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(57) ABSTRACT

An OLED display substrate, a manufacturing method
thereof, and a display device are provided. The OLED
display substrate includes a reflective cathode layer, an
organic light-emitting layer, a transparent anode layer and a
high reflection layer sequentially arranged on a substrate,
and the high reflection layer has reflectivity greater than a
threshold.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY SUBSTRATE, MANUFACTURING
METHOD THEREOF, AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201810374916.1 filed on Apr. 24, 2018,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular to an Organic Light-Emitting Diode
(OLED) display substrate, a manufacturing method thereof,
and a display device.

BACKGROUND

[0003] Currently, a cathode of an Active Matrix OLED
(AMOLED) display device needs to be made of a metal
material having a low work function, but the metal material
has relatively high reflectivity to an ambient light beam, so
a contrast of the display device may be reduced. In addition,
light transmissivity of the metallic cathode is relatively low,
so it is necessary to provide the cathode with a very small
thickness, and thereby a sheet resistance of the cathode is
relatively large, resulting in defects such as uneven display
brightness due to a voltage drop for the cathode in the
display device.

SUMMARY

[0004] An object of the present disclosure is to provide an
OLED display substrate, a manufacturing method thereof,
and a display device.

[0005] In one aspect, the present disclosure provides in
some embodiments an OLED display substrate, including a
reflective cathode layer, an organic light-emitting layer, a
transparent anode layer, and a high reflection layer arranged
sequentially on a substrate. The high reflection layer has
reflectivity greater than a threshold and the high reflection
layer is configured to reflect a light beam emitted from the
organic light-emitting layer.

[0006] In apossible embodiment of the present disclosure,
the high reflection layer is of a multi-layered structure, and
includes at least two first refractive material layers and at
least one second refractive material layer alternately
arranged one on top of another, and each first refractive
material layer has a refractive index greater than that of the
second refractive material layer.

[0007] In apossible embodiment of the present disclosure,
each first refractive material layer has a thickness of A/4n,,
and each second refractive material layer has a thickness of
MA4n,, where A represents a wavelength of the light beam
emitted from the organic light-emitting layer, n, represents
the refractive index of the first refractive material layer, and
n, represents the refractive index of the second refractive
material layer.

[0008] In apossible embodiment of the present disclosure,
the high reflection layer includes two first refractive material
layers and one second refractive material layer, or three first
refractive material layers and two second refractive material
layers.

[0009] In apossible embodiment of the present disclosure,
the high reflection layer sequentially includes, in a direction
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toward the transparent anode layer, a first refractive material
layer having a thickness in a range of from 120 nm to 140
nm and a refractive index in a range of from 2.2 to 2.4, a
second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index in
a range of from 1.5 to 1.7, a first refractive material layer
having a thickness in a range of from 120 nm to 140 nm and
a refractive index in a range of from 2.2 to 2.4, a second
refractive material layer having a thickness in a range of
from 120 nm to 140 nm and a refractive index in a range of
from 1.5 to 1.7, and a first refractive material layer having
a thickness in a range of from 120 nm to 140 nm and a
refractive index in a range of from 2.2 to 2.4.

[0010] Ina possible embodiment of the present disclosure,
each first refractive material layer is made of titanium oxide
(Ti0,) or Indium Tin Oxide (ITO), and each second refrac-
tive material layer is made of organic resin.

[0011] In a possible embodiment of the present disclosure,
the reflective cathode layer is configured to reflect the light
beam reflected by the high reflection layer, so as to form an
optical resonator between the high reflection layer and the
reflective cathode layer.

[0012] Ina possible embodiment of the present disclosure,
the reflective cathode layer is made of metal and has a
thickness greater than or equal to 100 nm.

[0013] Ina possible embodiment of the present disclosure,
the threshold is 6%, and the reflectivity of the high reflection
layer is not greater than 40%.

[0014] Ina possible embodiment of the present disclosure,
the OLED display substrate further includes an encapsula-
tion layer arranged on the high reflection layer, or at least a
portion of the high reflection layer further serves as the
encapsulation layer of the OLED display panel.

[0015] In another aspect, the present disclosure provides
in some embodiments a display device including the above-
mentioned OLED display substrate.

[0016] In yet another aspect, the present disclosure pro-
vides in some embodiments a method for manufacturing an
OLED display substrate, including forming a reflective
cathode layer, an organic light-emitting layer, a transparent
anode layer and a high reflection layer sequentially on a
substrate. The high reflection layer has reflectivity greater
than a threshold, and the high reflection layer is configured
to reflect a light beam emitted from the organic light-
emitting layer.

[0017] Ina possible embodiment of the present disclosure,
forming the high reflection layer includes: forming at least
two first refractive material layers and at least one second
refractive material layer alternately on the transparent anode
layer, and each first refractive material layer has a refractive
index greater than that of the second refractive material
layer.

[0018] Ina possible embodiment of the present disclosure,
the method further includes forming an encapsulation layer
on the high reflection layer.

