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(7) ABSTRACT

The present invention provides a high-resolution Micro-
OLED display module and a manufacturing method thereof.
The method for manufacturing the high-resolution Micro-
OLED comprises: S1, providing a substrate, and manufac-
turing light-emitting pixel units on the substrate; S2, encap-
sulating the light-emitting pixel units by a film encapsulation
technique, and forming a film encapsulation layer; S3,
manufacturing sub-pixel units on the surface of the film
encapsulation layer, and depositing a metal reflective layer
between two sub-pixel units which are adjacent to each
other; S4, manufacturing a metal oxide layer on the surfaces
of the metal reflective layer and the sub-pixel units by a
deposition technique, to obtain a high-resolution Micro-
OLED matrix; and S5, using a cover plate to encapsulate the
high-resolution Micro-OLED matrix produced in step S4, to
finish the manufacturing of a high-resolution Micro-OLED.
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Providing a substrate, and manufacturing light-emitting
pixel units on the substrate

Encapsulating the light-emitting pixel units by a film
encapsulation technique, and forming a film encapsulation layer 4"

o B3
Manufacturing sub-pixel units on the surface of the film encapsulation layer, and g
depositing a metal reflective layer between two sub-pixel units which are adjacent -~
to each other )
Manufacturing a metal oxide layer on the surfaces of the metal reflective layer and the i
sub-pixel units by a deposition technique, to obtain a high-resolution Micro-OLED matrix

Using a cover plate to encapsulate the high-resolution Micro-OLED
matrix, to finish the manufacturing of a high-resolution Micro-OLED

FIG. 1
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ai
Providing a substrate, and manufacturing on the substrate
anumber of conductive through-holes which are arranged .-
regularly

Evaporating an anode layer on the substrate, wherein the
anode layer includes a number of anode units
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Evaporating an OLED light-emitting layer on the surface of the anode layer,
wherein the OLED light-cmitting layer is a blue light OLED light-cmitting layer .|
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Evaporating a cathode layer on the surface of the OLED light-emitting
layer, to form light-emitting pixel units

FIG. 2



Patent Application Publication = May 7, 2020 Sheet 3 of 4 US 2020/0144557 Al

53
Manufacturing sub-pixel units on the surface of the film encapsulation
layer by a photolithographic process and a reactive ion etching process”
: 831
Manufacturing a metal reflective layer between two sub-pixel units
which are adjacent to each other by a photolithographic process and an
ctching process
< 833

Printing to form quantum dot filter structures inside the sub-pixel units by ‘
an electrofluid printing technique o

FIG. 3
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HIGH-RESOLUTION MICRO-OLED
DISPLAY MODULE AND MANUFACTURING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 US.C. §
119 to Chinese Patent Application No. 201811642103.2,
filed on Dec. 29, 2018, which is incorporated herein in its
entirety.

TECHNICAL FIELD

[0002] The present invention relates to a high-resolution
Micro-OLED display module and a manufacturing method
thereof, belonging to the field of manufacturing of OLED
displays.

BACKGROUND

[0003] Compared with a CTR (Cathode Ray Tube) display
or a TFT-LCD (Thin Film Transistor-Liquid Crystal Dis-
play), an OLED (Organic Light-Emitting Diode) display has
the characteristics of lighter and thinner appearance design,
wider viewing angles, faster response speed and lower
power consumption, therefore, as the next-generation dis-
play device, the OLED display has gradually attracted more
attentions.

[0004] In the prior art, an OLED display includes a
Micro-OLED device, and the common Micro-OLED
devices are affected by precision of an FFM (Fine Metal
Mask) technology, such that PPI (Pixels Per Inch) of the
Micro-OLED can only reach about 800, and the require-
ments of a higher PPI cannot be satisfied.

[0005] Meanwhile, at present, the full colorization of a
Micro-OLED display device is realized by combining a
white light OLED with a CF (Color Filter) layer, and a
semiconductor photoengraving process is utilized to ensure
high refinement of the CF layer, thereby improving resolu-
tion of a Micro-OLED display device; however, in the
practical application process, since the light transmittance of
a CF layer is lower than 30%, optical loss is easily caused
to the Micro-OLED in a display process. such that the
maximum brightness of the Micro-OLED display device is
low; in addition, since the CF layer has a high requirement
on counterpoint alignment precision, a shift in alignment
between the CF layer and the white light OLED will lead to
cross color of emitting lights of a Micro-OLED display
device, thereby limiting further improvement of PPI of a
Micro-OLED display device.

[0006] In view of this, the existing Micro-OLED display
module and its manufacturing method actually need to be
improved, to solve the above problems.

