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OLED DEVICE AND MANUFACTURING
METHOD THEREOF AND DISPLAY
APPARATUS

TECHNICAL FIELD

[0001] Embodiments of the disclosure relate to an OLED
device, the manufacturing method thereof and a display appa-
ratus.

BACKGROUND

[0002] Organic Light Emitting Diode (abbreviated to
OLED) is an organic thin film electroluminescent device with
the advantages of uncomplicated manufacturing process, low
cost, suitable for flexible structure, wide viewing angle and
the like. Therefore, OLED based display technology has been
an important display technology.

[0003] At present, light output efficiency of the OLED is
relatively low, generally speaking, only alittle amount of light
is extracted to the environment. One reason thereof is that
when the light from light-emitting layer is incident onto an
even surface of a metal electrode, surface plasma electromag-
netic waves generated thereby are unable to be extracted to
the environment as these electromagnetic waves propagate
transversely along the even surface of the metal electrode.

SUMMARY

[0004] In the embodiments of the disclosure, an OLED
device is provided. The OLED device comprises: a substrate,
and a first electrode, an organic material function layer and a
second electrode which are sequentially provided on the sub-
strate. The OLED device further comprises an uneven layer
provided between the first electrode and the substrate, and a
surface of the uneven layer corresponding to the first elec-
trode and away from the substrate is not even. The first elec-
trode and/or the second electrode provided on a light output
side of the OLED device comprise(s) a metal layer.

[0005] For example, the uneven layer is a photoresist layer
doped with small particles; and the small particles are
exposed from a surface of the photoresist layer corresponding
to the first electrode and away from the substrate.

[0006] For example, a particle size of the small particles is
less than 10 nm.

[0007] For example, the small particles comprise small
ceramic particles and small metal particles; and in the case
that the small particles comprise the small metal particles, the
OLED device further comprises an insulating layer provided
between the photoresist layer and the first electrode.

[0008] For example, a portion of the uneven layer corre-
sponding to the first electrode comprises poly-silicon; and the
poly-silicon is obtained by crystallizing amorphous silicon.

[0009] For example, the first electrode comprises a non-
transparent metal layer, and the second electrode comprises a
transparent metal layer.

[0010] In the embodiments of the disclosure, a display
apparatus is provided and the display apparatus comprises the
OLED device as above.

[0011] For example, the display apparatus further com-
prises a thin film transistor provided between the substrate
and the uneven layer of the OLED device. A drain electrode of
the thin film transistor is electrically connected with the first
electrode of the OLED device.
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[0012] For example, the uneven layer is the photoresist
layer doped with small particles, and the doping concentra-
tion of the small particles ranges from 80% to 90%.

[0013] In the embodiments of the disclosure, a method of
manufacturing an OLED device is provided. The method
comprises: forming a first electrode, an organic material func-
tion layer and a second electrode sequentially on a substrate.
The method further comprises forming an uneven layer pro-
vided between the first electrode and the substrate, and a
surface of the uneven layer corresponding to the first elec-
trode and away from the substrate is not even. The first elec-
trode and/or the second electrode provided on a light output
side of the OLED device comprise(s) a metal layer.

[0014] For example, the uneven layer is a photoresist layer
doped with small particles; the small particles are exposed
from a surface of the photoresist layer corresponding to the
first electrode and away from the substrate. A formation ofthe
photoresist layer doped with small particles comprises: form-
ing a photoresist thin film doped with the small particles on
the substrate; and exposing and developing the substrate on
which the photoresist thin film is formed with a half or gray
tone mask to form a photoresist partially retained region and
a photoresist completely retained region, wherein the photo-
resist partially retained region corresponds to the first elec-
trode and the small particles in the photoresist partially
retained region are exposed, and the photoresist completely
retained region corresponds to the other region.

[0015] For example, a portion of the uneven layer corre-
sponding to the first electrode comprises poly-silicon. A for-
mation of the uneven layer comprises: forming an amorphous
silicon thin film on the substrate; and performing a crystalli-
zation treatment on a portion of the amorphous silicon thin
film corresponding to the first electrode so that the portion of
the amorphous silicon thin film is changed into the poly-
silicon and the uneven layer is formed.

