a narrower bezel can be achieved in the
flexible display 100.
[0076] The support layer 108D may be formed of any
of the plastic materials described suitable for the support
layer 108 and the support member 116. For example,
the support layer 108D can be formed of plastic material
such as polycarbonate (PC), polyimide (PI), polyethylene
naphthalate (PEN), polyethylene terephthalate (PET),
other suitable polymers, a combination of these poly-
mers, etc. The rigidity of the support layer 108D formed
of such plastic materials may be controlled by the thick-
ness of the support layer 108D and/or by providing ad-
ditives for increasing the rigidity. However, to provide the
thicker rounded end portion in the support layer 108D as
shown in FIG. 5D, it is preferred that the support layer
108D is formed of a material suitable for an injection
molding process or other processes capable of forming
the support layer 108D with an edge that is sufficiently
rounded to accommodate the curvature of the base layer
106 in the bend allowance section.
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CONDUCTIVE LINES

[0077] Several conductive lines are included in the flex-
ible display 100 for electrical interconnections between
various components therein. The circuits fabricated in
the display area and non-display area may transmit var-
ious signals via one or more conductive lines to provide
a number of functionalities in the flexible display 100. As
briefly discussed, some conductive lines may be used to
provide interconnections between the circuits and/or oth-
er components in the central portion and the bend portion
of the flexible display 100.
[0078] As used herein, the term conductive lines
broadly refers to a trace of conductive path for transmit-
ting any type of electrical signals, power and/or voltages
from one point to another point in the flexible display 100.
As such, conductive lines may include source/drain elec-
trodes of the TFTs as well as the gate lines/data lines
used in transmitting signals from some of the display driv-
ing circuits (e.g., gate driver, data driver) in the non-dis-
play area to the pixel circuits in the display area. Likewise,
some conductive lines, such as the touch sensor elec-
trodes, pressure sensor electrodes and/or fingerprint
sensor electrodes may provide signals for sensing touch
input or recognizing fingerprints on the flexible display
100. Furthermore, conductive lines can provide intercon-
nections between elements of the display area in the cen-
tral portion and elements of the secondary display area
in the bend portion of the flexible display 100. It should
be appreciated that the functionalities of conductive lines
described above are merely illustrative.
[0079] Conductive lines in a flexible display 100 should
be carefully designed to meet various electrical and non-
electrical requirements. For instance, a conductive line
may have a specific minimum electrical resistance level,
which may vary depending on the type of signals to be
transmitted via the conductive line. Some conductive
lines may be routed from the substantially flat portion to
the bend portion of the flexible display 100. Such con-
ductive lines should exhibit sufficient flexibility to maintain
its mechanical and electrical robustness. To this end,
some conductive lines of the flexible display 100 may
have a multi-layered structure.
[0080] Accordingly, in some embodiments, at least
some of the conductive lines 120 of the flexible display
100 may be formed with two or more of layers selected
from aluminum (Al), titanium (Ti), molybdenum (Mo),
Copper (Cu) layers. Examples of such combination in-
clude an aluminum layer sandwiched between titanium
layers (Ti/Al/Ti), an aluminum layer sandwiched between
upper and lower molybdenum layers (Mo/Al/Mo), a cop-
per layer sandwiched between titanium layers (Ti/Cu/Ti)
and a copper layer sandwiched between upper and lower
molybdenum layers (Mo/Cu/Mo). Of course, other con-
ductive materials can be used for the primary/secondary
conductive layers.
[0081] Manufacturing of the flexible display 100 can
involve scribing a large flexible polymer sheet into a base

layer 106 of a desired shape and size. Also, some parts
of the base layer 106 may become unnecessary as the
manufacturing progresses, and such parts can be cham-
fered away from the base layer 106. Some conductive
lines on the base layer 106 laid across the scribing line
and/or the chamfering line can be cut during the scribing
and/or chamfering processes. For instance, one or more
conductive lines used for testing or temporarily operating
the driving circuits, pixels and/or various other compo-
nents during manufacturing of the flexible display 100
may be laid across the scribe line or the chamfering line
of the base layer 106. Such conductive lines may be re-
ferred to as the "test lines" in the present disclosure. Once
the tests or other procedures involving the use of these
test lines are completed, scribing and/or chamfering
processes can be performed to remove the
scribed/chamfered area along with the parts of the test
lines placed thereon.
[0082] In some embodiments, a pad for receiving one
or more signals may be provided on one end of the con-
ductive lines. The other end of the conductive line may
be connected to the data lines of the pixels and/or some
of the driving circuits. Various signals can be supplied on
the conductive line via the pads and transmitted to the
destination via the conductive line to carry out the test
procedures. These test pads may take a considerable
space on the base layer 106, and thus they can be placed
on the part of the base layer 106 to be scribed/chamfered
away.
[0083] FIG. 6A illustrates a non-display area of the flex-
ible display 100, in which a bend allowance section is
provided. For instance, the configuration shown in FIG.
6A may be used in area NA1 of FIG. 1. Referring to FIG.
6A, the test lines 120_C and test pads 120_P can be
placed in the non-display area where the bend allowance
section is located. In particular, the test pads 120_P can
be provided in the area that is to be notched away by the
chamfering process.
[0084] The non-display area with the bend allowance
section may not have sufficient room to accommodate
testing pads 120_P, especially if connection interfaces
for connecting external printed circuit films (e.g., COF
and/or PCB) are provided in that non-display area. In
such cases, the test line 120_C may be routed across
the bend allowance section. Further, the test line 120_C
may be arranged to overlap other conductive lines pro-
vided in the routing area, and it can cause undesired
parasitic capacitance issues.
[0085] Accordingly, in some other embodiments, the
testing pads may be provided in the non-display area
other than the ones provided with the connection inter-
faces for connecting printed circuit film. As shown in FIG.
6B, the testing pads 120_P can simply be placed outside
the chamfering line of the base layer 106 so that they are
removed from the flexible display 100 after the chamfer-
ing process.
[0086] Regardless of where the testing pads 120_P
were placed, the part of the test lines 120_C remaining
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on the base layer 106 will be extended until the
scribed/chamfered edge of the base layer 106, and the
exposed surface of the test lines 120_T at the
scribed/chamfered edge of the base layer 106 can be
highly susceptible to galvanic corrosion.
[0087] Electronic device employing the flexible display
100, for instance a wearable electronic device or a water
submergible electronic device, may expose the flexible
display 100 in a humid environment. In some cases, moist
can reach the conductive line 120. Dissimilar metals and
alloys have different electrode potentials, and when two
or more come into contact in an electrolyte, one metal
acts as anode and the other as cathode. The electro-
potential difference between the dissimilar metals accel-
erates corrosion on the anode member of the galvanic
couple, which would be the primary conductive layer 122
in the multi-layered conductive line 120 (e.g., A1 layer in
the Ti/ Al/Ti stack). The anode metal dissolves into the
electrolyte, and deposit collects on the cathodic metal.
[0088] Corrosion at one point can grow along the con-
ductive line and cause various defects within the flexible
display 100. In order to suppress the growing of the cor-
rosion, a bridge structure 120_B can be provided in the
conductive line (e.g., the test lines 120_C), which is to
be cut by the scribing or chamfering processes during
manufacturing of the flexible display 100. More specifi-
cally, the conductive line 120_C can include at least two
parts. The part of the conductive line extended to the
scribed/ chamfered edge of the base layer 106 is sepa-
rated apart from the rest of the conductive line remaining
on the base layer 106. These separated conductive line
parts are connected by a conductive bridge 120_B, which
is arranged to be in contact with each of the separated
parts of the conductive line through contact holes in one
or more the insulation layer(s).
[0089] Before a part of the conductive line on the base
layer 106 is cut by the scribing/ chamfering processes,
signals can be transmitted between the separated con-
ductive line parts via the conductive bridge 120_B. After
the part of the conductive line is cut by the scribing/cham-
fering process, the corrosion which may start from the
scribed edge or the chamfered edge is suppressed from
growing along the conductive line due to the space be-
tween the separated conductive line parts. Although the
bridge 120_B is in contact with the separated parts of the
conductive line, the bridge 120_B is located in a different
layer from the conductive line 120_C, and it hinders the
growth of corrosion past the bridge 120_B.
[0090] FIG. 7A illustrates a cross-sectional view of an
exemplary embodiment of flexible display 100 provided
with bridged conductive lines. In the embodiment shown
in FIG. 7A, the separated conductive line parts are pro-
vided in the same metal layer as the gate electrode of at
least some of the TFTs provided on the base layer 106.
Also, the bridge can be provided in the same metal layer
as the source/drain electrodes of the TFTs. The interlayer
dielectric layer (ILD) between the source/drain elec-
trodes and the gate electrode of the TFTs may also be