BRIEF SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
method for manufacturing a high-resolution Micro-OLED.
In the method, through controlling the manufacturing tech-
nique and structure of a sub-pixel unit, pixel display density
of a Micro-OLED display module manufactured by the
method for manufacturing a high-resolution Micro-OLED in
the present invention is effectively improved.
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[0008] 1In order to achieve the above object of the present
invention, the present invention provides a method for
manufacturing a high-resolution Micro-OLED, including
the following steps:

[0009] S1, providing a substrate, and manufacturing light-
emitting pixel units on the substrate;

[0010] S2, encapsulating the light-emitting pixel units by
a film encapsulation technique, and forming a film encap-
sulation layer;

[0011] S3, manufacturing sub-pixel units on the surface of
the film encapsulation layer, and depositing a metal reflec-
tive layer between two sub-pixel units which are adjacent to
each other;

[0012] S4, manufacturing a metal oxide layer on the
surfaces of the metal reflective layer and the sub-pixel units
by a deposition technique, to obtain a high-resolution Micro-
OLED matrix; and

[0013] S5, using a cover plate to encapsulate the high-
resolution Micro-OLED matrix produced in step S4, to
obtain a high-resolution Micro-OLED.

[0014] As a further improvement of the present invention,
step S1 specifically includes:

[0015] S11, providing a substrate, and manufacturing on
the substrate a number of conductive through-holes which
are arranged regularly;

[0016] S12, evaporating an anode layer on the substrate by
a self-aligning process, wherein the anode layer includes a
number of anode units, and the anode units are set to be in
one-to-one correspondence with the conductive through-
holes;

[0017] S13, evaporating an OLED light-emitting layer on
the surface of the anode layer, wherein the OLED light-
emitting layer is a blue light OLED light-emitting layer; and
[0018] S14, evaporating a cathode layer on the surface of
the OLED light-emitting layer, to form light-emitting pixel
units.

[0019] As a further improvement of the present invention,
the anode unit has a width of 5-10 pm.

[0020] As a further improvement of the present invention,
step S3 is specifically as follows:

[0021] S31, manufacturing sub-pixel units on the surface
of the film encapsulation layer by a photolithographic pro-
cess and a reactive ion etching process;

[0022] S32, manufacturing a metal reflective layer
between two sub-pixel units which are adjacent to each other
by a photolithographic process and an etching process; and
[0023] S33, printing to form quantum dot filter structures
inside the sub-pixel units by an electrofluid printing tech-
nique.

[0024] As a further improvement of the present invention,
the spacing between two sub-pixel units which are adjacent
to each other is 8-15 um, and the metal reflective layer is an
Al reflective layer.

[0025] As a further improvement of the present invention,
the quantum dot filter structures include a red quantum dot
filter structure and a green quantum dot filter structure, the
red quantum dot filter structure and the green quantum dot
filter structure are respectively arranged in different sub-
pixel units, and the quantum dot filter structures in two
adjacent sub-pixel units are different.

[0026] As a further improvement of the present invention,
the metal oxide layer is obtained through deposition by an
atomic deposition technique.
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[0027] As a further improvement of the present invention,
the metal oxide layer is an Al,O, layer, and the thickness of
the Al,O, layer is 50 nm.

[0028] In order to achieve the above object of the present
invention, the present invention provides a high-resolution
Micro-OLED display module which includes a high-reso-
lution Micro-OLED layer and a thin film transistor array
electrically connected with the high-resolution Micro-
OLED layer, and the high-resolution Micro-OLED layer is
manufactured by the method for manufacturing a high-
resolution Micro-OLED according to any one of claims 1-8.
[0029] As a further improvement of the present invention,
the high-resolution Micro-OLED layer includes a substrate
and light-emitting pixel units arranged on the substrate,
wherein the substrate is provided with a number of conduc-
tive through-holes which are arranged regularly, and the thin
film transistor array is electrically connected with the light-
emitting pixel units via the conductive through-holes.
[0030] The present invention has the following beneficial
effects: in the method for manufacturing the high-resolution
Micro-OLED of the present invention, light-emitting pixel
units are manufactured by a photolithographic process and a
self-aligning principle, thereby breaking through the physi-
cal limit of evaporation of pixel graphics in the prior art, and
realizing high pixel density display of a high-resolution
Micro-OLED display module; meanwhile, the form of a
sub-pixel unit is set, thereby improving color purity of color
display of a high-resolution Micro-OLED display module on
the one hand, and effectively preventing crosstalk of emit-
ting light between pixels on the other hand, such that the
high-resolution Micro-OLED display module manufactured
by a method for manufacturing a high-resolution Micro-
OLED in the present invention has a higher display resolu-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a flow chart of a method for manufac-
turing a high-resolution Micro-OLED in the present inven-
tion.