[0016] For example, the first electrode comprises a non-
transparent metal layer, and the second electrode comprises a
transparent metal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Inorder to clearly illustrate the embodiments of the
disclosure and the technical solution of the prior art, the
drawings of the embodiments or related to the description of
the prior art will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the disclosure. Based on the drawings
herein, those skilled in the art can obtain other drawing(s),
without any inventive work.

[0018] FIG. 1isa structural schematic diagram illustrating
an OLED device according to embodiments of the disclosure;
[0019] FIG. 2is a structural schematic diagram illustrating
an OLED device according to the embodiments of the disclo-
sure;

[0020] FIG. 3is a structural schematic diagram illustrating
an OLED device according to the embodiments of the disclo-
sure;

[0021] FIG. 41s a structural schematic diagram illustrating
an OLED display apparatus according to the embodiments of
the disclosure; and

[0022] FIGS. 5-6 are schematic diagrams illustrating a pro-
cess of forming a photoresist layer according to the embodi-
ments of the disclosure.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] The technical solutions of the embodiment will be
described below in a clearly and fully understandable way in
connection with the drawings related to the embodiments of
the disclosure. It is obvious that the embodiments are just a
part but not all of the embodiments of the disclosure. Based on
the described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the disclosure.

[0024] The embodiments of the disclosure provide an
OLED device 10. As shown in FIG. 1 to FIG. 3, the OLED
device 10 comprises a substrate 100, and a first electrode 200,
an organic material function layer 300 and a second electrode
400 which are sequentially provided on the substrate 100.
Furthermore, the OLED device 10 further comprises an
uneven layer 500 provided between the first electrode 200 and
the substrate 100, and a surface of the uneven layer 500
corresponding to the first electrode 200 and away from the
substrate 100 is not even.

[0025] For example, the first electrode 200 and/or the sec-
ond electrode 400 provided on a light output side of the
OLED device 10 comprise(s) a metal layer.

[0026] It should be noted that the material for forming the
uneven layer 500 and the structure thereof are not limited
herein provided that the surface of the uneven layer 500
corresponding to the first electrode 200 and away from the
substrate 100 is not even.

[0027] In the case that the uneven layer 500 comprises a
conductive material, an insulating layer is necessary to be
provided between the uneven layer 500 and the first electrode
200.

[0028] It should be noted that, the uneven layer 500 is
provided underneath the first electrode 200, which means that
the underneath uneven layer 500 is formed before the upper
first electrode 200 during the fabrication process. Hence, in
the case that the surface of the uneven layer 500 correspond-
ing to the first electrode 200 and away from the substrate 100
is not even, the first electrode 200 formed on the uneven layer
500 changes with the upper surface of uneven layer 500; and
the organic material function layer 300 and the second elec-
trode 400 formed on the first electrode 200 change accord-
ingly. In this way, the first electrode 200, the organic material
function layer 300 and the second electrode 400 all have
uneven surfaces.

[0029] It should be noted that the first electrode 200 is a
cathode or an anode and the second electrode 400 is the anode
or the cathode. That is, if the first electrode 200 is the cathode,
then the second electrode 400 is the anode; if the first elec-
trode 200 is the anode, then the second electrode 400 is the
cathode.

[0030] The organic material function layer 300 at least
comprises a light-emitting layer. On this basis, in order to
enhance the efficiency of injecting electrons and holes into
the light-emitting layer, the organic material function layer
300 for example further comprises an electron transport layer,
a hole transport layer, an electron injection layer provided
between the cathode and the electron transport layer, a hole
injection layer provided between the hole transport layer and
the anode, and other function layers.

[0031] Inthe casethataworking voltage is applied between
the anode and the cathode, holes in the anode and electrons in
the cathode are all injected into the light emitting layer; when
the holes meet the electrons in the light-emitting layer, elec-
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tron-hole pairs are formed thereby and an energy is released,
the energy is sent out in the form of light and the light is
emitted uniformly from both sides of the organic material
function layer 300.

[0032] For example, the light emitted from the light emit-
ting layer is red, green or blue light; and of course, the light
may be white light, which is not limited herein.