[0019] Ina possible embodiment of the present disclosure,
the forming at least two first refractive material layers and at
least one second refractive material layer alternately on the
transparent anode layer includes: forming sequentially on
the transparent anode layer, in a direction toward the trans-
parent anode layer, a first refractive material layer having a
thickness in a range of from 120 nm to 140 nm and a
refractive index in a range of from 2.2 to 2.4, a second
refractive material layer having a thickness in a range of
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from 120 nm to 140 nm and a refractive index in a range of
from 1.5 to 1.7, a first refractive material layer having a
thickness in a range of from 120 nm to 140 nm and a
refractive index in a range of from 2.2 to 2.4, a second
refractive material layer having a thickness in a range of
from 120 nm to 140 nm and a refractive index in a range of
from 1.5 to 1.7, and a first refractive material layer having
a thickness in a range of from 120 nm to 140 nm and a
refractive index in a range of from 2.2 to 2.4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic view showing a top-emission
OLED display substrate in related art;

[0021] FIG. 2 is a schematic view showing the top-
emission OLED display substrate in an inverted manner in
related art;

[0022] FIG. 3 is a schematic view showing an OLED
display substrate according to some embodiments of the
present disclosure;

[0023] FIG. 4 is a schematic view showing a high reflec-
tion layer according to some embodiments of the present
disclosure;

[0024] FIG. 5 is a schematic view showing another high
reflection layer according to some embodiments of the
present disclosure;

[0025] FIG. 6 is a schematic view showing the OLED
display substrate according to some embodiments of the
present disclosure; and

[0026] FIG. 7 is a schematic view showing yet another
high reflection layer according to some embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0027] Inorder to make the objects, the technical solutions
and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings and
embodiments.

[0028] As shown in FIG. 1, a top-emission OLED display
substrate in related art includes a reflection layer 2, an anode
31, an organic light-emitting layer 4, a cathode 51 and an
encapsulation layer 6 arranged sequentially on a substrate 1.
The substrate 1 includes a base substrate and a driving
circuit arranged on the base substrate. The organic light-
emitting layer 4 may include Hole Injection Layer (HIL), a
Hole Transport Layer (HTL), an Electron Barrier Layer
(EBL), an Emitting Layer (EML) (also called a light-
emitting layer), an Electron Transport Layer (ETL) and an
Electron Injection Layer (EIL). The cathode 51 needs to be
made of a metal material having a low work function, but the
metal material has relatively high reflectivity to an ambient
light beam, so a contrast of a display device may be reduced.
In addition, light transmissivity of the cathode 51 is rela-
tively low, so it is necessary to provide the cathode 51 with
a very small thickness, and thereby a sheet resistance of the
cathode 51 is relatively large, resulting in uneven display
brightness of the display device due to a voltage drop for the
cathode 51.

[0029] In order to solve this problem, an inverted OLED
display substrate has been proposed in the related art. As
shown in FIG. 2, for the inverted OLED display substrate,
a position of the cathode 51 and a position of the anode 31
are replaced with each other. In other words, for the top-
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emission OLED display substrate in the related art, the
anode 31 is arranged below the cathode 51, while for the
inverted top-emission OLED display substrate, the cathode
51 is below the anode 31. However, the anode 31 of the
inverted OLED display substrate is a composite thin film
made of ITO or Indium Zinc Oxide (IZO) having very high
light transmissivity, and thus its reflectivity is very low, so
it is impossible to form the optical resonator, and thereby the
luminous efficiency, color gamut and color purity of the
inverted OLED display substrate may be adversely affected.
In the top-emission OLED display substrate of the related
art, the metallic cathode thin film is a semitransparent thin
film having certain reflectivity, so it is able to form the
optical resonator (i.e., an optical microcavity) between the
metallic cathode and the reflection layer at the bottom of the
OLED display substrate. Through the optical resonator, it is
able to improve the light extraction efliciency at a specific
wavelength and narrow the spectrum, thereby to improve the
luminous efficiency, color gamut and color purity of the
display substrate.

[0030] An object of the present disclosure is to provide an
OLED display substrate. a manufacturing method thereof
and a display device, so as to improve the luminous effi-
ciency, color gamut and color purity of the inverted OLED
display substrate.

[0031] As shown in FIG. 3, the present disclosure provides
in some embodiments an OLED display substrate, which
includes a reflective cathode layer 5, an organic light-
emitting layer 4, a transparent anode layer 3, and a high
reflection layer 7 arranged sequentially on a substrate 1. The
high reflection layer 7 has reflectivity greater than a thresh-
old, and the high reflection layer 7 is configured to reflect a
light beam emitted from the organic light-emitting layer.
[0032] According to the embodiments of the present dis-
closure, the high reflection layer 7 having certain reflectivity
and configured to reflect the light beam emitted from the
organic light-emitting layer 4 is arranged on the transparent
anode layer, so as to form an optical resonator (i.e., an
optical microcavity) between the high reflection layer 7 and
the reflective cathode layer 5 at the bottom of the OLED
display substrate. As a result, it is able to improve the light
extraction efficiency at a specific wavelength, narrow the
spectrum, and improve the luminous efficiency, color gamut
and color purity of the OLED display substrate, thereby to
prevent the luminous efficiency, color gamut and color
purity of the inverted OLED display substrate from being
adversely affected due to the relatively low reflectivity of the
anode.

