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Description

BACKGROUND

Field

[0001] The invention generally relates to an organic light-emitting diode (OLED) display, an electronic device including
the same, and a method of manufacturing the OLED display.

Description of the Related Technology

[0002] OLED displays are self-emissive and include a number of OLEDs each having a hole injection electrode, an
electron injection electrode, and an organic emission layer that is interposed between the hole and electron injection
electrodes. Light is emitted from the OLEDs when holes injected from the hole injection electrode and electrons injected
from the electron injection electrode recombine with and annihilate each other in the organic emission layer. OLED
displays have garnered attention as next-generation displays due to their superior characteristics such as low power
consumption, high luminance, and high response speeds.
[0003] CN203910803 discloses an OLED display including a first plastic layer, a first barrier layer formed on the first
plastic layer, a first intermediate layer formed on the first barrier layer, a second plastic layer formed on the intermediate
layer, an OLED layer formed on the second plastic layer, and a thin-film encapsulation layer encapsulating the OLED
layer. This structure is designed to reduce the diffusion of oxygen or moisture into the display, increasing the lifespan
of the display.
[0004] US2002140347 discloses a covered substrate which comprises a flexible substrate layer and a plurality of
cooperative barrier layers disposed on the substrate layer. The plurality of cooperative barrier layers comprise one or
more planarizing layers and one or more high-density layers, with at least one high-density layer disposed over at least
one planarizing layer in a manner such that the at least one high-density layer extends to the substrate layer and
cooperates with the substrate layer to completely surround the at least one planarizing layer. When combined with an
additional barrier region, such covered substrates are effective for enclosing organic optoelectronic devices, such organic
light emitting diodes.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0005] The invention sets out to provide an OLED display including a flexible substrate having a low water vapor
transmission rate (WVTR) and a high adhesive force, an electronic device including the OLED display, and a method
of manufacturing the OLED display.
[0006] Additional aspects of the invention will be set forth in part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice of the presented embodiments.
[0007] According to the invention there is provided an OLED display including a first plastic layer; a first barrier layer
formed on the first plastic layer; a first intermediate layer formed on the first barrier layer; a second plastic layer formed
on the first intermediate layer; a second intermediate layer formed on the second plastic layer; a second barrier layer
formed on the second intermediate layer; an OLED layer formed on the second barrier layer; and a thin-film encapsulation
layer that encapsulates the OLED layer.
[0008] The first intermediate layer can include amorphous silicon (a-silicon).
[0009] The second intermediate layer can include a-silicon.
[0010] The first intermediate layer can include a metal thin film.
[0011] The second intermediate layer can include a metal thin film.
[0012] The ultraviolet (UV) transmittance of the first intermediate layer can be equal to or greater than 10%.
[0013] Each of the first plastic layer and the second plastic layer can include at least one of the following materials:
polyimide, polyethylene naphthalate, polyethylene terephthalate (PET), polyarylate, polycarbonate, polyethersulfone,
and polyetherimide (PEI).
[0014] The thickness of the second plastic layer can be greater than a thickness of the first plastic layer.
[0015] The viscosity of the second plastic layer can be less than a viscosity of the first plastic layer.
[0016] The first barrier layer includes a first silicon nitride layer, and the second barrier layer includes a second silicon
nitride layer, and the density of the second barrier layer is greater than a density of the first silicon nitride layer.
[0017] The first barrier layer can further include a metal oxide film or a silicon oxide film.
[0018] The second barrier layer can further include a metal oxide film or a silicon oxide film.
[0019] The density of the first silicon nitride layer can be equal to or greater than about 2.2 g/cm3 and is equal to or
less than about 2.4 g/cm3.
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[0020] The thin-film encapsulation layer can include at least one of the following materials: an inorganic layer and an
organic layer.
[0021] Another aspect of the invention provides an electronic device including the OLED display.
[0022] Another aspect of the invention provides a method of manufacturing an OLED display including preparing a
carrier substrate; forming on the carrier substrate a mother flexible substrate including a first plastic layer, a first barrier
layer, a first intermediate layer, a second plastic layer, a second intermediate layer, and a second barrier layer that are
sequentially stacked; forming a plurality of OLED layers on the mother flexible substrate; forming a thin-film encapsulation
layer that encapsulates the plurality of OLED layers; separating the mother flexible substrate from the carrier substrate;
and dividing the plurality of OLED layers formed on the mother flexible substrate into a plurality of display units.
[0023] The separating of the mother flexible substrate from the carrier substrate can include separating the mother
flexible substrate from the carrier substrate by emitting a laser beam toward a surface of the carrier substrate that is
opposite to a surface of the carrier substrate on which the mother flexible substrate is formed.
[0024] The emitting of the laser beam can include emitting ultraviolet (UV) light.
[0025] The carrier substrate can be a glass substrate.
[0026] The first barrier layer includes at least a first silicon nitride layer, the second barrier layer includes a second
silicon nitride layer, and a density of the second silicon nitride layer is greater than a density of the first silicon nitride layer.
[0027] Another aspect of the invention provides an OLED display comprising a first plastic layer; a first barrier layer
formed over the first plastic layer; a first intermediate layer formed over the first barrier layer; a second plastic layer
formed over the first intermediate layer; a second intermediate layer formed over the second plastic layer; a second
barrier layer formed over the second intermediate layer; an OLED layer formed over the second barrier layer; and a thin-
film encapsulation layer encapsulating the OLED layer.
[0028] In embodiments of the invention, the first intermediate layer comprises amorphous silicon. The second inter-
mediate layer can comprise amorphous silicon. The first intermediate layer can comprise a metal thin film. The second
intermediate layer can comprise a metal thin film. The ultraviolet (UV) transmittance of the first intermediate layer can
be greater than or equal to about 10%. Each of the first plastic layer and the second plastic layer can comprise at least
one of the following materials: polyimide, polyethylene naphthalate, polyethylene terephthalate (PET), polyarylate, poly-
carbonate, polyethersulfone, and polyetherimide (PEI).
[0029] In embodiments of the invention, the second plastic layer has a thickness that is greater than that of the first
plastic layer. The second plastic layer can have a viscosity that is less than that of the first plastic layer. The first barrier
layer comprises a first silicon nitride layer, the second barrier layer comprises a second silicon nitride layer, and the
silicon nitride density of the second barrier layer is greater than that of the first silicon nitride layer. The first barrier layer
can further comprise a metal oxide film or a silicon oxide film.
[0030] In embodiments of the invention, the second barrier layer further comprises a metal oxide film or a silicon oxide
film. The silicon nitride density of the first silicon nitride layer can be greater than or equal to about 2.2 g/cm3 and can
be less than or equal to about 2.4 g/cm3. The thin-film encapsulation layer can comprise at least one of an inorganic
layer and an organic layer.
[0031] Another aspect of the invention is an electronic device comprising an organic light-emitting diode (OLED)
display, comprising: a first plastic layer; a first barrier layer formed over the first plastic layer; a first intermediate layer
formed over the first barrier layer; a second plastic layer formed over the first intermediate layer; a second intermediate
layer formed over the second plastic layer; a second barrier layer formed over the second intermediate layer; an OLED
layer formed over the second barrier layer; and a thin-film encapsulation layer encapsulating the OLED layer.
[0032] Another aspect of the invention is a method of manufacturing an OLED display comprising preparing a carrier
substrate; forming a mother flexible substrate on the carrier substrate, wherein the mother substrate comprises a first
plastic layer, a first barrier layer, a first intermediate layer, a second plastic layer, a second intermediate layer, and a
second barrier layer that are sequentially stacked; forming a plurality of OLED layers on the mother flexible substrate;
forming a thin-film encapsulation layer so as to encapsulate the OLED layers; separating the mother flexible substrate
from the carrier substrate; and dividing the OLED layers formed on the mother flexible substrate into a plurality of display
units.
[0033] In embodiments of the invention, the separating of the mother flexible substrate from the carrier substrate
comprises emitting laser light toward a surface of the carrier substrate that is opposite to a surface of the carrier substrate
on which the mother flexible substrate is formed. The laser light can be ultraviolet (UV) light. The carrier substrate can
be a glass substrate. The first barrier layer comprises at least a first silicon nitride layer, the second barrier layer comprises
a second silicon nitride layer, and the silicon nitride density of the second silicon nitride layer is greater than that of the
first silicon nitride layer.
[0034] At least some of the above and other features of the invention are set out in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and/or other aspects of the invention will become apparent and more readily appreciated from the
following description of embodiments of the invention, taken in conjunction with the accompanying drawings in which:

