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(54) DISPLAY APPARATUS

(57) There is provided a flexible display having a plu-
rality of innovations configured to allow bending of a por-
tion or portions to reduce apparent boarder size and/or
utilize the side surface of an assembled flexible display.
A display apparatus, comprises a base layer having a
bend allowance section between a first portion and a sec-
ond portion of the base layer, a plurality of organic
light-emitting diode (OLED) elements disposed on the
first portion of the base layer, an encapsulation over the
OLED elements, a printed circuit film attached to the sec-
ond portion of the base layer, and a micro-coating layer
disposed over the bend allowance section of the base
layer.
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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 the housing made of
plastic or metal.
[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.
[0004] Some of the components may be disposed on
the display panel itself, often in the areas peripheral to
the display area, which is referred in the present disclo-
sure as the non-display area and/or the inactive area.
When such components are provided in the display pan-
el, they populate a significant portion of the display panel.
Large inactive area tends to make the display panel
bulky, making it difficult to incorporate it into the housing
of electronic devices. Large inactive area may also re-
quire a significant portion of the display panel to be cov-
ered by overly large masking (e.g., bezel, borders, cov-
ering material), leading to unappealing device aesthetics.
[0005] Size and weight are of the critical importance in
designing modern electronic devices. Also, a high ratio
of the active area size compared to that of inactive area,
which is sometimes referred to as the screen to bezel
ratio, is one of the most desired feature. There is a limit
as to how much reduction in the size of the inactive area
for higher screen-to-bezel ratio can be realized from mere
use of a separate flexible printed circuit (FPC) for con-
necting components to the display panel. Space require-
ment for reliably attaching signal cables and to fan out
wires along the edges of the display panel still needs to
be disposed in the inactive area of the display panel.
[0006] It will be highly desirable to bend the base sub-
strate where the active with the pixels and the inactive
area are formed thereon. This would truly minimize the
inactive area of the display panel that needs to be hidden
under the masking or the device housing. Not only does
the bending of the base substrate will minimize the inac-

tive area size need to be hidden from view, but it will also
open possibility to various new display device designs.
[0007] However, there are various new challenges that
need to be solved in providing such flexible displays. The
components formed directly on the base substrate along
with the display pixels tend to have tremendously small
dimension with unforgiving margin of errors. Further,
these components need to be formed on extremely thin
sheet to provide flexibility, making those components ex-
tremely fragile to various mechanical and environmental
stresses instigated during the manufacture and/or in the
use of the displays.
[0008] Further complication arises from the fact that
the components fabricated directly on the base substrate
with the display pixels are often closely linked to the op-
eration of those pixels. If care is not taken, the mechanical
stresses from bending of the flexible display can nega-
tively affect the reliability or even result in complete com-
ponent failure. Even a micro-scale defect in the compo-
nent thereof can have devastating effects on the perform-
ance and/or reliability of the display pixels amounting to
scrap the entire display panel without an option to repair.
[0009] For instance, a few micrometer scale cracks in
the electric wires can cause various abnormal display
issues and may even pixels in several rows or sections
of the display panel not to be activated at all. As such,
various special parameters must be taken in considera-
tion when designing electrical wiring schemes to be fab-
ricated on the flexible base substrate along with the dis-
play pixels. Simply increasing the bending radius may
make it difficult to garner any significant benefits in flexing
the base substrate of the display panel. It would therefore
be desirable to provide a flexible display that can operate
reliably even under the bending stresses from extreme
bending radius.

SUMMARY

[0010] An aspect of the present disclosure is related
to a flexible display, which includes configurations for
wire traces to withstand bending stress for reliable oper-
ation of the flexible display.
[0011] In one embodiment, a display apparatus in-
cludes a base layer with a bend allowance section be-
tween a first portion and a second portion. The first por-
tion of the display apparatus includes an active area
where a plurality of organic light-emitting diode (OLED)
elements is disposed. The display apparatus further in-
cludes an encapsulation over the OLED elements. The
encapsulation may be provided in a form of a film. A print-
ed circuit film may be provided in the second portion of
the display apparatus. The printed circuit film may be a
driving circuit for operating the OLED elements. The dis-
play apparatus further includes a micro-coating layer,
which is disposed over the bend allowance section of the
display apparatus.
[0012] In some embodiments, the display apparatus
includes a plurality of wire traces routed between the first
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portion and the second portion of the base layer. In this
case, the plurality of conductive line traces in the bend
allowance section is covered by the micro-coating layer.
[0013] In some embodiments, the micro-coating layer
can be disposed over at least a part of the encapsulation.
More specifically, the display apparatus may include a
polarization layer on the encapsulation. The edge of the
polarization layer is shifted towards the active area from
the edge of the encapsulation. This leaves a part of the
upper surface of the encapsulation open, so that the mi-
cro-coating layer can cover at least part of the upper sur-
face of the encapsulation exposed between an edge of
polarization layer and an edge of the encapsulation. The
additional contact area between the micro-coating layer
and the surface of the encapsulation can provide stronger
bonding between the two. The enhanced sealing be-
tween the encapsulation and the micro-coating layer can
hinder the moisture and other foreign materials from cor-
roding the wire traces under the micro-coating layer.
[0014] In some embodiments, the micro-coating layer
covering the upper surface of the encapsulation may in-
clude a part where it is spaced apart from the sidewall of
the polarization layer. In some embodiments, the micro-
coating layer covering the upper surface of the encapsu-
lation may include a part where it is in contact with the
sidewall of the polarization layer.
[0015] In some embodiments, the display apparatus
includes the part where the micro-coating layer is spaced
apart from the sidewall of the polarization layer as well
as the part where the micro-coating layer is in contact
with the sidewall of the polarization layer. The part where
the micro-coating layer and the polarization layer contact
each other may be located towards the notched edge of
the flexible display. The contact between the micro-coat-
ing layer and the polarization layer may allow to hold the
printed circuit film in positon and reduce possible crack
generation from unwanted movement of the printed cir-
cuit film.
[0016] In some embodiments, the micro-coating layer
may have higher profile towards the encapsulation than
the micro-coating layer in towards the printed circuit film.
The lower profile of the micro-coating layer towards the
printed circuit film can be advantageous for reducing un-
wanted space at the rear side of the display apparatus
after bending.
[0017] The thickness of the micro-coating layer may
be substantially uniform between the encapsulation and
the printed circuit film. In particular, the difference in thick-
nesses of the micro-coating layer between the thickest
micro-coating layer and the thinnest micro-coating layer
in this region may be less than 50 um.
[0018] The thickness of the micro-coating layer may
be adjust the neutral plane of the display apparatus at
the bend portion. The added thickness at the bend portion
of the display apparatus by the micro-coating layer can
shift the neutral plane towards the plane of the wire traces
so that reduced amount of bending stress is applied to
the wire traces.

[0019] In another aspect, a method of manufacturing
a flexible display is provided. In one embodiment, a buffer
layer is formed over the base layer. On top of the buffer
layer, conductive line traces with a strain reducing pat-
tern. After the conductive line trace is formed on the buffer
layer, the base layer is chamfered to create a notched
inactive area. The notched inactive area can include a
bend allowance section. Since cracks can initiate and
propagate from the chamfered or scribed edge of the
flexible display, the buffer layer is etched to expose the
base layer along strain reducing pattern of the conductive
line trace and along the notched line. Although removing
the inorganic layer near the notched line can inhibit crack
initiation from bending stress it can make the conductive
lines vulnerable from moistures and other foreign mate-
rials. Accordingly, a micro-coating layer is dispensed in
the notched inactive area. The micro-coating layer may
be dispensed in a resinous form. The micro-coating layer
is then cured by irradiation of light.
[0020] In some embodiments, the micro-coating layer
can be dispensed by using a jetting valve. The dispensing
speed from the jetting valve may be adjusted during the
dispensing process for accurate control of the thickness
and the spread size of the micro-coating layer at the tar-
geted surface. Further, additional number of jetting val-
ues may be used to reduce the dispense time and limit
the amount of spread before the micro-coating layer is
cured through UV irradiation.

Brief Description of Drawings

[0021]

FIGS. 1A-1C illustrate schematic view of an exem-
plary flexible display device according to embodi-
ments of the present disclosure.
FIGS. 2A-2B illustrate schematic view of an exem-
plary flexible display device according to embodi-
ments of the present disclosure.
FIG. 3 illustrates schematic plane view and corre-
sponding cross-sectional view of bending pattern,
which may be employed in embodiments of the
present disclosure.
FIGS. 4A-4B illustrate schematic view of an exem-
plary multi-layered conductive lines usable in a flex-
ible display device according to embodiments of the
present disclosure.
FIGS. 5A-5B illustrate schematic view of an exem-
plary configuration of multi-layered conductive lines
and insulation layers according to embodiments of
the present disclosure.
FIG. 6A illustrates schematic view of an exemplary
configuration of recessed channel and crack deflec-
tion metal/insulation trace according to embodi-
ments of the present disclosure.
FIGS. 6B-6C illustrate schematic view of an exem-
plary configuration buffer etched area provided in
between the notched line and the bend allowance
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section.
FIG. 7 is a schematic view of single line wire trace
design usable for flexible displays according to an
embodiment of the present disclosure.
FIGS. 8A-8D illustrate schematic view of an exem-
plary wire traces having a plurality of sub-traces that
split and merge at a certain interval according to em-
bodiments of the present disclosure.
FIGS. 9A-9B illustrate schematic view of an exem-
plary wire traces crossing recessed area of the flex-
ible display according to embodiments of the present
disclosure.
FIGS. 10A-C illustrate schematic views of the flexible
display provided with a micro-coating layer accord-
ing to embodiments of the present disclosure.
FIGS. 11A-B illustrate schematic views of embodi-
ments of the flexible display in a bent state, which
are provided with a micro-coating layer according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0022] FIGS. 1A - 1C illustrate exemplary flexible dis-
play 100 which may be incorporated in electronic devic-
es. Referring to FIG. 1A, the flexible display 100 includes
at least one active area (i.e., display area), in which an
array of display pixels are formed therein. One or more
inactive areas may be provided at the periphery of the
active area. That is, the inactive area may be adjacent
to one or more sides of the active area. In FIG. 1A, the
inactive area surrounds a rectangular shape active area.
However, it should be appreciated that the shapes of the
active area and the arrangement of the inactive area ad-
jacent to the active area are not particularly limited as
the exemplary flexible display 100 illustrated in FIG. 1A.
The active area and the inactive area may be in any shape
suitable to the design of the electronic device employing
the flexible display 100. Non-limiting examples of the ac-
tive area shapes in the flexible display 100 include a pen-
tagonal shape, a hexagonal shape, a circular shape, an
oval shape, and more.
[0023] Each pixel in the active area may be associated
with a pixel circuit, which includes at least one switching
thin-film transistor (TFT) and at least one driving TFT.
Each pixel circuit may be electrically connected to a gate
line and a data line to communicate with the driving cir-
cuits, such as a gate driver and a data driver, which are
positioned in the inactive area of the flexible display 100.
[0024] For example, one or more driving circuits may
be implemented with TFTs fabricated in the inactive area
as depicted in FIG. 1A. Such gate drivers may be referred
to as a gate-in-panel (GIP). Also, some of the compo-
nents, such as data drive-IC, may be mounted on a sep-
arate printed circuit and coupled to a connection interface
(Pads/Bumps) disposed in the inactive area using a print-
ed circuit film such as flexible printed circuit board
(FPCB), chip-on-film (COF), tape-carrier-package (TCP)
or any other suitable technologies. As will be described

