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APPARATUS

(57)  Aflexible substrate, a manufacturing method for
the flexible substrate and an OLED display device includ-
ing the flexible substrate are provided. The flexible sub-
strate includes a flexible base on which a mesh depres-
sion layer is provided, in which a mesh current sinking
layer is embedded. The mesh current sinking layer is

configured to enhance electrical conductivity of the flex-
ible substrate. With the mesh depression layer, the mesh
current sinking layer may be embedded in the flexible
substrate, which effectively enhances the electrical con-
ductivity of the flexible substrate.
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Description
TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
a flexible substrate, a manufacturing method of the flex-
ible substrate, and an OLED display device including the
flexible substrate.

BACKGROUND

[0002] Uptonow,display devices that have been prac-
tically applied mainly include cathode ray tubes (CRTSs),
liquid crystal displays (LCDs), vacuum fluorescent devic-
es (VFDs), plasmadisplays (PDPs), organiclight emitting
diodes (OLEDs), field emitting displays (FEDs), and elec-
troluminescent displays (ELDs).

[0003] An OLED (organic light-emitting diode) display
device includes an anode, an organic light emitting layer
and a cathode. Compared with an LCD display device,
an OLED display device has advantages such as small
thickness, light weight, wide viewing angle, active light
emission, continuously tunable emission color, low costs,
fast response speed, small energy dissipation, low driv-
ing voltage, wide operating temperature range, simple
production process, high luminous efficiency, and flexible
display. OLEDs have gained great attention from the in-
dustrial comununity and scientific community due to their
advantages and promising application prospects un-
comparable to other kinds of displays.

[0004] When manufacturing an OLED display, since
the cathode is typically of a low work function metal, the
anode needs high work function material to match with
it. At present, commonly used anode materials are con-
ductive polymer materials. However, electrical conduc-
tivities of polymer materials are poor compared with met-
al and indium tin oxide (ITO) materials.

SUMMARY

[0005] Embodiments of the present invention provide
a flexible substrate and a manufacturing method thereof,
and an OLED display device, in which the flexible sub-
strate embeds therein a mesh current sinking layer with
a mesh depression layer to enhance the electrical con-
ductivity of the flexible substrate.

[0006] One aspect of the present invention provides a
flexible substrate comprising a flexible base that is pro-
vided with a mesh depression layer in which a mesh cur-
rent sinking layer is embedded.

[0007] Forexample, inthe flexible substrate, a top sur-
face of the mesh current sinking layer may be flush with
an upper surface of the flexible substrate.

[0008] For example, the flexible substrate may be an
OLED flexible substrate.

[0009] Forexample, inthe flexible substrate, the mesh
depression layer may exhibit a mesh configuration with
rectangular openings.
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[0010] For example, in the flexible substrate, the mesh
current sinking layer may be made of a metal material.
[0011] For example, in the flexible substrate, the flex-
ible substrate may be made of a photosensitive polymer
material.

[0012] For example, in the flexible substrate, a thick-
ness of the mesh current sinking layer may be 5-30 nm.
[0013] Another aspect of the present invention pro-
vides a manufacturing method for any of the above-men-
tioned flexible substrates, including: providing a current
sinking film layer on a film forming substrate; manufac-
turing the current sinking film layer into a mesh current
sinking layer; providing a flexible base material on the
mesh current sinking layer; curing the substrate formed
with the flexible base material; and removing the film
forming substrate to form the flexible substrate.

[0014] For example, in the method, the current sinking
film layer base material may be manufactured into the
mesh current sinking layer with a patterning process.
[0015] Yetanotheraspectofthe presentinvention pro-
vides an OLED display device including an anode and
any of the above-mentioned flexible substrates, and the
anode is disposed on the flexible substrate.

[0016] For example, in the display device, the anode
material may be one of poly(3,4-ethylenedioxythi-
ophene) and poly(3,4-ethylenedioxythiophene)-po-

ly(styrenesulfonate) or a mixture of them.

[0017] For example, in the display device, the display
device may further include an organic light emitting layer
and a cathode.

[0018] For example, in the display device, the organic
light emitting layer may be disposed on the anode and
the cathode may be disposed on the organic light emitting
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For better understanding technical proposals
according to embodiments of the present invention,
drawings of the embodiments will be described briefly
below. Obviously, drawings in the following description
only relate to some embodiments of the present inven-
tion, not to limit the present invention.

