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(54) Organic light emitting diode display and method of manufacturing the same

(57) An organic light emitting diode (OLED) display
and a method of manufacturing the same, the OLED dis-
play including a flexible substrate, a driving circuit unit
on the flexible substrate, the driving circuit unit including
a thin film transistor (TFT), an organic light emission el-
ement on the flexible substrate, the organic light emission
element being connected to the driving circuit unit, an

encapsulating thin film on the flexible substrate, the en-
capsulating thin film covering the organic light emission
element and the driving circuit unit, a first protection film
facing the encapsulating thin film, a second protection
film facing the flexible substrate, a first sealant disposed
between the encapsulating thin film and the first protec-
tion film, and a second sealant disposed between the
flexible substrate and the second protection film.
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Description

BACKGROUND

1. Field

[0001] Embodiments relate to an organic light emitting
diode (OLED) display and a method of manufacturing
the same.

2. Description of the Related Art

[0002] An OLED display is a self-emissive display that
may include, e.g., a hole injection electrode, an electron
injection electrode, and an organic light emission layer
between the hole injection electrode and the electron in-
jection electrode. The OLED display may emit light as
holes injected from the hole injection electrode, e.g., an-
ode, and electrons injected from the electron injection
electrode, e.g., cathode, which are recombined to return
to a ground state in the organic light emission layer.
[0003] OLED displays may have desirable properties,
e.g., low power consumption, high luminance, a high re-
action speed, and the like. Thus, OLED displays are re-
ceiving much attention as a next-generation display de-
vice for mobile electronic devices.
[0004] However, if the OLED display uses a heavy and
easily broken glass substrate, there may be limits in its
portability and implementation of a large-scale screen
display.
[0005] A flexible OLED display, which may be, e.g.,
lightweight and resistant to impact, is being developed
by using a flexible substrate, e.g., plastic. Because such
a flexible OLED display may be, e.g., folded or rolled, its
portability may be maximized and utilized for various
fields.
[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the described technology and there-
fore it may contain information that does not form the
prior art that is already known in this country to a person
of ordinary skill in the art.

SUMMARY

[0007] Embodiments are directed to an organic light
emitting diode (OLED) display and a method of manu-
facturing the same, which represent advances over the
related art.
[0008] It is a feature of an embodiment to provide an
organic light emitting diode (OLED) display having im-
proved durability with respect to a repeated bending op-
eration and a maximized bending degree thereof.
[0009] At least one of the above and other features
and advantages may be realized by providing an organic
light emitting diode (OLED) display including a flexible
substrate;
a driving circuit unit on the flexible substrate, the driving

