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(7) ABSTRACT

The invention provides an organic electroluminescent device
and a manufacturing method thereof, and a display apparatus.
The method for manufacturing the organic electrolumines-
cent device of the invention includes using the following to
form at least one function layer: preparing a solution of a
material of the function layer, and forming a liquid material
layer for the function layer using the solution of the material
of the function layer; performing a vacuum drying on the
liquid material layer for the function layer to form function
layer. In the invention, a relatively dense film is formed by
performing a vacuum drying on the function layer, and the
residual organic solvent is effectively removed to avoid the
formation of defects, so that the film becomes smooth and
dense, which increases the carrier mobility in the film and is
advantageous to the transport and recombination of electrons
and holes.
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ORGANIC ELECTROLUMINESCENT
DEVICE AND MANUFACTURING METHOD
THEREOF, AND DISPLAY APPARATUS

FIELD OF THE INVENTION

[0001] The present invention relates to the field of display
technology, in particular to an organic electroluminescent
device and a manufacturing method thereof, and a display
apparatus.

BACKGROUND OF THE INVENTION

[0002] The solution method for forming a function layer
(such as a hole injection layer, a hole transporting layer, a
light-emitting layer, an electron transporting layer, and an
electron injection layer) of an organic electroluminescent
device includes: the material of the function layer is first
prepared to be a solution, the solution is then coated by
spinning or spraying to form the function layer, and after that
it is dried at room temperature. During the drying and film
forming process for the function layer, solvent will be
remained, which leads to a poor dense and non-uniform func-
tion layer, and easily results in defects, especially when the
function layer is a light-emitting layer, host and guest mol-
ecules in a doped system are easy to aggregate, and cannot
merge into each other well, so the energy transfer and the
carrier transport capability between the host and guest mate-
rials are affected.

SUMMARY OF THE INVENTION

[0003] An object of the invention is to solve the problem
thatresidual solvent and a defected function layer occur when
the existing solution method is used to manufacture the func-
tion layer of the organic electroluminescent device, and pro-
vide a method for manufacturing the organic electrolumines-
cent device.

[0004] The technical solution employed to solve the above
technical problem is a method for manufacturing an organic
electroluminescent device, including using the following to
form at least one function layer: preparing a solution of a
material of the function layer, and forming a liquid material
layer for the function layer using the solution of the material
of the function layer; performing a vacuum drying on the
liquid material layer for the function layer to form the func-
tion layer.

[0005] Compared to the drying at room temperature, when
avacuum drying is performed, since the organic solvent mol-
ecules are more vigorous when being heated, the solvent is
easily volatile; at the same time, the vacuum conditions are
more advantageous in volatilizing and extracting the organic
solvent molecules, so that the organic solvent can be rapidly
cleared, and can be cleared relatively completely. The light-
emitting layer film subjected to the vacuum drying at a con-
stant temperature is relatively dense, and the residual organic
solvent can be effectively removed, and defects are prevented
from forming, which makes the film become smooth and
dense, enhances the carrier mobility in the film, and is advan-
tageous to the transport and recombination of electrons and
holes.

[0006] Preferably, the vacuum drying is performed at a
constant temperature.

[0007] Preferably, the process time that the vacuum drying
is performed is divided into a plurality of periods of time, the
vacuum drving is performed at a constant temperature in each
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period of time, and a temperature at which the vacuum drying
is performed in at least one period of time among the plurality
of periods of time is different from those in other periods of
time.

[0008] Further preferably, the temperature at which the
vacuum drying is performed is in the range from 70° C. to
150° C.

[0009] Preferably, the process time that the vacuum drying
is performed is in the range from 10 min to 20 min.

[0010] Preferably, the at least one function layer includes
one or more of a hole injection layer, a hole blocking layer, a
light-emitting layer, an electron transporting layer, and an
electron injection layer.

[0011] Preferably, the function layer includes a light-emit-
ting layer, and components of the solution of the light-emit-
ting layer include a metal complex as a phosphorescent mate-
rial and a host material.

[0012] Further preferably, the metal complex as a phospho-
rescent material is an iridium complex; and the iridium com-
plex is any one of tris(2-phenylpyridine) iridium, 2-(4-tolyl)
pyridine iridium, benzo quinoline iridium.