provided between the bridge 120_B and the separated
conductive line parts 120_C, and the bridge 120_C can
be in contact with the conductive line parts 120_C via
contact holes in the ILD.
[0091] The gate insulation (GI) layer provided between
the gate electrode and the semiconductor layer of the
TFTs may also be provided under the separated parts of
the conductive line. Optionally, the buffer layer 126 and
the active buffer layer under the semiconductor layer of
the TFTs can be provided under the conductive line parts
120_C. The passivation layer 128 on the source/drain
electrode of the TFTs can be provided over the bridge
120_B as well. As will be described in further detail below,
these insulation layers provided on or below the bridge
120_B and the conductive line parts 120_C can be pat-
terned to suppress crack propagation in the wire traces.
[0092] It should be noted that the semiconductor layer
as well as some of the insulation layers provided in the
TFT area may not be provided in the area where the
bridged conductive line is placed. As such, although the
separated conductive line parts 120_C and the gate elec-
trode of the TFTs are provided in the same metal layer,
they need not be in the same plane level as each other.
In other words, the gate electrode of the TFTs and the
conductive line parts 120_C can be formed by deposition
of the same metal layer, but their plane level may be
different by the structure of the layers under the metal
layer. Likewise, the bridge 120_B for connecting the sep-
arated conductive line parts 120_C and the source/drain
electrodes of the TFTs can be provided in the same metal
layer, yet be in a different plane level from each other.
[0093] FIG. 7B is a cross-sectional view illustrating an-
other exemplary embodiment of the flexible display 100
provided with bridged conductive lines. In the embodi-
ment depicted in FIG. 7B, the bridge 120_B is provided
under the separated conductive line parts 120_C. More
specifically, the bridge 120_B is provided in the same
metal layer as the gate electrode of the TFTs in the flex-
ible display 100, and the conductive line parts 120_C are
provided in the same metal layer as the source/drain elec-
trodes of the TFT. In this case, each of the separated
conductive line parts 120_C will be in contact with the
bridge 120_B through the contact holes in the insulation
layer between the conductive line parts 120_C and the
bridge 120_B positioned thereunder.
[0094] In the embodiments depicted in FIGS. 7A and
7B, the metal layers, in which the conductive line parts
120_C and the bridge 120_B are formed in, are described
in reference to the metal layers used for providing elec-
trodes of co-planar type TFT. However, it should be noted
that the flexible display 100 can include TFTs with stag-
gered and/or inverted staggered structures (i.e., top gat-
ed or bottom gated staggered TFTs). Accordingly, metal
layers for implementing the separated conductive line
parts 102_C and the bridge 120_B may vary based on
the stack structure of the TFTs in the flexible display 100.
Also, various insulation layers other than the ILD, for in-
stance gate insulation layer, passivation layer, planari-
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zation layer and the likes, may be provided in between
the separated conductive line parts 120_C and the bridge
120_B based on the structure of the TFTs.
[0095] Furthermore, it should be appreciated that the
layer for implementing the conductive line parts 120_C
and the bridge 120_B are not limited to the layers used
for the gate electrode or the source/drain electrodes of
the TFTs in the flexible display 100. Any conductive lay-
ers in the flexible display 100 may be used to provide the
conductive line parts 120_C and the bridge 120_B so
long as there is at least one insulation layer between the
conductive line parts 120_C and the bridge 120_B. For
example, any one of the conductive line parts 120_C and
the bridge 120_B may be implemented with an inter-met-
al layer, which may be used is some of the TFTs in the
flexible display 100. Also, a touch sensor may be inte-
grated in the flexible display 100, and the conductive layer
for implementing the touch sensor can be used in pro-
viding any one of the conductive line parts 120_C and
the bridge 120_B in the flexible display 100. In embodi-
ments of the flexible display 100 using oxide TFTs, the
metal oxide layer used for providing the active layer of
the TFT can be patterned as the conductive line parts
120_C or the bridge 120_B. Post treatment can be per-
formed on the metal oxide layer patterned as the con-
ductive line parts 120_C or the bridge 120_B to obtain a
desired conductivity.

TRACE DESIGN

[0096] A trace design of a conductive line 120 is an
important factor, which can affect the conductive line’s
electrical and mechanical properties. To meet the elec-
trical and mechanical requirements, some portion of a
conductive line 120 may be configured differently from
another portion of the conductive line 120. As such, a
portion of a conductive line at or near the bend allowance
section of the flexible display 100 may be provided with
several features for bend stress management.
[0097] Bend stress management of the insulation lay-
ers near the conductive line 120 is just as important as
the managing the strain of the conductive line itself. Var-
ious insulation layers, such as the buffer layer 126, the
passivation layer 128, a gate insulation layer (GI layer)
and an interlayer dielectric layer (ILD layer) positioned
below and/or above the conductive line 120 may include
a layer of inorganic materials. Layers that are formed of
inorganic material, for instance a silicon oxide layer and
a silicon nitride layer, are generally more prone to cracks
than the metal layers of the conductive line. Even when
the conductive lines have a sufficient flexibility to cope
with the bend stress without a crack, some of the cracks
initiated from the insulation layer can propagate into the
conductive lines and create spots of poor electrical con-
tacts in the flexible display 100.
[0098] In addition to applying a trace design for reduc-
ing bend stress on a conductive line, some of the insu-
lation layers above and/or below the layer of conductive

line may be patterned according to the trace design of
the conductive line to minimize the chance of cracks.
Various insulation layer patterning methods, such as wet
etching and/or dry etching processes, can be used to
form a trace of insulation layer that corresponds to the
trace of a conductive line. Lack of insulation layer, espe-
cially the inorganic material based insulation layer around
the trace of a conductive line not only lowers the chance
of crack generation, but it also cuts off the path for a crack
propagation. For convenience of explanation, a trace of
conductive line 120 and a trace of insulation layers cov-
ering at least some part of the conductive line 120 are
collectively referred to as the "wire trace" in the following
description.
[0099] Strain on a wire trace from the bend stress will
be greater as the direction in which the wire trace extends
is more aligned with the tangent vector of the curvature.
In other words, a wire trace will withstand better against
the bend stress if the length of a wire trace segment being
parallel to the tangent vector of the curvature is reduced.
No matter which direction the wire trace is extended to,
there will always be a portion in the wire trace that is
measurable in the bending direction. However, a length
for each continuous measurable portion (i.e., a segment)
being aligned parallel to the bending direction can be
reduced by employing a strain-reducing trace design in
the wire trace.
[0100] FIG. 8A illustrates an exemplary strain-reducing
trace designs. A wire trace may employ a trace design
in which the wire trace repeatedly splits and converges
back in a certain interval. In other words, a wire trace
includes at least two sub-traces arranged to form a trace
design resembling a chain with a series of connected
links. The angles of split and merge define the shape of
each link, which allows to limit the length of the wire trace
segment measurable in straight line parallel to the bend-
ing direction.
[0101] Referring to FIG. 8A, the conductive line 120
includes sub-trace A and sub-trace B, which are split
away from each other and merge back at each joint X.
Between the first joint X(1) and the second joint X(2), a
part of the sub-trace A is extended for a predetermined
distance in a first direction angled away from the tangent
vector of the curvature, and another part of the sub-trace
A is extended in a second direction. The sub-trace B is
arranged in a similar manner as the sub-trace A, but in
a mirrored orientation in reference to the tangent vector
of the curvature. The distances and directions in which
the sub-traces are arranged between the two adjacent
joints X define the shape and the size of the link in the
chain as well as the open area surrounded by the sub-
traces. In this example, the shape of the conductive line
120 between the joint X(1) and X(2) (i.e., link) has a dia-
mond shape with an open area surrounded by the sub-
trace A and the sub-trace B. With additional joints X, the
conductive line 120 forms a chain of diamond shaped
links, and thus the trace design may be referred to as the
diamond trace design. Employing such a strain-reducing
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trace design increases the portion of the wire trace ar-
ranged in a slanted orientation with respect to the tangent
vector of the curvature. This, in turn, limits the length of
the wire trace segment extending in a straight line parallel
to the bending direction.
[0102] The strain-reducing trace design shown in FIG.
8A can provide significant advantages in terms of elec-
trical property. For instance, the wire trace provided with
the split/merge trace design can provide much lower
electrical resistance than the wire traces employing non-
split strain-reducing trace designs such as the sign-wave
or the serpentine trace designs. In addition, sub-traces
can serve as a backup electrical pathway in case one of
the sub-traces is damaged or severed by cracks.
[0103] Since the cracks in the wire trace by bending of
the flexible display generally initiate from an inorganic
insulation layer, it is imperative that the length of the in-
sulation layer trace being aligned with the tangent vector
of the curvature is also minimized. Accordingly, the insu-
lation layers covering the surfaces of the conductive line
120 may also be patterned in a trace design correspond-
ing to the trace design of the conductive line 120. For
example, the insulation layer under the conductive line
120 can be etched away. The insulation layer under the
conductive line 120 may be the buffer layer 126, which
may include one or more layers of inorganic material lay-
ers. The buffer layer 126 may be formed of one or more
layers of a SiNx layer and a SiO2 layer. In one suitable
configuration, the buffer layer 126 may be formed of al-
ternating stacks of a SiNx layer and a SiO2 layer. The
buffer layer 126 is disposed on the base layer 126, but
under the TFT.
[0104] In the substantially flat portion of the flexible dis-
play 100, additional layer of inorganic layer may be pro-
vided immediately below the semiconductor layer of the
TFT, which may be referred to as the active buffer. In
some embodiments, an inorganic layer, which is most
closely positioned under the active layer of the TFT, may
be much thicker than the individual inorganic layers of
the buffer layer 126.
[0105] The buffer layer 126 in the bend allowance sec-
tion may be etched even further to expose the base layer
106 while leaving the buffer layer 126 intact under the
conductive line 120. In other words, a recessed area and
a protruded area are provided in the bend portion of the
flexible display 100. The protruded area includes the buff-
er layer 126 provided on the base layer 106, whereas
the recessed area has the base layer 106 exposed with-
out the buffer layer 126 disposed thereon.
[0106] As such, the open area surrounded by the sub-
trace A and the sub-trace B is free of the inorganic insu-
lation layer(s), or has thinner inorganic insulation layer(s)
than the areas under and/or above the trace of conductive
line 120. As such, the length of the insulation layer trace
measurable in straight line parallel to the bending direc-
tion can be limited to reduce the chance of crack initiation
and propagation.
[0107] Various additional factors must be considered