in further detail below, the inactive area with the connec-
tion interface can be bent away from the central portion
so that the printed circuit film, such as the COF, FPCB
and the like, is positioned at the rear side of the flexible
display 100 to reduce the size of the inactive area to be
hidden by a bezel.
[0025] The flexible display 100 may include various ad-
ditional components for generating a variety of signals
or otherwise operating the pixels in the active area. For
example, an inverter circuit, a multiplexer, an electro stat-
ic discharge (ESD) circuit and the like may be placed in
the inactive area of the flexible display 100.
[0026] 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. These compo-
nents can be placed in the inactive area or provided on
a separate printed circuit that is connected to the con-
nection interface of the flexible display 100.
[0027] In some embodiments, the backplane of the
flexible display 100 can be implemented with TFTs using
low-temperature poly-silicon (LTPS) semiconductor lay-
er as its active layer. Accordingly, the pixel circuit and
the driving circuits (e.g., GIP) are implemented with
NMOS LTPS TFTs. In some other embodiments, the
backplane of the flexible display 100 may be implement-
ed with a combination of N-Type LTPS TFTs and P-Type
LTPS TFTs. For instance, the flexible display 100 may
be provided with a CMOS GIP, implemented by using
both the N-Type LTPS TFTs and P-Type LTPS TFTs.
[0028] Further, in some embodiments, the flexible dis-
play 100 may employ multiple kinds of TFTs to implement
the driving circuits in the inactive area and/or the pixel
circuits in the active. 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 accord-
ing to the operating conditions and/or requirements of
the TFTs within the corresponding circuit.
[0029] Low-temperature-poly-silicon (LTPS) TFTs
generally exhibit excellent carrier mobility even at a small
profile, making them suitable for implementing con-
densed driving circuits. The excellent carrier mobility of
the LTPS TFT makes it an ideal for components requiring
a fast speed operation. Despite the aforementioned ad-
vantages, initial threshold voltages may vary among the
LTPS TFTs due to the grain boundary of the poly-crys-
talized silicon semiconductor layer.
[0030] On the other hand, a TFT employing an oxide
material based semiconductor layer such as an indium-
gallium-zinc-oxide (IGZO) semiconductor layer (referred
hereinafter as "the oxide TFT"), is different from the LTPS
TFT in many respects. Although the oxide TFT has a
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lower mobility than the LTPS TFT, the oxide TFT is gen-
erally more advantageous than the LTPS TFT in terms
of reducing the leakage current during its off state. In
other words, the oxide TFT generally exhibits a higher
voltage-holding ratio (VHR) than that of the LTPS TFT.
The higher VHR of the oxide TFT can be of a great ad-
vantage for driving the pixels at a reduced frame rate
when a high frame rate driving of the pixels is not needed.
[0031] In some embodiments, the flexible display 100
may be provided with a feature in which the pixels of the
entire active area or selective portion of the active area
are driven at a reduced frame rate under a specific con-
dition. In way of an example, the pixels can be refreshed
at a reduced refresh rate depending on the content dis-
played from the flexible display 100. Also, part of the ac-
tive area displaying a still image data (e.g., user interface,
text) may be refreshed at a lower rate than other part of
the active area displaying rapidly changing image data
(e.g., movie). The pixels driven at a reduced refresh rate
may have an increased blank period, in which the data
signal is not provided to the pixels. This would minimize
the power wasted from providing the pixels with the same
image data. In such embodiments, oxide TFTs can be
used for some of the TFTs implementing the pixel circuits
and/or the driving circuits of the flexible display 100 to
minimize the leakage current during the blank period. By
reducing the current leakage from the pixel circuits and/or
the driving circuits, more stable level of brightness can
be achieved from the pixels even when they are refreshed
at a reduced rate.
[0032] In terms of stability, oxide TFTs do not suffer
from the transistor-to-transistor initial threshold voltage
variation issue as much as the LTPS TFTs. Such property
can be of a great advantage if the flexible display 100 is
large. On the other hand, the LTPS TFT may be better
than the oxide TFT in terms of the positive bias temper-
ature stress (PBTS) and the negative bias temperature
stress (NBTIS), which may cause unwanted threshold
voltage shift during the use of the flexible display 100.
[0033] Considering the pros and cons of LTPS TFT
and oxide TFT, some embodiments of the flexible display
100 disclosed herein may employ a combination of the
LTPS TFT and the oxide TFT. In particular, some em-
bodiments of the flexible display 100 can employ LTPS
TFTs to implement the driving circuits (e.g., GIP) in the
inactive area and employ oxide TFTs to implement the
pixel circuits in the active area. Due to the excellent car-
rier mobility of the LTPS TFT, driving circuits implement-
ed with LTPS TFTs may operate at a faster speed than
the driving circuits implemented with the oxide TFTs. In
addition, more condensed driving circuits can be provid-
ed with the LTPS TFT, which reduces the size of the
inactive area in the flexible display 100.
[0034] With the excellent voltage holding ratio of the
oxide TFTs used in the pixel circuits, leakage from the
pixels can be reduced. This also enables to refresh pixels
in a selective portion of the active area or to drive pixels
at a reduced frame rate under a predetermined condition

(e.g., when displaying still images) while minimizing dis-
play defects caused by the leakage current.
[0035] In some embodiments, the driving circuits in the
inactive area of the flexible display 100 may be imple-
mented with a combination of N-Type LTPS TFTs and
P-Type LTPS TFTs while the pixel circuits are implement-
ed with oxide TFTs. For instance, N-Type LTPS TFTs
and P-Type LTPS TFTs can be used to implement CMOS
gate driver (e.g., CMOS GIP) whereas oxide TFTs are
employed in at least some part of the pixel circuits. Unlike
the GIP formed entirely of either the P-type or N-type
LTPS TFTs, the gate out node from the CMOS gate driver
can be controlled by DC signals, and this allows for more
stable control of the gate out node during the blank pe-
riod.
[0036] It should be noted that the CMOS gate driver
can be implemented by using a combination of LTPS
TFTs and oxide TFTs. Likewise, in some embodiments,
the pixel circuits in the active area can be implemented
by using both the LTPS TFTs and the oxide TFTs. When
employing both kinds of TFTs in the pixel circuit and/or
the driving circuit, the LTPS TFT can be used for TFTs
of the circuit, which are subjected to extended period of
bias stress (e.g., PBTS, NBTIS). In addition, the TFTs in
a circuit, which are connected to a storage capacitor, can
be formed of the oxide TFT to minimize leakage there-
from.
[0037] Parts of the flexible display 100 may be defined
by a central portion and a bend portion. In reference to
a bend line BL, the part of the flexible display 100 that
remains substantially flat is referred to as the central por-
tion or the substantially flat portion, whereas the other
part of the flexible display 100 at the other side of the
bend line BL is referred to as the bend portion. It should
be noted that the central portion of the flexible display
100 needs not be perfectly flat. While the central portion
of the flexible display 100 is relatively more flat than the
bend portion, the central portion can be curved-in or
curved-out as depicted in FIG. 1B. In other words, one
or more bend portions exist next to the convex or concave
central portion, and bent inwardly or outwardly along the
bend line at a bend angle around a bend axis. Within a
bend portion, the part that has a curvature in an inclination
angle or in a declination angle from the substantially flat
portion may be specified as the bend allowance section
of the bend portion.
[0038] 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 extend horizontally (e.g., X-axis
shown in FIG. 1A), vertically (e.g., Y-axis shown in FIG.
1A) or even diagonally. Accordingly, the flexible display
100 can be bent in any combination of horizontal, vertical
and/or diagonal directions based on the desired design
of the flexible display 100.
[0039] 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. Although the bend line BL is de-
picted as being located near the edges of the flexible
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display 100, 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 pro-
vide a foldable display or a double-sided display having
display pixels on both outer sides of a folded display.
[0040] FIG. 1C is a simplified cross-sectional view of
an exemplary flexible display 100 in a bent state. As il-
lustrated in FIG. 1C, the central portion of the flexible
display 100 may be substantially flat, and one or more
bend portions may be bent away from the tangent vector
of the curvature at a certain bend angle and a bend radius
around 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
portions. Also, the bend angle around the bend axis and
the bend radius from the bend axis can vary between the
bend portions.
[0041] In the example shown in FIG. 1C, one of the
bend portion (right side) has the bend angle θ of 90°, and
the bend portion includes a substantially flat section. The
bend portion can be bent at a larger bend angle θ, such
that at least some part of the bend portion comes under-
neath the plane of the central portion of the flexible dis-
play 100 as one of the bend portion (left side). Also, a
bend portion can be bent at a bend angle θ that is less
than 90°.
[0042] 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. The lowest bend radius of the bend portion of the
flexible display 100 may be less than 0.5 mm.
[0043] As shown in FIG. 1C, an organic light-emitting
diode (OLED) element layer 102 is disposed on the base
layer 106, and an encapsulation 104 is disposed on the
organic light-emitting diode (OLED) element layer 102.
The flexible display 100 also includes a support member
116, which may be referred to as a "mandrel." The sup-
port member 116 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 in the
bend portion of the base layer 106. The rounded end
portion of the support member 116 provides support for
the base layer 106 at the bend portion. A part of the base
layer 106 may come around the rounded end portion of
the support member 116 and be positioned at the under-
side the support member 116 as depicted in FIG. 1C. In
this way, the circuits mounted on the chip-on-flex (COF)
cable and/or the printed circuit board (PCB) can be
placed at the rear of the flexible display 100.
[0044] The flexible display 100 includes one or more
support layers 108 for providing rigidity at the selective

