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STRUCTURE

(57)  The present disclosure relates to a flexible or-
ganic light emitting diode display having edge bending
structure. The present disclosure suggests an organic
light emitting diode display comprising: a flexible plate
(SUF) including a display area (AA), a non-display area
(NA) surrounding the display area (AA), and an edge
bending area (EBA) near the display area (AA) in the
non-display area (NA); a first line (L1) disposed in the
non-display area (NA) on the flexible plate (SUF); a first
buffer layer (BF1) covering the first line (L1); a second
line (L2) on the first buffer layer (BF1) in the non-display

FLEXIBLE ORGANIC LIGHT EMITTING DIODE DISPLAY HAVING EDGE BENDING

area (NA); a second buffer layer (BF2) covering the sec-
ond line (L2); gate elements (GL, SG, DG, GP) disposed
on the second buffer layer (BF2); an intermediate insu-
lating layer (ILD) covering the gate elements (GL, SG,
DG, GP); data elements (SS, SD, DS, DD, DL, DP, VDD,
VDP), and a connecting electrode (CN) connecting the
first line (L1) to the second line (L2) on the intermediate
insulating layer (ILD); and a plurality of trenches (TR)
disposed at the edge bending area (EBA) and penetrat-
ing the intermediate insulating layer (ILD), the second
buffer layer (BF2) and the first buffer layer (BF1).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] 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.

Discussion of the Related Art

[0002] 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 elec-
troluminescence device (or EL).

[0003] FIG. 1is a plane view illustrating the structure
of the organic light emitting diode display having the ac-
tive switching elements such as the thin film transistors
according 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.

[0004] ReferringtoFIGs. 1and2,the organic lightemit-
ting 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 transis-
tor ST, a driving thin film transistor DT connected to the
switching thin film transistor ST, and an organic light emit-
ting diode OLE connected to the driving thin film transistor
DT.

[0005] On atransparent 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 dis-
posed at the pixel selected by the switching thin film tran-
sistor 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 or-
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ganic light emitting diode OLE.

[0006] Asoneexample, FIG. 2 shows the thinfilm tran-
sistor of top gate structure. In this case, the semiconduc-
tor 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 insulat-
ing layer Gl 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 electrodes SS and DS and the drain
electrodes SD and DD are formed on the insulating layer
IN.

[0007] In addition, at the outer area of the substrate
SUB surrounding the display area where the pixel area
is disposed, a gate pad GP formed at one end of the gate
line GL, adata 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.

[0008] A passivation layer PAS is disposed to cover
the upper whole surface of the substrate SUB having the
switching 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 tran-
sistor DD. Overthe 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 elec-
trode DD of the driving thin film transistor DT. Further,
the planarlayer 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 sur-
face of the substrate SUB in much smoother condition,
for coating the organic materials composing the organic
light emitting diode on the smooth and planar surface
condition of the substrate SUB. The planar layer PL may
also be referred to as planarization layer.

[0009] 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 driv-
ing 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.

[0010] After completing the thin film transistor sub-
strate, an inorganic material such as the silicon nitride
(SiNx) is deposited over the whole surface of the sub-
strate SUB with a thickness of 1~3 um for preventing the
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organic light emitting diode from the invasion of the mois-
ture 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 pre-
determined distance from the edges of the barrier plate
BF to the inside.

[0011] Aligning the barrier plate BF on the thin film tran-
sistor substrate, the barrier plate BF is attached/joined
with the thin film transistor substrate under pressure. Af-
ter 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 structure by the barrier plate BF with the sealant
SE. It is preferable that the barrier plate BF is a film in-
cluding plastic or organic material.

[0012] Itis preferable that the sealant SE and the bar-
rier plate BF cover 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 con-
nected to the exterior devices through a connecting
means.

[0013] According to the relative art, the organic light
emitting diode display is formed on arigid substrate SUB.
Asthe substrate SUB having therigid property, itis proper
to apply for the monitor, television set or portable display
module. However, in the market, more various types of
the display are required.

[0014] 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 dis-
play that the display elements is formed on the flexible
substrate.

SUMMARY OF THE INVENTION

[0015] In order to overcome the above mentioned
drawbacks, 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 pur-
pose 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-dis-
play area. Still another purpose of the present disclosure
is to suggest a flexible display in which the display ele-
ments are not damaged by the bending stress occurred
at the bending portions defined at the boundary of the
display area and the non-display area.