Fig. 1 is a structural representation (front view) of a
flexible substrate in the present invention;

Fig. 2 is a structural representation (top view) of a
flexible substrate in the present invention;

Fig. 3 is a step schematic diagram (front sectional
view) of a manufacturing method of the flexible sub-
strate in the present invention;

Fig. 4 is a step schematic diagram (front sectional
view) of a manufacturing method of the flexible sub-
strate in the present invention;

Fig. 5 is a step schematic diagram (front sectional
view) of a manufacturing method of the flexible sub-
strate in the present invention;

Fig. 6 is a step schematic diagram (front sectional
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view) of a manufacturing method of the flexible sub-
strate in the present invention; and

Fig. 7 is a structural representation (front sectional
view) of the OLED display device in the present in-
vention.

DETAILED DESCRIPTION

[0020] In order to make the purpose, technology solu-
tion and advantages of embodiments of the present in-
vention more clear, technology solutions according to
embodiments of the present invention will be described
clearly and completely below with respect to drawings of
embodiments of the present invention. It is to be under-
stood that the following described embodiments are part
of but not all of embodiments of the present invention.
Based on the described embodiments of the present in-
vention, all other embodiments obtained by those of or-
dinary skill in the art without any creative labor fall into
the protecting scope of the present invention.

[0021] Referring to Figs. 1 and 2, the flexible substrate
according to an embodiment of the present invention in-
cludes a flexible base 1 provided with a mesh depression
layer 20 thereon in which a mesh current sinking layer 2
is embedded. The mesh current sinking layer 2 can en-
hance electrical conductivity of the flexible substrate. The
mesh current sinking layer 2 in this embodiment may be
a thin-film-like mesh layer made of a metallic material
with good electrical conductivity such as silver and cop-
per; and this metal material is preferably silver. In this
embodiment, the flexible substrate is for example an
OLED flexible substrate, namely a flexible substrate
adapted for OLED.

[0022] A mesh currentsinking layer may be embedded
in the mesh depression layer of the flexible substrate
according to an embodiment of the present invention to
make the mesh current sinking layer entirely provided in
the mesh depression layer, which effectively enhances
electrical conductivity of the flexible substrate. If this sub-
strate is applied in an OLED display device, the electrical
conductivity of the anode in the OLED display device can
be enhanced.

[0023] For example, the top surface of the mesh cur-
rent sinking layer in this embodiment is flush with the
upper surface of the flexible substrate to make the mesh
current sinking layer sufficiently contact the anode pro-
vided thereon, thereby allowing the mesh current sinking
layer to sufficiently enhance the electrical conductivity of
anode. The mesh depression layer in this embodiment
may include a plurality of channels (grooves) disposed
in an intersecting configuration which may communicate
with each other.

[0024] In this embodiment, the mesh depression layer
may exhibit a mesh configuration with an arbitrary shape,
for example a mesh with circular mesh openings, and
the mesh current sinking layer embedded therein takes
this shape accordingly. In this embodiment, the mesh
depression layer may also exhibit a mesh configuration
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with rectangular openings, and the mesh current sinking
layer embedded therein exhibits a mesh configuration
with rectangular openings accordingly. A mesh with rec-
tangular openings refers to a mesh structure with mesh
openings that exhibit rectangular shape. In this embod-
iment, the mesh depression layer may also exhibit a
mesh configuration with circular ring openings, and ac-
cordingly the mesh current sinking layer embedded
therein also exhibit a mesh configuration with circular ring
openings. Inthis embodiment, the mesh depression layer
may also exhibit a mesh configuration with regular poly-
gon openings, in which a mesh with regular polygon
openings refers to a mesh structure with regular polygon
openings, and the mesh current sinking layer embedded
therein exhibits a mesh configuration with regular poly-
gon openings accordingly. Referring to Fig. 2, the shown
embodiment adopts a mesh structure with rectangular
openings in consideration of saving design and manu-
facturing costs.

[0025] In this embodiment, the flexible substrate may
be made of a photosensitive polymer material. The pho-
tosensitive polymer material used by the flexible sub-
strate in an embodiment of the presentinventionincludes
amaterial such as styrene series, acrylics series, acrylate
series, epoxy series, unsaturated polyester series, amide
series or vinyl acetate series. For example, each of the
above-mentioned materials may include monomer, pre-
polymer and photoinitiator; and the polymerization proc-
ess type for the above-mentioned materials may be free
radical, anionic or cationic.

