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1
ORGANIC LIGHT-EMITTING DIODE
(OLED) DISPLAY PANEL, ELECTRONIC
DEVICE AND MANUFACTURING METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the priority of Chinese Patent
Application No. CN201611051528.7, filed on Nov. 24,
2016, the entire contents of which are incorporated herein by
reference.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to the display
technology and, more particularly, relates to an OLED
display panel, at electronic device and a manufacturing
method.

BACKGROUND

Organic light-emitting diodes (OLEDs) are also known as
organic electroluminescent devices. Driven by an electric
field, the light-emitting material in the OLED emits light
through carrier injection and recombination. Compared to
liquid crystal display (LCD) devices, the OED devices are
thinner and lighter, and have wider viewing angles and
higher contrast. Thus, the OLED devices are becoming more
and more popular.

In the existing technology, the OLED display panel often
includes a first electrode, a second electrode, and a light-
emitting layer formed between the first electrode and the
second electrode. Generally, the second electrode is made of
MgAg alloy. However, the Mg—Ag alloy exhibits different
light transmittance of red, green, and blue light, causing a
sacrifice of red and green light efficiency for the sake of blue
light efficiency, and an increase in power consumption of the
OLED display panel in addition. In addition, the Mg depo-
sition process is costly, and the Mg deposition rate is difficult
to control. The substantially high bulk resistance of Mg
leads to a substantially high operating voltage. As a result,
the efficiency and life span of the device may be degraded.

The disclosed OLED display panel, electronic device and
manufacturing method are directed to solve one or more
problems set forth above and other problems.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure provides an OLED
display panel, comprising a substrate, a first electrode, a
light-emitting function layer, and a second electrode includ-
ing Ag or a metal alloy containing Ag. When the second
electrode is made of the metal alloy containing Ag, a content
of Ag in the second electrode is more than a sum of contents
of all other elements in the second electrode.

Another aspect of the present disclosure provides an
electronic device comprising an OLED display panel. The
OLED display panel comprises a substrate, a first electrode,
a light-emitting function layer, and a second electrode
including Ag or a metal alloy containing Ag. When the
second electrode is made of the metal alloy containing Ag,
a content of Ag in the second electrode is more than a sum
of contents of all other elements in the second electrode.

Another aspect of the present disclosure provides a manu-
facturing method for the disclosed OLED display panel. The
manufacturing method comprises sequentially forming a
first electrode, a light-emitting function layer, and a second
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2

electrode including Ag or a metal alloy containing Ag on a
substrate. When the second electrode is made of the metal
alloy containing Ag, a content of Ag in the second electrode,
is more than a sum of contents of all other elements in the
second electrode.

Other aspects of the present disclosure can be understood
by those skilled in the art in light of the description, the
claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are merely examples for illustra-
tive purposes according to various disclosed embodiments
and are not intended to limit the scope of the present
disclosure.

FIG. 1 illustrates a cross-sectional view of an exemplary
OLED display panel according to the disclosed embodi-
ments;

FIG. 2 illustrates a wavelength-dependent light transmit-
tance of an existing second electrode made of a MgAg alloy
and an exemplary second electrode made of pure Ag accord-
ing to the disclosed embodiments;

FIG. 3 illustrates scanning electron microscope (SE)
images of an existing second electrode made of a MgAg
alloy and an exemplary second electrode made of pure Ag
according to the disclosed embodiments;

FIG. 4 illustrates a cross-sectional partial view of another
exemplary OLED display panel according to the disclosed
embodiments;

FIG. 5 illustrates volt-ampere (V-A) curves of all existing
OLED device and an exemplary OLED display panel
according to the disclosed embodiments;

FIG. 6 illustrates current efficiency vs current density
curves of an existing OLED device and an exemplary OLED
display panel according to the disclosed embodiments;

FIG. 7 illustrates a cross-sectional partial view of another
exemplary OLED display panel according to the disclosed
embodiments;

FIG. 8 illustrates a schematic view of an exemplary
electronic device according to the disclosed embodiments;
and

FIG. 9 illustrates a flow chart of an exemplary manufac-
turing method for an exemplary OLED display panel
according to the disclosed embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. It should be understood that
the exemplary embodiments described herein are only
intended to illustrate and explain the present invention and
not to limit the present invention. In addition, it should also
be noted that, for ease of description, only part, but not all,
of the structures associated with the present invention are
shown in the accompanying drawings.

The present disclosure provides an improved OLED dis-
play panel, which may comprise a first electrode, a light-
emitting function layer, and a second electrode disposed on
a substrate in a stacked configuration. The second electrode
may include Ag or a metal alloy containing Ag. When the
second electrode includes a metal alloy containing Ag, the
content of Ag may be more than the sum of the contents of
other elements in the second electrode.
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In the disclosed embodiments, the second electrode of the
OLED display panel may include Ag or a metal alloy
containing Ag. When the second electrode includes a metal
alloy containing Ag, the Ag content may be configured to be
more than the sum of the contents of other elements in the
second electrode. As a result, the light-emitting efficiencies
of light-emitting units emitting different colors (e.g., a red
light-emitting unit emitting red light, a blue light-emitting
unit emitting blue light, and a green light-emitting unit
emitting green light) may be balanced, the overall light-
emitting efficiency of the OLED display panel may be
improved, and the bulk resistance of the second electrode
may be reduced. Thus, under a same current density, the
operating voltage of the OLED display panel may be
reduced, and the power consumption of the OLED display
panel may be reduced.

