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directly mixing a carbon nanotube solution with a aqueocus solution of |
"} poly (3.4-ethylenadioxythiophene) : polysiyrene sulfonate, agusous |
solution directly and stirring to obtain an uniformly dispersed mixed
aqueous solution

adding a high boiling point solvent having a boiling point greater than
200 “C into the mixed aqueous solution, to reduce a saturated vapor
pressure of the mixed agueous solution, whersin the high boiling
solvent is an ether, or an ester compound
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| adding a surface tension adjusting agent into the mixed aqueous
«{ soittion, wherein small molecule compounds of the surface tension
| adjusting agent is at least one or more selected from the group

{ consisting of imidazole and its derivatives, phenal or and

| hydroguinone

2
prsd
2
3

4

¥

' adding & viscosity modifier info the mixed aqueous solution, wherein
the viscosity madifier is al least one or more selected from the group
consisting of alcohols, sthers, esters, phenols and amines
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ORGANIC LIGHT EMITTING DIODE
DEVICE AND METHOD FOR
MANUFACTURING LIQUID MATERIAL TO
BE SPRAYED FOR THE DEVICE

FIELD OF INVENTION

[0001] This disclosure relates to display technology, and
more particularly to an organic light emitting diode (OLED)
device and a method for manufacturing a liquid material to
be sprayed for the OLED device.

BACKGROUND OF INVENTION

[0002] With small displays, mature passive driving tech-
nology, large displays, active driving technology has
become a mainstream of organic light-emitting research. It
uses TFT-driven technology to achieve large-size displays.
However, conventional bottom-emitting OLEDs (BOLEDs)
use an indium tin oxide (ITO) anode of a transparent
substrate as a light-emitting surface. When a non-transparent
silicon substrate or amorphous silicon with a small mobility,
or an organic TFT is used as a substrate, it easily leads to low
light transmittance issues. Therefore, in order to provide
large-sized organic light-emitting display panels that are
actively driven and have a high brightness, it is necessary to
develop top-emitting OLEDs (TOLEDs). By separating a
light emitting surface from a substrate (TFT), issues of low
light transmittance issues has been fundamentally solved.
[0003] In conventional manufacturing process of the top-
emitting OLED, a total reflection anode and a structure of a
translucent cathode is generally prepared to realize a top-
emission of a OLED device, and a microcavity effect of the
TOLED is effectively adjusted through structural optimiza-
tion. However, in such a device structure, in order to ensure
translucence of a cathode, it is generally required that a
thickness of the cathode is about dozens of nanometers. That
will place high demands on conductivity properties of the
cathode.

[0004] Thus, in a conventional top-emitting OLED device,
the conductivity properties of the cathode cannot achieve
requirements of a top-emitting device for the transparent
cathode, but also cannot achieve requirements of a jet
printing process.

SUMMARY OF INVENTION

[0005] The disclosure provides an organic light emitting
diode (OLED) device and a method for manufacturing a
liquid material to be sprayed for the OLED device for
achieving the requirements of the top-emitting device for the
transparent cathode, and further for achieving the require-
ments of the jet printing process.

[0006] In order to solve the above drawbacks, a technical
solution provided by the disclosure is as follows.

[0007] This disclosure provides an organic light emitting
diode (OLED) device , which comprises:

[0008] a substrate;

[0009] a pixel defining layer disposed on the substrate, the
pixel defining layer comprising spacer columns spaced from
each other for separating two adjacent pixels;

[0010] an anode layer disposed on the substrate and
located between two adjacent spacer columns;

[0011] a hole transport layer disposed on the anode layer;
[0012] alight emitting layer disposed on the hole transport
layer;
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[0013] an electron transport layer disposed on the light
emitting layer; and

[0014] a cathode layer disposed on the electron transport
layer;
[0015] the cathode layer is a carbon nanotube-polymer

layered composite transparent electrode, the cathode layer
comprises a carbon nanotube powder and a polymer mate-
rial, the carbon nanotube powder is selected from the group
consisting of single-walled carbon nanotubes, double-
walled carbon nanotubes, multi-walled carbon nanotubes
and modified carbon nanotubes, the polymer material is an
aqueous solution of poly-3,4-ethylenedioxythiophene: poly-
styrene sulfonate, and a solid content of the aqueous solution
is 1.0% to 1.7%.