[0026] In this embodiment, the mesh current sinking
layer is a translucent film like mesh layer made of a silver
metal with a thickness of 5-30nm, preferably 10nm-
20nm. In order to guarantee that the top surface of the
mesh current sinking layer is flush with the upper surface
of the flexible substrate, the thickness of the mesh de-
pression layer is also selected accordingly between 5-30
nm as the thickness of the mesh current sinking layer.
With a thickness of 10nm-20 nm, it is possible to both
guarantee the electrical conductivity of the current sink-
ing layer, and guarantee the light transmittance of the
current sinking layer, without causing a too low light trans-
mittance due to an excessive thickness. Furthermore, in
manufacturing devices such as OLED devices with this
flexible substrate later, the transmittance of the overall
device will not be impacted.

[0027] Anembodiment of the presentinvention further
provides a manufacturing method for the flexible sub-
strate described above including the following steps.
[0028] Referring to Fig. 3, a current sinking film layer
4 is disposed on a film forming substrate 3. In this em-
bodiment, the film forming substrate 3 may be a planar
substrate that is made of a silicon material, provided with
a silicon dioxide insulating layer and cleaned. Of course,
it is also possible to select other materials for manufac-
turing the planar substrate according to specific circum-
stances, such as a glass material and polyvinyl chloride.
The current sinking film layer in this embodiment may be
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deposited on the film forming substrate by evaporation
process, which may be a metal thin film made of a metallic
material with good electrical conductivity such as silver
and copper; and this metal material is preferably silver.
[0029] Referring to Fig. 4, the current sinking film layer
is fabricated as a mesh current sinking layer by a pat-
terning process according to design requirements of the
mesh current sinking layer. The patterning process gen-
erally includes steps of photoresist coating, exposure,
developing, etching, photoresist removal and so on.
When fabricating the mesh current sinking layer, if evap-
oration is used, it is also possible to use a mask to shield
a portion of the area of the substrate in evaporation di-
rectly so as to deposit mesh current sinking layer on the
substrate directly. With this step, steps of exposure, de-
velopment, and etching can be omitted to simplify the
process for manufacturing mesh current sinking layer
and reduce costs.

[0030] Referring to Fig. 5, on one side of the film form-
ing substrate on which the mesh current sinking layer is
provided, a flexible base material 5 is coated by means
of spin coating, so as to form a substrate formed with the
flexible base material. In this embodiment, the substrate
formed with the flexible base material 5 includes a film
forming substrate, the mesh current sinking layer dis-
posed on the film forming substrate, and a flexible base
material cladding over the mesh current sinking layer. At
this time, the mesh current sinking layer is wholly em-
bedded into a lower end surface of the flexible base ma-
terial that faces an upper end surface of the film forming
substrate and thereby forms a mesh depression layer
adaptable to the mesh current sinking layer on the lower
end surface of the flexible base material. In this embod-
iment, the flexible base material may be a photosensitive
polymer material. The photosensitive polymer material
may be styrene series, acrylic acid series, acrylate series,
epoxy series, unsaturated polyester series, amide series
orvinyl acetate series. Each of the above-mentioned ma-
terial includes a monomer, a prepolymer and a photoin-
itiator. The polymerization process type for the above-
mentioned materials may be of free radical, anionic or
cationic. In this embodiment, the thickness of the flexible
base material may be 0.3-0.8 mm, preferably 0.5 mm-
0.7 mm. The spin coating speed for the flexible base ma-
terial may be 800-2000 rpm (round per minute), prefer-
ably 1000 rpm, and the spin coating time may be 10-30s
(second), preferably 20s. Disposing a flexible base ma-
terial on the film forming substrate by means of spin coat-
ing can improve uniformity of the flexible base material
to enable it to clad over the mesh current sinking layer
more sufficiently and at the same time make the connec-
tion between the mesh current sinking layer and the flex-
ible base material more close, hence ensuring smooth
releasing process thereafter.

[0031] For example, the substrate with the flexible
base material is subjected to ultraviolet cure by means
of ultraviolet cure equipment (such as any existing ultra-
violet cure equipment) to cure the flexible base material
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and the mesh current sinking layer together to integrate
with each other. In this embodiment, the ultraviolet cure
time may be 2-5 min (minute), preferably 3 min.

[0032] The cured substrate with the flexible base ma-
terial forms a flexible substrate consisted of the flexible
base material provided with the mesh depression layer
and the mesh current sinking layer which has a relatively
stable structure.

