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7) ABSTRACT

A display substrate, a manufacturing method thereof, and a
display device are provided. The display substrate includes:
a base substrate; an anode conductive layer; a cathode
conductive layer, wherein the cathode conductive layer and
the anode conductive layer are at a same side in a thickness
direction of the base substrate; and an organic functional
layer between the anode conductive layer and the cathode
conductive layer, wherein the display substrate comprises
first sub-pixel units and second sub-pixel units that are
different in color category, the organic functional layer in the
first sub-pixel units comprises a first light-emitting layer, the
organic functional layer in the second sub-pixel units com-
prises the first light-emitting layer, a first electron blocking
layer and a second light-emitting layer that are sequentially
laminated in a direction away from the anode conductive
layer, and a light-emitting color of the first light-emitting
layer is different from a light-emitting color of the second
light-emitting layer.
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DISPLAY SUBSTRATE, MANUFACTURING
METHOD OF DISPLAY SUBSTRATE AND
DISPLAY DEVICE

[0001] This application claims priority to Chinese Patent
Application No. 201810540194.2, filed with on May 30,
2018 and titled “DISPLAY SUBSTRATE, MANUFAC-
TURING METHOD OF DISPLAY SUBSTRATE AND
DISPLAY DEVICE?, the entire contents of which are incor-
porated in the present disclosure by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a display sub-
strate, a manufacturing method thereof, and a display device.

BACKGROUND

[0003] OLED (Organic Light Emitting Diode) displays
are one of the research focus in the field of displays.
Compared with a liquid crystal display, an OLED display
has the advantages of lower energy consumption, lower
production cost, self-illumination, a wider viewing angle,
higher response speed, and the like.

SUMMARY

[0004] The present disclosure provides a display substrate,
a manufacturing method thereof, and a display device.
[0005] In a first aspect, the present disclosure provides a
display substrate, comprising: a base substrate; an anode
conductive layer; a cathode conductive layer, wherein the
cathode conductive layer and the anode conductive layer are
at a same side in a thickness direction of the base substrate;
and an organic functional layer between the anode conduc-
tive layer and the cathode conductive layer, wherein the
display substrate comprises first sub-pixel units and second
sub-pixel units that are different in color category, the
organic functional layer in the first sub-pixel units comprises
a first light-emitting layer, the organic functional layer in the
second sub-pixel units comprises the first light-emitting
layer, a first electron blocking layer and a second light-
emitting layer that are sequentially laminated in a direction
away from the anode conductive layer, and a light-emitting
color of the first light-emitting layer is different from a
light-emitting color of the second light-emitting layer.
[0006] In a possible implementation, the display substrate
further comprises a third sub-pixel unit, wherein a color
category of the third sub-pixel units is different from color
categories of the first sub-pixel units and the second sub-
pixel units, the organic functional layer in the third sub-pixel
units comprises the first light-emitting layer, a second elec-
tron blocking layer and a third light-emitting layer that are
sequentially laminated in the direction away from the anode
conductive layer, and a light-emitting color of the third
light-emitting layer is different from the light-emitting col-
ors of the first light-emitting layer and the second light-
emitting layer.

[0007] In a possible implementation, the organic func-
tional layer further comprises a third electron blocking layer,
and the third electron blocking layer is at a side, close to the
anode conductive layer, of the first light-emitting layer, and
covers an effective display area of the display substrate.
[0008] In a possible implementation, the first light-emit-
ting layer covers an effective display area of the display
substrate.
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[0009] 1In a possible implementation, the first light-emit-
ting layer is made from an electroluminescent material of
which a hole mobility is greater than an electron mobility.

[0010] In a possible implementation, the display substrate
further comprises a reflecting layer at a side, away from the
cathode conductive layer, of the anode conductive layer.

[0011] In a possible implementation, the cathode conduc-
tive layer is configured for partial transmission and partial
reflection of light emitted by the organic functional layer, in
the first sub-pixel units, a film thickness between the cathode
conductive layer and the reflecting layer is a first thickness
to enable light emitted from the first sub-pixel units is in the
color category of the first sub-pixel unit, in the second
sub-pixel units, a film thickness between the cathode con-
ductive layer and the reflecting layer is a second thickness,
to enable light emitted from the second sub-pixel units is in
the color category of the second sub-pixel unit, and in the
third sub-pixel units, a film thickness between the cathode
conductive layer and the reflecting layer is a third thickness,
to enable light emitted from the third sub-pixel units is in the
color category of the third sub-pixel unit.

[0012] Inapossible implementation, materials for forming
the first light-emitting layer, the second light-emitting layer
and the third light-emitting layer comprise electrolumines-
cent materials.

[0013] Inapossible implementation, materials for forming
the first light-emitting layer and the second light-emitting
layer comprise electroluminescent materials.

[0014] In a possible implementation, the organic func-
tional layer further comprises a third electron blocking layer
at a side, close to the anode conductive layer, of the first
light-emitting layer.

[0015] In a possible implementation, the third electron
blocking layer covers an effective display area of the display
substrate.

[0016] In a possible implementation, the first light-emit-
ting layer covers an effective display area of the display
substrate.

[0017] In a possible implementation, the first light-emit-
ting layer is made from an electroluminescent material of
which a hole mobility is greater than an electron mobility.