[0032] FIG. 2 is a flow chart of step S1 in FIG. 1.
[0033] FIG. 3 is a flow chart of step S3 in FIG. 1.
[0034] FIG. 4 is a structural schematic diagram of a

high-resolution Micro-OLED display module in the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] In order to make the objective, technical solutions
and advantages of the present invention clearer, a detailed
description will be given below on the present invention in
combination with accompanying drawings and specific
embodiments.

[0036] Please refer to FIG. 1 which is a flow chart of a
method for manufacturing a high-resolution Micro-OLED in
the present invention and combine with FIG. 4. The method
for manufacturing a high-resolution Micro-OLED includes
the following steps:

[0037] S1, providing a substrate 1, and manufacturing
light-emitting pixel units 2 on the substrate 1;

[0038] S2, encapsulating the light-emitting pixel units 2
by a film encapsulation technique, and forming a film
encapsulation layer 3;
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[0039] S3, manufacturing sub-pixel units 4 on the surface
of the film encapsulation layer 3, and depositing a metal
reflective layer 5 between two sub-pixel units 4 which are
adjacent to each other;

[0040] S4, manufacturing a metal oxide layer 6 on the
surfaces of the metal reflective layer 5 and the sub-pixel
units 4 by a deposition technique, to obtain a high-resolution
Micro-OLED matrix 7; and

[0041] S5, using a cover plate to encapsulate the high-
resolution Micro-OLED matrix 7 produced in step S4, to
obtain a high-resolution Micro-OLED.

[0042] Steps S1-S5 will be described in detail below in the
following description.

[0043] Please refer to FIG. 1, and step S1 specifically
includes:
[0044] S11, providing a substrate 1, and manufacturing on

the substrate 1 a number of conductive through-holes 11
which are arranged regularly;

[0045] S12, evaporating an anode layer 21 on the substrate
1 by a self-aligning process, wherein the anode layer 21
includes a number of anode units, and the anode units are set
to be in one-to-one correspondence with the conductive
through-holes 11;

[0046] S13, evaporating an OLED light-emitting layer 22
on the surface of the anode layer 21, wherein the OLED
light-emitting layer 22 is a blue light OLED light-emitting
layer; and

[0047] S14, evaporating a cathode layer 23 on the surface
of the OLED light-emitting layer 22, to form light-emitting
pixel units 2.

[0048] In the present invention, the substrate 1 includes
multiple light-emitting pixel units 2, and two adjacent light-
emitting pixel units 2 are set at intervals, moreover, in one
preferred embodiment of the present invention, the spacing
between two adjacent light-emitting pixel units 2 is 24 pm.

[0049] An anode layer 21 is formed by a plurality of anode
units which are distributed in a pixel pattern, and each anode
unit includes an ITO layer and a metal oxide conductor layer.
Moreover, in the embodiment of the present invention, each
anode unit has a width of about 5-10 um. An OLED
light-emitting layer 22 includes an organic light-emitting
layer, a hole injection layer and a hole transporting layer
arranged between the anode layer 21 and/or the substrate 1
and the organic light-emitting layer, and an electron injec-
tion layer and an electron transporting layer arranged
between the cathode layer 23 and the organic light-emitting
layer. Further, the hole transporting layer is arranged
between the organic light-emitting layer and the hole injec-
tion layer, and the electron transporting layer is arranged
between the organic light-emitting layer and the electron
injection layer. The cathode layer 23 is a thin film layer made
from metal or metal oxide materials.

[0050] Instep S2, all the light-emitting pixel units 2 on the
substrate 1 are encapsulated by a film encapsulation tech-
nique, and a film encapsulation layer 3 wrapped on the
light-emitting pixel units 2 is formed.

[0051] Please refer to FIG. 3, and step S3 specifically
includes:
[0052] S31, manufacturing sub-pixel units 4 on the surface

of the film encapsulation layer 3 by a photolithographic
process and a reactive ion etching process;
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[0053] S32, manufacturing a metal reflective layer 5
between two sub-pixel units 4 which are adjacent to each
other by a photolithographic process and an etching process;
and

[0054] S33, printing to form quantum dot filter structures
41 inside the sub-pixel units 4 by an electrofluid printing
technique.

