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QUANTUM DOTS LIGHT EMITTING DIODE AND FABRICATING
METHOD THEREOF, DISPLAY PANEL AND DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a quantum dots light emitting diode, a display panel

and a display apparatus having the same, and a fabricating method thereof.
BACKGROUND

[0002] Quantum dots light emitting diodes typically include a light emitting layer having a
plurality of cadmium selenide nanocrystals. The cadmium selenide layer is sandwiched
between an electron transport layer and a hole transport layer. An electric field is applied to
the quantum dots light emitting diode, causing electrons and holes to move into the cadmium
selenide layer. In the cadmium selenide layer, the electrons and holes are trapped in the
quantum dots and recombine, emitting photons. The emission spectrum of a quantum dots

light emitting diode is narrower as compared to conventional organic light emitting diodes.
SUMMARY

[0003] In one aspect, the present invention provides a method of fabricating a quantum dots
light emitting diode, comprising co-depositing an electron transport material and an inorganic
perovskite material on a base substrate to form a composite layer comprising the electron

transport material and the inorganic perovskite material.

[0004] Optionally, the inorganic perovskite material comprises CsPbX3, wherein X; are

three halide anions selected from Cl, Br and I, or any combination thereof.
[0005] Optionally, the co-depositing is performed by pulsed laser deposition.

[0006] Optionally, the method further comprises annealing the composite layer to form a
quantum dots light emitting layer comprising a plurality of quantum dots, and an electron
transport layer; wherein the inorganic perovskite material self-assembles into the plurality of

quantum dots on a surface of the composite layer during annealing.

[0007] Optionally, the co-depositing comprises exposing an inorganic perovskite material
target and an electron transport material target separately placed in a same pulsed laser

deposition chamber to a laser source.
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[0008] Optionally, a volume ratio of the inorganic perovskite material to the electron
transport material in the composite layer is in a range of approximately 1:100 to

approximately 1:10.

[0009] Optionally, the volume ratio of the inorganic perovskite material to the electron

transport material in the composite layer is approximately 5:95.

[0010] Optionally, the co-depositing is performed at a deposition temperature in a range of

approximately 450 degrees to approximately 700 degrees.

[0011] Optionally, the co-depositing is performed in an oxygen atmosphere under a

deposition pressure in a range of approximately 50 mtorr to approximately 150 mtorr.

[0012] Optionally, the co-depositing is performed at a laser pulse frequency in a range of
approximately 5 Hz to approximately 20 Hz; and a laser energy density in a range of

approximately 100 mJ/cm? to about 270 mJ/cm®.
[0013] Optionally, the electron transport material comprises an inorganic metal oxide.

[0014] Optionally, the inorganic metal oxide is selected from the group consisting of ZnO,

TiOQ, WO3, and SIlOz.

[0015] Optionally, the annealing is performed for a duration of approximately 10 minutes

to 50 minutes.

[0016] Optionally, the electron transport layer has a thickness in a range of approximately
10 nm to approximately 100 nm, and the plurality of quantum dots have an average diameter

in a range of approximately 2 nm to approximately 20 nm.

[0017] Optionally, the method further comprises forming a hole transport layer comprising
a hole transport material on a side of the quantum dots light emitting layer distal to the
electron transport layer; wherein the hole transport material is selected from the group
consisting of 4,4'-cyclohexylidene bis[ N,N-bis(4-methylphenyl)benzenamine (TAPC),

4,4' 4"-tris(N-carbazolyl)triphenylamine (TCTA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), or any combination thereof.

[0018] Optionally, the method further comprises forming a hole injection layer comprising
a hole injection material on a side of the hole transport layer distal to the quantum dots light
emitting layer; wherein the hole injection material is selected from the group consisting of

MoO;, CuPc, poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS).
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[0019] Optionally, the method further comprises forming a first electrode layer on a side of
the hole injection layer distal to the hole transport layer; and prior to forming the composite
layer, forming a second electrode layer on the base substrate; wherein the second electrode

layer is formed on a side of the composite layer proximal to the base substrate.

[0020] In another aspect, the present invention provides a quantum dots light emitting

diode fabricated by a method described herein.

[0021] In another aspect, the present invention provides a display panel comprising a

quantum dots light emitting diode described herein.

[0022] In another aspect, the present invention provides a display apparatus comprising a

display panel described herein.
BRIEF DESCRIPTION OF THE FIGURES

[0023] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0024] FIG. 1 a diagram illustrating the structure of a quantum dots light emitting diode in

some embodiments.