[0033] The OLED device 10, for example, is of top-emis-
sion type, e.g.: the second electrode 400 comprises a trans-
parent or semi-transparent metal layer (the thickness thereof
is relatively thinner), the first electrode 200 comprises a non-
transparent metal layer (the thickness thereof is relatively
thicker). Or, the OLED device 10 for example is of bottom-
emission type, e.g. the first electrode 200 comprises the trans-
parent or semi-transparent metal layer (the thickness thereof
is relatively thinner), the second electrode 400 comprises the
non-transparent metal layer (the thickness thereof is rela-
tively thicker). Of course, the OLED device 10 may be of
bilateral-emission type, e.g., the second electrode 400 and the
first electrode 200 both comprise the transparent or semi-
transparent metal layer (the thicknesses thereof are relatively
thinner).

[0034] For example, the non-transparent metal layer is an
Ag layer with relatively thicker thickness, and the semi-trans-
parent metal layer is an Ag layer with relatively thinner thick-
ness.

[0035] The embodiments of the disclosure provide the
OLED device 10 comprising the substrate 100, and the first
electrode 200, the organic material function layer 300 and the
second electrode 400 which are sequentially provided on the
substrate 100. Furthermore, the OLED device 10 further com-
prises the uneven layer 500 provided between the first elec-
trode 200 and the substrate 100, and the surface ofthe uneven
layer 500 corresponding to the first electrode 200 and away
from the substrate 100 is not even. The first electrode 200
and/or the second electrode 400 provided on the light output
side of the OLED device 10 comprise(s) the metal layer.
[0036] The surface of the uneven layer 500 corresponding
to the first electrode 200 and away from the substrate 100 is
not even, so that the first electrode 200 and the second elec-
trode 400 provided on the uneven layer 500 both become
uneven electrode layers. Hence, when the light emitted from
the organic material function layer 300 is incident onto the
first electrode 200 and/or the second electrode 400 formed of
transparent metal materials, the light output efficiency of the
OLED device is enhanced as the loss caused by the plasma
electromagnetic waves generated by the light on the surface
of the metal electrode is reduced.

[0037] For example, the first electrode 200 comprises a
reflective non-transparent metal layer, and the second elec-
trode 400 comprises a transflective semi-transparent metal
layer. The non-transparent first electrode 200, the organic
material function layer 300 and the semi-transparent second
electrode 400 form a micro-cavity, so that the light output
efficiency is further enhanced by utilizing the interference
effect of light in the micro-cavity (micro-cavity effect).
[0038] The surface roughness of poly-silicon is relatively
high; so, the portion of the uneven layer 500 corresponding to
the first electrode 200 for example comprises the poly-silicon.
For example, the poly-silicon is obtained by crystallizing
amorphous silicon.

[0039] For example, only the portion of the amorphous
silicon thin film corresponding to the first electrode 200 is
crystallized to obtain the poly-silicon with relatively high
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roughness, whereas other portions of the amorphous silicon
thin film not corresponding to the first electrode 200 is not
crystallized and maintain its intrinsic evenness.

[0040] For example, as illustrated in FIG. 2, the uneven
layer 500 is a photoresist layer 500a doped with small par-
ticles 5004.

[0041] Thesmall particles 5005 are exposed from a surface
of the photoresist layer 500a corresponding to the first elec-
trode 200 and away from the substrate 100.

[0042] By selecting the material for forming the photoresist
layer and the material for forming the small particles to have
a proper etch ratio, the photoresist layer in the region corre-
sponding to the first electrode 200 is etched and the small
particles 5005 in this region is not etched and is exposed, so
that the uneven surface is obtained.

[0043] Besides, as each of the small particles 5005 is of
irregular shape, the surface of the photoresist layer 500a away
from the substrate 100 will still become uneven even if the
small particles 5005 are all provided tightly.

[0044] Herein, during forming the photoresist layer 500a,
the region corresponding to the first electrode 200 is called as
a photoresist partially retained region. and the other region is
called as a photoresist completely retained region. After a
development process, the small particles 5005 in the photo-
resist partially retained region are exposed so that the uneven
surface is formed.