[0016] In order to accomplish the above purpose, the
present disclosure suggests an organic light emitting di-
ode display comprising: a flexible plate including a dis-
play area, a non-display area surrounding the display
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area, and an edge bending area near the display area in
the non-display area; a first line disposed in the non-dis-
play 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 sec-
ond line; gate elements disposed on the second buffer
layer; an intermediate insulating layer covering the gate
elements; data elements, and a connecting electrode
connecting the first line to the second line on the inter-
mediate insulating layer; and a plurality of trenches dis-
posed at the edge bending area and penetrating the in-
termediate insulating layer, the second buffer layer and
the first buffer layer.

[0017] Inone embodiment, the device further compris-
es: a light shielding layer disposed at same layer and
including same material as the first line in the display
area; a storage electrode disposed at same layer and
including same material as 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.

[0018] Inone embodiment, the gate elements include:
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 include: a data pad disposed
in the non-display area; a data line extended from the
data pad over the display area; a source electrode ex-
truded from the data line in the display area; a drain elec-
trode facing with the source electrode;and a gate pad
terminal contacting the gate pad.

[0019] Inone embodiment, the device further compris-
es: a semiconductor layer on the second buffer layer and
under the gate electrode, wherein the gate electrode
overlaps with middle portions of the semiconductor layer;
and a gate insulating layer covering whole surface of the
second buffer layer between the semiconductor layerand
the gate electrode, wherein the trenches penetrate the
intermediate insulating layer, the gate insulating layer,
the second buffer layer and the first buffer layer.

[0020] In some embodiments, the device further com-
prises: a semiconductor layer on the second buffer layer
and under the gate electrode, wherein the gate electrode
overlaps with middle portions of the semiconductor layer;
and a gate insulating layer having same shape as the
gate electrode between the semiconductor layer and the
gate electrode, wherein the trenches penetrate the inter-
mediate insulating layer, the second buffer layer and the
first buffer layer.

[0021] In some embodiments, the device further com-
prises: an organic layer directly contacting whole of a
surface of the flexible plate; a multi-buffer layer directly
contacting whole of a surface of the organic layer; and a
gate insulating layer deposited on the multi-buffer layer,
wherein the trenches expose some of the organic layer
by penetrating the intermediate insulating layer, the gate
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insulating layer, the second buffer layer, the first buffer
layer and the multi-buffer layer.

[0022] In some embodiments, the device further com-
prises: an organic layer directly contacting whole of a
surface of the flexible plate; and a multi-buffer layer di-
rectly contacting whole of a surface of the organic layer,
wherein the trenches expose 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.

[0023] 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.
[0024] 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 display 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.

[0026] In the drawings:

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
according to the related art.

FIG.2 is a cross sectional view illustrating the struc-
ture of the organic light emitting diode display along
to the cutting line of I-I' in FIG. 1 according to the
related art.

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
a structure of a flexible organic light emitting diode
display having an edge bending structure along to
the cutting line of II-II" in FIG. 3, according to the first
embodiment of the present disclosure.

FIGs. 5A and 5B are cross sectional views illustrating
a structure of a flexible organic light emitting diode

10

15

20

25

30

35

40

45

50

55

display having an edge bending structure along to
the cutting line of II-II" in FIG. 3, according to the
second embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0027] Referring to attached figures, we will explain
preferred embodiments of the present disclosure. Like
reference numerals designate like elements throughout
the detailed description. However, the presentdisclosure
is notrestricted by these embodiments but can be applied
to various changes or modifications without changing the
technical spirit. In the following embodiments, the names
of the elements are selected by considering the easiness
for explanation so that they may be different from actual
names.

<First Embodiment>

[0028] Referring to FIGs. 3, 4A and 4B, we will explain
aboutthe firstembodiment of the present disclosure. FIG.
3 is a plane view illustrating a structure of a flexible or-
ganic light emitting diode display having an edge bending
structure according to the present disclosure. FIGs. 4A
and 4B are cross sectional views illustrating a structure
of a flexible organic light emitting diode display having
an edge bending structure along to the cutting line of II-
II"in FIG. 3, according to the first embodiment of the
present disclosure.