[0025] FIG. 2 is a diagram illustrating an exemplary pulsed laser deposition process in

some embodiments.

[0026] FIGs. 3-7 illustrate a fabricating process for making a quantum dots light emitting

diode in some embodiments.
DETAILED DESCRIPTION

[0027] The disclosure will now describe more specifically with reference to the following
embodiments. It is to be noted that the following descriptions of some embodiments are
presented herein for purpose of illustration and description only. It is not intended to be

exhaustive or to be limited to the precise form disclosed.

[0028] Semiconductor quantum dots have several unique characteristics, including tunable
emission wavelength, narrow emission spectrum, and high emission stability, and have been
a focus of research and development in recent years. Quantum dots light emitting display
panels have the advantages of high luminescent efficiency, a broader color range and a truer
color reproduction, and lower energy consumption. Conventional semiconductor quantum

dots mainly use a cadmium-based semiconductor material, and have a core-shell structure.
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Due to high manufacturing costs associated with its material and complex fabricating process,
industrial production of semiconductor quantum dots display panel is limited. Organic-
inorganic perovskite materials have the characteristics of low costs, high carrier mobility, and
high absorption coefficient, and have found application in solar cells. However, due to native
defects in these materials, the organic-inorganic perovskite materials have very low
fluorescent quantum efficiency (e.g., lower than 20%) and low stability. Moreover,
conventional quantum dots structures are typically formed by a hot injection method
involving complicated fabricating process and highly toxic intermediate side products,

resulting a negative environmental impact and high manufacturing costs.

[0029] The possibility of using inorganic perovskite materials for making quantum dots
light emitting diode is explored in the present disclosure. It was discovered in the present
disclosure that a deposition-based process may be used to fabricate a quantum dots light
emitting layer having superior properties. The present process greatly simplifies the
fabrication process of the quantum dots light emitting diode and alleviates the impact on the
environment. Thus, the present disclosure provides, infer alia, a quantum dots light emitting
diode, a display panel and a display apparatus having the same, and a fabricating method
thereof that substantially obviate one or more of the problems due to limitations and
disadvantages of the related art. In one aspect, the present disclosure provides a quantum
dots light emitting diode having a composite layer including an electron transport material
and an inorganic perovskite material. In some embodiments, the quantum dots light emitting
diode includes an electron transport layer on a base substrate and a quantum dots light
emitting layer on a side of the electron transport layer distal to the base substrate. The
quantum dots light emitting layer includes the inorganic perovskite material. The electron
transport layer includes the electron transport material. Optionally, the electron transport
material includes an inorganic metal oxide. Optionally, the inorganic metal oxide is selected
from the group consisting of ZnO, TiO,, WO;, and SnO,. Optionally, a volume ratio of the
inorganic perovskite material to the electron transport material in the composite layer is in a
range of approximately 1:100 to approximately 1:10, e.g., approximately 1:100 to
approximately 1:50, approximately 1:50 to approximately 1:25, approximately 1:25 to
approximately 3:50, and approximately 3:50 to approximately 1:10. Optionally, the volume
ratio of the inorganic perovskite material to the electron transport material in the composite

layer is approximately 5:95.

[0030] As used herein, the term “inorganic perovskite material” refers to any inorganic

material that is capable of having a perovskite type crystal structure (e.g., a same type of
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crystal structure as calcium titanium oxide). Optionally, the material can exist in a perovskite
crystalline phase regardless of whether the material is actually in such phase. Optionally, the
inorganic perovskite material has the general stoichiometry AMX3, where “A” and “M” are
cations and “X” is an anion. The “A” and “M” cations can have a variety of charges. The
anions may be the same or different. Optionally, the perovskite material includes structures
having three or four anions, which may be the same or different, and two metal atoms
carrying two or three positive charges. Optionally, the inorganic perovskite material
comprises CsPbXj;, wherein Xj are three halide anions selected from Cl, Br and I, or any

combination thereof.