circuit unit including a thin film transistor (TFT); an organic
light emission element on the flexible substrate, the or-
ganic light emission element being connected to the driv-
ing circuit unit; an encapsulating thin film on the flexible
substrate, the encapsulating thin film covering the organ-
ic light emission element and the driving circuit unit; a
first protection film facing the encapsulating thin film; a
second protection film facing the flexible substrate;
a first sealant disposed between the encapsulating thin
film and the first protection film;
and a second sealant disposed between the flexible sub-
strate and the second protection film.
[0010] Preferably, the driving circuit unit is directly
formed on the flexible substrate. Alternatively a barrier
layer may be formed between the driving circuit unit and
the flexible substrate. Preferably, the organic light emis-
sion element is formed above the driving circuit unit, in
more particular, the organic light emission element is di-
rectly formed on the driving circuit unit. Preferably, the
encapsulating thin film is formed above the organic light
emission element, in more particular, the encapsulating
thin film is directly formed on the organic light emission
element.
[0011] Preferably, the encapsulating thin film com-
pletely covers the organic light emission element and the
driving circuit unit, i.e. it completely covers the top and
the side surfaces of the stacked structure comprising the
organic light emission element and the driving circuit unit.
[0012] Preferably, the first protection film is located at
a side of the flexible substrate which is facing towards
the organic light emission element, towards the driving
circuit unit and towards the encapsulating thin film.
[0013] Preferably, the second protection film is located
at a side of the flexible substrate which is facing away
from the organic light emission element, from the driving
circuit unit and from the encapsulating thin film.
[0014] Preferably, the first sealant is disposed be-
tween the encapsulating thin film and the first protection
film; and the first sealant directly contacts both, the en-
capsulating thin film and the first protection film. Prefer-
ably, the second sealant is disposed between the flexible
substrate and the second protection film, and the second
sealant directly contacts both, the flexible substrate and
the second protection film.
[0015] A thickness from an outer surface of the first
protection film to the driving circuit unit may be equal to
a thickness from an outer side of the second protection
film to the driving circuit unit.
Preferably, the thickness from an outer surface of the
first protection film to the driving circuit unit is measured
along an axis which is parallel to the normal vector of the
flexible substrate. Preferably, the thickness from an outer
side of the second protection film to the driving circuit
unit is also measured along an axis which is parallel to
the normal vector of the flexible substrate. Preferably,
the flexible substrate has a planar upper surface and a
planar lower surface when no bending force is applied
to the flexible substrate. Preferably, at least one selected
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from the group consisting of: organic light emission ele-
ment, driving circuit unit, encapsulating thin film, first pro-
tection film, second protection film, first sealant and sec-
ond sealant comprises a planar upper surface and a pla-
nar lower surface (when no bending force is applied).
Preferably, the thickness from an outer surface of the
first protection film to the driving circuit unit is measured
from an outer surface of the first protection film to an
outer surface of the driving circuit unit which faces to-
wards the first protection film. Preferably, the thickness
from an outer side of the second protection film to the
driving circuit unit is measured from an outer side of the
second protection film to an outer surface of the driving
circuit unit which faces towards the second protection
film.
[0016] A sum thickness of the encapsulating thin film,
the first sealant, and the first protection film may be equal
to a sum thickness of the flexible substrate, the second
sealant, and the second protection film.
[0017] When a bending moment is applied, the TFT of
the driving circuit unit may be positioned at a neutral plane
between the first protection film and the second protec-
tion film.
[0018] The first protection film and the second protec-
tion film may exhibit the same physical properties, and
the first sealant and the second sealant may exhibit the
same physical properties.
Physical properties in the sense of the present invention
are defined in a Newtonian sense; the physical properties
of said layers may include, but are not limited to, at least
one of the group consisting of: area, volume, weight, duc-
tility, electrical resistivity, efficacy, viscosity, strength re-
sistance, tension resistance, flexibility, stiffness, hard-
ness and pressure resistance.
[0019] The first protection film and the second protec-
tion film may each have a thickness of 10 Pm to 100 Pm.
[0020] The first sealant and the second sealant may
each have a thickness of 1 Pm to 30 Pm
[0021] Preferably, at least one of the first protection
film and the second protection film is a polarizer.
[0022] The display may be bendable to a curvature
radius within a range that is greater than 3 mm and less
than 10 mm without damaging the TFT of the driving cir-
cuit unit.
[0023] The display may be bendable to a curvature
radius of about 5 mm without damaging the TFT of the
driving circuit unit.
[0024] The flexible substrate may be made of a plastic
material.
[0025] At least one of the above and other features
and advantages may also be realized by providing a
method for manufacturing an organic light emitting diode
(OLED) display, the method including forming a flexible
substrate on a glass substrate; forming a driving circuit
unit on the flexible substrate such that the driving circuit
unit includes a thin film transistor (TFT); forming an or-
ganic light emission element on the flexible substrate
such that the organic light emission element is connected

to the driving circuit unit; forming an encapsulating thin
film on the flexible substrate such that the encapsulating
thin film covers the organic light emission element and
the driving circuit unit; coupling a first protection film on
the encapsulating thin film with a first sealant; separating
the glass substrate from the flexible substrate; and cou-
pling a second protection film on the flexible substrate
with a second sealant.
[0026] A thickness from an outer surface of the first
protection film to the driving circuit unit may be equal to
a thickness from an outer side of the second protection
film to the driving circuit unit.
[0027] A sum thickness of the encapsulating thin film,
the first sealant, and the first protection film may be equal
to a sum thickness of the flexible substrate, the second
sealant, and the second protection film.
[0028] When a bending moment is applied, the TFT of
the driving circuit unit may be positioned at a neutral plane
between the first and second protection films.
[0029] The first protection film and the second protec-
tion film may have the same physical properties, and the
first sealant and the second sealant may have the same
physical properties.
[0030] The first protection film and the second protec-
tion film may each have a thickness of 10 Pm to 100 Pm.
[0031] The first sealants and the second sealant may
each have a thickness of 1 Pm to 30 Pm.
[0032] At least one of the first protection film and the
second protection film may be a polarizer.
[0033] The OLED display may be capable of being
bent to a curvature radius within a range that is greater
than 3 mm and less than 10 mm without damaging the
TFT of the driving circuit unit.
[0034] The OLED display may be capable of being
bent to a curvature radius of about 5 mm without dam-
aging the TFT of the driving circuit unit.
[0035] The flexible substrate may be made of a plastic
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above and other features and advantages
will become more apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:
[0037] FIG. 1 illustrates a cross-sectional view of an
organic light emitting diode (OLED) display according to
an embodiment;
[0038] FIG. 2 illustrates a cross-sectional view of a
bent state of the OLED display of FIG. 1;
[0039] FIGS. 3 and 4 illustrate cross-sectional views
of stages in a method of manufacturing the OLED display
of FIG. 1;
[0040] FIG. 5 illustrates an enlarged layout view of an
internal structure of a display panel of the OLED display
of FIG. 1;
[0041] FIG. 6 illustrates a cross-sectional view taken
along line VI-VI of FIG. 5; and
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[0042] FIG. 7 illustrates a graph of experimentation re-
sults comparatively showing an experimental example
according to an embodiment and a comparative exam-
ple.

