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(57) ABSTRACT

The present invention provides an array substrate, a manufac-
turing method thereof, and a display device, belonging to the
field of organic electroluminescence display technology,
which may solve the problem of low light extraction effi-
ciency of existing array substrates. The array substrate of the
present invention comprises an organic light emitting device
and a planarization layer disposed therebelow, the OLED
comprises: a first electrode layer, a second electrode layer,
and a light-emitting layer disposed between the first electrode
layer and the second electrode layer, the first electrode layer
is atransparent electrode layer and disposed on the planariza-
tion layer, and the planarization layer is doped with metal
micro/nanoparticles.
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ARRAY SUBSTRATE, MANUFACTURING
METHOD THEREOF, AND DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of organic
electroluminescence display technology, and more particu-
larly, to an array substrate, a manufacturing method thereof,
and a display device.

BACKGROUND OF THE INVENTION

[0002] An organic electroluminescence device (OLED)
has a basic structure including an anode layer, a cathode layer,
and a light-emitting layer, which is one or more organic layer,
sandwiched between the anode layer and the cathode layer.
Upon application of a voltage, electrons and holes are
injected into the organic layer from the anode and the cathode,
respectively, and then the electrons and holes migrate in the
light-emitting layer until they meet and recombine to gener-
ate excitons whose energy decays in the form of light, and
thus light radiates.

[0003] An OLED generally includes a first electrode layer
(i.e., an anode layer or a cathode layer), a second electrode
layer (i.e., a cathode layer or an anode layer), and a light-
emitting layer disposed between the first and second elec-
trode layers; a planarization layer and a TFT (Thin Film
Transistor) are disposed on a light-exiting side of the first
electrode layer. Here, an OLED in which light is emitted from
a side, which faces the planarization layer, of the first elec-
trode is a bottom emission OLED, and the first electrode
should be a transparent (such as ITO, i.e., Indium Tin Oxide)
electrode layer, while the second electrode layer is generally
an opaque electrode layer. Considering the structure of a
bottom emission OLED, the bottom emission OLED gener-
ally has a relatively low aperture ratio, because some light is
blocked by TFTs. To achieve a practically usable luminance,
a voltage may be improved to increase the luminance of the
bottom emission OLED, which, however, has a negative
effect on the service life of the device and the material. There-
fore, for a bottom emission OLED, demands on its perfor-
mance indexes, such as service life of its material, light-
extraction efficiency and the like, are higher.

[0004] In addition, energy loss occurs during the light-
emitting process of an OLED, which is mainly reflected in the
following two aspects.

[0005] Firstly, when injected carriers recombine to emit
light in the light-emitting layer, not all injected energy is
converted into photons, and part of exciton energy is con-
sumed in non-radiative transition processes such as lattice
vibrations, deep level impurity transitions and the like, and
this phenomenon may be described by using inner quantum
efficiency.

[0006] Secondly, due to total reflection occurring at the
interfaces between the anode layer and the substrate, between
the substrate and the air, and the like of the OLED, guided
waves occurring at the interface of the anode layer and the
light-emitting layer of the OLED, and surface plasmon loss
near the metal electrode, after the light emitted from the
light-emitting layer passes through the above multi-layer
structure, only about 20% of the light emitted from the OLED
can be emitted into the air, while about 80% of the light is
consumed, and this phenomenon may be described by using
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outer quantum efficiency, which represents the efficiency of
extracting light from the OLED, i.e., light extraction effi-
ciency.

[0007] At present, an OLED with an inner quantum effi-
ciency of nearly 100% can be realized in theory by improving
performance of materials; however, kind of such materials is
very limited. On the other hand, light extraction efficiency of
an OLED may be greatly improved by using various tech-
niques, for example, a technique of forming a surface micro-
structure on the transparent electrode layer to reduce the loss
caused by guided wave, a technique of attaching photonic
crystals or a microlens array to a glass substrate to reduce the
total internal reflection, a technique of manufacturing a cor-
rugated cathode to reduce its surface plasmon loss, and a
technique of using an optical microcavity structure. However,
in techniques of using photonic crystals, a periodic or quasi-
periodic microstructure formed on the cathode, and the like, a
nano photocopy technique is generally adopted, which has a
complicated manufacturing process. Also, microcavity effect
is likely to result in chromatic aberration, narrower viewing
angle, and other drawbacks.