[0033] Ina possible embodiment of the present disclosure,
the high reflection layer 7 may be of multi-layered structure
consisting of an odd number of layers. To be specific, as
shown in FIGS. 4, 5 and 7, the high reflection layer 7 may
include at least two first refractive material layers 71 and at
least one second refractive material layer 72 arranged alter-
nately one on top of another. The quantity of the first
refractive material layers and the quantity of the second
refractive material layers 72 may be determined based on the
reflectivity of the high reflection layer 7 to be formed. Each
first refractive material layer 71 has a refractive index
greater than that of the second refractive material layer 72.
[0034] To be specific, each first refractive material layer
71 may have a thickness of A/4n,, and each second refractive
material layer 72 may have a thickness of A/4n,, where A
represents a wavelength of the light beam emitted from the
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organic light-emitting layer 4, n, represents the refractive
index of the first refractive material layer 71, and n, repre-
sents the refractive index of the second refractive material
layer 72. Through the first refractive material layer 71 with
the above thickness and the second refractive material layer
72 with the above thickness, it is able for the light beam to
pass through the high reflection layer 7 more easily, thereby
to optimize the light extraction efficiency.

[0035] Correspondences among the quantity of the first
refractive material layers 71 and the quantity of the second
refractive material layers 72, the refractive indices of the
first refractive material layer 71 and the second refractive
material layer 72 and the reflectivity of the high reflection
layer 7 may be shown in Tables 1 to 3. Table 1 shows a
situation where the high reflection layer 7 includes two first
refractive material layers 71 and one second refractive
material layer 72 alternately arranged one on top of another
as shown in FIG. 7, Table 2 shows a situation where the high
reflection layer 7 includes three first refractive material
layers 71 and two second refractive material layers 72
alternately arranged one on top of another as shown in FIG.
4, and Table 3 shows a situation where the high reflection
layer 7 includes four first refractive material layers 71 and
three second refractive material layers 72 alternately
arranged one on top of another as shown in FIG. 5.

TABLE 1

Refractive index of second

Reflectivity of high refractive material layer

reflection layer 1.5 1.6 1.7
Refractive 2.2 13.3% 9.4% 6.3%
index of first 2.3 16.2% 12.1% 8.6%
refractive 2.4 19.2% 14.7% 11.0%

material layer

[0036] As shown in Table 1, the high reflection layer
includes two first refractive material layers and one second
refractive material layer. When each first refractive material
layer has a refractive index of 2.2 and the second refractive
material layer has a refractive index of 1.5, the high reflec-
tion layer may have the reflectivity of 13.3%. When each
first refractive material layer has a refractive index of 2.2
and the second refractive material layer has a refractive
index of 1.6, the high reflection layer may have the reflec-
tivity of 9.4%. When each first refractive material layer has
a refractive index of 2.2 and the second refractive material
layer has a refractive index of 1.7, the high reflection layer
may have the reflectivity of 6.3%. When each first refractive
material layer has a refractive index of 2.3 and the second
refractive material layer has a refractive index of 1.5, the
high reflection layer may have the reflectivity of 16.2%.
When each first refractive material layer has a refractive
index of 2.3 and the second refractive material layer has a
refractive index of 1.6, the high reflection layer may have the
reflectivity of 12.1%. When each first refractive material
layer has a refractive index of 2.3 and the second refractive
material layer has a refractive index of 1.7, the high reflec-
tion layer may have the reflectivity of 8.6%. When each first
refractive material layer has a refractive index of 2.4 and the
second refractive material layer has a refractive index of 1.5,
the high reflection layer may have the reflectivity of 19.2%.
When each first refractive material layer has a refractive
index of 2.4 and the second refractive material layer has a
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refractive index of 1.6, the high reflection layer may have the
reflectivity of 14.7%. When each first refractive material
layer has a refractive index of 2.4 and the second refractive
material layer has a refractive index of 1.7, the high reflec-
tion layer may have the reflectivity of 11%. As can be seen
from the above, the larger the difference between the refrac-
tive index of the first refractive material layer and the
refractive index of the second refractive material layer, the
larger the reflectivity of the high reflection layer.

TABLE 2

Refractive index of second

Reflectivity of high refractive material layer

reflection layer 1.3 1.6 1.7
Refractive 2.2 26.8% 19.7% 13.5%
index of first 2.3 32.0% 24.6% 18.0%
refractive 2.4 36.9% 29.4% 22.6%