[0055] 1In the present invention, the sub-pixel units 4 and
the light-emitting pixel units 2 are set correspondingly, and
each light-emitting pixel unit 2 corresponds to a plurality of
sub-pixel units 4 which are arranged regularly, further, in the
same light-emitting pixel unit 2, a separation groove 42 is
formed between two adjacent sub-pixel units 4 through a
photolithographic process and a reactive ion etching pro-
cess, such that two adjacent sub-pixel units 4 are set at
intervals, and in the embodiment of the present invention,
the spacing between two adjacent sub-pixel units 4 is 8-15
pm.

[0056] Instep S32, ametal layer is firstly deposited on the
surface of a film encapsulation layer 3 processed through a
photolithographic process and a reactive ion etching pro-
cess, and then the metal layer is processed by a photolitho-
graphic process and an etching process, to manufacture a
metal reflective layer 5 in the separation groove 42. Spe-
cifically speaking, since the metal reflective layer 5 is set to
be close to the sub-pixel units 4 and is arranged between two
adjacent sub-pixel units 4, therefore, external ambient light
can be effectively reflected, and crosstalk of emitting light is
prevented. Preferably, in one embodiment of the present
invention, the metal reflective layer 5 is an Al reflective layer
made from metallic aluminum.

[0057] Further, the quantum dot filter structures 41 include
a red quantum dot filter structure and a green quantum dot
filter structure, wherein the red quantum dot filter structure
and the green quantum dot filter structure are respectively
arranged in different sub-pixel units 4, and the quantum dot
filter structures 41 in two adjacent sub-pixel units 4 are
different.

[0058] Specifically speaking, in the embodiment of the
present invention, the sub-pixel units 4 include a first
sub-pixel unit 43 with a groove arranged on the top part and
a second sub-pixel unit 44 with the top part being arranged
horizontally, the red quantum dot filter structure and the
green quantum dot filter structure are respectively printed in
two adjacent first sub-pixel units 43, and the two adjacent
first sub-pixel units 43 with different quantum dot filer
structures 41 are arranged between two second sub-pixel
units 44. The red quantum dot and the green quantum dot in
the red quantum dot filter structure and the green quantum
dot filter structure respectively emit a red light and a green
light after being excited by a blue light emitted by the OLED
light-emitting layer 22, and the red light and green light are
mixed with the blue light which penetrates through the
second sub-pixel unit 44 to form a white light. Since the
light-emitting purity of the quantum dot is high, and colors
can be controlled through a diameter of the quantum dot,
therefore, the color gamut and display quality of a high-
resolution Micro-OLED can be effectively improved.
[0059] Step S4 is specifically as follows: a metal oxide
layer 6 is manufactured on surfaces of the metal reflective
layer 5 and the sub-pixel units 4 by a deposition technique,
to obtain a high-resolution Micro-OLED matrix 7; in the
embodiment of the present invention, the metal oxide layer
6 is obtained through deposition by an atomic deposition
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technique, preferably, the metal oxide layer 6 is an Al,O,
layer, and the thickness of the Al,O; layer is 50 nm.

[0060] Step S5 is specifically as follows: a cover plate is
used to encapsulate a high-resolution Micro-OLED matrix 7
produced in step S4 by UV adhesive 8 and encapsulating
glass 9, at this time, the manufacturing of a high-resolution
Micro-OLED is finished, wherein the UV adhesive 8 is
arranged between the encapsulating glass 9 and the high-
resolution Micro-OLED matrix 7, such that the encapsulat-
ing glass 9 is closely attached onto the high-resolution
Micro-OLED matrix 7, to realize encapsulation by using a
cover plate.

[0061] Please refer to FIG. 4 which shows a high-resolu-
tion Micro-OLED display module provided in the present
invention. The high-resolution Micro-OLED display module
includes a high-resolution Micro-OLED layer 100 and a thin
film transistor array (not shown in the figure) electrically
connected with the high-resolution Micro-OLED layer 100.
Further, the high-resolution Micro-OLED layer 100 is
manufactured by the above method for manufacturing a
high-resolution Micro-OLED.

[0062] Further, in the present invention, a high-resolution
Micro-OLED layer 100 includes a substrate 1 and light-
emitting pixel units 2 arranged on the substrate 1, wherein
the substrate 1 is provided with a number of conductive
through-holes 11 which are arranged regularly, the thin film
transistor array includes a thin film transistor configured to
drive the light-emitting pixel units 2 to emit light, and the
light-emitting pixel units 2 are electrically connected with
the thin film transistor via the conductive through-holes.