DETAILED DESCRIPTION

[0043] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art.
[0044] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being or being formed "on" another layer
or substrate, it can be located directly on the other layer
or substrate, or intervening layers may also be present.
In addition, it will also be understood that when a layer
is referred to as being "between" two layers, it can be the
only layer between the two layers, or one or more inter-
vening layers may also be present. Like reference nu-
merals refer to like elements throughout.
[0045] In order to clarify the embodiments, parts that
are not connected with the description may be omitted.
[0046] An organic light emitting diode (OLED) display
according to an embodiment will now be described with
reference to FIGS. 1 and 2.
[0047] As illustrated in FIG. 1, the OLED display 101
according to an embodiment may include, e.g., a display
panel 110, a first protection film 410, a first sealant 310,
a second protection film 420, and a second sealant 320.
[0048] The display panel 110 may include, e.g., a flex-
ible substrate 111, a driving circuit (DC) unit, an organic
light emission element 70 (e.g., an organic light emitting
diode (OLED)), and an encapsulating thin film 250.
[0049] The flexible substrate 111 may be made of, e.g.,
a flexible plastic material. The flexible plastic material
may include, e.g., polyethylene terephthalate, polyethyl-
ene naphthalate, polycarbonate, polyarylate, polyether-
imide, polyethersulfone, polyimide, and the like. Howev-
er, the embodiments are not meant to be limited thereto,
and the flexible substrate 111 may be made of a flexible
metallic material, e.g., stainless steel. In addition, various
other flexible materials may be used to form the flexible
substrate 111.
[0050] The DC unit may include, e.g., thin film transis-
tors (TFTs) 10 and 20 (See FIG. 5), and may drive the
organic light emission element 70. The organic light emis-
sion element 70 connected to the DC unit may emit light
according to a drive signal transferred from the DC unit,
thus displaying an image.
[0051] A detailed structure of the organic light emission
element 70 and the DC unit is illustrated in FIGS. 5 and
6, but the embodiments are not limited thereto. The or-