[0033] As showninFig. 6, the flexible substrate is sub-
jected to releasing process. The film forming substrate
is removed to form the flexible substrate. Releasing
means the process of stripping the flexible substrate off
the film forming substrate. Thereby a complete flexible
substrate is manufactured here. The adhesivity between
the mesh current sinking layer and the flexible base ma-
terial is greater than that between the mesh current sink-
ing layer and the film forming substrate; and therefore
during the flexible substrate stripping process, the follow-
ing case will not occur in which the mesh current sinking
layer is stripped off the flexible base material since it's
stuck with the film forming substrate.

[0034] Embodiments ofthe presentinvention adoptthe
step of curing the mesh current sinking layer into the flex-
ible base material by ultraviolet light directly. With the
fluid property of the flexible base material prior to curing,
it can be allowed to combine with the mesh current sink-
ing layer more sufficiently and naturally and the matching
degree between them can become higher. The flexible
substrate manufactured in this way has a smoother end
surface on which the mesh current sinking layer is pro-
vided, which realizes a smoother anode surface coated
thereon.

[0035] As shown in Fig. 7, an embodiment of the
present invention further provides an OLED display de-
vice including an anode and any one of the flexible sub-
strates 101 as mentioned above. The cathode is dis-
posed on the organic illuminating layer. The anode 102,
the organic light emitting layer 103, and the cathode 104
are provided in order from bottom to top on the flexible
substrate. The anode is disposed on the flexible sub-
strate; the organic light emitting layer is disposed on the
anode, the cathode is disposed on the organic light emit-
ting layer. Since a mesh current sinking layer is provided
on the flexible substrate, the poor electrical conductivity
of the anode may be addressed. Since an embedding
structure is used and the top surface of the mesh current
sinking layer is flush with the upper surface of the flexible
substrate, it is possible to enhance smoothness of the
flexible substrate and in turn enhance the smoothness
of the anode on the flexible substrate. The smoothness
of the anode surface directly influences the effect of car-
rier injection, and therefore the improvement of its
smoothness will accordingly enhance the injection effect
of carriers.

[0036] The anode material in an embodiment of the
present invention may be one of poly(3,4-ethylenediox-
ythiophene) and poly(3,4-ethylenedioxythiophene)-po-
ly(styrenesulfonate) or a mixture of them.
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[0037] The OLED display device according to an em-
bodiment of the presentinvention adopts the above-men-
tioned design of the flexible substrate. It possesses not
only corresponding functions of the flexible substrate, but
also reduces the thickness of an OLED display device
since the flexible substrate embeds the mesh current
sinking layer into the mesh depression layer, making it
more esthetic, lighter and thinner.

[0038] Anembodiment of the present invention further
provides a manufacturing method for the above-men-
tioned OLED display device including the following steps.
[0039] An anode base material is coated on one side
of the flexible substrate on which the mesh current sinking
layer is provided. In this embodiment, the anode base
material may be coated by means of spin coating. This
kind of coating process can allow the anode base material
and the mesh current sinking layer of the flexible sub-
strate contact sufficiently and fix to each other, which
effectively guarantees carrier transitivity between them.
The thickness of the anode may be 20-60 nm, preferably
40 nm.

[0040] The cathode base materialdescribed inthisem-
bodiment is made of a metal film or a conductive high
molecular material with good electrical conductivity. In
this embodiment, the anode base material may be made
of a conductive high molecular material PEDOT/PSS
made from PEDOT (polymer from 3, 4-ethylene dioxy-
thiophene monomer) doped with PSS (water soluble pol-
ymer electrolyte polysuberamide).

[0041] For example, the flexible substrate provided
with an anode may be subjected to a drying process with
a vacuum oven. The drying temperature of the vacuum
oven described in this embodiment may be 60-100°C,
preferably 80°C, and the drying time duration may be
7-10 hours, preferably 8 hours. Selections of the drying
temperature and drying duration described in this em-
bodiment should be set depending on manufacture re-
quirements of flexible substrates with different specifica-
tions.