[0063] In summary, in the method for manufacturing the
high-resolution Micro-OLED of the present invention, light-
emitting pixel units 2 are manufactured by a photolitho-
graphic process and a self-aligning principle, thereby break-
ing through the physical limit of evaporation of pixel
graphics in the prior art, and realizing high pixel density
display of a high-resolution Micro-OLED display module;
meanwhile, the form of a sub-pixel unit 4 is set, thereby
improving color purity of color display of a high-resolution
Micro-OLED display module 100 on the one hand, and
effectively preventing crosstalk of emitting light between
sub-pixel units 4 on the other hand, such that the high-
resolution Micro-OLED display module manufactured by a
method for manufacturing a high-resolution Micro-OLED in
the present invention has a higher display resolution.

[0064] The above embodiments are merely for illustrating
rather than for limiting technical solutions of the present
invention. Although the present invention has been
described in detail with reference to preferred embodiments,
those skilled in the art should understand that modifications
or equivalent substitutions can be made to the technical
solutions of the present invention without departing from the
spirit and scope of the technical solutions of the present
invention.

1. A method for manufacturing a high-resolution Micro-
OLED, comprising:
S1, providing a substrate, and manufacturing light-emit-
ting pixel units on the substrate;

S2, encapsulating the light-emitting pixel units by a film
encapsulation technique, and forming a film encapsu-
lation layer;
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S3, manufacturing sub-pixel units on the surface of the
film encapsulation layer, and depositing a metal reflec-
tive layer between two sub-pixel units which are adja-
cent to each other;

S4, manufacturing a metal oxide layer on the surfaces of
the metal reflective layer and the sub-pixel units by a
deposition technique, to obtain a high-resolution
Micro-OLED matrix; and

S5, using a cover plate to encapsulate the high-resolution
Micro-OLED matrix produced in step S4, to obtain a
high-resolution Micro-OLED.

2. The method for manufacturing a high-resolution
Micro-OLED according to claim 1, wherein step S1 spe-
cifically comprises:

S11, providing a substrate, and manufacturing on the
substrate a number of conductive through-holes which
are arranged regularly;

S12, evaporating an anode layer on the substrate by a
self-aligning process, wherein the anode layer com-
prises a number of anode units, and the anode units are
set to be in one-to-one correspondence with the con-
ductive through-holes;

S13, evaporating an OLED light-emitting layer on the
surface of the anode layer, wherein the OLED light-
emitting layer is a blue light OLED light-emitting
layer; and

S14, evaporating a cathode layer on the surface of the
OLED light-emitting layer, to form light-emitting pixel
units.

3. The method for manufacturing a high-resolution
Micro-OLED according to claim 2, wherein the anode unit
has a width of 5-10 pm.

4. The method for manufacturing a high-resolution
Micro-OLED according to claim 1, wherein step S3 is
specifically as follows:

S31, manufacturing sub-pixel units on the surface of the
film encapsulation layer by a photolithographic process
and a reactive ion etching process;

S32, manufacturing a metal reflective layer between two
sub-pixel units which are adjacent to each other by a
photolithographic process and an etching process; and
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S33, printing to form quantum dot filter structures inside
the sub-pixel units by an electrofluid printing tech-
nique.

5. The method for manufacturing a high-resolution
Micro-OLED according to claim 4, wherein the spacing
between two sub-pixel units which are adjacent to each other
is 8-15 um, and the metal reflective layer is an Al reflective
layer.

6. The method for manufacturing a high-resolution
Micro-OLED according to ¢laim 4, wherein the quantum dot
filter structures include a red quantum dot filter structure and
a green quantum dot filter structure, the red quantum dot
filter structure and the green quantum dot filter structure are
respectively arranged in different sub-pixel units, and the
quantum dot filter structures in two adjacent sub-pixel units
are different.

7. The method for manufacturing a high-resolution
Micro-OLED according to claim 1, wherein the metal oxide
layer is obtained through deposition by an atomic deposition
technique.

8. The method for manufacturing a high-resolution
Micro-OLED according to claim 7, wherein the metal oxide
layer is an Al, O, layer, and the thickness of the Al,O, layer
is 50 nm.

9. A high-resolution Micro-OLED display module, com-
prising a high-resolution Micro-OLED layer and a thin film
transistor array electrically connected with the high-resolu-
tion Micro-OLED layer, wherein the high-resolution Micro-
OLED layer is manufactured by the method for manufac-
turing a high-resolution Micro-OLED according to claim 1.

10. The high-resolution Micro-OLED display module
according to claim 9, wherein the high-resolution Micro-
OLED layer comprises a substrate and light-emitting pixel
units arranged on the substrate, the substrate is provided
with a number of conductive through-holes which are
arranged regularly, and the thin film transistor array is
electrically connected with the light-emitting pixel units via
the conductive through-holes.
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