ganic light emission element 70 and the DC unit may be
formed with various other structures, which a skilled per-
son in the art can easily modify.
[0052] Although not illustrated, the encapsulating thin
film 250 may have a multilayered structure. The encap-
sulating thin film 250 may be formed of, e.g., a plurality
of inorganic films or a mixture of inorganic films and or-
ganic films. In an implementation, the encapsulating thin
film 250 may be formed by using various types of inor-
ganic films and organic films known to persons skilled in
the art. The encapsulating film 250 may prevent an un-
necessary and/or undesirable component, e.g., moisture
or the like, from penetrating into the organic light emission
element 70. In this regard, if moisture were to penetrate
into the organic light emission element 70, the lifespan
of the organic light emission element 70 may be reduced.
[0053] The display panel 110 may further include, e.g.,
a barrier film 120 disposed between the flexible substrate
111 and the DC unit. The barrier film 120 may include,
e.g., one or more of various inorganic films and organic
films. The barrier film 120 may also prevent an unneces-
sary and/or undesirable component, e.g., moisture or the
like, from penetrating the flexible substrate 111 into the
organic light emission element 70. Again, if moisture
were to penetrate into the organic light emission element
70, the lifespan of the organic light emission element 70
may be reduced.
[0054] In an implementation, in order to prevent infil-
tration of moisture into the organic light emission element
70, the encapsulating thin film 250 and the barrier film
120 may have a water vapor transmission rate (WVTR)
of about 10-6 g/m2/day or less.
[0055] The first protection film 410 may face the en-
capsulating thin film 250. The first sealant 310 may be
disposed between the first protection film 410 and the
encapsulating thin film 250. That is, the first protection
film 410 may be attached to the encapsulating thin film
250 by means of the first sealant 310. In an implemen-
tation, the first sealant 310 may have adhesive proper-
ties.
[0056] The second protection film 420 may face the
flexible substrate 111. The second sealant 320 may be
disposed between the second protection film 420 and
the flexible substrate 111. That is, the second protection
film 420 may be attached to the flexible substrate 111 by
means of the second sealant 320. In an implementation,
the second sealant 320 may have adhesive properties.
[0057] The first and second protection films 410 and
420 may have the same physical properties, and may
improve, e.g., mechanical strength of the display panel
110. The first and second protection films 410 and 420
may be made of, e.g., a plastic material, and, like the
flexible substrate 111, the first and second protection
films 410 and 420 may have flexible characteristics. In
an implementation, various types of films known to the
skilled person in the art may be used as the first and
second protection films 410 and 420.
[0058] At least one of the first and second films 410
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and 420 may have a polarization function. In other words,
at least one of the first and second films 410 and 420
may be a polarizer. Here, disposition of the polarizing
protection films may be determined according to a direc-
tion in which the organic light emission element 70 emits
light. In particular, if the organic light emission element
70 performs top emission, that is, if the organic light emis-
sion element 70 emits light toward the first protection film
410 to display an image, the first protection film 410 may
be a polarizer. If the organic light emission element 70
performs bottom emission, that is, if the organic light
emission element 70 emits light toward the second pro-
tection film 420 to display an image, the second protec-
tion film 420 may be a polarizer. If the organic light emis-
sion element 70 performs double-side emission, the first
and second protection films 410 and 420 may both be
polarizers.
[0059] If only one of the first and second protection
films 410 and 420 is a polarizer, the other may be made
of substantially the same material, in terms of physical
properties, except that it may not perform the polarization
function. Here, having the same physical properties re-
fers to having very similar physical properties, although
they may not necessarily be the same materials.
[0060] In an implementation, neither the first nor the
second protection films 410 and 420 may be polarizers.
[0061] The first and second sealants 310 and 320 may
have the same physical properties. The first and second
sealants 310 and 320 may both have, e.g., relatively
smooth, soft, and pliable qualities compared with the first
and second protection films 410 and 420, the flexible
substrate 111, and the encapsulating thin film 250. In an
implementation, various types of sealants known to a per-
son skilled in the art may be used as the first and second
sealants 310 and 320.
[0062] Also, as illustrated in FIG. 1, a thickness d1 from
an outer surface of the first protection film 410 to the DC
unit and a thickness d2 from an outer surface of the sec-
ond protection film 420 to the DC unit may be equal. In
particular, when the first and second sealants 310 and
320 are formed from the same material and have the
same thickness, thicknesses of the first and second pro-
tection films 410 and 420 may be determined in consid-
eration of thicknesses of elements of the display panel
110, e.g., the encapsulating thin film 250, the flexible sub-
strate 111, and the like..
[0063] The display panel 110, excluding the flexible
substrate 111, may have a thickness of, e.g., only a few
micrometers and may unintentionally be easily bent or
folded. The flexible substrate 111 may have a thickness
of, e.g., only scores of micrometers, and may not be able
to physically protect the organic light emission element
70 and the DC unit by itself.
[0064] Thus, a device including only the display panel
110 may have inferior portability thereof and may be eas-
ily damaged. Hence, the first and second protection films
410 and 420 may be attached to, e.g., improve mechan-
ical strength and prevent the display panel 110 from being

damaged.
[0065] Inclusion of only one of the first and second pro-
tection films 410 and 420 may improve the mechanical
strength of a device including the display panel 110. How-
ever, with only one of the first and second protection films
410 and 420 attached to the display panel 110, if bending
is repeated, tensile stress or compressive stress gener-
ated during the bending may be transferred to the display
panel 110. That is, when a bending moment is applied,
a neutral plane (NP) (See FIG. 2) may be formed at an
inner side of the first protection film 410 or the second
protection film 420, each having a relatively large thick-
ness compared with the display panel 110. That is, ac-
cording to the present invention, it is preferably that the
first protection film 410 and/or the second protection film
420 each have a thickness which is greater than the thick-
ness of the display panel 110 (including the elements
111, DC, 70 and 250, and in a preferred embodiment the
barrier layer 120, however the barrier layer 120 may be
omitted other preferred embodiments). More preferably,
the first protection film and/or the second protection film
each have a thickness which is at least 200% of the thick-
ness of the display panel.
The NP is a plane that is simply bent with its original
length maintained, without being stretched or contracted,
when the bending moment is applied. The NP generated
when the bending moment is applied to an object may
be formed in the middle of the object. Thus, significant
tensile stress or compressive stress may be applied to
the display panel 110 disposed at an edge of the first
protection film 410 or the second protection film 420. In
this case, the stress applied to the display panel 110 may
become stronger further away from the NP. If the stress
is repeatedly applied to the display panel 110, or if stress
greater than a breaking strength is applied to the display
panel 110, elements, e.g., the TFTs 10 and 20 (See FIG.
5) within the display panel 110 may be damaged and/or
conductive wiring may be disconnected.
[0066] Thus, in an embodiment, thicknesses of the first
and second protection films 410 and 420 may be deter-
mined such that the thickness d1 (See FIG. 1) from the
outer surface of the first protection film 410 to the DC unit
and the thickness d2 (See FIG. 1) from the outer side of
the second protection film 420 to the DC unit may be
equal.
[0067] With such a configuration, the NP formed be-
tween the first and second protection films 410 and 420
when the bending moment is applied, as illustrated in
FIG. 2, may be positioned along sensitive components,
e.g., the TFT 20 (See FIG. 6), of the DC unit. In this case,
it is preferred that the first and second protection films
410 and 420 have the same physical properties, in order
to position the NP along the sensitive components, e.g.,
the TFT 20, of the DC unit. In other words, a distance
from the sensitive components of the DC unit to an outer
surface of the first protection film 410 may be equal to a
distance from the sensitive components of the DC unit
to an outer surface of the second protection film 420.