SUMMARY OF THE INVENTION

[0008] Inview of the above disadvantages existing in exist-
ing OLEDs, an objectives of the present invention is to pro-
vide an array substrate, a manufacturing method thereof, and
a display device, which may improve light extraction effi-
ciency of an OLED.

[0009] To achieve the above objective, the present inven-
tion provides an array substrate, comprising an OLED and a
planarization layer disposed therebelow, the OLED com-
prises: a first electrode layer, a second electrode layer, and a
light-emitting layer disposed between the first electrode layer
and the second electrode layer, the first electrode layer is a
transparent electrode layer and disposed on the planarization
layer, and the planarization layer is doped with metal micro/
nanoparticles.

[0010] The planarization layer of the array substrate of the
present invention is doped with metal micro/nanoparticles,
and therefore the light extraction efficiency of the OLED is
improved, which in turn improves the light extraction effi-
ciency of the array substrate.

[0011] Preferably, a material of the metal micro/nanopar-
ticles is any one or any combination of gold, silver and alu-
minum.

[0012] Preferably, the metal micro/nanoparticles have a
shape of any one of sphere, prism, cube, cage, and core-shell
structure.

[0013] Preferably, the metal micro/nanoparticles have par-
ticle diameters between 1 nm and 100 nm.

[0014] Preferably, the metal micro/nanoparticles have par-
ticle diameters of various sizes.

[0015] Preferably, amass concentration of the metal micro/
nanoparticles in the planarization layer is no less than 1% and
no larger than 5%.

[0016] Preferably, a material of the first electrode layer is
any one of indium tin oxide, zinc oxide and indium gallium
zine oxide, and/or, a material of the second electrode layer is
any one of silver, copper and aluminum.

[0017] Further preferably, the above-described array sub-
strate further comprises a TFT, which is covered by the pla-
narization layer, and a drain of the TFT is connected to the
first electrode layer of the OLED through a contact via pass-
ing through the planarization layer.
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[0018] Preferably, the second electrode layer is a reflective
layer.
[0019] A technical solution used to solve the technical

problem of the present invention is to provide a display
device, which comprises the above-described array substrate.
[0020] As the display device of the present invention
includes the above-described array substrate, its light extrac-
tion efficiency is remarkably improved.

[0021] A technical solution used to solve the technical
problem of the present invention is to provide a manufactur-
ing method of an array substrate, which comprises the steps
of:

[0022] S1: forming a TFT on a substrate through a pattern-
ing process;
[0023] S2: forming a planarization layer doped with metal

micro/nanoparticles on the substrate formed with the TFT;
and

[0024] S3: forming a first electrode layer of an OLED on
the planarization layer through a patterning process, wherein
the first electrode layer is a transparent electrode layer.
[0025] In the manufacturing method of an array substrate,
the planarization layer is doped with metal micro/nanopar-
ticles, which greatly improves the light extraction efficiency
of the OLED disposed on the planarization layer, and further
improves the light extraction efficiency of the array substrate.
[0026] Preferably, the step of forming a planarization layer
doped with metal micro/nanoparticles comptrises:

[0027] S21: forming a first planarization layer on the sub-
strate formed with the TFT;

[0028] S22: forming a non-continuous metal micro/nano-
particle layer on the first planarization layer; and

[0029] S23: forming a second planarization layer on the
metal micro/nanoparticles layer, thus obtaining the planariza-
tion layer doped with the metal micro/nanoparticles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic diagram illustrating surface
plasmon resonance of a metal micro/nanoparticle in Embodi-
ment 1 of the present invention;

[0031] FIG. 2is a schematic diagram illustrating light scat-
tering and absorption by a metal micro/nanoparticle in
Embodiment 1 of the present invention;

[0032] FIG.3isaschematic diagram illustrating a structure
of an array substrate of Embodiment 1 of the present inven-
tion;