FIG. 1 illustrates a cross-sectional view of an exemplary
OLED display panel according to the present disclosure. As
shown in FIG. 1, the OLED display panel may include a
substrate 1, a first electrode 2, a light-emitting function layer
3, and a second electrode 4. The first electrode 2, the
light-emitting function layer 3, and the second electrode 4
may be formed on a substrate 1. The second electrode 4 may
be made of Ag or a metal alloy containing Ag. When the
second electrode 4 is made of a metal alloy containing Ag,
the content of Ag in the second electrode 4 may be more than
the sum of the contents of all other elements in the second
electrode 4.

FIG. 2 illustrates a wavelength-dependent light transmit-
tance of an existing second electrode made of a MgAg alloy
and an exemplary second electrode made of pure Ag accord-
ing to the disclosed embodiments. Both second electrodes
may have a same thickness (15 A). The volume ratio of the
Mg content and the Ag content in the MgAg alloy in the
existing second electrode is about 10:1.

As shown in FIG. 2, for the existing second electrode
made of a MgAg alloy (the ratio of Mg content and Ag
content is about 10:1), the blue light transmittance at the
wavelength of 460 nm is about 43%, the green light trans-
mittance at the wavelength of 530 nm is about 37%, and the
red light transmittance at the wavelength of 620 nm is about
25%. That is, the light transmittance at three different
wavelengths may vary a lot.

For the disclosed second electrode made of pure Ag, the
light transmittance at different wavelengths may not vary
significantly. As shown in FIG. 2, the blue light transmit-
tance at the wavelength of 460 nm is about 46%, the red light
transmittance at the wavelength of 530 nm is about 44%, and
the red light transmittance at the wavelength of 620 nm is
about 43%. That is, the light transmittance at three different
wavelengths may vary a little, i.e., substantially remain the
same. As shown in FIG. 2, within the wavelength range
approximately between 450 nm and 800 nm, the light
transmittance different of the second electrode made of pure
Ag may be less than the light transmittance difference of the
second electrode made of the MgAg alloy (the ratio of Mg
content and Ag content is about 10:1).

Table 1 shows bulk resistance of the existing second
electrode made of a MgAg alloy (the ratio of Mg content and
Ag content is about 10:1). Table 2 shows bulk resistance of
the disclosed second electrode made of pure Ag. Comparing
Table 1 and Table 2 the disclosed second electrode made of
pure Ag may have lower bulk resistances than the existing
second electrode made of the MgAg alloy. For example, as
shown in Table 1, the bulk resistance of the MgAg alloy with
a thickness of about 140 A is about 6.27Q, and as shown in
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Table 2, the bulk resistance of the pure Ag with a thickness
of about 140 A is about 3.74Q.

TABLE 1

Bulk resistance of an existing second
electrode made of a MgAg alloy (the ratio
of Mg content and Ag content is about 10:1)

Thickness Bulk
A resistance (Q)
120 7.99
140 6.27
160 5.52
180 5.64
200 5.21

TABLE 2

Bulk resistance of an exemplary
second electrode made of pure Ag

Thickness Bulk
(A) resistance (Q)
130 423
140 3.74
150 3.27

FIG. 3 illustrates scanning electron microscope (SEM)
images of an existing second electrode made of a MgAg
alloy and an exemplary second electrode made of pure Ag
according to the disclosed embodiments. As shown in FIG.
3, under the same film-forming condition, the same film
thickness, and the same test condition, the average rough-
ness of the electrode film made of the MgAg alloy is about
6 nm, and the average roughness of the electrode film made
of pure alloy is about 2 nm. That is, the second electrode
made of pure Ag may have a smoother surface and a denser
film than the second electrode made of the MgAg alloy.

FIG. 4 illustrates a cross-sectional partial view of another
exemplary OLED display panel according to the present
disclosure. The similarities between FIG. 4 and FIG. 1 are
not repeated here, while certain difference may be explained.

Referring to FIG. 4, different from FIG. 1, in the OLED
display panel in FIG. 4, the first electrode 2 may include a
first transparent conductive film 21, a reflective conductive
film 22, and a second transparent conductive film 23. The
reflective conductive film 22 may be made of Ag or other
opaque metal. The reflective conductive film 22 may be
configured to increase the reflectance and improve the light
efficiency of the OLED display panel.

In one embodiment, the first transparent conductive film
21 and the second transparent conductive film 23 may be
made of, for example, indium tin oxide (ITO), indium zinc
oxide (IZ0), or zinc oxide (Zn0O). The first transparent
conductive film 21 and the second transparent conductive
film 23 in the first electrode 2 may be made of a high work
fanction material, facilitating the hole injection.