FIG. 1 is a cross-sectional view illustrating an OLED display according to an embodiment of the invention;
FIG. 2 is an enlarged view of portion II of FIG. 1, illustrating a thin-film transistor (TFT) layer and an OLED layer of
the OLED display;
FIG. 3 is a cross-sectional view illustrating an OLED display according to a first comparative example;
FIG. 4 is a cross-sectional view illustrating an OLED display according to a second comparative example;
FIG. 5A is a plan view for explaining an operation of forming a mother flexible substrate on a glass substrate;
FIG. 5B is a cross-sectional view taken along line VB-VB of FIG. 5A;
FIG. 6A is a plan view for explaining a process of forming a plurality of OLED displays on the mother flexible substrate;
FIG. 6B is a cross-sectional view taken along line VIB-VIB of FIG. 6A;
FIG. 7 is a cross-sectional view for explaining a process of forming a thin-film encapsulation layer that encapsulates
a plurality of the OLED layers on the mother flexible substrate;
FIGS. 8 and 9 are cross-sectional views for explaining a process of separating the mother flexible substrate from
the glass substrate;
FIG. 10 is a cross-sectional view for explaining a process of dividing the OLED layer that is formed on the mother
flexible substrate into the plurality of OLED displays;
FIG. 11 is a view illustrating a flexible substrate of the OLED display of FIG. 1 according to another embodiment of
the invention;
FIG. 12 is a graph illustrating a relationship between a gate voltage and a drain current of an OLED; and
FIG. 13 is a graph illustrating a relationship between an initial silicon nitride density and hydrogen (H) content.

