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(7) ABSTRACT

The present disclosure relates to a flexible organic light
emitting diode display having an edge bending structure.
The organic light emitting diode display according to an
embodiment includes a flexible plate including a display
area, a non-display area surrounding the display area, and an
edge bending area near the display area in the non-display
area; a first line disposed in the non-display area on the
flexible plate; a first buffer layer covering the first line; a
second line on the first buffer layer in the non-display area;
asecond buffer layer covering the second line; gate elements
disposed on the second buffer layer; an intermediate insu-
lating layer covering the gate elements; data elements, and
a connecting electrode connecting the first line to the second
line on the intermediate insulating layer; and a plurality of
trenches disposed at the edge bending area and penetrating
the intermediate insulating layer, the second buffer layer and
the first buffer layer.
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FLEXIBLE ORGANIC LIGHT EMITTING
DIODE DISPLAY HAVING EDGE BENDING
STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korea Patent
Application No. 10-2015-0189675 filed on Dec. 30, 2015,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present disclosure relates to a flexible flat
panel display. Especially, the present disclosure relates to a
flexible organic light emitting diode display having edge
bending structure.

[0004] Discussion of the Related Art

[0005] Nowadays, various flat panel display devices are
developed for overcoming many drawbacks of the cathode
ray tube such as heavy weight and bulk volume. The flat
panel display devices include the liquid crystal display
device (or LCD), the field emission display (or FED), the
plasma display panel (or PDP) and the electroluminescence
device (or EL).

[0006] FIG. 1 is a plane view illustrating the structure of
the organic light emitting diode display having the active
switching elements such as the thin film transistors accord-
ing to the related art. FIG. 2 is a cross sectional view
illustrating the structure of the organic light emitting diode
display along to the cutting line of I-I' in FIG. 1 according
to the related art.

[0007] Referring to FIGS. 1 and 2, the organic light
emitting diode display comprises a thin film transistor (or
“TFT”) substrate having the thin film transistors ST and DT
and an organic light emitting diode OLE connected to and
driven by the thin film transistors ST and DT, and a barrier
film BF joining and facing the thin film transistor substrate
with a sealant SE therebetween. The thin film transistor
substrate includes a switching thin film transistor ST, a
driving thin film transistor DT connected to the switching
thin film transistor ST, and an organic light emitting diode
OLE connected to the driving thin film transistor DT.

[0008] On a transparent substrate SUB, the switching thin
film transistor ST is formed where a gate line GL and a data
line DL are crossing each other. The switching thin film
transistor ST acts for selecting the pixel which is connected
to the switching thin film transistor ST. The switching thin
film transistor ST includes a gate electrode SG branching
from the gate line GL, a semiconductor channel layer SA
overlapping with the gate electrode SG a source electrode
SS and a drain electrode SD. The driving thin film transistor
DT acts for driving an anode electrode ANO of the organic
light emitting diode OD disposed at the pixel selected by the
switching thin film transistor ST. The driving thin film
transistor DT includes a gate electrode DG connected to the
drain electrode SD of the switching thin film transistor ST,
a semiconductor channel layer DA, a source electrode DS
connected to the driving current line VDD, and a drain
electrode DD. The drain electrode DD of the driving thin
film transistor DT is connected to the anode electrode ANO
of the organic light emitting diode OLE.

Field of the Invention
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[0009] As one example, FIG. 2 shows the thin film tran-
sistor of top gate structure. In this case, the semiconductor
channel layers SA and DA of the switching thin film
transistor ST and the driving thin film transistor DT are
firstly formed on the substrate SUB and the gate insulating
layer GI covers them and then the gate electrodes SG and
DG are formed thereon by overlapping with the center
portion of the semiconductor channel layers SA and DA.
After that, at both sides of the semiconductor channel layers
SA and DA, the source electrodes SS and DS and the drain
electrodes SD and DD are connected thereto through contact
holes penetrating an insulating layer IN. The source elec-
trodes SS and DS and the drain electrodes SD and DD are
formed on the insulating layer IN.

[0010] In addition, at the outer area of the substrate SUB
surrounding the display area where the pixel area is dis-
posed, a gate pad GP formed at one end of the gate line GL,
a data pad DP formed at one end of the data line DL, and a
driving current pad VDP formed at one end of the driving
current line VDD are arrayed. As the gate pad GP is disposed
at the different layer from the data pad DP, some defects may
occur at the overlapping portion due to the level difference.

[0011] A passivation layer PAS is disposed to cover the
upper entire surface of the substrate SUB having the switch-
ing and the driving thin film transistors ST and DT. After
that, formed are the contact holes exposing the gate pad GP,
the data pad DP, the driving current pad VDP and the drain
electrode DD of the driving thin film transistor DD. Over the
display area within the substrate SUB, a planar layer PL is
coated. Patterning the planar layer PL, a contact hole is
formed for exposing the drain electrode DD of the driving
thin film transistor DT. Further, the planar layer PL is
patterned as exposing the full areas of the pads at gate pad
GP and the data pad DP. The planar layer PL, makes the
roughness of the upper surface of the substrate SUB in much
smoother condition, for coating the organic materials com-
posing the organic light emitting diode on the smooth and
planar surface condition of the substrate SUB.