Further, the material of the first electrode 2 and the
thickness of the individual films may be adjusted to control
the reflectance of the first electrode 2. In one embodiment,
the reflectance of the first electrode 2 may be configured to
be greater than about 80%. The first electrode 2 and the
second electrode 4 may be formed by a deposition method,
a sputtering method, a vapor deposition method, an ion
beam deposition method, an electron beam deposition
method, and a laser ablation method, etc.
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In another embodiment, the reflective conductive film 22
may be configured to have a thickness hl greater than about
500 A, which may increase the reflectance of the first
electrode 2 and improve the light-emitting efficiency of the
OLED display panel.

In another embodiment, the second electrode 4 may be
configured to have a thickness h2 ranging approximately
between 120 A and 250 A, through which the light-emitting
efficiency of the light-emitting units emitting light in differ-
ent colors may be balanced, and the resistance of the second
electrode 4 may be reduced. Accordingly, the power con-
sumption of the OLED display panel may be reduced.

In another embodiment, when the second electrode 4 is
made of a metal alloy containing Ag, the content of Ag (i.e.
the Ag content) in the second electrode 4 may be more than
about 80%. As the Ag content increases, the light transmit-
tance curve may gradually approach the light transmittance
curve for the pure Ag. That is, the difference in the light
transmittance at different wavelength may be reduced, and
the light-emitting eficiency of the OLED display panel may
be improved.

In another embodiment, the second electrode 4 may be
configured to have a transmittance greater than about 20%.
The low resistance of the second electrode 4 may be assured
and, meanwhile, the light-emitting efficiency of the OLED
display panel may be improved through configuring the light
transmittance of the second electrode 4 to be greater than
about 20%.

In another embodiment, when the second electrode 4 is
made of a metal alloy containing Ag, the metal alloy
containing Ag may also include at least one of a Mg element,
a Yb element, an alkali metal element, an alkaline earth
metal element, and a rare earth element.

In certain embodiments, referring to FIG. 4, the OLED
display panel may include a plurality of light-emitting units.
In one embodiment, as shown in FIG. 4, the OLED display
panel may include a light-emitting unit R emitting red light,
a light-emitting unit G emitting green light, and a light-
emitting unit B emitting blue light. The number and color of
the light-emitting units is for illustrative purposes and is not
intended to limit the scope of the present disclosure.

A micro-cavity structure may be formed between the first
electrode 2 and the second electrode 4 in a light-emitting
unit. The micro-cavity structures corresponding to the light-
emitting units emitting light in different colors may have
different effective cavity lengths. The effective cavity length
may refer to an optical path length in the micro-cavity
structure.

Further, as shown in FIG. 4, the light-emitting, function
layer may further include a first auxiliary function layer 31,
a light-emitting layer 32, and a second auxiliary function
layer 33. The first auxiliary function layer 31, the light-
emitting layer 32, and the second auxiliary function layer 33
may be formed by a deposition method. The first auxiliary
function layer 31 may be a hole-type auxiliary function layer
having a multi-layer structure. In one embodiment, as shown
in FIG. 4, the first auxiliary function layer 31 may further
include a hole injection layer 311, a hole transport layer 312,
and an electron blocking layer (not shown). The second
auxiliary function layer 33 may be an electron-type auxiliary
function layer, having a multi-layer structure. In another
embodiment, as shown in FIG. 4, the second auxiliary
function layer 33 may include an electron transport layer
331, an electron injection layer (not shown), and a hole
blocking layer (not shown). The film structure of the first
auxiliary function layer 31 and the second auxiliary function
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layer 33 in FIG. 4 is for illustrative purposes, and is not
intended to limit the scope of the present disclosure.

In the OLED display panel, an optical micro-cavity (re-
ferred to as a micro-cavity structure) may be adopted to
adjust the light-emitting performance. The micro-cavity
structure may be formed by a plurality of films between the
two electrodes of the OLED display panel, in which the
effects of reflection, total reflection, interference, refraction,
or scattering at the interface of discontinuous refractive
index may be used to confine the emitted light in a relatively
small wavelength band.

Through designing the cavity length and the thickness of
individual films in the micro-cavity structure, the wave-
length center of the emitting light may be configured to be
near the antinodes of the standing wave formed in the
micro-cavity structure. Accordingly, the coupling efficiency
of the device radiation dipole and the electric field in the
micro-cavity structure may be increased, and the light-
emitting efficiency and brightness of the OLED display
panel may be increased.

The cavity length of the micro-cavity structure corre-
sponding to the light-emitting unit may be positively corre-
lated to the wavelength of the light emitted by the light-
emitting unit. The effective cavity length of the micro-cavity
structure may be adjusted by the first auxiliary function layer
31, the light-emitting layer 32, and the second auxiliary
function layer 33.