DETAILED DESCRIPTION

[0036] The described invention may include various embodiments and modifications and embodiments thereof will
be illustrated in the drawings and will be described herein in detail. The effects and features of the described technology
and the accompanying methods thereof will become apparent from the following description of the embodiments, taken
in conjunction with the accompanying drawings. However, the invention is not limited to the embodiments described
below, and may be embodied in various modes.
[0037] The invention will now be described more fully with reference to the accompanying drawings, in which embod-
iments thereof are shown. In the drawings, the same or corresponding elements are denoted by the same reference
numerals, and thus a repeated explanation thereof will not be given.
[0038] It will be understood that although the terms "first", "second", etc. may be used herein to describe various
elements, these elements should not be limited by these terms. These terms are only used to distinguish one element
from another.
[0039] As used herein, the singular forms "a," "an" and "the" are intended to include the plural forms as well, unless
the context clearly indicates otherwise.
[0040] It will be further understood that the terms "comprises" and/or "comprising" used herein specify the presence
of stated features or components, but do not preclude the presence or addition of one or more other features or com-
ponents.
[0041] It will be understood that when a layer, region, or component is referred to as being "formed on" another layer,
region, or component, it can be directly or indirectly formed on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0042] The sizes of components in the drawings may be exaggerated for the sake of clarity. In other words, since the
sizes and thicknesses of components in the drawings may be exaggerated, the following embodiments are not limited
thereto.
[0043] As used herein, the term "and/or" includes any and all combinations of one or more of the associated listed
items. Expressions such as "at least one of," when preceding a list of elements, modify the entire list of elements and
do not modify the individual elements of the list.
[0044] FIG. 1 is a cross-sectional view illustrating an OLED display 100 according to an embodiment of the invention.
[0045] Referring to FIG. 1, the OLED display 100 includes a flexible substrate FS, a TFT layer 110, an OLED layer
120, and a thin-film encapsulation layer 130.
[0046] The flexible substrate FS includes a first plastic layer 1PL, a first barrier layer 1BL, a first intermediate layer
1IL, a second plastic layer 2PL, a second intermediate layer 2IL, and a second barrier layer 2BL.
[0047] Each of the first plastic layer 1PL and the second plastic layer 2PL can be formed of a plastic material having
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high heat resistance and high durability such as polyimide, polyethylene naphthalate, polyethylene terephthalate (PET),
polyarylate, polycarbonate, polyetherimide (PEI), or polyethersulfone.
[0048] Moisture or oxygen may more easily penetrate through the first plastic layer 1PL and the second plastic layer
2PL each formed of the plastic material than a glass substrate. Thus, an organic emission layer that is vulnerable to
moisture or oxygen may be degraded when moisture or oxygen permeates through the first or second plastic layers 1PL
or 2PL, thereby reducing the lifespan of an OLED.
[0049] In order to prevent the penetration of oxygen and moisture, the first barrier layer 1BL is formed on the first
plastic layer 1PL and the second barrier layer 2BL is formed on the second plastic layer 2PL.
[0050] Each of the first barrier layer 1BL and the second barrier layer 2BL comprises silicon nitride. For example, each
of the first barrier layer 1BL and the second barrier layer 2BL may have a single-layer structure or a multi-layer structure
formed of an inorganic material such as AlO3, SiO2, or SiNx. A water vapor transmission rate (WVTRs) of each of the
first barrier layer 1BL and the second barrier layer 2BL that is formed to have a single-layer structure or a multi-layer
structure can be less than or equal to about 10-5 g/m2day.
[0051] The first intermediate layer 1IL is formed between the first barrier layer 1BL and the second plastic layer 2PL
in order to increase an adhesive force between the first barrier layer 1BL and the second plastic layer 2PL.
[0052] The second intermediate layer 2IL is formed between the second plastic layer 2PL and the second barrier layer
2BL in order to increase an adhesive force between the second plastic layer 2PL and the second barrier layer 2BL.
[0053] The TFT layer 110 and the OLED layer 120 are formed on the flexible substrate FS.
[0054] FIG. 2 is an enlarged view of portion II of FIG. 1, illustrating the TFT layer 110 and the OLED layer 120 of the
OLED display 100.
[0055] Referring to FIG. 2, a TFT is formed on the second barrier layer 2BL and includes a semiconductor layer 111,
a gate electrode 113, a source electrode 115, and a drain electrode 116. A gate insulation film 112 is formed between
the semiconductor layer 111 and the gate electrode 113 and an interlayer insulation film 114 is formed between the gate
electrode 113 and the source and drain electrodes 115 and 116. The semiconductor layer 111 can be formed of poly-
crystalline silicon (poly-silicon), amorphous silicon (a-silicon), an organic TFT, or a conductive oxide TFT. Although the
TFT is a top gate type TFT in the FIG. 2 embodiment, the described technology is not limited thereto. That is, any suitable
TFT variant including a bottom gate type TFT can be used.
[0056] Although the TFT is directly formed on the second barrier layer 2BL in the FIG. 2 embodiment, the described
technology is not limited thereto. A buffer layer (not shown) can be further interposed between the second barrier layer
2BL and the TFT.
[0057] The buffer layer planarizes the flexible substrate FS and prevents impurity elements from penetrating from the
flexible substrate FS into the semiconductor layer 111. The buffer layer can have a single- or multi-layer structure formed
of silicon nitride and/or silicon oxide. Also, although not shown in FIG. 2, at least one capacitor can be connected to the TFT.
[0058] A passivation layer 117 is formed on the TFT and a pixel-defining layer 122 is formed on the passivation layer
117. The passivation layer 117 can protect the TFT and planarize a top surface of the TFT.
[0059] An OLED is connected to one of the source and drain electrodes 115 and 116 of the TFT. The OLED includes
a pixel electrode 121, a counter electrode or common electrode 124, and a layer 123 including at least an organic
emission layer that is interposed between the pixel electrode 121 and the counter electrode 124. The layer 123 including
the organic emission layer can be formed of a low molecular or high molecular weight organic material. When the layer
123 is formed of a low molecular weight organic material, the layer 123 can be formed to have a single or complex
structure in which a hole injection layer (HIL), a hole transport layer (HTL), an emission layer (EML), an electron transport
layer (ETL), and an electron injection layer (EIL) are stacked. When the layer 123 is formed of a high molecular weight
organic material, the layer 123 can have a structure including an HTL and an EML. The layer 123 including the organic
emission layer can form one unit pixel including sub-pixels that emit red, green, and blue light. Also, the layer 123
including the organic emission layer can be formed by vertically stacking or combining layers including light-emitting
materials that emit red, green, and blue light. As long as white light is emitted, any other combination of colors can be
used. Also, the OLED display 100 can further include a color filter or a color changing layer that changes the white light
to light of a predetermined color.
[0060] The counter electrode 124 can be formed in various ways and for example, can be commonly formed across
a plurality of pixels.
[0061] The pixel electrode 121 can function as an anode and the counter electrode 124 can function as a cathode, or
vice versa. Also, at least one of the pixel electrode 121 and the counter electrode 124 can be a transparent electrode
through which light emitted from the EML is transmitted.
[0062] The OLED layer 120 is formed on the TFT layer 110 in FIGS. 1 and 2 for convenience of explanation. Accordingly,
for example, parts of the TFT layer 110 and the OLED layer 120 can be formed on the same layer. For example, the
gate electrode 113 of the TFT and the pixel electrode 121 of the OLED can be formed on the same layer.
[0063] The thin-film encapsulation layer 130 that encapsulates the OLED is formed on the flexible substrate FS. The
thin-film encapsulation layer 130 can be formed of a plurality of inorganic layers or a combination of an inorganic layer
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and an organic layer.
[0064] The organic layer is formed of a polymer and can have a single- or multi-layer structure formed of any one of
the following materials: polyethylene terephthalate, polyimide, polycarbonate, epoxy, polyethylene, and polyacrylate.
The organic layer can be formed of polyacrylate, and specifically, can include a polymerized monomer composite including
a diacrylate-based monomer and a triacrylate-based monomer. A monoacrylate-based monomer may be further included
in the polymerized monomer composite. Also, the polymerized monomer composite may include, but is not limited to,
a photo initiator such as TPO.
[0065] The inorganic layer can have a single- or multi-layer structure including metal oxide or metal nitride. Specifically,
the inorganic layer can include any of the following materials: SiNx, Al2O3, SiO2, and TiO2.
[0066] The uppermost layer of the thin-film encapsulation layer 130 that is exposed to the environment can be an
inorganic layer in order to prevent water vapor transmission into the OLED.
[0067] The thin-film encapsulation layer 130 can include at least one sandwich structure in which at least one organic
layer is inserted between at least two inorganic layers. Alternatively, the thin-film encapsulation layer 130 can include
at least one sandwich structure in which at least one inorganic layer is inserted between at least two organic layers.
[0068] The thin-film encapsulation layer 130 can include a first inorganic layer, a first organic layer, and a second
inorganic layer that are sequentially stacked on the top of the OLED. Alternatively, the thin-film encapsulation layer 130
can include a first inorganic layer, a first organic layer, a second inorganic layer, a second organic layer and a third
inorganic layer that are sequentially stacked on the top of the OLED. Also, the thin-film encapsulation layer 130 can
include a first inorganic layer, a first organic layer, a second inorganic layer, a second organic layer, a third inorganic
layer, a third organic layer, and a fourth inorganic layer that are sequentially stacked on the top of the OLED.
[0069] A halogenated metal layer including Lithium Fluoride (LiF) can be further interposed between the OLED and
the first inorganic layer. The halogenated metal layer can prevent the OLED from being damaged when the first inorganic
layer is formed by using sputtering or plasma deposition.
[0070] The area of the first organic layer may be less than the area of the second inorganic layer and the area of the
second organic layer may be less than the area of the third inorganic layer. Also, the first organic layer may be completely
covered by the second inorganic layer and the second organic layer may also be completely covered by the third inorganic
layer.
[0071] Although the thin-film encapsulation layer 130 is directly formed on the counter electrode 124 in the embodiment
of FIGS. 1 and 2, this is another element such as a filter or an adhesive material can be further interposed between the
counter electrode 124 and the thin-film encapsulation layer 130.
[0072] FIG. 3 is a cross-sectional view illustrating an OLED display 101 according to a first comparative example.
[0073] Referring to FIG. 3, the OLED display 101 includes a flexible substrate FS-1, the TFT layer 110, the OLED
layer 120, and the thin-film encapsulation layer 130.
[0074] The flexible substrate FS-1 includes the first plastic layer 1PL and the first barrier layer 1BL. That is, the flexible
substrate FS-1 includes one plastic layer and one barrier layer.
[0075] When the flexible substrate FS-1 is formed by using only one plastic layer and one barrier layer as in the first
comparative example, the surface of the first barrier layer 1BL can be damaged, for example, cracked, due to impurities
or retraction defects formed on the first plastic layer 1PL and/or the first barrier layer 1BL. Moisture or oxygen may
penetrate through the damaged surface, thereby damaging the OLED.
[0076] FIG. 4 is a cross-sectional view illustrating an OLED display 102 according to a second comparative example.
[0077] Referring to FIG. 4, the OLED display 102 includes a flexible substrate FS-2, the TFT layer 110, the OLED
layer 120, and the thin-film encapsulation layer 130.
[0078] The flexible substrate FS-2 includes the first plastic layer 1PL, the first barrier layer 1BL, the second plastic
layer 2PL, and the second barrier layer 2BL. That is, the flexible substrate FS-2 is formed by repeatedly forming a
structure including a plastic layer and a barrier layer formed on the plastic layer.
[0079] Impurities or retraction defects may be randomly formed on the second plastic layer 2PL and the second barrier
layer 2BL as well as on the first plastic layer 1PL and the first barrier layer 1BL. However, since the average water vapor
transmission path between a defective point and the OLED is longer in the OLED display 102 of the second comparative
example than in the OLED display 101 of the first comparative example, even when the first barrier layer 1BL and/or
the second barrier layer 2BL is damaged, for example, cracked, the OLED can be prevented from being damaged.
[0080] However, although dark spot defects can be reduced since the flexible substrate FS-2 of the second comparative
example has a low WVTR, the adhesive force between the first barrier layer 1BL that is an inorganic film and the second
plastic layer 2PL that is an organic film is relatively weak and the adhesive force between the second plastic layer 2PL
that is an organic film and the second barrier layer 2BL is relatively weak, the first barrier layer 1BL and the second
plastic layer 2PL may be detached from each other and the second plastic layer 2PL and the second barrier layer 2BL
may be detached from each other during a manufacturing process.
[0081] However, in the OLED display 100 according to at least one embodiment of the invention, since the first
intermediate layer 1IL is formed between the first barrier layer 1BL and the second plastic layer 2PL in order to increase
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the adhesive force between the first barrier layer 1BL and the second plastic layer 2PL, the first barrier layer 1BL and
the second plastic layer 2PL can be prevented from being detached from each other.
[0082] Also, in the OLED display 100, since the second intermediate layer 2IL is formed between the second plastic
layer 2PL and the second barrier layer 2BL in order to increase the adhesive force between the second plastic layer
2PL and the second barrier layer 2BL, the second plastic layer 2PL and the second barrier layer 2BL can be prevented
from being detached from each other.
[0083] The first intermediate layer 1IL of the present embodiment can include an amorphous material. The first inter-
mediate layer 1IL can include, for example, a-silicon as the amorphous material.
[0084] Alternatively, the first intermediate layer 1IL of the present embodiment can include a metal thin film. The metal
thin film may include at least one of the following materials: indium tin oxide (ITO), aluminum (Al), titanium (Ti), and
molybdenum (Mo). However, the material of the first intermediate layer 1IL is not limited to any of these materials and
any material for increasing the adhesive force between the first barrier layer 1BL and the second plastic layer 2PL can
be used.
[0085] Also, the first intermediate layer 1IL can be formed to have a ultraviolet (UV) light transmittance that is equal
to or greater than about 10% so that the second plastic layer 2PL can be smoothly separated from the glass substrate
GS during a process of separating a mother flexible substrate MFS from the glass substrate GS as will be described
below with reference to FIGS. 11A and 11B. To this end, the first intermediate layer 1IL can be formed to have a thickness
that is equal to or less than about 100 Å.
[0086] The second intermediate layer 2IL of the present embodiment can include an amorphous material. The second
intermediate layer 2IL can include, for example, a-silicon as the amorphous material.
[0087] Alternatively, the second intermediate layer 2IL of the present embodiment can include a metal thin film. The
metal thin film may include at least one of the following materials: ITO, Al, Ti, and Mo. However, the material of the
second intermediate layer 2IL of the present embodiment is not limited to any of these materials, and any material for
increasing the adhesive force between the second plastic layer 2PL and the second barrier layer 2BL can be used.
[0088] Table 1 shows the result obtained after performing detachment evaluation between the first barrier layer 1BL
and the second plastic layer 2PL in which the first intermediate layer 1IL is not formed in the flexible substrate FS-2
before the flexible substrate FS-2 is divided into display units. Sample 1 uses a SiO2 single layer, Sample 2 uses a SiNx
single layer, Sample 3 uses a SiO2/SiNx/SiO2 complex layer, and Sample 4 uses a SiNx/SiO2/SiNxthat complex layer,
as each of the first barrier layer 1BL and the second barrier layer 2BL.