material layer

[0037] As shown in Table 2, the high reflection layer
includes three first refractive material layers and two second
refractive material layers. When each first refractive material
layer has a refractive index of 2.2 and each second refractive
material layer has a refractive index of 1.5, the high reflec-
tion layer may have the reflectivity of 26.8%. When each
first refractive material layer has a refractive index of 2.2
and each second refractive material layer has a refractive
index of 1.6, the high reflection layer may have the reflec-
tivity 0of 19.7%. When each first refractive material layer has
a refractive index of 2.2 and each second refractive material
layer has a refractive index of 1.7, the high reflection layer
may have the reflectivity of 13.5%. When each first refrac-
tive material layer has a refractive index of 2.3 and each
second refractive material layer has a refractive index of 1.5,
the high reflection layer may have the reflectivity of 32%.
When each first refractive material layer has a refractive
index of 2.3 and each second refractive material layer has a
refractive index of 1.6, the high reflection layer may have the
reflectivity of 24.6%. When each first refractive material
layer has a refractive index of 2.3 and each second refractive
material layer has a refractive index of 1.7, the high reflec-
tion layer may have the reflectivity of 18%. When each first
refractive material layer has a refractive index of 2.4 and
each second refractive material layer has a refractive index
of 1.5, the high reflection layer may have the reflectivity of
36.9%. When each first refractive material layer has a
refractive index of 2.4 and each second refractive material
layer has a refractive index of 1.6, the high reflection layer
may have the reflectivity of 29.4%. When each first refrac-
tive material layer has a refractive index of 2.4 and each
second refractive material layer has a refractive index of 1.7,
the high reflection layer may have the reflectivity of 22.6%.
As can be seen from the above, the larger the difference
between the refractive index of the first refractive material
layer and the refractive index of the second refractive
material layer, the larger the reflectivity of the high reflection
layer.
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TABLE 3

Refractive index of second

Reflectivity of high refractive material layer

reflection layer 1.5 1.6 1.7
Refractive 2.2 41.5% 31.6% 22.5%
index of first 23 48.1% 38.5% 29.1%
refractive 2.4 54.0% 44.9% 35.7%

material layer

[0038] As shown in Table 3, the high reflection layer
includes four first refractive material layers and three second
refractive material layers. When each first refractive material
layer has a refractive index of 2.2 and each second refractive
material layer has a refractive index of 1.5, the high reflec-
tion layer may have the reflectivity of 41.5%. When each
first refractive material layer has a refractive index of 2.2
and each second refractive material layer has a refractive
index of 1.6, the high reflection layer may have the reflec-
tivity of 31.6%. When each first refractive material layer has
a refractive index of 2.2 and each second refractive material
layer has a refractive index of 1.7, the high reflection layer
may have the reflectivity of 22.5%. When each first refrac-
tive material layer has a refractive index of 2.3 and each
second refractive material layer has a refractive index of 1.5,
the high reflection layer may have the reflectivity of 48.1%.
When each first refractive material layer has a refractive
index of 2.3 and each second refractive material layer has a
refractive index of 1.6, the high reflection layer may have the
reflectivity of 38.5%. When each first refractive material
layer has a refractive index of 2.3 and each second refractive
material layer has a refractive index of 1.7, the high reflec-
tion layer may have the reflectivity of 29.1%. When each
first refractive material layer has a refractive index of 2.4
and each second refractive material layer has a refractive
index of 1.5, the high reflection layer may have the reflec-
tivity of 54%. When each first refractive material layer has
a refractive index of 2.4 and each second refractive material
layer has a refractive index of 1.6, the high reflection layer
may have the reflectivity of 44.9%. When each first refrac-
tive material layer has a refractive index of 2.4 and each
second refractive material layer has a refractive index of 1.7,
the high reflection layer may have the reflectivity of 35.7%.
As can be seen from the above, the larger the difference
between the refractive index of the first refractive material
layer and the refractive index of the second refractive
material layer, the larger the reflectivity of the high reflection
layer.

[0039] As shown in Tables 1 to 3, through selecting
material for the first refractive material layers and material
for the second refractive material layers, and adjusting the
quantity of the first refractive material layers, the quantity of
the second refractive material layers, the thickness of each
first refractive material layer, and the thickness of each
second refractive material layer, it is able to adjust the
reflectivity and the light transmissivity of the high reflection
layer, thereby to achieve the reflectivity and the light trans-
missivity close to reflectivity and light transmissivity of a
semitransparent metallic cathode. In addition, the more
quantities of the first refractive material layers and the
second refractive material layers, the larger the reflectivity
of the high reflection layer, and the less quantities of the first
refractive material layers and the second refractive material
layers, the lower the light transmissivity of the high reflec-
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tion layer. However, when the light transmissivity of the
high reflection layer is too low, the light transmissivity of the
OLED display substrate may be adversely affected. Hence,
it is inappropriate to provide too many first refractive
material layers and second refractive material layers. In a
possible embodiment of the present disclosure, the reflec-
tivity of the high reflection layer may not be greater than
40%. At this time, the high reflection layer may include two
first refractive material layers and one second refractive
material layer, or include three first refractive material layers
and two second refractive material layers.

[0040] When the reflectivity of the high reflection layer is
relatively low, the light extraction efficiency of the OLED
display substrate may be relatively low too. In a possible
embodiment of the present disclosure, the reflectivity of the
high reflection layer may be greater than or equal to 6%, and
the threshold may be 6%, 7%, 8% or 9%.