[0029] The flexible organic light emitting diode display
according to the first embodiment of the present disclo-
sure comprises a thin film transistor substrate on which
thin film transistors ST and DT and an organic light emit-
ting diode OLED 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 in-
cluded. The sealant and the barrier plate are not dupli-
cately explained because they may be similar with those
of the related art.

[0030] The flexible organic light emitting diode display
comprises aflexible plate SUF not the rigid substrate and
display elements disposed on the flexible plate SUF. The
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 ex-
ample, 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 up-
per 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.

[0031] The non-display area NAincludes 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 in-
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cluded 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 sug-
gests 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.

[0032] 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 bend-
ing area (or a bending portion) EBA. At the edge bending
area, a plurality of the trenches TR is disposed for easy
bending ofthe flexible plate SUF. Thetrench 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.

[0033] Ontheflexible 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.
Therefore, 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 the results, the
insulating layers may be peel off and the other layer dis-
posed between the insulating layers may be damaged.
By forming a plurality of trenches TR exposing some sur-
face ofthe flexible plate SUF is formed by removing some
of the insulating layers at the edge bending area EBA,
the insulating layers can be prevented from being dam-
aged by the stress difference when the bending stresses
are applied.

[0034] Hereinafter, referring to FIGs. 4A and 4B, we
will explain about the structure of the flexible organic light
emitting diode display according to the first embodiment
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 dispatched from the flexible organic light emitting
diodedisplay. FIG. 4Ais a cross sectional view illustrating
a structure of the flexible organic light emitting diode dis-
play formed on the rigid substrate.

[0035] On the whole surface of a rigid substrate SUB,
a sacrifice layer SL is deposited. The sacrified layer SL
includes an amorphous silicon (a-Si) material. On the
whole surface of the sacrifice layer SL, an organic layer
Plis disposed. The organic layer Pl includes a polyimide
material having superior property (or resistance) to the
high temperature. On the whole surface of the organic
layer P, a multi-buffer layer MB is disposed. The multi-
buffer layer MB includes a plurality of the insulating layers
stacked sequentially. For example, the silicon oxide lay-
ers and the silicon nitride layers may be alternatively
stacked. Otherwise, the organic layer and the inorganic
layer may be alternatively stacked.

[0036] On the whole surface of the multi-buffer layer
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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
whole 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 shield-
ing layer LS, a switching thin film transistor ST and a
driving thin film transistor DT are disposed.

[0037] Onthe 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 semiconduc-
tor layers SA and DA, a gate insulating layer Gl is dis-
posed as covering the whole surface of the substrate
SUB. Onthe gate insulating layer Gl, gate electrodes SG
and DG are formed as overlapping with the semiconduc-
tor 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 over-
lapped with the middle portions of the driving semicon-
ductor layer DA.

[0038] Onthewhole surface of the substrate SUB hav-
ing the gate electrodes SG and DG, an intermediate in-
sulating layer ILD is disposed. On the intermediate insu-
lating 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 con-
tact hole penetrating the intermediate insulating layer ILD
and the gate insulating layer Gl. The switching drain elec-
trode SD of the switching thin film transistor ST contacts
the other side of the switching semiconductor layer SA
through a contact hole penetrating the intermediate in-
sulating layer ILD and the gate insulating layer Gl. The
driving thin film transistor DT has a driving source elec-
trode DS and adriving drain electrode DD, like the switch-
ing 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 tran-
sistor DT.

[0039] Inthe non-display area NA, a gate pad GP and
adatapad DP aredisposed. The gate pad GP isdisposed
on the multi-buffer layer MB, the buffer layer BUF and
the gate insulating layer Gl. 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.
[0040] Forexample,the trench TR may have the struc-
ture for exposing the organic layer PI. For this, when form-
ing the gate electrodes SG and DG, the gate pad GP is
formed at the same time. After depositing the gate insu-
lating layer GI, the trenches TR are formed by patterning
the gate insulating layer G, the buffer layer BUF and the
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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 Pl are removed.

[0041] After that, the intermediate insulating layer ILD
is deposited on the whole 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 in-
sulating layer ILD is patterned to form the trench TR. At
that time, the intermediate insulating layer ILD covering
the gate pad GP is also removed.

