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7) ABSTRACT

A flexible organic light-emitting display device may include:
a first polymer layer; a first transparent conductive layer
over the first polymer layer; a first inorganic layer over the
first transparent conductive layer; and a plurality of pixels on
the first inorganic layer and each including an organic
light-emitting diode, and a driver configured to drive the
organic light-emitting diode.
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FLEXIBLE SUBSTRATE AND DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean patent application number 10-2017-0170587,
filed on Dec. 12, 2017 in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference.

BACKGROUND

1. Field

[0002] Aspects of embodiments of the present disclosure
relate to a flexible substrate and a display device including
the flexible substrate.

2. Description of the Related Art

[0003] A display device is a device which displays an
image. Recently, an organic light-emitting diode display is
in the spotlight as a display device.

[0004] The organic light-emitting diode display has spon-
taneous emission characteristics without needing a separate
light source, so that it may have reduced thickness and
weight. In addition, the organic light-emitting diode display
has high-quality characteristics, such as low power con-
sumption, high luminance, and high response speed.
[0005] Recently, a technique by which a substrate is
manufactured as a flexible substrate so that an organic
light-emitting diode display may be embodied as a flexible
display device was proposed.

[0006] If the flexible substrate is defective, moisture may
permeate an organic light-emitting diode through a defective
portion of the flexible substrate, whereby the life span of the
organic light-emitting diode display may be reduced. Fur-
thermore, the luminance of an image may deteriorate
depending on the characteristics of the flexible substrate.

SUMMARY

[0007] According to an aspect of embodiments of the
present disclosure, a display device has a substrate with
improved characteristics to prevent or substantially prevent
deterioration in driving characteristics of a display panel.
[0008] According to one or more embodiments of the
present disclosure, a flexible organic light-emitting display
device includes: a first polymer layer; a first transparent
conductive layer over the first polymer layer; a first inor-
ganic layer over the first transparent conductive layer; and a
plurality of pixels on the first inorganic layer and each
including an organic light-emitting diode, and a driver
configured to drive the organic light-emitting diode.
[0009] In an embodiment, the flexible organic light-emit-
ting display device may further include: a second polymer
layer; and a second inorganic layer between the second
polymer layer and the first polymer layer.

[0010] In an embodiment, the flexible organic light-emit-
ting display device may further include a buffer layer over
the first inorganic layer.

[0011] In an embodiment, the first inorganic layer may
include a first opening. The flexible organic light-emitting
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display device may further include a conductive connection
pattern in the first opening and contacting the first transpar-
ent conductive layer.

[0012] In an embodiment, the flexible organic light-emit-
ting display device may include: a first planar area in which
the plurality of pixels is arranged; a first bending area on a
side of the first planar area and configured to be bendable
about a first bending axis extending in a first direction; and
a second planar area on a side of the first bending area.
[0013] In an embodiment, the conductive connection pat-
tern may be in the first planar area.

[0014] In an embodiment, the conductive connection pat-
tern may be electrically coupled with a power supply unit
provided in the second planar area.

[0015] In an embodiment, the first transparent conductive
layer may be supplied with a ground voltage through the
conductive connection pattern.

[0016] In an embodiment, the flexible organic light-emit-
ting display device may further include: a second transparent
conductive layer over the first inorganic layer; and a third
inorganic layer over the second transparent conductive layer.
[0017] In an embodiment, the flexible organic light-emit-
ting display device may further include a second transparent
conductive layer under the second polymer layer.

[0018] In an embodiment, the first transparent conductive
layer may include at least one second opening.

[0019] In an embodiment, the driver included in each of
the plurality of pixels may include a plurality of thin-film
transistors and a storage capacitor. The thin-film transistors
may include: a first transistor including a gate electrode, a
first electrode, and a second electrode, and configured to
control current to be supplied from a first power source
coupled with the first electrode to a second power source via
the organic light-emitting diode, in response to a voltage of
a first node coupled to the gate electrode; a second transistor
coupled between a data line and the first transistor, and
including a gate electrode coupled to a scan line; and a third
transistor including a first electrode coupled to the first node,
a second electrode coupled to the second electrode of the
first transistor, and a gate electrode coupled to the scan line.
[0020] In an embodiment, the third transistor and the first
transparent conductive layer may overlap with each other in
a plan view.

[0021] According to one or more embodiments of the
present disclosure, a flexible substrate includes: a first poly-
mer layer; a first inorganic layer over the first polymer layer;
a second polymer layer over the first inorganic layer; a first
transparent conductive layer over the second polymer layer;
and a second inorganic layer over the first transparent
conductive layer.

[0022] In an embodiment, the flexible substrate may
include: a first planar area; a first bending area on a side of
the first planar area and configured to be bendable about a
first bending axis extending in a first direction; and a second
planar area on a side of the first bending area.

[0023] In an embodiment, the second inorganic layer may
include a first opening. The flexible substrate may further
include a conductive connection pattern in the first opening
and contacting the first transparent conductive layer.
[0024] In an embodiment, the conductive connection pat-
tern may be in the first planar area.