[0018] In a second aspect, the present disclosure further
provides a manufacturing method of a display substrate,
comprising: forming an anode conductive layer on a base
substrate; forming an organic functional layer; forming a
cathode conductive layer, the cathode conductive layer and
the anode conductive layer being at the same side in a
thickness direction of the substrate, and the organic func-
tional layer being between the anode conductive layer and
the cathode conductive layer, wherein said forming the
organic functional layer comprises: forming a first light-
emitting layer, the display substrate comprising first sub-
pixel units and second sub-pixel units that are different in
color category, and the organic functional layer in the first
sub-pixel units comprising the first light-emitting layer;
forming a pattern, which comprises a first electron blocking
layer, on the first light-emitting layer; and forming a pattern,
which comprises a second light-emitting layer, on the first
electron blocking layer, wherein a light-emitting color of the
first light-emitting layer is different from a light-emitting of
the second light-emitting layer, and in the second sub-pixel
units, the first light-emitting layer, the first electron blocking
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layer and the second light-emitting layer are sequentially
laminated in a direction away from the anode conductive
layer.

[0019] In apossible implementation, said forming the first
light-emitting layer comprises: forming the first light-emit-
ting layer that covers an effective display area of the display
substrate by adopting an open mask process.

[0020] In a third aspect, the present disclosure further
provides a display device, comprising any one of the display
substrates described above.

DETAILED DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a structural schematic diagram of a
display substrate according to an embodiment of the present
disclosure;

[0022] FIG. 2 is a structural schematic diagram of an
organic functional layer in the display substrate shown in
FIG. 1;

[0023] FIG. 3 is a schematic diagram of a light-emitting
principle of a display substrate according to an embodiment
of the present disclosure;

[0024] FIG. 4 is a structural schematic diagram of a
display substrate according to another embodiment of the
present disclosure;

[0025] FIG. 5 is a structural schematic diagram of a
display substrate in a comparative embodiment of the pres-
ent disclosure;

[0026] FIG. 6 is a structural schematic diagram of a mask
plate for an open mask according to an embodiment of the
present disclosure;

[0027] FIG. 7 is a structural schematic diagram of a mask
plate for a fine metal mask according to an embodiment of
the present disclosure;

[0028] FIG. 8 is a structural schematic diagram of a mask
plate for a fine metal mask according to an embodiment of
the present disclosure;

[0029] FIG. 9 to FIG. 14 are schematic diagram showing
comparative test results between two display substrates
according to an embodiment of the present disclosure;
[0030] FIG. 15 is a schematic diagram of a process of a
manufacturing method of a display substrate according to an
embodiment of the present disclosure; and

[0031] FIG. 16 is a structural schematic diagram of a
display device according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0032] The present disclosure will be described in further
detail with reference to the accompanying drawings, to
present the objects, technical solutions, and advantages of
the present disclosure clearer.

[0033] In the related art, manufacture of an OLED product
depends on an FMM (Fine Metal Mask) process. However,
the fine metal mask plate is very difficult to manufacture.
Besides, the more the steps of the EMM process during
manufacture, the more easily a product becomes defective.
[0034] FIG. 1 is a structural schematic diagram of a
display substrate according to an embodiment of the present
disclosure. Referring to FIG. 1, the display substrate
includes a base substrate 10, an anode conductive layer 11,
a cathode conductive layer 12 and an organic functional
layer 13. The anode conductive layer 12, the cathode con-
ductive layer 12 and the organic functional layer 13 are all
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above the base substrate 10 (the cathode conductive layer 12
and the organic functional layer 13 are at the same side in the
thickness direction of the base substrate 10). The organic
functional layer 13 is between the anode conductive layer 11
and the cathode conductive layer 12. It should be understood
that the display substrate provided in the embodiments of the
present disclosure may be a display panel of any electrolu-
minescent display or a component of the display panel, and
may be, such as, an OLED display panel, a quantum dot
light-emitting display panel, an active matrix backboard, a
touch display panel and the like and may not be limited
thereto. It should also be understood that FIG. 1 only takes
that the anode conductive layer 11 is closer to the base
substrate 10 than the cathode conductive layer 12 as an
example. The anode conductive layer 11 may be farther
away from the base substrate 10 than the cathode conductive
layer 12 within a possible range.

[0035] FIG. 2 is a structural schematic diagram of the
organic functional layer in the display substrate shown in
FIG. 1. Referring to FIG. 2, the display substrate includes
first sub-pixel units P1, second sub-pixel units P2 and third
sub-pixel units P3 with different color categories (for
example, the color categories are blue, green and red respec-
tively, or, white, green and red respectively, or blue, yellow
and red respectively, and may be not limited thereto). In an
example, every two adjacent sub-pixel units are separated by
a spacer in a pixel define layer (PLD). In yet another
example, each row of sub-pixel units has the same color
category, and every two adjacent rows of sub-pixel units are
separated by a spacer in the pixel define layer. The organic
functional layer 13 in the first sub-pixel units P1 includes a
first light-emitting layer 21. The organic functional layer 13
in the second sub-pixel units P2 includes the first light-
emitting layer 21, a first electron blocking layer 24G and a
second light-emitting layer 22 that are sequentially lami-
nated in the direction away from the anode conductive layer
11. The organic functional layer 13 in the third sub-pixel
units P3 includes the first light-emitting layer 21, a second
electron blocking layer 24R and a third light-emitting layer
23 that are sequentially laminated in the direction away from
the anode conductive layer 11. The first light-emitting layer
21, the second light-emitting layer 22 and the third light-
emitting layer 23 have different light colors from each other.