[0089] Table 2 shows the result obtained after performing detachment evaluation between the first barrier layer 1BL
and the second plastic layer 2PL in a display unit in which the first intermediate layer 1IL is not formed in the flexible
substrate FS-2 after the flexible substrate FS-2 is divided into display units. Sample 5 uses a SiNx/SiO2 complex layer
and Sample 6 uses a SiNx/SiO2/SiNx complex layer, as each of the first barrier layer 1BL and the second barrier layer 2BL.

[0090] Table 3 shows the result obtained after performing detachment evaluation between the first barrier layer 1BL
and the second plastic layer 2PL in which the first intermediate layer 1IL is formed in the flexible substrate FS before
the flexible substrate FS is divided into display units. Sample 7 uses ITO, Sample 8 uses Ti, and Sample 9 uses A1, as
the first intermediate layer 1IL. Sample 10 includes forming the first intermediate layer 1IL for 5 seconds by using a-Si
and Sample 11 includes forming the first intermediate layer 1LL for 10 seconds by using a-Si. In Samples 7 through 11,
the first and second barrier layers 1BL and 2BL are formed by using a SiNx/SiO2 complex layer respectively to thickness
of 600 Å and 1500 Å.

Table 1

Barrier layer Sample 1 (O) Sample 2 (N) Sample 3 (ONO) Sample 4 (NON)

Average adhesive force (gf/inch) 67.73 216.41 82.83 164.38

Table 2

Barrier layer Sample 5 (NO) Sample 6 (NON)

Average adhesive force (gf/inch) 34.61 39.31
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[0091] Table 4 shows a result obtained after performing detachment evaluation between the first barrier layer 1BL
and the second plastic layer 2PL in a display unit in which the first intermediate layer 1IL is formed in the flexible substrate
FS after the flexible substrate FS is divided into display units. Samples 7 through 11 are the same as those in Table 3.

[0092] Referring to Table 1, before the structure in which the first intermediate layer 1IL is not formed is divided into
display units, the average adhesive force between the first barrier layer 1BL and the second plastic layer 2PL ranges
from about 60 gf/inch to about 200 gf/inch. Referring to Table 2, after the structure in which the first intermediate layer
1IL is not formed is divided into display units, the average adhesive force between the first barrier layer 1BL and the
second plastic layer 2PL in the display units ranges from about 35 gf/inch to about 40 gf/inch which is low.
[0093] However, referring to Table 3, before the structure in which the first intermediate layer 1IL is formed is divided
into display units, i) the average adhesive force between the first barrier layer 1BL and the second plastic layer 2PL
ranges from about 100 gf/inch to about 300 gf/inch in the a-silicon and ii) the first barrier layer 1BL and the second plastic
layer 2PL are undetachable in the metal thin film. Referring to Table 4, after the structure in which the first intermediate
layer 1IL is formed is divided into display units, the first barrier layer 1BL and the second plastic layer 2PL are undetachable
in a display unit, and the average adhesive force is not measurable. That is, when the first intermediate layer 1IL is
interposed between the first barrier layer 1BL and the second plastic layer 2PL, the adhesive force between the first
barrier layer 1BL and the second plastic layer 2PL is greatly increased.
[0094] The OLED display 100 that is divided as a display unit is subjected to a process of adhering a chip-on-film
(COF, not shown) on the display unit and a module assembly process of adhering a polarization film (not shown). While
the COF is adhered, stress due to bending may be applied to the flexible substrate FS, the polarization film may be
contracted and the second plastic layer 2PL and the second barrier layer 2BL may be detached from each other. However,
in the OLED display 100, since the second intermediate layer 2IL is formed between the second plastic layer 2PL and
the second barrier layer 2BL in order to increase the adhesive force between the second plastic layer 2PL and the
second barrier layer 2BL, the second plastic layer 2PL and the second barrier layer 2BL can be prevented from being
detached from each other.
[0095] Accordingly, in the OLED display 100 according to the present embodiment, since the flexible substrate FS is
formed by alternately stacking two plastic layers and two barrier layers and interposed an intermediate layer between
adjacent plastic and barrier layers, the average water vapor transmission path can be increased and the adhesive force
between a lower barrier layer and an upper plastic layer that is adjacent to the lower barrier layer can be increased,
thereby preventing the OLED display 100 from undergoing detachment defects.
[0096] FIG. 11 is a view illustrating the flexible substrate FS of the OLED display 100 of FIG. 1 according to another
embodiment of the invention.
[0097] Referring to FIG. 11, the flexible substrate FS includes the first plastic layer 1PL, the first barrier layer 1BL, the
first intermediate layer 1IL, the second plastic layer 2PL, the second intermediate layer 2IL, and the second barrier layer
2BL.
[0098] In the present embodiment, the first barrier layer 1BL and the second barrier layer 2BL respectively include at
least one silicon nitride layer 1SN and at least one silicon nitride layer 2SN. The silicon nitride density of the silicon nitride
layer 1SN of the first barrier layer 1BL is less than the silicon nitride density of the silicon nitride layer 2SN of the second
barrier layer 2BL. For example, the silicon nitride density of the silicon nitride layer 1SN of the first barrier layer 1BL can
be equal to or greater than about 2.2 g/cm3 and can be equal to or less than about 2.4 g/cm3. At least one layer of the
first barrier layer 1BL and the second barrier layer 2BL is formed of silicon nitride in order to prevent water vapor
transmission through a plastic substrate, the hydrogen content included in the silicon nitride may affect device charac-
teristics of the TFT.
[0099] FIG. 12 is a graph illustrating the relationship between a gate voltage and a drain current of the OLED when a