[0025] In an embodiment, the flexible substrate may fur-
ther include: a second transparent conductive layer over the
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second inorganic layer; and a third inorganic layer over the
second transparent conductive layer.

[0026] In an embodiment, the conductive connection pat-
tern may pass through the second transparent conductive
layer and the third inorganic layer.

[0027] In an embodiment, the flexible substrate may fur-
ther include a second transparent conductive layer under the
first polymer layer.

[0028] In an embodiment, the first transparent conductive
layer may include at least one second opening.

[0029] In an embodiment, each of the first polymer layer
and the second polymer layer may include polyimide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 illustrates a configuration of a display
device in accordance with an embodiment of the present
disclosure.

[0031] FIGS. 2 and 3 are diagrams illustrating a substrate
in accordance with an embodiment of the present disclosure.
[0032] FIG. 4 is a diagram illustrating an example of a
pixel shown in FIG. 1.

[0033] FIG. 51is a diagram illustrating a method of driving
the pixel shown in FIG. 4.

[0034] FIG. 61s a cross-sectional view taken along the line
11-11" of FIG. 3 in accordance with an embodiment.
[0035] FIG. 7is a cross-sectional view taken along the line
12-12' of FIG. 3 in accordance with an embodiment.
[0036] FIG. 8is a cross-sectional view taken along the line
11-11" of FIG. 3 in accordance with an embodiment.
[0037] FIG.9isa cross-sectional view taken along the line
12-12' of FIG. 3 in accordance with an embodiment.
[0038] FIG. 10 is a cross-sectional view taken along the
line I1-11' of FIG. 3 in accordance with an embodiment.
[0039] FIG. 11 is a cross-sectional view taken along the
line 12-12' of FIG. 3 in accordance with an embodiment.
[0040] FIGS. 12A to 12C are diagrams illustrating some
examples of a shape of a conductive layer in accordance
with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0041] Herein, some embodiments will be described in
greater detail with reference to the accompanying drawings.
Some embodiments are described herein with reference to
cross-sectional illustrations that are schematic illustrations
of embodiments (and intermediate structures). As such,
variations from the shapes of the illustrations as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, embodiments should not be construed
as limited to the particular shapes of regions illustrated
herein, but may include deviations in shapes that result, for
example, from manufacturing. In the drawings, lengths and
sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

[0042] Terms such as “first” and “second” may be used to
describe various components, but do not limit the various
components. These terms are used for the purpose of dif-
ferentiating a component from other components. For
example, a “first” component may be referred to as a
“second” component, and a “second” component may be
referred to as a “first” component, and so forth, without
departing from the spirit and scope of the present disclosure.
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Furthermore, “and/or” may include any one of or a combi-
nation of the components mentioned.

[0043] Furthermore, a singular form may include a plural
form as long as it is not specifically mentioned in a sentence.
Furthermore, “include/comprise” or “including/comprising”
used in the specification represents that one or more com-
ponents, steps, operations, and elements exist or are added.
[0044] Furthermore, unless defined otherwise, all the
terms used in this specification including technical and
scientific terms have the same meanings as would be gen-
erally understood by those skilled in the related art. The
terms defined in generally used dictionaries should be con-
strued as having the same meanings as would be construed
in the context of the related art, and unless clearly defined
otherwise in this specification, should not be construed as
having idealistic or overly formal meanings.

[0045] It is also noted that in this specification, “con-
nected/coupled” refers to one component not only directly
coupling another component but also indirectly coupling
another component through one or more intermediate com-
ponents. On the other hand, “directly connected/directly
coupled” refers to one component directly coupling another
component without an intermediate component.

[0046] Herein, a substrate and a display device including
the substrate in accordance with embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings pertaining to the embodiments.

[0047] FIG. 1 illustrates a configuration of a display
device in accordance with an embodiment of the present
disclosure.

[0048] Referring to FIG. 1, the display device in accor-
dance with an embodiment of the present disclosure may
include a pixel unit 100 and a display driver 200. The display
driver 200 may include a scan driver 210, an emission driver
220, a data driver 230, and a timing controller 250.

[0049] The timing controller 250 may generate a scan
driving control signal SCS, a data driving control signal
DCS, and an emission driving control signal ECS, based on
signals input from an external device.

[0050] The scan driving control signal SCS generated
from the timing controller 250 may be supplied to the scan
driver 210. The data driving control signal DCS may be
supplied to the data driver 230. The emission driving control
signal ECS may be supplied to the emission driver 220.
[0051] The scan driver 210 may supply scan signals to
scan lines S11 to S1# in response to the scan driving control
signal SCS. For example, the scan driver 210 may succes-
sively supply the scan signals to the scan lines S11 to S1n.
[0052] The data driver 230 may supply data signals to data
lines D1 to Dm in response to the data driving control signal
DCS. The data signals supplied to the data lines D1 to Dm
may be supplied to pixels PXL selected by the scan signals.
[0053] The emission driver 220 may supply emission
control signals to emission control lines E1 to En in response
to the emission driving control signal ECS. For example, the
emission driver 220 may successively supply the emission
control signals to the emission control lines F1 to En.
[0054] Although the scan driver 210 and the emission
driver 220 have been illustrated in FIG. 1 as being separate
components, the present disclosure is not limited thereto.
For example, the scan driver 210 and the emission driver
220 may be formed as a single driver.

