US 20190044083A1

12) Patent Application Publication (o) Pub. No.: US 2019/0044088 A1

a9y United States

WU et al.

43) Pub. Date: Feb. 7, 2019

(54) ORGANIC LIGHT EMITTING PANEL,
MANUFACTURING METHOD THEREOF,
AND ORGANIC LIGHT EMITTING DEVICE

(71) Applicant: BOE TECHNOLOGY GROUP CO.,
LTD., Beijing (CN)

(72) Inventors: Chang Yen WU, Beijing (CN); Wei
QUAN, Beijing (CN); Ze LIU, Beijing
(CN)

(21) Appl. No.: 16/045,818

(22) Filed: Jul. 26, 2018
(30) Foreign Application Priority Data
Aug. 2,2017  (CN) v 201710652477.1

Publication Classification

(51) Int. CL

HOIL 51/52 (2006.01)

HOIL 27/32 (2006.01)

HOIL 51/56 (2006.01)
(52) US. CL

CPC ... HOIL 51/5203 (2013.01); HOIL 51/56

(2013.01); HOIL 27/3258 (2013.01)

(57) ABSTRACT

The present disclosure relates to an organic light emitting
panel, including: an organic layer, a first electrode disposed
on one side of the organic layer, and a second electrode
disposed on the other side of the organic layer. The second
electrode includes a buffer electrode layer and a conductive
electrode layer sequentially stacked on the organic layer.
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Forming a first electrode on a substrate;

830

Forming an organic layer on the first electrode;

531

Sputtering a second electrode on the organic layer, wherein the
second electrode comprises a buffer electrode layer and a conductive
electrode layer sequentially stacked on the organic layer

Fig 3



US 2019/0044088 A1

ORGANIC LIGHT EMITTING PANEL,
MANUFACTURING METHOD THEREOF,
AND ORGANIC LIGHT EMITTING DEVICE

CROSS REFERENCE

[0001] This application is based upon and claims priority
to Chinese Patent Application No. 201710652477.1, filed on
Aug. 2, 2017, the entire contents thereof are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to the field of display tech-
nology, and in particular, to an organic light emitting panel
and a manufacturing method thereof, and an organic light
emitting device.

BACKGROUND

[0003] In recent years, application of top-emitting white
light devices has entered the commercialization stage. It has
been reported that a top-emitting white light device com-
bined with a color filter may be utilized to manufacture a
3.0-inch full-color display prototype on a low-temperature
polysilicon active drive panel with a resolution of 308 ppi,
which is the highest resolution among the same type of
display devices currently reported. It indicates that the
top-emitting white light device in combination with the
color filter has a great potential in preparation of large-size,
high-definition, full-color display devices with this method.
However, at present, there are still many problems in terms
of device efficiency, lifespan, and stability of organic mate-
rials used, which restricts the application of top-emitting
white light devices.

[0004] As the demand for PPI (Pixels Per Inch) is getting
higher and higher, the organic display panel is gradually
developed toward the top-emitting white light device. How-
ever, the top-emitting white light device is commonly used
in transparent electrode technology, and the transparent
electrode technology may often damage the panel, reduce
the yield rate and electrical performance.

SUMMARY

[0005] A first aspect of the present disclosure provides an
organic light emitting panel, including: an organic layer, a
first electrode disposed on one side of the organic layer, and
a second electrode disposed on the other side of the organic
layer; wherein the second electrode includes: a buffer elec-
trode layer and a conductive electrode layer sequentially
stacked on the organic layer. In an exemplary embodiment,
a value of a block resistance of the buffer electrode layer is
smaller than that of the conductive electrode layer.

[0006] In an exemplary embodiment, an oxygen ratio of
the buffer electrode layer is greater than that of the conduc-
tive electrode layer.

[0007] In an exemplary embodiment, a thickness of the
buffer electrode layer is smaller than that of the conductive
electrode layer

[0008] In an exemplary embodiment, the buffer electrode
layer and the conductive electrode layer have the same type
of element.