[0033] FIG. 4 is a schematic diagram illustrating a com-
parison between the light extraction efficiency of an OLED in
an array substrate doped with metal micro-nanoparticles in
Embodiment 1 of the present invention and the light extrac-
tion efficiency of an OLED in an existing array substrate; and
[0034] FIG.51isaschematic diagram illustrating a structure
of a finished array substrate in Embodiment 3 of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

[0035] 101: substrate; 102: TFT; 103: planarization layer;
1031: first planarization layer; 1032: second planarization
layer; 104: first electrode layer; 105: pixel-defining layer;
106: light-emitting layer; 107: second electrode layer; q:
metal micro-nanoparticle; S1: light extraction efficiency
curve of an OLED in an existing array substrate; S2: light
extraction efficiency curve of an OLED in an array substrate
provided by the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0036] For better understanding of the technical solutions
of the present invention by the person skilled in the art, the
present invention will be described in detail below in con-
junction with the accompanying drawings and specific imple-
mentations.

Embodiment 1

[0037] As shown in FIG. 3, this embodiment provides an
array substrate, which comprises an OLED and a planariza-
tion layer 103 disposed therebelow, and the OLED comprises
a first electrode layer 104, a second electrode layer 107, and a
light-emitting layer 106 disposed between the first electrode
layer 104 and the second electrode layer 107, wherein the first
electrode layer 104 is a transparent electrode layer and dis-
posed on the planarization layer 103, and the planarization
layer 103 is doped with metal micro/nanoparticles q.

[0038] Inthe array substrate provided in this embodiment,
since the planarization layer 103 disposed below the trans-
parent electrode layer (i.e., the first electrode layer 104) in the
OLED is doped with metal micro/nanoparticles q, the light
exaction efficiency of the OLED is improved by using the
surface plasmon resonance effect of the metal micro/nano-
particles g, and accordingly, the light exaction efficiency of
the array substrate is improved.

[0039] Itshouldbenoted that, surface plasmons (SPs) refer
to electron density waves propagating along a metal surface,
which results from interaction of free-oscillating electrons
and photons existing at the metal surface. The electron den-
sity wave is an electromagnetic surface wave, may laterally
limit light wave in sub-wavelength scales, and has a flat
dispersion curve and a large photonic density of states in the
vicinity of its resonance frequency, and when interacting with
an active medium, spontaneous radiation of the SPs may be
enhanced. The SPs has the strongest field strength at a surface
of a metal film, and its filed strength decays exponentially in
a direction perpendicular to the interface, and the SPs can be
excited both by electrons and by light waves. If the metal film
has a very rough surface or a curved surface structure (e.g,,
sphere, cylinder, etc.), the SPs at its surface or around the
curved surface structure cannot propagate along the interface
in the form of wave, but is localized around the surface of
these structures, i.e., the SPs is localized. When a metal
micro/nanoparticle q with a size close to or less than wave-
length of light is exposed to light, its oscillating electric field
will cause the electron cloud of the metal micro/nanoparticle
q to be displaced relative to the core, the electron cloud
oscillates around the core due to the resilience resulting from
the Coulomb force between the electron cloud and the core,
and such collective oscillations of the electron cloud is called
SP resonance, as illustrated in FIG. 1.

[0040] When a SP resonance occurs, electromagnetic field
around the metal micro/nanoparticle q is greatly enhanced. At
this point, the metal micro/nanoparticle q may be considered
as a nano-lens, while an oscillating plasmon may be consid-
ered as a photon, which is strongly limited within a particle
with a nano-size. A very important effect brought by the SP
resonance is that light scattering and absorption section of the
metal micro/nanoparticle q is greatly enlarged, as shown in
FIG. 2.

[0041] Here, oscillating frequency mainly depends on elec-
tron density (determined by metal type), valid electron mass,
as well as size, shape and surrounding dielectric of the metal
micro/nanoparticle .
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[0042] Resonance frequency ofthe SP w g, may be obtained
according to the following formula:

0 = —2 M
sp = T /—/—
V1+2¢e,

[0043] Informula (1), w, is the frequency of the SP, €, is
the dielectric constant of the surrounding dielectric.