[0041] Ina possible embodiment of the present disclosure,
as shown in FIG. 4. the high reflection layer may sequen-
tially include, in a direction toward the transparent anode
layer, the first refractive material layer 71 having a thickness
in a range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4, the second refractive material
layer 72 having a thickness in a range of from 120 nm to 140
nm and a refractive index in a range of from 1.5 to 1.7, the
first refractive material layer 71 having a thickness in a range
of from 120 nm to 140 nm and a refractive index in a range
of from 2.2 to 2.4, the second refractive material layer 72
having a thickness in a range of from 120 nm to 140 nm and
a refractive index in a range of from 1.5 to 1.7, and the first
refractive material layer 71 having a thickness in a range of
from 120 nm to 140 nm and a refractive index in a range of
from 2.2 to 2.4.

[0042] As shown in FIG. 6, the OLED display substrate
may sequentially include, from bottom to top, the reflective
cathode layer 5, the organic light-emitting layer 4, the
transparent anode layer 3, the first refractive material layer
71, the second refractive material layer 72, the first refrac-
tive material layer 71, the second refractive material layer 72
and the first refractive material layer 71 arranged on the
substrate 1.

[0043] To be specific, each first refractive material layer
71 may be made of TiO, or ITO, and each second refractive
material layer 72 may be made of organic resin. It should be
appreciated that, the first refractive material layer and the
second refractive material layer may each be made of any
other transparent material having a certain refractive index.
As shown in FIG. 3, the transparent anode layer 3 may be
made of a material having a refractive index smaller than the
first refractive material layer 71, e.g., IZO (In,0,:Zn0),
GITO (GalnSnO) or ZITO (ZnInSnQ). Alternatively, the
first refractive material layer 71 may further serve as the
transparent anode layer, and in this case, as shown in FIG.
3, the transparent anode layer 3 may be omitted, i.e., the high
reflection layer 7 may be directly arranged on the organic
light-emitting layer 4.

[0044] Ina possible embodiment of the present disclosure,
as shown in FIGS. 3 and 6, the OLED display substrate may
further include an encapsulation layer 6 arranged on the high
reflection layer 7, so as to protect the OLED display sub-
strate from moisture and oxygen, thereby to prolong a
service life of the OLED display substrate.

[0045] The high reflection layer 7 may be of a multi-
layered structure and include at least two first refractive
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material layers and at least one second refractive material
layer alternately arranged one on top of another, each first
refractive material layer may be made of an inorganic
material, and each second refractive material layer may be
made of organic resin, i.e., the high reflection layer may
include inorganic layers and organic layers arranged alter-
nately. Usually, the encapsulation layer also includes inor-
ganic layers and organic layers arranged alternately. Hence,
parts or all of the layers of the high reflection layer 7 may
serve as the encapsulation layer. At this time, it is unneces-
sary to provide the encapsulation layer 6 separately, thereby
to reduce the thickness of the entire OLED display substrate.
[0046] In apossible embodiment of the present disclosure,
the reflective cathode layer 5 may be made of metal and have
a thickness of greater than or equal to 100 nm. In this way,
it is able to provide the reflective cathode layer 5 with very
high reflectivity, thereby to improve the luminous efficiency
of the OLED display substrate.

[0047] The present disclosure further provides in some
embodiments a display device including the above-men-
tioned OLED display substrate. The display device may be
any product or member having a display function, e.g.,
television, display, digital photo frame, mobile phone or
flat-panel computer. The display device may further include
a flexible circuit board, a printed circuit board and a back
plate.

[0048] The present disclosure further provides in some
embodiments a method for manufacturing an OLED display
substrate, which includes forming a reflective cathode layer,
an organic light-emitting layer, a transparent anode layer and
a high reflection layer sequentially on a substrate. The high
reflection layer has reflectivity greater than a threshold and
the high reflection layer is configured to reflect a light beam
emitted from the organic light-emitting layer.

[0049] According to the embodiments of the present dis-
closure, the high reflection layer having certain reflectivity
and configured to reflect the light beam emitted from the
organic light-emitting layer is arranged on the transparent
anode layer, so as to form an optical resonator (i.e., an
optical microcavity) between the high reflection layer and
the reflective cathode layer at the bottom of the OLED
display substrate. As a result, it is able to improve the light
extraction efliciency at a specific wavelength, narrow the
spectrum, and improve the luminous efficiency, color gamut
and color purity of the OLED display substrate, thereby to
prevent the luminous efficiency, color gamut and color
purity of the inverted OLED display substrate from being
adversely affected due to the relatively low reflectivity of the
transparent anode layer.

[0050] In apossible embodiment of the present disclosure,
the forming the high reflection layer includes forming at
least two first refractive material layers and at least one
second refractive material layer alternately on the transpar-
ent anode layer, and each first refractive material layer has
a refractive index greater than that of the second refractive
material layer.

[0051] In apossible embodiment of the present disclosure,
the high reflection layer may be of multi-layered structure
consisting of an odd number of layers. To be specific, as
shown in FIGS. 4, 5 and 7, the high reflection layer 7 may
include at least two first refractive material layers 71 and at
least one second refractive material layer 72 arranged alter-
nately. The quantity of the first refractive material layers 71
and the quantity of the second refractive material layers 72
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may be determined based on the reflectivity of the high
reflection layer 7 to be formed. Each first refractive material
layer 71 has a refractive index greater than that of each
second refractive material layer 72.