[0009] Optionally, the buffer electrode layer and the con-
ductive electrode layer are each made of transparent con-
ductive oxide.
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[0010] In an exemplary embodiment, the buffer electrode
layer has a thickness of 20 nm to 100 nm, the conductive
electrode layer has a thickness of 100 nm to 300 nm, and the
buffer electrode layer has a higher resistivity greater than 0.1
ohm*cn1.

[0011] In an exemplary embodiment, a value of a block
resistance of the buffer electrode layer is 0.9 G/ to 1.1
GQ/[], and a value of a block resistance of the conductive
electrode layer is 14Q/[0 to 16Q/01.

[0012] Optionally, a reflective layer is further provided on
a side of the first electrode away from the organic layer.
[0013] Inanexemplary embodiment, the reflective layer is
made of a metal material.

[0014] Optionally, the first electrode and the second elec-
trode are each made of a transparent conductive oxide.
[0015] Optionally, the first electrode includes a compound
composed of indium, tin, and oxygen, and the second
electrode includes a compound composed of indium, zinc,
and oxygen.

[0016] Optionally, light emitted by the organic layer is led
out through the second electrode.

[0017] Optionally, the organic layer emits white light.
[0018] A second aspect of the present disclosure provides
a method for manufacturing an organic light emitting panel,
including:

[0019] forming a first electrode on a substrate;
[0020] forming an organic layer on the first electrode;
[0021] sputtering a second electrode on the organic layer,

wherein the second electrode includes a buffer electrode
layer and a conductive electrode layer sequentially stacked
on the organic layer.

[0022] In an exemplary embodiment, the manufacturing
process conditions buffer electrode layer includes: a sput-
tering power 0of 0.9 to 1.1 kW, an argon (Ar) flow rate of 430
to 470 sccm (standard condition ml per minute), and an
oxygen flow rate of 4.3 to 11. 4.7 sccm, an air pressure of
3.0~3.2 pa; and the manufacturing process conditions for the
conductive electrode layer includes: a sputtering power of
2.1 to 2.5 kw, an argon flow rate of 68 to 72 sccm, and an
air pressure of 0.65~0.69 pa.

[0023] In an exemplary embodiment, the buffer electrode
layer and the conductive electrode layer are each made by
DC magnetron reactive sputtering.

[0024] A third aspect of the present disclosure provides an
organic light emitting device including the organic light
emitting panel according to any of the above technical
solutions.

[0025] In order to improve the process yield of the organic
light-emitting panel, the inventors of the present invention
considered fabricating a metal oxide barrier layer or using
laser drilling to solve the negative effects of the sputtering
process, but these methods have complicated processes and
higher cost.

[0026] These and other aspects of the present disclosure
will be more apparent from the description of the following
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic structural diagram of an
organic light emitting panel provided by the present disclo-
sure;

[0028] FIG. 2 is a schematic structural diagram of an
organic light emitting panel including an emission layer
provided by the present disclosure; and
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[0029] FIG. 3 is a schematic flow chart of a method for
manufacturing an organic light emitting panel provided by
the present disclosure.

DETAILED DESCRIPTION

[0030] The present disclosure will be further described
with reference to the accompanying drawings and exem-
plary embodiments, wherein like reference numerals refer to
like parts throughout the drawings. In addition, detailed
descriptions of known techniques are omitted if they are not
necessary to illustrate the features of the present disclosure.
[0031] The present disclosure provides an organic light
emitting panel. A schematic structural diagram thereof is
shown in FIG. 1. The organic light emitting panel includes
an organic layer 100, a first electrode 10 disposed on one
side of the organic layer, and a second electrode 20 disposed
on another side of the organic layer. The second electrode 20
includes a buffer electrode layer 21 and a conductive elec-
trode layer 22 sequentially stacked on the organic layer.
[0032] The second electrode is configured as a two-layer
structure including a buffer electrode layer 21 and a con-
ductive electrode layer 22. With the multi-layered composite
second electrode, it can achieve white light reflection cov-
ering most of the visible light region, and improve the
spectral distribution and viewing angle characteristics dur-
ing top emission of white light.