[0042] Onthe whole surface of the substrate SUB hav-
ing the source-drain electrodes SS-SD and DS-Dd, a
passivation layer PAS is deposited. Patterning the pas-
sivation 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. The planarization layer PL may also be
referred to as a planarization layer.

[0043] Patterning the planar layer PL and the passiva-
tion layer PAS, the driving drain electrode DD of the driv-
ing thin film transistor DT is exposed. Depositing a con-
ductive material on the planar layer PL and patterning it,
an anode electrode ANO is formed as connecting to the
drivingdrain electrode DD ofthe driving thin film transistor
DT.

[0044] Disposing a bank material on the planar layer
PL having the anode electrode ANO, and patterning it,
the emission area is defined onthe anode electrode ANO.
Depositing an organic light emitting layer OL and the
cathode electrode CAT sequentially, an organic light
emitting diode OLED is formed.

[0045] The organic light emitting diode display as
shown in FIG. 4Ais still not the flexible organic light emit-
ting diode display, because the display elements are not
on the rigid substrate SUB. To complete the flexible or-
ganic light emitting diode display, the sacrifice layer SL
should be removed by radiating a laser focusing on the
sacrifice layer SL. As the results, the rigid substrate SUB
is separated from the organiclayer Pl. 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, theflexible organic light emitting diode display is com-
pleted.

[0046] The flexible organic light emitting diode display
according to the first embodiment of the present disclo-
sure 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 Pl. Bending the edge bending area EBA having the
trenches TR, the pads GP and DP can be disposed be-
hind the rear side of the flexible plate SUF.

[0047] In the first embodiment, a plurality of trenches
TR is disposed for the easiness of the edge bending
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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 dif-
ferent 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 causes
defects at the elements for the display.

<Second Embodiment>

[0048] Hereinafter, referring to FIGs. 3, 5A and 5B we
will explain about the second embodiment. The second
embodiment suggests a structure of the flexible organic
light emitting diode display in which the defects caused
in the first embodiment can be overcome. The main fea-
tures of the second embodiment are easily shown in the
cross sectional view. Therefore, the structure inthe plane
view which is the same with the first embodiment will not
be duplicated, and FIG. 3 is commonly used for plane
view. FIGs. 5A and 5B are cross sectional views illustrat-
ing a structure of a flexible organic light emitting diode
display having an edge bending structure along to the
cutting line of II-II' in FIG. 3, according to the second
embodiment of the present disclosure.

[0049] For the flexible organic light emitting diode dis-
play according to the second embodiment of the present
disclosure, 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 ele-
ments to complete the flexible organic light emitting diode
display as shown in FIG. 5B.

[0050] Referring to FIG. 5A, on the whole surface of a
rigid substrate SUB, a sacrifice layer SL is deposited. On
the whole surface of the sacrifice layer SL, an organic
layer Pl is disposed. The organic layer Plincludes a poly-
imide film having superior property (or resistance) to the
high temperature.

[0051] On the whole 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 lay-
ers 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.

[0052] On the whole 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. Includ-
ing 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
onthedifferentlayers may be disposed in the non-display
area NA. Using the opaque metal material for the light
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shielding layer BS is also used for a first line L1 linking
to the connecting electrode CN.

[0053] Onthelightshielding layer BS, afirstbufferlayer
BF1 is deposited as covering the whole surface of the
substrate SUB. The first buffer layer BF 1 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 BF 1, a storage
electrode BC is formed.

[0054] ltis 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 be-
tween the light shielding layer BS and the storage elec-
trode 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 elec-
trode BC may be connected to the driving gate electrode
DG of the driving thin film transistor DT.

[0055] In 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 L2
linking to the connecting electrode CN.

[0056] On the storage electrode BC, a second buffer
layer BF2 is deposited as covering the whole 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.

[0057] On the second buffer layer BF2, a switching
semiconductor layer SA of the switching thin film transis-
tor ST and a driving semiconductor layer DA of the driving
thin film transistor DT are disposed. On the semiconduc-
tor layers SA and DA, a gate insulating layer Gl is dis-
posed. On the gate insulating layer Gl, 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 ele-
ments, some of the storage electrode BC is exposed by
patterning the gate insulating layer Gl and the second
buffer layer BF2.