[0052] To be specific, each first refractive material layer
71 may have a thickness of A/4n,, and each second refractive
material layer 72 may have a thickness of A/4n,, where A
represents a wavelength of the light beam emitted from the
organic light-emitting layer 4, n, represents the refractive
index of the first refractive material layer 71, and n, repre-
sents the refractive index of the second refractive material
layer 72. Through the first refractive material layer 71 with
the above thickness and the second refractive material layer
72 with the above thickness, it is able for the light beam to
pass through the high reflection layer 7 more easily, thereby
to optimize the light extraction efliciency.

[0053] Through selecting materials for the first refractive
material layers and the second refractive material layers, and
adjusting the quantity of the first refractive material layers,
the quantity of the second refractive material layers, the
thickness of each first refractive material layer, and the
thickness of each second refractive material layer, it is able
to adjust the reflectivity and the light transmissivity of the
high reflection layer, thereby to achieve the reflectivity and
the light transmissivity close to reflectivity and light trans-
missivity of a semitransparent metallic cathode. In addition,
the more quantities of the first refractive material layers and
the second refractive material layers, the larger the reflec-
tivity of the high reflection layer, and the less quantities of
the first refractive material layers and the second refractive
material layers, the lower the light transmissivity of the high
reflection layer. However, when the light transmissivity of
the high reflection layer is too low, the light transmissivity
of the OLED display substrate may be adversely affected.
Hence, it is inappropriate to provide too many first refractive
material layers and second refractive material layers. In a
possible embodiment of the present disclosure, the reflec-
tivity of the high reflection layer may not be greater than
40%. At this time, the high reflection layer may include two
first refractive material layers and one second refractive
material layer, or include three first refractive material layers
and two second refractive material layers.

[0054] When the reflectivity of the high reflection layer is
relatively low, the light extraction efficiency of the OLED
display substrate may be relatively low too. In a possible
embodiment of the present disclosure, the reflectivity of the
high reflection layer may be greater than or equal to 6%, and
the threshold may be 6%, 7%, 8% or 9%.

[0055] Ina possible embodiment of the present disclosure,
the forming the high reflection layer includes: forming
sequentially on the transparent anode layer, in a direction
toward the transparent anode layer, the first refractive mate-
rial layer having a thickness in a range of from 120 nm to
140 nm and a refractive index in a range of from 2.2 to 2.4,
the second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index in
a range of from 1.5 to 1.7, the first refractive material layer
having a thickness in a range of from 120 nm to 140 nm and
a refractive index in a range of from 2.2 to 2.4, the second
refractive material layer having a thickness in a range of
from 120 nm to 140 nm and a refractive index in a range of
from 1.5 to 1.7, and the first refractive material layer having
a thickness in a range of from 120 nm to 140 nm and a
refractive index in a range of from 2.2 to 2.4.
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[0056] 1In apossible embodiment of the present disclosure,
the method further includes forming an encapsulation layer
on the high reflection layer. Through the encapsulation layer,
it is able to protect the OLED display substrate from
moisture and oxygen, thereby to prolong a service life of the
OLED display substrate.

[0057] The high reflection layer 7 may be of a multi-
layered structure and include at least two first refractive
material layers and at least one second refractive material
layer arranged alternately, each first refractive material layer
may be made of an inorganic material, and each second
refractive material layer may be made of organic resin, i.e.,
the high reflection layer may include inorganic layers and
organic layers arranged alternately. Usually, the encapsula-
tion layer also includes inorganic layers and organic layers
arranged alternately. Hence, parts or all of the layers of the
high reflection layer may serve as the encapsulation layer. At
this time, it is unnecessary to provide the encapsulation layer
6 separately, thereby to reduce the thickness of the entire
OLED display substrate.

[0058] The method for manufacturing the OLED display
substrate will be described hereinafter in more details.

[0059] In apossible embodiment of the present disclosure,
the method may include the following steps.

[0060] Step 1: forming a driving circuit and the reflective
cathode layer 5 on a clean base substrate. The reflective
cathode layer 5 may be made of metal and have a thickness
greater than or equal to 100 nm, so as to provide the
reflective cathode layer 5 with very high reflectivity.
[0061] Step 2: forming the organic light-emitting layer 4
through a process such as vacuum evaporation or inkjet
printing. The organic light-emitting layer 4 may include
OLED functional layers and an emitting layer. Usually, the
OLED functional layers include a Hole Inj ection Layer
(HIL), a Hole Transport Layer (HTL), an Electron Barrier
Layer (EBL), a Hole Barrier Layer (HBL), an Electron
Transport Layer (ETL) and an Electron Injection Layer
(BIL). The emitting layer includes a Red Emitting Layer
(REML), a Green Emitting Layer (GEML), and a Blue
Emitting Layer (BEML).