portion of the flexible display 100. The support layer 108
is attached on the inner surface of the base layer 106,
which is the opposite from the surface having the OLED
element layer 102 disposed thereon. Increase in the ri-
gidity at selective parts of the flexible display 100 may
help in ensuring the accurate configuration and place-
ment of the components of the flexible display 100.
[0045] 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. However, the support layer
108 should be more rigid than the base layer 106. 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 covered with a dielectric material, a multi-
layered polymer stack and a polymer composite film com-
prising a polymer material combined with nanoparticles
or micro-particles dispersed therein, etc.
[0046] Excessively high thickness of the base layer
106 makes it difficult to be bent at an extremely small
bending radius desired at some bend portion of the flex-
ible display 100. Excessively high thickness of the base
layer 106 may also increase the mechanical stress to the
components disposed thereon on the base layer 106. As
such, the thickness of the base layer 106 may depend
on the bend radius at the bend portion of the base layer
106. On the other hand, the base layer 106 with a thick-
ness below a certain level may not be strong enough to
reliably support various components disposed thereon.
[0047] Accordingly, 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. In one suitable exemplary config-
uration, the base layer 106 is formed from a layer of poly-
imide with a thickness of about 10mm and the support
layer 108 is formed from polyethylene terephthalate
(PET) with a thickness of about 100 mm to about 125 mm.
[0048] The base layer 106 may be a transparent layer.
Part of the flexible display 100 may be exposed to exter-
nal light passing through the base layer 106. Some of
the components or materials used in fabricating the com-
ponents disposed on the base layer 106 may undergo
undesirable state changes due to the light exposure dur-
ing the manufacturing 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 de-
fects, etc.). To minimize such problems, the base layer
106 and/or the support layer 108 may include one or more
materials capable of reducing the amount of external light
passing through in some embodiments of the flexible dis-
play 100.
[0049] In way of an example, the light blocking mate-
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rial, for instance chloride modified carbon black, may be
mixed in the constituent material of the base layer 106
(e.g., polyimide) so that the base layer 106 can provides
a light blocking functionality. In this way, the base layer
106 may formed of polyimide with a shade. Such a shad-
ed 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.
[0050] 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.
[0051] While making the base layer 106 and the sup-
port layer 108 to block the unwanted external light may
improve display uniformity and reduce reflection as de-
scribed above, it can create a number of difficulties during
manufacturing of the flexible display 100. When the base
layer 106 and the support layer 108 are non-transmittable
to an excessive range of wavelengths of light, recogniz-
ing the alignment marks on these layers during their align-
ment process may not be easy. In particular, accurate
positioning of the components on the base layer 106 or
the alignment during bending of the flexible display 100
can become difficult, as the positioning of the layers may
need to be determined by comparing the outer edges of
the overlapping portions of the layer(s). Further, checking
for unwanted debris or other foreign materials in the flex-
ible display 100 can be problematic if the base layer 106
and/or the support layer 108 blocks the excessive
range(s) of light spectrum (i.e., wavelengths in the visible,
the ultraviolet and the infrared spectrum).
[0052] Accordingly, in some embodiments, the light
blocking material, which may be included in the base
layer 106 and/or the support layer 108 is configured to
pass the light of certain polarization and/or the light within
specific wavelength ranges usable in one or more man-
ufacturing and/or testing processes of the flexible display
100. In way of an example, the support layer 108 may
pass the light used in the quality check, alignment proc-
esses (e.g., UV, IR spectrum light) during the manufac-
turing the flexible display 100 but filter the light in the
visible light wavelength range. The limited range of wave-
lengths can help reduce the display non-uniformity prob-
lem, which may be caused by the shadows generated
by the printed circuit film attached to base layer 106, es-
pecially if the base layer 106 includes the light blocking
material as described above.
[0053] It should be noted that the base layer 106 and
the support layer 108 can work together in blocking and
passing specific types of light. For instance, the support

layer 108 can change the polarization of light, such that
the light will not be passable through the base layer 106.
This way, certain type of light can penetrate through the
support layer 108 for various purposes during manufac-
turing of the flexible display 100, but unable to penetrate
through the base layer 106 to cause undesired effects to
the components disposed on the opposite side of the
base layer 106.
[0054] As shown in FIG. 1B, the flexible display 100
may also include a polarization layer 110 for controlling
the display characteristics (e.g., external light reflection,
color accuracy, luminance, etc.) of the flexible display
100. A cover layer 114, which may be a glass layer, may
be used to protect the flexible display 100. Electrodes for
sensing touch input from a user may be formed on an
interior surface of a cover layer 114 and/ or at least one
surface of the polarization layer 110.
[0055] The flexible display 100 may further include a
separate layer that includes the touch sensor electrodes
and/or other components associated with sensing of
touch input (referred hereinafter as touch-sensor layer
112). The touch sensor electrodes (e.g., touch driv-
ing/sensing electrodes) may be formed from transparent
conductive material such as indium tin oxide, carbon
based materials like graphene or carbon nanotube, a
conductive polymer, a hybrid material made of mixture
of various conductive and nonconductive materials. Also,
metal mesh (e.g., aluminum mesh, silver mesh, etc.) can
also be used as the touch sensor electrodes.
[0056] 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.
[0057] 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. Also, measuring the
amount of pressure may utilize at least one electrode
other than the touch sensor electrodes to measure at
least one other signal, which may be obtained simulta-
neously with the touch signal from the touch sensor elec-
trodes or obtained at a different timing.
[0058] The deformable material included in the touch
sensor layer 112 may be an electro-active material, which
the amplitude and/or the frequency of the deformation is
controlled by an electrical signal and/or electrical field.
The examples of such deformable materials include pi-
ezo ceramic, electro-active-polymer (EAP) and the like.
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Accordingly, the touch sensor electrodes and/or sepa-
rately provided electrode can activate the deformable
material to bend the flexible display 100 to desired direc-
tions. In addition, such electro-active materials can be
activated to vibrate at desired frequencies, thereby pro-
viding tactile and/or texture feedback on the flexible dis-
play 100. It should be appreciated that the flexible display
100 may employ a plurality of electro-active material lay-
ers so that bending and vibration of the flexible display
100 can be provided simultaneously or at a different tim-
ing. Such a combination can be used in creating sound
waves from the flexible display 100.
[0059] As mentioned above, bending the inactive area
allows to minimize or to eliminate the inactive area to be
seen from the front side of the assembled flexible display
100. Part of the inactive area that remains 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 inactive area remaining visible 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 the layers included in
the flexible display 100, such as the touch sensor layer
112, the polarization layer 110, the cover layer 114, and
other suitable layers.
[0060] Referring back to FIG. 1A, the bend portion of
the flexible display 100 may include an active area ca-
pable of displaying image from the bend portion, which
is referred herein after as the secondary active area. That
is, the bend line BL can be positioned in the active area
so that at least some display pixels of the active area is
included in the bend portion of the flexible display 100.
In this case, the matrix of pixels in the secondary active
area of the bend portion may be continuously extended
from the matrix of the pixels in the active area of the
central portion as depicted in FIG. 2A. Alternatively, the
secondary active area within the bend portion and the
active area within the central portion of the flexible display
100 may be separated apart from each other by the bend
allowance section as depicted in FIG. 2B.
[0061] The secondary active area in the bend portion
may serve as a secondary display area in the flexible
display 100. The size of the secondary active area is not
particularly limited. The size of the secondary active area
may depend on its functionality within the electronic de-
vice. For instance, the secondary active area may be
used to provide images and/or texts such a graphical
user interface, buttons, text messages, and the like. In
some cases, the secondary active area may be used to
provide light of various colors for various purposes (e.g.,
status indication light), and thus, the size of the secondary
active area need not be as large as the active area in the
central portion of the flexible display 100.
[0062] The pixels in the secondary active area and the
pixels in the central active 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 active area and the pixels of the secondary active
area may be operated by the same set of driving circuits.
In way of example, the Nth row pixels of the central active
area and the Nth row pixels of the secondary active area
may be configured to receive the gate signal from the
same gate driver. As shown in FIG. 2B, the part of the
gate line crossing over the bend allowance section (i.e.,
bend allowance region) or a bridge for connecting the
gate lines of the two active areas may have a bend stress
reduction design, which will be described in further detail
below.
[0063] Depending on the functionality of the secondary
active area, the pixels of the secondary active area can
be driven discretely from the pixels in the central active
area. That is, the pixels of the secondary active area may
be recognized by the display driving circuits as being an
independent matrix of pixels separate from the matrix of
pixels in the central active area. In such cases, the pixels
of the central active area and the pixels of the secondary
active area may receive signals from at least one discrete
driving circuit from the driving circuits employed by the
central active area.
[0064] 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
bending stresses than other components.
[0065] 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 114, a color filter layer and/or other compo-
nents 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 oth-
erwise inaccessible to the users of the flexible display
100.
[0066] Even if the secondary active area is in the bend
portion for providing information to users, the secondary
active area may not require some of these components
depending on the usage and/or the type of information
provided by the secondary active area. For example, the
polarization layer 110 and/or color filter layer may not be
needed in the bend portion when the secondary active
area is used for simply emitting colored light, displaying
texts or simple graphical user interfaces in a contrast
color combination (e.g., black colored texts or icons in
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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 active area for displaying
information is not provided in the bend portion.
[0067] 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 not
be formed 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.
[0068] As depicted in FIGS. 2A and 2B, the support
layer 108A in the central portion and the support layer
108B in the bend portion can be separated from each
other by the absence of the support layer 108 under the
base layer 106 at the bend allowance section. Instead of
using the support layer 108 attached to the base layer
106, the rounded end portion of the support member 116
can be positioned underside of the base layer 106 at the
bend allowance section as described above. Various oth-
er components, for example the polarization layer 110
and the touch sensor layer 114 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 break-
ing, or other suitable material removal methods. Rather
than cutting or otherwise removing an element, separate
pieces of the element may be formed at the central por-
tion and the bend portion to leave the bend allowance
section free of such element. Some components in the
central portion and the bend portion can be electrically
connected via one or more conductive line trace 120 laid
across the bend allowance section of the flexible display
100.
[0069] Instead of being entirely removed from the bend
portion, some elements may be provided with a bend
pattern along the bend lines or otherwise within the bend
allowance section to reduce the bend stress. FIG. 3 il-
lustrates a plane view and a cross-sectional view of ex-
emplary bend patterns 300. It should be noted that the
order of the bend patterns illustrated in the plane view of
the flexible display 100 do not necessarily match with the
order of bend patterns illustrated in the cross sectional
view of the flexible display 100 in FIG. 3. The bend pat-
terns 300 described above may be used in the support
layer 108, the polarization layer 110, the touch sensor
layer 114 and various other elements of the flexible dis-
play 100.
[0070] The flexible display 100 may utilize more than
one types of bend patterns. It should be appreciated that
a number of bend patterns and the types of the bend