7 8 



EP 2 259 321 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0068] Accordingly, even if the OLED display 101 is
repeatedly bent, there may be little stress applied to the
sensitive components of the DC unit, e.g., the TFT 20,
thus preventing the sensitive components, e.g., the TFT
20, from being damaged.
[0069] The NP generated when the bending moment
is applied to an object may be formed in the middle of
the object. Thus, when the first and second protection
films 410 and 420 have the same physical properties and
the same thicknesses d1 and d2, with the DC unit inter-
posed therebetween, the NP generated when the bend-
ing moment is applied to the OLED display 101 may ex-
tend along the DC unit.
[0070] Meanwhile, a position of the TFTs 10 and 20
(See FIG. 5) within the DC unit, a thickness of the organic
light emission element 70, a thickness of a pixel defining
film 190 (See FIG. 6), and a thickness of the barrier film
120 may be variably modified by the skilled person in the
art. Accordingly, the position of the TFTs 10 and 20 may
differ according to types of the OLED display 101. Thus,
if levels of tensile stress and compressive stress gener-
ated when the bending moment is applied are as small
as possible due to, e.g., the thicknesses of the protection
films 410 and 420, the stresses may not damage the
sensitive components, e.g., TFTs 10 and 20. In addition,
if a sum thickness of the encapsulating thin film 250, the
first sealant 310, and the first protection film 410 and a
sum thickness of the flexible substrate 111, the second
sealant 320, and the second protection film 420 are
equal, the NP generated when the bending moment is
applied to the OLED display 101 may substantially ex-
tend along the DC unit including, e.g., the TFT 20.
[0071] In addition, even if the first and second protec-
tion films 410 and 420 have thicknesses d1 and d2 that
are not exactly equal, i.e., even if their thicknesses are
slightly different, the simple presence of both the first and
second protection films 410 and 420 may allow sensitive
components, e.g., the TFT 20 (See FIG. 6), to be posi-
tioned near the NP, significantly reducing damage to the
sensitive components, e.g., the TFT 20.
[0072] In this manner, by having the NP generated
when the bending moment is applied to the OLED display
101 extend along the DC unit, the sensitive components
of the DC unit, e.g., the TFT 20, may be essentially free
from applied stress, and may not be damaged.
[0073] In addition, the OLED display 101 of an embod-
iment may be bent to a substantial degree. In particular,
the OLED display 101 may be stably bent to a curvature
radius (R) down to about 3 mm. Maintaining the curvature
radius (R) of the bent OLED display 101 at greater than
about 3 may help ensure that the sensitive components,
e.g., the TFTs 10 and 20 (See FIG. 5), of the DC unit are
not damaged.
[0074] In FIG. 2, the arrows indicated as solid lines
represent the tensile stress and the compressive stress
generated when the bending moment is applied. The ten-
sile stress and/or the compressive stress may be strong-
er farther away from the NP.