Table 3

Intermediate layer
Sample 7 
(ITO)

Sample 8 (Ti) Sample 9 (Al)
Sample 10 (a-
Si)

Sample 11 (a-
Si)

Average adhesive force 
(gf/inch)

Undetachable Undetachable Undetachable 126.27 328.24

Table 4

Intermediate layer Sample 7 (ITO) Sample 8 (Ti) Sample 9 (Al) Sample 10 (a-Si) Sample 11 (a-Si)

Average adhesive 
force (gf/inch)

Undetachable Undetachable Undetachable Undetachable Undetachable
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flexible structure has a structure A in which a silicon nitride layer is formed in the first barrier layer 1BL and a silicon
nitride layer is not formed in the second barrier layer 2BL is used and when a flexible substrate having a structure B in
which silicon nitride layers having the same density are formed in both the first barrier layer 1BL and the second barrier
layer 2BL is used.
[0100] The slope of the curve for the structure B is greater than that of the curve for the structure A. However, the
change in the slope of the curve that is formed when the structure B is used occurs only in some OLEDs and does not
occur in all OLEDs. Accordingly, in the structure B, a current compensation design is necessary in order to achieve
uniform device characteristics. However, when a driving voltage is reduced according to the current compensation
design, a low grayscale off defect wherein there is insufficient brightness for low grayscales may occur.
[0101] Table 5 shows a low grayscale off defect that occurs on 20 candelas (cd) when the flexible substrates having
the structure A and the structure B are used.

[0102] As shown in Table 5, the number of low grayscale off defects is greatly increased in the structure B. This is
because device characteristics of the devices are nonuniform due to hydrogen that is randomly generated in the silicon
nitride layer of the second barrier layer 2BL.
[0103] However, when the structure A is selected in order to reduce the number of low grayscale off defects, the WVTR
rate that is an important characteristic of a barrier is increased.
[0104] However, when the silicon nitride density of the silicon nitride layer 1SN of the first barrier layer 1BL is less
than the silicon nitride density of the silicon nitride layer 2SN of the second barrier layer 2BL as in the flexible substrate
FS of the present exemplary embodiment, deviation of the WVTR of an OLED display can be reduced and characteristics
of the TFTs can be improved.
[0105] FIG. 13 is a graph illustrating the relationship between initial silicon nitride density and hydrogen content.
[0106] Referring to FIG. 13, as the initial silicon nitride density decreases, the hydrogen content increases. As in the
present exemplary embodiment, the silicon nitride density of the silicon nitride layer 1SN of the first barrier layer 1BL
can be equal to or less than about 2.4 g/cm3 so that the silicon nitride layer 1SN can be formed to be porous. However,
it is difficult to form the silicon nitride layer 1SN so that the silicon nitride density is less than about 2.2 g/cm3 due to
processing reasons. Since the silicon nitride layer 1SN is porous, the hydrogen content is increased to be equal to or
greater than about 1x107 at/cm2, thereby increasing the amount of hydrogen that is generated during thermal treatment
performed on the silicon nitride layer 1SN. The increased hydrogen may cure a defective site of the TFT, thereby
improving device characteristics of the TFT. Also, since the silicon nitride layer 1SN is formed in the first barrier layer
1BL, the WVTR can be reduced.
[0107] Since the silicon nitride density of the silicon nitride layer 1SN of the first barrier layer 1BL is less than the silicon
nitride density of the silicon nitride layer 2SN of the second barrier layer 2BL, the refractive index of the silicon nitride
layer 1SN of the first barrier layer 1BL can be less than a refractive index of the silicon nitride layer 2SN of the second
barrier layer 2BL.
[0108] Although one silicon nitride layer 1SN of the first barrier layer 1BL is formed on a silicon oxide layer in FIG. 13,
the described technology is not limited thereto. For example, only one silicon nitride layer can be formed in the first
barrier layer 1BL. Alternatively, a plurality of silicon nitride layers can be formed in the first barrier layer 1BL. Alternatively,
a plurality of silicon oxide layers and a plurality of silicon nitride layers can be formed in the first barrier layer 1BL.
[0109] FIGS. 5A through 10 are views for explaining a method of manufacturing the OLED display 100, according to
an embodiment of the invention.
[0110] FIG. 5A is a plan view for explaining an operation of forming the mother flexible substrate MFS on the glass
substrate GS. FIG. 5B is a cross-sectional view taken along line VB-VB of FIG. 5A.
[0111] Referring to FIGS. 5A and 5B, the mother flexible substrate MFS is formed on the glass substrate GS.
[0112] Since the mother flexible substrate MFS formed of a plastic material is bendable or stretchable when heat is
applied thereto, it is difficult to precisely form thin film patterns such as various electrodes or conductive wirings on the
mother flexible substrate MFS. Accordingly, various thin film patterns are formed on the mother flexible substrate MFS
which is adhered to the glass substrate GS that is a carrier substrate.
[0113] First, the first plastic layer 1PL is formed on the glass substrate GS. The first plastic layer 1PL can be formed
by coating and curing a plastic polymer solution including at least one of the following materials: polyimide, polyethylene
naphthalate, PET, polyarylate, polycarbonate, PEI, and polyethersulfone on the glass substrate GS, or by laminating a
polymer film on the glass substrate GS. The curing can be performed by using any of various methods such as thermal

