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7) ABSTRACT

A method for manufacturing a micro-LED display screen
includes: forming an N-type GaN layer, a quantum-well
light-emitting layer, and a P-type GaN layer on a sapphire
substrate sequentially; etching the P-type GaN layer, the
quantum-well light-emitting layer, and the N-type GaN layer
from top to bottom, to form a first trench; forming an ITO
layer on the surface of the P-type GaN layer, and etching the
ITO layer to form a second trench; generating an N-type
contact electrode in the first trench; generating a reflective
electrode having a longitudinal cross-section in a shape with
a wide upper side and a narrow lower side, respectively, on
an upper surface of the N-type contact electrode and in the
second trench; depositing an insulating layer on a surface of
the micro-LED chip, and etching the insulating layer to
expose the reflective electrodes; and soldering a driving
circuit substrate to the reflective electrode.
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Forming an N-type GaN layer, a quantum-well light-emitting
layer, and a P-type GaN layer on a substrate sequentially to
form an epitaxial layer

Y

Etching the P-type GaN layer, the quantum-well light-emitting
layer and the N-type GaN layer to forma first trench

Y

Forming an ITO film in vacuum, and etching the ITO film to
forma second trench

Y

Preparing an N-type contact electrode on the N-type GaN layer

Y

Preparing an inverted trapezoidal reflective electrode

Y

Preparing an insulating material layer, and providing the
insulating material layer with a hole to expose the reflective
electrode

Y

Preparing solder bumps on the substrate

Y

Soldering the substrate to the chip
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MICRO-LED CHIPS, DISPLAY SCREENS
AND METHODS OF MANUFACTURING THE
SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation application to
International Application No. PCT/CN2018/089084, filed
on May 30, 2018, which claims the priority to Chinese
Patent Application No. 201810191229.6, entitled “MICRO-
LED CHIP, DISPLAY SCREEN AND METHOD OF
MANUFACTURING THE SAME”, and filed on Mar. 8,
2018. The entireties of both applications are incorporated by
reference herein for all purposes.

FIELD

[0002] Exemplary embodiments of the present disclosure
relate to the technical field of LED display, and more
particularly, to micro-LED chips, display screens and meth-
ods of manufacturing the same.

BACKGROUND

[0003] Micro light emitting diode display (micro-LED
display) is a new generation of display technology. Arrays of
microscopic LEDs are employed in a micro-LED Display,
that is, the structure of the LED is thinned, miniaturized and
arrayed, so that the micro-LED has a volume decreasing to
about 1% of a current mainstream LED. Each pixel in the
micro-LED display is capable to be addressed, and indi-
vidually driven to emit light, to reduce a distance between
pixels from an original millimeter-scale to a micron-scale.
The advantages of the micro-LED include low power con-
sumption, high brightness, ultra-high resolution and color
saturation, fast response, ultra-power saving, long life, high
efficiency, and others. The power consumption of the micro-
LED is about 10% of LCD, and 50% of OLED. Compared
with the OLED, which is also self-emissive, the micro-LED
has a brightness value 30 times greater than the OLED, and
the micro-LED has a resolution up to 1500 PPI (Pixels per
Inch), which is equivalent to 5 times the resolution of 300
PPI for an OLED panel used in an Apple Watch. In addition,
the micro-LED has a better performance in material stability
and no image burn-in.

[0004] For an existing micro-LED display, the number of
dead pixels caused by soldering invalidation may be
increased.

SUMMARY

[0005] In order to solve the deficiencies of the prior art,
exemplary embodiments of the present disclosure provide
micro-LED chips, display screens, and methods of manu-
facturing the same, to prevent the soldering invalidation
when a micro-LED chip is soldered to the driving circuit
substrate.

[0006] According to an aspect of an exemplary embodi-
ment of the present disclosure, a micro-LED chip is pro-
vided, including a sapphire substrate, an N-type GaN layer,
a quantum-well light-emitting layer, a P-type GaN layer, an
ITO layer, an N-type contact electrode, a reflective elec-
trode, and an insulating layer. The reflective electrode has a
longitudinal cross-section in a shape with a wide upper side
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and a narrow lower side, and an upper surface of the
reflective electrode is higher than an upper surface of the
ITO layer.