[0013] Further preferably, the host material is any one of
m-bis(N-carbazolyl)benzene, polyvinyl carbazole, 1,2,4-
triazole, N,N'-bis(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-
4-4'-diamine, and coal-based polyaniline.

[0014] Another object of the invention aims at the poor
luminous performance of the existing organic electrolumi-
nescent device due to the residual solvent and the defected
function layer in the manufacturing procedure, and provides
an organic electroluminescent device with a good luminous
performance, wherein the organic electroluminescent device
is manufactured by the above method for manufacturing an
organic electroluminescent device.

[0015] Another object of the invention is to provide a dis-
play apparatus which has high luminous efficiency and long
lifetime, and the display apparatus includes the above organic
electroluminescent device.

[0016] In the method for manufacturing the organic elec-
troluminescent device of the present invention, a relatively
dense function layer film is formed by performing a vacuum
drying on the liquid material layer for the function layer, and
the residual organic solvent is effectively removed to avoid
the formation of defects, so that the function layer film
becomes smooth and dense, which increases the carrier
mobility in the film and is advantageous to the transport and
recombination of electrons and holes; especially when the
function layer is a light-emitting layer, host and guest mol-
ecules in a doped system can merge into each other well to
increase the energy transfer and the carrier transport capabil-
ity between the host and guest materials, and further improve
the luminous performance and the lifetime of the organic
electroluminescent device and the display apparatus includ-
ing the organic electroluminescent device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a diagram illustrating a test result of a
light-emitting layer formed by a comparison embodiment of
the invention in an atomic force microscope test;

[0018] FIG. 2 is a diagram illustrating a test result of a
light-emitting layer formed by Embodiment 1 of the inven-
tion in an atomic force microscope test;

[0019] FIG. 3 is a phase diagram illustrating the light-
emitting layer formed by the comparison embodiment of the
invention in an atomic force microscope test;
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[0020] FIG. 4 is a phase diagram illustrating the light-
emitting layer formed by Embodiment 1 of the invention in an
atomic force microscope test;

[0021] FIG.5is adiagram illustrating test results of bright-
ness versus voltage of the light-emitting layers formed by
Embodiments 1 to 3 and the comparison embodiment of the
invention; and

[0022] FIG. 6is a diagram illustrating test results of current
density versus voltage of the light-emitting layers formed by
Embodiments 1 to 3 and the comparison embodiment of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] In order to make persons skilled in the art better
understand the technical solutions of the invention, the inven-
tion will be further described in detail below in conjunction
with the drawings and the particular implementations.

Comparison Embodiment

[0024] The present comparison embodiment provides a
method for manufacturing an organic electroluminescent
device, including forming a function layer of the organic
electroluminescent device using the solution method. The
present comparison embodiment is described by taking using
the solution method to form the light-emitting layer as an
example, and includes the following steps:

[0025] 1. Preparation of the Solution of the Material of the
Light-Emitting Layer

[0026] Inanitrogen-atmosphere glovebox, m-bis(N-carba-
zolyl)benzene as the host material and tris(2-phenylpyridine)
iridium as the guest material are weighed, and are dissolved in
the organic solvent of tetrachloromethane, respectively, and
the two prepared solutions are mixed with 5% of the mass
percentage of tris(2-phenylpyridine) iridium versus m-bis(N-
carbazolyljbenzene, so as to prepare the solution of the mate-
rial of the light-emitting layer.

[0027] 2. Preparation of the Light-Emitting Layer

[0028] The indium tin oxide conductive glass with a spe-
cific pattern formed by lithography is cleaned and dried, and
fixed on the spin coater; the prepared solution of the material
of the light-emitting layer is uniformly coated throughout the
surface of the indium tin oxide conductive glass, and is spin
coated at the speed of 2000 rpm for 50 s, and a liquid material
layer forthe light-emitting layer of 20 nm thickness is formed
on the surface of the indium tin oxide conductive glass; in a
nitrogen environment, the indium tin oxide conductive glass
is placed into a drying box to be dried at ordinary tempera-
tures to complete the preparation of the light-emitting layer.
[0029] Theprepared light-emitting layer film is tested by an
atomic force microscope, and the test results are shown in
FIGS. 1 and 3.

[0030] Then the other function layers are prepared, for
example, transferring to a metal cavity to perform cathode
evaporation. The method for preparing the other function
layers belongs to the existing techniques, and will not be
elaborated.

[0031] The prepared organic electroluminescent device is
tested for luminous performance, and the test results are
shown in FIGS. 5 and 6.