[0033] In an exemplary embodiment, the manufacturing
processes of the buffer electrode layer and the conductive
electrode layer are the same and the types of the constituent
elements are the same. For the buffer electrode layer and the
conductive layer, the manufacturing processes are the same,
that is, the types of the parameters are the same, but the
values of the parameters are different. The types of constitu-
ent elements of the buffer electrode layer and the conductive
electrode layer are the same, but by adjusting the process
parameters, such as increasing the proportion of one of the
elements, changing the air pressure or the like, the buffer
electrode layer and the conductive electrode layer may have
different transmittances and different block resistances.
[0034] The difference in process parameters causes the
two layers in the second electrode to have the same types of
constituent elements, but respectively form a high-resistance
buffer electrode layer and a high-conductivity conductive
electrode layer.

[0035] The buffer electrode layer provided in the embodi-
ment of the present disclosure has a thickness of 20 nm to
100 nm, the conductive electrode layer has a thickness of
100 nm to 300 nm, and the block resistance of the buffer
electrode layer has a resistance of 0.9 GQ/J to 1.1 G/,
the block resistance of the conductive electrode layer has a
resistance of 14Q/0 to 16Q/C1.

[0036] The manufacturing process conditions for the buf-
fer electrode layer include a sputtering power of 0.9-1.1 kw,
an argon flow rate of 430-470 sccm (standard condition ml
per minute), an oxygen flow rate of 4.3-4.7 sccm, and an air
pressure of 3.0-3.2 pa. In one exemplary embodiment, the
buffer electrode layer may be formed into a uniform struc-
ture. The manufacturing process conditions for the buffer
layer in this embodiment may include: a sputtering power of
1 kw, an argon flow rate of 450 sccm, an oxygen flow rate
of 4.5 sccm, and an air pressure of 3.1 pa, resulting in a
resistivity greater than 0.1 ohm*cm. In the embodiment of
the present disclosure, a buffer electrode layer with a thick-
ness of 50 nm may be formed, and the resistance of the block
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resistance may reach 1 GQ/0. In another exemplary
embodiment, the buffer electrode layer may be formed into
a gradual structure, and the manufacturing process condi-
tions may change gradually. The manufacturing process
conditions for the buffer layer in this embodiment may
include: a sputtering power changes gradually within a range
of 1-2 kw, an argon flow rate changes gradually within a
range of 190-450 scem, an oxygen flow rate changes gradu-
ally with a range of 1.9-4.5 sccm, and an air pressure
changes gradually within a range of 1.60-3.1 pa.

[0037] With respect to the buffer electrode layer, the
conductive electrode layer can be fabricated by reducing the
block resistance so that the oxygen ratio of the conductive
electrode layer is smaller than that of the buffer electrode
layer, by reducing the oxygen ratio, reducing the gas pres-
sure, etc. The manufacturing process conditions of the
conductive electrode layer include: a sputtering power of
2.1-2.5 kw, an argon flow rate of 68~72 sccm, an oxygen
flow rate of 0.1-1 scem, and an air pressure of 0.65~0.69 pa.
In this embodiment, the manufacturing process conditions of
the conductive electrode layer may include a sputtering
power of 2.3 kw, an Ar flow rate of 70 sccm, an oxygen flow
rate of 0.4 scem, and a gas pressure of 0.67 pa, forming a
conductive electrode layer with a higher conductive rate. In
the embodiment of the present disclosure, the conductive
electrode layer may have a thickness of 250 nm, a block
resistance value of 15Q/[], the same as the block resistance
value of a common electrode with a thickness of 300 nm.

[0038] Optionally, the buffer electrode layer and the con-
ductive electrode layer are all transparent electrode layers,
that is, the second electrode layer is a transparent electrode
layer, and the first electrode layer may be a non-transparent
electrode layer. A translucent organic light emitting panel
may be formed.

[0039] The materials of the buffer electrode layer and the
conductive electrode layer are all transparent conductive
oxides (TCO), including In, Tin, Zinc, F, Al, etc., and a
mixture thereof. The transparent material has a high light
transmittance and a low resistance. Light emitted from the
organic layer is favorably led out from the second electrode
side.

[0040] In another embodiment, the first electrode and the
second electrode are both transparent conductive oxide
(TCO) materials.

[0041] The transparent conductive oxide film has the
advantages of high light transmittance, low resistivity, etc.
Both of the first electrode and the second electrode are made
of such a material, it may facilitate the emission of light from
the first electrode side or the second electrode side.