[0036] It should be understood that the organic functional
layer 13 includes the first light-emitting layer 21 in all of the
first sub-pixel units P1, the second sub-pixel units P2 and the
third sub-pixel units P3. Thus, the first light-emitting layer
21 may be manufactured by a process of which the accuracy
and the difficulty are lower than those of the fine metal mask
(FMM) process, for example, an open mask process. It
should also be understood that the first electron blocking
layer 24G and the second electron blocking layer 24R may
be made from, for example, a material of which the hole
mobility is greater than the electron mobility, and the first
electron blocking layer 24G and the second electron block-
ing layer 24R may be formed with reference to the manu-
facturing method of an electron blocking layer in the related
art. It should further be understood that the first electron
blocking layer 24G and the second electron blocking layer
24R in the example illustrated by FIG. 2 have different
thicknesses, but they may have the same thickness in other
possible implementations. Taking this as an example, the
thickness relationships among the layer structures, shown in
the form of a pattern in the text, are exemplary and may be



US 2019/0372060 A1

adjusted in accordance with the application requirements
during specific implementations, which is not be limited in
the present disclosure.

[0037] FIG. 3 is a schematic diagram of a light-emitting
principle of a display substrate according to an embodiment
of the present disclosure. Referring to FIG. 1 and FIG. 3,
since the anode conductive layer 11 is below the organic
functional layer 13, and while the cathode conductive layer
12 is on the organic functional layer 13, electrons in the
organic functional layer 13 migrate from top to bottom while
holes migrate from bottom to top. The first light-emitting
layer 21, the second light-emitting layer 22 and the third
light-emitting layer 23 may emit light when an electron-hole
pair (formed by compounding an electron and a hole) is
formed therein. As shown in FIG. 3, in the first sub-pixel
units P1, the electrons (represented by “~") that migrate
from top to bottom and the holes (represented by “+”) that
migrate from bottom to top may be compounded in the first
light-emitting layer 21 to enable the first sub-pixel units P1
to emit light. In the second sub-pixel units P2, the first
electron blocking layer 24G may prevent electrons from
migrating from top to bottom, such that the first light-
emitting layer 21 mainly plays a role of transmitting holes.
Thus, the second light-emitting layer 22 emits light, and
while the first light-emitting layer 21 does not emit light. In
the third sub-pixel units P3, the second electron blocking
layer 24R can prevent electrons from migrating from top to
bottom, such that the first light-emitting layer 21 mainly
plays a role of transmitting holes. Thus, the third light-
emitting layer 23 emits light, and while the first light-
emitting layer 21 does not emit light. It can be understood
that if the first electron blocking layer 24G is removed, the
first light-emitting layer 21 in the second sub-pixel units P2
may emit light simultaneously with the second light-emit-
ting layer 22, such that a light-emitting color of the second
light-emitting layer 22 is mixed with the light-emitting color
of the first light-emitting layer 21 (color mixing), which
affects the color purity of the second sub-pixel units P2 and
display performance of the display substrate. If the second
electron blocking layer 24R is removed, the first light-
emitting layer 21 in the third sub-pixel units P3 may emit
light simultaneously with the third light-emitting layer 23,
such that a light-emitting color of the third light-emitting
layer 23 is mixed with the light-emitting color of the first
light-emitting layer 21 (color mixing), which affects the
color purity of the third sub-pixel units P3 and the display
performance of the display substrate.

[0038] It can be seen that the electron blocking layers
between different light-emitting layers in each sub-pixel unit
may play the role of enabling the light-emitting layer that is
close to the cathode conductive layer to emit light. Based on
this, in the embodiments of the present disclosure, during
manufacturing the first light-emitting layer 21, a simpler
process may be adopted to replace the FMM process without
obviously influencing light-emitting effects of other light-
emitting layers. Thus, the use frequency of the FMM process
may be reduced without causing the defect of color mixing,
which helps to improve the display performance and reduce
the manufacturing difficulty of an OLED product.

[0039] It should be understood that for the display sub-
strate of which the sub-pixel units have only two color
categories, based on the same inventive concept, in the
display panel, the organic functional layer 13 in the first
sub-pixel units P1 can include the first light-emitting layer
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21, and the organic functional layer 13 in the second
sub-pixel units P2 can include the first light-emitting layer
21, the first electron blocking layer 24G and the second
light-emitting layer 22 that are sequentially laminated in the
direction away from the anode conductive layer 11, such that
the use frequency of the FMM process may be reduced
without causing the defect of color mixing, which helps to
improve the display performance and reduce the manufac-
turing difficulty of the OLED product.

[0040] FIG. 4 is a structural schematic diagram of a
display substrate according to vet another embodiment of
the present disclosure. In the embodiments of the present
disclosure, the first sub-pixel unit P1 is a blue sub-pixel unit.
The second sub-pixel unit P2 is a green sub-pixel unit. The
third sub-pixel unit P3 is a red sub-pixel unit. The first
light-emitting layer 21 is a blue organic light-emitting layer.
The second light-emitting layer 22 is a green organic light-
emitting layer. The third light-emitting layer 23 is a red
organic light-emitting layer. Referring to FI1G. 4, besides the
first light-emitting layer 21, the second light-emitting layer
22, the third light-emitting layer 23, the first electron block-
ing layer 24G and the second electron blocking layer 24R,
the organic functional layer further includes a hole injection
layer 25, a hole transmitting layer 26, a hole blocking layer
27, an electron transmitting layer 28 and an electron injec-
tion layer 29. In FIG. 4, the anode conductive layer 11 in the
display substrate includes a pixel electrode 11B in the first
sub-pixel unit P1, a pixel electrode 11G in the second
sub-pixel unit P2 and a pixel electrode 11R located in the
third sub-pixel unit P3. The cathode conductive layer 12
includes a first cathode 12B in the first sub-pixel unit P1, a
second cathode 12G in the second sub-pixel unit P2, and a
third cathode 12R in the third sub-pixel unit P3. Besides, the
base substrate 10 is not shown in FIG. 4. The display
substrate further includes a reflecting layer 14 on the side,
away from the cathode conductive layer 12, of the anode
conductive layer 11, as well as a light extraction layer 15
located on the side, away from the anode conductive layer
11, of the cathode conductive layer 12.