patterns 300 utilized by the components is not limited. If
desired, the depth of the patterns may not be deep
enough to penetrate through the component entirely but
penetrate only partially through the respective layer. In
addition, a buffer layer positioned between the base layer
106 and the TFT as well as a passivation layer covering
a conductive line trace may be also be provided with the
bend pattern for reducing bend stress.
[0071] Several conductive lines are included in the flex-
ible display 100 for electrical interconnections between
various components therein. The circuits fabricated in
the active area and inactive area may transmit various
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.
[0072] As used herein, the conductive lines broadly re-
fers to a conductive path for transmitting any type of elec-
trical signals, power and/or voltages from one point to
another point in the flexible display 100. As such, the
conductive lines may include source/drain electrodes of
the TFTs as well as the gate lines/data lines used in trans-
mitting signals from some of the display driving circuits
(e.g., gate driver, data driver) in the inactive area to the
pixel circuits in the active area. Likewise, some conduc-
tive lines, such as the touch sensor electrodes, pressure
sensor electrodes and/or fingerprint sensor electrodes
may provide signals for sensing touch input or recogniz-
ing fingerprints on the flexible display 100. The conduc-
tive lines can also provide interconnections between the
pixels of the active area in the central portion and the
pixels of the secondary active area in the bend portion
of the flexible display 100. Aforementioned functionalities
of conductive lines in the flexible display 100 are merely
illustrative.
[0073] Some of the conductive lines may be extended
from the substantially flat portion of the flexible display
100 to the bend portion of the flexible display 100. In such
cases, some portions of the conductive lines may be con-
figured differently from the other portions to withstand
the bending stress. In particular, the portion of the con-
ductive lines laid over the bend allowance section of the
flexible display 100 may include several features for re-
ducing cracks and fractures of the conductive lines to
maintain proper interconnection.
[0074] First, some conductive lines of the flexible dis-
play 100 may have a multi-layered structure, which may
allow more flexibility with less chance of breakage. FIGS.
4A and 4B each illustrates exemplary stack structure of
the conductive line trace 120.
[0075] In FIG. 4A, the conductive line trace 120 may
have a multi-layered structure in which the primary con-
ductive layer 122 is sandwiched between the secondary
conductive layers 124. The primary conductive layer 122
may be formed of material with a lower electrical resist-
ance than that of the secondary conductive layer 144.

15 16 



EP 3 848 974 A9

10

5

10

15

20

25

30

35

40

45

50

55

Non-limiting examples of the materials for the primary
conductive layer 122 includes copper, aluminum, trans-
parent conductive oxide, or other flexible conductors. The
secondary conductive layer 124 should be formed of con-
ductive material that can exhibit sufficiently low ohmic
contact resistance when formed in a stack over the pri-
mary conductive layer 122.
[0076] Examples of such combination include an alu-
minum layer sandwiched between titanium layers
(Ti/Al/Ti), an aluminum layer sandwiched between upper
and lower molybdenum layers (Mo/Al/Mo), a copper layer
sandwiched between titanium layers (Ti/Co/Ti) and a
copper layer sandwiched between upper and lower mo-
lybdenum layers (Mo/Co/Mo). However, the low ohmic
contact resistance of the conductive layer stack is not
the only factor for choosing the materials for the conduc-
tive line trace 120 used in the flexible display 100.
[0077] The materials for forming the conductive line
trace 120 should meet the minimum Young’s modulus
requirement while meeting the stringent electrical and
thermal requirements of the flexible display 100 (e.g.,
resistance, heat generation, etc.). Accordingly, both the
primary conductive layer 122 and the secondary conduc-
tive layer 124 should be formed of materials exhibiting
low brittleness (E). In this regard, Al has a modulus of
about 71GPa, Ti has a modulus of 116GPa, and Mo has
a modulus of 329 GPa. As such, the brittleness (E) of Al
is about 1/4 of that of Mo, and the brittleness (E) of Ti is
about 1/3 of that of Mo. Accordingly, in some embodi-
ments, at least some of the conductive lines 120 of the
flexible display 100 are formed of a stack including Al
and TI. Unlike Mo, both Al and Ti exhibited no cracks at
the bend radius of 0.5 mm.
[0078] Since the primary conductive layer 122 should
have lower electrical resistance than the secondary con-
ductive layer 124, the conductive line trace 120 may be
formed in a stack of Ti/Al/Ti. In particular, at least some
of the conductive lines 120 disposed in the bend allow-
ance section may be formed in a stack of Ti/Al/Ti.
[0079] In some embodiments, the flexible display 100
may be employed in a wearable electronic device. In such
cases, the flexible display 100 may be used under highly
humid environment. In some cases, moistures can reach
the conductive line trace 120. Dissimilar metals and al-
loys 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 is the driving
force for an accelerated attack on the anode member of
the galvanic couple, which is the primary conductive layer
122 in the Ti/Al/Ti stack. The anode metal dissolves into
the electrolyte, and deposit collects on the cathodic met-
al. Due to Al layer corrosion, electrical characteristics of
the conductive line trace 120 may be deteriorated or com-
pletely lost.
[0080] Typically, galvanic corrosion is initiated by the
electrolyte that is in contact at the cross-sectional side
of a multi-layered conductive line trace 120. Accordingly,

in some embodiments, at least some conductive lines
120 is provided with a structure in which the primary con-
ductive layer 122 is surrounded by the secondary con-
ductive layer 124 such that the primary conductive layer
122 are covered by the secondary conductive layer 124
as shown in FIG. 4B. This can minimize the loss of pri-
mary conductive layer 122 by galvanic corrosion, and
further reduce probability of severance of electrical con-
ductivity.
[0081] Such a multi-layered conductive lines 120 can
be created by first depositing the material for the primary
conductive layer 122 (e.g., Al) over the secondary con-
ductive layer 124 (e.g., Ti). Here, the secondary conduc-
tive layer 124 underneath the primary conductive layer
122 may have greater width. Etch resist material is
formed over the stack of these two layers and etched
(e.g., dry etch, wet etch, etc.) to form a desired a con-
ductive line trace (e.g., diamond trace design). After strip-
ing the etch resistance material, another layer of second-
ary conductive layer 124 (i.e., Ti) is deposited over the
patterned structure (i.e., Ti/Al). Again, the secondary con-
ductive layer 124 on top of the primary conductive layer
122 may have greater width such that the primary con-
ductive layer 122 is enclosed within the secondary con-
ductive layer 124. Another round of dry etching and strip-
ing of the etch resistance material is performed to form
the stack of the multi-layered structure (i.e., Ti/Al/Ti) in a
desired conductive line trace design.
[0082] Various insulation layers, such as the a buffer
layer 126, the passivation layer 128, a gate insulation
layer (GI layer) and an interlayer dielectric layer (ILD lay-
er) may be formed at the lower and/or upper side of the
conductive line trace 120. These insulation layers may
be formed of organic and/or inorganic materials or in-
clude a sub-layer formed of inorganic materials.
[0083] A layer of inorganic material is generally less
ductile than the metals of the conductive lines 120. Given
the same amount of bending stress, cracks generally in-
itiate from the insulation layers for the conductive line
trace 120. Even if the conductive lines trace 120 has suf-
ficient modulus to withstand the bending stress without
a crack, the cracks initiated from the insulation layer tend
to grow and propagate into the conductive lines 120, cre-
ating spots of poor electrical contacts that could render
the flexible display 100 unusable. Accordingly, various
bending stress reduction techniques are utilized in both
the insulation layers and the conductive lines 120.
[0084] It should be noted that cracks primarily propa-
gate through inorganic insulation layers. Accordingly,
propagation of cracks can be suppressed by selectively
removing inorganic insulation layers from the areas
prone to cracks. Accordingly, the inorganic insulation lay-
ers and/or stack of insulation layers including a layer of
inorganic material can be selectively etched away at cer-
tain parts of the flexible display 100.
[0085] For example, the insulation layer under the con-
ductive line trace 120 can be etched away as depicted
in FIG. 5A. The insulation layer under the conductive line
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trace 120 may be the buffer layer 126, which may include
one or more layers of inorganic material layers. 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 alternating stacks of
a SiNx layer and a SiO2 layer. The buffer layer 126 is
disposed on the base layer 126, but under the TFT.
[0086] The buffer layer 126 formed on the substantially
flat portion of the base layer 106 may be thicker than the
buffer layer 126 over the bend portion of the base layer
106. To facilitate easier bending of the flexible display
100, a part of the buffer layer 126 may etched away in
the bend portion of the flexible display 100. As such, the
buffer layer 126 in the substantially flat portion of the flex-
ible display 100 has at least one additional sub-layer than
the buffer layer in the bend portion of the flexible display
100. For example, the buffer layer 126 in the substantially
flat portion may include multiple stacks of a SiNx layer
and a SiO2 layer, and the buffer layer 126 in the bend
portion includes a single stack of a SiNx layer and a SiO2
layer. It is also possible to have only a single layer of
either a SiNx layer or a SiO2 layer in some part of the
bend portion.
[0087] Each SiNx layer and SiO2 layer of the stacked
buffer 126 may have a thickness of about 1000A. As
such, the thickness of the buffer layer in the bend portion
of the flexible display may range from about 100A to
about 2000 A. In the substantially flat portion of the flex-
ible display 100, additional layer of inorganic layer may
be provided immediately below the semiconductor layer
of the TFT. The inorganic layer that is positioned closest
under the active layer of the TFT may be much thicker
than the individual inorganic layers of the buffer 126.
[0088] In the bend allowance section, the buffer layer
126 may be etched even further to expose the base layer
106 while leaving the buffer layer 126 intact under the
conductive line trace 120. In other words, a recessed
area and a protruded area are provided in the bend por-
tion of the flexible display 100. The protruded area in-
cludes the buffer layer 126 provided on the base layer
106, whereas the recessed area has the base layer 106
exposed without the buffer layer 126 disposed thereon.
[0089] The conductive line trace 120 is positioned on
the protruded area, and the passivation layer 128 is po-
sitioned over the conductive line trace 120 on the pro-
truded area. Although the passivation layer 128 may be
temporarily deposited over the recessed area, the pas-
sivation layer 128 can be removed from the recessed
area by dry etch or wet etch process. As such, the re-
cessed area can be substantially free of the passivation
layer 128. When etching the passivation layer 128 from
the recessed area, part of the base layer 106 can also
be etched. Accordingly, the thickness of the base layer
106 at the recessed area can be lower than that of the
base layer 106 elsewhere in the flexible display 100.
When the buffer layer 126 is etched away as shown in
FIG. 5A, the crack propagation from the buffer 126 to the
conductive line trace 120 can be reduced due to the re-