[0055] In an embodiment, the scan driver 210 and/or the
emission driver 220 may be mounted on a substrate through
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a thin film process. Furthermore, the scan driver 210 and/or
the emission driver 220 may be disposed on each of the
opposite sides of the pixel unit 100.

[0056] The pixel unit 100 may include a plurality of pixels
PXL that are coupled with the data lines D1 to Dm, the scan
lines S11 to S1r, and the emission control lines E1 to En.
The pixel unit 100 may correspond to a display area DA of
the display device.

[0057] The pixels PXL may be supplied with a first power
source ELVDD and a second power source ELVSS from an
external device. In some cases, the pixels PXL may be
supplied with an initialization power source Vint.

[0058] Each of the pixels PXL may be selected when a
scan signal is supplied to a corresponding one of the scan
lines S11 to S1x that is coupled with the pixel PXL, and then
be supplied with a data signal from a corresponding one of
the data lines D1 to Dm. The pixel PXL supplied with the
data signal may control, in response to the data signal,
current flowing from the first power source ELVDD to the
second power source ELVSS via an emission element (not
shown).

[0059] The emission element may generate light having a
luminance (e.g., a predetermined luminance) in response to
the current. In addition, the voltage of the first power source
ELVDD may be set to a value higher than that of the second
power source ELVSS.

[0060] Although each pixel PXL is illustrated in FIG. 1 as
being coupled to a single scan line S1i, a single data line Dy,
and a single emission control line Ei, the present disclosure
is not limited thereto. In other words, depending on a circuit
structure of each pixel PXL, a plurality of the scan lines S11
to S1z may be coupled to the pixel PXL, and a plurality of
the emission control lines E1 to En may be coupled to the
pixel PXL.

[0061] FIGS. 2 and 3 are diagrams illustrating a substrate
1 in accordance with an embodiment of the present disclo-
sure.

[0062] For the sake of explanation, in FIG. 3, the substrate
1 is illustrated in an unbent state. Furthermore, in the
cross-sectional views or plan views pertaining to the fol-
lowing embodiments, for the sake of explanation, the dis-
play device may also be illustrated in an unbent state.
[0063] As shown in FIG. 2, the substrate 1 provided to
form the display device may have a partially bent shape.
[0064] Referring to FIG. 2, in an embodiment, the sub-
strate 1 may include a first planar area 1A, a first bending
area 1BA, and a second planar area 2A.

[0065] The first bending area 1BA may be disposed
between the first planar area 1A and the second planar area
2A, based on a second direction DR2.

[0066] The first bending area 1BA may be formed by
bending the substrate 1 about a first bending axis 1BAX
extending in a first direction DR1, as shown in FIG. 2.
[0067] The substrate 1 may include any of various mate-
rials having flexible or bendable characteristics and, for
example, may include a polymer resin, such as polyether
sulfone (PES), polyacrylate (PAR), polyetherimide (PEI),
polyethylene naphthalate (PEN), polyethylene terephthalate
(PET), polyphenylene sulfide (PPS), polyarylate, polyimide
(PD), polycarbonate (PC), or cellulose acetate propionate
(CAP).

[0068] The first planar area 1A of the substrate 1 may
include a display area DA which embodies an image to be
recognized by a user, and a peripheral area NDA formed
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around the periphery of the display area DA. Here, the
display area DA may correspond to the pixel unit 100 shown
in FIG. 1, and components of the pixel unit 100 may be
disposed on the display area DA of the substrate 1. Although
not shown, a buffer layer may be disposed between the
components of the pixel unit 100 and the substrate 1. The
buffer layer may serve to increase a flatness of an upper
surface of the substrate 1, and may serve to prevent or
minimize impurities in the substrate 1, and the like from
permeating into the components of the pixel unit 100.
[0069] In an embodiment, the display area DA may be
provided neither in the first bending area 1BA nor in the
second planar area 2A, and only the peripheral area NDA
may be included in the first bending area 1BA and the
second planar area 2A.

[0070] Although not shown, a power supply unit may be
disposed in the second planar area 2A. The power supply
unit may be separately formed and then coupled to a pad unit
formed on the second planar area 2A or, alternatively, may
be directly formed on the second planar area 2A.

[0071] The power supply unit may perform a function of
supplying various power sources needed to drive the display
device. For instance, the power supply unit may supply the
first power source ELVDD, the second power source
ELVSS, and the initialization power source Vint to the pixels
PXL. Furthermore, the power supply unit may supply a
driving power source for driving the scan driver 210, the
emission driver 220, etc. In addition, the power supply umt
may supply a ground voltage to a conductive layer provided
to form the substrate 1.

[0072] The display area DA and the peripheral area NDA
may include at least one emission element, data lines (or
data fan-out lines) for providing data signals to respective
pixels of a pixel area, scan lines for providing scan signals,
emission lines for providing emission signals, and a power
supply line for providing a power voltage, the pad unit, and
so forth.