[0058] The switching gate electrode SG of the switch-
ing 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
electrode DG of the driving thin film transistor DT is over-
lapping with the middle portions of the driving semicon-
ductor layer DA having the gate insulating layer therebe-
tween. 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
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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.

[0059] On the gate elements, an intermediate insulat-
ing layer ILD is disposed as covering the whole surface
of the substrate SUB. The intermediate insulating layer
ILD is for isolating the gate elements from the other con-
ductive 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 in-
termediate insulating layer ILD. By patterning the inter-
mediate insulating layer ILD and the gate insulating layer
Gl, 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 driv-
ing thin film transistor DT is exposed. Further, the gate
pad GP is exposed.

[0060] When patterning the intermediate insulating
layer ILD and/or the gate insulating layer Gl, at the non-
display area NA, some portions of the first line L1 includ-
ing 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 ex-
posed. These contact holes are for connecting the first
line L1 to the second line L2, lately.

[0061] Onthe intermediate insulating layer ILD having
the contact holes, depositing a metal material and pat-
terning it, the data elements are formed. The data ele-
ments 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,
adata line DL, a data pad DP, a driving current line VDD
and a driving pad VDP.

[0062] 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 switch-
ing semiconductor layer SA. The switching drain elec-
trode 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 semicon-
ductor layer DA and the driving drain electrode DD con-
tacts the other side of the driving semiconductor layer
DA. The driving current line VDD is connected to the driv-
ing 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.

[0063] In some 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 stor-
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age electrode BC.

[0064] Inthe 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 dis-
posed. The data elements further include a gate pad ter-
minal 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 con-
nects 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.

[0065] Onthe whole surface of the substrate SUB hav-
ing the data elements, a passivation layer PAS is depos-
ited. Patterning the passivation layer PAS, some portions
of the data elements are exposed. At the same time, a
plurality of trenches TR is formed. For example, in the
non-display area NA, the passivation layer PAS is pat-
terned to expose some portions of the data elements. By
etching the passivation layer PAS, the intermediate in-
sulating layer ILD, the gate insulating layer Gl, the second
buffer layer BF2, the first buffer layer BF1 and the multi-
buffer layer MB sequentially, the trenches TR may be
formed. Itis 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.

[0066] 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. Pat-
terning the planar layer PL and the passivation layer PAS,
the driving drain electrode DD of the driving thin film tran-
sistor DT is exposed. Depositing a conductive material
on the planar layer PL and patterning it, an anode elec-
trode ANO is formed as connecting to the driving drain
electrode DD of the driving thin film transistor DT.
[0067] Disposing a bank material on the planar layer
PL having the anode electrode ANO, and patterning it,
the emission area is defined onthe anode electrode ANO.
Depositing an organic light emitting layer OL and the
cathode electrode CAT sequentially, an organic light
emitting diode OLED is formed.

[0068] The organic light emitting diode display as
shown in FIG. 5A is still not the flexible organic light emit-
ting 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 the results, the rigid substrate SUB
is separated from the organiclayer PI. After that, a flexible
film or a flexible plate SUF is attached on the bottom
surface of the organic layer Pl. Then, as shown in FIG.
5B, the flexible organic light emitting diode display is com-
pleted.

[0069] In the second embodiment of the present dis-
closure, using the metal layers used for the light shielding
layer BS and the storage electrode BC in the display area
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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
embodiment, the gate elements and the data elements
have the same stack structure inthe non-display area NA.
[0070] 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 bend-
ing 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 bend-
ing 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 the results, the damages caused at the
edge bending area EBA can be prevented.

[0071] Further, as the stack structures of the whole pad
area are similar or same, the damages caused by shape
difference or level difference can be prevented. In addi-
tion, as the trenches TR can be formed by single etching
process, the manufacturing process can be minimized.
[0072] Until now, we will explain about the flexible or-
ganic light emitting diode display in which the thin film
transistors have the top gate structure. However, the
main idea can be applied to the organic light emitting
diode display having the bottom gate structure thin film
transistors. Further, the switching thin film transistor 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.