for the strain-reducing trace designs based on a plurality
of sub-traces. The split/merge angles and the length of
each sub-traces between two adjacent joints X should
provide an offset for the inorganic insulation layer at the
joints X and at the outer corners where the sub-trace
changes its direction between two adjacent joints X. To
put it in another way, the open area, which is surrounded
by the split sub-traces between two joints X of the wire
trace, should have a size and a shape to minimize the
length in which an inorganic insulation layer trace of the
wire trace extending parallel to the bending direction.
[0108] In the diamond trace design depicted in FIG.
8A, the buffer layer 126 and the passivation layer 128
covering the trace of the conductive line 120 are pat-
terned with a predetermined margin from the outer trace
(i.e., outer edge) of the conductive line 120. Other than
the insulation layers with the predetermined margin re-
maining to cover the conductive line 120, the open area
surrounded by the sub-traces A and B, which is denoted
as FA2, is free of the insulation layers. As such, a trace
of insulation layers are formed in accordance with the
trace design of the conductive line 120. The length of the
open area without the insulation layers measured in or-
thogonal direction from the bending direction is greater
than the width of the inorganic insulation layer trace at
the joint X measured in the same direction. In this setting,
the open area FA2 surrounded by the sub-traces A and
B as well as the area next to the joint X can be free of
the inorganic insulation layers, or otherwise provided with
a reduced number of inorganic insulation layers.
[0109] The insulation layer free area FA1 prohibits the
insulation layer of the sub-trace A and the sub-trace B
between the two joints X(1) and X(2) to be extended in
a continuous straight line. Similarly, the insulation layer
free area FA2 prohibits the insulation layer between the
two joints X(1) and X(2) to be extended in a continuous
straight line. Accordingly, the length of each segment of
the insulation layer trace being aligned to the tangent
vector of the curvature is minimized.
[0110] Further reduction in the length of the insulation
layer trace aligned to the tangent vector of the curvature
can be obtained by reducing the width of the conductive
line 120 and the margin of the insulation layer beyond
the edge of conductive line 120. It should be noted that
the low electrical resistance offered by the trace designs
of the present disclosure provide greater freedom in re-
ducing the width of conductive line 120.
[0111] The strain-reducing trace design illustrated in
FIG. 8A is merely exemplary, and other trace designs for
reducing the length of a wire trace segment parallel to
the bending direction may be used in various embodi-
ments of the flexible display 100. Further, it should be
noted that some wire traces may adopt different strain-
reducing trace design from other wire traces in a flexible
display 100 depending on their electrical and/or mechan-
ical requirements. For instance, a strain-reducing trace
design used for a data signal line may be different from
a strain-reducing trace design used for a power line.

25 26 



EP 3 238 259 B1

15

5

10

15

20

25

30

35

40

45

50

55

[0112] Even with the strain-reducing trace design, the
inevitable bend stress remains at certain points of the
trace (i.e., stress point). The location of stress point is
largely dependent on the shape of the trace as well as
the bending direction. It follows that, for a given bending
direction, the wire trace can be designed such that the
remaining bend stress would concentrate at the desired
parts of the wire trace. Knowing the location of the stress
point in the wire trace, a crack resistance area can be
provided to the stress point to make the wire trace last
longer against the bend stress.
[0113] When a wire trace having the diamond trace
design is bent in the bending direction, the bend stress
tends to focus at the angled corners (i.e., the vertexes of
each diamond shaped link), which are denoted as the
stress point A and stress point B. As such, cracks tends
to initiate and grow between the inner and outer edges
of the wire trace. For instance, at the stress points A, a
crack may initiate from the inner trace line 120(IN) and
grow toward the outer trace line 120(OUT). Similarly, a
crack may initiate from the outer wire trace line 120(OUT)
and grow toward the inner trace line 120(IN) at the stress
points B.
[0114] Accordingly, the width of the conductive line 120
at the stress points A can be selectively increased to
serve as the crack resistance area. As depicted in FIG.
8A, the widths (WA, WB) of the conductive line 120 at
the stress points A and B, which are measured in the
direction perpendicular to the bending direction, may be
longer than the width (W) of the conductive line 120 at
the parts between the stress points A and B. The extra
width at the stress points can make the conductive line
120 hold out longer before a complete severance in the
conductive line 120 occurs by the growth of a crack at
the stress points.
[0115] It should be reminded that the length for the
continuous portion of the insulation layer trace being
aligned to the bending direction should be kept minimal.
Increasing the width of the conductive line 120 at the
stress points A and B may necessitate increase in the
width of the insulation layer trace at the respective area,
which results in lengthening the insulation layer trace be-
ing aligned parallel to the bending direction.
[0116] Accordingly, in some embodiments, the width
of the conductive line 120 measured in the direction per-
pendicular to the tangent vector of the curvature at the
stress points A ranges from about 2.5 um to about 8 um,
more preferably, from about 3.5 um to about 6 um, more
preferably from about 4.5 um to about 8.5 um, and more
preferably at about 4.0 um. The width of the conductive
line 120 at the stress points B should also be maintained
in the similar manner as the width of the conductive line
120 at the stress points A. As such, the width of the con-
ductive line 120 at the stress points B may range from
about 2.5 um to about 8 um, more preferably, from about
3.5 um to about 6 um, more preferably from about 4.5
um to about 8.5 um, and more preferably at about 4.0
um. Since the sub-trace A and the sub-trace B merges

at the stress point B, the width of the conductive line 120
at the stress points B may be longer than width at the
stress points A.
[0117] In some embodiments, one of the inner trace
line 120(IN) and the outer trace line 120(OUT) may not
be as sharply angled as the other trace line at the stress
points A to minimize the chance of crack initiating from
both sides. In the embodiment depicted in FIG. 8A, the
inner trace line 120(IN) is more sharply angled than the
outer trace line 120(OUT) at the stress points A. Howev-
er, in some other embodiments, the outer trace line
120(OUT) may be more sharply angled than the inner
trace line 120(IN) at the stress points A. In both cases,
the less sharply angled trace line can simply be more
rounded rather than being a straight line as the outer
trace line 120(OUT) depicted in FIG. 8A. Further, both
the inner trace line 120(IN) and the outer trace line
120(OUT) at the stress points A can be rounded.
[0118] The wire trace may split into additional number
of sub-traces, resulting series of links arranged in a grid-
like configuration. As an example, a wire trace can be
configured as a web of diamond trace shapes as illus-
trated in FIG. 8B. Such a trace design is particularly useful
for a wire trace that transmit a common signal to multiple
points or for a wire trace that require a very low electrical
resistance. For example, a VSS line and a VDD line in
the flexible display 100 may have the grid-like trace de-
sign, especially if such lines are arranged to cross over
a bend allowance section. Neither the number of sub-
traces nor the shapes of the sub-traces of the grid-like
trace design are particularly limited as the exemplary de-
sign depicted in FIG. 8B.
[0119] In some embodiments, the grid width can be
reduced or increased in between two ends within the flex-
ible display 100. Also, the grid-like wire trace shown in
FIG. 8B can converge back to form the diamond trace
shown in FIG. 8A or into other trace designs. In some
cases, the size of each diamond-shaped trace of a grid-
like wire trace may be larger than the size of each dia-
mond-shaped trace of a diamond-chain trace to reduce
the resistance.

WIRE TRACE ARRANGEMENT

[0120] Due to the portions angled away from the bend-
ing direction, a wire trace with a strain-reducing trace
design may necessitate a larger routing area within the
flexible display 100. In embodiments where a non-display
area at the edge of the flexible display 100 is bent, the
increase in the routing area for accommodating the wire
traces can actually increase the size of the inactive area
to be hidden under a masking.
[0121] Accordingly, wire traces applied with a strain-
reducing trace design may be arranged to facilitate tight
spacing between adjacent wire traces. For instance, two
adjacent wire traces with a strain-reducing trace design
may each include a non-linear section, which would have
a convex side and a concave side. The two adjacent wire
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traces can be arranged in the flexible display such that
the convex side of the non-linear section in the first wire
trace is positioned next to the concave side the non-linear
section in the second wire trace. Since the spacing be-
tween the two adjacent wire traces is limited by the shape
and the size of the wire traces, the non-linear section in
the strain-reducing trace design of the first wire trace may
be larger than the non-linear section in the strain-reduc-
ing trace design of the second wire trace. Of course, one
of the first wire trace and the second wire trace may have
a different strain-reducing trace design to better accom-
modate the non-linear section of the other wire trace.
[0122] In some instances, two or more wire traces ar-
ranged next to each other may each be applied with a
strain-reducing trace design, and each of the wire traces
may have a plurality of indented sections and distended.
In such cases, the wire traces can be arranged such that
the distended section of one of the wire traces to be po-
sitioned next to the indented sections of the adjacent wire
trace.
[0123] FIG. 8C illustrates an exemplary arrangement
of multiple wire traces, each having the diamond trace
design described above. The split of the sub-traces wid-
ens the layout of the wire trace to create the distended
section, whereas merging of the sub-traces narrows the
layout of the wire trace to create the indented section.
Accordingly, in terms of its layout, the indented section
of the wire trace is at the joint X, whereas the distended
section of the wire trace is at the point where the
split/merge angles of the sub-traces change between two
adjacent joints X.
[0124] As shown in FIG. 8C, position of the joints X in
a first wire trace and the joints X in a second wire trace
are arranged in a staggered configuration. In this ar-
rangement, the vertexes of the diamond shaped link at
the distended section in the first wire trace are positioned
next to the joints X at the indented sections of the adjacent
wire traces. Such a staggered arrangement of the wire
traces may help in lowering the electrical noises on the
wire traces due to close proximity between the wire trac-
es, and thus the distance between the wire traces can
be reduced. Even a tight spacing between the wire traces
may be possible by arranging the distended section of a
wire trace to be positioned closer toward the indented
section of the adjacent wire trace. For instance, the ver-
texes at the wide parts of one wire race can be placed in
the open area FA1, which is created by the split/merge
angle and the length of the sub-trace in the adjacent wire
trace. As such, the staggered arrangement allows to
maintain certain minimal distance between the wire trac-
es while reducing the amount of space taken up by the
wire traces.