[0012] On the planar layer PL, the anode electrode ANO
is formed to connect the drain electrode DD of the driving
thin film transistor DT through one of the contact holes. On
the other hands, at the outer area of the display area not
having the planar layer PL, formed are a gate pad electrode
GPT, a data pad electrode DPT and a driving current
electrode VDPT connected to the gate pad GP, the data pad
DP and the driving current pad VDP, respectively, exposed
through the contact holes. On the substrate SUB, a bank BN
is formed covering the display area, excepting the pixel area.

[0013] After completing the thin film transistor substrate,
an inorganic material such as the silicon nitride (SiNx) is
deposited over the entire surface of the substrate SUB with
a thickness of 1~3 pm for preventing the organic light
emitting diode from the invasion of the moisture or oxygen
gas. Further, a sealant SE is disposed on the inner surface of
the barrier film. It is preferable that the sealant SE has the
boundary being apart with a predetermined distance from
the edges of the barrier plate BF to the inside.

[0014] Aligning the barrier plate BF on the thin film
transistor substrate, the barrier plate BF is attached/joined
with the thin film transistor substrate under pressure. After
hardening the sealant SE between the barrier film and the
thin film transistor substrate, and then releasing the pressure,
the thin film transistor substrate has the surface sealing
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structure by the barrier plate BF with the sealant SE. It is
preferable that the barrier plate BF is a film including plastic
or organic material.

[0015] It is preferable that the sealant SE and the barrier
plate BF covers most of all surface of the thin film substrate
without the pad area because the pads would be connected
to exterior devices. As exposed at outside, the gate pad GP,
the gate pad terminal GPT, the data pad GP and the data pad
terminal DPT would be connected to the exterior devices
through a connecting means.

[0016] According to the relative art, the organic light
emitting diode display is formed on a rigid substrate SUB.
AS the substrate SUB having the rigid property, it is proper
to apply for the monitor. television set or portable display
module. However, in the market, more various types of the
display are required.

[0017] For example, the needs for the flexible display
freely bendable or foldable are increasing. Further, the needs
for the non-bezel or the narrow bezel display are also
increasing, by bending or folding the non display area (on
which the display information is not shown) over the lateral
sides or rear side. In order to develop these various style
displays, it is required that the flexible display that the
display elements 1s formed on the flexible substrate.

SUMMARY OF THE INVENTION

[0018] In order to overcome the above-mentioned draw-
backs, the purpose of the present disclosure is to suggest a
flexible display in which the display function is maintained
even it is freely bend or folded. Another purpose of the
present disclosure is to suggest a flexible display in which
the non-display area is moved behind the lateral side of the
rear side by bending the boundary between the display area
display area and the non-display area. Still another purpose
of the present disclosure is to suggest a flexible display in
which the display elements are not damaged by the bending
stress occurred at the bending portions defined at the bound-
ary of the display area and the non-display area.

[0019] In order to accomplish the above purpose, the
present disclosure suggests an organic light emitting diode
display device comprising a flexible plate including a dis-
play area, a non-display area surrounding the display area,
and an edge bending area near the display area in the
non-display area; a first line disposed in the non-display area
on the flexible plate; a first buffer layer covering the first
line; a second line on the first buffer layer in the non-display
area; a second buffer layer covering the second line; gate
elements disposed on the second buffer layer; an interme-
diate insulating layer covering the gate elements; data ele-
ments, and a connecting electrode connecting the first line to
the second line on the intermediate insulating layer; and a
plurality of trenches disposed at the edge bending area and
penetrating the intermediate insulating layer, the second
buffer layer and the first buffer layer.

[0020] In one embodiment, the organic light emitting
diode display device further comprises a light shielding
layer disposed at a same layer and including a same material
with the first line in the display area; a storage electrode
disposed at a same layer and including a same material with
the second line in the display area; a switching thin film
transistor and a driving thin film transistor connected to the
switching thin film transistor on the second buffer layer in
the display area; and an organic light emitting diode con-
nected to the driving thin film transistor.
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[0021] In one embodiment, the gate elements includes a
gate pad disposed in the non-display area; a gate line
extended from the gate pad over the display area; and a gate
electrode extruded from the gate line in the display area, and
the data elements includes: a data pad disposed in the
non-display area; a data line extended from the data pad over
the display area; a source electrode extruded from the data
line in the display area; a drain electrode facing with the
source electrode; and a gate pad terminal contacting the gate
pad.

[0022] In one embodiment, the organic light emitting
diode display device further comprises a semiconductor
layer overlapping with middle portions of the gate electrode
on the second buffer layer and under the gate electrode; and
a gate insulating layer covering entire surface of the second
buffer layer between the semiconductor layer and the gate
electrode, wherein the trench penetrating the intermediate
insulating layer, the gate insulating layer, the second buffer
layer and the first buffer layer.