[0042] In the present disclosure, a reflective layer 30 is
further provided on the side of the first electrode away from
the organic layer. The exemplary structure is shown in FIG.
2. In an exemplary embodiment, the material of the reflec-
tive layer is a metal material, such as: Ag, Al, Mg, Li, etc.,
or a mixture of the metals, or an alloy containing the metal
material. The thickness of the reflective layer is in the range
of 90 nm to 110 nm, and the thickness of the reflective layer
may be 100 nm.

[0043] Due to the extremely high reflectivity of the metal-
lic material, the absorption of light by the reflective layer
and the first electrode can be weakened, and the loss of light
can be reduced. The provision of the reflective layer can
achieve a better reflection effect, and the light emitted from
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the light emitting layer provided in the organic layer can be
emitted from the second electrode side as much as possible.
[0044] In another embodiment, the first electrode includes
a compound composed of indium, tin, and oxygen (ITO),
and the second electrode includes a compound composed of
indium, zinc, and oxygen (IZ0).

[0045] Tin-doped indium oxide (ITO), which is a com-
pound containing indium, tin, and oxygen, is a representa-
tive of a transparent conductive oxide film. It also has the
advantages of high light transmittance and low resistivity,
thereby it can reduce the loss of light through the layer.
Compared with ITO, IZO material has a higher light trans-
mittance and a smoother surface, which is advantageous for
fabricating top-gate thin-film transistors.

[0046] 1In principle, the light emitted by the organic layer
may be led out through the first electrode or through the
second electrode. The light emitted from the first electrode
may be referred to as bottom emission. In this embodiment,
the light is led out through the second electrode, that is, top
emission. The top emission has a larger light emitting area
than the bottom emission, so the top emission can be more
favorable for achieving high resolution than the bottom
emission.

[0047] The second electrode is bonded with a reflective
layer disposed on the other side of the first electrode with
170 material to increase the light emission rate from the
second electrode.

[0048] Optionally, the light emitted by the organic layer is
white light.
[0049] Compared with the organic layer emitting three

colors of red, green and blue, the white organic light
emitting device has a high resolution and a wide color
gradation, but the white light emitting device has a wider
chromatogram. It can be achieved by forming a plurality of
organic light emitting materials that respectively emit red,
green, and blue lights in the organic light emitting layer, or
by forming two organic light emitting materials having a
pair of complementary color relationships. For a white light
display panel, color display may be obtained by utilizing a
color filter. In this case, the structure of all the sub-pixel
organic light emitting layers can be similarly formed, so it is
relatively easy to manufacture a large-area, high-resolution
display device.

[0050] Correspondingly, the present disclosure also pro-
vides a method for manufacturing an organic light emitting
panel. Referring to FIG. 3, the exemplary steps of the
method include the following.

[0051] In S30, a first electrode is formed on the substrate.

[0052] The substrate is a glass substrate or a flexible
substrate. The embodiment of the present disclosure as an
example, utilizes a flexible substrate, such as a plastic
substrate, on which a first electrode is formed by a technique
well known to those skilled in the art, and the first electrode
is made of transparent conductive oxide.

[0053] Further, before forming the first electrode on the
substrate, a reflective layer is formed on the substrate, and
the reflective layer is made of a metal material or a mixture
thereof and an alloy containing the metal material. A reflec-
tive layer is formed between the first electrode and the
substrate in order to utilize the high reflectivity of the metal
material to weaken the absorption of light by the reflective
layer and the first electrode, thereby minimizing the loss of
light.
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[0054] In S31, an organic layer is formed on the first
electrode.
[0055] An organic layer containing a light emitting layer

is formed on the first electrode, and the organic layer is
stacked on the first electrode in the following order: a hole
injection layer, a hole transport layer, a light emitting layer,
and an electron transport layer. The light emitted by the light
emitting layer of the present disclosure may be white light.
[0056] In S32: a second electrode is sputtered on the
organic layer. The second electrode includes a buffer elec-
trode layer and a conductive electrode layer sequentially
stacked on the organic layer.

[0057] Inan exemplary embodiment, both the buffer layer
and the conductive electrode layer are formed by DC
magnetron reactive sputtering method.