[0031] In some embodiments, the quantum dots light emitting layer includes a plurality of
quantum dots on the electron transport layer. FIG. 1 a diagram illustrating the structure of a
quantum dots light emitting diode in some embodiments. Referring to FIG. 1, the plurality of
quantum dots in the quantum dots light emitting layer 3 are evenly distributed on the surface
of the electron transport layer 2. As compared to convention quantum dots light emitting
diode made by a hot injection method, the present quantum dots light emitting diode has
superior properties. For example, the quantum dots light emitting layer in the present
quantum dots light emitting diode are self-assembled on the surface of the electron transport
layer by solid-solid phase separation during an annealing process. Thus, the quantum dots
have a large contact surface and excellent contact characteristics with the electron transport
layer, resulting in a high electron transport efficiency. Optionally, quantum dots have an
average diameter in a range of approximately 2 nm to approximately 20 nm, e.g.,
approximately 5 nm to approximately 10 nm. Optionally, the electron transport layer has a
thickness in a range of approximately 10 nm to approximately 100 nm, e.g., approximately 60

nm.

[0032] Referring to FIG. 1, the quantum dots light emitting diode in the embodiment
further includes a hole transport layer 4 on a side of the quantum dots light emitting layer 3
distal to the electron transport layer 2, a hole injection layer 5 on a side of the hole transport
layer 4 distal to the quantum dots light emitting layer 3, a first electrode layer 6 on a side of
the hole injection layer 5 distal to the hole transport layer 4, and a second electrode layer 1 on

a side of the electron transport layer 2 distal to the quantum dots light emitting layer 3.

[0033] Various appropriate hole transport materials may be used to make the hole transport
layer. Examples of appropriate hole transport materials include, but are not limited to, 4,4'-
cyclohexylidene bis[N,N-bis(4-methylphenyl)benzenamine (TAPC), 4,4',4" -tris(N-
carbazolyl)triphenylamine (TCTA), N,N'-di(1-naphthyl)-N ,N'-diphenylbenzidine (NPB), or

5
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any combination thereof. The hole transport layer may be have any appropriate thickness.
Optionally, the hole transport layer is made of TCTA and has a thickness in a range of
approximately 5 nm to approximately 20 nm, e.g., approximately 10 nm. Optionally, the hole
transport layer is made of TAPC and has a thickness in a range of approximately 20 nm to
approximately 100 nm, e.g., approximately 50 nm. Optionally, the hole transport layer is a
laminated layer including a TAPC sub-layer and a TCTA sub-layer, in which the TAPC sub-
layer has a thickness in a range of approximately 20 nm to approximately 80 nm, e.g.,
approximately 40 nm, and the TCTA sub-layer has a thickness in a range of approximately 5
nm to approximately 20 nm, e.g., approximately 10 nm. Optionally, the hole transport layer
is made of NPB and has a thickness in a range of approximately 20 nm to approximately 100
nm, e.g., approximately 50 nm. Optionally, the hole transport layer is a laminated layer
including a NPB sub-layer and a TCTA sub-layer, in which the NPB sub-layer has a
thickness in a range of approximately 20 nm to approximately 80 nm, e.g., approximately 40
nm, and the TCTA sub-layer has a thickness in a range of approximately 5 nm to
approximately 20 nm, e.g., approximately 10 nm. Optionally, the hole transport layer is
made of PVK and has a thickness in a range of approximately 10 nm to approximately 60 nm,

e.g., approximately 30 nm.

[0034] Various appropriate hole injection materials may be used to make the hole injection
layer. Examples of appropriate hole injection materials include, but are not limited to, MoOs,
CuPc, poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS). The hole
injection layer may have any appropriate thickness. Optionally, the hole injection layer is
made of MoO; and has a thickness in a range of approximately 20 nm to approximately 80

nm, e.g., approximately 40 nm.

[0035] Various appropriate electrode materials may be used to make the first electrode
layer and the second electrode layer. Examples of appropriate electrode materials include,
but are not limited to, indium tin oxide, lithium fluoride, and aluminum. The electrodes may
be of any appropriate thickness. Optionally, the electrode layer is made of lithium fluoride
and has a thickness in a range of approximately 0.5 nm to approximately 2 nm, e.g.,
approximately 1 nm. Optionally, the electrode layer is made of aluminum and has a
thickness in a range of approximately 20 nm to approximately 200 nm, e.g., approximately
100 nm. Optionally, the electrode layer is made of indium tin oxide and has a thickness in a

range of approximately 40 nm to approximately 150 nm, e.g., approximately 70 nm.

[0036] The present quantum dots light emitting diode may be made by a novel method for

achieving its superior properties. In some embodiments, the quantum dots light emitting

6
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diode is fabricated by a method having a step of co-depositing an electron transport material
and an inorganic perovskite material on a base substrate to form a composite layer including

the electron transport material and the inorganic perovskite material.