[0023] In some embodiments, the organic light emitting
diode display device further comprises a semiconductor
layer overlapping with middle portions of the gate electrode
on the second buffer layer and under the gate electrode; and
a gate insulating layer having a same shape with the gate
electrode between the semiconductor layer and the gate
electrode, wherein the trench penetrating the intermediate
insulating layer, the second buffer layer and the first buffer
layer.

[0024] In some embodiments, the organic light emitting
diode display device further comprises: an organic layer
directly contacting entire of a surface of the flexible plate; a
multi-buffer layer directly contacting entire of a surfaces of
the organic layer; and a gate insulating layer deposited on
the multi-buffer layer, wherein the trench exposing some of
the organic layer by penetrating the intermediate insulating
layer, the gate insulating layer, the second buffer layer, the
first buffer layer and the multi-buffer layer.

[0025] In some embodiments, the organic light emitting
diode display device further comprises an organic layer
directly contacting entire of a surface of the flexible plate;
and a multi-buffer layer directly contacting entire of a
surfaces of the organic layer, wherein the trench exposing
some of the organic layer by penetrating the intermediate
insulating layer, the second buffer layer, the first buffer layer
and the multi-buffer layer.

[0026] In some embodiments, the non-display area is
disposed behind one of a lateral side and a rear side of the
display area by bending the edge bending area.

[0027] As the display elements are disposed on the flexible
substrate, the flat panel display according to the present
disclosure maintains the display function over all area
normally, even though it is freely bent. The flexible organic
light emitting diode display includes the trenches formed by
eliminating some portions of the layers stacked at the
bending portions defined at the boundary between the dis-
play area and the non-display area. Therefore, the bending
stress can be reduced or weaken at the bending portions so
that the elements are not damaged. As the most pad areas
have the similar or same stack structure, the damages due to
the stack difference structure can be prevented. Further, as
the trenches can be formed by single etching process, the
manufacturing process can be simplified.



US 2017/0194404 Al

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0029] In the drawings:

[0030] FIG. 1is a plane view illustrating the structure of
an organic light emitting diode display having active switch-
ing elements such as thin film transistors according to the
related art.

[0031] FIG. 2 is a cross sectional view illustrating the
structure of the organic light emitting diode display along
the cutting line of I-I' in FIG. 1 according to the related art.
[0032] FIG. 3 is a plane view illustrating a structure of a
flexible organic light emitting diode display having an edge
bending structure according to the present disclosure.
[0033] FIGS. 4A and 4B are cross sectional views illus-
trating the structure of a flexible organic light emitting diode
display having an edge bending structure along the cutting
line of II-IT' in FIG. 3, according to a first embodiment of the
present disclosure.

[0034] FIGS. 5A and 5B are cross sectional views illus-
trating the structure of a flexible organic light emitting diode
display having an edge bending structure along the cutting
line of 1I-1T" in FIG. 3, according to a second embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] Referring to attached figures, preferred embodi-
ments of the present disclosure will be explained. Like
reference numerals designate like elements throughout the
detailed description. However, the present disclosure is not
restricted by these embodiments but can be applied to
various changes or modifications without changing the tech-
nical spirit. In the following embodiments, the names of the
elements are selected by considering the easiness for expla-
nation so that they may be different from actual names.

First Embodiment

[0036] Referring to FIGS. 3, 4A and 4B, the first embodi-
ment of the present disclosure will be explained. FIG. 3 is a
plane view illustrating a structure of a flexible organic light
emitting diode display having an edge bending structure
according to the present disclosure. FIGS. 4A and 4B are
cross sectional views illustrating the structure of a flexible
organic light emitting diode display having an edge bending
structure along the cutting line of TI-IF in FIG. 3, according
to the first embodiment of the present disclosure.

[0037] The flexible organic light emitting diode display
according to the first embodiment of the present disclosure
comprises a thin film transistor substrate on which thin film
transistors ST and DT and an organic light emitting diode
OLE driven by the thin film transistors ST and DT are
formed. Further, a barrier plate attached on the thin film
transistor substrate by a sealant may be included. The sealant
and the barrier plate are not duplicately explained because
they may be similar with those of the related art.

[0038] The flexible organic light emitting diode display
comprises a flexible plate SUF not the rigid substrate and
display elements disposed on the flexible plate SUF. The
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flexible plate SUF includes a display area AA and a non-
display area NA. The display area AA is defined at the most
middle portions of the flexible plate SUF. The non-display
area NA surrounds the display area AA. For example, the
non-display area NA may be defined at the all four lateral
sides of the flexible plate SUF, as fully surrounding the
display area AA. Otherwise, only the upper side and the left
side of the flexible plate SUF are defined the non-display
areas NA. In some cases, any one side or parallel two sides
may be defined as the non-display area NA.