[0007] In an exemplary embodiment, the N-type contact
electrode is located on an upper surface of the N-type GaN
layer, and an upper surface of the N-type contact electrode
and an upper surface of the P-type GaN layer are at a same
height.

[0008] In an exemplary embodiment, the insulating layer
is located on an upper surface of the micro-LED chip, and
a height of the insulating layer is higher than a height of the
reflective electrode.

[0009] In an exemplary embodiment, the shape of the
longitudinal section of the reflective electrode is an inverted
trapezoid.

[0010] According to another aspect of an exemplary
embodiment of the present disclosure, a micro-LED display
screen is provided, including a micro-LED chip according to
the above aspect, and a driving circuit substrate. The driving
circuit substrate is soldered to the reflective electrode of the
micro-LED chip.

[0011] In order to achieve the above object, the present
disclosure provides a method of manufacturing a micro-
LED display screen, including:

[0012] forming an N-type GaN layer, a quantum-well
light-emitting layer, and a P-type GaN layer on the sapphire
substrate sequentially;

[0013] etching the P-type GaN layer, the quantum-well
light-emitting layer, and the N-type GaN layer in order from
top to bottom to form a first trench;

[0014] forming an ITO layer on an upper surface of the
P-type GaN layer, and etching the 1TO layer to form a
second trench;

[0015] generating an N-type contact electrode in the first
trench;
[0016] generating a reflective electrode having a longitu-

dinal cross-section in a shape with a wide upper side and a
narrow lower side, respectively, on the upper surface of the
N-type contact electrode and in the second trench;

[0017] depositing an insulating layer on a surface of the
micro-LED chip, and etching the insulating layer to expose
the reflective electrode; and

[0018] soldering a driving circuit substrate to the reflective
electrode.
[0019] In an exemplary embodiment, the generating the

N-type contact electrode in the first trench includes gener-
ating the N-type contact electrode at bottom of the first
trench, such that the upper surface of the N-type contact
electrode and the upper surface of the P-type GaN layer are
at a same height.

[0020] In an exemplary embodiment, the depositing the
insulating layer on the surface of the micro-LED chip
includes depositing the insulating layer on the surface of the
micro-LED chip, such that an upper surface of the insulating
layer is higher than the upper surface of the reflective
electrode.

[0021] In an exemplary embodiment, the shape of the
longitudinal section of the reflective electrode is an inverted
trapezoid.

[0022] Micro-LED chips, display screens and the method
of manufacturing a micro-LED display screen according to
exemplary embodiments of the present disclosure use an
inverted trapezoidal electrode as an bonding pad, so the
bonding strength of the micro-LED chip for soldering is
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improved. In this way, not only the soldering invalidation
when the micro-LED chip is soldeted to the screen substrate
is addressed, but also the occurrence probability of abnor-
malities when the micro-LED chip is soldered to the driving
circuit substrate is reduced, thereby improving the process
vield of the Micro-LED display, and reducing the production
cost.

[0023] Other characteristics and advantages of the present
disclosure will be described in the following specification,
and will be apparent partly from the specification and
implementations of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The drawings are intended to provide a further
understanding of the present disclosure, and constitute a part
of the specification. The exemplary embodiments of the
present disclosure and the explanation thereof are given
thereafter by way of illustration only, and thus are not
limitative of the present disclosure, and wherein:

[0025] FIG.1isa structural schematic diagram illustrating
a micro-LED display screen according to an exemplary
embodiment of the present disclosure;

[0026] FIG. 2 is a flow diagram illustrating a method of
manufacturing a micro-LED display screen according to an
exemplary embodiment of the present disclosure;

[0027] FIG. 3 is a structural schematic diagram of a
longitudinal cross-section showing an epitaxial layer formed
according to an exemplary embodiment of the present
disclosure;

[0028] FIG. 4 is a structural schematic diagram of a
longitudinal cross-section showing a first trench formed in
an epitaxial layer according to an exemplary embodiment of
the present disclosure;

[0029] FIG. 5 is a structural schematic diagram of a
longitudinal cross-section showing a second trench formed
in an ITO layer according to an exemplary embodiment of
the present disclosure;