[0073] In the above explanations, the gate insulating
layer Gl covers the whole surface of the substrate on the
semiconductor layer. However, the gate insulating layer
Gl may be patterned with the gate electrode. Inthat case,
the gate insulating layer Gl has the same shape with the
gate electrode, and disposed on the middle portions of
the semiconductor layer overlapping with the gate elec-
trode. In that case, the trenches may have the well struc-
ture in which the organic layer is exposed by etching to
penetrate the intermediate insulating layer, the second
buffer layer, the first buffer layer and the multi-buffer lay-
er.

Claims

1. A flexible organic light emitting diode display com-
prising:

a flexible plate (SUF) including a display area
(AA), a non-display area (NA) surrounding the
display area (AA), and an edge bending area
(EBA) near the display area (AA) in the non-
display area (NA);
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afirstline (L1) disposed in the non-display area
(NA) on the flexible plate (SUF);

a first buffer layer (BF 1) covering the first line
(L1);

a second line (L2) on the first buffer layer (BF 1)
in the non-display area (NA);

asecond buffer layer (BF2) covering the second
line (L2);

gate elements (GL, SG, DG, GP) disposed on
the second buffer layer (BF2);

an intermediate insulating layer (ILD) covering
the gate elements (GL, SG, DG, GP);

data elements (SS, SD, DS, DD, DL, DP, VDD,
VDP, GPT), and a connecting electrode (CN)
connecting the first line (L1) to the second line
(L2) on the intermediate insulating layer (ILD);
and

a plurality of trenches (TR) disposed at the edge
bending area (EBA) and penetrating the inter-
mediate insulating layer (ILD), the second buffer
layer (BF2) and the first buffer layer (BF1).

2. Thedevice according to the claim 1, further compris-

ing:

alight shielding layer (LS) disposed at same lay-
er and including same material as the first line
(L1) in the display area (AA);

a storage electrode (BC) disposed at same layer
and including same material as the second line
(L2) in the display area (AA);

a switching thin film transistor (ST) and a driving
thin film transistor (DT) connected to the switch-
ing thin film transistor (ST) on the second buffer
layer (BF2) in the display area (AA); and

an organic light emitting diode (OLED) connect-
ed to the driving thin film transistor (DT).

3. The device according to the claim 1 or 2,

wherein the gate elements (GL, SG, DG, GP) in-
clude:

a gate pad (GP) disposed in the non-display ar-
ea (NA);

agateline (GL) extended from the gate pad (GP)
over the display area (AA); and

a gate electrode (SG, DG) extruded from the
gate line (GL) in the display area (AA),

and wherein the data elements (SS, SD, DS, DD,
DL, DP, VDD, VDP, GPT) include:

adatapad (DP)disposed inthe non-display area
(NA);

adataline (DL) extended from the data pad (DP)
over the display area (AA);

a source electrode (SS) extruded from the data
line (DL) in the display area (AA);
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a drain electrode (SD) facing with the source
electrode (SS); and

a gate pad terminal (GPT) contacting the gate
pad (GP).

4. Thedevice according to the claim 3, further compris-

ing:

a semiconductor layer (SA, DA) on the second
buffer layer (BF2) and under the gate electrode
(SG, DG), wherein the gate electrode (SG, DG)
overlaps with middle portions of the semicon-
ductor layer (SA, DA); and

a gate insulating layer (Gl) covering whole sur-
face of the second buffer layer (BF2) between
the semiconductor layer (SA, DA) and the gate
electrode (SG, DG),

wherein the trenches (TR) penetrate the intermedi-
ate insulating layer (ILD), the gate insulating layer
(Gl), the second buffer layer (BF2) and the first buffer
layer (BF1).

The device according to the claim 3, further compris-
ing:

a semiconductor layer (SA, DA) on the second
buffer layer (BF2) and under the gate electrode
(SG, DG), wherein the gate electrode (SG, DG)
overlaps with middle portions of the semicon-
ductor layer (SA, DA); and

a gate insulating layer (Gl) having the same
shape as the gate electrode (SG, DG) between
the semiconductor layer (SA, DA) and the gate
electrode (SG, DG),

wherein the trenches (TR) penetrate the intermedi-
ate insulating layer (ILD), the second buffer layer
(BF2) and the first buffer layer (BF1).