Table 5

Structure of flexible substrate A B

Defect rate 1.6% 79.3%
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curing, UV curing, or electron-beam curing.
[0114] Next, the first barrier layer 1BL is formed on the first plastic layer 1PL. The first barrier layer 1BL can be formed
to have a single- or multi-layer structure by using an inorganic material such as AlO3, SiO2, or SiNx by using chemical
vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), or atomic layer deposition (ALD).
[0115] Next, the first intermediate layer 1IL is formed on the first barrier layer 1BL. The first intermediate layer 1IL can
be formed to have a single- or multi-layer structure by using an amorphous material such as a-silicon or a metal thin
film such as ITO, Al, Ti, or Mo by using CVD, PECVD, or ALD.
[0116] Next, the second plastic layer 2PL is formed on the first intermediate layer 1IL. The second plastic layer 2PL
can be formed of the same material by using the same method as those of the first plastic layer 1PL.
[0117] However, the second plastic layer 2PL can be formed to have a lower viscosity than the first plastic layer 1PL.
When the first and second plastic layers 1PL and 2PL are formed by using coating, many impurities are contained in a
coating solution having a high viscosity, and thus the impurities may also be coated. Accordingly, the second plastic
layer 2PL may have a lower viscosity than the first plastic layer 1PL so that filtering is performed while the second plastic
layer 2PL is coated. In this embodiment, the impurities can be reduced by forming the second plastic layer 2PL by using
a filtered material. Since a coating solution that is used to form the second plastic layer 2PL has a low viscosity, the
impurities that are generated between the first plastic layer 1PL and the first barrier layer 1BL can be covered.
[0118] Although the first plastic layer 1PL and the second plastic layer 2PL have the same thickness in FIGS. 1 and
5A, the described technology is not limited thereto. The penetration time during which oxygen and moisture penetrate
from the outside of the flexible substrate FS is affected more by the thickness of the second plastic layer 2PL that is
closer to the OLED layer 120 than that of the first plastic layer 1PL. Accordingly, the OLED can be prevented from being
degraded by delaying the penetration time by increasing the thickness of the second plastic layer 2PL that is closer to
the OLED layer 120 to be greater than that of the first plastic layer 1PL.
[0119] Next, the second intermediate layer 2IL is formed on the second plastic layer 2PL. The second intermediate
layer 2IL can be formed to have a single- or multi-layer structure by using an amorphous material such as a-silicon or
a metal thin film such as ITO, Al, Ti, or Mo by using CVD, PECVD, or ALD.
[0120] Next, the second barrier layer 2BL is formed on the second intermediate layer 2IL. The second barrier layer
2BL can be formed of the same material by using the same method as those of the first barrier layer 1BL.
[0121] FIG. 6A is a plan view for explaining a process of forming a plurality of units of OLED displays 100 on the
mother flexible substrate MFS. FIG. 6B is a cross-sectional view taken along line VIB-VIB of FIG. 6A.
[0122] Referring to FIGS. 6A and 6B, the plurality of units of OLED displays 100 including the TFT layer 110 and the
OLED layer 120 are formed on the mother flexible substrate MFS.
[0123] Any of various methods can be used according to the semiconductor layer 111 (see FIG. 2) of the TFT layer
110. For example, when the semiconductor layer 111 is formed of poly-silicon, a-silicon, or conductive oxide, any of
deposition methods such as PECVD, atmospheric pressure CVD (APCVD), low pressure CVD (LPCVD) can be used.
When the semiconductor layer 111 is formed of an organic TFT, coating or printing can be used. When the semiconductor
layer 111 is formed of poly-silicon, any of various crystallization methods such as rapid thermal annealing (RTA), solid
phase crystallization (SPC), excimer laser annealing (ELA), metal induced crystallization (MIC), metal induced lateral
crystallization (MILC), or sequential lateral solidification (SLS) can be used.
[0124] The gate electrode 113 (see FIG. 2), the source electrode 115 (see FIG. 2), the drain electrode 116 (see FIG.
2), and various wirings (not shown) can be deposited on the TFT layer 110 by using CVD, PECVD, or ALD, and then
can be patterned by using photolithography.
[0125] The layer 123 (see FIG. 2) including the organic emission layer of the OLED layer 120 can be formed by using
any of various methods such as deposition, coating, printing, or light-heat transfer.
[0126] Although not shown in FIG. 6B, a buffer layer (not shown) can be further interposed between the second barrier
layer 2BL and the TFT layer 110.
[0127] FIG. 7 is a cross-sectional view for explaining a process of forming the thin-film encapsulation layer 130 that
encapsulates the plurality of OLED layers 120 on the mother flexible substrate MFS.
[0128] The thin-film encapsulation layer 130 can be formed of a plurality of inorganic layers or a combination of an
inorganic layer and an organic layer as described above. The inorganic layer and the organic layer can be formed by
using any of various methods such as CVD, PECVD, or sputtering.
[0129] Although one thin-film encapsulation layer 130 commonly covers the plurality units of OLED displays 100 in
FIG. 7, the described technology is not limited thereto. That is, the thin-film encapsulation layer 130 can individually
cover the units of OLED displays 100.
[0130] FIGS. 8 and 9 are cross-sectional views for explaining a process of separating the mother flexible substrate
MFS from the glass substrate GS.
[0131] Referring to FIG. 8, in order to separate the mother flexible substrate MFS from the glass substrate GS, laser
light is emitted to a surface of the glass substrate GS that is opposite to a surface of the glass substrate GS on which
the mother flexible substrate MFS is formed.
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[0132] UV light can be emitted as laser light by using an excimer laser. The emitted UV light is transmitted through
the glass substrate GS and is absorbed by the first plastic layer 1PL and the second plastic layer 2PL. A binding force
between the first and second plastic layers 1PL and 2PL and the glass substrate GS is reduced due to absorbed energy.
The first barrier layer 1BL or the second barrier layer 2BL is easily broken by an external tensile force. Accordingly, the
mother flexible substrate MFS can be separated from the glass substrate GS by appropriately applying an external
tensile force to the mother flexible substrate MFS and the glass substrate GS in a direction marked by an arrow of FIG. 9.
[0133] Before the process of separating the mother flexible substrate MFS from the glass substrate GS, a first protective
film 140 can be attached to the thin-film encapsulation layer 130. The first protective film 140 can be used as an optical
member such as a polarization film.
[0134] FIG. 10 is a cross-sectional view for explaining a process of dividing the OLED layer 120 that is formed on the
mother flexible substrate MFS into the plurality of OLED displays 100.
[0135] After the mother flexible substrate MFS is separated from the glass substrate GS, a second protective film 150
can be attached to a rear surface of the mother flexible substrate MFS and then the mother flexible substrate MFS can
be divided into the plurality of OLED displays 100. The second protective film 150 can be used as an optical member
such as a polarization film.
[0136] The OLED layer 120 that is formed on the mother flexible substrate MFS can be divided into the plurality of
OLED displays 100 by cutting the mother flexible substrate MFS along a cutting line CL of a non-display area between
the OLED displays 100 by using a cutting wheel or a laser cutter.
[0137] Although two plastic layers and two barrier layers are alternately stacked in FIGS. 5A through 10, more plastic
layers and barrier layers may be stacked if necessary. In these embodiments, an intermediate layer can be further
interposed between adjacent plastic and barrier layers if necessary.
[0138] Also, although not shown in FIGS. 5A through 10, the first intermediate layer 1IL and the second intermediate
layer 2IL can be patterned to be formed only in an area corresponding to an area where the OLED layer 120 is formed.
[0139] Although the invention has been explained based on the structure of an OLED display in the above embodiments,
the described technology may be applied to various flexible displays as well as OLED displays. For example, the described
technology may be applied to various electronic devices such as mobile devices, navigation systems, video cameras,
laptops, tablet computers, flat-screen TVs, and video projectors.
[0140] As described above, according to one or more of the above embodiments, since a flexible substrate is formed
by alternately stacking two plastic layers and two barrier layers and interposing an intermediate layer between adjacent
plastic and barrier layers, the average water vapor transmission path is increased, thereby preventing an OLED from
being degraded.
[0141] The adhesive force between a lower barrier layer and an upper plastic layer that is adjacent to the lower barrier
layer is increased, thereby preventing the OLED display from undergoing detachment defects.
[0142] The adhesive force between the upper plastic layer and an upper barrier layer that is adjacent to the upper
plastic layer is increased, thereby preventing the OLED display from undergoing detachment defects.
[0143] Each barrier layer is formed to include silicon nitride and the silicon nitride density in a barrier layer that is far
from the OLED is less than the silicon nitride density in a barrier layer that is close to the OLED, thereby improving TFT
characteristics and reducing a deviation of a WVTR of the flexible substrate.
[0144] While one or more embodiments of the invention have been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various changes in form and details may be made therein without
departing from the scope of the invention as defined by the following claims.