[0030] FIG. 6 is a structural schematic diagram of a
longitudinal cross-section showing an N-type contact elec-
trode formed in the first trench according to an exemplary
embodiment of the present disclosure;

[0031] FIG. 7 is a structural schematic diagram of a
longitudinal cross-section showing a reflective electrode
formed on an N-type contact electrode and in the second
trench, respectively, according to an exemplary embodiment
of the present disclosure;

[0032] FIG. 8 is a structural schematic diagram of a
longitudinal cross-section showing a micro-LED chip
according to an exemplary embodiment of the present
disclosure;

[0033] FIG. 9 is a structural schematic diagram of a
longitudinal cross-section showing a driving circuit sub-
strate with solder bumps according to an exemplary embodi-
ment of the present disclosure; and

[0034] FIG. 10 is a structural schematic diagram of a
longitudinal cross-section showing a micro-LED chip sol-
dered together with a driving circuit substrate according to
an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] For an existing micro-LED display, as the size of
the LED chip is reduced, the size of the bonding pad is also
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reduced exponentially, so that the bonding force between the
chip and the screen substrate soldered to the chip is reduced,
and the probability of soldering invalidation of the LED chip
is increased, which eventually leads to an exponential
increase in the number of dead pixels on the micro-LED
display. There is a higher requirement on the bonding force
during the use of a flexible, folded, or stretched micro-LED
display, so the number of dead pixels caused by soldering
invalidation may be increased.

[0036] Hereinafter, preferred exemplary embodiments of
the present disclosure will be described in reference to the
accompanying drawings. It should be understood that the
preferred exemplary embodiments herein are used merely to
illustrate and explain rather than to limit the exemplary
embodiments of the disclosure.

[0037] FIG. 1is a structural schematic diagram illustrating
a micro-LED display screen according to an exemplary
embodiment of the present disclosure. As shown in FIG. 1,
in this exemplary embodiment, the micro-LED display
screen includes a micro-LED chip, and a driving circuit
substrate 10 soldered to the micro-LED chip through solder.
The micro-LED chip includes a sapphire substrate 1, an
N-type GaN layer 2, a quantum-well light-emitting layer 3,
a P-type GaN layer 4, an ITO layer 5, an N-type contact
electrode 6, a reflective electrode 7, and an insulating layer
8.

[0038] An N-type GaN layer 2 is formed over the sapphire
substrate 1. The N-type GaN layer 2 includes a first region
suitable for forming the N-type contact electrode 6, and a
second region. The quantum-well light-emitting layer 3 and
the P-type GaN layer 4 are sequentially formed on the
second region of the N-type GaN layer 2.

[0039] The ITO layer 5 is located on an upper surface of
the P-type GaN layer 4.

[0040] The N-type contact electrode 6 is located on an
upper surface of the first region of the N-type GaN layer 2,
and an upper surface of the N-type contact electrode 6 is at
the same height as an upper surface of the P-type GaN layer
4, so that the N-type contact electrode 6 can be in better
contact with the solder.

[0041] There are two reflective electrodes 7, one is located
on the upper surface of the N-type contact electrode 6, and
the other is located on the upper surface of the P-type GaN
layer 4. An upper surface of each of the reflective electrodes
7 is higher than an upper surface of the ITO layer 5, and has
a longitudinal cross-section in a shape with a wide upper
side and a narrow lower side, thereby increasing the contact
area of the reflective electrode 7 with the solder and increas-
ing the bonding force of the micro-LED chip, which solves
the problem that the soldering invalidation is easily to occur
when the micro-LED chip is soldered to the driving circuit
substrate 10. In this exemplary embodiment, the shape of the
longitudinal cross-section of the reflective electrode 7 is an
inverted trapezoid, but in other exemplary embodiments,
any suitable shape with a wide upper side and a narrow
lower side may be employed.

[0042] The insulating layer 8 is located on an upper
surface of the micro-LED chip, with a height higher than a
height of the reflective electrode 7, so that it can prevent the
solder from overflowing to a surface of the micro-LED chip,
and avoid direct conduction between the P electrode and the
N electrode.