[0075] The first and second protection films 410 and
420 may each have a thickness of about 10 Pm to about
100 Pm Maintaining the thickness of the first and second
protection films 410 and 420 at about 10 Pm or greater
may help ensure that the first and second protection films
410 and 420 are able to stably protect the display panel
110. Maintaining the thickness of the first and second
protection films 410 and 420 at about 100 Pm or less
may help ensure that an overall thickness of the OLED
display 101 is not unnecessarily large. In addition, main-
taining the thickness of the first and second protection
films 410 and 420 at about 100 Pm or less may help
ensure that flexibility of the OLED display 101 does not
deteriorate.
[0076] In addition to the role of coupling the first and
second protection films 410 and 420 to the encapsulating
thin film 250 and the flexible substrate 111, respectively,
the first and second sealants 310 and 320 may also re-
duce stress generated when the OLED display 101 is
bent. Because the first and second sealants 310 and 320
may have relatively smooth, soft, and pliable qualities,
when the OLED display 101 is bent, a sliding phenome-
non, e.g., at an interface between respective sealants
and protection films, may occur to some extent. Thus,
the first and second sealants 310 and 320 may reduce
the tensile stress and the compressive stress generated
when the bending moment is applied, by a sliding amount
due to the presence of the first and second sealants 310
and 320.
[0077] The first and second sealants 310 and 320 may
each have a thickness of about 1 Pm to about 30 Pm
Maintaining the thickness of the first and second sealants
310 and 320 at about 1 Pm or greater may help ensure
that the first and second sealants 310 and 320 are able
to stably couple the first and second protection films 410
and 420 to the flexible substrate 111 and the encapsu-
lating thin film 250, respectively, and properly reduce the
stress generated when the OLED display 101 is bent.
Maintaining the thickness of the first and second sealants
310 and 320 at about 30 Pm or less may help ensure
that the thickness of the first and second sealants 310
and 320 is not unnecessarily large. In addition, maintain-
ing the thickness of the first and second sealants 310
and 320 at about 30 Pm or less may help ensure that an
excessive sliding phenomenon does not occur due to
excessive thickness of the first and second sealants 310
and 320, thus stably coupling the first and second pro-
tection films 410 and 420 to the flexible substrate 111
and the encapsulating thin film 250, respectively.
[0078] With such a configuration, the OELD display
101 of an embodiment may have improved durability with
respect to almost unlimited repeated bending operations,
and its bending degree may be maximized.
[0079] A method of manufacturing the OLED display
101 of FIG. 1 will now be described with reference to
FIGS. 3 and 4.
[0080] First, as illustrated in FIG. 3, the flexible sub-
strate 111 may be formed on a glass substrate 900. The
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flexible substrate 111 may be made of a plastic material
having good heat resistance and durability, e.g., polyeth-
ylene terephthalate, polyethylene naphthalate, polycar-
bonate, polyarylate, polyetherimide, polyethersulfone,
polyimide, and the like.
[0081] The flexible substrate 111 may, e.g., bend
and/or expand when heat is applied thereto. Thus, it may
be difficult to precisely form thin film patterns, e.g., vari-
ous electrodes or conductive wiring, thereon. According-
ly, the flexible substrate 111 may be attached to the glass
substrate 900 while conducting various thin film pattern
formation processes.
[0082] Next, the barrier film 120 may be formed on the
flexible substrate 111. The DC unit and the organic light
emission element 70 may then be formed on the barrier
film 120. Then, the encapsulating thin film 250 may be
formed to cover the organic light emission element 70
and the DC unit on the flexible substrate 111, thus com-
pleting the display panel 110.
[0083] Then, as illustrated in FIG. 4, the first protection
film 410 may be attached to the encapsulating thin film
250 by using the first sealant 310. Next, the glass sub-
strate 900 may be detached from the flexible substrate
111.
[0084] Subsequently, the second protection film 420
may be attached to the flexible substrate 111 where the
glass substrate 900 was detached, by using the second
sealant 320.
[0085] Through such a manufacturing method, the
OLED display 101 may have improved durability with re-
spect to almost unlimited repeated bending operations,
and its bending degree may be maximized.
[0086] FIG. 5 illustrates an enlarged layout view of a
pixel structure of the display panel 110. FIG. 6 illustrates
a cross-sectional view taken along line VI-VI of the dis-
play panel 110 in FIG. 5.
[0087] As illustrated in FIGS. 5 and 6, the display panel
110 may include a switching TFT 10, a driving TFT 20,
a storage capacitor 80, and the organic light emission
element 70 (e.g., an organic light emitting diode (OLED))
at each pixel. Here, the structure including the switching
TFT 10, the driving TFT 20, and the storage capacitor 80
may constitute the DC unit. The display panel 110 may
further include a gate line 151 disposed along one direc-
tion, a data line 171 insulated from and crossing the gate
line 151, and a common power line 172. Here, a single
pixel may be defined by borders of the gate line 151, the
data line 171, and the common power line 172, but it may
not necessarily be limited thereto. A pixel refers to a min-
imum unit for displaying an image, and the display panel
110 may display an image through a plurality of pixels.
[0088] FIG. 5 illustrates an active matrix (AM) type of
OLED display 101 with a 2Tr-1Cap structure including
two TFTs and one storage capacitor in a single pixel, but
the embodiments are not limited thereto. That is, the
OLED display 101 may include three or more TFTs and
two or more storage capacitors in a single pixel, or may
have various other structures by further including other