In one embodiment, as shown in FIG. 4, the effective
cavity length in the micro-cavity structure may be adjusted
by the hole transport layer 312 of the first auxiliary function
layer 31. The hole transport layer, which may be configured
to adjust the effective cavity length in the micro-cavity
structure, 1s also called as a hole transport auxiliary layer
313. In one embodiment, as shown in FIG. 4, the hole
transport auxiliary layer 313 may be disposed on the hole
transport layer 312 in the red light-emitting unit R emitting
red light and the green light-emitting unit G emitting green
light, and the hole transport auxiliary layer 313 correspond-
ing to the light-emitting unit R emitting red light may be
thicker than the hole transport auxiliary layer 313 corre-
sponding to the light-emitting unit G emitting green light,
which is for illustrative purposes and is not intended to limit
the scope of the present disclosure.

In certain embodiments, referring to FIG. 4, a light
coupling organic layer 5 may be disposed on the side of the
second electrode 4 facing away from the substrate to
increase the light-emitting efliciency of the OLED display
panel. The light coupling organic layer 5 may have a
refractive index greater than the second electrode 4. In one
embodiment, the total transmittance of the second electrode
4 and the light coupling organic layer 5 may be configured
to be greater than about 60%. The refractive indexes of the
light coupling organic layer 5 and the second electrode 4
may be coordinated to enhance the brightness enhancement
effect of the micro-cavity structure, and to improve the
luminous efficiency of the OLED display panel.

In addition, a buffer layer 11 may be disposed between the
first electrode 2 and the hole injection layer 311 to increase
the hole injection efficiency. The buffer layer 11 may be
made of a mixture of a P-type dopant material and a hole
injection (HI) material. In one embodiment, the volume
percentage ratio of the P-type dopant material over the HI
material may be approximately between 1% and 8%.

In certain embodiments, the light-emitting layer 32 may
include a host material and a guest dopant material. At least
one of the light-emitting layer 32 corresponding to the red
light-emitting unit R emitting red light and the light-emitting
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layer 32 corresponding to the blue light-emitting unit B
emitting blue light may be made of one or two host mate-
rials. The light-emitting layer 32 corresponding to the green
light-emitting unit G emitting green light, may be made of
at least two host materials.

In the light-emitting layer 32, the content of the host
material may be greater than the content of the guest dopant
material. The absolute value of a HOMO energy level
IT,,,.{HOMO)I of the host material may be greater than the
absolute value of a HOMO energy level | T, (HOMO)| of
the guest dopant material, the absolute value of a LUMO
energy level IT,,  (LUMO)I of the host material may be
smaller than the absolute value of a LUMO energy level
IT opand LUMO)I of the guest dopant material, and a triplet
state energy level T, (S) of the host material may be
greater than a triplet state energy level T, . (S) of the guest
dopant material. The triplet state energy of the host material
may be effectively transferred to the guest dopant material,
and the light emission spectrum of the host material may
match the light absorption spectrum of the guest dopant
material.

In addition, the guest dopant material of the light-emitting
layer 32 may include a phosphorescent or fluorescent mate-
rial. For example, the guest dopant material of the light-
emitting layer 32 corresponding to the red light-emitting unit
R and the green light-emitting unit G may be a phospho-
rescent material, and the guest dopant material of the light-
emitting layer 32 corresponding to the blue light-emitting
unit B may be a fluorescent material. The material of the
light-emitting layer 32 is not limited by the present disclo-
sure. In certain embodiments, the light-emitting layer 32
may be made of a material other than the host-guest dopant
structure or made of a thermally activated delayed fluores-
cent (TADF) material.

In addition, the power consumption of the OLED devices
having the second electrode 4 made of a MgAg alloy and the
second electrode made of pure Ag is tested, respectively. For
ease of comparison, both OLED devices may have a struc-
ture as shown in FIG. 4.

In particular, the buffer layer 11 may be made of PEDOT:
PSS, having a thickness of about 100 A. The reflective
conductive film 22 of the first electrode 2 may be made of
Ag, having a thickness of about 600 A. The first transparent
conductive film 21 and the second transparent conductive
film 23 may be made of indium tin oxide (ITO), having a
thickness of about 200 A. The hole, injection layer 311 may
be made of 4,4'.4"-[3-methylphenyl(phenyl)-amino]triph-
enylamine (m-MTDATA), having a thickness of about 800
A. The hole transport layer 312 may be made of NN
diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-di-
amine (TPD), having a thickness of about 300 A.

The hole transport auxiliary layer 313 may be made of a
same material as the hole transport layer 312. The hole
transport auxiliary layer 313 corresponding to the green
light-emitting unit G may have a thickness of about 300 A.
The hole transport auxiliary layer 313 corresponding to the
fgd light-emitting unit R may have a thickness of about 900

The light-emitting, layer 32 may be formed by doping a
guest dopant material into a host material, and may have a
thickness of about 300 A. The doping ratio of the guest
material and the host material in the light-emitting layer 32
may be approximately between 1% and 10% by volume. In
one embodiment, as shown in FI1G. 4, the host material of the
light-emitting unit R to emit red light may be 4,4'-bis(9-
carbazole)biphenyl (CBP), and the guest dopant material
may be PQIr. The host material of the light-emitting unit G
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8
to emit green light may be 4.,4'-bis(9-carbazole)biphenyl
(CBP) and N,N'-dicarbazolyl-3,5-benzene (mCP), and the
guest dopant material may be tris(2-phenylpyridine)iridium
(It(PPY)5). The host material of the light-emitting unit B to
emit blue light may be 4,4'-bis(9-carbazole)biphenyl (CBP),
and the guest dopant material may be Flrpic.