[0032] Optionally, other essential parts of the display appa-
ratus are prepared, to form the display apparatus, and the
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method for preparing the other essential parts of the display
apparatus belongs to the existing techniques, and will not be
elaborated.

Embodiment 1

[0033] The present embodiment provides a method for
manufacturing an organic electroluminescent device, includ-
ing forming a function layer of the organic electrolumines-
cent device using the solution method. The present embodi-
ment is described by taking using the solution method to form
the light-emitting layer as an example, and includes the fol-
lowing steps:

[0034] 1. Preparation of the Solution of the Material of the
Light-Emitting Layer

[0035] Inanitrogen-atmosphere glovebox, m-bis(N-carba-
zolyl)benzene as the host material and tris(2-phenylpyridine)
iridium as the guest material are weighed, and are dissolved in
the organic solvent of tetrachloromethane, respectively, and
the two prepared solutions are mixed with 5% of the mass
percentage of tris(2-phenylpyridine) iridium versus m-bis(N-
carbazolyl)benzene, so as to prepare the solution of the mate-
rial of the light-emitting layer.

[0036] 2. Preparation of the Light-Emitting Layer

[0037] The indium tin oxide conductive glass with a spe-
cific pattern formed by lithography is cleaned and dried, and
fixed on the spin coater; the prepared solution of the material
of the light-emitting layer is uniformly coated throughout the
surface of the indium tin oxide conductive glass, and is spin
coated at the speed of 2000 rpm for 50 s, and a liquid material
layer for the light-emitting layer of 20 nm thickness is formed
on the surface of the indium tin oxide conductive glass; in a
nitrogen environment, the indium tin oxide conductive glass
is placed into the vacuum drying box to be dried at a constant
temperature of 90° C. for 10 min to complete the preparation
of the light-emitting layer.

[0038] Theprepared light-emitting layer film is tested by an
atomic force microscope (AFM), and the results are shown in
FIGS. 2 and 4. It can beknown that, by comparing FIG. 1 with
FIG. 2, compared to the comparison embodiment (that is,
vacuum drying at a constant temperature versus drying at
ordinary temperatures), since the organic solvent molecules
are more vigorous when being heated (90° C.) and easily
volatile; at the same time, the vacuum conditions are more
advantageous in volatilizing and extracting the organic sol-
vent molecules, so that the organic solvent can be rapidly
cleared, and can be cleared relatively completely. The light-
emitting layer film subjected to the vacuum drying at a con-
stant temperature is relatively dense, and the residual organic
solvent can be effectively removed, and defects are prevented
from forming, which makes the film become smooth and
dense, enhances the carrier mobility in the film, and is advan-
tageous to the transport and recombination of electrons and
holes.

[0039] Itcanbeknown that, by comparing FIG. 3 with FIG.
4, after the light-emitting layer film is subjected to vacuum
drying at a constant temperature, host and guest molecules
can merge into each other better, which facilitates formation
of an organic electroluminescent device with a better perfor-
mance.

[0040] Then the other function layers are prepared, for
example, transferring to the metal cavity to perform cathode
evaporation. The method for preparing the other function
layers belongs to the existing techniques, and will not be
elaborated.
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[0041] The prepared organic electroluminescent device is
tested for luminous performance, and the results are shown in
FIGS. 5 and 6.

[0042] Itcan be seen from FIG. 5 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 90 degree) has a higher brightness, indicating that
the annealing treatment improves the luminous efficiency of
the light-emitting layer, and improves the luminescent per-
formance of the light-emitting layer.

[0043] Itcan be seen from FIG. 6 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 90 degree) has a larger current density, indicating
that the annealing treatment improves the carrier transport
performance of the light-emitting layer, and enhances mer-
gence of host and guest molecules.

[0044] Optionally, other essential parts of the display appa-
ratus are prepared, to form the display apparatus, and the
method for preparing the other essential parts of the display
apparatus belongs to the existing techniques, and will not be
elaborated.