[0041] In an example, the structure shown in FIG. 4 is
manufactured by the following processes.

[0042] Manufacture of the reflecting layer 14: the reflect-
ing layer 14 that covers an effective display area of the
display substrate is manufactured with a metal material by,
for example, a magnetron sputtering process or a chemical
vapor deposition process (an open mask process may be
adopted). The metal material may be, for example, at least
one of silver, copper, molybdenum and nickel. All param-
eters (material, thickness and surface evenness) of the
reflecting layer 14 may be set according to the rule that the
reflecting layer 14 has a high reflectivity to light from above,
and may not be limited thereto.

[0043] Manufacture of the anode conductive layer 11: the
anode conductive layer 11 is manufactured by forming a
layer of a transparent conductive film with a transparent
conductive material by, for example, the magnetron sput-
tering process or the chemical vapor deposition process and
performing selective etching on the transparent conductive
film by a patterning process to form a pattern that includes
the pixel electrode 11B, the pixel electrode 11G and the pixel
electrode 11R. The transparent conductive material may
include, for example, ITO(In,04:Sn0,), 120(In,0;:7n0),
GITO(Gay gl 2550 6405)  and  ZITO(Zng g4Ing 5580y,
660;).
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[0044] Manufacture of the hole injection layer 25: the hole
injection layer 25 is formed by a vacuum evaporation
process and an open mask process. The hole injection layer
25 may be made from, for example, HAT-CN, 23.5,6-
tetrafluoro-7,7'8,8"-tetracyanoquinodimethane(F4-TCNQ)
and tris(4-bromophenyl)aminium hexachloroantimonate
(TBAHA). The thickness of the hole injection layer 25 may
be 1 nm.

[0045] Manufacture of the hole transmitting layer 26: the
hole transmitting layer 26 is formed by the vacuum evapo-
ration process and the open mask process. The hole trans-
mitting layer 26 may be made from, for example, N,N-Di
(naphthalen-1-y1)-N.N'-diphenyl-1,1'-biphenyl)-4,4'-
diamine (NPB), a triphenyl diamine (TPD) derivative, TPTE
and  1,3,5-tri(N-3-methylphenyl-N-phenylamino)benzene
(TDAB). The thickness of the hole transmitting layer 26
may be 100-130 nm.

[0046] Manufacture of the third electron blocking layer
24B: the third electron blocking layer 24B is formed by the
vacuum evaporation process and the open mask process. The
third electron blocking layer 24B may be made from a
material of which the HOMO (Highest Occupied Molecular
Orbital) energy level matches with that of the hole trans-
mitting layer 26 and the LUMO (Lowest Unoccupied
Molecular Orbital) energy level is relatively higher, and may
be, for example, 2-(4-tert-Butylphenyl)-5-(4-biphenylyl)-1,
3,4-diazole and 3-(Biphenyl-4-y1)-5-(4-tert-butylphenyl)-4-
phenyl-4H-1,2,4-triazole. The thickness of the third electron
blocking layer 24B may be, for example, 5-10 nm.

[0047] Manufacture of the first light-emitting layer 21: a
blue organic light-emitting layer is manufactured by the
vacuum evaporation process and the open mask process. The
first light-emitting layer 21 may be made from a blue organic
luminescent material of which the hole mobility is greater
than the electron mobility (for example, the hole mobility is
two or more orders of magnitude greater than the electron
mobility), and may also be made from, for example, 3-tert-
Butyl-9,10-di(2-naphthyl)anthracene,  2-methyl-9,10-bis
(naphthalen-2-yl)anthracene and (2,2-diphenylvinyl)-1.1c-
biphenyl. The thickness of the first light-emitting layer 21
may be, for example, 0-30 nm.

[0048] Manufacture of the first electron blocking layer
24G: the first electron blocking layer 24G is formed by the
FMM process. The first electron blocking layer 24G may be
made from a material of which the HOMO energy level
matches with that of the first light-emitting layer 21 and the
LUMO energy level is relatively higher, or a material of
which the hole mobility is greater than the electron mobility
(for example, the hole mobility is two or more orders of
magnitude higher than the electron mobility). The thickness
of the first electron blocking layer 24G may be, for example,
10-30 nm.

[0049] Manufacture of the second light-emitting layer 22:
a green organic light-emitting layer is manufactured light-
emitting layer by the FMM process. The second light-
emitting layer 22 may be made from, for example, tris(2-
phenylpyridine)iridium(TIT) or iridium compounds. The
thickness of the green organic light-emitting layer may be
20-40 nm.