[0039] The non-display area NA includes pads GP and DP
for receiving the signals from the exterior devices. There are
some dummy areas between the pads GP and DP and the
display area AA. These areas are also included into the
non-display area NA, where the lines DL, VDD and GL are
disposed. By bending the non-display area NA behind the
rear side, the present disclosure suggests a display that only
the display area is recognized by the observer when seeing
the display at just front side. Specifically, the pads GP and
DP are bent over the rear side of the display area AA.
[0040] To do so, the dummy area of the non-display area
NA excluding the pads GP and DP would be easily bendable.
This dummy area is defined as an edge bending area (or a
bending portion) EBA. At the edge bending area, a plurality
of the trenches TR are disposed for easy bending of the
flexible plate SUF. The trench TR is formed where only the
insulating layers among the various layers stacked on the
flexible plate SUF are sequentially stacked. The trench TR
has a well shape (or a sunken-down portion) by selectively
removing some of the stacked insulating layers.

[0041] On the flexible plate SUF, the various layers are
stacked and patterned, or various insulating layers are
sequentially stacked. The stacked insulating layers have
different bending stress from the flexible plate SUF. There-
fore, as the flexible display is bent repeatedly or it is severely
folded, the bending portions may be damaged due to the
difference of the stress. As a result, the insulating layers may
be peel off and the other layer disposed between the insu-
lating layers may be damaged. By forming a plurality of
trenches TR exposing some surface of the flexible plate SUF
by removing some of the insulating layers at the edge
bending area EBA, the insulating layers can be prevented
from being damaged by the stress difference when the
bending stresses are applied.

[0042] Hereinafter, referring to FIGS. 4A and 4B, the
structure of the flexible organic light emitting diode display
according to the first embodiment will be explained in detail.
For the convenience of the manufacturing for the flexible
organic light emitting diode display, at first, the flexible
organic light emitting diode display is formed on a rigid
substrate SUB. After that, the rigid substrate SUB is dis-
patched from the flexible organic light emitting diode dis-
play. FIG. 4Ais a cross sectional view illustrating a structure
of the flexible organic light emitting diode display formed on
the rigid substrate.

[0043] On the entire surface (whole surface) of a rigid
substrate SUB, a sacrifice layer SL is deposited. The sacri-
fice layer SL includes an amorphous silicon (a-Si) material.
On the entire surface of the sacrifice layer SL, an organic
layer PI is disposed. The organic layer PI includes a poly-
imide material having superior property (or resistance) to the
high temperature. On the entire surface of the organic layer
PI, a multi-buffer layer MB is disposed. The multi-buffer
layer MB includes a plurality of the insulating layers stacked
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sequentially. For example, the silicon oxide layers and the
silicon nitride layers may be alternatively stacked. Other-
wise, the organic layer and the inorganic layer may be
alternatively stacked.

[0044] On the entire surface of the multi-buffer layer MB,
a light shielding layer LS is formed. It is preferable that the
light shielding layer LS is selectively formed where the thin
film transistor would be disposed. On the entire surface of
the substrate SUB having the light shielding layer LS, a
buffer layer BUF is disposed. On the buffer layer BUF as
overlapping with the light shielding layer LS, a switching
thin film transistor ST and a driving thin film transistor DT
are disposed.

[0045] On the buffer layer BUF, the switching semicon-
ductor layer SA of the switching thin film transistor ST and
the driving semiconductor layer DA of the driving thin film
transistor DT are firstly formed. On the semiconductor
layers SA and DA, a gate insulating layer GI is disposed as
covering the entire surface of the substrate SUB. On the gate
insulating layer GI, gate electrodes SG and DG are formed
as overlapping with the semiconductor layers SA and DA,
respectively. For example, the switching gate electrode SG
of the switching thin film transistor ST is overlapped with
the middle portions of the switching semiconductor layer
SA. The driving gate electrode DG of the driving thin film
transistor DT is overlapped with the middle portions of the
driving semiconductor layer DA.

[0046] On the entire surface of the substrate SUB having
the gate electrodes SG and DG an intermediate insulating
layer ILD is disposed. On the intermediate insulating layer
ILD, source-drain electrodes SS-DD and DS-DD are formed
for completing the thin film transistors ST and DT. For
example, the switching source electrode SS of the switching
thin film transistor ST contacts one side of the switching
semiconductor layer SA through a contact hole penetrating
the intermediate insulating layer ILD and the gate insulating
layer GI. The switching drain electrode SD of the switching
thin film transistor ST contacts the other side of the switch-
ing semiconductor layer SA through a contact hole penetrat-
ing the intermediate insulating layer ILD and the gate
insulating layer GI. The driving thin film transistor DT has
a driving source electrode DS and a driving drain electrode
DD, like the switching thin film transistor ST. The switching
drain electrode SD of the switching thin film transistor ST
connects to the driving gate electrode DG of the driving thin
film transistor DT.