The electron transport layer 331 may be made of 8-hy-
droxyquinoline aluminum (Alg3), having a thickness of
about 300 A. The second electrode 4 may have a thickness
of about 200 A. The light coupling organic layer 5§ may be
made of LiF, having a thickness of about 500 A. Given the
OLED display panel structure as shown in FIG. 4, the test
result indicates that the power consumption may be about
1.13 W when the second electrode 4 is made of pure Ag, and
the power consumption may be about 1.38 W when the
second electrode 4 is made of a MgAg alloy (10:1). Thus, the
second electrode 4 made of pure Ag may reduce the device
power consumption.

Further, the voltage-current density and current effi-
ciency-current density is also measured for the OLED
display panel shown in FIG. 4, in which n the first electrode
2 adopts an ITO/Ag/ITO structure has a reflectance greater
than about 80%, and the second electrode 4 is made of pure
Ag. The measuring, results show that the performance of the
OLED display panel may improve substantially. FIG. 5
illustrates volt-ampere (V-A) curves of an existing OLED
device and an exemplary OLED display panel according to
the present disclosure.

Referring to FIG. 5, the second electrode of the existing
OLED display panel is made of a MgAg alloy (the ratio of
the Mg content and the Ag content is about 10:1). The first
electrode of the OLED display panel according to the
present disclosure may be a reflective electrode having a
high reflectance, and the second electrode may be made of
pure Ag. Given the same current density, the operating
voltage of the OLED display panel according to the present
disclosure may be significantly reduced. Thus, the power
consumption of the OLED display panel may be reduced.

FIG. 6 illustrates current efficiency vs current density
curves of an existing OLED device and an exemplary OLED
display panel according to the present disclosure. The OLED
display panels under testing may have a structure as shown
in FIG. 4. Referring to FIG. 6, the second electrode of the
existing OLED display panel is made of a MgAg alloy (the
ratio of the Mg content and the Ag content is about 10:1).
The second electrode 4 of the OLED display panel accord-
ing to the present disclosure may be made of pure Ag. Given
the same current density, the OLED display panel according
to the present disclosure may have a substantially higher
current efficiency. In FIG. 5 and FIG. 6, the test samples may
have the structure as shown in FIG. 4, and the films and
layers may have the same thicknesses and may be made of
the same materials as the test samples in the power con-
sumption test.

FIG. 7 illustrates a cross-sectional partial view of another
exemplary OLED display panel according to the present
disclosure. The similarity between FIG. 7 and FIG. 4 are not
repeated here, while certain difference may be explained.

As shown in FIG. 7, different from the OLED display
panel in FIG. 4, in the OLED display panel shown in FIG.
7, the effective cavity length may be adjusted by an electron
transport layer of the second auxiliary function layer 33, and
the electron transport layer for adjusting the effective cavity
length of the micro-cavity structure is also called an elec-
trode transport auxiliary layer 332.

As shown in FIG. 7, the electron transport auxiliary layer
332 may be disposed on the electron transport layer 331
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corresponding to the red light-emitting unit R emitting red
light, and the green light-emitting unit G emitting green
light, respectively, and the electron transport auxiliary layer
332 corresponding to the red light-emitting unit R emitting
red light may be thicker than the electron transport auxiliary
layer 332 corresponding to the green light-emitting unit G
emitting green light, which is for illustrative purposes and is
not intended to limit the scope of the present disclosure.

The OLED display panel may be an active OLED display
panel or a passive OLED display panel. The active OLED
display panel may include a plurality of light-emitting units,
such as light-emitting units R to emit red light, light-emitting
units G to emit green light, and light-emitting units B to emit
blue light. The first electrodes 2 corresponding to each
light-emitting unit may be electrically insulated from each
other. Each light-emitting unit may correspond to a thin-film
transistor (TFT). The TFT may be electrically connected to
the corresponding first electrode 2. Each TFT may provide
a driving signal to the corresponding light-emitting unit
through the corresponding first electrode 2.

The passive OLED display panel may include a plurality
of light-emitting units. The light-emitting units in the same
row may share the same first electrode 2. The light-emitting
units in the same column may share, the same second
electrode 4. The first electrodes 2 and the second electrodes
4 may intersect, and may be insulated from each other.

In the disclosed embodiments, the second electrode of the
OLED display panel may be made of Ag or a metal alloy
containing Ag. The content ratio of the metal alloy may be
configured such that the content of Ag may be more than the
sum of the contents of other elements. The bulk resistance
and the light transmittance of the OLED display panel may
be balanced in a desired manner, and the luminous efliciency
for the light-emitting units to emit light in different colors
(e.g., red light-emitting units, green light-emitting units, and
blue light-emitting units) may be balanced. The overall
light-emitting efficiency of the OLED display panel may be
improved and, meanwhile the bulk resistance of the second
electrodes may be reduced. Thus, under the same current
density, the operating voltage of the OLED display panel
may be reduced, and the power consumption of the OLED
display panel may be reduced.