wiring.
[0089] The organic light emission element 70 may in-
clude, e.g., a pixel electrode 710, an organic light emis-
sion layer 720 formed on the pixel electrode 710, and a
common electrode 730 formed on the organic light emis-
sion layer 720. Here, the pixel electrode 710 may be a
positive (+) electrode, i.e. a hole injection electrode, and
the common electrode 730 may be a negative (-) elec-
trode, i.e. an electron injection electrode. However, the
embodiments are not necessarily limited thereto, and the
pixel electrode 710 may be a negative electrode and/or
the common electrode may be a positive electrode, ac-
cording to a driving method of the OLED display 101.
Holes and electrons from the pixel electrode 710 and the
common electrode 730 may be injected into the organic
light emission layer 720. When excitons, formed as the
injected holes and electrons are combined, return to a
base state from an excited state, light is emitted.
[0090] In the OLED display 101 of an embodiment, the
organic light emission element 70 may emit light toward
the encapsulating thin film 250. In other words, the or-
ganic light emission element 70 may be a top emission
type of element. Here, in order for the organic light emis-
sion element 70 to emit light toward the encapsulating
thin film 250, a reflective electrode may be used as the
pixel electrode 710 and a transmissive or transflective
electrode may be used as the common electrode 730.
However, the OLED display 101 of an embodiment is not
limited to the top emission type of device. That is, the
OLED display 101 may be, e.g., a bottom emission type
of device or a double-sided emission type of device.
[0091] The storage capacitor 80 may include a pair of
storage plates 158 and 178 with an interlayer insulating
layer 160 interposed therebetween. Here, the interlayer
insulating layer 160 may be a dielectric material. Capac-
itance may be determined by charges charged in the stor-
age capacitor 80 and voltage between the two storage
plates 158 and 178.
[0092] The switching TFT 10 may include, e.g., a
switching semiconductor layer 131, a switching gate
electrode 152, a switching source electrode 173, and a
switching drain electrode 174. The driving TFT 20 may
include, e.g., a driving semiconductor layer 132, a driving
gate electrode 155, a driving source electrode 176, and
a driving drain electrode 177.
[0093] FIG. 6 illustrates a TFT 20 with a top gate struc-
ture, but the embodiments are not limited thereto. That
is, a TFT with a bottom gate structure may be employed.
In an implementation, at least one of the switching sem-
iconductor layer 131 and the driving semiconductor layer
132 may be, e.g., an oxide semiconductor layer.
[0094] The switching TFT 10 may be used as a switch-
ing element for selecting a pixel intended for light emis-
sion. The switching gate electrode 152 may be connected
to the gate line 151. The switching source electrode 173
may be connected to the data line 171. The switching
drain electrode 174 may be separated from the switching
source electrode 173 and connected to the storage plate
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158.
[0095] The driving TFT 20 may apply driving power to
the pixel electrode 710 for emitting light in the organic
light emission layer 720 of the organic light emission el-
ement 70 within a selected pixel. The driving gate elec-
trode 155 may be connected to the storage plate 158 that
is connected to the switching drain electrode 174. The
driving source electrode 176 and the other storage plate
178 may be respectively connected to the common pow-
er line 172. The driving drain electrode 177 may be con-
nected to the pixel electrode 710 of the organic light emis-
sion element 70 via a contact hole.
[0096] With such a configuration, the switching TFT 10
may operate by a gate voltage applied to the gate line
151 to transfer a data voltage applied to the data line 171
to the driving TFT 20. A voltage corresponding to a dif-
ference between the common voltage applied from the
common power line 172 to the driving TFT 20 and the
data voltage transferred to the switching TFT 10 may be
stored in the storage capacitor 80. As current corre-
sponding to the voltage stored in the storage capacitor
80 flows to the organic light emission element 70 via the
driving TFT 20, the organic light emission element 70
may emit light.
[0097] As illustrated in FIG. 6, the encapsulating thin
film 250 may be disposed on the organic light emission
element 70 in order to, e.g., protect the organic light emis-
sion element 70 and the DC unit.
[0098] The barrier film 120 may be formed directly on
the flexible substrate 111. The barrier film 120 may in-
clude, e.g., one or more films among various inorganic
films and organic films. The barrier film 120 may prevent
an unnecessary and/or undesirable component, e.g.,
moisture, from penetrating the flexible substrate 111 into
the organic light emission element 70.
[0099] An experimental example according to an em-
bodiment and a comparative example will now be de-
scribed with reference to FIGS. 2 and 7. In the experi-
mental example, the first and second protection films 410
and 420 having the same physical properties and the
same thicknesses were attached to the encapsulating
thin film 250 and the flexible substrate 111 of the display
panel 110 according to an embodiment. In the compar-
ative example, only the first protection film 410 was at-
tached to the encapsulating thin film 250 of the display
panel 110.
[0100] The display devices of the experimental exam-
ple and the comparative example, were respectively bent
according to the method as illustrated in FIG. 2, to grad-
ually reduce their respective curvature radii (R).
[0101] As illustrated in FIG. 7, it is noted that a TFT of
the comparative example was damaged when the cur-
vature radius reached 10 mm, generating a leakage cur-
rent greater than a reference value. Meanwhile, it is noted
that, when the curvature radius of the device according
to the experimental example reached 5 mm, the TFT was
not damaged. When the curvature radius reached 3 mm,
the TFT was damaged. That is, it may be noted that the