Claims

1. An organic light-emitting diode (OLED) display (100), comprising:

a first plastic layer (1PL);
a first barrier layer (1BL) formed over the first plastic layer (1PL);
a first intermediate layer (1IL) formed over the first barrier layer (1BL);
a second plastic layer (2PL) formed over the first intermediate layer (1IL);
a second intermediate layer (2IL) formed over the second plastic layer (2PL);
a second barrier layer (2BL) formed over the second intermediate layer (2IL);
an OLED layer (120) formed over the second barrier layer (2BL); and
a thin-film encapsulation layer (130) encapsulating the OLED layer (120), characterized in that the first barrier
layer (1BL) comprises a first silicon nitride layer (1SN), the second barrier layer (2BL) comprises a second
silicon nitride layer (2SN), and the silicon nitride density of the second barrier layer (2BL) is greater than that
of the first silicon nitride layer (1SN).
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2. An OLED display according to claim 1, wherein the first intermediate layer (1IL) comprises amorphous silicon.

3. An OLED display according to claim 1, wherein the first intermediate layer (1IL) comprises a metal thin film.

4. An OLED display according to claim 1, wherein the second intermediate layer (2IL) comprises amorphous silicon.

5. An OLED display according to claim 1, 2 or 3 wherein the second intermediate layer (2IL) comprises a metal thin film.

6. An OLED display according to any preceding claim, wherein the ultraviolet (UV) transmittance of the first intermediate
layer (1IL) is greater than or equal to about 10%.

7. An OLED display according to any preceding claim, wherein each of the first plastic layer (1PL) and the second
plastic layer (2PL) comprises at least one of the following materials: polyimide, polyethylene naphthalate, polyeth-
ylene terephthalate (PET), polyarylate, polycarbonate, polyethersulfone, and polyetherimide (PEI).

8. An OLED display according to any preceding claim, wherein the second plastic layer (2PL) has a thickness that is
greater than that of the first plastic layer (1PL).

9. An OLED display according to any preceding claim, wherein the second plastic layer (2PL) has a viscosity that is
less than that of the first plastic layer (1PL).

10. An OLED display according to any preceding claim, wherein the first barrier layer (1BL) further comprises a metal
oxide film or a silicon oxide film.

11. An OLED display according to any preceding claim, wherein the second barrier layer (2BL) further comprises a
metal oxide film or a silicon oxide film.

12. An OLED display according to any preceding claim, wherein the silicon nitride density of the first silicon nitride layer
(1SN) is greater than or equal to about 2.2 g/cm3 and is less than or equal to about 2.4 g/cm3.

13. An OLED display according to any preceding claim, wherein the thin-film encapsulation layer (130) comprises at
least one of an inorganic layer and an organic layer.

14. An electronic device comprising an organic light-emitting diode (OLED) display according to any preceding claim.

15. A method of manufacturing an organic light-emitting diode (OLED) display, comprising:

preparing a carrier substrate;
forming a mother flexible substrate (MFS) on the carrier substrate, wherein the mother flexible substrate (MFS)
comprises a first plastic layer (1PL), a first barrier layer (1BL), a first intermediate layer (1IL), a second plastic
layer (2PL), a second intermediate layer (2IL), and a second barrier layer (2BL) that are sequentially stacked;
forming a plurality of OLED layers (120) on the mother flexible substrate (MFS);
forming a thin-film encapsulation layer (130) so as to encapsulate the OLED layers (120);
separating the mother flexible substrate (MFS) from the carrier substrate; and
dividing the OLED layers (120) formed on the mother flexible substrate (MFS) into a plurality of display units,
characterized in that the first barrier layer (1BL) comprises at least a first silicon nitride layer (1SN), the second
barrier layer (2BL) comprises a second silicon nitride layer (2SN), and the silicon nitride density of the second
silicon nitride layer (2SN) is greater than that of the first silicon nitride (1SN) layer.

16. A method according to claim 15, wherein the separating of the mother flexible substrate (MFS) from the carrier
substrate comprises emitting laser light toward a surface of the carrier substrate that is opposite to a surface of the
carrier substrate on which the mother flexible substrate (MFS) is formed.

17. A method according to claim 16, wherein the laser light is ultraviolet (UV) light.

18. A method according to one of claims 15-17, wherein the carrier substrate is a glass substrate (GS).



EP 3 021 371 B1

13

5

10

15

20

25

30

35

40

45

50

55

Patentansprüche

1. Organische Leuchtdioden (OLED)-Anzeige (100), umfassend:

eine erste Kunststoffschicht (1PL);
eine erste Sperrschicht (1BL), welche über der ersten Kunststoffschicht (1PL) ausgebildet ist;
eine erste Zwischenschicht (1IL), welche über der ersten Sperrschicht (1BL) ausgebildet ist;
eine zweite Kunststoffschicht (2PL), welche über der ersten Zwischenschicht (1IL) ausgebildet ist;
eine zweite Zwischenschicht (2IL), welche über der zweiten Kunststoffschicht (2PL) ausgebildet ist;
eine zweite Sperrschicht (2BL), welche über der zweiten Zwischenschicht (2IL) ausgebildet ist;
eine OLED-Schicht (120), welche über der zweiten Sperrschicht (2BL) ausgebildet ist; und
eine Dünnfilm-Verkapselungsschicht (130), welche die OLED-Schicht (120) verkapselt,
dadurch gekennzeichnet, dass die erste Sperrschicht (1BL) eine erste Siliziumnitrid-Schicht (1SN) umfasst,
die zweite Sperrschicht (2BL) eine zweite Siliziumnitrid-Schicht (2SN) umfasst, und die Dichte des Siliziumnitrids
der zweiten Sperrschicht (2BL) größer als die der ersten Siliziumnitrid-Schicht (1SN) ist.

2. OLED-Anzeige nach Anspruch 1, wobei die erste Zwischenschicht (1IL) amorphes Silizium umfasst.

3. OLED-Anzeige nach Anspruch 1, wobei die erste Zwischenschicht (1IL) einen Metalldünnfilm umfasst.

4. OLED-Anzeige nach Anspruch 1, wobei die zweite Zwischenschicht (2IL) amorphes Silizium umfasst.

5. OLED-Anzeige nach Anspruch 1, 2 oder 3, wobei die zweite Zwischenschicht (2IL) einen Metalldünnfilm umfasst.

6. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die ultraviolette (UV) Durchlässigkeit der ersten
Zwischenschicht (1IL) größer oder gleich etwa 10% ist.

7. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei jede der ersten Kunststoffschicht (1PL) und der
zweiten Kunststoffschicht (2PL) zumindest eines der folgenden Materialien umfasst: Polymid, Polyethylennaphtalat,
Polyethylenterephtalat (PET), Polyarylat, Polycarbonat, Polyethersulfon und Polyetherimid (PEI).

8. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die zweite Kunststoffschicht (2PL) eine Dicke
aufweist, welche größer als die der ersten Kunststoffschicht (1PL) ist.

9. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die zweite Kunststoffschicht (2PL) eine Viskosität
aufweist, welche kleiner als die der ersten Kunststoffschicht (1PL) ist.

10. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die erste Sperrschicht (1BL) ferner einen Me-
talloxidfilm oder einen Siliziumoxidfilm umfasst.

11. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die zweite Sperrschicht (2BL) ferner einen
Metalloxidfilm oder einen Siliziumoxidfilm umfasst.

12. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die Dichte des Siliziumnitrids der ersten Silizi-
umnitrid-Schicht (1SN) größer oder gleich etwa 2,2 g/cm3 ist und kleiner oder gleich etwa 2,4 g/cm3 ist.

13. OLED-Anzeige nach einem der vorhergehenden Ansprüche, wobei die Dünnfilm-Verkapselungsschicht (130) zu-
mindest eine von einer anorganischen Schicht und einer organischen Schicht umfasst.

14. Elektronische Vorrichtung, umfassend eine organische Leuchtdioden (OLED)-Anzeige nach einem der vorherge-
henden Ansprüche.