[0062] Step 3: forming the transparent anode layer 3 on
the organic light-emitting layer 4. The transparent anode
layer 3 may be made of a material having a relatively low
refractive index, e.g., [Z0 (In,0,:Zn0), GITO (GalnSnO)
or ZITO (ZnInSnO).

[0063] Step 4: forming an ITO layer through sputtering to
obtain the first refractive material layer 71 having a thick-
ness of 130 nm and a refractive index in a range of from 2.2
to 2.4, forming an organic layer having a relatively low
refractive index through vacuum evaporation to obtain the
second refractive material layer 72 having a thickness of 130
nm and a refractive index in a range of from 1.5 to 1.7,
forming an ITO layer through sputtering to obtain the first
refractive material layer 71 having a thickness of 130 nm
and a refractive index in a range of from 2.2 to 2.4, forming
an organic layer having a relatively low refractive index
through vacuum evaporation to obtain the second refractive
material layer 72 having a thickness of 130 nm and a
refractive index in a range of from 1.5 to 1.7, and forming
an ITO layer through sputtering to obtain the first refractive
material layer 71 having a thickness of 130 nm and a
refractive index in a range of from 2.2 to 2.4, thereby to
acquire the high reflection layer as shown in FIG. 4.
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[0064] Step S5: forming the encapsulation layer 6 for
encapsulating the OLED device, so as to acquire the OELD
display substrate as shown in FIG. 6.

[0065] In another possible embodiment of the present
disclosure, the method for manufacturing the OLED display
substrate may include the following steps.

[0066] Step 1: forming a driving circuit and the reflective
cathode layer 5 on a clean base substrate. The reflective
cathode layer 5 may be made of metal and have a thickness
greater than or equal to 100 nm, so as to provide the
reflective cathode layer 5 with very high reflectivity.
[0067] Step 2: forming the organic light-emitting layer 4
through vacuum evaporation or inkjet printing. The organic
light-emitting layer 4 may include OLED functional layers
and a light-emitting layer. Usually, the OLED functional
layers include a hole injection layer, a hole transport layer,
an electron barrier layer, a hole barrier layer, an electron
transport layer, and an electron injection layer. The light-
emitting layer includes a red light-emitting layer, a green
light-emitting layer, and a blue light-emitting layer.

[0068] Step 3: forming the transparent anode layer 3
through sputtering. The transparent anode layer 3 may be
made of ITO, and have a thickness of 130 nm and a
refractive index in a range of from 2.2 to 2.4. The transparent
anode layer 3 may further serve as the first refractive
material layer 71.

[0069] Step 4: forming an organic layer having a relatively
low refractive index through vacuum evaporation to obtain
the second refractive material layer 72 having a thickness of
130 nm and a refractive index in a range of from 1.5 to 1.7,
forming a titanium oxide layer through Chemical Vapor
Deposition (CVD) to obtain the first refractive material layer
71 having a thickness of 130 nm and a refractive index in a
range of from 2.2 to 2.4, forming an organic layer having a
relatively low refractive index through vacuum evaporation
to obtain the second refractive material layer 72 having a
thickness of 130 nm and a refractive index in a range of from
1.5 to 1.7, and forming a titanium oxide layer through CVD
to obtain the first refractive material layer 71 having a
thickness of 130 nm and a refractive index in a range of from
2.2 to 2.4, thereby to acquire the high reflection layer as
shown in FIG. 4.

[0070] Step 5: forming the encapsulation layer for encap-
sulating the OLED device, so as to acquire the OELD
display substrate as shown in FIG. 6.

[0071] In the embodiments of the present disclosure, the
order of the steps may not be limited to the serial numbers
thereof. For a person skilled in the art, any change in the
order of the steps shall also fall within the scope of the
present disclosure if it is without any creative effort.
[0072] Unless otherwise defined, any technical or scien-
tific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
“first” and “second” used in the specification and claims are
merely used to differentiate different components rather than
to represent any order, number or importance. Similarly,
such words as “one” or “one of” are merely used to represent
the existence of at least one member, rather than to limit the
number thereof. Such words as “include” or “including”
intends to indicate that an element or object before the word
contains an element or object or equivalents thereof listed
after the word, without excluding any other element or
object. Such words as “connect/connected to” or “couple/
coupled to” may include electrical connection, direct or
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indirect, rather than to be limited to physical or mechanical
connection. Such words as “on”. “under”, “left” and “right”
are merely used to represent relative position relationship,
and when an absolute position of the object is changed, the
relative position relationship will be changed too.

[0073] It should be appreciated that, in the case that such
an element as layer, film, region or substrate is arranged “on”
or “under” another element, it may be directly arranged “on”
or “under” the other element, or an intermediate element
may be arranged therebetween.

[0074] The above embodiments are for illustrative pur-
poses only, but the present disclosure is not limited thereto.
Obviously, a person skilled in the art may make further
modifications and improvements without departing from the
spirit of the present disclosure, and these modifications and
improvements shall also fall within the scope of the present
disclosure.

What is claimed is:

1. An Organic Light-Emitting Diode (OLED) display
substrate, comprising: a reflective cathode layer, an organic
light-emitting layer, a transparent anode layer, and a high
reflection layer arranged sequentially on a substrate,

wherein reflectivity of the high reflection layer is greater

than a threshold, and the high reflection layer is con-
figured to reflect a light beam emitted from the organic
light-emitting layer.