[0044] Outer quantum efficiency (1,,,) of the OLED may
be obtained according to the following formula:

Krad (2)

Krad + Knon

Nexr = Cfm Xy = Cl. %

ext

[0045] In formula (2), C',,, is light extraction efficiency,
flint is inner quantum efficiency. The inner quantum effi-
ciency (1);,,) is determined by the ratio of radiation deactiva-
tion rate (K,,,) to non-radiation deactivation rate in general,
for an OLED, its radiation deactivation rate (K,,,) is larger
than its non-radiation deactivation rate (K,,,,) under room
temperature, which results in a medium inner quantum effi-
ciency (1),,,). With SPs, the inner quantum efficiency (v,,,,)
and light extraction efficiency (C'_,) may be improved,
respectively. Here, improving the inner quantum efficiency
(N;,.r) of the OLED by using SPs is based on the principle that
spontaneous radiation deactivation rate (K, ,) of an exciton is
related to its density of states, and specifically, when lumi-
nescence center is located in a microcavity at a wavelength
scale, the photonic density of states increases, and this leads
to an increased spontaneous radiation deactivation rate (K, )
of the exciton, thus improving the ratio of radiation deactiva-
tion, i.e., improving the inner quantum efficiency (v),,,).
Improving the light extraction efficiency (C',,,) of the OLED
by using SPs is based on the principle that the light which has
an angle of incidence greater than the total internal reflection
angle and cannot radiates outward may excite SPs, which
then may radiate outward in the form of light, thus improving
the outer quantum efficiency (n,,,) of the OLED. It can be
thus seen that, the outer quantum efficiency (v,,,) of the
OLED may be effectively improved by using the SP reso-
nance effect of the metal micro/nanoparticles in a rational
way.

[0046] Insummary, the transparent electrode layer (i.e., the
first electrode layer 104) of the OLED of the array substrate
provided by this embodiment is disposed above the planariza-
tion layer 103 doped with metal micro/nanoparticles q, such
that the light exaction efficiency of the OLED is improved
significantly, thus improving the light extraction efficiency of
the array substrate.

[0047] Preferably, the material of the metal micro/nanopar-
ticles q may be any one or any combination of gold, silver and
aluminum. Of course, a composite structure of other metals
may also be used. The metal micro/nanoparticles q may have
any shape selected from sphere, prism, cube, cage, and core-
shell structure, and have particle diameters between 1 nm and
100 nm. Preferably, the metal micro/nanoparticles q in the
planarization layer 103 have particle diameters of various
sizes, that is, the doped metal micro/nanoparticles q have
different particle diameters. As such, the SPs of the metal
micro/nanoparticles q that resonate may have energies corre-
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sponding to different wavelengths, and accordingly the light
extraction efficiency of the OLED is improved more effec-
tively.

[0048] Preferably, a mass concentration ratio of the metal
micro/nanoparticles q to the planarization layer 103 is con-
trolled to be within a range of no less than 1% and no larger
than 5%, so as to ensure that the electrical properties of the
planarization layer 103 will not be substantially affected. The
metal micro/nanoparticles q doped in the planarization layer
103 may be doped uniformly or nonuniformly; the planariza-
tion layer 103 may be doped with metal micro/nanoparticles
q having the same shape, such as sphere, prism, cube, cage,
and core-shell structure, or be doped with metal micro/nano-
particles q having different shapes which include any two or
more shapes of sphere, prism, cube, cage, and core-shell
structure.