[0073] In this specification, for the sake of explanation, an
organic light-emitting diode will be described as a kind of
emission element by way of example, but the present
disclosure is not limited thereto. For example, the emission
element may include a liquid crystal display element.
[0074] FIG. 4 is a diagram illustrating an example of the
pixel PXL shown in FIG. 1. In FIG. 4, for the sake of
description, a pixel PXL coupled to an m-th data line Dm
and an i-th scan line S1i will be illustrated.

[0075] Referring to FIG. 4, the pixel PXL in accordance
with an embodiment of the present disclosure may include
an organic light-emitting diode OLED, first to seventh
transistors T1 to T7, and a storage capacitor Cst.

[0076] An anode of the OLED may be coupled to the first
transistor T1 via the sixth transistor T6, and a cathode
thereof may be coupled to a second pixel power source
ELVSS. The organic light-emitting diode OLED may gen-
erate light having a luminance (e.g., a predetermined lumi-
nance) corresponding to current supplied from the first
transistor T1.

[0077] A first pixel power source ELVDD may be set to a
voltage higher than that of the second pixel power source
ELVSS such that current can flow to the organic light-
emitting diode OLED.

[0078] The seventh transistor T7 may be coupled between
an initialization power source Vint and the anode of the
organic light-emitting diode OLED. A gate electrode of the
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seventh transistor T7 may be coupled to an i+1-th scan line
S1i+1. When a scan signal is supplied to the i+1-th scan line
S1i+1, the seventh transistor T7 may be turned on such that
a voltage of the initialization power source Vint may be
supplied to the anode of the organic light-emitting diode
OLED. The initialization power source Vint may be set to a
voltage lower than that of the data signal.

[0079] In FIG. 4, there has been illustrated an example in
which the i+1-th scan line S1i+1 is coupled to the gate
electrode of the seventh transistor T7, but the present
disclosure is not limited thereto. For example, the gate
electrode of the seventh transistor T7 may be coupled to an
i-th scan line S1i or an i-1-th scan line SIM.

[0080] The sixth transistor T6 may be coupled between the
first transistor T1 and the organic light-emitting diode
OLED. A gate electrode of the sixth transistor T6 may be
coupled to an i-th emission control line E1i. The sixth
transistor T6 may be turned off when an emission control
signal is supplied to the i-th emission control line E1i, and
may be turned on in other cases.

[0081] The fifth transistor T5 may be coupled between the
first pixel power source ELVDD and the first transistor T1.
A gate electrode of the fifth transistor TS may be coupled to
the i-th emission control line E1i. The fifth transistor T5 may
be turned off when an emission control signal is supplied to
the i-th emission control line E1/, and may be turned on in
other cases.

[0082] A first electrode of the first transistor T1 (driving
transistor) may be coupled to the first pixel power source
ELVDD via the fifth transistor T5, and a second electrode
thereof may be coupled to the anode of the organic light-
emitting diode OLED via the sixth transistor T6. A gate
electrode of the first transistor T1 may be coupled to a first
node N1. The first transistor T1 may control, in response to
a voltage of the first node N1, current flowing from the first
pixel power source ELVDD to the second pixel power
source ELVSS via the organic light-emitting diode OLED.

[0083] The third transistor T3 may be coupled between a
second electrode of the first transistor T1 and the first node
N1. A gate electrode of the third transistor T3 may be
coupled to the i-th scan line S1i. When a scan signal is
supplied to the i-th scan line S1;, the third transistor T3 may
be turned on such that the second electrode of the first
transistor T1 can be electrically coupled with the first node
N1. Therefore, when the third transistor T3 is turned on, the
first transistor T1 may be connected in the form of a diode.

[0084] The fourth transistor T4 may be coupled between
the first node N1 and the initialization power source Vint. A
gate electrode of the fourth transistor T4 may be coupled to
the i-1-th scan line S1i-1. When a scan signal is supplied to
the i-1-th scan line S1i-1, the fourth transistor T4 is turned
on such that the voltage of the initialization power source
Vint can be supplied to the first node N1.

[0085] In the case in which the pixel PXL shown in FIG.
4 is disposed on a first horizontal line of a first pixel area, the
gate electrode of the fourth transistor T4 may be coupled to
a dummy line (not shown) corresponding to the i-1-th scan
line S1i-1.

[0086] The second transistor T2 may be coupled between
the m-th data line Dm and the first electrode of the first
transistor T1. A gate electrode of the second transistor T2
may be coupled to the i-th scan line S1i. When a scan signal
is supplied to the i-th scan line S1i, the second transistor T2
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may be turned on such that the first electrode of the first
transistor T1 can be electrically coupled with the m-th data
line Dm.

[0087] The storage capacitor Cst may be coupled between
the first pixel power source ELVDD and the first node N1.
The storage capacitor Cst may store a voltage corresponding
both to a data signal and to a threshold voltage of the first
transistor T1.