Embodiment 2

[0045] The present embodiment provides a method for
manufacturing an organic electroluminescent device, includ-
ing forming a function layer of the organic electrolumines-
cent device using the solution method. The present embodi-
ment is described by taking using the solution method to form
the light-emitting layer as an example, and includes the fol-
lowing steps:

[0046] 1. Preparation of the Solution of the Material of the
Light-Emitting Layer

[0047] Inanitrogen-atmosphere glovebox, m-bis(N-carba-
zolyl)benzene as the host material and tris(2-phenylpyridine)
iridium as the guest material are weighed, and are dissolved in
the organic solvent of tetrachloromethane, respectively, and
the above two solutions are mixed with 5% of the mass
percentage of tris(2-phenylpyridine) iridium versus m-bis(N-
carbazolyl)benzene, so as to prepare the solution of the mate-
rial of the light-emitting layer.

[0048] 2. Preparation of the Light-Emitting Layer

[0049] The indium tin oxide conductive glass with a spe-
cific pattern formed by lithography is cleaned and dried, and
fixed on the spin coater; the prepared solution of the material
of the light-emitting layer is uniformly coated throughout the
surface of the indium tin oxide conductive glass, and is spin
coated at the speed of 2000 rpm for 50 s, and a liquid material
layer forthe light-emitting layer of 20 nm thickness is formed
on the surface of the indium tin oxide conductive glass; in a
nitrogen environment, the indium tin oxide conductive glass
is placed into the vacuum drying box to be dried at a constant
temperature of 120° C. for 10 min to complete the preparation
of the light-emitting layer.

[0050] Then the other function layers are prepared, for
example, transferring to the metal cavity to perform cathode
evaporation. The method for preparing the other function
layers belongs to the existing techniques, and will not be
elaborated.
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[0051] The prepared organic electroluminescent device is
tested for luminous performance, and the results are shown in
FIGS. 5 and 6.

[0052] Itcan be seen from FIG. 5 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 120 degree) has a higher brightness, indicating
that the annealing treatment improves the luminous efficiency
of the light-emitting layer, and improves the luminescent
performance of the light-emitting layer.

[0053] Itcan be seen from FIG. 6 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 120 degree) has a larger current density, indicat-
ing that the annealing treatment improves the carrier transport
performance of the light-emitting layer, and enhances mer-
gence of host and guest molecules.

[0054] Optionally, other essential parts of the display appa-
ratus are prepared, to form the display apparatus, and the
method for preparing the other essential parts of the display
apparatus belongs to the existing techniques, and will not be
elaborated.

Embodiment 3

[0055] The present embodiment provides a method for
manufacturing an organic electroluminescent device, includ-
ing forming the function layer of the organic electrolumines-
cent device using the solution method. The present embodi-
ment is described by taking using the solution method to form
the light-emitting layer as an example, and includes the fol-
lowing steps:

[0056] 1. Preparation of the Solution of the Material of the
Light-Emitting Layer

[0057] Inanitrogen-atmosphere glovebox, m-bis(N-carba-
zolyl)benzene as the host material and tris(2-phenylpyridine)
iridium as the guest material are weighed, and are dissolved in
the organic solvent of tetrachloromethane, respectively, and
the above two solutions are mixed with 5% of the mass
percentage of tris(2-phenylpyridine) iridium versus m-bis(N-
carbazolyl)benzere, so as to prepare the solution of the mate-
rial of the light-emitting layer.

[0058] 2. Preparation of the Light-Emitting Layer

[0059] The indium tin oxide conductive glass with a spe-
cific pattern formed by lithography is cleaned and dried, and
fixed on the spin coater; the prepared solution of the material
of the light-emitting layer is uniformly coated throughout the
surface of the indium tin oxide conductive glass, and is spin
coated at the speed of 2000 rpm for 50 s, and a liquid material
layer for the light-emitting layer of 20 nm thickness is formed
on the surface of the indium tin oxide conductive glass; in a
nitrogen environment, the indium tin oxide conductive glass
is placed into the vacuum drying box to be dried at a constant
temperature of 150° C. for 10 min to complete the preparation
of the light-emitting layer.

[0060] Then the other function layers are prepared, for
example, transferring to the metal cavity to perform cathode
evaporation. The method for preparing the other function
layers belongs to the existing techniques, and will not be
elaborated.
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[0061] The prepared organic electroluminescent device is
tested for luminous performance, and the results are shown in
FIGS. 5 and 6.

[0062] Itcan be seen from FIG. 5 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 150 degree) has a higher brightness, indicating
that the annealing treatment improves the luminous efficiency
of the light-emitting layer, and improves the luminescent
performance of the light-emitting layer.