[0042] After the drying process, an organic light emit-
ting layer is coated on the anode. For example, the flex-
ible substrate provided with the anode is transferred into
a vacuum processing room for evaporation of an organic
light emitting layer. The organic light emitting layer de-
scribed in this embodiment may be made of a polymer
material layer made by solving PVK (polyvinylcarbazole)
molecules and PBD (2-(4-biphenylyl)-5-phenyloxadia-
zole) molecules by a chlorobenzene solution and doping
with heavy metal iridium and a TPBI (1,3,5-tris(1-phenyl-
1H-bemimidazol-2-yl)benzene) layer. The weight frac-
tion ratio of PVK molecules, PBD molecules and iridium
may be (60-80):(20-40):1. In this embodiment, the layer
thickness of the polymer materials of the organic light
emitting layer may be 60-80 nm, preferably 70 nm, and
the TPBI layer thickness is 20-50 nm, preferably 30 nm.
[0043] In the vacuum state, a cathode base material
is evaporated on the organic light emitting layer. In this
embodiment, the vacuum state refers to a vacuum envi-
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ronment with less than 3x10-4 Pa atmosphere. The cath-
ode base material is provided on the organic light emitting
layer by means of an evaporation process and thereby
the cathode is completed. Sofar, the fabrication of OLED
display device is completed.

[0044] Embodiments of the present invention may
have one or all of the following advantages:

1. The mesh depression layer can be used to embed
the mesh current sinking layer to provide the mesh
current sinking layer entirely in the mesh depression
layer, which effectively improves the electrical con-
ductivity of the flexible substrate. If this flexible sub-
strate is applied in an OLED display device, the poor
electrical conductivity of the anode in the OLED dis-
play device can be addressed.

2. The top surface of the mesh current layer can be
flush with the upper surface of the flexible substrate,
which thereby improves the electrical conductivity of
the flexible substrate and enhances smoothness of
the flexible substrate at the same time. If this flexible
substrate is applied in an OLED display device, the
smoothness of the anode surface may be enhanced.
The smoother the anode surface is, the powerful the
surface’s carrier injection capability is. Therefore, it
is possible to enhance electrical conductivity of the
anode.

3. If the mesh current sinking layer is directly cured
into the flexible base material with ultraviolet light,
with the fluid property of the flexible base material
prior to curing, it can combine with the mesh current
sinking layer more sufficiently and naturally and the
matching degree between them can become higher.
The flexible substrate manufactured in this way has
a smoother end surface on which the mesh depres-
sion layer is provided, which realizes a smoother an-
ode surface coated thereon.

4. The anode base material may be coated with spin
coating which allows the anode base material and
the mesh current sinking layer of the flexible sub-
strate contact sufficiently and fix to each other, which
effectively guarantees carrier transitivity between
them.

[0045] The above is only exemplary implementations
of the presentinvention, rather than for limiting protection
scope of the present invention, which is defined by the
appended claims.

Claims

1. A flexible substrate comprising a flexible base,
wherein the flexible base is provided with a mesh
depression layer in which a mesh current sinking lay-

er is embedded.

2. The flexible substrate of claim 1, wherein a top sur-
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face of the mesh current sinking layer is flush with
an upper surface of the flexible substrate.

The flexible substrate of claim 1 or 2, wherein the
flexible substrate is an OLED flexible substrate.

The flexible substrate of any one of claims 1-3,
wherein the mesh depression layer exhibits a mesh
configuration with rectangular openings.

The flexible substrate of any one of claims 1-4,
wherein the mesh current sinking layer is made of a
metal material.

The flexible substrate of any one of claims 1-5,
wherein the flexible substrate is made of a photo-
sensitive polymer material.

The flexible substrate of any one of claims 1-6,
wherein a thickness of the mesh current sinking layer
is 5-30 nm.

A manufacturing method for the flexible substrate of
any of claims 1-7, comprising:

providing a current sinking film layer on a film
forming substrate;

manufacturing the current sinking film layer into
a mesh current sinking layer;

providing a flexible base material on the mesh
current sinking layer;

curing the substrate formed with the flexible
base material; and

removing the film forming substrate to form the
flexible substrate.

The manufacturing method for the flexible substrate
of claim 8, wherein the current sinking film layer is
fabricated into the mesh current sinking layer with a
patterning process.

An OLED display device comprising an anode and
a flexible substrate of any one of claims 1-7, the an-
ode being disposed on the flexible substrate.

The OLED display device of claim 10, wherein the
anode material is one of poly(3,4-ethylenedioxythi-
ophene) and poly(3,4-ethylenedioxythiophene)-po-
ly(styrenesulfonate) or a mixture of them.

The OLED display device of claim 11, further com-
prising an organic light emitting layer and a cathode.

The OLED display device of claim 12, wherein the
organic light emitting layer is disposed on the anode
and the cathode is disposed on the organic light emit-
ting layer.
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