[0037] Various appropriate deposition methods may be used for co-depositing the electron
transport material and the inorganic perovskite material. Examples of appropriate deposition
methods include, but are not limited to, pulsed laser deposition, electron beam deposition,

cathodic arc deposition, and the like.

[0038] FIG. 2 is a diagram illustrating an exemplary pulsed laser deposition process in
some embodiments. Referring to FIG. 2, the pulsed laser deposition device includes a
vacuum chamber 20, in which an inorganic perovskite material target 21 (e.g., a CsPbX3
target) and an electron transport material target 22 (e.g., a ZnO target) is separately placed on
a rotary bearing 23. A base substrate 24 (e.g., a base substrate having an indium tin oxide
electrode layer formed on the base substrate 24) is also placed on a heating stage 25 in the
vacuum chamber 20. An incident pulsed laser beam 26 is introduced into the vacuum
chamber 20 through a laser window 27. The inorganic perovskite material target 21 and the
electron transport material target 22 are exposed to the incident pulsed laser beam 26. When
the target is exposed to the laser beam, the target is ionized and ejected as a plasma plume 28.
As the plasma plume 28 reaches the base substrate 24, the target material is deposited on the

base substrate 24.

[0039] As shown in FIG. 2, the inorganic perovskite material target 21 and the electron
transport material target 22 are placed on the rotary bearing 23 so that two targets may be
exposed to the laser beam for different exposure durations. In some embodiments, provided
that deposition rates of the inorganic perovskite material target and the electron transport
material target are maintained substantially the same, a ratio of exposure duration for the
inorganic perovskite material target to exposure duration for the electron transport material
target may be set in a range of approximately 1:100 to approximately 1:10, e.g.,
approximately 1:100 to approximately 1:50, approximately 1:50 to approximately 1:25,
approximately 1:25 to approximately 3:50, and approximately 3:50 to approximately 1:10.
The deposition rates of the inorganic perovskite material target and the electron transport
material target can be maintained by, e.g., adjusting laser pulse frequency or laser energy
density applied to the targets. Optionally, the ratio of exposure duration for the inorganic
perovskite material target to exposure duration for the electron transport material target is
approximately 5:95 while the deposition rates of the inorganic perovskite material target and

the electron transport material target are maintained substantially the same. Different

7



WO 2018/086114 PCT/CN2016/105693
exposure durations for the inorganic perovskite material target and the electron transport
material target result in different percentages (e.g., volume percentages or weight percentages)
of the inorganic perovskite material and the electron transport material in the composite layer
formed on the base substrate 24. Numerous alternative embodiments may be practiced to

achieve different exposure durations for different targets, with or without a rotary bearing 23.

[0040] Various deposition parameters may be adjusted to achieve a certain thickness of the
composite layer and the volume ratio of the two targets. These parameters include, for
example, deposition temperature, deposition pressure, laser pulse frequency, laser energy
density, deposition duration, and the like. Optionally, the co-depositing is performed at a
deposition temperature in a range of approximately 300 degrees to approximately 700
degrees, e.g., approximately 450 degrees to approximately 700 degrees, approximately 500
degrees. Optionally, the co-depositing is performed in an oxygen atmosphere under a
deposition pressure in a range of approximately 50 mtorr to approximately 150 mtorr, e.g.,
approximately 100 mtorr. Optionally, the co-depositing is performed at a laser pulse
frequency in a range of approximately 5 Hz to approximately 20 Hz (e.g., approximately 10
Hz); and a laser energy density in a range of approximately 100 mJ/cm? to about 270 mJ/cm?
(e.g., approximately 260 mJ/cm?). Optionally, the co-depositing is performed for a
deposition duration in a range of approximately 5 minutes to approximately 40 minutes, e.g.,

approximately 20 minutes.

[0041] Various appropriate target materials may be used for making the composite layer.

In some embodiments, the inorganic perovskite material target includes CsPbX3, wherein X;
are three halide anions selected from Cl, Br and I, or any combination thereof. In some
embodiments, the electron transport material target includes an inorganic metal oxide, such as
Zn0, TiO,, WOs3, and SnO,. The target material may be a single crystal material or a ceramic

material.