[0063] Itcan be seen from FIG. 6 that, at the same voltage,
compared to the comparison embodiment (marked as unan-
nealed in the figure), the organic electroluminescent device
manufactured by being subject to a vacuum drying at a con-
stant temperature of the present embodiment (marked as
annealed at 150 degree) has a larger current density, indicat-
ing that the annealing treatment improves the carrier transport
performance of the light-emitting layer, and enhances mer-
gence of host and guest molecules.

[0064] Optionally, other essential parts of the display appa-
ratus are prepared, to form the display apparatus, and the
method for preparing the other essential parts of the display
apparatus belongs to the existing techniques, and will not be
elaborated.

[0065] In the invention, when the light-emitting layer film
is prepared by the solution method, the liquid material layer
for the function layer is performed a vacuum drying at a
constant temperature, so as to remove the residual solvent to
avoid defects occurring in the function layer, and thus the
problem that the film prepared by the solution method is not
dense and uneven; especially when the function layer is a
light-emitting layer, host and guest molecules in a doped
system can merge into each other well to increase the energy
transfer and the carrier transport capability between the host
and guest materials, and further improve the carrier transport
performance and the luminous performance the organic elec-
troluminescent device, and in turn elongate the lifetime of the
device.

Embodiment 4

[0066] The present embodiment provides a method for
manufacturing an organic electroluminescent device, includ-
ing forming respective function layers of the organic elec-
troluminescent device using the solution method. The present
embodiment is described by taking using the solution method
to form a hole injection layer, a hole transporting layer, a
light-emitting layer, an electron transporting layer, and an
electron injection layer as an example, and includes the fol-
lowing steps:

[0067] Step 1, Preparation of the Hole Injection Layer
[0068] 1.1 Preparation of the Solution of the Material of the
Hole Injection Layer

[0069] Inanitrogen-atmosphere glovebox, poly(3,4-ethyl-
endioxythiophene) doped with polystyrene sulfonic acid is
weighed, and is dissolved in the organic solvent of tetrachlo-
romethane, and the mixed solution of the material of the hole
injection layer has a mass concentration of 10 mg/ml.
[0070] 1.2 Preparation of the Hole Injection Layer

[0071] The indium tin oxide conductive glass with a spe-
cific pattern formed by lithography is cleaned and dried, and
fixed on the spin coater; the prepared solution of the material
of the hole injection layer is uniformly coated throughout the
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surface of the indium tin oxide conductive glass, and is spin
coated at the speed of 2300 rpm for 50 s, and a liquid material
layer for the hole injection layer of 23 nm thickness is formed
on the surface of the indium tin oxide conductive glass; in a
nitrogen environment, the indium tin oxide conductive glass
is placed into the vacuum drying box to be dried at a constant
temperature of 70° C. for 14 min to complete the preparation
of the hole injection layer.

[0072] Step 2, Preparation of the Hole Transporting Layer
[0073] 2.1 Preparation of the Solution of the Material of the
Hole Transporting Layer

[0074] In a nitrogen-atmosphere glovebox, poly N,N'-bis
(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4-4'-diamine  is
weighed, and is dissolved in the organic solvent of chloroben-
zene and the mixed solution of the material of the hole trans-
porting layer has a mass concentration of 15 mg/ml.

[0075] 2.2 Preparation of the Hole Transporting Layer
[0076] The conductive glass with the hole injection layer
prepared in Step 1 is fixed on the spin coater; the prepared
solution of the material of the hole transporting layer is uni-
formly coated throughout the hole injection layer of the con-
ductive glass, and is spin coated at the speed of 2200 rpm for
60 s, and a liquid material layer for the hole transporting layer
of 28 nm thickness is formed on the surface of the hole
injection layer; in a nitrogen environment, the conductive
glass is placed into the vacuum drying box to be dried at a
constant temperature of 110° C. for 13 min to complete the
preparation of the hole transporting layer.

[0077] Step 3, Preparation of the Light-Emitting Layer
[0078] 3.1 Preparation of the Solution of the Material of the
Light-Emitting Layer

[0079] In a nitrogen-atmosphere glovebox, N,N'-bis(1-
naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4-4'-diamine as the
host material and 2-(4-tolyl) pyridine iridium as the guest
material are weighed, and are dissolved in the organic solvent
of tetrachloromethane, respectively, and the two prepared
solutions are mixed with 16% of the mass percentage of
2-(4-tolyl) pyridine iridium versus N,N'-bis(1-naphthyl)-N,
N'-diphenyl-1,1'-biphenyl-4-4'-diamine, so as to prepare the
solution of the material of the light-emitting layer.