[0088] The pixel structure illustrated in FIG. 4 is only one
example using the three scan lines and the emission control
line, and the pixel PXL according to the present disclosure
is not limited to the foregoing pixel structure.

[0089] In the present disclosure, the organic light-emitting
diode OLED may generate light having any of various
colors including red, green, and blue in response to current
supplied from the driving transistor, but the present disclo-
sure is not limited thereto. For instance, the organic light-
emitting diode OLED may generate white light depending
on the current supplied from the driving transistor. In this
case, a separate color filter or the like may be used to
embody a color image.

[0090] FIG. 5 is a diagram illustrating a method of driving
the pixel PXL shown in FIG. 4.

[0091] First, an emission control signal F1i is supplied to
the i-th emission control line E1i. When the emission control
signal F1i is supplied to the i-th emission control line E1;,
the fifth transistor TS and the sixth transistor T6 are turned
off. Here, the pixel PXL may be set to a non-emission state.
[0092] Subsequently. a scan signal G1i-1 is supplied to
the i-1-th scan line S1i-1, so that the fourth transistor T4 is
turned on. When the fourth transistor T4 is turned on, the
voltage of the initialization power source Vint is supplied to
the first node N1. Then, the first node N1 may be initialized
to the voltage of the initialization power source Vint.
[0093] After the first node N1 has been initialized to the
voltage of the initialization power source Vint, a scan signal
G1iis supplied to the i-th scan line S1i. When the scan signal
G1iis supplied to the i-th scan line S1i, the second transistor
T2 and the third transistor T3 are turned on.

[0094] When the third transistor T3 is turned on, the first
transistor T1 is connected in the form of a diode.

[0095] When the second transistor T2 is turned on, a data
signal is supplied from the m-th data line Dm to the first
electrode of the first transistor T1. Here, since the first node
N1 has been initialized to the voltage of the initialization
power source Vint that is lower than the data signal, the first
transistor T1 may be turned on.

[0096] When the first transistor T1 is turned on, a voltage
formed by subtracting the threshold voltage of the first
transistor T1 from the data signal is applied to the first node
N1. The storage capacitor Cst stores a voltage V_Cst cor-
responding both to the data signal applied to the first node
N1 and to the threshold voltage of the first transistor T1.
[0097] Thereafter, a scan signal Gli+1 is supplied to the
i+1-th scan line S1i+1. When the scan signal Gli+1 is
supplied to the i+1-th scan line S1/+1, the seventh transistor
T7 is turned on.

[0098] When the seventh transistor T7 is turned on, the
voltage of the initialization power source Vint is supplied to
the anode electrode of the organic light-emitting diode
OLED. Then, a parasitic capacitor which is parasitically
formed in the organic light-emitting diode OLED is dis-
charged, whereby the black expression performance may be
enhanced.
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[0099] Thereafter, the supply of the emission control sig-
nal E1i to the i-th emission control line E1i is interrupted.
[0100] When the supply of the emission control signal E1i
to the i-th emission control line E1/ is interrupted, the fifth
transistor T5 and the sixth transistor T6 are turned on. Then,
there is formed a current path extending from the first power
source ELVDD to the second power source ELVSS via the
fifth transistor T5, the first transistor T1, the sixth transistor
T6, and the organic light-emitting diode OLED.

[0101] Here, the first transistor T1 may control, in
response to the voltage of the first node N1, current flowing
from the first power source ELVDD to the second power
source ELVSS via the organic light-emitting diode OLED.
The organic light-emitting diode OLED may emit light
having a luminance (e.g., a predetermined luminance) cor-
responding to the current supplied from the first transistor
T1.

[0102] Substantially, the pixel PXL may repeatedly per-
form the above-mentioned process and thus generate light
having a luminance (e.g., a predetermined luminance).
[0103] The emission control signal F1i to be supplied to
the i-th emission control line E1/ may overlap at least one
scan signal such that the pixel PXL is set to a non-emission
state during a period for which the data signal is charged to
the pixel PXL. Such a supply timing of the emission control
signal F1i may be changed in various forms.

[0104] A parasitic capacitance Cp may be formed between
the gate electrode and the first electrode (e.g., the source
electrode) of the third transistor T3. The parasitic capaci-
tance Cp may affect a kick back voltage Vkb. The higher the
parasitic capacitance Cp, the higher the level of the kick
back voltage Vkb may be.

[0105] When the voltage of the i-th scan signal G1i is
changed from a low level to a high level, the voltage of the
second node N2 may be increased. The amount of change in
voltage of the storage capacitor Cst due to an increase in
voltage of the second node N2 may be referred to as the kick
back voltage Vkb. The higher the level of kick back voltage
VKkb, the higher the possibility of deterioration in luminance
of an image may be.

[0106] As described with reference to FIGS. 2 and 3, the
substrate 1 may include material having flexible or bendable
characteristics. In an embodiment, polyimide may be mainly
used to manufacture the substrate having the flexible or
bendable characteristics.