cessed area.
[0090] As illustrated in FIG. 5B, in some embodiments,
the recessed area includes the base layer 106 that is
etched to a certain depth, and the conductive line trace
120 is deposited on the base layer 106 of the recessed
area. In this setting, the portion of the conductive line
trace 120 is disposed within the base layer 106. The con-
ductive line trace 120 is also deposited on a part of the
buffer layer 126 that provides the protruded area. A pas-
sivation layer 128 can be deposited over the conductive
line trace 120, and then etched away from the recessed
area to expose the conductive line trace 120 in the re-
cessed area.
[0091] Accordingly, the passivation layer 128 remains
on the conductive line trace 120 positioned on the pro-
truded area. In this configuration, the passivation layer
128 remaining on the buffer layer 126 inhibits galvanic
corrosion as it covers the side surface of the multi-layered
conductive line trace 120. Accordingly, the conductive
line trace 120 in the recessed area needs not be covered
by the passivation layer 128. In this configuration, cracks
generated from the buffer 126 may penetrate to the con-
ductive line trace 120 on the side surface of the buffer
layer 126, but not the part of the conductive line trace
120 positioned within the base layer 106. With the pas-
sivation layer 128 removed from the surface of the con-
ductive line trace 120 in the recessed area, crack prop-
agation from the passivation layer 128 can also be pre-
vented. Since galvanic corrosion starts from the edge of
the conductive line trace 120 on the buffer layer, the pas-
sivation layer 128 covering the edge of the conductive
lines 120 on the buffer 126 may not be needed if the
distance between the conductive line trace 120 on the
buffer layer 126 and the conductive line trace 120 in the
base layer 106 is sufficiently far.
[0092] Crack can also occur in the insulation layers
during scribing and/or chamfering some part of the flex-
ible display 100. The cracks generated at the edge of the
flexible display 100 during such manufacturing process-
es can propagate towards central portion of the flexible
display 100. In some cases, cracks at the edge of the
side inactive areas propagate towards the active area
and damage GIPs in the inactive areas.
[0093] Accordingly, inorganic layers at the top and bot-
tom edges as to minimize the crack initiation from the
scribing line of the flexible display 100. More specifically,
the buffer layer 126 can be etched along the top and
bottom edges, in the area denoted as "the scribe line
etch area" in FIG. 6A. In these areas, the base layer 106
may be exposed or only a minimal thickness of inorganic
layer to be remained along the scribe line of the flexible
display 100.
[0094] Several crack stopper structures may also be
provided at the sides of the active area. For instance, a
recessed channel can be formed in the inactive area by
etching the insulation layers as shown on the left side
edge of the active area in FIG. 6A. In some embodiments,
a metal and insulation layer pattern capable of changing
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the direction of crack can be formed between a circuit
positioned in the inactive area and the outer edge of the
inactive area. For example, a metal trace having a strain
reduction pattern and insulation layer covering the metal
trace can be formed between the GIP and the edge of
the flexible display 100 as the right side of the flexible
display 100 in FIG. 6A.
[0095] It should be noted that the recessed channel on
the left side of the active area can also be provided on
the right side of the active area. Likewise, the metal trace
with the strain-reducing pattern provided on the right side
of the inactive area can also be provided on the left side
of the inactive area. In some embodiments, both the re-
cessed channel and the metal trace having the strain-
reducing pattern can be provided on both sides of the
active area. In this configuration, the cracks propagating
from the outer edge of the inactive area in the direction
towards the GIP may change its course due to the angle
of the diamond metal/insulation trace formed before the
GIP.
[0096] Etching of the insulation layers can also be per-
formed in the routing area between the active area and
the bend allowance section as well as the routing area
between the COF area and the bend allowance section.
Further, the inorganic layers may be removed from the
areas next to the chamfering lines so that cracks do not
propagate from the chamfering line side towards the con-
ductive lines 120.
[0097] FIG. 6B is an enlarged view of the bend allow-
ance section near the chamfering line. In order to reduce
crack initiation and propagation from the inorganic layers
near the chamfering line, the insulation layer is etched
away in the area from the VSS line to the chamfering line
is etched. In particular, the buffer layer 126 disposed in
the area between the closest conductive lines 120 in the
bend allowance section (e.g., VSS) and the chamfering
line can be etched away. In this area, the base layer 106
(e.g., PI) may be exposed or only minimal amount of buff-
er layer 126 may be left. Accordingly, crack initiation and
propagation from the chamfering line can be minimized.
[0098] When etching the buffer layer 126 near the
chamfering line, a stripe of buffer layer 126 may be left
between the chamfering line and the closest conductive
line trace 120 (e.g., VSS). Such a stripe of buffer layer
can serve as a dam for inhibiting moistures of other for-
eign material from reaching the conductive line trace 120
from the chamfered side of the flexible display 100.
[0099] The removal of the buffer layer 126 can also be
applied in the routing area between the chamfering line
and the closest conductive line 120. The stripe of buffer
layer 126 may also be provided in the routing area. Fur-
ther, the buffer layer 126 under the conductive lines 120
and the passivation layer 128 on the conductive lines 120
can be etched away throughout the routing area to further
reduce the chance of crack propagation by the inorganic
layers in the routing area. Accordingly, the structure de-
picted in FIGS. 5A and 5B may also be applied to the
conductive line traces 120 in the routing area.

[0100] FIG. 6C is an enlarged view of the bend allow-
ance section near the chamfering line provided with an-
other crack stopper structure. In this embodiment, an
auxiliary conductive line 130 having the diamond trace
pattern is provided between the chamfering line and the
conductive line trace 120 (e.g., VSS). The buffer layer
126 under the auxiliary conductive line 130 and the pas-
sivation 128 on the auxiliary conductive line 130 can be
etched in the similar manner as depicted in FIGS. 5A and
5B. Accordingly, the auxiliary conductive line 130 may
inhibit propagation of cracks from the chamfering line to
the conductive line trace 130. The auxiliary conductive
line 130 may be a floating line. If desired, the auxiliary
conductive line 130 may extend further towards bottom
edge of the flexible display 100. In some embodiments,
the auxiliary conductive line 130 may be in contact with
adjacent conductive line 120. In addition to the auxiliary
conductive line 130, the stripe of buffer layer 126 may
also be provided to stop moisture or other foreign mate-
rials traveling towards the auxiliary conductive line 130.
[0101] Removal of inorganic insulation layers near the
TFTs of the flexible display 100 may affect the electrical
characteristic of components in the flexible display 100.
For instance, undesired shift in the threshold voltage of
TFTs was observed when SiNx layers were removed
from the buffer layer 126. In order to maintain the stability
of the TFTs, an additional shield metal layer can be
formed under the semiconductor layer of the TFTs. The
shield metal layer may be under the buffer layer 126 or
interposed between the inorganic layers of the buffer lay-
er 126. In some embodiments, the shield metal layer may
be electrically connected to the source electrode or gate
electrode of the TFTs.
[0102] A trace designs plays an important role in re-
ducing the bending stress in both the conductive line
trace 120 and the insulation layers. For convenience of
explanation, the conductive line trace 120 and the trace
of insulation layer (i.e., passivation layer 128) covering
at least some part of the conductive line trace 120 are
collectively referred to as the "wire trace" in the following
description.
[0103] The trace design should be determined by con-
sidering the electrical requirements of the conductive line
trace 120 as well as the type of signals transmitted on
the conductive line trace 120. Also, the properties of the
materials (e.g., Young’s modulus) used in forming the
conductive line trace 120 and the insulation layers can
be considered in designing the traces. It should be noted
that various other factors such as a thickness, a width, a
length, a layout angle for a section as well as for the
entirety of the conductive line trace 120 and the insulation
layers may need to be considered to provide a trace de-
sign having sufficient electrical and mechanical reliability
for use in the flexible display 100.
[0104] The wire trace design may be specifically tai-
lored for the conductive line trace 120 and the insulation
layers based on their placement and orientation in refer-
ence to the bending direction (i.e., tangent vector of the
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curve) of the flexible display 100. A wire trace will be
subjected to more bending stress as the direction in which
the wire trace extends is more aligned to the tangent
vector of the curvature. In other words, a wire trace will
withstand better against the bending stress when the
length of the wire trace aligned to the tangent vector of
the curvature is reduced.
[0105] In order to reduce the length of the wire trace
portion being aligned to the tangent vector of the curva-
ture, wire traces of the flexible display 100 may employ
any one or more of a sign-wave, a square-wave, a ser-
pentine, a saw-toothed and a slanted line trace designs
illustrated in FIG. 7. In such configurations, the bending
stress may be distributed to the trace portions oriented
in an angle shifted away from the tangent vector of the
curvature. The strain-reducing trace designs illustrated
in FIG. 7 are merely exemplary and should not be con-
strued as limitations to the trace designs that can be used
in the embodiments of the flexible display 100.
[0106] Some conductive line trace 120 may adopt dif-
ferent strain-reducing trace designs from other conduc-
tive line trace 120 of the flexible display 100. In some
embodiments, the conductive line trace 120 can have
varying dimensions to facilitate tight spacing between the
conductive lines. For instance, a convex side of a first
wire trace may be placed in a concave side of a second
wire trace next to the first wire trace.
[0107] In order to prevent or minimize severance of
interconnections by cracks in the conductive line trace
120, the wire trace may split into multiple sub-traces,
which and converge back into a single trace at a certain
interval. In the example of FIG. 8A, a single trace of a
conductive line trace 120 includes sub-trace A and sub-
trace B, which merge back at every joint X, resembling
a chain of diamonds. This trace design may be referred
hereinafter as the diamond trace design. Because sub-
traces are arranged to extend in the vector angled away
from the tangent vector of the curvature, reduction in the
length of the wire trace being aligned with the tangent
vector of the curvature was realized in the similar manner
as the trace designs illustrated in FIG. 7.
[0108] The diamond trace design shown in FIG. 8 pro-
vides a significant electrical advantage over the single
line wire trace designs of the FIG. 7. First, given the same
width, thickness and the angle shifting away from the
tangent vector of the curve, nearly the half of electrical
resistance was observed from the wire trace employing
the diamond trace design in comparison to the wire trace
employing the mountain trace design (i.e., 4.4Ω : 8.6 Ω).
In addition, splitting of the trace into multiple sub-traces
may provide a backup electrical pathway in case one of
the sub-traces is damaged by cracks. As such, the dia-
mond trace design can be used for the wire traces in the
bend portion, and may be particularly helpful for the wire
traces within the bend allowance section subjected to
severe bending stress.
[0109] As mentioned, the distribution of the bending
stress depends on the vector (i.e., split angle) of the sub-