experimental example exhibited a superior capacity of
being stably bent compared with the comparative exam-
ple.
[0102] Further, additional experimentation was con-
ducted on the device according to the experimental ex-
ample, in which the device according to the experimental
example was bent to a curvature radius of 5 mm and
flattened repeatedly, i.e., 10,000 times. It was observed
that the TFT was not damaged even after the 10,000
repeated bending and flattening operations.
[0103] Through such experimentation, it may be seen
that the OLED display 101 according to an embodiment
exhibited improved durability with respect to repeated
bending operations, and its bending degree was maxi-
mized.
[0104] According, due to its flexibility and structure, if
the flexible OLED display of an embodiment is exces-
sively or repeatedly bent, a sensitive component, e.g., a
thin film transistor (TFT), may not be damaged and/or
conductive wiring may not be disconnected.
[0105] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. Ac-
cordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made without departing from the scope of the present
invention as set forth in the following claims.

Claims

1. An organic light emitting diode display (101), com-
prising:

a flexible substrate (111);
a driving circuit unit (DC) formed on the flexible
substrate (111), the driving circuit unit (DC) in-
cluding a thin film transistor (TFT, 10, 20);
an organic light emission element (70) formed
on the flexible substrate (111), the organic light
emission element (70) being connected to the
driving circuit unit (DC);
an encapsulating thin film (250) formed on the
flexible substrate (111), the encapsulating thin
film (250) covering the organic light emission el-
ement (70) and the driving circuit unit (DC);
a first protection film (410) facing the encapsu-
lating thin film (250);
a second protection film (420) facing the flexible
substrate (111);
a first sealant (310) disposed between the en-
capsulating thin film (250) and the first protection
film (410); and
a second sealant (320) disposed between the
flexible substrate (111) and the second protec-
tion film (420).
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2. The organic light emitting diode display (101) as
claimed in claim 1,
wherein a thickness (d1) from an outer surface of
the first protection film (410) to the driving circuit unit
(DC) is equal to a thickness (d2) from an outer side
of the second protection film (420) to the driving cir-
cuit unit (DC).

3. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein a
sum of the thicknesses of the encapsulating thin film
(250), the first sealant (310) and the first protection
film (410) is equal to a sum of the thicknesses of the
flexible substrate (111), the second sealant (320)
and the second protection film (420).

4. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein the
organic light emission element (70), the flexible sub-
strate (111), the driving circuit unit (DC), the encap-
sulating thin film (250), the first protection film (410),
the second protection film (420), the first sealant
(310) and the second sealant (320) are formed such
that, when a bending moment is applied, the thin film
transistor (TFT, 10, 20) of the driving circuit unit (DC)
is positioned at a neutral plane (NP) between the
first protection film (410) and the second protection
film (420).

5. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein:

the first protection film (410) and the second pro-
tection film (420) exhibit the same physical prop-
erties, and
the first sealant (310) and the second sealant
(320) exhibit the same physical properties.

6. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein the
first protection film (410) and the second protection
film (420) each have a thickness of 10 Pm to 100 Pm.

7. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein the
first sealant (310) and the second sealant (320) each
have a thickness of 1 Pm to 30 Pm.

8. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein at
least one of the first protection film (410) and the
second protection film (420) is a polarizer.

9. The organic light emitting diode display (101) accord-
ing to any one of the preceding claims, wherein the
flexible substrate (111) is made of a plastic material.

10. A method for manufacturing an organic light emitting

diode display (101) according to one of the preceding
claims, the method comprising:

forming the flexible substrate (111) on a glass
substrate (900);
forming the driving circuit unit (DC) on the flex-
ible substrate (111) such that the driving circuit
unit (DC) includes a thin film transistor (TFT, 10,
20);
forming the organic light emission element (70)
on the flexible substrate (111) such that the or-
ganic light emission element (70) is connected
to the driving circuit unit (DC);
forming an encapsulating thin film (250) on the
flexible substrate (111) such that the encapsu-
lating thin film (250) covers the organic light
emission element (70) and the driving circuit unit
(DC);
coupling the first protection film (410) on the en-
capsulating thin film (250) with the first sealant
(310);
separating the glass substrate (900) from the
flexible substrate (111); and
coupling the second protection film (420) on the
flexible substrate (111) with a second sealant
(320).

11. The method for manufacturing an organic light emit-
ting diode display as claimed in claim 10, wherein,
when a bending moment is applied, the thin film tran-
sistor (TFT, 10, 20) of the driving circuit unit is posi-
tioned at a neutral plane (NP) between the first and
second protection films.
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