[0080] 3.2 Preparation of the Light-Emitting Layer

[0081] The conductive glass with the hole transporting
layer prepared in Step 2 is fixed on the spin coater; the pre-
pared solution of the material of the light-emitting layer is
uniformly coated throughout the hole transporting layer of
the conductive glass, and is spin coated at the speed of 2800
rpm for 52 s, and a liquid material layer for the light-emitting
layer of 30 nm thickness is formed on the surface of the hole
transporting layer; in a nitrogen environment, the conductive
glass is placed into the vacuum drying box to be dried at a
constant temperature of 100° C. for 20 min to complete the
preparation of the light-emitting layer.

[0082] Step 4, Preparation of the Electron Transporting
Layer
[0083] 4.1 Preparation of the Solution of the Material of the

Electron Transporting Layer

[0084] In a nitrogen-atmosphere glovebox, 8-hydrox-
yquinoline aluminum is weighed, and is dissolved in the
organic solvent of tetrahydrofuran and the mixed solution of
the material of the electron transporting layer has a mass
concentration of 18 mg/ml.

[0085] 4.2 Preparation of the Electron Transporting Layer
[0086] The conductive glass with the light-emitting layer
prepared in Step 3 is fixed on the spin coater; the prepared
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solution of the material of the electron transporting layer is
uniformly coated throughout the light-emitting layer, and is
spin coated at the speed of 2000 rpm for 55 s, and a liquid
material layer for the electron transporting layer of 24 nm
thickness is formed on the surface of the light-emitting layer;
in a nitrogen environment, the conductive glass is placed into
the vacuum drying box to be dried at a constant temperature
of 90° C. for 19 min to complete the preparation of the
electron transporting layer.

[0087] Step 5, Preparation of the Electron Injection Layer
[0088] 5.1 Preparation of the Solution of the Material of the
Electron Injection Layer

[0089] In a nitrogen-atmosphere glovebox, 8-hydrox-
yquinoline lithium is weighed, and is dissolved in the organic
solvent of chlorobenzene and the mixed solution of the mate-
rial of the electron injection layer has a mass concentration of

5 mg/ml.
[0090] 5.2 Preparation of the Electron Injection Layer
[0091] The conductive glass with the electron transporting

layer prepared in Step 4 is fixed on the spin coater; the pre-
pared solution of the material of the electron injection layer is
uniformly coated throughout the electron transporting layer,
and is spin coated at the speed of 2500 rpm for 60 s, and a
liquid material layer for the electron injection layer of 20 nm
thickness is formed on the electron transporting layer; in a
nitrogen environment, the conductive glass is placed into the
vacuum drying box to be dried at a constant temperature of
150° C. for 10 min to complete the preparation of the electron
injection layer.

[0092] Then the other function layers are prepared, for
example, transferring to the metal cavity to perform cathode
evaporation. The method for preparing the other function
layers belongs to the existing techniques, and will not be
elaborated.

[0093] It should be understood that, as for the above func-
tion layers, one or several can be selected therefrom depend-
ing on a specific application. The spin coating in the above
solution method may also be replaced by spraying. As for the
solutions of the materials of the respective function layers,
one can select the other components in the prior art according
to the specific application. For example, the host material of
the solution for the light-emitting layer may be coal-based
polyaniline, and the guest material may be benzo quinoline
iridium, and benzo quinoline iridium and coal-based polya-
niline are mixed with 18% of the mass percentage of benzo
quinoline iridium versus coal-based polyaniline, to prepare
the solution of the material of the light-emitting layer; the
solution of the material of the electron transporting layer may
be a solution of tetrahydrofuran in which 4,7-diphenyl-1,10-
Phenanthroline monohydrate is dissolved, and the solution
has a mass concentration of 20 mg/ml.

[0094] Optionally, other essential parts of the display appa-
ratus are prepared, to form the display apparatus, and the
method for preparing the other essential parts of the display
apparatus belongs to the existing techniques, and will not be
elaborated.