[0047] In the non-display area NA, a gate pad GP and a
data pad DP are disposed. The gate pad GP is disposed on
the multi-buffer layer MB, the buffer layer BUF and the gate
insulating layer GI. On the contrary, the data pad DP is
disposed on the multi-buffer layer MB and the intermediate
insulating layer ILD. The reason for that the gate pad GP has
the different stack structure from the data pad DP is that the
trenches TR are formed at the edge bending area EBA in the
non-display area NA.

[0048] For example, the trench TR may have the structure
for exposing the organic layer PI. For this, when forming the
gate electrodes SG and DG; the gate pad GP is formed at the
same time. After depositing the gate insulating layer GI, the
trenches TR are formed by patterning the gate insulating
layer GI, the buffer layer BUF and the multi-buffer layer
MB. At this time, at the non-display area where the data pad
DP would be disposed, all layers stacked on the organic
layer PI are removed.

Jul. 6, 2017

[0049] After that, the intermediate insulating layer ILD is
deposited on the entire surface of the substrate SUB. When
forming the source-drain electrodes SS-SD and DS-DD on
the intermediate insulating layer ILD, the data line DL, the
driving current line VDD and the data pad DP are formed.
As the intermediate insulating layer ILD is remained under
the data pad DP, the intermediate insulating layer ILD is
patterned to form the trench TR. At that time, the interme-
diate insulating layer ILD covering the gate pad GP is also
removed.

[0050] On the entire surface of the substrate SUB having
the source-drain electrodes SS-SD and DS-Dd, a passivation
layer PAS is deposited. Patterning the passivation layer PAS,
the pads GP and DP are exposed and the trenches TR are
completed. After that, a planar layer PL is deposited on the
surface of the substrate SUB. It is preferable that the planar
layer PL covers within the display area AA.

[0051] By patterning the planar layer PL and the passiva-
tion layer PAS, the driving drain electrode DD of the driving
thin film transistor DT is exposed. By depositing a conduc-
tive material on the planar layer PL and patterning it, an
anode electrode ANO is formed as connecting to the driving
drain electrode DD of the driving thin film transistor DT.
[0052] By disposing a bank material on the planar layer
PL having the anode electrode ANO, and patterning it, the
emission area is defined on the anode electrode ANO. By
depositing an organic light emitting layer OL and the
cathode electrode CAT sequentially, an organic light emit-
ting diode OLE is formed.

[0053] The organic light emitting diode display as shown
in FIG. 4A is still not the flexible organic light emitting
diode display, because that the display elements are not on
the rigid substrate SUB. To complete the flexible organic
light emitting diode display, the sacrifice layer SL should be
removed by radiating a laser focusing on the sacrifice layer
SL. As a result, the rigid substrate SUB is separated from the
organic layer PI. After that, a flexible film or a flexible plate
SUF is attached on the bottom surface of the organic layer
PI. Then, as shown in FIG. 4B, the flexible organic light
emitting diode display is completed.

[0054] The flexible organic light emitting diode display
according to the first embodiment of the present disclosure
includes a plurality of the trenches TR at some area in the
non-display area where the lines are not disposed. The
trenches TR have the well shape by removing the buffer
layers and the insulating layers over the organic layer PI.
Bending the edge bending area EBA having the trenches TR,
the pads GP and DP can be disposed behind the rear side of
the flexible plate SUF.

[0055] In the first embodiment, a plurality of trenches TR
are disposed for the easiness of the edge bending structure.
In the first embodiment, the manufacturing process for the
trenches TR has the 2~3 mask processes. Therefore, the
stack structure of the gate pad GP is different from that of the
data pad DP. In this case, the bending stress may still be
remained at the edge bending area EBA due to the thick
difference. This may cause defects at the elements for the
display.

Second Embodiment

[0056] Hereinafter, referring to FIGS. 3, 5A and 5B the
second embodiment will be explained. The second embodi-
ment suggests a structure of the flexible organic light emit-
ting diode display in which the defects which may be
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possibly associated with the first embodiment can be over-
come or addressed. Some of the main features of the second
embodiment are easily shown in the cross sectional view.
Therefore, the structure in the plane view which is the same
with the first embodiment will not be duplicated, and FIG.
3 is commonly used for the plane view. FIGS. 5A and 5B are
cross sectional views illustrating a structure of a flexible
organic light emitting diode display having an edge bending
structure along the cutting line of II-IF in FIG. 3, according
to the second embodiment of the present disclosure.

[0057] For the flexible organic light emitting diode display
according to the second embodiment of the present disclo-
sure, at first, the display elements are formed on a rigid
substrate SUB, as shown in FIG. 5A. After that, the rigid
substrate SUB is dispatched from the display elements to
complete the flexible organic light emitting diode display as
shown in FIG. 5B.

[0058] Referring to FIG. 5A, on the entire surface of a
rigid substrate SUB, a sacrifice layer SL is deposited. On the
entire surface of the sacrifice layer SL, an organic layer PI
is disposed. The organic layer PI includes a polyimide film
having superior property (or resistance) to the high tempera-
ture.