MICRO-COATING LAYER

[0125] With the absent of various layers in the bend
portion of the flexible display 100, a protective layer may
be needed for the wire traces, especially for the wire trac-

es in the bend allowance section of the flexible display
100. Also, the wire traces in the bend portion can be
vulnerable to moistures and other foreign materials as
the inorganic insulation layers can be etched away from
in the bend portion of the flexible display 100. In partic-
ular, various pads and conductive lines for testing the
components during manufacturing of the flexible display
100 may be chamfered, and this can leave the conductive
lines extended to the notched edge of the flexible display
100. Such conductive lines can be easily corroded by
moistures, which can be expanded to nearby conductive
lines. Accordingly, a protective coating layer, which may
be referred to as a "micro-coating layer" can be provided
over the wire traces in the bend portion of the flexible
display 100.
[0126] The micro-coating layer 132 may be coated
over the bend allowance section in a predetermined
thickness to adjust the neutral plane of the flexible display
100 at the bend portion. More specifically, added thick-
ness of the micro-coating layer 132 at the bend portion
of the flexible display 100 can shift the plane of the wire
traces closer to the neutral plane.
[0127] In some embodiments, the thickness of the mi-
cro-coating layer 132 in the area between the encapsu-
lation 104 and the PRINTED CIRCUIT FILM 200, which
is measured from the surface of the base layer 106, may
be substantially the same as the thickness of the encap-
sulation 104 on the base layer 106 to the top surface of
the encapsulation 104.
[0128] The micro-coating layer should have sufficient
flexibility so that it can be used in the bend portion of the
flexible display 100. Further, the material of the micro-
coating layer should be a curable material with low energy
within a limited time so that the components under the
micro-coating layer are not damaged during the curing
process. The micro-coating layer 132 may be formed of
a photo-curable acrylic (e.g., UV light, Visible light, UV
LED) resin and coated over the desired areas of the flex-
ible display 100. In order to suppress permeation of un-
wanted moistures through the micro-coating layer, one
or more getter material may be mixed in the micro-coating
layer.
[0129] Various resin dispensing methods, such as slit
coating, jetting and the like, may be used to dispense the
micro-coating layer 132 at the targeted surface. In way
of an example, the micro-coating layer 132 can be dis-
pensed by using a jetting valve. The dispensing rate from
the jetting valve(s) may be adjusted during the coating
process for accurate control of the thickness and the
spread size of the micro-coating layer 132 at the targeted
surface. Further, the number of jetting valves in dispens-
ing the micro-coating layer 132 over the desired area is
not limited, and it can vary to adjust the dispense time
and the amount of spread on the dispensed surface be-
fore the micro-coating layer 132 is cured.
[0130] FIG. 9A illustrates one suitable exemplary con-
figuration of the micro-coating layer 132 in an embodi-
ment of flexible display 100. As mentioned, the micro-
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coating layer 132 can be coated in the area between the
encapsulation 104 and the printed circuit film 200 at-
tached in the inactive area. Depending on the adhesive
property of the micro-coating layer 132 and the amount
of bend stress, however, the micro-coating layer 132 can
be detached away from the encapsulation 104 and/or the
printed circuit film 200. Any open space between the mi-
cro-coating layer 132 and the encapsulation 104 or the
printed circuit film 200 can become a defect site where
moisture can permeate through.
[0131] Accordingly, in some embodiments, the micro-
coating layer 132 can be overflowed onto a part of the
encapsulation 104 as shown in FIG. 9A. That is, the top
surface of the encapsulation 104 at its edge can be coat-
ed with the micro-coating layer 132. The additional con-
tact area on the surface of the encapsulation 104 coated
by the micro-coating layer 132 suppresses the micro-
coating layer 132 from fall apart from the encapsulation
104 by the bend stress. The enhanced sealing provided
by the micro-coating layer 132 at the edge of the encap-
sulation 104 can reduce corrosion of the wire traces at
the bend portion of the flexible display 100. Similarly, the
micro-coating layer 132 can be overflowed onto at least
some part of the printed circuit film 200 for improved seal-
ing by at the edge of the printed circuit film 200.
[0132] Referring to FIGS. 9B and 9C, the width of the
area on the encapsulation 104 coated with the micro-
coating layer 134 is denoted as "Overflow_W1", and the
width of the area on the PRINTED CIRCUIT FILM 200
coated with the micro-coating layer 134 is denoted as
"Overflow_W2." The sizes of the micro-coating layer 134
overflowed areas on the encapsulation 104 and the print-
ed circuit film 200 are not particularly limited and may
vary depending on the adhesiveness of the micro-coating
layer 132.
[0133] As shown in FIG. 9B, the flexible display 100
may include a portion where the micro-coating layer 132
on the encapsulation 104 is spaced apart from the edge
of the polarization layer 110. In some embodiments, how-
ever, the flexible display 100 may include a portion where
the micro-coating layer 132 on the encapsulation 104 is
in contact with the polarization layer 110 disposed on the
encapsulation 104 as depicted in FIG. 9C.
[0134] The spreading dynamic of the micro-coating
layer 132 on the dispensed surface depends on the vis-
cosity of the micro-coating layer 132 as well as the sur-
face energy where the micro-coating layer 132 is dis-
pensed. As such, the micro-coating layer 132 overflowed
into the encapsulation 104 may reach the polarization
layer 110. The micro-coating layer 132 in contact with
the sidewall of the polarization layer 110 can help in hold-
ing the polarization layer 132 in place. However, the mi-
cro-coating layer 132 reaching the sidewall of the polar-
ization layer 114 may climb over the sidewall of the po-
larization layer 110. Such sidewall wetting of the micro-
coating layer 132 can create uneven edges over the sur-
face of the polarization layer 132, which may cause var-
ious issues in placing another layer thereon. Accordingly,

the amount of the micro-coating layer 134 dispensed on
the targeted surface can be adjusted to control the width
of the micro-coating layer 134 on the encapsulation layer
114. Further, the micro-coating layer 132 may be dis-
pensed such that only some of the selective areas of the
polarization layer 110 are in contact with the micro-coat-
ing layer 132.
[0135] In one suitable configuration, the micro-coating
layer 132 may be in contact with the polarization layer
110 at the two opposite corners (denoted "POL_CT" in
FIG. 9A) while the micro-coating layer 132 between the
two corners does not reach the edge of the polarization
layer 110. The micro-coating layer 132 between the two
opposite corners (POL_CT) only covers up to some part
of the encapsulation 104. After the bending process, the
part of the flexible display 100 where the micro-coating
layer 132 is spaced apart from the polarization layer 110
may be configured as shown in FIG. 10A. In the region
where micro-coating layer 132 is configured to be in con-
tact with the polarization layer 110, the flexible display
100 may be configured as shown in FIG. 10B.

DIVIDED VSS-VDD WIRE TRACE

[0136] Spreading dynamic of the micro-coating layer
132 over the wire traces can be affected by the trace
design of the wire traces. More specifically, patterning of
the insulation layers along the wire trace in the bend por-
tion of the flexible display 100 creates recessed areas
and protruded areas, which essentially become a micro-
grooved surface to be covered by the micro-coating layer
132.
[0137] When applying the strain-reducing trace design
in the wire traces, patterning of the insulation layers
around the split sub-traces creates the recessed open
area, which is surrounded by the protruded stack of wire
traces. During coating of the micro-coating layer 132,
some portion of the micro-coating layer droplet can per-
meate into the recessed open area. It can hinder the
spreading and reduce the maximum spreading diameter
of the micro-coating layer 132 on such a micro-grooved
surface, and result in some part of the bend portion being
exposed without the micro-coating layer 132.
[0138] Decrease in the wettability of micro-coating lay-
er 132 by the distribution of the recessed areas and the
protruded areas may be magnified even more in the area
over the wire trace applied with the grid-like trace design
shown in FIG. 8B. To counteract the viscid drag, in some
embodiments, a wire trace, which includes multiple dia-
mond-chain traces adjoined side-by-side, can be provid-
ed with a rail between two parts of the wire trace.
[0139] Referring to FIG. 11, a wire trace with a grid-
like trace strain-reducing trace design is provided with
an elongated channel between divided grid-parts of the
wire trace. Within the elongated channel, the conductive
line 120 is not formed. Also, at least some of the inorganic
insulation layers on the base layer 106 are removed in
the elongated channel. The elongated channel between
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the grid-parts of the wire trace extends from the signal
supplying side to the signal receiving side of the wire
trace. That is, the elongated channel may be extended
in the direction parallel to the bending direction. It should
be noted that the separated parts of the wire trace on
one side of the elongated channel is connected to the
part of the wire trace on the opposite side of the elongated
channel, and thus both parts of the wire trace transmit
the identical signal. The connection between the divided
parts of the wire trace may be achieved at one or both
ends of the wire trace by a conductive path, which may
be a part of the wire trace. The connection of the divided
parts of the wire trace may be achieved within the bend
allowance section or outside the bend allowance section.
[0140] Even though the parts of the wire trace on each
side of the elongated channel has the grid-like trace de-
sign, the reduced number of diamond-chain traces ad-
joined in each grid-part and the channel between the grid-
parts can reduce the viscid drag of the micro-coating layer
132. More importantly, the elongated recessed channel
between the parts of the wire trace serves as a path that
improves the wettability of the micro-coating layer 132
over the wire trace. In sum, increase in the maximum
spread diameter of the micro-coating layer 132 can be
achieved by positioning one or more elongated channel
within the wire having the grid-like strain-reducing trace
design.
[0141] It should be noted that the resistance of the wire
trace can increase with the elongated channel dividing
the wire trace into multiple grid-parts. Increase in the re-
sistance of the wire can raise the temperature of the wire
trace when it is supplied with a signal. Accordingly, the
number of elongated channels provided in a single wire
trace can depend on the signal transmitted via the wire
trace. In some cases, the size of each diamond shaped
link in a grid-like wire trace may be larger than the size
of diamond-shaped links in other wire traces of the flex-
ible display 100.
[0142] In one suitable configuration, one or more of
power signal wires of the flexible display 100, such as
the VDD and/or the VSS, has the grid-like wire trace
formed of multiple diamond-chain traces adjoined side-
by-side as depicted in FIG. 11. The power signal wire
trace includes one or more elongated channels in its grid-
like wire trace. Each of the elongated channels is provid-
ed between two divided grid parts, which are on the op-
posite sides of the elongated channel. The divided grid
parts are connected at one or both ends of the power
signal wire. The size of the divided grid parts may be
substantially the same. That is, the number of diamond-
chain traces forming a gird part on one side of the elon-
gated channel may be the same as the number of dia-
mond-chain traces forming a gird part on the opposite
side. If desired, however, the number of diamond-chain
traces adjoined to each other to form one grid part may
differ from the number of diamond-chain forming another
grid part.