[0095] It should be understood that, in the invention, the
temperature at which the vacuum drying is performed may be
adjusted according to the property of the material of the
function layer to be processed; in addition, the drying within
a range from 70° C. to 150° C. may be performed at stages,
and at each stage, the drying is performed at a constant tem-
perature, for example, the drying is performed at 130° C. for
aperiod of time, then is performed at 110° C. for a period of
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time, and then is performed at 90° C. for a period of time, and
so on, which range should belong to the scope of the present
invention.

[0096] It should be understood that, the above embodi-
ments are just exemplary embodiments for illustrating the
principle of the present invention. However, the present
invention is not limited thereto. Various variations and
improvements can be made by a person skilled in the art
without departing from the spirit and essence of the present
invention, and these variations and improvements should also
be considered to be within the protection scope of the present
invention.

1-12. (canceled)

13. A method for manufacturing an organic electrolumi-
nescent device, including using the following to form at least
one function layer:

preparing a solution of a material of the function layer, and

forming a liquid material layer for the function layer
using the solution of the material of the function layer;
and

performing a vacuum drying on the liquid material layer

for the function layer to form the function layer.

14. The method for manufacturing an organic electrolumi-
nescent device of claim 13, wherein the vacuum drying is
performed at a constant temperature.

15. The method for manufacturing an organic electrolumi-
nescent device of claim 13, wherein the process time that the
vacuum drying is performed is divided into a plurality of
periods of time, the vacuum drying is performed at a constant
temperature in each period of time, and a temperature at
which the vacuum drying is performed in at least one period
of time among the plurality of periods of time is different
from those in other periods of time.

16. The method for manufacturing an organic electrolumi-
nescent device of claim 13, wherein the temperature at which
the vacuum drying is performed is in the range from 70° C. to
150° C.

17. The method for manufacturing an organic electrolumi-
nescent device of claim 14, wherein the temperature at which
the vacuum drying is performed is in the range from 70° C. to
150° C.

18. The method for manufacturing an organic electrolumi-
nescent device of claim 15, wherein the temperature at which
the vacuum drying is performed is in the range from 70° C. to
150° C.

19. The method for manufacturing an organic electrolumi-
nescent device of claim 13, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.

20. The method for manufacturing an organic electrolumi-
nescent device of claim 14, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.

21. The method for manufacturing an organic electrolumi-
nescent device of claim 15, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.

22. The method for manufacturing an organic electrolumi-
nescent device of claim 16, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.

23. The method for manufacturing an organic electrolumi-
nescent device of claim 17, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.

24. The method for manufacturing an organic electrolumi-
nescent device of claim 18, the process time that the vacuum
drying is performed is in the range from 10 min to 20 min.
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25. The method for manufacturing an organic electrolumi-
nescent device of claim 13, whetein the at least one function
layer includes one or more of a hole injection layer, a hole
blocking layer, an electron transporting layer, and an electron
injection layer.

26. The method for manufacturing an organic electrolumi-
nescent device of claim 13, wherein the at least one function
layer includes a light-emitting layer, or a light-emitting layer
and one or more of a hole injection layer, a hole blocking
layer, an electron transporting layer, and an electron injection
layer.

27. The method for manufacturing an organic electrolumi-
nescent device of claim 26, wherein components of the solu-
tion of the light-emitting layer include a metal complex as a
phosphorescent material and a host material.

28. The method for manufacturing an organic electrolumi-
nescent device of claim 27, wherein the metal complex as a
phosphorescent material is an iridium complex; and the iri-
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dium complex is any one of tris(2-phenylpyridine) iridium,
2-(4-tolyl) pyridine iridium, and benzo quinoline iridium.

29. The method for manufacturing an organic electrolumi-
nescent device of claim 27, wherein the host material is any
one of m-bis(N-carbazolyl)benzene, polyvinyl carbazole,
1,24-triazole, N,N-bis(1-naphthyl)-N,N-diphenyl-1,1'-bi-
phenyl-4-4'-diamine, coal-based polyaniline.

30. The method for manufacturing an organic electrolumi-
nescent device of claim 28, wherein the host material is any
one of m-bis(N-carbazolyl)benzene, polyvinyl carbazole,
1,24-triazole, N,N-bis(1-naphthy1)-N,N-diphenyl-1,1'-bi-
phenyl-4-4'-diamine, coal-based polyaniline.

31. An organic electroluminescent device, which is manu-
factured by the method for manufacturing an organic elec-
troluminescent device of claim 13.

32. A display device, including the organic electrolumines-
cent device of claim 31.
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