[0107] Due to the characteristics of polyimide, negative
charges may be easily trapped. If a negative charge is
trapped in the substrate, the threshold voltages of the tran-
sistors may be shifted in a positive direction. Particularly, if
the threshold voltage of the third transistor is shifted in the
positive direction, the parasitic capacitance Cp is increased.
The increase of the parasitic capacitance Cp may increase
the kick back voltage Vkb.

[0108] Therefore, in the case in which the pixel unit is
formed on the substrate including polyimide, a problem of
deterioration in luminance of an image may be caused.
Hence, if the pixel unit is formed on the substrate including
polyimide, there is a need to prevent or substantially prevent
a negative charge from being trapped in the substrate.
[0109] Herein, a structure of the substrate in accordance
with an embodiment of the present disclosure will be
described in further detail.

[0110] FIG. 6 is a cross-sectional view taken along the line
I1-11" of FIG. 3 in accordance with an embodiment.
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[0111] Referring to FIG. 6, the substrate 1 in accordance
with an embodiment of the present disclosure may include
a plurality of inorganic layers 10L.1 and 1012, a plurality of
organic layers OL1 and OL2, and a first conductive layer
CL1.

[0112] In an embodiment, the first organic layer OL1 may
be made of a polymer, and may have a single layer or
multilayer structure including polyimide. Furthermore, the
first organic layer OL1 may include one or more of poly-
ethylene terephthalate, polycarbonate, epoxy, polyethylene,
and polyacrylate.

[0113] The first inorganic layer IOL1 may be formed over
the first organic layer OL1.

[0114] The first inorganic layer IOL1 may have a single
layer or multilayer structure including metal oxide or metal
nitride. In an embodiment, the first inorganic layer 1011
may include one or more of silicon nitride (SiNx), aluminum
oxide (Al,O,), silicon oxide (SiOx), and titanium oxide
(TiO,).

[0115] The second organic layer OL2 may be formed over
the first inorganic layer 10L1. In an embodiment, the second
organic layer OL2 may include material capable of forming
the first organic layer OL1, and may be formed of the same
material as that of the first organic layer OL1. The second
organic layer OL2 may have a single layer or multilayer
structure.

[0116] The first conductive layer CL1 may be formed over
the second organic layer OL2, and may have a single layer
or multilayer structure.

[0117] The first conductive layer CL1 may include a
conductive material. In an embodiment of the present dis-
closure, the conductive material may include a metal or an
alloy of a metal. Examples of the metal may include gold
(Au), silver (Ag), aluminum (Al), molybdenum (Mo), chro-
mium (Cr), titanium (T1), nickel (Ni), neodymium (Nd),
copper (Cu), and platinum (Pt).

[0118] In an embodiment, the first conductive layer CL1
may be formed of a transparent conductive material.
Examples of the transparent conductive material may
include a silver nanowire (AgNW), indium tin oxide (ITO),
indium zinc oxide (IZ0), antimony zinc oxide (AZO),
indium tin zinc oxide (ITZO), zinc oxide (ZnO), tin oxide
(Sn0,), a carbon nanotube, and graphene.

[0119] In an embodiment, the first conductive layer CL1
may include PEDOT:PSS.

[0120] FIG. 7is a cross-sectional view taken along the line
12-12' of FIG. 3 in accordance with an embodiment.

[0121] Referring to FIG. 7, the second inorganic layer
1012 may include a connection pattern CP. The connection
pattern CP may be formed by filling an opening OP1 formed
in the second inorganic layer IOL2 with a conductive
material. In other words, a portion of an upper surface of the
first conductive layer CL.1 may come into direct contact with
the connection pattern CP.

[0122] In an embodiment, the connection pattern CP may
have the form of a trench extending in the first direction
DR1. Alternatively, the connection pattern CP may have a
hole shape. In this case, a plurality of connection patterns CP
may be arranged in the first direction DRI1.

[0123] The connection pattern CP may be coupled to a
power supply unit disposed on the substrate 1 so that a
ground voltage may be applied to the connection pattern CP.
Therefore, the first conductive layer CL1 may be supplied
with the ground voltage through the connection pattern CP,
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thereby preventing or substantially preventing a negative
charge from being trapped in the first or second organic layer
OL1 or OL2 including polyimide.

[0124] The conductive material included in the connection
pattern CP may include at least any one of materials capable
of forming the first conductive layer CL1.

[0125] The opening OP1 may be formed in the first planar
area 1A and disposed adjacent to the first bending area 1BA.
[0126] Since the hardness of an inorganic layer is gener-
ally relatively high, there is a high probability of occurrence
of a crack or the like in the inorganic layer when stress is
applied to the inorganic layer. If a crack is formed in the
inorganic layer, there is also a high probability of occurrence
of a crack in components (e.g., thin-film transistors or lines)
disposed on the inorganic layer.

[0127] However, in the present disclosure, the opening
OP1 may be formed in the second inorganic layer IOL2 at
a position adjacent to the first bending area 1BA, whereby
a crack may be prevented or substantially prevented from
being formed in the second inorganic layer IOL2 when the
substrate 1 is bent.

[0128] FIG. 81is a cross-sectional view taken along the line
11-11"' of FIG. 3 in accordance with an embodiment; and FIG.
9 is a cross-sectional view taken along the line 12-12' of FIG.
3 in accordance with an embodiment.