[0058] Prior to sputtering, the substrate has been pro-
cessed through steps S30 and S31 is pre-heated by a heating
plate to a desired temperature for sputtering. Then the
substrate is fed to a SP chamber, with the platen rotated to
a vertical film forming position. Under the action of argon
(Ar) introduction and the condensate pump exhaust, the
chamber reaches a stable working pressure. The cathode is
applied with a DC power, the argon (Ar) is ionized. The
argon ions (Ar+) are incident on the target surface, and the
target particles are deposited on the substrate to form a film.
In an exemplary embodiment, the manufacturing process
conditions for the buffer electrode layer include: a sputtering
power of 1 kw, an argon flow rate of 450 standard milliliters
per minute (sccm), an oxygen flow rate of 4.5 standard
milliliters per minute (sccm), and an air pressure of 3.1 pa.
The manufacturing process conditions for the conductive
electrode layer include a sputtering power of 2.3 kw, an Ar
flow of 70 sccm, and an air pressure of 0.67 pa.

[0059] The buffer electrode layer and the conductive elec-
trode layer are of the same types of constituent elements, but
with different manufacturing process conditions. Therefore,
it can form electrode layers (i.e., the buffer electrode layer
having high resistance and the conductive electrode layer
having high conductivity) having two types of performances
from the same target material.

[0060] The process parameters of the sputtering process
can be easily controlled and the prepared oxide film can be
of good quality. The sputtering process has a strong binding
force between the electroplating layer and the substrate, and
the electroplating layer is dense and uniform. The sputtering
process has no special requirements on the position of the
target material and the substrate, and the target material can
have a long service life and can serve for automatic and
continuous production for a long time.

[0061] Moreover, the DC magnetron sputtering film
described in the embodiments of the present disclosure
adopts a planar target, does not require an external complex
network matching device and an expensive radio frequency
power supply device, thereby it can reduce the production
cost. Moreover, since sputtering electrons only fall on the
substrate when their energy is exhausted, the substrate
temperature can rise slowly.

[0062] Inorder that the material that is not resistant to high
temperature in the organic light emitting panel is not dam-
aged, in the present disclosure, optionally, an annealing
process is not performed, and the transparent material 17O
is of an amorphous structure. Performing the annealing
process has little effect on light transmittance, resistivity,
and the like.
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[0063] In the process of sputtering the display panel, the
display device may be easily damaged and made leaking
current due to the high temperature. Once the leakage point
occurs in the device, the brightness of the pixel will
decrease, which will negatively affect the brightness unifor-
mity and power consumption of the entire panel. However,
in the present disclosure, the second electrode is set to a
two-layer structure by adjusting the process parameters, of
which the buffer electrode layer has a high resistance, and
the buffer electrode layer has a resistance higher than the
resistance of the light emitting device, and is much higher
than the resistance at leakage point. Therefore, even if there
is a leakage point occurs in the light emitting device, the
current flowing through the pixel cannot be greatly affected,
and the brightness and power consumption of the panel as a
whole cannot be greatly affected.

[0064] Correspondingly, the present disclosure further
provides an organic light emitting device, which includes the
organic light emitting panel according to any one of the
preceding technical solutions. The organic light emitting
device may be an electronic paper, a display panel, an OLED
panel, a mobile phone, or a tablet computer, a television, a
monitor, a laptop, a digital photo frame, a navigator, and
other products or components that have display capabilities.
[0065] Since the organic light emitting device is improved
on the basis of the organic light emitting panel, the organic
light emitting device naturally inherits all the advantages of
the organic light emitting panel.

[0066] In view of the above, according to the multi-
layered structure of the second electrode of the organic light
emitting panel provided by the present disclosure, of which
the second electrode includes a buffer electrode layer and a
conductive electrode layer, due to the high resistance prop-
erty of the buffer electrode layer, it can reduce the decrease
in brightness and increase in power consumption caused by
the leakage of current. In addition, since the buffer electrode
layer and the conductive electrode layer have the same
manufacturing process and same types of constituent ele-
ments, the same material target material, the same process
chamber and the same manufacturing process can be uti-
lized, to reduce the production cost of the organic light
emitting panel.