[0042] FIGs. 3-7 illustrate a fabricating process for making a quantum dots light emitting
diode in some embodiments. Referring to FIG. 3, an electron transport material and an
inorganic perovskite material are co-deposited on a base substrate 7 (having a second
electrode layer 1 pre-deposited) to form a composite layer 2A. The deposition may be
performed by a pulsed laser deposition process as described above. Optionally, a volume
ratio of the inorganic perovskite material to the electron transport material in the composite
layer so formed is in a range of approximately 1:100 to approximately 1:10, e.g.,
approximately 1:100 to approximately 1:50, approximately 1:50 to approximately 1:25,
approximately 1:25 to approximately 3:50, and approximately 3:50 to approximately 1:10.

8
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Optionally, the volume ratio of the inorganic perovskite material target to the electron
transport material in the composite layer so formed is approximately 5:95. Optionally, a
thickness of the composite layer may be in a range of approximately 10 nm to approximately

100 nm, e.g., approximately 60 nm.

[0043] Referring to FIG. 4, the method in the embodiment further includes annealing the
composite layer 2A to form a quantum dots light emitting layer 3 having a plurality of
quantum dots on a side of an electron transport layer 2 distal to the second electrode layer 1.
During the annealing process, phase separation occurs between the inorganic perovskite
material and the electron transport material due to their different crystal lattice energies and
unfavorable free energy of mixing the two crystals. As a result, the inorganic perovskite
material in the composite layer 2A self-assembles into the plurality of quantum dots on a
surface of the composite layer 2A, e.g., through a solid-solid phase separation process. The
quantum dots in the quantum dots light emitting layer 3 so formed have a large contact
surface and excellent contact characteristics with the electron transport layer 2, resulting in a
high electron transport efficiency. Optionally, quantum dots so formed have an average
diameter in a range of approximately 2 nm to approximately 20 nm, e.g., approximately 5 nm
to approximately 10 nm. Optionally, the electron transport layer so formed has a thickness in

a range of approximately 10 nm to approximately 100 nm, e.g., approximately 60 nm.

[0044] Various appropriate annealing parameters may be practiced to achieve a certain
characteristic of the quantum dots light emitting layer and the electron transport layer.
Optionally, the annealing is performed at an annealing temperature in a range of
approximately 300 degrees to approximately 500 degrees, e.g., approximately 400 degrees.
Optionally, the annealing is performed for a duration of approximately 10 minutes to
approximately 50 minutes, e.g., approximately 30 minutes. Optionally, the annealing is

performed under an oxygen atmosphere.

[0045] Referring to FIG. 5, the method in the embodiment further includes forming a hole
transport layer 4 having a hole transport material on a side of the quantum dots light emitting
layer 3 distal to the electron transport layer 2. Various appropriate hole transport materials
may be used to make the hole transport layer. Examples of appropriate hole transport
materials include, but are not limited to, 4,4'-cyclohexylidene bis[N,N-bis(4-
methylphenyl)benzenamine (TAPC), 4,4',4" -tris(N-carbazolyl)triphenylamine (TCTA), N,N'-
di(1-naphthyl)-N,N'-diphenylbenzidine (NPB), or any combination thereof.
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[0046] Referring to FIG. 6, the method in the embodiment further includes forming a hole
injection layer 5 having a hole injection material on a side of the hole transport layer 4 distal
to the quantum dots light emitting layer 3. Various appropriate hole injection materials may
be used to make the hole injection layer. Examples of appropriate hole injection materials
include, but are not limited to, MoQOs, CuPc, poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS).

[0047] Referring to FIG. 7, the method in the embodiment further includes forming a first
electrode layer 6 on a side of the hole injection layer 5 distal to the hole transport layer 4. In
some embodiments, prior to forming the composite layer 2A, the method further includes
forming a second electrode layer 1 on the base substrate 7. The second electrode layer 1 is
formed on a side of the composite layer 2A proximal to the base substrate 7. Various
appropriate electrode materials may be used to make the first electrode layer and the second
electrode layer. Examples of appropriate electrode materials include, but are not limited to,

indium tin oxide, lithium fluoride, and aluminum.

[0048] In another aspect, the present disclosure provides a quantum dots light emitting
diode fabricated by a method described herein. In another aspect, the present disclosure
provides a display panel having a quantum dots light emitting diode described herein or
fabricated by a method described herein. In another aspect, the present disclosure provides a
display apparatus having a display panel described herein. Examples of appropriate display
apparatuses include, but are not limited to, an electronic paper, a mobile phone, a tablet

computer, a television, a monitor, a notebook computer, a digital album, a GPS, etc.