The present disclosure also provides an electronic device.
FIG. 8 illustrates a schematic view of an exemplary elec-
tronic device according to the present disclosure. As shown
in FIG. 8, the electronic device may include any one of the
disclosed OLED display panels 100. The electronic device
may be a smart phone as shown in FIG. 8, a computer, a
television set, and a smart wearable device, etc., which is not
limited by the present disclosure.

The present disclosure also provides a manufacturing
method for the OLED display panel, comprising sequen-
tially forming a first electrode, a light-emitting function
layer, and a second electrode on a substrate. The second
electrode may be made of Ag or a metal alloy containing Ag.
When the second electrode is made off metal alloy, the
content of Ag may be more than the sum of the contents of
other elements.

In the disclosed OLED display panel, the second elec-
trode may be made of Ag or a metal alloy containing Ag, and
the content ratio of the metal alloy may be configured, such
that the content of Ag may be more than the sum of the
contents of other elements. The desired optical characteris-
tics of the metal Ag may be able to balance the light-emitting
efficiency of the light-emitting units to emit light in different
colors (e.g., red light-emitting unit, green light-emitting unit,
and blue light-emitting unit). Given the same current den-
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sity, the operating voltage may be reduced, and the power
consumption of the disclosed OLED display panel may be
reduced.

In certain embodiments, the second electrode may be
formed by depositing the metal Ag. In certain other embodi-
ments, the second electrode may be formed by depositing
the metal Ag and other metals. In certain other embodi-
ments, the second electrode may be formed by ink-jet
printing. By selecting a suitable fabrication process, it is
possible to reduce the cost and increase the light transmit-
tance of the second electrode, such that the light-emitting
efficiency of the OLED display panel may be improved.

The present disclosure also provides a manufacturing
method for the OLED display panel as shown in FIG. 4. FIG.
9 illustrates a flow chart of an exemplary manufacturing
method for the OLED display panel, according to the present
disclosure. As shown in FIG. 9, at the beginning, a first
electrode 2 is formed on a substrate 1, and the first electrode
2 includes a first transparent conductive film 21, a reflective
conductive film 22, and a second transparent conductive film
23, which are sequentially formed in layers (S110). The
corresponding structure is shown in FIG. 4.

The first transparent conductive film 21 and the second
transparent conductive film 23 of the first electrode 2 may be
made of a high work function material, facilitating hole
injection. The reflective conductive film 22 may be config-
ured to increase the light reflectance and light utilization
efficiency of the OLED display panel. In one embodiment,
the first transparent conductive film 21 and the second
transparent conductive film 23 may be made of ITO. In
another embodiment, the reflective conductive film 22 may
be made of Ag, having a thickness hl greater than about 500
A. In another embodiment, the first electrode 2 may have a
reflectance greater than about 80%.

In certain embodiments, after the first electrode 2 is
formed, a pixel defining layer (not shown in FIG. 4) may be
formed. The pixel defining layer may include a plurality of
opening structures. Each opening structure may correspond
to a light-emitting unit.

In certain other embodiments, before the first electrode 2
is formed, a pixel defining layer may be formed. The pixel
defining layer may include a plurality of opening structures.
A second electrode 2 may be formed in each opening
structure. The pixel defining layer may prevent color mixing
in the subsequently formed light-emitting layer 32.

Returning to FIG. 9, after the first electrode 2 is formed,
a light-emitting function layer 3 is formed on the second
transparent conductive film 23 of the first electrode, and the
light-emitting function layer 3 includes a first auxiliary
fanction layer 31, a light-emitting layer 32, and a second
auxiliary function layer 33 (S120).

For the light-emitting units to emit light in different
colors, the light-emitting layer 32 may be sequentially
deposited by using masks. Referring to FIG. 4, the OLED
display panel may include a plurality of light-emitting units.
For illustration purpose, three light-emitting units to emit
light in three different colors may be shown in FIG. 4,
including a red light-emitting unit R to emit red light a green
light-emitting unit G to emit green light, and a blue light-
emitting unit 13 to emit blue light.

In certain embodiments, the thicknesses of the light-
emitting layers 32 corresponding to the light-emitting units
to emit light in different colors may be the same or different.
Specifically, the thickness of the light-emitting layer 32 may
be determined according to various factors, such as the
actual manufacturing requirements, the micro-cavity struc-
tures corresponding to the light-emitting units to emit light
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in different colors, light-emitting layer characteristics, and
the transport balances between holes and electrons in dif-
ferent light-emitting units, etc. The first auxiliary function
layer 31 and the second auxiliary function layer 33 may be
configured to achieve the balance of electron and hole
injection, and to ensure that the electrons and holes are
recombined in the light-emitting layer 32.

Returning to FIG. 9, after a light-emitting function layer
3 is formed on the second transparent conductive film 23 of
the first electrode, a second electrode 4 is formed on the
second auxiliary function layer 33 of the light-emitting
function layer 3 (5130).