[0067] Although several exemplary embodiments of the
present disclosure have been described above, those skilled
in the art should understand that modifications may be made
to these exemplary embodiments without departing from the
principle or spirit of the present disclosure. The scope of the
present disclosure is defined by the claims and their equiva-
lents.

What is claimed is:

1. An organic light emitting panel, comprising: an organic
layer, a first electrode disposed on one side of the organic
layer, and a second electrode disposed on the other side of
the organic layer; wherein the second electrode comprises:
a buffer electrode layer and a conductive electrode layer
sequentially stacked on the organic layer.

2. The organic light emitting panel according to claim 1,
wherein a value of a block resistance of the buffer electrode
layer is smaller than a value of a block resistance of the
conductive electrode layer.

3. The organic light emitting panel according to claim 1,
wherein an oxygen ratio of the buffer electrode layer is
greater than an oxygen ratio of the conductive electrode
layer.
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4. The organic light emitting panel according to claim 1,
wherein a thickness of the buffer electrode layer is smaller
than a thickness of the conductive electrode layer.

5. The organic light emitting panel according to claim 1,
wherein the buffer electrode layer and the conductive elec-
trode layer have the same type of element.

6. The organic light emitting panel according to claim 3,
wherein the buffer electrode layer and the conductive elec-
trode layer are each made of transparent conductive oxide.

7. The organic light emitting panel according to claim 4,
wherein the buffer electrode layer has a thickness of 20 nm
to 100 nm, the conductive electrode layer has a thickness of
100 nm to 300 nm, and the buffer electrode layer has a
higher resistivity greater than 0.1 ohm*cm.

8. The organic light emitting panel according to claim 2,
wherein the value of a block resistance of the buffer elec-
trode layer is 0.9 GQ/J to 1.1 G/, and the value of a
block resistance of the conductive electrode layer is 14€2/]
to 16Q/0.

9. The organic light emitting panel according to claim 1,
wherein a reflective layer is further provided on a side of the
first electrode away from the organic layer.

10. The organic light emitting panel according to claim 1,
wherein the first electrode and the second electrode are each
made of a transparent conductive oxide.

11. The organic light emitting panel according to claim
10, wherein the first electrode comprises a compound com-
posed of indium, tin, and oxygen, and the second electrode
comprises a compound composed of indium, zinc, and
oxygen.

12. The organic light emitting panel of claim 1, wherein
the organic layer emits white light.

13. A method for manufacturing an organic light emitting
panel, comprising:

forming a first electrode on a substrate;

forming an organic layer on the first electrode;

sputtering a second electrode on the organic layer,

wherein the second electrode comprises a buffer elec-
trode layer and a conductive electrode layer sequen-
tially stacked on the organic layer.

14. The method for manufacturing a light emitting panel
according to claim 13, wherein the manufacturing process
conditions buffer electrode layer comprises: a sputtering
power of 0.9 to 1.1 kW, an argon flow rate of 430 to 470
scem, and an oxygen flow rate of 4.3 to 11. 4.7 sccm, an air
pressure of 3.0~3.2 pa; and the manufacturing process
conditions for the conductive electrode layer comprises: a
sputtering power of 2.1 to 2.5 kw, an argon flow rate of 68
to 72 sccm, and an air pressure of 0.65~0.69 pa.

15. The method for manufacturing an organic light emit-
ting panel according to claim 13, wherein the buffer elec-
trode layer and the conductive electrode layer are each made
by DC magnetron reactive sputtering.

16. An organic light emitting device comprising the
organic light emitting panel according to claim 1.

17. The organic light emitting panel according to claim 5,
wherein the buffer electrode layer and the conductive elec-
trode layer are each made of transparent conductive oxide.

18. The organic light emitting panel according to claim 5,
wherein a value of a block resistance of the buffer electrode
layer is 0.9 GQ/O to 1.1 G/, and a value of a block
resistance of the conductive electrode layer is 14Q/[] to
16%/0.
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19. The organic light emitting panel according to claim 5,
wherein the first electrode and the second electrode are each
made of a transparent conductive oxide.

20. An organic light emitting device comprising the
organic light emitting panel according to claim 5.

® 0% % % %
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