PRINTED CIRCUIT FILM

[0143] As mentioned, one or more driving circuits, such
as a display drive-IC and/or a touch drive-IC, can be dis-
posed on the printed circuit film 200. Conductive lines on
the printed circuit film 200 transmits signals from and to
the components provided on the base layer 106 as well
as the components disposed on another printed circuit
film. Referring to FIG. 12, on one end of the printed circuit
film 200, the conductive lines 220 are arranged to be in
contact with the conductive lines 120 on the base layer
106. In this example, the printed circuit film 200 attached
to the base layer 106 is described as a chip-on-film
(COF). The area where the part of the printed circuit film
200 and the base layer 106 are attached together may
be referred to as the "Flex-on-Panel (FOP) area." In some
embodiments of the flexible display, another printed cir-
cuit film may be attached to the printed circuit film 200.
In such cases, the area where the printed circuit films are
attached together may be referred to as the "flex-on-flex
(FOF) area."
[0144] In the FOP area, some parts of the conductive
lines 220 can serve as the connectors 222 (e.g., pads or
pins), which is to be connected to the corresponding con-
nection interfaces on the base layer 106. In the contact
area, an anisotropic conductive adhesive (e.g., aniso-
tropic conductive film: ACF) or other types of adhesives
may be provided. Before bonding the printed circuit film
200 to the base layer 106, tests may be performed to
inspect whether the conductive lines 220 on the printed
circuit film 200 are properly connected to the components
(e.g., D-IC, Power Supply Unit) disposed thereon. How-
ever, the pitch of the conductive lines 220 may be very
narrow in the FOP area, and thus it is difficult to sup-
ply/receive test signals on the conductive lines 220 at
such area. Therefore, the conductive lines 220 on the
printed circuit film 200 are routed beyond the FOP area
to an area where they are arranged with a larger pitch
and/ or provided with test pads.
[0145] FIGS. 13A-13D each illustrate a cross-sectional
view of an exemplary configuration of a printed circuit
film used in embodiments according to the invention as
claimed. One or more driving integrated circuit (D-IC)
chips 230 can be disposed on the printed circuit film 200,
and the pins from the D-IC chip 220 may be connected
to some of the conductive lines 220 of the printed circuit
film 220. Several other components can also be disposed
on the printed circuit film 200. The D-IC 230 on the printed
circuit film 200 may receive image data from another
component on the printed circuit film 200 (e.g., from a
processor, timing controller, etc.) and produce corre-
sponding control signals for the flexible display 100. Also,
a power supply unit 240 for converting the power from a
power source into various voltage levels used by the com-
ponents of the flexible display 100. It should be noted
that the components disposed on the printed circuit film
200 are not limited to examples mentioned above. Dis-
crete components such as resistors, capacitors, and in-
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ductors, and the like may be disposed on the printed cir-
cuit film 200. For convenience of explanation, other than
the D-IC 220, only the power supply unit 240 is depicted
in the FIGS. 13A-13D.
[0146] Patterns of conductive lines are formed on the
printed circuit film between the part with the D-IC 230,
such as a display drive-IC and/or a touch drive-IC, and
the part where those other components are placed. The
D-IC 230 may distribute signals to the display pixels or
other components on the base layer 106 via the conduc-
tive lines 220 provided on the side to be attached to the
base layer 106. In this regard, a contact area is provided
in a part of the printed circuit film 200 so that exposed
portion of the conductive line 220 can be connected to
the connection interface on the base layer 106. The con-
ductive lines 220 on the printed circuit film 200 can be
covered by a layer of an insulating material (e.g., the
solder resist: SR).
[0147] In some cases, the D-IC 230 may be positioned
between the contact area and other components dis-
posed on the printed circuit film 200, for instance the pow-
er supply unit 240. Space for conductive line patterns on
the printed circuit film 200 can quickly run out with more
components disposed on the printed circuit film 200. The
pattern of conductive lines 220 between the D-IC 230
and the contact area may be simpler than the pattern of
conductive lines 220 between D-IC 230 and other com-
ponents provided on the printed circuit film 200. For in-
stance, the conductive line pattern forming data signal
lines (source channel pattern) can be formed without
crossing another lines, but the conductive line patterns
for connection between the D-IC 230 and other compo-
nents on the printed circuit film 200 may have to cross
over another conductive line in the printed circuit film 200.
[0148] Accordingly, in some embodiments, the printed
circuit film 200 may be provided with multiple metal lay-
ers. Referring to FIG. 13A, at least some part of the print-
ed circuit 200 is provided with multiple metal layers. In
particular, the part of the printed circuit film 200 between
the contact area and the D-IC 230 may be provided with
a single metal layer (e.g., the first metal layer M1), where-
as the part between the D-IC 230 other components on
the printed circuit film 200 is provided with a metal layer
on both sides of a polymer layer 210 (e.g., Polyimide
layer). In this part of the printed circuit film 200, a first
metal layer M1 is provided on one side of a polymer layer
210 and another metal layer M2 is provided on the op-
posite side of the polymer layer 210.
[0149] Accordingly, connection between some of the
components in the part of the printed circuit film 200 with
multiple metal layers may be made using the conductive
lines 220 in both the first and second metal layers (M1,
M2). With multiple metal layers in this part of the printed
circuit film 200, some of the conductive line patterns in
one metal layer can be arranged to cross over another
conductive line patterns in another metal layer.
[0150] In the example shown in FIG. 13A, at least one
of the conductive lines 220 formed of the first metal layer