[0043] FIG. 2 is a flow diagram illustrating a method of
manufacturing a micro-LED display screen according to an
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exemplary embodiment of the present disclosure. The
method of manufacturing the micro-LED display screen will
be described in detail below with reference to FIG. 2.
[0044] First, in step 201, an N-type GaN layer 2, a
quantum-well light-emitting layer 3, and a P-type GaN layer
4 are formed on the sapphire substrate 1 sequentially, to
form an epitaxial layer of the micro-LED chip. FIG. 3 is a
structural schematic diagram of a longitudinal cross-section
showing an epitaxial layer formed according to an exem-
plary embodiment of the present disclosure. As shown in
FIG. 3, the epitaxial layer of the micro-LED chip includes
the N-type GaN layer 2, the quantum-well light-emitting
layer 3, and the P-type GaN layer 4 sequentially from
bottom to top.

[0045] At step 202, the P-type GaN layer 4, the quantum-
well light-emitting layer 3, and the N-type GaN layer 2 are
etched in a region of the epitaxial layer of the micro-LED
chip from top to bottom, to form a first trench 20. In this
step, the N-type GaN layer 2 is partially etched. FIG. 4 is a
structural schematic diagram of a longitudinal cross-section
showing a first trench formed in an epitaxial layer according
to an exemplary embodiment of the present disclosure. As
shown in FIG. 4, the first trench 20 passes through the P-type
GaN layer 4 and the quantum-well light-emitting layer 3,
and reaches the N-type GaN layer 2.

[0046] Instep 203, an ITO layer 5 (ITO film) is formed on
the P-type GaN layer 4, and is etched to expose the P-type
GaN layer 4 to form a second trench 30. FIG. 5 is a structural
schematic diagram of a longitudinal cross-section showing a
second trench formed in an ITO layer according to an
exemplary embodiment of the present disclosure. As shown
in FIG. 5, the ITO layer 5 is located on an upper surface of
the P-type GaN layer 4, and the P-type GaN layer 4 is
located at the bottom of the second trench 30.

[0047] At step 204, an N-type contact electrode 6 is
formed at the bottom of the first trench 20. FIG. 6 is a
structural schematic diagram of a longitudinal cross-section
showing an N-type contact electrode formed in a first trench
according to an exemplary embodiment of the present
disclosure. As shown in FIG. 6, the formed N-type contact
electrode 6 has a horizontal width smaller than a horizontal
width of the first trench 20, and has an upper surface at a
same height as the P-type GaN layer 4.

[0048] At step 205, a reflective electrode 7 is formed on
the upper surface of the N-type contact electrode 6 and in the
second trench, respectively. FIG. 7 is a structural schematic
diagram of a longitudinal cross-section showing a reflective
electrode formed on the N-type contact electrode and in the
second trench, respectively, according to an exemplary
embodiment of the present disclosure. As shown in FIG. 7,
the formed reflective electrode 7 has a longitudinal cross-
section in an inverted trapezoidal shape with an upper
surface higher than the ITO layer 5.

[0049] At step 206, an insulating material is deposited to
form an insulating layer 8 on the upper surface of the
micro-LED chip, and then the insulating layer 8 is provided
with holes to expose the reflective electrodes 7. FIG. 8 is a
structural schematic diagram of a longitudinal cross-section
showing a micro-LED chip according to an exemplary
embodiment of the present disclosure. As shown in FIG. 8,
the height of the insulating layer 8 is higher than the height
of the reflective electrode 7, and two reflective electrodes 7
are exposed out of the holes.
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[0050] At step 207, solder bumps 9 are formed at bottom
of a driving circuit substrate 10. FIG. 9 is a structural
schematic longitudinal cross-section showing a driving cir-
cuit substrate with solder bumps according to an exemplary
embodiment of the present disclosure. As shown in FIG. 9,
two solder bumps 9 are formed at bottom of the driving
circuit substrate 10, corresponding to openings of the holes
in the insulating layer 8, respectively. The volume of each
solder bump 9 needs to be equal to or slightly smaller than
the volume of the hole in the insulating layer 8, so that each
solder bump 9 can be completely filled into the hole, to
prevent the solder from overflowing from the hole, and
avoid direct conduction between the P electrode and the N
electrode.