The second electrode 4 may be made of Ag or a metal
alloy containing Ag. When the second electrode 4 is made of
a metal alloy containing Ag, the content of Ag may be more
than the sum of the contents of other elements. In one
embodiment, when the second electrode 4 is made of a metal
alloy, the content of Ag may be more than about 80%. When
the second electrode 4 is made of a metal alloy containing
Ag, the metal alloy containing Ag may also include at least
one of Mg element, Yb element, an alkali metal element, an
alkaline earth metal element, or a rare earth element. The
second electrode 4 may have a thickness ranging approxi-
mately between 120 A and 250 A. The second electrode 4
may have a light transmittance greater than about 20%.

Returning to FIG. 9, after a second electrode 4 is formed,
a light coupling organic layer 5 is formed on the second
electrode 4 (8140).

The light coupling organic layer 5 may have a refractive
index greater than the second electrode 4. The total light
transmittance of the light coupling organic layer 5 and the
second electrode 4 may be greater than about 60%.

In certain embodiments, the OLED display panel may be
an active OLED display panel or a passive OLED display
panel. The active OLED display panel may include a plu-
rality of light-emitting units, such as red light-emitting units
emitting red light, green light-emitting units G emitting
green light, and blue light-emitting units B emitting blue
light. The first electrodes 2 corresponding to each light-
emitting unit may be electrically insulated from each other.
Each light-emitting unit may correspond to a thin-film
transistor (TFT). The TFT may be electrically connected to
the corresponding first electrode 2. Each TFT may provide
a driving signal to the corresponding light-emitting unit
through the corresponding first electrode 2. The passive
OLED display panel may include a plurality of light-
emitting units. The light-emitting units in the same row may
share the same first electrode 2. The light-emitting units in
the same column may share the same second electrode 4.
The first electrodes 2 and the second electrode 4 may
intersect, and may be electrically insulated from each other.

In certain embodiments, a micro-cavity structure may be
formed between the first electrode 2 and the second elec-
trode 4 in a light-emitting unit. The micro-cavity structures
corresponding to light-emitting units emitting light in dif-
ferent colors may have different effective cavity lengths. The
effective cavity length may refer to an optical path length in
the micro-cavity structure. The cavity length of the micro-
cavity structure corresponding to the light-emitting unit may
be positively correlated to the wavelength of light emitted
from the corresponding light-emitting unit.

Referring to FIG. 4, because light in different colors have
different wavelengths, the micro-cavity structures corre-
sponding to the light-emitting units emitting light in differ-
ent colors may have different effective cavity lengths. The
effective cavity length of the micro-cavity structure corre-
sponding to the green light-emitting unit G emitting green
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light may be shorter than the effective cavity length of the
micro-cavity structure corresponding to the red light-emit-
ting unit R emitting red light, but longer than the effective
cavity length of the micro-cavity structure corresponding to
the blue light-emitting unit B emitting blue light.

In certain embodiments, the OLED display panel may
include a plurality of light-emitting units. The light-emitting
layer 32 corresponding to the red light-emitting unit R
emitting red light and the tight-emitting layer 32 correspond-
ing to the green light-emitting unit G emitting green light
may be made of a phosphorescent material, and the light-
emitting layer 32 corresponding to the blue light-emitting
unit B emitting blue light may be made of a fluorescent
material. The light-emitting layer 32 corresponding to the
red light-emitting unit R emitting red light and the light-
emitting layer 32 corresponding to the blue light-emitting
unit B emitting blue light may be made of one or two host
materials, and the light-emitting layer 32 corresponding to
the green light-emitting unit G emitting green light may be
made of at least two host materials.

In the OLED display panel and the manufacturing method
according disclosed by the present disclosure, the second
electrode of the OLED display panel may be made of Ag or
a metal alloy containing Ag, and the content ratio of the
metal alloy may be configured such that the content of Ag
may be more than the sum of the contents of other elements.
In certain embodiments, the bulk resistance and the light
transmittance may be balanced in a desired manner, and the
light-emitting efliciency for the light-emitting units emitting
light in different colors (e.g., red light-emitting unit, green
light-emitting unit, and blue light-emitting unit) may be
balanced. The overall light-emitting efficiency of the OLED
display panel may be improved. The bulk resistance of the
second electrodes may be reduced. Thus, given the same
current density, the operating voltage of the OLED display
panel may be reduced, and the power consumption of the
OLED display panel may be reduced.

Various embodiments have been described to illustrate the
operation principles and exemplary implementations. It
should be understood by those skilled in the art that the
present invention is not limited to the specific embodiments
described herein and that various other obvious changes,
rearrangements, and substitutions will occur to those skilled
in the art without departing from the scope of the invention.
Thus while the present invention has been described in detail
with reference to the above described embodiments, the
present invention is not limited to the above described
embodiments, but may be embodied in other equivalent
forms without departing from the scope of the present
invention, which is determined by the appended claims.

What is claimed is:

1. An OLED display panel, comprising:

a substrate;

a first electrode;

a light-emitting function layer;

a second electrode including Ag or a metal alloy contain-
ing Ag; and

a light coupling organic layer disposed on a side of the
second electrode facing away from the substrate,

wherein when the second electrode is made of the metal
alloy containing Ag, a content of Ag in the second
electrode is more than a sum of contents of all other
elements in the second electrode,

the first electrode has light reflectance greater than 80%,

the light coupling organic layer has a refractive index
greater than the second electrode, and
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total transmittance of the second electrode and the light
coupling organic layer is greater than about 60%.