[0050] Manufacture of the second electron blocking layer
24R: the second electron blocking layer 24 is formed by the
FMM process. The second electron blocking layer 24 may
be made from a material of which the HOMO energy level
matches with that of the first light-emitting layer 21 and the
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LUMO energy level is relatively higher, or a material of
which the hole mobility is greater than the electron mobility
(for example, the hole mobility is two or more orders of
magnitude higher than the electron mobility). The thickness
of the second electron blocking layer 24 may be, for
example, 40-70 nm.

[0051] Manufacture of the third light-emitting layer 23: a
red organic light-emitting layer is manufactured by the
FMM process. The third light-emitting layer 23 may be
made from, for example, Bis[2-(2'-benzo-4,5-alpha-thieny])
pyridine]acetylacetonate iridium, 4,4',4"-tris(N-carbazol)tri-
phenylamine, tris(1-phenylisoquinoline)iridium(I1I) and tris
[1-phenylisoquinolinato-C2,N]iridium. The thickness of the
third light-emitting layer 23 may be 20-40 nm.

[0052] Manufacture of the hole blocking layer 27: the hole
blocking layer 27 is formed by the open mask process. The
hole blocking layer 27 may be made from, for example,
1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene. ~ The
thickness of the hole blocking layer 27 may be 1-10 nm.
[0053] Manufacture of the electron transmitting layer 28:
the electron transmitting layer 28 is formed by the open
mask process. The electron transmitting layer 28 may be
made from, for example, 2-(4-biphenylyl)-5-phenyl-1,3,4-
oxadiazole (PBD), 2,5-Di(1-naphthyl)-1,3.5-oxadiazole
(BND) and 2.4,6-triphenoxy-1,3,5-triazine (IRZ). The
thickness of the electron transmitting layer 28 may be 10-40
nm

[0054] Manufacture of the electron injection layer 29: the
electron injection layer 29 is formed by the open mask
process. The electron injection layer 29 may be made from,
for example, an alkali metal fluoride MF (M may be selected
from Li, Na, K, Rb, Cs, etc.), Li,0, LiBO,. The thickness of
the electron injection layer 29 may be 5-10 nm.

[0055] Manufacture of the cathode conductive layer 12: a
film layer that includes the first cathode 12B, the second
cathode 12G and the third cathode 12R is manufactured by
the open mask process with a metal material. The metal
material may be Mg, Ag, Al, Li, K and Ca, or their alloys
MgxAg(1-x), LixAl(1-x), LixCa(l-x) and LixAg(1-x),
where 0<x<1. The thickness of the cathode conductive layer
12 may be, for example, 10-20 nm.

[0056] Manufacture of the light extraction layer 15: the
light extraction layer 15 is formed by the open mask process.
The light extraction layer 15 may be made from, for
example, ZnQ, 7ZnS, ZnSe, TeO,, WO,, MoQ,, MgO, LiF,
etc. The thickness of the light extraction layer 15 may be, for
example, 20-500 nm.

[0057] It should be understood that when the organic
functional layer 12 further includes the third electron block-
ing layer 24B at the side, close to the anode conductive layer
11, of the first light-emitting layer 21, the light-emitting
efficiency of the first light-emitting layer 21 in the first
sub-pixel units P1 may be improved under the action of the
third electron blocking layer 24B without affecting the
second sub-pixel units P2 and the third sub-pixel units P3.

[0058] It should be understood that when the third electron
blocking layer 24B and/or the first light-emitting layer 21
cover the effective display area of the display substrate, the
third electron blocking layer 24B and/or the first light-
emitting layer 21 may be formed, for example, by the
above-mentioned open mask process. Thus, the process
difficulty may be reduced in comparison with the FMM
process.
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[0059] 1t should be understood that when the display
substrate further includes the reflecting layer 14 at the side,
away from the cathode conductive layer 12, of the anode
conductive layer 11, the reflecting layer 14 may reflect light
from all the light-emitting layers, such that light emitted
downwards by the light-emitting layers may also be used for
display, which helps to improve the display brightness and
reduce the power consumption.

[0060] In an example, the cathode conductive layer 12 is
configured for partial transmission and partial reflection of
light emitted by the organic functional layer 13 (for
example, a semi-transparent and semi-reflecting film is
obtained by controlling the thickness of the metal film as the
cathode conductive layer 12). The thickness between the
cathode conductive layer 12 and the reflecting layer 14 in the
first sub-pixel units P1 is a first thickness LB, such that light
emitted from the first sub-pixel units P1 is in the color
category of the first sub-pixel units P1. The thickness
between the cathode conductive layer 12 and the reflecting
layer 14 in the second sub-pixel units P2 is a second
thickness LG, such that light emitted from the second
sub-pixel units P2 is in the color category of the second
sub-pixel units P2. The thickness between the cathode
conductive layer 12 and the reflecting layer 14 in the third
sub-pixel units P3 is a third thickness LR, such that light
emitted from the third sub-pixel units P3 is in the color
category of the third sub-pixel units P3. In one implemen-
tation, the first thickness LB may be, for example, 1,900 A,
such that the lower surface of the cathode conductive layer
12 and the upper surface of the reflecting layer 14 form two
parallel cavity mirrors of an optical resonant cavity (the
cavity length is the first thickness L.B), and light exited from
the upper surface of the first cathode conductive layer 12 in
the first sub-pixel units P1 is blue right. Similarly, the second
thickness LG may be set as 2,300 A and the third thickness
LR may be set as 2,750 A, such that light exited from the
upper surface of the first cathode conductive layer 12 in the
second sub-pixel units P2 is green light, and light exited
from the upper surface of the first cathode conductive layer
12 in the third sub-pixel units P3 is red light. Thus, a color
filter may be omitted. The color purity of the sub-pixels of
each color category is favorably improved, thereby helping
realize better display performance.