M1 is in contact with at least one conductive lines 220
formed of the second metal layer M2. As shown, the con-
tacts between the first metal layer M1 and the second
metal layer M2 can be made by a vertical conductive path
(e.g., via hole) through the polymer layer 210. The via
hole through the printed circuit film 200 may be formed
by using a laser or a mechanical machining techniques.
The via hole through the polymer layer 210 may be plated
or filled with conductive material. Materials that may be
used in providing the conductive path between the first
and second metal layers include copper, silver, gold, cop-
per-tungsten, other suitable metals, carbon-based or or-
ganic conductors, or a combination of these materials.
[0151] FIG. 13B illustrates another example of printed
circuit film 200 provided with multiple metal layers. Gen-
erally, widths of conductive lines 220 as well as their pitch
on a film type printed circuit, such as a chip-on-film (COF),
is much narrower than those on a more rigid board type
printed circuit (e.g., PCB). As such, the printed circuit film
220 is more susceptible to electrostatics, and thus the
conductive lines 220 may be more easily damaged by
the electrostatics. Accordingly, the conductive line 220
formed with the second metal layer M2 may be a ground
line, which is configured to discharge electrostatics from
the printed circuit film 200. Rather than providing a con-
ductive line, a metal plate can be provided in the second
metal layer to discharge electrostatic from the printed
circuit film 200. Providing a ground line or a ground metal
plate can be particularly useful if the width of the conduc-
tive lines 220 on the printed circuit film are very narrow
and/or if they are routed with a very narrow pitch.
[0152] Similar to the test pads 120_P and the test lines
120_C described in reference to FIGS. 7A-7B, the part
of the conductive lines 220 on the printed circuit film 200
routed beyond the FOP area can be removed from the
printed circuit film 200 when scribing/chamfering the
printed circuit film 200 into a desired shape and size.
Thus, the conductive lines 220 remaining on the printed
circuit film 200 can be routed until the scribed/chamfered
edges of the printed circuit film 200. For reliable connec-
tion between the connection interfaces, scribing of the
printed circuit film 200 is usually performed with a certain
margin between the scribed edge and the contact area
where the part of the conductive lines 220 serve as the
connectors. The part of the conductive lines 220 routed
outside the contact area toward the scribed edge, which
is referred to as the "valley" or the "valley pattern", is also
susceptible to corrosion from the moisture and gasses
passing through the micro-coating layer 132.
[0153] Accordingly, in some embodiments of the flex-
ible display 100, at least some of the conductive lines
220 of the printed circuit film 200 may be configured as
the bridged conductive lines 120 discussed above. Re-
ferring to FIG. 13C, two separate portions of a conductive
line 220 in the first metal layer M1 is connected to each
other by a bridge 220_B in the second metal layer M2.
In particular, the exposed valley pattern of the conductive
line 220 at the edge of the printed circuit film 200 is pro-
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vided in the first metal layer M1. Also, the contact area
to be connected to the connection interface on the base
layer 106 and other parts of the conductive line 220 con-
nected to the pins of the D-IC 230 and/or to the pins of
other components (e.g., power supply unit 240) are sep-
arated from the valley of the conductive line 220. Elec-
trical connection between the valley pattern of the con-
ductive line 220 and other separated conductive line
parts is made through the bridge 220_B provided in the
second metal layer M2. As discussed above, the contact
between the first metal layer M1 and the second metal
layer M2 is made through the via hole, which may be
plated or filled with conductive material.
[0154] In this configuration, the bridge_220B allows to
perform various electrical inspection on the conductive
lines 220, and also protects the contact area and other
parts of the conductive line 220 from the corrosion which
may occur at the valley pattern after scribing/chamfering
the printed circuit film 200.
[0155] Referring to FIG. 13D, some part of a conduc-
tive line 220 can be provided in the first metal layer M1
while some other part of the conductive line 220 is pro-
vided in the second metal layer M2. The contact area
may be arranged to expose a part of the conductive line
220 provided in the first metal layer M1 and a part of the
conductive line 220 in the second metal layer M2 may
be exposed to provide test pads for inspection of the print-
ed circuit film 200. The conductive lines in the first metal
layer M1 and the second metal layer M2 are connected
through a via hole. The conductive line 220 in the first
metal layer M1 may be formed such that it is not extended
to the scribed edge of the printed circuit film 200. Also,
the conductive line 220 in the first metal layer M1 may
be covered by a layer of an insulating material (e.g., the
solder resist: SR) to protect the conductive line 220 from
the corrosion. Growth of corrosion from the valley pattern
of the conductive line 220 in the second metal layer 220
can be suppressed by the bridged structure as depicted
in FIG. 13D.
[0156] The printed circuit film 200 of the flexible display
100 may employ yet another feature that can help mini-
mize corrosion of the conductive lines 220. FIG. 14A is
a plan view illustrating an exemplary configuration of the
conductive lines 220 in the FOP area on the printed circuit
200. As shown, certain conductive lines 220 disposed on
the printed circuit film 200 are arranged not to extend
beyond the contact areas. That is, on the printed circuit
film 200, some connectors are provided with valley pat-
terns while some of the selected connectors are provided
without the valley patterns.
[0157] In case where there is another external compo-
nent or other printed circuit film to be connected to the
printed circuit film 200, the conductive lines 220 that are
routed between the FOP area and the FOF area without
being connected to the components on the printed circuit
film 200, such as the Drive-IC 230, may be the conductive
lines 220 that end at the contact area without the valley
pattern. Such conductive lines (denoted "bypassing line"

in FIG. 14A) are routed on the printed circuit film 200
simply to provide interconnections between the compo-
nents on the base layer 106 and the components on an-
other printed circuit film, and thus, chances of defects in
such conductive lines 220 are very slim.
[0158] Without the valley pattern, the end of the con-
ductive line 220 is not cut by the scribing process, and
the outer layer (e.g., Sn layer) of the conductive line 220
can cover the inner layer (e.g., Cu layer) of the conductive
line 220, which in turn suppresses corrosion. Also, elim-
inating the valley pattern of such bypassing conductive
lines 220 can increase the distance X between the valley
patterns of other conductive lines 220. Electrical flow be-
tween anodic metal and cathode metal being one of the
essential element for corrosion, increase in the distance
between the valley patterns can help reduce corrosion
on those valley patterns. In addition, increasing the dis-
tance X between the valley patterns can lower the chanc-
es of short between the conductive lines 220 caused by
the corrosion debris and other deposits.
[0159] In some embodiments, a dummy connector
may be provided between the connectors that transmit
signals of a voltage large difference from each other. Re-
ferring to FIG. 14B, a dummy connector can be positioned
between a connector for transmitting VGH and a connec-
tor for transmitting VGL. Also, a dummy connector can
be positioned between the VSS line connector and the
VDD line connector. The VGH/VGL and VDD/VSS line
connectors have the valley pattern extending to the
scribed edge of the printed circuit film 200, whereas the
dummy connectors do not have the valley patterns. The
space between the connectors of the oppositely charged
conductive lines 200 is increased by the width of the dum-
my connector. The end of the dummy connector is
spaced apart from the scribed edge of the printed circuit
film 200. As such, corrosion control on the valley patterns
of the conductive lines with large voltage difference can
be realized.
[0160] In some cases, some of the signals, for instance
the gate high/low signals and/or the power signals, may
be transmitted by using a group of several conductive
lines 220 positioned next to each other on the printed
circuit film 200. Also, conductive lines 220 transmitting
similar signals (e.g., clock signals) may be arranged next
to each other on the printed circuit film 200. In such cases,
inspection on all of the conductive lines 220 of the same
group may not be necessary. Accordingly, in some em-
bodiments, at least one or more of connectors in a group
of adjacently positioned connectors transmitting the
same or similar type of signals may be provided on the
printed circuit film 200 without the valley pattern.
[0161] Referring to FIG. 14C, connectors for transmit-
ting similar type of signals are provided adjacent to each
other, which are denoted as "Connector Group." Also,
adjacently positioned connectors for transmitting the
same signal are denoted as "Multi-Pin Connector." As
shown, at least one of the connectors among the multi-
pin connector may be formed on the printed circuit film
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200 without the valley pattern. Similarly, at least one of
the connectors among the group of connectors that pro-
vides similar signals may not be provided with the valley
pattern. For instance, any one of the conductive lines
CLK1, CLK2 and CLK3 may end with a connector without
the valley pattern. This way, distance X between the re-
maining valleys can be increased, which can help reduce
corrosion on those valley patterns. Further, chances of
short between the valley patterns by the corrosion debris
and other deposits can be reduced by increasing the dis-
tance X between the valley patterns.
[0162] In some embodiments, the connector without
the valley pattern may be the first and/ or the last con-
nector among the group of connectors. In FIG. 14C, the
connector B, which is positioned next to the connector
group or the multi-pin connectors, may be configured to
transmit a different type of signal from the signals trans-
mitted on the connector group and the multi-pin connec-
tors. By way of example, the connectors in the connector
group may be configured to transmit clock signals and
the connector B may be configured to transmit any one
of the VGH, VGL, VDD and VSS signals. Among the con-
nectors included in connector group and the multi-pin
connectors, one that is positioned immediately adjacent
to the connector B may be provided on the printed circuit
film 200 without the valley pattern.
[0163] Furthermore, in some embodiments, solder re-
sist (SR) covering the conductive lines outside the con-
tact area may also be provided over the valley patterns
along the scribed edge as depicted in FIG. 14D. In this
regard, the solder resist (SR) may be coated over the
valley patterns prior to scribing the printed circuit film 200.
Alternatively, the solder resist (SR) may be coated over
the valley patterns after the scribing of the printed circuit
film 200 is performed. In the latter case, the solder resist
(SR) may cover the exposed cross-sectional side surface
of the valley pattern. While the configurations of connec-
tors are described in reference to the connectors in FOP
area, such configurations can also be used for the con-
nectors in the FOF area.
[0164] These various aspects, embodiments, imple-
mentations or features of the described embodiments
can be used separately or in any combination. The fore-
going is merely illustrative of the principles of this inven-
tion and various modifications can be made by those
skilled in the art without departing from the scope of the
invention as defined by the appended claims.

Claims

1. An organic-light emitting display apparatus, compris-
ing:

a flexible base layer (106) defined with a first
area including a display area, a second area and
a bend portion including a bend allowance sec-
tion which is curved in a certain bend radius be-

tween the first area and the second area of the
flexible base layer (106);
an array of thin-film transistors and an array of
organic-light emitting diode (OLED) elements
disposed in the first area of the flexible base lay-
er, the array of thin-film transistors being config-
ured to control emission of the array of OLED
elements;
a connection interface provided on an upper side
of the second area of the flexible base layer
(106); and
a flexible printed circuit film (200) connected to
the connection interface,
wherein the flexible printed circuit film (200) in-
cludes a polymer layer (210) having a first side
facing to the upper side of the second area of
the flexible base layer (106) and a second side
opposite the first side, a first metal layer on the
first side of the polymer layer (210) and a second
metal layer on the second side of the polymer
layer (210), and a first insulating layer on the
first metal layer and a second insulating layer
on the second metal layer,
wherein the flexible printed circuit film (200) has
at least one driver integrated circuit (D-IC) pro-
vided on the first side of the polymer layer (210),
wherein the polymer layer (210) includes at least
one via hole,
wherein the first metal layer includes at least one
conductive line on the first side of the polymer
layer (210) and the second metal layer includes
at least one other conductive line on the second
side of the polymer layer (210) and wherein the
least one conductive line is connected to the at
least one other conductive line through the at
least one via hole,
wherein the flexible printed circuit film (200) in-
cludes a scribed edge, wherein the polymer lay-
er (210) and the at least one conductive line in
the first metal layer and/or the at least one other
conductive line in the second metal layer extend
to the scribed edge which cuts through the first
and second sides of the polymer layer,
wherein the at least one conductive line in the
first metal layer includes a contact area, wherein
the contact area is a portion of the at least one
conductive line that is exposed through the first
insulating layer, wherein the contact area is con-
nected to the connection interface, and
wherein the at least one conductive line or the
at least one other conductive line includes a val-
ley portion, wherein the valley portion is a portion
of a respective conductive line that extends to
the scribed edge and is exposed through a re-
spective insulating layer on the respective con-
ductive line.