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

the first electrode includes:

a first transparent conductive film, a reflective conductive
film, and a second conductive film sequentially dis-
posed.

3. The OLED display panel according to claim 2, wherein:

at least one of the first transparent conductive film and the
second conductive film is made of indium tin oxide
(ITO); and

the reflective conductive film is made of Ag to increase
light reflectance of the first electrode.

4. The OLED display panel according to claim 2, wherein:

the reflective conductive film has a thickness greater than
about 500 A.

5. The OLED display panel according to claim 1, wherein:

the second electrode has a thickness ranging approxi-
mately between 120 A and 250 A.

6. The OLED display panel according to claim 5, wherein:

the second electrode has a thickness ranging approxi-
mately between 200 A and 250 A.

7. The OLED display panel according to claim 1, wherein:

the second electrode is made of the metal alloy containing
Ag; and

the content of Ag in the second electrode is greater than
about 80%.

8. The OLED display panel according to claim 1, wherein:

the second electrode has light transmittance greater than
about 20%.

9. The OLED display panel according to claim 1, wherein:

when the second electrode is made of the metal alloy
containing Ag, the metal alloy containing Ag also
includes at least one of a Mg element, a Yb element, an
alkali metal element, an alkaline metal element, and a
rare earth element.

10. The OLED display panel according to claim 1, further

including:

a plurality of light-emitting units,

wherein the first electrodes corresponding to a light-
emitting unit are electrically insulated from each other;

each light-emitting unit corresponds to a thin-film tran-
sistor; and

the thin-film transistor and the corresponding first elec-
trode are electrically connected.

11. The OLED display panel according to claim 1, further

including;

a plurality of light-emitting units,

wherein the light-emitting units in a same row share a
same first electrode,

the light-emitting units in a same column share a same
second electrode, and

the first electrodes and the second electrodes intersect
with each other and are electrically insulated from each
other.

12. The OLED display panel according to claim 1, further

including;

a plurality of light-emitting units,

wherein a micro-cavity structure is formed between the
first electrode and the second electrode in a light-
emitting unit,

micro-cavity structures corresponding to the light-emit-
ting units emitting light in different colors have differ-
ent effective cavity lengths, and

the effective cavity length of the micro-cavity structure
refers to an optical path length in the micro-cavity
structure.
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13. The OLED display panel according to claim 1,
wherein the light-emitting function layer further includes:
a first auxiliary function layer, a light-emitting layer, and
a second auxiliary function layer.
14. The OLED display panel according to claim 13,
further including:
a plurality of light-emitting units,
wherein the light-emitting layer corresponding to a red
light-emitting unit emitting red light and the light-
emitting layer corresponding to a green light-emitting
unit emitting green light are made of a phosphorescent
material, and
the light-emitting layer corresponding to a blue light-
emitting unit emitting blue light is made of a fluores-
cent material.
15. The OLED display panel according to claim 14,
further including:
a plurality of light-emitting units,
wherein at least one of the light-emitting layer corre-
sponding to a red light-emitting unit emitting red light
and the light-emitting layer corresponding to a blue
light-emitting unit emitting blue light is made of one or
two host materials, and
the light-emitting layer corresponding to a green light-
emitting unit emitting green light is made of at least two
host materials.
16. An electronic device, comprising an OLED display
panel, wherein the OLED display panel comprises:
a substrate;
a first electrode;
a light-emitting function layer;
a second electrode including Ag or a metal alloy contain-
ing Ag; and
a light coupling organic layer disposed on a side of the
second electrode facing away from the substrate,
wherein when the second electrode is made of the metal
alloy containing Ag, a content of Ag in the second
electrode is more than a sum of contents of all other
elements in the second electrode,
the first electrode has light reflectance greater than 80%,
the light coupling organic layer has a refractive index
greater than the second electrode, and
total transmittance of the second electrode and the light
coupling organic layer is greater than about 60%.
17. A manufacturing method for an OLED display panel,
comprising:
sequentially forming a first electrode, a light-emitting
function layer, a second electrode including Ag or a
metal alloy containing Ag on a substrate, and a light
coupling organic layer disposed on a side of the second
electrode facing away from the substrate,
wherein when the second electrode is made of the metal
alloy containing Ag, a content of Ag in the second
electrode is more than a sum of contents of all other
elements in the second electrode,
the first electrode has light reflectance greater than 80%,
the light coupling organic layer has a refractive index
greater than the second electrode, and
total transmittance of the second electrode and the light
coupling organic layer is greater than about 60%.
18. The manufacturing method for the OLED display
panel according to claim 17, wherein:
the second electrode is formed by a vapor deposition of
Ag; or
the second electrode is formed by a vapor deposition of a
mixture of Ag and other metals.
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19. The manufacturing method for the OLED display
panel according to claim 17, wherein:
the second electrode is formed by ink-jet printing.
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