[0049] The first electrode layer 104 may serve as an anode
layer, while the second electrode layer 107 serves as a cathode
layer, and alternatively, the first electrode layer 104 serves as
acathode layer, while the second electrode layer 107 serves as
an anode layer, as long as it is ensured that the planarization
layer 103 doped with the metal micro/nanoparticles q is per-
vious to light. Preferably, if the first electrode layer 104 is the
anodelayer, the material thereof may be any one of indium tin
oxide, zinc oxide and indium gallium zinc oxide, at this point,
the second electrode layer 107 is a reflective layer (i.e., the
cathode layer), and it may use a metal material selected from
silver, copper and aluminum. In this case, the light incident on
the second electrode layer 107 may be reflected to the first
electrode layer 104 and then leaves the OLED after passing
through the first electrode layer 104. Ifthe first electrode layer
104 is the cathode layer, it may also use a metal material
selected from silver, copper and aluminum, and its thickness
should be configured to be very thin so as to guarantee that
light may pass therethrough. At this point, a reflective layer,
whichmay be made of a reflective material such as aluminum,
silver, or the like, is provided on the light-exiting side of the
second electrode layer 107 (i.e., the anode layer), In this case,
the light incident on the second electrode layer 107 may be
reflected to the first electrode layer 104 by the reflective layer
provided at the light-exiting side of the second electrode layer
107, and leaves the OLED after passing through the first
electrode layer 104.

[0050] Of course, a TFT 102 may also be included in the
array substrate, and is covered by the planarization layer.
Preferably, the drain of the TFT 102 is connected to the first
electrode layer 104 of the OLED through a contact via pass-
ing through the planarization layer 103 disposed thereon. At
this point, the OLED is driven to emit light by the TFT 102,
such that the light emitted from the OLED is emitted outside
after passing through the transparent substrate 101 (that is
how a bottom emission OLED works).

[0051] FIG. 4 is a schematic diagram illustrating a com-
parison between the light extraction efficiency of an OLED in
an array substrate doped with metal micro/nanoparticles q
and the light extraction efficiency of an OLED in an existing
array substrate. As shown in FIG. 4, X-axis shows wave-
length, Y-axis shows light-emitting intensity, S1 is a light
extraction efficiency curve of an OLED in a array substrate
comprising an existing planarization layer, S2 is a light
extraction efficiency curve of the OLED in the array substrate
comprising the planarization layer 103 doped with the metal
micro/nanoparticles g, and it is obvious that, compared to the
prior art, the OLED in the array substrate comprising the
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planarization layer 103 doped with the metal micro/nanopar-
ticles q has a higher light extraction efficiency.

Embodiment 2

[0052] This embodiment provides a display device, which
comprises the array substrate described in Embodiment 1,
and the display device may be any product or component with
adisplay function, such as a mobile phone, a tablet computer,
atelevision, adisplay, a notebook computer, a digital frame or
a navigator.

[0053] The display device provided by this embodiment
includes the array substrate in Embodiment 1, and thus has
improved light extraction efficiency and better visual effect.
[0054] Of course, the display device of the embodiment
may also include other conventional structures, such as power
source unit, display drive unit, and the like. As these struc-
tures belong to the prior art, they are not elaborated herein.

Embodiment 3

[0055] This embodiment provides a manufacturing method
of an array substrate, which comprises the steps as below.
[0056] Step 1: a TFT 102 is formed on a substrate 101
through a patterning process. Here, the TFT 102 may be a
top-gate or bottom-gate TFT.

[0057] Obviously, signal lines such as gate lines or data
lines may be formed at the same time. In addition, the TFT
may be driven by an existing 2T1C circuit.

[0058] Step 2: a planarization layer 103 doped with metal
micro/nanoparticles q is formed on the substrate 101 formed
with the TFT 102, such that the planarization layer 103 covers
the TFT 102 and extends onto the substrate 101.

[0059] As described above, the material of the metal micro/
nanoparticles q may be any metal or any alloy of gold, silver
and aluminum. Of course, a composite structure of other
metals may also be used. Thereinafter, by taking the case that
the material of the metal micro/nanoparticles q is gold as an
example, the specific method of forming the planarization
layer 103 doped with metal (Au) micro/nanoparticles q will
be described. Referring to FIG. 5, the method comprises the
steps of:

[0060] S101: depositing a first planarization layer 1031 on
the substrate 101 formed with the TFT 102;