traces in reference to the bending direction. The sub-
trace having a larger split angle away from the bending
direction (i.e., tangent vector of the curvature) will be sub-
jected to less bending stress. However, it should be noted
that the split of the wire trace into multiple sub-traces do
not by itself provide bend stress reduction on each sub-
trace any more than the bend stress reduction realized
by the orientation of the wire trace being angled away
from the tangent vector of the curvature. In fact, given
the same conductive line width and angle of deviation
from the tangent vector of the curvature, the result of
bend stress simulation in a mountain shaped wire trace,
which almost mirrors the shape of the one of the sub-
traces in the diamond trace design, was nearly identical
to the result of bend stress simulation exhibited on each
sub-trace of the diamond trace design.
[0110] However, one of the extra benefits realized from
the diamond trace design is that the design allows to
minimize or to eliminate the length of insulation layer
trace being aligned (i.e., running parallel) to the tangent
vector of the curvature with relatively little increase in the
electrical resistance. Since the cracks generally initiate
from the insulation layer, it is imperative that the length
of the insulation trace being aligned with the tangent vec-
tor of the curvature is minimized. When using the dia-
mond trace design, an offset is created between the lo-
cations of the conductive line trace 120 at the stress point
A and the conductive line trace 120 at the stress point B,
hence reduces the length of the conductive line trace 120
being aligned to the tangent vector of the curvature.
[0111] The same applies to the buffer layer 126 under
the conductive line trace 120 as well as the passivation
layer 128 on the conductive line trace 120. In other words,
the inorganic buffer layer 126 is etched away in the area
between buffer layer 126 at the stress point A and the
stress point B such no continuous straight-line path of
buffer layer 126 exists between two points. Likewise, the
passivation layer 128 is etched away in the area between
passivation layer 128 at the stress point A and the stress
point B such no continuous straight-line path of passiva-
tion layer 128 exists between two points. Not only does
the diamond trace design provide much lower crack ini-
tiation rate, but it also hinders the propagation of cracks
to the conductive line trace 120.
[0112] Reduction of the insulation layer trace aligned
to the tangent vector of the curvature can be done by
reducing the width of the conductive line trace 120 and
the insulation layer covering the conductive line trace
120. When the insulation layer trace aligned to the tan-
gent vector of the curve is eliminated by reduction of con-
ductive line width and the insulation trace width, the av-
erage size of cracks was reduced from 3.79 mm to 2.69
mm. The ohmic contact resistance was increased to
4.51Ω from 3.15Ω, but such an increase has minimal
effect in the operation of the flexible display 100.
[0113] The amount of reduction in the width of conduc-
tive line trace 120 is limited with the single line trace de-
signs depicted in FIG. 7 as the electrical resistance of
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the conductive line trace 120 can become too high to be
used for the flexible display 100. However, the additional
electrical pathway created by splitting and merging of the
conductive line trace 120 yields much lower electrical
resistance in the conductive line trace 120 as compared
to using the non-split strain-reducing trace designs.
[0114] It should be noted that the splitting angle of the
sub-traces affects the distance between the two adjacent
joints X in the diamond trace design 800. The distance
between the joints X need not be uniform throughout the
entire wire trace. The intervals at which the trace splits
and merges can vary within a single trace of wire based
on the level of bending stress exerted on the parts of the
wire trace. The distance between the joints X may be
progressively shortened down for the parts of the wire
trace towards the area of the flexible display 100 sub-
jected to higher bending stress (e.g., area having lower
radius of curvature, area having larger bend angle). Con-
versely, the distances between the joints X can progres-
sively widen out towards the area subjected to lower
bending stress.
[0115] In an exemplary trace design of FIG. 8B, the
distance between the joints X of a trace in the end sec-
tions is at a first distance (e.g., 27 um), but the distance
becomes progressively shorter towards the mid-section
of the trace. In the mid-section, the distance between the
joints X is reduced by half. The end sections of the trace
shown in FIG. 8B may be for the part of the wire trace
near the beginning of a bend allowance section, and the
mid-section of the trace may be for the part positioned
at or near the middle of the bend allowance section of
the flexible display 100.
[0116] A lower chance of crack initiation is afforded in
the wire trace by selectively increasing the angle of sub-
traces in the wire trace at high bending stress regions.
With sub-traces that split and merge at a greater angle
away from the bending direction, more thorough reduc-
tion in the lengths of the conductive line trace 120 and
the insulation layer extending along the tangent vector
of the curvature. This way, unnecessary increase in the
electrical resistance can be avoided.
[0117] The wire trace may split into additional number
of sub-traces, creating a grid-like wire trace in the bending
area of the flexible display 100 as illustrated in FIG. 8C.
As an example, the sub-traces can be configured to form
a plurality of a web formed of diamond trace shapes.
Such trace design may be useful for wire traces that
transmit a common signal, for example VSS and VDD.
Neither the number of sub-traces nor the shapes of the
sub-traces forming the grid-like trace design are partic-
ularly limited as the example shown in FIG. 8C. In some
embodiments, the sub-traces may converge into a single
trace past the bend allowance section of the flexible dis-
play 100.
[0118] The strain-reducing trace designs discussed
above may be used for all or parts of the conductive line
trace 120. In some embodiments, the part of conductive
line trace 120 in the bend portion of the flexible display

100 may adopt such a strain-reducing trace design. The
parts of a conductive line trace 120 prior to or beyond
the part with the strain-reducing trace design may have
the same trace design. If desired, the strain-reducing
trace designs may be applied to multiple parts of a con-
ductive line trace 120.
[0119] Even with the strain-reducing trace design, the
inevitable bending 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 trace of a wire and/or an insulation layer
can be designed such that the remaining bending stress
would concentrate at the desired parts of their trace. Ac-
cordingly, a crack resistance area can be provided in a
trace design to reinforce the part of the wire trace where
the bend stress concentrates.
[0120] Referring back to FIG. 8A, when a wire trace
having the diamond trace design is bent in the bending
direction, the bending stress tends to focus at the angled
corners, which are denoted as the stress point A and
stress point B. When a crack forms at those angled cor-
ners, it generally grows in the transverse direction that
to the bending direction. For instance, at the stress points
A, a crack may initiate from the outer trace line 820 and
grows towards the inner trace line 830. Similarly, a crack
may initiate from the outer trace line 830 and grow to-
wards the inner trace line 820 at the stress points B.
[0121] Accordingly, the width of the conductive line
trace 120 at the stress points A can be selectively in-
crease in transversal direction to the bending direction,
thereby serving as a crack resistance area. That is, the
widths (WA, WB) of the conductive line trace 120 at the
stress points A and B, which are measured in the crack
growth direction, may be longer than the width (W) of the
conductive line trace 120 at other parts as depicted in
FIG. 8A. The extra width in the crack growth direction at
the stress points makes the conductive line trace 120 to
hold out longer before a complete disconnection occurs.
[0122] In a testing, the wires had the three-layered
structure (MO 200 Å / AL 3000 Å / MO 200 Å), which
were formed on a 17 um thick PI base layer 106. A 1000
Å thick SiNx layer was formed between the base layer
106 and the multi-layered conductive line trace 120. Also,
a layer of SiO2 was formed over the multi-layered con-
ductive line trace 120. The thickest portion of the SiO2
on the conductive line trace 120 was 3000 Å. Each of the
conductive lines 1 through 4 had different width a width
of 8.5 um, 2.5 um, 3.5 um and 4.5 um, respectively, at
the stress points A.
[0123] For each wire trace, electrical resistance was
measured initially upon the bending and again at 15 hours
later. If a crack is generated in the conductive line trace
120, the resistance of the conductive line trace 120 will
be increased as well. The wire trace 1 with the longest
width at the stress points A exhibited the lowest mean
increase resistance rate whereas the wire 2 with the
shortest width at the stress points A exhibited the largest
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mean increase resistance rate. Also, a complete sever-
ance was observed in three samples of the wire trace 2
and two samples of the wire trace 3. While complete sev-
erance in the wire trace 4, a considerable increase in the
resistance was observed after 15 hours. Accordingly, a
sufficient width at the stress points A is needed to main-
tain the reliability of the wire.
[0124] For instance, the width of the wire at the stress
points A may be longer than 4.0 um. The width of the
wire measured in the direction of the crack growth direc-
tion may be longer than 5.0 um for further improvement
in the reliability. Even with the increased width of the con-
ductive line trace 120 in the transversal direction to the
bending direction, the length for the continuous portion
of the insulation layer being aligned to the bending direc-
tion should be kept minimal. Accordingly, in an embodi-
ment, the width of the wire 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.
[0125] The width of the conductive line trace 120 meas-
ured in the crack growth direction at the stress points B
should also be maintained in the similar manner as the
width of the conductive line trace 120 at the stress points
A. As such, the width of the wire at the stress points B
may ranges from about 2.5 um to about 8 um, more pref-
erably, 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. Due to the close proximity of the angled
corners and their crack growth direction at the stress
points B, the width of the conductive line trace 120 at the
stress points B may be longer than width at the stress
points A.
[0126] In order to minimize the chance of crack initiat-
ing from both the inner trace line 820 and the outer trace
line 830, at least one of the trace lines may not be as
sharply angled as the other trace lines at the stress points
A. In the embodiment depicted in FIG. 8A, the inner trace
line 820 at the stress points A has the angled corner and
the outer trace line 830 at the stress points A is substan-
tially parallel (e.g., 6 5°) to the bending direction. How-
ever, the length L of the outer trace line 830 extending
in the bending direction in excess may defeat the purpose
of utilizing the strain-reducing trace design in the first
place. As such, the length L for the portion of the outer
trace line 830 extending substantially parallel to the bend-
ing direction may be equal to or deviate slightly (e.g.,
within 6 2.5 mm) from the width W of the wire trace. Al-
ternatively, the sharply angled corner can be formed with
the outer trace line 830 while the inner trace line 820 at
the stress points A being substantially parallel to the
bending direction. In both cases, the less sharply angled
trace line can simply be more rounded rather than having
the straight line trace as shown in FIG. 8A.
[0127] As discussed above, splitting and merging of
the wire creates stress points that share the given amount
of bending stress. With the relatively low bending stress