15. Verfahren zum Herstellen einer organischen Leuchtdioden (OLED)-Anzeige, umfassend:

Vorbereiten eines Trägersubstrats;
Formen eines flexiblen Muttersubstrats (MFS) auf dem Trägersubstrat, wobei das flexible Muttersubstrat (MFS)
eine erste Kunststoffschicht (1PL), eine erste Sperrschicht (1BL), eine erste Zwischenschicht (1IL), eine zweite
Kunststoffschicht (2PL), eine zweite Zwischenschicht (2IL) und eine zweite Sperrschicht (2BL) umfasst, welche
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sequentiell aufgestapelt sind;
Formen einer Vielzahl von OLED-Schichten (120) auf dem flexiblen Muttersubstrat (MFS);
Formen einer Dünnfilm-Verkapselungsschicht (130), um die OLED-Schichten (120) zu verkapseln;
Trennen des flexiblen Muttersubstrats (MFS) vom Trägersubstrat; und
Unterteilen der OLED-Schichten (120), welche auf dem flexiblen Muttersubstrat (MFS) gebildet sind, in eine
Vielzahl von Anzeigeeinheiten,
dadurch gekennzeichnet, dass die erste Sperrschicht (1BL) zumindest eine erste Siliziumnitrid-Schicht (1SN)
umfasst, die zweite Sperrschicht (2BL) eine zweite Siliziumnitrid-Schicht (2SN) umfasst, und die Dichte des
Siliziumnitrids der zweiten Siliziumnitrid-Schicht (2SN) größer als die der ersten Siliziumnitrid-Schicht (1SN) ist.

16. Verfahren nach Anspruch 15, wobei das Trennen des flexiblen Muttersubstrats (MFS) vom Trägersubstrat das
Emittieren eines Laserlichts auf die Oberfläche des Trägersubstrats umfasst, welche zu einer Oberfläche des Trä-
gersubstrats entgegengesetzt ist, auf welcher das flexible Muttersubstrat (MFS) gebildet ist.

17. Verfahren nach Anspruch 16, wobei das Laserlicht ultraviolettes (UV) Licht ist.

18. Verfahren nach einem der Ansprüche 15-17, wobei das Trägersubstrat ein Glassubstrat (GS) ist.

Revendications

1. Affichage à diodes électroluminescentes organiques (OLED) (100), comprenant :

une première couche en matière plastique (1PL) ;
une première couche de barrière (1BL) qui est formée au-dessus de la première couche en matière plastique
(1PL) ;
une première couche intermédiaire (1IL) qui est formée au-dessus de la première couche de barrière (1BL) ;
une seconde couche en matière plastique (2PL) qui est formée au-dessus de la première couche intermédiaire
(1IL) ;
une seconde couche intermédiaire (2IL) qui est formée au-dessus de la seconde couche en matière plastique
(2PL) ;
une seconde couche de barrière (2BL) qui est formée au-dessus de la seconde couche intermédiaire (2IL) ;
une couche d’OLED (120) qui est formée au-dessus de la seconde couche de barrière (2BL) ; et
une couche d’encapsulage en film mince (130) qui encapsule la couche d’OLED (120),
caractérisé en ce que la première couche de barrière (1BL) comprend une première couche en nitrure de
silicium (1SN), la seconde couche de barrière (2BL) comprend une seconde couche en nitrure de silicium (2SN),
et la densité en nitrure de silicium de la seconde couche de barrière (2BL) est supérieure à celle de la première
couche en nitrure de silicium (1 SN).

2. Affichage à OLED selon la revendication 1, dans lequel la première couche intermédiaire (1IL) comprend du silicium
amorphe.

3. Affichage à OLED selon la revendication 1, dans lequel la première couche intermédiaire (1IL) comprend un film
mince en métal.

4. Affichage à OLED selon la revendication 1, dans lequel la seconde couche intermédiaire (2IL) comprend du silicium
amorphe.

5. Affichage à OLED selon la revendication 1, 2 ou 3, dans lequel la seconde couche intermédiaire (2IL) comprend
un film mince en métal.

6. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la transmittance aux ultra-
violets (UV) de la première couche intermédiaire (1IL) est supérieure ou égale à environ 10 %.

7. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel chaque couche prise parmi
la première couche en matière plastique (1PL) et la seconde couche en matière plastique (2PL) comprend au moins
l’un des matériaux qui suivent : polyimide, naphtalate de polyéthylène, téréphtalate de polyéthylène (PET), polya-
rylate, polycarbonate, polyéthersulfone et polyétherimide (PEI).



EP 3 021 371 B1

15

5

10

15

20

25

30

35

40

45

50

55

8. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la seconde couche en
matière plastique (2PL) présente une épaisseur qui est supérieure à celle de la première couche en matière plastique
(1PL).

9. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la seconde couche en
matière plastique (2PL) présente une viscosité qui est inférieure à celle de la première couche en matière plastique
(1PL).

10. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la première couche de
barrière (1BL) comprend en outre un film en oxyde métallique ou un film en oxyde de silicium.

11. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la seconde couche de
barrière (2BL) comprend en outre un film en oxyde métallique ou un film en oxyde de silicium.

12. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la densité en nitrure de
silicium de la première couche en nitrure de silicium (1SN) est supérieure ou égale à environ 2,2 g/cm3 et est
inférieure ou égale à environ 2,4 g/cm3.

13. Affichage à OLED selon l’une quelconque des revendications précédentes, dans lequel la couche d’encapsulage
en film mince (130) comprend au moins une couche prise parmi une couche inorganique et une couche organique.

14. Dispositif électronique comprenant un affichage à diodes électroluminescentes organiques (OLED) selon l’une
quelconque des revendications précédentes.

15. Procédé de fabrication d’un affichage à diodes électroluminescentes organiques (OLED), comprenant :

la préparation d’un substrat de support ;
la formation d’un substrat flexible mère (MFS) sur le substrat de support, dans lequel le substrat flexible mère
(MFS) comprend une première couche en matière plastique (1PL), une première couche de barrière (1BL), une
première couche intermédiaire (1IL), une seconde couche en matière plastique (2PL), une seconde couche
intermédiaire (2IL) et une seconde couche de barrière (2BL) qui sont empilées de manière séquentielle ;
la formation d’une pluralité de couches d’OLED (120) sur le substrat flexible mère (MFS) ;
la formation d’une couche d’encapsulage en film mince (130) de manière à encapsuler les couches d’OLED
(120) ;
la séparation du substrat flexible mère (MFS) vis-à-vis du substrat de support ; et
la division des couches d’OLED (120) qui sont formées sur le substrat flexible mère (MFS) selon une pluralité
d’unités d’affichage,
caractérisé en ce que la première couche de barrière (1BL) comprend au moins une première couche en
nitrure de silicium (1SN), la seconde couche de barrière (2BL) comprend une seconde couche en nitrure de
silicium (2SN), et la densité en nitrure de silicium de la seconde couche en nitrure de silicium (2SN) est supérieure
à celle de la première couche en nitrure de silicium (1SN).

16. Procédé selon la revendication 15, dans lequel la séparation du substrat flexible mère (MFS) vis-à-vis du substrat
de support comprend l’émission d’une lumière laser en direction d’une surface du substrat de support qui est opposée
à une surface du substrat de support sur laquelle le substrat flexible mère (MFS) est formé.

17. Procédé selon la revendication 16, dans lequel la lumière laser est une lumière ultraviolette (UV).

18. Procédé selon l’une des revendications 15 à 17, dans lequel le substrat de support est un substrat en verre (GS).
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