[0061] S102: coating an Au layer with a thickness of 2 nm
on the surface of the first planarization layer 1031 by sputter-
ing, annealing the coated Au layer for half an hour at a
temperature of 300° C. in a vacuum atmosphere having a
vacuum degree of less than 1x107 Pa, and then cooling it to
room temperature, so as to form a non-continuous metal
micro/nanoparticle q layer; and

[0062] S103: depositing a second planarization layer 1032
on the non-continuous metal micro/nanoparticle q layer by
electron beam evaporation process or vapor deposition pro-
cess to cover the non-continuous metal micro/nanoparticle q
layer, thus forming the planarization layer 103 with metal
(Au) micro/nanoparticles q embedded therein (specifically,
formed by the first planarization layer 1031, the second pla-
narization layer 1032 and the metal micro/nanoparticle g
layer).

[0063] Here, the sputtering method in the above manufac-
turing process may be replaced by another dry film-forming
process, such as vacuum evaporation, chemical vapor depo-
sition, or the like.
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[0064] Alternatively, the planarization layer doped with the
metal (Au) micro/nanoparticles q may be formed by using a
method of sputtering. This method includes preparing a metal
micro/nanoparticle q dispersed oxide, gold (Au) —silica
(8i0,) composite film, by using a Multi-target magnetron
sputtering technique.

[0065] Specifically, in a dual target magnetron sputtering
cavity, one target material is high purity silica, and another
target material is high purity gold. Sputtering gas is high
purity argon (with a purity of 99.995%). Before sputtering,
the vacuum degree of the cavity is set to be less than 5x10~°
Pa, the sputtering pressure is set to be 1.6x10™" Pa, During
sputtering, the flow rates of argon and oxygen are set to be
8.3x107®* m’/s and 5.8x10® m™/s, respectively, and the RF
powers of silica and gold are set to be 200 W and 50 W,
respectively. By opening the adjustable baffle plate before the
sputtering target, a ratio of the materials deposited on the
substrate 101 is selected, thus obtaining Au (i.e., metal micro/
nanoparticle)—silica composite films with different doping
ratios, so as to obtain the planarization layer 105 uniformly
doped with metal micro/nanoparticles g.

[0066] In addition, as described above, the metal micro/
nanoparticles q may have any shape selected from sphere,
prism, cube, cage, and core-shell structure. Below, a specific
method of forming a planarization layer 103 doped with the
metal micro/nanoparticles q will be described by taking core-
shell structure as an example.

[0067] Firstly, a specific method of forming a planarization
layer 103 doped with Ag@SiO, particles of core-shell struc-
ture is described by taking Ag@SiO, of core-shell structure
(i.e., silver (Ag)is the core, and silica (SiO,) is the shell) as an
example. The method comprises the steps as below.

[0068] S201: acolloidal solution of Ag@SiO, of core-shell
structure is prepared, and the specific steps include:

[0069] firstly preparing dilute solutions of hydrazine
hydrate and silver nitrate, respectively; weighing 72.89 mg
cetyl trimethyl ammonium bromide (CTAB), dissolving the
CTAB in 200 mL of deionized water, and simultaneously
adding 2.5 mL of hydrazine hydrate at a concentration of
0.1M, stirring the mixture under room temperature using a
magnetic stirrer, about two minutes later, adding 5 mL of
silver nitrate at a concentration of 0.05M dropwise, such that
the color of the mixture gradually turns into reddish brown
from colorless transparent, and obtaining the nano silver col-
loids after 7-10 minutes of continuous reaction; then adding
50 mL of anhydrous ethanol and 2 mI, aqueous ammonia at a
mass concentration of 25%, about one minute later, adding
0.25 mL of TEOS dropwise, and stirring the mixture con-
stantly for two hours, thus obtaining the colloidal solution of
monodispersed nano Ag@SiO, of core-shell structure.
[0070] Step S202: a sol-gel method is used to prepare a
planarization layer 103 doped with Au@SiO, particles of
core-shell structure (i.e., metal micro/nanoparticles q), and it
specifically includes:

[0071] dispersing the colloidal solution of Ag@SiO, pre-
pared above in a mixed solution consisting of TEOS, anhy-
drous ethanol, dilute hydrochloric acid so as to form a silica
collosol; and then preparing the planarization layer 103 by
using a method of spin-coating, thus obtaining the silica film
embedded with Ag@SiO, particles (that is, the planarization
layer 103 doped with Au@SiO, particles (i.e., metal micro/
nanoparticles q) of core-shell structure) after desiccation.
[0072] In addition, the specific method of forming a pla-
narization layer 103 doped with Au@polystyrene particles of
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core-shell structure is described by taking Au@ polystyrene
of core-shell structure as an example. The method comprises
the steps as below.