at each stress point, there is less chance of crack initia-
tion. In some cases, however, available space on the
flexible display 100 may limit the number of joints X of a
trace. That is, excess joints X in a wire trace may take
up too much space in the flexible display 100. On the
other hand, the limited number of joints X in a trace may
not be enough to prevent or minimize crack initiating at
the stress points.
[0128] Accordingly, a trace may be provided with a
number of micro-stress points 810 that are strategically
positioned along one or more sub-traces such that the
bending stress on the sub-trace is distributed among the
micro-stress points 810. In the example depicted in FIG.
8D, the insulation trace includes a number of micro-stress
points 810. As discussed, the angled corners tend to be
the stress points in a trace design. Thus a plurality of
angled cutouts can be formed along the insulation layer
trace to serve as a micro stress points 810. In this setting,
at least some fraction of the bending stress on each of
the sub-traces would be focused on each of the micro-
stress points 810. With each micro-stress points 810 tak-
ing up the fraction of the given bending stress on the sub-
traces, the size of the crack at each micro-stress points
810 may be smaller than a crack size that would result
in the insulation layer trace without the micro-stress
points 810. Accordingly, this can reduce the chance of
complete severance of the conductive line trace 120.
[0129] It should be appreciated that the location and
the number of micro-stress points 810 is not limited as
shown in FIG. 8D. Additional micro-stress points 810 can
be formed at the desired location in the respective insu-
lation traces to further reduce the chance of crack initia-
tion.
[0130] As discussed above, some structural elements
may not exist in some areas of the flexible display 100
to facilitate bending. For example, elements such as the
touch sensor layer 112, polarization layer 110 and the
like may be absent in the bend area of the flexible display
100. Also, some of the insulation layers, for instance the
buffer layer 126, may be etched in some degree so that
the insulation layer has less number of sub-layers or has
a decreased thickness at one area as compared to other
areas in the flexible display 100. Absence or simplifica-
tion of these components and the layers would create a
recessed area where the wire trace and/or the insulation
layer trace need to cross.
[0131] The amount of bending stress and the direction
in which the bending stress is exerted on the wire trace
laid over the recessed area may differ from the bending
stress exerted to other parts of bend portion. To accom-
modate the difference, the strain-reducing trace design
for the wire traces at the recessed area can also differ
from the strain-reducing trace design used elsewhere.
[0132] FIG. 9A illustrates a cross-sectional view at an
edge of a backplane of the exemplary flexible display
100, in which several insulation layers are removed from
the bend portion to facilitate more reliable bending.
[0133] As shown, there are several organic and inor-
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ganic layers formed in between the base layer 106 and
the OLED element layer 102. In this particular example,
alternating stacks of SiNx and SiO2 layers can be dis-
posed on the base layer 106 to serve as the buffer layer
126. The semiconductor layer of a TFT may be sand-
wiched by an active-buffer layer and a gate insulation
layer that are formed of SiO2 layer. The gate of the TFT
is disposed on an interlayer dielectric layer (ILD), and the
source/drain of the TFT having the multi-layered struc-
ture as discussed above is sandwiched between the ILD
and a passivation layer. Here, the ILD may be formed of
a stack of SiNx and SiO2, and the passivation layer is
formed of SiNx. Then, a planarization layer is disposed
over the passivation layer so that the anode for the OLED
can be disposed thereon.
[0134] As mentioned above, use of the strain-reducing
trace design is not just limited to the part of the wire traces
within the bend portion. In other words, the strain-reduc-
ing trace design can be applied to the part of the wire
traces in the routing areas outside the bend allowance
section. Using the strain-reducing trace design for the
wire trace in such routing area can afford increased pro-
tection to the wire trace against the bending stress.
[0135] In the routing area, however, several layers be-
tween the base layer 106 and the OLED element layer
102 are absent to facilitate bending of the flexible display
100. For instance, the ILD and the gate insulation layer
is etched away in the trimmed area by the first etch proc-
ess, which is followed by the second etch process that
etches away the active buffer and a part of the buffer 126
(e.g., a stack of a SiNx layer and a SiO2 layer). These
etching processes create multiple steps where a sharp
change of direction occurs between the wire trace dis-
posed on the vertically sloped surfaces and the wire trace
disposed on the horizontally leveled surfaces. In other
words, the wire trace would have several bent spots, such
as EB1 and EB2.
[0136] When bending the flexible display 100 in the
bending direction, the wire trace may experience more
strain at or near the steps. Numerous tests and experi-
ments indicate that the chance of a crack is especially
high in the wire trace crossing over the step between the
EB1 area and the EB2 area. Accordingly, in some em-
bodiments, the strain-reducing trace design for the wire
trace has a reinforced portion at or near the step between
a high-leveled surface and a low-leveled surface provid-
ed by insulation layers of the flexible display.
[0137] In the example shown in FIG. 9B, the wire trace
has a simple straight line trace design in the beginning,
which is changed into the split and merge strain-reducing
trace design in the abridged area. In addition, the part of
the conductive line that crosses over before and after the
bent spots EB 1 and EB2is reinforced with extra width
WR. That is, the conductive line has substantially wider
width to reinforce the conductive line trace 120 near the
bent spots EB1 and EB2 to ensure the perseveration of
the conductive line trace 120 even if cracks initiate from
the insulation layer covering the reinforced portion of the

conductive line. The distance DR of the reinforced portion
of which the conductive line is reinforced with the wider
increased width WR depends on the size of the steps
created by the etching processes as well as the distance
between the bent spots EB 1 and EB2. Past the rein-
forced part, the wire trace continues with the diamond
chain-like trace design discussed above. The strain-re-
ducing trace design for the wire trace that comes before
and after the reinforced portion is not particularly limited
to the trace design as depicted in FIG. 9B, and any other
strain-reducing trace design discussed above may be
used.
[0138] While this may not always be the case, the rout-
ing areas adjacent to the bend allowance section may
be the substantially flat parts of the flexible display 100.
In such cases, the bent spots EB1 and EB2 would be
positioned at or just outside start of the bend allowance
section in the bend portion.
[0139] The increased width WR of the reinforced con-
ductive line trace 120 portion may serve its purpose well
at or near the edges of the bend allowance section where
the curvature is relatively small. However, the wider width
WR of the wire trace would increase the length of the
wire trace that is linear to the bending direction. This
would be make the wire trace harder to hold out against
the bending stress at the region with greater bend radius.
For this reason, the distance DR in which the reinforced
portion is used should be limited such that the reinforced
conductive line portion does not extend too far beyond
towards into the bend allowance section. In other words,
the distance DR of the reinforced conductive line portion
may be limited such that the trace design of the reinforced
conductive line portion does not extend beyond the bend
allowance section with more than a threshold bend angle.
In way of an example, the reinforced conductive line por-
tion may not extend beyond the point where it is 30°
curved away from the tangent plane of the curvature. The
threshold bend angle may be less than 20°, for example
10°, and more preferably less than 7°.
[0140] The wire trace having the reinforced section
may extend beyond the bend allowance area routed to
pads for COF or other components of the flexible display
100. In such instances, there may be additional bent
spots (similar to EB1 and EB2) at or near the end of the
bend allowance section. The conductive line at or near
such bent spots may be reinforced in the similar manner
as the wire trace portion at the bent spots EB1 and EB2.
If desired, the reinforced conductive line portion at or near
the bent spots at the other end of the bend allowance
section may be different as depicted in FIG. 9B.
[0141] With the inorganic insulation layers etched
away from the bend portion of the flexible display 100,
the wire traces in the bend portion can be vulnerable to
moistures and other foreign materials. In particular, var-
ious pads and conductive lines for testing the compo-
nents during manufacturing of the flexible display 100
may be chamfered, and this can leave conductive lines
exiting at the notched edge of the flexible display 100.
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Such conductive lines can easily corrode by the mois-
tures, and cause other nearby conductive line traces to
corrode as well.
[0142] Accordingly, a protective layer, which may be
referred to as a "micro-coating layer," can be provided
over the wire traces in the bend portion to provide added
protection against moistures and other foreign materials.
In addition to having a good moisture resistance, the mi-
cro-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 curable with low energy within a limited time
so that the components under the micro-coating layer
are not damaged during the curing process.
[0143] FIG. 10A is a schematic illustration of one suit-
able exemplary configuration of the micro-coating layer
132 in an embodiment of flexible display 100. The micro-
coating layer 132 may be provided as photo-curable
(e.g., UV light, Visible light, UV LED) resin and coated
over the desired areas of the flexible display 100. In this
regard, the micro-coating layer 132 is coated over the
area between the encapsulation 114 and the COF 134
attached in the inactive area. Depending on the adhesive
property of the micro-coating layer 132, however, the mi-
cro-coating layer 132 can be detached from the encap-
sulation 114 and/or the COF 134. Any open space be-
tween the micro-coating layer 132 and the encapsulation
114 or the COF 132 may become a defect site where
moisture can permeate through.
[0144] Accordingly, the micro-coating layer 132 may
be coated to overflow into a part of the top surface of the
encapsulation 114 for enhanced sealing between the en-
capsulation 114 and the micro-coating layer 132. The
additional contact area between the micro-coating layer
132 and the surface of the encapsulation 114 can provide
stronger bonding between the two, and reduce the cracks
and corrosion of the wire traces at the bend portion of
the flexible display 100. Likewise, the micro-coating layer
132 can be coated on as least some part of the COF 134
for stronger bonding between the micro-coating layer 132
and the COF 134.
[0145] Referring to FIGS. 10B and 10C, the width of
the encapsulation 114 coated with the micro-coating lay-
er 134 (denoted as Overflow_W1) and the width of the
COF 134 coated with the micro-coating layer 134 (de-
noted as Overflow_W2) are not particularly limited and
may vary depending on the adhesiveness of the micro-
coating layer 132. As shown in FIG. 10B, the flexible dis-
play 100 may include a portion where the micro-coating
layer 132 on the encapsulation 114 is spaced apart from
the sidewall of the polarization layer 110. In some em-
bodiments, the flexible display 100 may include a portion
where the micro-coating layer 132 on the encapsulation
114 is in contact with the polarization layer 110 disposed
on the encapsulation 114 as depicted in FIG. 10C. 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") while the micro-