The device according to any one of the claims 1 to
3, further comprising:

an organic layer (P1) directly contacting whole
of a surface of the flexible plate (SUF);

a multi-buffer layer (MB) directly contacting
whole of a surface of the organic layer (Pl); and
agateinsulating layer (GI) deposited on the mul-
ti-buffer layer (MB),

wherein the trenches (TR) expose some of the or-
ganic layer (Pl) by penetrating the intermediate in-
sulating layer (ILD), the gate insulating layer (Gl),
the second buffer layer (BF2), the first buffer layer
(BF1) and the multi-buffer layer (MB).

The device according to any one of the claims 1 to
3, further comprising:
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an organic layer (Pl) directly contacting whole
of a surface of the flexible plate (SUF); and
a multi-buffer layer (MB) directly contacting
whole of a surface of the organic layer (Pl),

wherein the trenches expose some of the organic
layer (PI) by penetrating the intermediate insulating
layer (ILD), the second buffer layer (BF2), the first
buffer layer (BF 1) and the multi-buffer layer (MB).

The device according to any one of the claims 1 to
7, wherein the non-display area (NA) is disposed be-
hind one of a lateral side and arear side of the display
area (AA) by bending the edge bending area (EBA).

10

15

20

25

30

35

40

45

50

55

10

18



EP 3 188 269 A1

FIG. 1
Related Art

SUB

|

DPT DP

\_

— VDPT
—— VDP
~— VPH

\ =1’

il
A

D I A}
o () S D
= () o o
| I I
=t
e —— N — ;
—
m/\\ t | O
o |
= % | ol
= N (N
| _ =g
Il I\\S
L ———— =
e I
P/l\
=_ |
[aa)

GI)’H

O N
[
GPT

GP

11



EP 3 188 269 A1

FIG. 2
Related Art
OLE
BF SE BN PL ANO OL CAT PL BN

D N L Y B
] L/ /] ]

GPT DPT

1 n AL \ ' | : A
| LA l \ y
iR
R T T e T .
GP GI PAS GLILD DL SSSGSASD DSDGDADD BUF GI IN SUB VDD DL DP

ST DT

L e N
e e S B

—
J—

12



—— VDD

— VDPT

—— VDP
~— VPH

/

ANO BN
[

DPT DP
\ |
——DL

DPH—

|

BN | PL

FIG. 3
4

EP 3 188 269 A1

|

SUF

NA

|

EBA

GI)’H

=<
|
GPT

TR~
TR

NA

AA

13



EP 3 188 269 A1

FIG. 4A

BN

y

OLED
CAT OL ANO

BN

AA
/

(o s | ono les e | o opl

[/

|

)

;o]
SUB SL PI MB GI SS SA

\

ILD

S6 BUF DS DG BUF ILD VDD
DT

ST

14



EP 3 188 269 A1

FIG. 4B

NA

OLED
CAT OL ANO
/

BN

/

A\ A W AN A

il ¥

M s

R

SD

|

SG  BUF

SL P)I I‘}B G}l SS/SI{

\

Vo
SUF

ILD

DG BUF ILD VDD

DS

DT

ST

15



EP 3 188 269 A1

FIG. 5A
NA AR e NA .
| OLED |
| | |
ILD DG BN  CAT OLANO BN PASTRILD TR DP

UL

VAN

SuB SL PI BS MB SS |SA [ BC | DG | DD
6 SD ILD BF1

g e T LTI

DS DA

ST DT

16



EP 3 188 269 A1

FIG. 5B
OLED
—
GI ILD DG BN  CAT OLANO BN PASTR ILD TR DP

T mo L)/

aa [T

GPT
GP\ |BF2/ ILD / ( \[
‘ \A-l-l 1| 0

N ] e , \
AT AN vy
[ 1 / [ \ I |
AL /
| \

TN
DRI RN

17



10

15

20

25

30

35

40

45

50

55

EP 3 188 269 A1

9

Europiisches
Patentamt

European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 20 3999

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

Y

US 2015/144922 Al (MOON JINYOUNG [KR] ET
AL) 28 May 2015 (2015-05-28)

* paragraph [0081] - paragraph [0106];
figure 8 *

US 2011/001146 Al (YAMAZAKI SHUNPEI [JP]
ET AL) 6 January 2011 (2011-01-06)

* paragraph [0056]; figure 1 *

US 20047124763 Al (NATHAN AROKIA [CA] ET
AL) 1 July 2004 (2004-07-01)