[0059] On the entire surface of the organic layer Pl a
multi-buffer layer MB is disposed. The multi-buffer layer
MB includes a plurality of the inorganic insulating layers
stacked sequentially. For example, the silicon oxide layers
and the silicon nitride layers may be alternatively stacked.
Otherwise, the organic layer and the inorganic layer may be
alternatively stacked. The multi-buffer layer MB is for
preventing the moisture or gases from intruding into the
display elements disposed thereon.

[0060] On the entire surface of the multi-buffer layer MB,
a light shielding layer BS is formed. It is preferable that the
light shielding layer BS is selectively formed where the thin
film transistor would be disposed. Including an opaque
metal material, the light shielding layer BS is also used for
forming an additional storage. Further, disposing in the
non-display area NA, the light shielding layer BS is used for
a linker for linking the pad to the line, in the non-display
area. For example, a plurality of the connecting electrodes
CN for linking the lines disposed on the different layers may
be disposed in the non-display area NA. Using the opaque
metal material for the light shielding layer BS is also used
for a first line L1 linking to the connecting electrode CN.

[0061] On the light shielding layer BS, a first buffer layer
BF1 is deposited as covering the entire surface of the
substrate SUB. The first buffer layer BF1 is for physically
and electrically isolating the light shielding layer BS from
other conductive layer. Further, the first buffer layer BF1 is
used for making the top surface of the substrate SUB in a
smooth plane. On the first buffer layer BF1, a storage
electrode BC is formed.

[0062] It is preferable that the storage electrode BC is
disposed as overlapping with the light shielding layer BS.
That is, at the portions of the first buffer layer BF1 between
the light shielding layer BS and the storage electrode BC, the
additional storage is formed. To complete the additional
storage, the light shielding layer BS may be connected to the
switching source electrode SS of the switching thin film
transistor ST, and the storage electrode BC may be con-
nected to the driving gate electrode DG of the driving thin
film transistor DT.
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[0063] 1In addition, disposed in the non-display area AA,
the material of the storage electrode BC is also used for a
linker for linking the line and the pad. For example, a
plurality of the connecting electrodes CN for linking the
lines on the different layers may be disposed in the non-
display area NA. Using the opaque metal material for the
storage electrode BC is also used for a second line [.2
linking to the connecting electrode CN.

[0064] On the storage electrode BC, a second buffer layer
BF2 is deposited as covering the entire surface of the
substrate SUB. The second buffer layer BF2 is for physically
and electrically isolating the storage electrode BC from
other conductive layer. On the second buffer layer BF2, a
switching thin film transistor ST and a driving thin film
transistor DT are formed.

[0065] On the second buffer layer BF2, a switching semi-
conductor layer SA of the switching thin film transistor ST
and a driving semiconductor layer DA of the driving thin
film transistor DT are disposed. On the semiconductor layers
SA and DA, a gate insulating layer GI is disposed. On the
gate insulating layer GI, the gate elements are formed. The
gate elements include a gate line GL, gate electrodes SG and
DG and a gate pad GP. In the case that the driving gate
electrode DG is connected to the storage electrode BC,
before forming the gate elements, some of the storage
electrode BC is exposed by patterning the gate insulating
layer GI and the second buffer layer BF2.

[0066] The switching gate electrode SG of the switching
thin film transistor ST is overlapping with the middle
portions of the switching semiconductor layer SA having the
gate insulating layer therebetween. The driving gate elec-
trode DG of the driving thin film transistor DT is overlap-
ping with the middle portions of the driving semiconductor
layer DA having the gate insulating layer therebetween. The
gate line GL is connected to the switching gate electrode SG
of the switching thin film transistor ST. The gate pad GP is
disposed at one end of the gate line GL. The gate signal
applied to the gate pad GP is supplied to the switching gate
electrode SG of the switching thin film transistor ST through
the gate line GL.

[0067] On the gate elements, an intermediate insulating
layer ILD is disposed as covering the entire surface of the
substrate SUB. The intermediate insulating layer ILD is for
isolating the gate elements from the other conductive layer
disposed at the other layer physically and electrically. On the
intermediate insulating layer ILD, the data elements are
formed. Some of data elements may be connected to other
elements disposed under the intermediate insulating layer
ILD. By patterning the intermediate insulating layer ILD
and the gate insulating layer GI, the contact holes are
formed. For example, both sides of the semiconductor layers
SA and DA are exposed. At the same time, the driving gate
electrode DG of the driving thin film transistor DT is
exposed. Further, the gate pad GP is exposed.

[0068] When patterning the intermediate insulating layer
ILD and/or the gate insulating layer GI, at the non-display
area NA, some portions of the first line L1 including the
same material with the light shielding layer BS and some
portions of the second line L2 including the same material
with the storage electrode BC may be exposed. These
contact holes are for connecting the first line L1 to the
second line L2, lately.