2. The organic-light emitting display apparatus of claim
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1,
wherein the at least one conductive line in the first
metal layer includes the contact area and the valley
portion.

3. The organic-light emitting display apparatus of claim
2,
wherein the valley portion is adjacent to the contact
area and preferably the at least one other conductive
line in the second metal layer is a ground line con-
figured to discharge electrostatic from the flexible
printed circuit film.

4. The organic-light emitting display apparatus of claim
2,
wherein the valley portion is the contact area.

5. The organic-light emitting display apparatus of claim
2,
wherein the valley portion is spaced apart from the
contact area.

6. The organic-light emitting display apparatus of claim
5,
wherein the valley portion and the contact area of
the at least one conductive line in the first metal layer
are connected by the at least one other conductive
line in the second metal layer through the at least
one via hole in the polymer layer.

7. The organic-light emitting display apparatus of claim
6,
wherein the at least one other conductive line in the
second layer is a conductive bridge and the valley
portion is connected to the conductive bridge through
one of the at least one via holes in the polymer layer
and the contact area is connected to the conductive
bridge through another one of the at least one via
holes in the polymer layer.

8. The organic-light emitting display apparatus of claim
1,
wherein the at least one other conductive line in the
second metal layer includes the valley portion, and
the valley portion and the contact area are connected
with each other through the at least one via hole.

9. The organic-light emitting display apparatus of claim
1, wherein the bend allowance section of the flexible
base layer is bent such that the second area of the
flexible base layer is arranged to overlap at least
some part of the first area of the flexible base layer.

10. The organic-light emitting display apparatus of claim
1, wherein the flexible printed circuit film includes a
display driver integrated circuit and a touch driver
integrated circuit.

11. The organic-light emitting display apparatus of claim
1, wherein the flexible printed circuit film includes a
power supply unit disposed thereon.

12. The organic-light emitting display apparatus of claim
1,
wherein a first part of the flexible printed circuit film
is provided with only the first metal layer on the first
side of the polymer layer, and wherein a second part
of the flexible printed circuit film is provided with the
first metal layer on the first side of the polymer layer
and the second metal layer on the second side of
the polymer layer.

13. The organic-light emitting display apparatus of claim
12, wherein the first part of the flexible printed circuit
film is attached to the second area of the flexible
base layer, and preferably, wherein at least one pow-
er supply unit is placed in the second part of the
flexible printed circuit film, and preferably, wherein
the at least one driver integrated circuit is placed
between the first part and the second part of the flex-
ible printed circuit film.

14. The organic-light emitting display apparatus of claim
13, wherein the at least one driver integrated circuit
is placed in a third part between the first and second
parts of the flexible printed circuit film, the third part
being provided with the first metal layer, and prefer-
ably, wherein said at least one driver integrated cir-
cuit provided between the first part and the second
part of the flexible printed circuit film includes a dis-
play driver integrated circuit and a touch driver inte-
grated circuit.

Patentansprüche

1. Organische lichtemittierende Anzeigevorrichtung,
aufweisend:

eine flexible Basisschicht (106), die mit einem
ersten Bereich, der einen Anzeigebereich auf-
weist, einem zweiten Bereich und einem Biege-
abschnitt definiert ist, der einen Biegetoleranz-
abschnitt aufweist, der in einem bestimmten
Biegeradius zwischen dem ersten Bereich und
dem zweiten Bereich der flexiblen Basisschicht
(106) gekrümmt ist,
eine Anordnung von Dünnschichttransistoren
und eine Anordnung von Organische-lichtemit-
tierende-Diode- (OLED)-Elementen, die in dem
ersten Bereich der flexiblen Basisschicht ange-
ordnet sind, wobei die Anordnung von Dünn-
schichttransistoren konfiguriert ist, um die Emis-
sion der Anordnung von OLED-Elementen zu
steuern,
eine Verbindungsschnittstelle, die auf einer
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Oberseite des zweiten Bereichs der flexiblen
Basisschicht (106) bereitgestellt ist, und
einen Flexible-gedruckte-Schaltung-Film (200),
der mit der Verbindungsschnittstelle verbunden
ist,
wobei der Flexible-gedruckte-Schaltung-Film
(200) eine Polymerschicht (210) mit einer ersten
Seite, die der Oberseite des zweiten Bereichs
der flexiblen Basisschicht (106) zugewandt ist,
und einer zweiten Seite, die der ersten Seite ge-
genüberliegt, eine erste Metallschicht auf der
ersten Seite der Polymerschicht (210) und eine
zweite Metallschicht auf der zweiten Seite der
Polymerschicht (210) und eine erste Isolier-
schicht auf der ersten Metallschicht und eine
zweite Isolierschicht auf der zweiten Metall-
schicht aufweist,
wobei der Flexible-gedruckte-Schaltung-Film
(200) mindestens eine integrierte Treiberschal-
tung (D-IC) aufweist, die auf der ersten Seite der
Polymerschicht (210) bereitgestellt ist,
wobei die Polymerschicht (210) mindestens ein
Durchgangsloch aufweist,
wobei die erste Metallschicht mindestens eine
leitfähige Leitung auf der ersten Seite der Poly-
merschicht (210) aufweist und die zweite Me-
tallschicht mindestens eine andere leitfähige
Leitung auf der zweiten Seite der Polymer-
schicht (210) aufweist und wobei die mindes-
tens eine leitfähige Leitung mit der mindestens
einen anderen leitfähigen Leitung durch das
mindestens eine Durchgangsloch verbunden
ist,
wobei der Flexible-gedruckte-Schaltung-Film
(200) eine geritzte Kante aufweist, wobei die Po-
lymerschicht (210) und die mindestens eine leit-
fähige Leitung in der ersten Metallschicht
und/oder die mindestens eine andere leitfähige
Leitung in der zweiten Metallschicht sich zu der
geritzten Kante erstrecken, die die erste und die
zweite Seite der Polymerschicht durchschnei-
det,
wobei die mindestens eine leitfähige Leitung in
der ersten Metallschicht einen Kontaktbereich
aufweist, wobei der Kontaktbereich ein Ab-
schnitt der mindestens einen leitfähigen Leitung
ist, der durch die erste Isolierschicht freigelegt
ist, wobei der Kontaktbereich mit der Verbin-
dungsschnittstelle verbunden ist, und
wobei die mindestens eine leitfähige Leitung
oder die mindestens eine andere leitfähige Lei-
tung einen Talabschnitt aufweist, wobei der Tal-
abschnitt ein Abschnitt einer jeweiligen leitfähi-
gen Leitung ist, der sich zu der geritzten Kante
erstreckt und durch eine jeweilige Isolierschicht
auf der jeweiligen leitfähigen Leitung freigelegt
ist.

2. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1,
wobei die mindestens eine leitfähige Leitung in der
ersten Metallschicht den Kontaktbereich und den
Talabschnitt aufweist.

3. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 2,
wobei der Talabschnitt zu dem Kontaktbereich be-
nachbart ist und vorzugsweise die mindestens eine
andere leitfähige Leitung in der zweiten Metall-
schicht eine Masseleitung ist, die konfiguriert ist, um
Elektrostatik von dem Flexible-gedruckte-Schal-
tung-Film abzuleiten.

4. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 2,
wobei der Talabschnitt der Kontaktbereich ist.

5. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 2,
wobei der Talabschnitt von dem Kontaktbereich im
Abstand angeordnet ist.

6. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 5,
wobei der Talabschnitt und der Kontaktbereich der
mindestens einen leitfähigen Leitung in der ersten
Metallschicht durch die mindestens eine andere leit-
fähige Leitung in der zweiten Metallschicht durch das
mindestens eine Durchgangsloch in der Polymer-
schicht verbunden sind.

7. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 6,
wobei die mindestens eine andere leitfähige Leitung
in der zweiten Schicht eine leitfähige Brücke ist und
der Talabschnitt mit der leitfähigen Brücke durch ei-
nes der mindestens einen Durchgangslöcher in der
Polymerschicht verbunden ist und der Kontaktbe-
reich mit der leitfähigen Brücke durch ein anderes
der mindestens einen Durchgangslöcher in der Po-
lymerschicht verbunden ist.

8. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1,
wobei die mindestens eine andere leitfähige Leitung
in der zweiten Metallschicht den Talabschnitt auf-
weist und der Talabschnitt und der Kontaktbereich
durch das mindestens eine Durchgangsloch mitein-
ander verbunden sind.

9. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1, wobei der Biegetoleranzab-
schnitt der flexiblen Basisschicht derart gebogen ist,
dass der zweite Bereich der flexiblen Basisschicht
angeordnet ist, um zumindest einen Teil des ersten
Bereichs der flexiblen Basisschicht zu überlappen.
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10. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1, wobei der Flexible-gedruckte-
Schaltung-Film eine integrierte Anzeigetreiberschal-
tung und eine integrierte Berührungstreiberschal-
tung aufweist.

11. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1, wobei der Flexible-gedruckte-
Schaltung-Film eine darauf angeordnete Stromver-
sorgungseinheit aufweist.

12. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 1,
wobei ein erster Teil des Flexible-gedruckte-Schal-
tung-Films nur mit der ersten Metallschicht auf der
ersten Seite der Polymerschicht bereitgestellt ist,
und wobei ein zweiter Teil des Flexible-gedruckte-
Schaltung-Films mit der ersten Metallschicht auf der
ersten Seite der Polymerschicht und der zweiten Me-
tallschicht auf der zweiten Seite der Polymerschicht
bereitgestellt ist.

13. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 12, wobei der erste Teil des Fle-
xible-gedruckte-Schaltung-Films an dem zweiten
Bereich der flexiblen Basisschicht angebracht ist,
und wobei vorzugsweise mindestens eine Stromver-
sorgungseinheit im zweiten Teil des Flexible-ge-
druckte-Schaltung-Films angeordnet ist, und wobei
vorzugsweise die mindestens eine integrierte Trei-
berschaltung zwischen dem ersten Teil und dem
zweiten Teil des Flexible-gedruckte-Schaltung-
Films angeordnet ist.

14. Organische lichtemittierende Anzeigevorrichtung
gemäß Anspruch 13, wobei die mindestens eine in-
tegrierte Treiberschaltung in einem dritten Teil zwi-
schen dem ersten und dem zweiten Teil des Flexible-
gedruckte-Schaltung-Films angeordnet ist, wobei
der dritte Teil mit der ersten Metallschicht bereitge-
stellt ist, und wobei vorzugsweise die mindestens
eine integrierte Treiberschaltung, die zwischen dem
ersten Teil und dem zweiten Teil des Flexible-ge-
druckte-Schaltung-Films bereitgestellt ist, eine inte-
grierte Anzeigetreiberschaltung und eine integrierte
Berührungstreiberschaltung aufweist.

Revendications

1. Appareil d’affichage électroluminescent organique,
comprenant :

une couche de base flexible (106) définie par
une première zone comprenant une zone d’af-
fichage, une seconde zone et une partie de cin-
trage comprenant une section de tolérance de
cintrage qui est incurvée selon un certain rayon

de cintrage entre la première zone et la seconde
zone de la couche de base flexible (106) ;
un réseau de transistors à couches minces et
un réseau d’éléments de diodes électrolumines-
centes organiques (OLED) disposés dans la
première zone de la couche de base flexible, le
réseau de transistors à couches minces étant
conçu pour commander l’émission du réseau
d’éléments OLED ;
une interface de connexion prévue sur un côté
supérieur de la seconde zone de la couche de
base flexible (106) ; et
un film de circuit imprimé flexible (200) connecté
à l’interface de connexion,
dans lequel le film de circuit imprimé flexible
(200) comprend une couche de polymère (210)
ayant un premier côté tourné vers le côté supé-
rieur de la seconde zone de la couche de base
flexible (106) et un second côté opposé au pre-
mier côté, une première couche de métal sur le
premier côté de la couche de polymère (210) et
une second couche de métal sur le second côté
de la couche de polymère (210), et une première
couche isolante sur la première couche de métal
et une seconde couche isolante sur la seconde
couche de métal,
dans lequel le film de circuit imprimé flexible
(200) a au moins un circuit intégré de pilote (D-
IC) prévu sur le premier côté de la couche de
polymère (210),
dans lequel la couche de polymère (210) com-
prend au moins un trou d’interconnexion,
dans lequel la première couche de métal com-
prend au moins une ligne conductrice sur le pre-
mier côté de la couche de polymère (210) et la
seconde couche de métal comprend au moins
une autre ligne conductrice sur le second côté
de la couche de polymère (210) et dans lequel
l’au moins une ligne conductrice est connectée
à l’au moins une autre ligne conductrice par l’in-
termédiaire de l’au moins un trou d’intercon-
nexion,
dans lequel le film de circuit imprimé flexible
(200) comprend un bord tracé, dans lequel la
couche de polymère (210) et l’au moins une li-
gne conductrice dans la première couche de
métal et/ou l’au moins une autre ligne conduc-
trice dans la seconde couche de métal s’éten-
dent dans le bord tracé qui coupe à travers les
premier et second côtés de la couche de poly-
mère,
dans lequel l’au moins une ligne conductrice
dans la première couche de métal comprend
une zone de contact, dans lequel la zone de
contact est une partie de l’au moins une ligne
conductrice qui est exposée à travers la premiè-
re couche isolante, dans lequel la zone de con-
tact est connectée à l’interface de connexion, et
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dans lequel l’au moins une ligne conductrice ou
l’au moins une autre ligne conductrice com-
prend une partie creuse, dans lequel la partie
creuse est une partie d’une ligne conductrice
respective qui s’étend jusqu’au bord tracé et qui
est exposée à travers une couche isolante res-
pective sur la ligne conductrice respective.

2. Appareil d’affichage électroluminescent organique
selon la revendication 1,
dans lequel l’au moins une ligne conductrice dans
la première couche de métal comprend la zone de
contact et la partie creuse.

3. Appareil d’affichage électroluminescent organique
selon la revendication 2,
dans lequel la partie creuse est adjacente à la zone
de contact et de préférence l’au moins une autre
ligne conductrice dans la seconde couche de métal
est une ligne de masse conçue pour évacuer les
charges électrostatiques du film de circuit imprimé
flexible.

4. Appareil d’affichage électroluminescent organique
selon la revendication 2,
dans lequel la partie creuse est la zone de contact.

5. Appareil d’affichage électroluminescent organique
selon la revendication 2,
dans lequel la partie creuse est espacée de la zone
de contact.

6. Appareil d’affichage électroluminescent organique
selon la revendication 5,
dans lequel la partie creuse et la zone de contact de
l’au moins une ligne conductrice dans la première
couche de métal sont connectées au moyen de l’au
moins une autre ligne conductrice dans la seconde
couche de métal par l’intermédiaire de l’au moins un
trou d’interconnexion dans la couche de polymère.

7. Appareil d’affichage électroluminescent organique
selon la revendication 6,
dans lequel l’au moins une autre ligne conductrice
dans la seconde couche est un pont conducteur et
la partie creuse est connectée au pont conducteur
par l’intermédiaire d’un parmi le ou les trous d’inter-
connexion dans la couche de polymère et la zone
de contact est connectée au pont conducteur par
l’intermédiaire d’un autre parmi le ou les trous d’in-
terconnexion dans la couche de polymère.

8. Appareil d’affichage électroluminescent organique
selon la revendication 1,
dans lequel l’au moins une autre ligne conductrice
dans la seconde couche de métal comprend la partie
creuse, et la partie creuse et la zone de contact sont
connectées l’une à l’autre par l’intermédiaire de l’au

moins un trou d’interconnexion.

9. Appareil d’affichage électroluminescent organique
selon la revendication 1, dans lequel la section de
tolérance de cintrage de la couche de base flexible
est cintrée de sorte que la seconde zone de la cou-
che de base flexible est agencée pour se superposer
à au moins une partie de la première zone de la
couche de base flexible.

10. Appareil d’affichage électroluminescent organique
selon la revendication 1, dans lequel le film de circuit
imprimé flexible comprend un circuit intégré de pilote
d’affichage et un circuit intégré de pilote tactile.

11. Appareil d’affichage électroluminescent organique
selon la revendication 1, dans lequel le film de circuit
imprimé flexible comprend une unité d’alimentation
électrique disposée sur celui-ci.

12. Appareil d’affichage électroluminescent organique
selon la revendication 1,
dans lequel une première partie du film de circuit
imprimé flexible est dotée seulement de la première
couche de métal sur le premier côté de la couche de
polymère, et dans lequel une deuxième partie du film
de circuit imprimé flexible est dotée de la première
couche de métal sur le premier côté de la couche de
polymère et de la seconde couche de métal sur le
second côté de la couche de polymère.

13. Appareil d’affichage électroluminescent organique
selon la revendication 12, dans lequel la première
partie du film de circuit imprimé flexible est fixée à
la seconde zone de la couche de base flexible et, de
préférence, dans lequel au moins une unité d’alimen-
tation électrique est placée dans la deuxième partie
du film de circuit imprimé flexible et, de préférence,
dans lequel l’au moins un circuit intégré de pilote est
placé entre la première partie et la deuxième partie
du film de circuit imprimé flexible.

14. Appareil d’affichage électroluminescent organique
selon la revendication 13, dans lequel l’au moins un
circuit intégré de pilote est placé dans une troisième
partie entre les première et deuxième parties du film
de circuit imprimé flexible, la troisième partie étant
dotée de la première couche de métal et, de préfé-
rence, dans lequel ledit au moins un circuit intégré
de pilote prévu entre la première partie et la deuxiè-
me partie du film de circuit imprimé flexible comprend
un circuit intégré de pilote d’affichage et un circuit
intégré de pilote tactile.

47 48 



EP 3 238 259 B1

26



EP 3 238 259 B1

27



EP 3 238 259 B1

28



EP 3 238 259 B1

29



EP 3 238 259 B1

30



EP 3 238 259 B1

31



EP 3 238 259 B1

32



EP 3 238 259 B1

33



EP 3 238 259 B1

34



EP 3 238 259 B1

35



EP 3 238 259 B1

36



EP 3 238 259 B1

37



EP 3 238 259 B1

38



EP 3 238 259 B1

39



EP 3 238 259 B1

40



EP 3 238 259 B1

41



EP 3 238 259 B1

42



EP 3 238 259 B1

43



EP 3 238 259 B1

44



EP 3 238 259 B1

45



EP 3 238 259 B1

46



EP 3 238 259 B1

47

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20130341597 A1 [0006]
• US 20130082984 A1 [0006]

• US 20140203703 A1 [0006]
• US 20140239276 A1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