[0073] S301: Au@polystyrene particles of core-shell struc-
ture are prepared, and the specific steps include:

[0074] adding 1.0 g nano gold powder and 1.0 g polyvinyl
pyrrolidone into 80 mL of water, then dispersing the mixture
constantly using a ultrasound generator for half an hour (the
power of the ultrasound generator is SOOW), then adding 1.0
g emulsifier, and dispersing the mixture constantly using the
ultrasound generator for half an hour to obtain a homoge-
neous disperse system; then, transferring the obtained homo-
geneous disperse system into a four-neck flask equipped with
electric stirrer, graham condenser, and N2 inlet pipe; placing
the foregoing device in a thermostatic water tank, keep stir-
ring the homogeneous disperse system for ten minutes, and
then cooling it to 30° C. to prevent potassium peroxydisulfate
from being decomposed too early after being added duetotoo
high temperature; adding potassium peroxydisulfate (KPS)
as an initiator, stirring the mixture constantly for 20 minutes
while introducing N2 and expelling O2; then, adding purified
styrene monomer held in a dropping funnel to the reaction
system dropwise, which is finished after approximately ten
minutes; then heating the mixture up to 70 V while keeping
the stirring rate and the rate of introducing N2 constant;
completing the reaction after five hours and then naturally
cooling the mixture to below 40° C. while stirring so as to
discharge, thus obtaining composite emulsion; demulsifying
a certain amount of composite emulsion by using sodium
chloride (NaCl), and finally obtaining Au@polystyrene par-
ticles of core-shell structure (i.e., Au nanoparticle is the core,
and polystyrene is the shell) after filtering, washing and dry-
ing.

[0075] S302: a planarization layer 103 doped with
Au@polystyrene particles of core-shell structure are formed,
and it specifically includes:

[0076] dispersing the Au@polystyrene particles of core-
shell structure prepared above in an organic solvent, mixing
the mixture with a photoresist (such as a polyimide solution)
which is ready for forming a planarization layer 103, and
obtaining a photoresist film, which becomes the planarization
layer 103 doped with Au@polystyrene particles of core-shell
structure after desiccation, by using a process such as spin-
coating.

[0077] Ttshouldbe noted that although the method of form-
ing the planarization layer 103 doped with metal micro/nano-
particles q has been described above only by taking the metal
micro/nanoparticles q with a material of gold or silver, and/or
a shape of core-shell structure as an example, however, the
person skilled in the art may also form a planarization layers
103 doped with metal micro/nanoparticles q having other
materials and/or other shapes without departing from the
above teaching, which is not elaborated herein.

[0078] Step 3: on the planarization layer 103 doped with
metal micro/nanoparticles q manufactured by using the above
method, a first electrode layer 104, a pixel-defining layer 105,
alight-emitting layer 106 and a second electrode layer 107 of
an OLED are sequentially formed through a patterning pro-
cess. Finally the array substrate as shown in FIG. 5 is formed,
wherein the first electrode layer 104 is a transparent electrode
layer. As the methods of forming the first electrode layer 104,
the pixel-defining layer 105, the light-emitting layer 106 or
the second electrode layer 107 are known, and therefore are
not elaborated herein.
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[0079] The planarization layer 103 of the array substrate
prepared by using the above method is doped with metal
micro/nanoparticles g, which may effectively improve the
light extraction efficiency of the OLED, thus improving the
light extraction efficiency of the array substrate.