[0061] It should be understood that the materials for
forming the first light-emitting layer 21, the second light-
emitting layer 22 and the third light-emitting layer 23 all
include electroluminescent materials. Display substrates
with this characteristic may adopt the methods described in
the above-mentioned embodiments to realize process sim-
plification. When the first light-emitting layer 21 is made
from the electroluminescent material of which the hole
mobility is greater than the electron mobility, the first
light-emitting layer 21 can have good hole transmitting
performance, thereby helping improve the light-emitting
efficiency in the second sub-pixel units P2 and the third
sub-pixel units P3. In an implementation, the light-emitting
material of the first light-emitting layer 21 may be an
electroluminescent material of which the hole mobility is
two or more orders of magnitude greater than the electron
mobility.

[0062] It can be seen that in the foregoing examples, the
use frequency of the FMM process may be reduced without
causing the defect of color mixing, which helps to improve
the display performance and reduce the manufacturing dif-
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ficulty of the OLED product. As a reference, FIG. 5 is a
structural schematic diagram of a display substrate in a
comparison example. Comparing FIG. 4 with FIG. 5, it can
be seen that the third electron blocking layer 24B and the
first light-emitting layer 21 in the comparison example are
only disposed in the first sub-pixel units P1, the first electron
blocking layer 24G and the second light-emitting layer 22
are directly formed on the hole transmitting layer 26, and the
second electron blocking layer 24R and the third light-
emitting layer 23 are also directly formed on the hole
transmitting layer 26. For the convenience of description,
the structure of the display substrate shown in FIG. 4 is
called an example structure and the structure of the display
substrate shown in FIG. 5 is called a comparison structure.
Compared with the comparison structure, for the example
structure, the open mask process may be adopted to form the
third electron blocking layer 24B and the first light-emitting
layer 21, such that the manufacture of an FMM (the pattern
of the FMM corresponds to that of the first light-emitting
layer 21 in FIG. 5) and twice use of the FMM process are
omitted.

[0063] In an example, FIG. 6 is a structural schematic
view of a mask plate for an open mask according to an
embodiment of the present disclosure. FIG. 7 and FIG. 8 are
structural schematic views of mask plates for an FMM
according to an embodiment of the present disclosure. In this
example, the display substrate is a display panel mother
board including four effective display areas (the four effec-
tive display areas are rectangular and arranged in two rows
and two columns). The mask plate for the open mask, shown
in FIG. 6, has four open areas (corresponding to the four
effective display areas respectively), and may be used to
manufacture at least one of the reflecting layer 14, the hole
injection layer 25, the hole transmitting layer 26, the first
electron blocking layer 24B, the first light-emitting layer 21,
the hole blocking layer 27, the electron transmitting layer
28, the electron injection layer 29 and the cathode conduc-
tive layer in the foregoing manufacturing process. The mask
plate for the FMM, shown in FIG. 7, may include a plurality
of open areas that correspond to the second sub-pixel units
P2 so as to be used to manufacture the first electron blocking
layer 24G and the second light-emitting layer 22 in the
foregoing manufacturing process. The mask plate for the
FMM, shown in FIG. 8, may include a plurality of open
areas that correspond to the third sub-pixel units P3 so as to
be used to manufacture the second electron blocking layer
24R and the second light-emitting layer 23 in the foregoing
manufacturing process. It can be seen that in comparison, by
using the mask plate shown in FIG. 6, the accuracy of the
pattern at the periphery does not need to be strictly con-
trolled, and the mask plate for the FMM, which cortesponds
to the first sub-pixel units P1, does not need to be manu-
factured individually. Thus, the process difficulty by using
the example structure is lower than that by using the
comparison structure.

[0064] In the forgoing example, it should be understood
that the film layer manufactured by the mask plate shown in
FIG. 6 may be continuous or discontinuous. For example,
the first light-emitting layer 21 manufactured by the open
mask in FIG. 4 may be broken by a bulged structure below
between the first sub-pixel unit P1 and the second sub-pixel
unit P2, such that the first light-emitting layer 21 may cover
the effective display area of the display substrate at the
broken position.
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[0065] 1t should also be understood that although the
example structure may have a lower process difficulty than
the comparison structure, the characteristic of the example
structure may be different from that of the comparison
structure correspondingly based on the difference between
the two structures. In an example, when other conditions are
the same (for example, the layers in the example structure
and the comparison structure are made from the same
material, and the example structure and the comparison
structure have the same first thickness LB, the same second
thickness LG and the same third thickness LR), the voltage
and the current efficiency of the example structure and the
comparison structure are tested. Test results are as below:

TABLE 1

Photoelectric Test Results of Comparison
Structure and Example Structure

Color Voltage Current Efficiency
Comparison Structure Red 100% 100%

Green 100% 100%

Blue 100% 100%
Example Structure Red 102% 98.2%

Green 101% 100.3%

Blue 101% 99.1%

[0066] Taking the “red” row in the example structure of
the above Table as an example, the voltage 102% means that
when the voltage magnitude between the anode and the
cathode of the comparison structure is set as 100% if a red
sub-pixel emits light with a standard brightness, the voltage
magnitude between the anode and the cathode of the
example structure is 102% if a red sub-pixel (the third
sub-pixel unit P3) emits light with the same standard bright-
ness. The current efficiency 98.2% means that when the
current efficiency of the comparison structure is set as 100%
if the red sub-pixel emits light with a standard brightness,
the current efficiency of the example structure is 98.2%
when the red sub-pixel (the third sub-pixel unit P3) emits
light with the same standard brightness. Besides, FIG. 9
shows a voltage-brightness comparison test result of sub-
pixels unit with the color category of blue in the example
structure and the comparison structure. FIG. 10 shows a
brightness-current efficiency comparison test result of sub-
pixel units with the color category of blue in the example
structure and the comparison structure. FIG. 11 shows a
voltage-brightness comparison test result of sub-pixel units
with the color category of green in the example structure and
the comparison structure. FIG. 12 shows a brightness-
current efficiency comparison test result of sub-pixel units
with the color category of green in the example structure and
the comparison structure. FIG. 13 shows a voltage-bright-
ness comparison test result of sub-pixel units with the color
category of red in the example structure and the comparison
structure. FIG. 14 shows a brightness-current efficiency
comparison test result of sub-pixel units with the color
category of red in the example structure and the comparison
structure.

[0067] It can be seen from the above test results that
comparing the example structure with the comparison struc-
ture, the optical-electrical characteristic of the example
structure does not decrease significantly. That is, the
example structure and the comparison structure are basically
the same in optical-electrical characteristic. However, since

Dec. 5, 2019

compared with the comparison structure, the example struc-
ture can reduce the use of the FMM process, the embodi-
ments of the present disclosure help to reduce the manufac-
turing difficulty and to improve the display performance of
the OLED product.

[0068] Based on the same invention concept, another
embodiment of the present disclosure provides a manufac-
turing method of any of the above display substrates, which
includes steps of forming the anode conductive layer, the
organic functional layer and the cathode conductive layer.
Here, referring to FIG. 15, forming the organic functional
layer comprises the following steps.

[0069]

[0070] Instep 102, a pattern which includes a first electron
blocking layer and a second electron blocking layer is
formed on the first light-emitting layer.

[0071] In step 103, a pattern which includes a second
light-emitting layer is formed on the first electron blocking
layer.

[0072] In step 104, a pattern which includes a third light-
emitting layer is formed on the second electron blocking
layer.

[0073] Ina possible implementation, step 101 in which the
first light-emitting layer is formed includes: forming the first
light-emitting layer that covers an effective display area of
the display substrate by adopting an open mask process.

[0074] It should be understood that the sequence of steps
103 and 104 may be interchanged and may be performed
simultaneously. It should also be understood that the specific
implementations of the examples of the manufacturing
method in the embodiments of the present disclosure have
been described in detail above and are not repeated here.
According to the embodiments of the present disclosure, the
use frequency of the fine metal mask process may be
reduced without causing the defect of color mixing, which
helps to improve the display performance and reduce the
manufacturing difficulty of an OLED product.

[0075] Based on the same invention concept, another
embodiment of the present disclosure provides a display
device, including any one of the above display substrate. In
an implementation, the display device can be a display
panel, a mobile phone, a tablet computer, a TV, a display, a
laptop computer, a digital phone frame, a navigator, etc.,
having the product or part with a display function.

[0076] FIG. 16 is a structural schematic diagram of a
display device according to an embodiment of the present
disclosure. Referring to FIG. 16, the display device 300 may
include a plurality of sub-pixel areas Px arranged in rows
and columns in the effective display area. Each of the
sub-pixel areas Px is one of the first sub-pixel area P1, the
second sub-pixel area P2 and the third sub-pixel area P3,
such that the display device 300 can reduce the use fre-
quency of the fine metal mask process without causing the
defect of color mixing, which helps to improve the display
performance and reduce the manufacturing difficulty of an
OLED product.

[0077] The foregoing descriptions are only some embodi-
ments of the present disclosure, and are not intended to limit
the present disclosure. Within the spirit and principles of the
disclosure, any modifications, equivalent substitutions,
improvements, etc., are within the protection scope of the
present disclosure.

In step 101, a first light-emitting layer is formed.
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What is claimed is:

1. A display substrate, comprising:

a base substrate;

an anode conductive layer;

a cathode conductive layer, wherein the cathode conduc-
tive layer and the anode conductive layer are at a same
side in a thickness direction of the base substrate; and

an organic functional layer between the anode conductive
layer and the cathode conductive layer, wherein

the display substrate comprises first sub-pixel units and
second sub-pixel units that are different in color cat-
egory, the organic functional layer in the first sub-pixel
units comprises a first light-emitting layer,

the organic functional layer in the second sub-pixel units
comprises the first light-emitting layer, a first electron
blocking layer and a second light-emitting layer that are
sequentially laminated in a direction away from the
anode conductive layer, and a light-emitting color of
the first light-emitting layer is different from a light-
emitting color of the second light-emitting layer.

2. The display substrate according to claim 1, further
comprising a third sub-pixel unit, wherein a color category
of the third sub-pixel units is different from color categories
of the first sub-pixel units and the second sub-pixel units,

the organic functional layer in the third sub-pixel units
comprises the first light-emitting layer, a second elec-
tron blocking layer and a third light-emitting layer that
are sequentially laminated in the direction away from
the anode conductive layer, and a light-emitting color
of the third light-emitting layer is different from the
light-emitting colors of the first light-emitting layer and
the second light-emitting layer.