[0045] Furthermore, in order to ensure that the surface of
the photoresist layer 500a has a good unevenness, the surface
of the photoresist layer 500a for example is formed to have
folds. In this case, the interstice among the small particles
5005 should not be too large, which means that the doping
concentration of the small particles 5005 should not be too
low and the particle size of the small particles 5005 should not
be too large. Hence, in the embodiments of the disclosure, for
example, the doping concentration of the small particles 5005
ranges from 80% to 100% and the particle size of the small
particles 5005 is less than 10 nm.

[0046] For example, the interstice among the small par-
ticles 5006 is further reduced by providing the small particles
5005 to have different sizes.

[0047] For example, the small particles 5006 comprise:
small ceramic particles or small metal particles.

[0048] By properly selecting the material for forming the
small particles 5005, the chemical property of the small par-
ticles is made to be different from that of the photoresist.
Hence, when the photoresist underneath the first electrode
200 is partially removed from the photoresist layer doped
with small particles 5005, the small particles 5005 will not be
influenced.

[0049] For example, as illustrated in FIG. 3, in the case that
the small particles 5005 comprise small metal particles, the
OLED device 10 further comprises an insulating layer 600
provided between the photoresist layer 500a and the first
electrode 200 to insulate the conductive metal particles in the
photoresist layer 500a from the first electrode 200.

[0050] For example, the insulating layer 600 is formed of
silicon dioxide, silicon nitride and so on.

[0051] Theembodiments of the disclosure further provide a
display apparatus, comprising the OLED device 10 as
described above.

[0052] The OLED device 10 for example is applied to a
passive matrix display apparatus or an active matrix display
apparatus, which is not limited here.
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[0053] Theembodiments of the disclosure provide the dis-
play apparatus comprising the OLED device 10 as described
above. The surface of the uneven layer 500 corresponding to
the first electrode 200 and away from the substrate 100 is not
even, so that the first electrode 200 and the second electrode
400 provided on the uneven layer 500 both become uneven
electrode layers. Hence, when the light emitted from the
organic material function layer 300 is incident onto the first
electrode 200 and/or the second electrode 400 formed of
transparent metal materials, the light output efficiency of the
OLED device is enhanced as the loss caused by the plasma
electromagnetic waves generated by the light on the surface
of the metal electrode is reduced.

[0054] Considering the disadvantages of the passive matrix
in its application to large-size display apparatus, the display
apparatus in the embodiments of the disclosure for example is
the active matrix display apparatus; as illustrated in FIG. 4,
the display apparatus comprises a thin film transistor 700
provided between the substrate 100 and the uneven layer 500
of the OLED device 10.

[0055] The thin film transistor 700 comprises a gate elec-
trode, a gate insulation layer, a semiconductor active layer, a
source electrode and a drain electrode. The thin film transistor
700 is of top-gate type or bottom-gate type.

[0056] Furthermore, if the drain electrode is to be electri-
cally connected to the second electrode 400, the second elec-
trode 400 has to pass through the organic function layer 300
and the first electrode 200 to be electrically connected with
the drain electrode. In this case, on the one hand, a short
circuit easily occurs between the second electrode 400 and
the first electrode 200; and on the other hand, the fabrication
process is relatively complex if the second electrode 400
passes through the organic material function layer 300. Based
on this, in the embodiments of the disclosure, the drain elec-
trode of the thin film transistor 700 is electrically connected to
the first electrode 200 preferably.

[0057] If the first electrode 200 is used as the anode, then
the voltage of the second electrode 400 using as the cathode is
constant; if the first electrode 200 is used as the cathode, then
the voltage of the second electrode 400 using as the anode is
constant.

[0058] Asillustrated in FIG. 4, the OLED display apparatus
further comprises a package substrate 800 provided above the
second electrode 400.

[0059] Furthermore, the first electrode 200 has to pass
through the via hole provided in the uneven layer 500 to be
electrically connected with the drain electrode of the thin film
transistor 700; therefore, in the case that the uneven layer 500
is the photoresist layer 500a doped with small particles 5005,
the doping concentration of the small particles 5005 should
not be too high otherwise it will be difficult to form the via
hole in the photoresist layer 500a. Based on this, in the
embodiments of the disclosure, the doping concentration of
the small particles 5005 ranges from 80% to 90%.