[0051] In step 208, the driving circuit substrate 10 is
placed on the upper surface of the insulating layer 8, and the
driving circuit substrate 10 is soldered on the inverted
trapezoidal reflective electrode 7 through the solder bumps
9, thereby completing the manufacture of the micro-LED
display screen. FIG. 10 is a structural schematic diagram of
a longitudinal cross-section showing a micro-LED chip
soldered together with a substrate according to an exemplary
embodiment of the present disclosure. As shown in FIG. 10,
solder forms a solder joint around the inverted trapezoidal
reflective electrode 7, so that the micro-LED chip is soldered
together with the diving circuit substrate.

[0052] The description above is only preferred exemplary
embodiments of the present disclosure and is not intended to
limit the present disclosure. A micro-LED chip according to
an exemplary embodiment of the present disclosure can be
used to manufacture a micro-LED display screen, particu-
larly a flexible, folded, or stretched micro-LED display. For
those skilled in the art, the technical solutions described in
the above exemplary embodiments may be modified, or
some of the technical features may be equivalently replaced.
Any modifications, equivalent substitutions, improvements,
etc., made within the spirit and principle of the present
disclosure, are all included in the scope of the present
disclosure.

1. A micro-LED chip, comprising:

a sapphire substrate;

an N-type GaN layer;

a quantum-well light-emitting layer;

a P-type GaN layer;

an [TO layer;

an N-type contact electrode;

a reflective electrode; and

an insulating layer;

wherein

the reflective electrode includes a longitudinal cross-

section having a wide upper side and a narrow lower
side, and

an upper surface of the reflective electrode is positioned

higher than an upper surface of the ITO layer.

2. The micro-LED chip according to claim 1, wherein the
N-type contact electrode is located on an upper surface of
the N-type GaN layer, and an upper surface of the N-type
contact electrode and an upper surface of the P-type GaN
layer are at a same height.

3. The micro-LED chip according to claim 1, wherein the
insulating layer is located on an upper surface of the
micro-LED chip, and a height of the insulating layer is
higher than a height of the reflective electrode.
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4. The micro-LED chip according to claim 1, wherein the
shape of the longitudinal section of the reflective electrode
is an inverted trapezoid.

5. A micro-LED display screen, comprising a micro-LED
chip, and a driving circuit substrate, the micro-LED chip
comprising a sapphire substrate, an N-type GaN layer, a
quantum-well light-emitting layer, a P-type GaN layer, an
ITO layer, an N-type contact electrode, a reflective elec-
trode, and an insulating layer, the reflective electrode having
a longitudinal cross-section with a wide upper side and a
narrow lower side, and an upper surface of the reflective
electrode being higher than an upper surface of the ITO
layer.

6. A method of manufacturing a micro-LED display
screen, comprising:

providing a sapphire substrate;

forming an N-type GaN layer, a quantum-well light-

emitting layer, and a P-type GaN layer on the sapphire
substrate sequentially;

etching the P-type GaN layer, the quantum-well light-

emitting layer, and the N-type GaN layer in order from
top to bottom, to form a first trench;

forming an ITO layer on an upper surface of the P-type

GaN layer, and etching the ITO layer to form a second
trench;

generating an N-type contact electrode in the first trench;

generating a reflective electrode having a longitudinal

cross-section with a wide upper side and a narrow
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lower side, respectively, on an upper surface of the
N-type contact electrode and in the second trench;

depositing an insulating layer on a surface of the micro-
LED chip, and etching the insulating layer to expose
the reflective electrodes; and

soldering a driving circuit substrate to the reflective
electrode.

7. The method of manufacturing the micro-LED display
screen according to claim 6, wherein the generating the
N-type contact electrode in the first trench comprises gen-
erating the N-type contact electrode at bottom of the first
trench, to make the upper surface of the N-type contact
electrode and the upper surface of the P-type GaN layer at
a same height.

8. The method of manufacturing the micro-LED display
screen according to claim 6, wherein the depositing the
insulating layer on the surface of the micro-LED chip
comprises depositing the insulating layer on the surface of
the micro-LED chip, such that an upper surface of the
insulating layer is higher than the upper surface of the
reflective electrode.

9. The method of manufacturing the micro-LED display
screen according to claim 6, wherein the shape of the
longitudinal section of the reflective electrode is an inverted
trapezoid.
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