[0049] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand
the invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents in which all terms are meant

in their broadest reasonable sense unless otherwise indicated. Therefore, the term “the

2
2

invention”, “the present invention” or the like does not necessarily limit the claim scope to a

specific embodiment, and the reference to exemplary embodiments of the invention does not
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imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may
refer to use “first”, “second”, etc. following with noun or element. Such terms should be
understood as a nomenclature and should not be construed as giving the limitation on the
number of the elements modified by such nomenclature unless specific number has been
given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing from the scope of the present
invention as defined by the following claims. Moreover, no element and component in the

present disclosure is intended to be dedicated to the public regardless of whether the element

or component is explicitly recited in the following claims.
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WHAT IS CLAIMED IS:

1. A method of fabricating a quantum dots light emitting diode,
comprising co-depositing an electron transport material and an inorganic perovskite material
on a base substrate to form a composite layer comprising the electron transport material and

the inorganic perovskite material.

2. The method of claim 1, wherein the inorganic perovskite material
comprises CsPbX;, wherein Xj are three halide anions selected from CI, Br and I, or any

combination thereof.

3. The method of claim 1, wherein the co-depositing is performed by

pulsed laser deposition.

4. The method of claim 1, further comprising annealing the composite
layer to form a quantum dots light emitting layer comprising a plurality of quantum dots, and
an electron transport layer; wherein the inorganic perovskite material self-assembles into the

plurality of quantum dots on a surface of the composite layer during annealing.

5. The method of claim 3, wherein the co-depositing comprises exposing
an inorganic perovskite material target and an electron transport material target separately

placed in a same pulsed laser deposition chamber to a laser source.

6. The method of claim 5, wherein a volume ratio of the inorganic
perovskite material to the electron transport material in the composite layer is in a range of

approximately 1:100 to approximately 1:10.

7. The method of claim 5, wherein the volume ratio of the inorganic
perovskite material to the electron transport material in the composite layer is approximately

5:95.

8. The method of claim 5, wherein the co-depositing is performed at a
deposition temperature in a range of approximately 450 degrees to approximately 700

degrees.

12



WO 2018/086114 PCT/CN2016/105693
9. The method of claim 5, wherein the co-depositing is performed in an
oxygen atmosphere under a deposition pressure in a range of approximately 50 mtorr to

approximately 150 mtorr.

10. The method of claim 5, wherein the co-depositing is performed at a
laser pulse frequency in a range of approximately 5 Hz to approximately 20 Hz; and a laser

energy density in a range of approximately 100 mJ/cm? to about 270 mJ/cm?.

11. The method of claim 1, wherein the electron transport material

comprises an inorganic metal oxide.

12. The method of claim 11, wherein the inorganic metal oxide is selected

from the group consisting of ZnO, TiO,, WO3, and SnO,.

13. The method of claim 4, wherein the annealing is performed for a

duration of approximately 10 minutes to 50 minutes.

14. The method of claim 4, wherein the electron transport layer has a
thickness in a range of approximately 10 nm to approximately 100 nm, and the plurality of
quantum dots have an average diameter in a range of approximately 2 nm to approximately

20 nm.

15.  The method of claim 4, further comprising forming a hole transport
layer comprising a hole transport material on a side of the quantum dots light emitting layer
distal to the electron transport layer; wherein the hole transport material is selected from the
group consisting of 4,4'-cyclohexylidene bis[N,N-bis(4-methylphenyl)benzenamine (TAPC)
4,4' 4"-tris(N-carbazolyl)triphenylamine (TCTA), N,N'-di(1-naphthyl)-N,N'-

2

diphenylbenzidine (NPB), or any combination thereof.

16. The method of claim 15, further comprising forming a hole injection
layer comprising a hole injection material on a side of the hole transport layer distal to the
quantum dots light emitting layer; wherein the hole injection material is selected from the
group consisting of MoOs, CuPc, poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT PSS).

17. The method of claim 16, further comprising:
forming a first electrode layer on a side of the hole injection layer distal to the

hole transport layer; and

13
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prior to forming the composite layer, forming a second electrode layer on the
base substrate; wherein the second electrode layer is formed on a side of the composite layer

proximal to the base substrate.

18. A quantum dots light emitting diode, fabricated by a method of any

one of claims 1 to 17.

19. A display panel, comprising a quantum dots light emitting diode of

claim 18.

20. A display apparatus, comprising a display panel of claim 19.

14
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