[0069] On the intermediate insulating layer ILD having
the contact holes, by depositing a metal material and pat-
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terning it, the data elements are formed. The data elements
include a switching source electrode SS and a switching
drain electrode SD of the switching thin film transistor ST,
a driving source electrode DS and a driving drain electrode
DD of the driving thin film transistor DT, a data line DL, a
data pad DP, a driving current line VDD and a driving pad
VDP.

[0070] The switching source electrode SS of the switching
thin film transistor ST contacts one side of the switching
semiconductor layer SA and the switching drain electrode
SD contacts the other side of the switching semiconductor
layer SA. The switching drain electrode SD is connected to
the driving gate electrode DG. The data line DL is connected
to the switching source electrode SS of the switching thin
film transistor ST. The data pad DP is disposed at one end of
the data line DL. The driving source electrode DS of the
driving thin film transistor DT contacts one side of the
driving semiconductor layer DA and the driving drain elec-
trode DD contacts the other side of the driving semiconduc-
tor layer DA. The driving current line VDD is connected to
the driving source electrode DS of the driving thin film
transistor DT. The driving pad VDP is disposed at one end
of the driving current line VDD.

[0071] Insome cases, the switching source electrode SS is
connected to the light shielding layer BS. In the case that the
storage electrode BC overlapping with the light shielding
layer BS is connected to the driving gate electrode DG the
additional storage capacitance is formed between the light
shielding layer BS and the storage electrode BC.

[0072] In the non-display area NA, the data pad DP at the
one end of the data line DL and the driving pad VDP at the
one end of the driving current line VDD are disposed. The
data elements further include a gate pad terminal GPT
contacting the gate pad GP. Further, the data elements
include the connecting electrodes CN in the non-display area
NA. The connecting electrode CN connects the first line L1
made of the same material with the light shielding layer BS
and the second line L2 made of the same material with the
storage electrode BC, via the contact hole.

[0073] On the entire surface of the substrate SUB having
the data elements, a passivation layer PAS is deposited.
Patterning the passivation layer PAS, some portions of the
date elements are exposed. At the same time, a plurality of
trenches TR are formed. For example, in the non-display
area NA, the passivation layer PAS is patterned to expose
some portions of the data elements. By etching the passi-
vation layer PAS, the intermediate insulating layer [L.D, the
gate insulating layer GI, the second buffer layer BF2, the
first buffer layer BF1 and the multi-buffer layer MB sequen-
tially, the trenches TR may be formed. It is preferable that
the trenches TR are disposed at the edge bending area EBA
in the non-display area NA. For example, the trenches TR
may be disposed where there are no lines GL and DL
between the pad area GP and DP and the display area AA.

[0074] After that, a planar layer PL is deposited on the
surface of the substrate SUB. It is preferable that the planar
layer PL covers within the display area AA. Patterning the
planar layer PL and the passivation layer PAS, the driving
drain electrode DD of the driving thin film transistor DT is
exposed. By depositing a conductive material on the planar
layer PL and patterning it, an anode electrode ANO 1is
formed as connecting to the driving drain electrode DD of
the driving thin film transistor DT.
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[0075] By disposing a bank material on the planar layer
PL having the anode electrode ANO, and patterning it, the
emission area is defined on the anode electrode ANO. By
depositing an organic light emitting layer OL and the
cathode electrode CAT sequentially, an organic light emit-
ting diode OLE is formed.

[0076] The organic light emitting diode display as shown
in FIG. 5A is still not the flexible organic light emitting
diode display, because that the display elements are not on
the rigid substrate SUB. To complete the flexible organic
light emitting diode display, the sacrifice layer SL should be
removed by radiating a laser focusing on the sacrifice layer
SL. As a result, the rigid substrate SUB is separated from the
organic layer PI. After that, a flexible film or a flexible plate
SUF is attached on the bottom surface of the organic layer
PI. Then, as shown in FIG. 5B, the flexible organic light
emitting diode display is completed.

[0077] In the second embodiment of the present disclo-
sure, using the metal layers used for the light shielding layer
BS and the storage electrode BC in the display area AA, the
first line L1 and the second line L2 are formed in the
non-display area AA. Using the first line L1 and the second
line L2, one of the gate elements and one of the data
elements are connected each other. In the second embodi-
ment, the gate elements and the data elements have the same
stack structure in the non-display area NA.

[0078] By selectively removing the stacked insulating
layers in the non-display area NA, the trenches TR are
formed. The trenches TR are disposed at the edge bending
area EBA when the non-display area NA is bent to the rear
side of the display area AA. The bending stress may be
concentrated at the edge bending area EBA. In the case that
various elements are disposed at the edge bending area EBA,
they may be easily damaged as bending the non-display area
NA. According to the second embodiment, with the trenches
TR disposed at the edge bending area EBA, the bending
stress can be scattered or reduced. As a result, the damages
caused at the edge bending area EBA can be prevented.
[0079] Further, as the stack structures of the entire pad
area are similar or same, the damages caused by shape
difference or level difference can be prevented. In addition,
as the trenches TR can be formed by single etching process,
the manufacturing process can be minimized.