2. The OLED display substrate according to claim 1,
wherein

the high reflection layer is of a multi-layered structure,

and comprises at least two first refractive material
layers and at least one second refractive material layer,
the at least two first refractive material layers and the at
least one second refractive material layer are alternately
arranged one on top of another, and a refractive index
of each of the at least two first refractive material layers
is greater than a refractive index of each of the at least
one second refractive material layer.

3. The OLED display substrate according to claim 2,
wherein

a thickness of each first refractive material layers is A/4n,,

and a thickness of each second refractive material layer
is M4n,, where A represents a wavelength of the light
beam emitted from the organic light-emitting layer, n,
represents the refractive index of the first refractive
material layer, and n, represents the refractive index of
the second refractive material layer.

4. The OLED display substrate according to claim 2,
wherein

the high reflection layer comprises two first refractive

material layers and one second refractive material layer
alternately arranged one on top of another.

5. The OLED display substrate according to claim 2,
wherein

the high reflection layer comprises three first refractive

material layers and two second refractive material
layers alternately arranged one on top of another.

6. The OLED display substrate according to claim 5,
wherein the high reflection layer sequentially comprises, in
a direction toward the transparent anode layer:

a first refractive material layer having a thickness in a

range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;
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a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7;

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;

a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7; and

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4.

7. The OLED display substrate according to claim 2,

wherein

each first refractive material layer is made of titanium
oxide (TiO,) or Indium Tin Oxide (ITO), and each
second refractive material layer is made of organic
resin.

8. The OLED display substrate according to claim 1,

wherein

the reflective cathode layer is configured to reflect the
light beam reflected by the high reflection layer, to form
an optical resonator between the high reflection layer
and the reflective cathode layer.

9. The OLED display substrate according to claim 1,

wherein

the reflective cathode layer is made of metal, and a
thickness of the reflective cathode layer is greater than
or equal to 100 nm.

10. The OLED display substrate according to claim 1,

wherein

the threshold is 6%, and the reflectivity of the high
reflection layer is not greater than 40%.

11. The OLED display substrate according to claim 1,

wherein

the OLED display substrate further comprises an encap-
sulation layer arranged on the high reflection layer; or

at least a portion of the high reflection layer further serves
as the encapsulation layer.

12. A display device, comprising an OLED display sub-
strate, wherein the OLED display substrate comprises: a
reflective cathode layer, an organic light-emitting layer, a
transparent anode layer, and a high reflection layer arranged
sequentially on a substrate,

wherein reflectivity of the high reflection layer is greater
than a threshold, and the high reflection layer is con-
figured to reflect a light beam emitted from the organic
light-emitting layer.

13. The display device according to claim 12, wherein

the high reflection layer is of a multi-layered structure,
and comprises at least two first refractive material
layers and at least one second refractive material layer,
the at least two first refractive material layers and the at
least one second refractive material layer are alternately
arranged one on top of another, and a refractive index
of each of the at least two first refractive material layers
is greater than a refractive index of each of the at least
one second refractive material layer.

14. The display device according to claim 13, wherein

a thickness of each first refractive material layers is A/4n,,
and a thickness of each second refractive material layer
is M4n,, where A represents a wavelength of the light
beam emitted from the organic light-emitting layer, n,
represents the refractive index of the first refractive
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material layer, and n, represents the refractive index of
the second refractive matetial layer.

15. The display device according to claim 13, wherein

the high reflection layer comprises three first refractive
material layers and two second refractive material
layers arranged one on top of another alternately.

16. The display device according to claim 15, wherein the
high reflection layer sequentially comprises, in a direction
toward the transparent anode layer:

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;

a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7;

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;

a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7; and

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4.

17. A method for manufacturing an OLED display sub-

strate, comprising;

forming a reflective cathode layer, an organic light-emit-
ting layer, a transparent anode layer and a high reflec-
tion layer sequentially on a substrate,

wherein reflectivity of the high reflection layer is greater
than a threshold, and the high reflection layer is con-
figured to reflect a light beam emitted from the organic
light-emitting layer.
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18. The method according to claim 17, wherein the
forming the high reflection layer comprises:

forming at least two first refractive material layers and at
least one second refractive material layer alternately on
the transparent anode layer, and a refractive index of
each of the at least two first refractive material layers is
greater than a refractive index of each of the at least one
second refractive material layer.

19. The method according to claim 17, further compris-

ing:

forming an encapsulation layer on the high reflection
layer.

20. The method according to claim 18, wherein forming
the at least two first refractive material layers and the at least
one second refractive material layer alternately on the trans-
parent anode layer comprises: forming following layers
sequentially on the transparent anode layer in a direction
toward the transparent anode layer:

a first refractive material layer having a thickness in a

range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;

a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7;

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4;

a second refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 1.5 to 1.7; and

a first refractive material layer having a thickness in a
range of from 120 nm to 140 nm and a refractive index
in a range of from 2.2 to 2.4.
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