coating layer 132 only covers up to some part of the en-
capsulation 114 in the areas between the two opposite
corners. 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. 11A. In the region where micro-coating
layer 132 is configured to be in contact with the polariza-
tion layer 110, the flexible display 100 may be configured
as shown in FIG. 11B.
[0146] It should be noted that the micro-coating layer
132 is dispensed in a resinous form, and may spread on
the dispensed surface. The spreading dynamic depends
on the viscosity of the micro-coating layer 132 as well as
the surface energy of which the micro-coating layer 132
is dispensed. As such, the micro-coating layer 132 over-
flowed into the encapsulation 114 may reach the polari-
zation layer 110. When the micro-coating layer 132
reaches the sidewall of the polarization layer 114, the
micro-coating layer 132 may climb over the sidewall of
the polarization layer 110. Such sidewall wetting of the
micro-coating layer 132 can make uneven edges over
the surface of the polarization layer 132, which may
cause various issues when placing another layer there-
on. 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.
[0147] The micro-coating layer 132 may be coated in
a predetermined thickness to adjust the neutral plane of
the flexible display 100 at the bend portion. More specif-
ically, added thickness at the bend portion of the flexible
display 100 by the micro-coating layer 132 can change
the neutral plane so that the plane of the wire traces is
shifted closer to the neutral plane.
[0148] In some embodiments, the thickness of the mi-
cro-coating layer 132 in the area between the encapsu-
lation 114 and the COF 134, which is measured from the
surface of the base layer 106, may be substantially the
same as the distance between the surface of the base
layer 106 to the top surface of the encapsulation 104. In
such embodiments, the vertical distance between the top
surface of the micro-coating layer 132 in the bend allow-
ance section and the top surface of the encapsulation
114 may be less than 25 um.
[0149] 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 speed
from the jetting valve(s) may be adjusted during the coat-
ing process for accurate control of the thickness and the
spread size of the micro-coating layer 132 at the targeted
surface. Further, additional number of jetting values may
be used to reduce the dispense time and limit the amount
of spread before the micro-coating layer 132 is cured
through UV irradiation.
[0150] Although the concepts and teachings in the
present disclosure are described above with reference
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to OLED display technology, it should be understood that
several features may be extensible to any form of flexible
display technology, such as electrophoretic, liquid crys-
tal, electrochromic, displays comprising discreet inorgan-
ic LED emitters on flexible substrates, electrofluidic, and
electrokinetic displays, as well as any other suitable form
of display technology.
[0151] As described above, a flexible display 100 may
include a plurality of innovations configured to allow
bending of a portion or portions to reduce apparent border
size and/or utilize the side surface of an assembled flex-
ible display 100. In some embodiments, bending may be
performed only in the bend portion and/or the bend al-
lowance section having only the conductive line trace
120 rather than active display components or peripheral
circuits. In some embodiments, the base layer 106 and/or
other layers and substrates to be bent may be heated to
promote bending without breakage, then cooled after the
bending. In some embodiments, metals such as stainless
steel with a passive dielectric layer may be used as the
base layer 106 rather than the polymer materials dis-
cussed above. Optical markers may be used in several
identification and aligning process steps to ensure ap-
propriate bends absent breakage of sensitive compo-
nents. Components of the flexible display 100 may be
actively monitored during device assembly and bending
operations to monitor damage to components and inter-
connections.
[0152] Constituent materials of conductive line trace
120 and/or insulation layers may be optimized to promote
stretching and/or compressing rather than breaking with-
in a bending area. Thickness of a conductive line trace
120 may be varied across a bending area and/or the bend
allowance section to minimize stresses about the bend
portion or the bend allowance section of the flexible dis-
play 100. Trace design of conductive line trace 120 and
insulation layers may be angled away from the bending
direction (i.e., tangent vector of the curvature), meander-
ing, waving, or otherwise arranged to reduce possibility
of severance during bending. The thickness of the con-
ductive line trace 120, insulation layers and other com-
ponents may be altered or optimized in the bend portion
of the flexible display 100 to reduce breakage during
bending. Bend stresses may be reduced by adding pro-
tective micro-coating layer(s) over components in addi-
tion to disclosed encapsulation layers. Conductive films
may be applied to the conductive line trace 120 before,
during, or after bending in a repair process. Furthermore,
the constituent material and/or the structure for conduc-
tive line trace 120 in a substantially flat area of a flexible
display 100 may differ from the conductive line trace 120
in a bend portion and/or the bend allowance section.
[0153] The following examples pertain to further em-
bodiments.

Example 1 is a display apparatus, comprising: a base
layer having a bend allowance section between a
first portion and a second portion of the display ap-

paratus; a plurality of organic light-emitting diode
(OLED) elements disposed on the first portion of the
base layer; an encapsulation over the OLED ele-
ments; a printed circuit film attached to the second
portion of the base layer; and a micro-coating layer
disposed over the bend allowance section of the
base layer.
In example 2, the display apparatus of example 1
optionally further includes a plurality of wire traces
routed between the first portion and the second por-
tion of the base layer, wherein the micro-coating lay-
er is arranged to cover the plurality of conductive line
traces in the bend allowance section.
In example 3, the display apparatus of example 2
optionally includes that the micro-coating layer is ar-
ranged to cover a part of the encapsulation.
In example 4, the display apparatus of example 3
optionally further includes a polarization layer on the
encapsulation positioned to expose at least some
part of an upper surface of the encapsulation, where-
in the micro-coating layer is arranged to cover at least
part of the upper surface of the encapsulation be-
tween an edge of polarization layer and an edge of
the encapsulation.
In example 5, the display apparatus of example 4
optionally includes that the micro-coating layer cov-
ering the upper surface of the encapsulation is in
contact with the sidewall of the polarization layer.
In example 6, the display apparatus of example 4
optionally includes that the micro-coating layer cov-
ering the upper surface of the encapsulation includes
a portion that is in contact with the sidewall of the
polarization layer and a portion that is spaced apart
from the side wall of the polarization layer.
In example 7, the display apparatus of example 4
optionally includes that the micro-coating layer is ar-
ranged to cover a part of the printed circuit film at-
tached on the second portion of the display appara-
tus.
In example 8, the display apparatus of example 4
optionally further includes: a buffer layer under the
plurality of wire traces routed between the first por-
tion and the second portion of the flexible display;
and a passivation layer on the plurality of wire traces
routed between the first portion and the second por-
tion of the flexible display, wherein the plurality of
wire traces has a strain-reducing trace design in the
bend allowance section, and wherein the buffer layer
and the passivation layer in the bend allowance sec-
tion has a pattern corresponding to the strain-reduc-
ing trace design of the wire traces in the bend allow-
ance section.
In example 9, the display apparatus of example 4
optionally includes that each of the first portion, the
second portion and the bend allowance section in-
cludes a buffer layer etched area between the
notched line and a closest conductive line trace to
the respective notched line.
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In example 10, the display apparatus of example 4
optionally further includes a first support film at-
tached on an inner surface of the first portion of the
base layer and a second support film attached on an
inner surface of the second portion of the base layer,
wherein the first support film and the encapsulation
film are arranged such that the first support film is
extended further out toward the bend portion of the
base layer than the encapsulation film.
In example 11, the display apparatus of example 4
optionally includes that the micro-coating layer is
formed of a photo-curable material.
In example 12, the display apparatus of example 4
optionally includes that the micro-coating layer has
a thicker profile in a first routing area between the
encapsulation and the bend allowance section than
a second routing area between the printed circuit film
and the bend allowance section.
In example 13, the display apparatus of example 4
optionally includes that a width of the upper surface
of the encapsulation that is covered by the micro-
coating layer is greater than a width of the printed
circuit film that is covered by the micro-coating layer.
In example 14, the display apparatus of example 4
optionally includes that a height of the micro-coating
layer on the upper surface of the encapsulation is
lesser than a height the micro-coating layer on the
printed circuit film.
Example 15 is a method of manufacturing a display
apparatus, comprising: forming a buffer layer on a
base layer; forming a conductive line traces with a
strain-reducing pattern in an inactive are of the base
layer; chamfering the base layer to create a notched
inactive area having a bend allowance section; etch-
ing the buffer layer to expose the base layer along
strain-reducing pattern of the conductive line trace
and along the notched line; dispensing a micro-coat-
ing layer in the notched inactive area; and curing the
micro-coating layer.

[0154] 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.

Claims

1. A display apparatus, comprising: a base layer having
a bend allowance section between a first portion and
a second portion of the base layer;
a plurality of thin-film transistors provided on the
base layer, said plurality of thin-film transistors im-
plementing a plurality of pixel circuits and a driving
circuit;

a plurality of organic light-emitting diode (OLED) el-
ements disposed on the first portion of the base layer,
each of the plurality of OLED elements being con-
nected to corresponding ones of the pixel circuits;
an encapsulation over the OLED elements;
a printed circuit film attached to the second portion
of the base layer; and
a micro-coating layer disposed over the bend allow-
ance section of the base layer, wherein the plurality
of thin-film transistors includes at least one low-tem-
perature poly-silicon (LTPS) thin-film transistor and
at least one oxide thin-film transistor.

2. The display apparatus of claim 1, wherein said plu-
rality of pixel circuits includes the oxide thin-film tran-
sistor and said driving circuit includes the LTPS thin-
film transistor.

3. The display apparatus of claim 1, wherein said driv-
ing circuit includes a combination of an N-Type LTPS
thin-film transistor and a P-Type LTPS thin-film tran-
sistor, and said plurality of pixel circuits includes the
oxide thin-film transistor.

4. The display apparatus of claim 1, wherein said driv-
ing circuit includes both the LTPS thin-film transistor
and the oxide thin-film transistor.

5. The display apparatus of claim 1, wherein each of
the pixel circuits includes both the LTPS thin-film
transistor and the oxide thin-film transistor.

6. The display apparatus of claim 5, wherein each of
the pixel circuits includes a storage capacitor and
the oxide thin-film transistor connected to the storage
capacitor.

7. The display apparatus of claim 1, wherein the driving
circuit is a gate driver for providing gate signals to
the plurality of pixel circuits.

8. The display apparatus of claim 1, wherein the driving
circuit is provided on the second portion of the base
layer.

9. The display apparatus of claim 8, further comprising
a plurality of wire traces routed between the plurality
of pixel circuits in the first portion of the base layer
and the driving circuit in the second portion of the
base layer, wherein the plurality of wire traces has
a strain-reducing trace design in the bend allowance
section.

10. The display apparatus of claim 9, wherein the strain-
reducing trace design of the plurality of wire traces
is one of a sign-wave, a square-wave, a serpentine,
a saw-toothed, a slanted line, a diamond chain trace
and a diamond web trace designs.
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11. The display apparatus of claim 9, wherein the plu-
rality of wire traces having the strain-reducing trace
design includes a first wire trace and a second wire
trace, each having a convex portion and a concave
portion, wherein the convex portion of the first wire
trace is positioned adjacent to the concave portion
of the second wire trace.

12. The display apparatus of claim 1, further comprising
a touch sensor layer provided with a plurality of touch
sensor electrodes configured to measure electrical
changes on one or more touch sensor electrodes
upon a touch input made on the display apparatus.

13. The display apparatus of claim 12, further comprising
a deformable material, wherein the display appara-
tus is configured to measure electrical changes on
at least one electrode upon deformation of the de-
formable material by the touch input.

14. The display apparatus of claim 1, wherein at least
some of the plurality of OLED elements are also pro-
vided in the bend allowance section of the base layer.

15. The display apparatus of claim 1, further comprising
a plurality of OLED elements on the second portion
of the base layer.

37 38 



EP 3 848 974 A9

21



EP 3 848 974 A9

22



EP 3 848 974 A9

23



EP 3 848 974 A9

24



EP 3 848 974 A9

25



EP 3 848 974 A9

26



EP 3 848 974 A9

27



EP 3 848 974 A9

28



EP 3 848 974 A9

29



EP 3 848 974 A9

30



EP 3 848 974 A9

31



EP 3 848 974 A9

32



EP 3 848 974 A9

33



EP 3 848 974 A9

34



EP 3 848 974 A9

35



EP 3 848 974 A9

36



EP 3 848 974 A9

37



EP 3 848 974 A9

38



EP 3 848 974 A9

39



EP 3 848 974 A9

40



EP 3 848 974 A9

41


	bibliography
	abstract
	description
	claims
	drawings