[0080] Until now, the flexible organic light emitting diode
display in which the thin film transistors have the top gate
structure is explained. However, one or more of the main
ideas of the present disclosure can be applied to the organic
light emitting diode display having the bottom gate structure
thin film transistors. Further, the switching thin film tran-
sistor may have the different type from the driving thin film
transistor. For example, the switching thin film transistor has
the top gate structure, but the driving thin film transistor has
the bottom gate structure, or vice versa.

[0081] In the above explanations, the gate insulating layer
GI covers the entire surface of the substrate on the semi-
conductor layer. However, the gate insulating layer GI may
be patterned with the gate electrode. In that case, the gate
insulating layer GI has the same shape with the gate elec-
trode, and disposed on the middle portions of the semicon-
ductor layer overlapping with the gate electrode. In that
case, the trenches may have the well structure in which the
organic layer is exposed by etching to penetrate the inter-
mediate insulating layer, the second buffer layer, the first
buffer layer and the multi-buffer layer.
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[0082] While the embodiments of the present invention
have been described in detail with reference to the drawings,
it will be understood by those skilled in the art that the
invention can be implemented in other specific forms with-
out changing the technical spirit or essential features of the
invention. Therefore, it should be noted that the forgoing
embodiments are merely illustrative in all aspects and are
not to be construed as limiting the invention. The scope of
the invention is defined by the appended claims rather than
the detailed description of the invention. All changes or
modifications or their equivalents made within the meanings
and scope of the claims should be construed as falling within
the scope of the invention.

What is claimed is:

1. A flexible organic light emitting diode display device

comptising:

a flexible plate including a display area, a non-display
area surrounding the display area, and an edge bending
area near the display area in the non-display area;

a first line disposed in the non-display area on the flexible
plate;

a first buffer layer covering the first line;

a second line on the first buffer layer in the non-display
area;

a second buffer layer covering the second line;

gate elements disposed on the second buffer layer;

an intermediate insulating layer covering the gate ele-
ments;

data elements, and a connecting electrode connecting the
first line to the second line on the intermediate insu-
lating layer; and

a plurality of trenches disposed at the edge bending area
and penetrating the intermediate insulating layer, the
second buffer layer and the first buffer layer.

2. The flexible organic light emitting diode display device

according to claim 1, further comprising:

a light shielding layer disposed at a same layer and
including a same material with the first line in the
display area;

a storage electrode disposed at a same layer and including
a same material with the second line in the display area;

a switching thin film transistor and a driving thin film
transistor connected to the switching thin film transistor
on the second buffer layer in the display area; and

an organic light emitting diode connected to the driving
thin film transistor.

3. The flexible organic light emitting diode display device

according to claim 1,
wherein the gate elements includes:
a gate pad disposed in the non-display area;
a gate line extended from the gate pad over the display
area; and
a gate electrode extruded from the gate line in the
display area, and
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wherein the data elements includes:

a data pad disposed in the non-display area;

a data line extended from the data pad over the display
area;

a source electrode extruded from the data line in the
display area;

a drain electrode facing with the source electrode; and

a gate pad terminal contacting the gate pad.

4. The flexible organic light emitting diode display device
according to claim 3, further comprising:

a semiconductor layer overlapping with middle portions
of the gate electrode on the second buffer layer and
under the gate electrode; and

a gate insulating layer covering an entire surface of the
second buffer layer between the semiconductor layer
and the gate electrode,

wherein the trench penetrates the intermediate insulating
layer, the gate insulating layer, the second buffer layer
and the first buffer layer.

5. The flexible organic light emitting diode display device

according to claim 3, further comprising:

a semiconductor layer overlapping with middle portions
of the gate electrode on the second buffer layer and
under the gate electrode; and

a gate insulating layer having a same shape with the gate
electrode between the semiconductor layer and the gate
electrode,

wherein the trench penetrates the intermediate insulating
layer, the second buffer layer and the first buffer layer.

6. The flexible organic light emitting diode display device
according to claim 1, further comprising:

an organic layer directly contacting an entire surface of
the flexible plate;

a multi-buffer layer directly contacting an entire surface
of the organic layer; and

a gate insulating layer deposited on the multi-buffer layer,

wherein the trench exposes some of the organic layer by
penetrating the intermediate insulating layer, the gate
insulating layer, the second buffer layer, the first buffer
layer and the multi-buffer layer.

7. The flexible organic light emitting diode display device

according to claim 1, further comprising:

an organic layer directly contacting an entire surface of
the flexible plate; and

a multi-buffer layer directly contacting an entire surface
of the organic layer,

wherein the trench exposes some of the organic layer by
penetrating the intermediate insulating layer, the sec-
ond buffer layer, the first buffer layer and the multi-
buffer layer.

8. The flexible organic light emitting diode display device
according to claim 1, wherein the non-display area is dis-
posed behind one of a lateral side and a rear side of the
display area by bending the edge bending area.

# 0k % k&
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