[0129] The following description with reference with
FIGS. 8 and 9 will be focused on differences from the
above-described embodiments, and some redundant descrip-
tions may be omitted. Hence, the following description will
be focused on a second conductive layer CL2 and a third
inorganic layer IOL3.

[0130] Referring to FIGS. 8 and 9, the substrate 1 may
include a plurality of inorganic layers 10L1, 10L2, and
1013, a plurality of organic layers OL1 and OL2, and a
plurality of conductive layers CL.1 and CL2.

[0131] In an embodiment, the first organic layer OL1, the
first inorganic layer 1011, the second organic layer OL2, the
first conductive layer CL1, the second inorganic layer 10L.2,
the second conductive layer CL2, and the third inorganic
layer IOL3 may form a successively stacked structure.
[0132] Here, the second conductive layer CL2 may
include a conductive material. In an embodiment, the con-
ductive material may include at least any one of materials
capable of forming the first conductive layer CL1. In an
embodiment, the second conductive layer CL2 may be
formed of the same material as that of the first conductive
layer CL1.

[0133] The third inorganic layer 10L3 may be formed of
a single layer or multilayer structure including an inorganic
material, such as silicon oxide, silicon nitride, and/or silicon
oxynitride.

[0134] The substrate 1 may include a connection pattern
CP. The connection pattern CP may pass through the second
inorganic layer I0L.2, the second conductive layer CL2, and
the third inorganic layer 1013 and come into contact with an
upper surface of the first conductive layer CL1. Further-
more, the connection pattern CP may come into contact with
a side surface of the second conductive layer CL2.

[0135] The connection pattern CP may be coupled to a
power supply unit provided on the substrate 1 so that a
ground voltage may be applied to the connection pattern CP.
[0136] Therefore, the first conductive layer CL1 and the
second conductive layer CL2 that come into contact with the
connection pattern CP may be supplied with the ground
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voltage through the connection pattern CP. Negative charges
accumulated in the organic layers OL1 and OL2 including
polyimide, for example, may be discharged through the first
conductive layer CL1 and the second conductive layer CL2.
[0137] FIG. 10 is a cross-sectional view taken along the
line 11-11' of FIG. 3 in accordance with an embodiment; and
FIG. 11 is a cross-sectional view taken along the line 12-12'
of FIG. 3 in accordance with an embodiment.

[0138] The following description with reference with
FIGS. 10 and 11 will be focused on differences from the
above-described embodiments, and some redundant descrip-
tions may be omitted. Hence, the following description will
be focused on a second conductive layer CL2.

[0139] Referring to FIGS. 10 and 11, the substrate 1 may
include a plurality of inorganic layers 10L1 and 10L2, a
plurality of organic layers OL1 and OL2, and a plurality of
conductive layers CL1 and CL2.

[0140] In an embodiment, the second conductive layer
CL2, the first organic layer OL1, the first inorganic layer
1011, the second organic layer OL2, the first conductive
layer CL1, and the second inorganic layer 10L.2 may form a
successively stacked structure.

[0141] Here, the second conductive layer CL2 may
include a conductive material. In an embodiment, the con-
ductive material may include at least any one of materials
capable of forming the first conductive layer CL1. In an
embodiment, the second conductive layer CL2 may be
formed of the same material as that of the first conductive
layer CL1.

[0142] Although not shown in FIGS. 10 and 11, in an
embodiment, the substrate 1 may further include a conduc-
tive layer and an inorganic layer which are formed on the
second inorganic layer 101.2.

[0143] FIGS. 12A to 12C are diagrams illustrating some
examples of a shape of the conductive layer CL1 in accor-
dance with an embodiment of the present disclosure.
[0144] Particularly, FIGS. 12A to 12C illustrate some
examples of the shape of the first conductive layer in a plan
view defined by the first direction DR1 and the second
direction DR2.

[0145] Referring to FIG. 12A, the first conductive layer
CL1 may have a rectangular shape and may be formed to
cover the entirety of an upper surface of the second organic
layer OL1.

[0146] As shown in FIGS. 12B and 12C, the first conduc-
tive layer CL1 may include at least one or more openings
OP2. In the case in which the openings OP2 are formed in
the first conductive layer CL1, the reflectivity of externally
input light on the first conductive layer CL1 may be reduced.
[0147] In the case in which the openings OP2 are formed
in the first conductive layer CL1, the third transistor T3
shown in FIG. 4 among thin-film transistors to be formed on
the substrate 1 when the display device is manufactured may
not overlap with the openings OP2.

[0148] As described above, if charges are trapped in the
substrate 1, the parasitic capacitance between the gate elec-
trode and the source electrode of the third transistor T3 may
increase, thus causing a problem of deterioration in lumi-
nance of an image.

[0149] The first conductive layer CL1 functions to prevent
or substantially prevent the threshold voltages of the tran-
sistors from increasing due to charges trapped in the first and
second organic layers OL1 and OL2. Given this, the first
conductive layer CL1 may overlap with the third transistor
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T3, thus minimizing or reducing an influence of the charges
trapped in the first and second organic layers OL1 and OL2
on the third transistor T3.