3. The display substrate according to claim 2, wherein the
organic functional layer further comprises a third electron
blocking layer, and the third electron blocking layer is at a
side, close to the anode conductive layer, of the first light-
emitting layer, and covers an effective display area of the
display substrate.

4. The display substrate according to claim 2, wherein the
first light-emitting layer covers an effective display area of
the display substrate.

5. The display substrate according to claim 2, wherein the
first light-emitting layer is made from an electroluminescent
material of which a hole mobility is greater than an electron
mobility.

6. The display substrate according to claim 2, further
comprising a reflecting layer at a side, away from the
cathode conductive layer, of the anode conductive layer.

7. The display substrate according to claim 6, wherein the
cathode conductive layer is configured for partial transmis-
sion and partial reflection of light emitted by the organic
functional layer,

in the first sub-pixel units, a film thickness between the
cathode conductive layer and the reflecting layer is a
first thickness to enable light emitted from the first
sub-pixel units is in the color category of the first
sub-pixel unit,

in the second sub-pixel units, a film thickness between the
cathode conductive layer and the reflecting layer is a
second thickness, to enable light emitted from the
second sub-pixel units is in the color category of the
second sub-pixel unit, and

in the third sub-pixel units, a film thickness between the
cathode conductive layer and the reflecting layer is a
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third thickness, to enable light emitted from the third
sub-pixel units is in the color category of the third
sub-pixel unit.

8. The display substrate according to claim 2, wherein

materials for forming the first light-emitting layer, the sec-
ond light-emitting layer and the third light-emitting layer
comprise electroluminescent materials.

9. The display substrate according to claim 1, wherein

materials for forming the first light-emitting layer and the
second light-emitting layer comprise electroluminescent
materials.

10. The display substrate according to claim 1, wherein

the organic functional layer further comprises a third elec-
tron blocking layer at a side, close to the anode conductive
layer, of the first light-emitting layer.

11. The display substrate according to claim 10, wherein

the third electron blocking layer covers an effective display
area of the display substrate.

12. The display substrate according to claim 1, wherein

the first light-emitting layer covers an effective display area
of the display substrate.

13. The display substrate according to claim 1, wherein

the first light-emitting layer is made from an electrolumi-
nescent material of which a hole mobility is greater than an
electron mobility.

14. A manufacturing method of a display substrate, com-

prising:

forming an anode conductive layer on a base substrate;

forming an organic functional layer;

forming a cathode conductive layer, the cathode conduc-
tive layer and the anode conductive layer being at the
same side in a thickness direction of the substrate, and
the organic functional layer being between the anode
conductive layer and the cathode conductive layer,
wherein

said forming the organic functional layer comprises:

forming a first light-emitting layer, the display substrate
comprising first sub-pixel units and second sub-pixel
units that are different in color category, and the organic
functional layer in the first sub-pixel units comprising
the first light-emitting layer;

forming a pattern, which comprises a first electron block-
ing layer, on the first light-emitting layer; and

forming a pattern, which comprises a second light-emit-
ting layer, on the first electron blocking layer, wherein
a light-emitting color of the first light-emitting layer is
different from a light-emitting of the second light-
emitting layer, and in the second sub-pixel units, the
first light-emitting layer, the first electron blocking
layer and the second light-emitting layer are sequen-
tially laminated in a direction away from the anode
conductive layer.

15. The manufacturing method of the display substrate

according to claim 14, wherein said forming the first light-
emitting layer comprises:

forming the first light-emitting layer that covers an effec-
tive display area of the display substrate by adopting an
open mask process.

16. A display device, comprising a display substrate,

wherein the display substrate comprises:

a base substrate;
an anode conductive layer;
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a cathode conductive layer, wherein the cathode conduc-
tive layer and the anode conductive layer are at a same
side in a thickness direction of the base substrate; and

an organic functional layer between the anode conductive
layer and the cathode conductive layer,

wherein the display substrate comprises first sub-pixel
units and second sub-pixel units that are different in
color category, the organic functional layer in the first
sub-pixel units comprises a first light-emitting layer,

the organic functional layer in the second sub-pixel units
comprises the first light-emitting layer, a first electron
blocking layer and a second light-emitting layer that are
sequentially laminated in a direction away from the
anode conductive layer, and a light-emitting color of
the first light-emitting layer is different from a light-
emitting color of the second light-emitting layer

17. The display device according to claim 16, wherein the
display substrate further comprises a third sub-pixel unit,
wherein a color category of the third sub-pixel units is
different from color categories of the first sub-pixel units and
the second sub-pixel units,
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the organic functional layer in the third sub-pixel units
comprises the first light-emitting layer, a second elec-
tron blocking layer and a third light-emitting layer that
are sequentially laminated in the direction away from
the anode conductive layer, and a light-emitting color
of the third light-emitting layer is different from the
light-emitting colors of the first light-emitting layer and
the second light-emitting layer.

18. The display device according to claim 16, wherein the
organic functional layer further comprises a third electron
blocking layer, and the third electron blocking layer is at a
side, close to the anode conductive layer, of the first light-
emitting layer, and covers an effective display area of the
display substrate.

19. The display device according to claim 16, wherein e
first light-emitting layer covers an effective display area of
the display substrate.

20. The display device according to claim 16, wherein the
first light-emitting layer is made from an electroluminescent
material of which a hole mobility is greater than an electron
mobility.
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