[0060] Forexample, as illustrated in FIG. 4, a planarization
layer 900 is provided between the thin film transistor 700 and
the uneven layer 500, so that the phenomena that disconnec-
tions of the uneven layer 500, the first electrode 200 and the
like which are formed subsequently easily occur due to the
height difference caused by the underneath thin film transis-
tor 700 is prevented.

[0061] Theembodiments ofthe disclosure further providea
method of manufacturing the OLED device. The method
comprises: forming the first electrode 200, the organic mate-
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rial function layer 300 and the second electrode 400 sequen-
tially on the substrate 100. The method further comprises:
forming the uneven layer 500 between the first electrode 200
and the substrate 100, and the surface of the uneven layer 500
corresponding to the first electrode 200 and away from the
substrate 100 is not even.

[0062] For example, the first electrode 200 and/or the sec-
ond electrode 400 provided on the light output side of the
OLED device 10 comprise(s) the metal layer.

[0063] It should be noted that, the uneven layer 500 is
provided underneath the first electrode 200, which means that
the underneath uneven layer 500 is formed before the upper
first electrode 200 in the fabrication process. Hence, in the
case that the surface of the uneven layer 500 corresponding to
the first electrode 200 and away from the substrate 100 is not
even, the first electrode 200 formed on the uneven layer 500
changes with the upper surface of uneven layer 500; and the
organic material function layer 300 and the second electrode
400 formed on the first electrode 200 change accordingly. In
this way, the first electrode 200, the organic material function
layer 300 and the second electrode 400 all have uneven sut-
faces.

[0064] The embodiments of the disclosure provide the
method of manufacturing the OLED device. The surface of
the uneven layer 500 corresponding to the first electrode 200
and away from the substrate 100 is not even, so that the first
electrode 200 and the second electrode 400 provided on the
uneven layer 500 both become uneven electrode layers.
Hence, when the light emitted from the organic material
function layer 300 is incident onto the first electrode 200
and/or the second electrode 400 formed of transparent metal
materials, the light output efficiency of the OLED device is
enhanced as the loss caused by the plasma electromagnetic
waves generated by the light on the surface of the metal
electrode is reduced.

[0065] For example, the first electrode 200 comprises the
reflective non-transparent metal layer, and the second elec-
trode 400 comprises the transflective semi-transparent metal
layer. The non-transparent first electrode 200, the organic
material function layer 300 and the semi-transparent second
electrode 400 form the micro-cavity, so that the light output
efficiency is further enhanced by utilizing the interference
effect of light in the micro-cavity (micro-cavity effect).

[0066] Forexample, taking FIG. 1 for reference, the portion
of the uneven layer 500 corresponding to the first electrode
200 comprises the poly-silicon. In this case, the formation of
the uneven layer 500 comprises the following steps of:

[0067] Forming an amorphous silicon thin film on the sub-
strate 100, for example, by PECVD (Plasma Enhanced
Chemical Vapor Deposition);

[0068] Performing a crystallization treatment on a portion
of the amorphous silicon thin film corresponding to the first
electrode so that the portion of the amorphous silicon thin film
is changed into poly-silicon and the uneven layer is formed.

[0069] The crystallization treatment, for example, com-
prises ELA (Excimer Laser Annealing), MIC (Metal Induced
Crystallization), SPC (Solid Phase Crystallization) and so on.

[0070] Besides, before performing the crystallization treat-
ment, a high-temperature oven for example is used dehydro-
genize the amorphous silicon thin film in order to prevent a
hydrogen-explosion phenomenon during the crystallization
treatment and to decrease the defect density of the poly-
silicon thin film.
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[0071] Forexample, taking FIG. 2 for reference, the uneven
layer 500 is the photoresist layer 500a doped with small
particles 5005; the small particles 5005 expose from the sur-
face of the photoresist layer 5004 corresponding to the first
electrode 200 and away from the substrate 100. In this case,
the formation of the uneven layer 500 comprises the follow-
ing steps of:

[0072] S101, as illustrated in FIG. 5, forming a photoresist
thin film 5001 doped with the small particles 5005 on the
substrate 100.