[0080] It should be understood that, the above implemen-
tations are only exemplary implementations for explaining
the principle of the present invention; however, the present
invention is not limited thereto. For person skilled in the art,
various variations and improvements may be made without
departing from the spirit and essence of the present invention,
and these variations and improvements are also considered
within the protection scope of the present invention.

1. An array substrate, comprising an organic electrolumi-
nescence device and a planarization layer disposed therebe-
low, the organic electroluminescence device comprising: a
first electrode layer, a second electrode layer, and a light-
emitting layer disposed between the first electrode layer and
the second electrode layer, wherein the first electrode layer is
a transparent electrode layer and disposed on the planariza-
tion layer, and the planarization layer is doped with metal
micro/nanoparticles.

2. The array substrate of claim 1, wherein a material of the
metal micro/nanoparticles is any one or any combination of
gold, silver and aluminum.

3. The array substrate of claim 1, wherein the metal micro/
nanoparticles have a shape of any one of sphere, prism, cube,
cage, and core-shell structure.

4. The array substrate of claim 1, wherein the metal micro/
nanoparticles have particle diameters between 1 nm and 100
nm.

5. The array substrate of claim 1, wherein the metal micro/
nanoparticles have particle diameters of various sizes.

6. The array substrate of claim 1, wherein a mass concen-
tration of the metal micro/nanoparticles in the planarization
layer is no less than 1% and no larger than 5%.

7. The array substrate of claim 1, wherein a material of the
first electrode layer is any one of indium tin oxide, zinc oxide
and indium gallium zinc oxide, and/or, a material of the
second electrode layer is any one of silver, copper and alumi-
num.

8. The array substrate of claim 7, further comprising a TFT,
whichis covered by the planarization layer, wherein a drain of
the TFT is connected to the first electrode layer of the organic
electroluminescence device through a contact via passing
through the planarization layer.

9. A display device, comprising an array substrate, which
comprises an organic electroluminescence device and a pla-
narization layer disposed therebelow, the organic electrolu-
minescence device comprising: a first electrode layer, a sec-
ond electrode layer, and a light-emitting layer disposed
between the first electrode layer and the second electrode
layer, wherein the first electrode layer is a transparent elec-
trode layer and disposed on the planarization layer, and the
planarization layer is doped with metal micro/nanoparticles.

10. A manufacturing method of an array substrate, com-
prising:

S1: forming a TFT on a substrate through a patterning

process;

S2: forming a planarization layer doped with metal micro/

nanoparticles on the substrate formed with the TFT; and

S3: forming a first electrode layer of an organic electrolu-

minescence device on the planarization layer through a
patterning process,
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wherein the first electrode layer is a transparent electrode
layer.

11. The manufacturing method of an array substrate of
claim 10, wherein the operation S2 comprises:

S21: forming a first planarization layer on the substrate
formed with the TFT;

S22: forming a non-continuous metal micro/nanoparticle
layer on the first planarization layer; and

S23: forming a second planarization layer on the metal
micro/nanoparticles layer, thus obtaining the planariza-
tion layer doped with the metal micro/nanoparticles.

12. The display device of claim 9, wherein a material of the
metal micro/nanoparticles is any one or any combination of
gold, silver and aluminum.

13. The display device of claim 9, wherein the metal micro/

nanoparticles have a shape of any one of sphere, prism, cube,
cage, and core-shell structure.
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14. The display device of claim 9, wherein the metal micro/
nanoparticles have particle diameters between 1 nm and 100
nm.

15. The display device of claim 9, wherein the metal micro/
nanoparticles have particle diameters of various sizes.

16. The display device of claim 9, wherein a mass concen-
tration of the metal micro/nanoparticles in the planarization
layer is no less than 1% and no larger than 5%.

17. The display device of claim 9, wherein a material of the
first electrode layer is any one of indium tin oxide, zinc oxide
and indium gallium zinc oxide, and/or, a material of the
second electrode layer is any one of silver, copper and alumi-
num.

18. The display device of claim 17, further comprising a
TFT, which is covered by the planarization layer, wherein a
drain of the TFT is connected to the first electrode layer of the
organic electroluminescence device through a contact via
passing through the planarization layer.
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