* paragraph [0033] - paragraph [0044];
figures 8-9 *

5 February 2015 (2015-02-05)

* paragraph [0067] - paragraph [0082];
figures 4-7 *

US 2015/205154 Al (KOO BON-YONG [KR] ET
AL) 23 July 2015 (2015-07-23)

* figure 7 *

US 2015/036299 Al (NAMKUNG JUN [KR] ET AL)

The present search report has been drawn up for all claims

1,3-8

1,3-8

1,3-8

1,3-8

1-8

INV.
HO1L51/00
HO1L27/32

TECHNICAL FIELDS
SEARCHED (IPC)

HO1L

Place of search

Munich

Date of completion of the search

18 May 2017

Examiner

Bernabé Prieto, A

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

18




EP 3 188 269 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 20 3999

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

18-05-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2015144922 Al 28-05-2015 CN 104681589 A 03-06-2015
KR 20150061756 A 05-06-2015
US 2015144922 Al 28-05-2015

US 2011001146 Al 06-01-2011 JP 5796115 B2 21-10-2015
JP 6078599 B2 08-02-2017
JP 2011029176 A 10-02-2011
JP 2014239045 A 18-12-2014
JP 2015233015 A 24-12-2015
JP 2017063061 A 30-03-2017
US 2011001146 Al 06-01-2011
US 2014138711 Al 22-05-2014
US 2016126493 Al 05-05-2016

US 2004124763 Al 01-07-2004  NONE

US 2015036299 Al 05-02-2015 KR 20150015257 A 10-02-2015
US 2015036299 Al 05-02-2015

US 2015205154 Al 23-07-2015 KR 20150086827 A 29-07-2015
US 2015205154 Al 23-07-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19




patsnap

ERATROF) EELGEHENNIEENAKX-REL R
DF(RE)F EP3188269A1 DF(E)A 2017-07-05
HiFs EP2016203999 RiFH 2016-12-14

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG DISPLAY CO., LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA PARK JAESOO
SHIN DONGCHAE

RAAN PARK, JAESOO
SHIN, DONGCHAE

IPCH %S HO1L51/00 HO1L27/32

CPCH %S HO1L27/3244 HO1L51/0097 HO1L27/3272 HO1L27/3276 HO1L2251/5338 Y02E10/549 HO01L27/3258
HO1L27/3262

k54X 1020150189675 2015-12-30 KR
INEPeELE Espacenet

BEF)
TEASR—HEFLGEMEMNEEENAX-REL R’E. £X
PARE—FGENAX-RELTE , F . THER (SUF) , BFEETR OLED

X (AA) , BRERXE (AA) WIEERXE (NA) |, ARBLEE 6l I DG BN GATOLAND BN PASTRILD IR DP
fX (EBA ) EIFFERESE (NA) FWERKS, (AA) B—%& ®oT L2 |// }kwﬂ>

'l |
(L1) REEZMAR (SUF) FMESREE (NA) o ESE—8 @ EN\" ////{ 77

e
— i gEE = PN G| o2} 9 p \ / /
(L1)WE—EhE (BF1) JEERKE (NA ) FHE—E5E S / [ f
(BF1) EWE=% (L2) BEE-K (L2) WEEHE (BF2) # [ lﬁ&; i \ \I’ (ENaL:
W4 (GL, SG, DG, GP ) REEHZ=EH/E (BF2) L EHMR T e O O L U

7t (GL,SG, DG, GP ) HHhRE4LZ/= (ILD ) ;BB (SS, ( | \
|

SD,DS,DD,DL,DP,VDD,VDP) , MRFGHHELEZE (ILD) £ [} )tz) > ) { \\. \
PS4 (L1) ERRE =K (L2) WEHBIR (CN ) ;S04 RCRTHE B°(D‘* e

FIG. 5B

Ny
1

\
(TR ) BEENLEEHXE (EBA ) HEETHLSEE (ILD) |, = i‘;j ”Ln,f'; e
ZEWE (BF2) MEE—&M™E (BF1) .


https://share-analytics.zhihuiya.com/view/534bed9f-634a-4056-a7ba-6a46a919eb8a
https://worldwide.espacenet.com/patent/search/family/057737557/publication/EP3188269A1?q=EP3188269A1