[0073] S102, as illustrated in FIG. 6, exposing and devel-
oping the substrate on which the photoresist thin film 5001 is
formed with a half or gray tone mask 20 to form the photo-
resist partially retained region 5001a¢ and the photoresist
completely retained region 50015. The photoresist partially
retained region corresponds to the first electrode 200, and the
small particles 5005 in the photoresist partially retained
region are exposed. The photoresist completely retained
region 50015 corresponds to the other region. In this way, the
photoresist layer 500a doped with small particles 5005 is
formed.

[0074] The foregoing embodiments merely are exemplary
embodiments of the disclosure, and not intended to define the
scope of the disclosure, and the scope of the disclosure is
determined by the appended claims.

[0075] The present application claims priority of Chinese
Patent Application No. 201410191777.0 filed on May 8,
2014, the disclosure of which is incorporated herein by ref-
erence in its entirety as part of the present application.

1. An OLED device, comprising a substrate, and a first
electrode, an organic material function layer and a second
electrode which are sequentially provided on the substrate,
wherein

the OLED device further comprises an uneven layer pro-
vided between the first electrode and the substrate, and a
surface of the uneven layer corresponding to the first
electrode and away from the substrate is not even;

the first electrode and/or the second electrode provided on
a light output side of the OLED device comprise(s) a
metal layer;

the uneven layer is a photoresist layer doped with small
particles;

the small articles are exposed from a surface of the photo-
resist layer corresponding to the first electrode and away
from the substrate;

a photoresist partially retained region and a photoresist
completely retained region of the photoresist layer are
formed by exposing and developing the substrate on
which a photoresist thin film is formed with a half or
gray tone mask, wherein the photoresist partially
retained region corresponds to the first electrode and the
small particles in the photoresist partially retained
region are exposed, and the photoresist completely
retained region corresponds to the other region; and

a particle size of the small particles is less than 10 nm.

2-3. (canceled)

4. The OLED device according to claim 1, wherein

the small particles comprise small ceramic particles and
small metal particles; and

inthe case that the small particles comprise the small metal
particles, the OLED device further comprises an insu-
lating layer provided between the photoresist layer and
the first electrode.

5. (canceled)
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6. The OLED device according to claim 1, wherein

the first electrode comprises a non-transparent metal layer,
and the second electrode comprises a transparent metal
layer.

7. A display apparatus, comprising an OLED device
according to claim 1.

8. The display apparatus according to claim 7, further
comprising a thin film transistor provided between the sub-
strate and the uneven layer of the OLED device, wherein

a drain electrode of the thin film transistor is electrically

connected with the first electrode of the OLED device.

9. The display apparatus according to claim 8, wherein

the uneven layer is the photoresist layer doped with small

particles, and the doping concentration of the small par-
ticles ranges from 80% to 90%.
10. A method of manufacturing an OLED device, compris-
ing forming a first electrode, an organic material function
layer and a second electrode sequentially on a substrate,
wherein
the method further comprises forming an uneven layer
provided between the first electrode and the substrate,
and a surface of the uneven layer corresponding to the
first electrode and away from the substrate is not even;

the first electrode and/or the second electrode provided on
a light output side of the OLED device comprise(s) a
metal layer;
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the uneven layer is a photoresist layer doped with small
particles;
the small particles are exposed from a surface photoresist
layer corresponding to the first electrode and away from
the substrate;
a formation of the photoresist layer doped with small par-
ticles comprises:
forming a photoresist thin film doped with the small
particles on the substrate; and
exposing and developing the substrate on which the
photoresist thin film is formed with a half or gray tone
mask to form photoresist partially retained region and
a photoresist completely retained region, wherein the
photoresist partially retained region corresponds to
the first electrode and the small particles in the pho-
toresist partially retained region are exposed, and the
photoresist completely retained region corresponds to
the other region, and forming the photoresist layer;
and
a particle size of the small particles is less than 10 nm.
11-12. (canceled)
13. The method according to claim 19, wherein
the first electrode comprises a non-transparent metal layer,
and the second electrode comprises a transparent metal
layer.
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