[0150] Although the shape of the second conductive layer
CL2 is not separately shown, it may have the same shape as
that shown in any one of FIGS. 12A to 12C. Furthermore, in
an embodiment, the second conductive layer CL.2 may have
the same shape as that of the first conductive layer CL1.
[0151] In various embodiments of the present disclosure,
charges may be prevented or substantially prevented from
being trapped in a substrate.

[0152] Furthermore, various embodiments of the present
disclosure may provide a display device capable of display-
ing a high-quality image by avoiding deterioration in lumi-
nance of an image due to charges trapped in the substrate.
[0153] Some example embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense and not for purposes of limitation. In some instances,
as would be apparent to one of ordinary skill in the art as of
the filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present disclosure as set forth in the following claims.

What is claimed is:

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

a first polymer layer;

a first transparent conductive layer over the first polymer

layer;

a first inorganic layer over the first transparent conductive

layer; and

a plurality of pixels on the first inorganic layer, and each

including an organic light-emitting diode, and a driver
configured to drive the organic light-emitting diode.

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

a second polymer layer; and

a second inorganic layer between the second polymer

layer and the first polymer layer.

3. The flexible organic light-emitting display device
according to claim 2, further comprising a second transpar-
ent conductive layer under the second polymer layer.

4. The flexible organic light-emitting display device
according to claim 1, further comprising a buffer layer over
the first inorganic layer.

5. The flexible organic light-emitting display device
according to claim 1, wherein the first inorganic layer
includes a first opening,

the flexible organic light-emitting display device further

comprising a conductive connection pattern in the first
opening and contacting the first transparent conductive
layer.

6. The flexible organic light-emitting display device
according to claim 5, including:

a first planar area in which the plurality of pixels is

arranged,;
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a first bending area on a side of the first planar area and
configured to be bendable about a first bending axis
extending in a first direction; and

a second planar area on a side of the first bending area.

7. The flexible organic light-emitting display device
according to claim 6, wherein the conductive connection
pattern is in the first planar area.

8. The flexible organic light-emitting display device
according to claim 7, wherein the conductive connection
pattern is electrically coupled with a power supply unit
provided in the second planar area.

9. The flexible organic light-emitting display device
according to claim 8, wherein the first transparent conduc-
tive layer is supplied with a ground voltage through the
conductive connection pattern.

10. The flexible organic light-emitting display device
according to claim 9, further comprising:

a second transparent conductive layer over the first inor-

ganic layer; and

a third inorganic layer over the second transparent con-
ductive layer.

11. The flexible organic light-emitting display device
according to claim 1, wherein the first transparent conduc-
tive layer includes at least one second opening.

12. The flexible organic light-emitting display device
according to claim 11, wherein the driver included in each
of the plurality of pixels comprises a plurality of thin-film
transistors and a storage capacitor, and the thin-film tran-
sistors comprise:

a first transistor including a gate electrode, a first elec-
trode, and a second electrode, and configured to control
current to be supplied from a first power source coupled
with the first electrode to a second power source via the
organic light-emitting diode, in response to a voltage of
a first node coupled to the gate electrode;

a second transistor coupled between a data line and the
first transistor, and including a gate electrode coupled
to a scan line; and

a third transistor including a first electrode coupled to the
first node, a second electrode coupled to the second
electrode of the first transistor, and a gate electrode
coupled to the scan line.

13. The flexible organic light-emitting display device
according to claim 12, wherein the third transistor and the
first transparent conductive layer overlap with each other in
a plan view.

14. A flexible substrate comprising:

a first polymer layer;

a first inorganic layer over the first polymer layer;

a second polymer layer over the first inorganic layer;

a first transparent conductive layer over the second poly-

mer layer; and

a second inorganic layer over the first transparent con-
ductive layer.

15. The flexible substrate according to claim 14, includ-

ing:

a first planar area;

a first bending area on a side of the first planar area and
configured to be bendable about a first bending axis
extending in a first direction; and

a second planar area on a side of the first bending area.

16. The flexible substrate according to claim 15, wherein
the second inorganic layer includes a first opening,
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the flexible substrate further comprising a conductive
connection pattern in the first opening and contacting
the first transparent conductive layer.

17. The flexible substrate according to claim 16, wherein
the conductive connection pattern is in the first planar area.

18. The flexible substrate according to claim 14, further
comprising:

a second transparent conductive layer over the second

inorganic layer; and

a third inorganic layer over the second transparent con-

ductive layer.

19. The flexible substrate according to claim 18, wherein
the conductive connection pattern passes through the second
transparent conductive layer and the third inorganic layer.

20. The flexible substrate according to claim 14, further
comprising a second transparent conductive layer under the
first polymer layer.

21. The flexible substrate according to claim 14, wherein
the first transparent conductive layer includes at least one
second opening.

22. The flexible substrate according to claim 14, wherein
each of the first polymer layer and the second polymer layer
includes polyimide.
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