[0016] According to a preferred embodiment of the dis-
closure, the anode layer is made of indium tin oxide and
silver, and wherein a film of the indium tin oxide is made by
magnetron sputtering deposition, and a film thickness of the
indium tin oxide is between 20 nm and 200 nm; and a film
of the silver is made by vacuum deposition, and a thickness
of the silver is between 10 nm and 100 nm.

[0017] According to a preferred embodiment of the dis-
closure, the hole transport layer is made of poly 3.4-
ethylenedioxythiophene: polystyrene sulfonate, the hole
transport layer is formed by a jet printing method, and a film
thickness of the hole transport layer is between 1 nm and 100
nm.

[0018] According to a preferred embodiment of the dis-
closure, the light emitting layer is made of a blue lumines-
cent polymer material, the light emitting layer is formed by
a jet printing method, and a film thickness of the light
emitting layer is between 1 nm and 100 nm.

[0019] According to a preferred embodiment of the dis-
closure, the electron transport layer is made of zinc oxide,
the electron transport layer is formed by a jet printing
method, and a film thickness of the electron transport layer
is between 0.5 nm and 10 nm.

[0020] According to a preferred embodiment of the dis-
closure, the cathode layer is made of carbon nanotubes/(poly
3,4-ethylenedioxythiophene: polystyrene sulfonate), the
cathode layer is formed by a jet printing method, and a film
thickness of the cathode layer is between 10 nm and 1000
nm.

[0021] This disclosure further provides a method for
manufacturing a liquid material to be sprayed for the OLED
device, which comprises:

[0022] a step S1 of directly mixing a carbon nanotube
solution with a aqueous solution of poly (3,4-ethylenedi-
oxythiophene): polystyrene sulfonate, and stirring to obtain
an uniformly dispersed mixed aqueous solution;

[0023] a step S2 of adding a high boiling point solvent
having a boiling point greater than 200° C. into the mixed
aqueous solution, to reduce a saturated vapor pressure of the
mixed aqueous solution, wherein the high boiling solvent is
an ether or ester compound,

[0024] a step S3 of adding a surface tension adjusting
agent into the mixed aqueous solution, wherein small mol-
ecule compounds of the surface tension adjusting agent is at
least one selected from the group consisting of imidazole
and its derivatives, phenol and hydroquinone; and

[0025] a step S4 of adding a viscosity modifier into the
mixed aqueous solution, wherein the viscosity modifier is at
least one selected from the group consisting of alcohols,
ethers, esters, phenols and amines.
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[0026] According to a preferred embodiment of the dis-
closure, before the step S1, the method further comprises: a
step S5 of dispersing the carbon nanotube powder in an
aqueous solution of alkylated quaternary ammonium base,
then adding a water-soluble anionic surfactant thereinto, and
stirring simultaneously, wherein the aqueous solution of
alkylated quaternary ammonium base is an organic base
aqueous solution of hexadecyltrimethylammonium hydrox-
ide, dodecyltrimethylammonium hydroxide, tetradecyltrim-
ethylammonium hydroxide, or benzyl trimethyl ammonium
hydroxide; the water-soluble anionic surfactant is an acid
aqueous solution of butylbenzoic, phthalic acid, cinnamic
acid, phenylacetic acid, or salicylic acid.

[0027] According to a preferred embodiment of the dis-
closure, before the step S5, the method further comprises: a
step S6 of dispersing the carbon nanotube in an organic
solvent to obtain a suspension, standing the suspension,
centrifuging, washing, and then adding into a concentrated
nitric acid to react at 120° C. for 4 h, followed by centri-
fuging, washing to be neutral, and finally drying to obtain a
pure carbon nanotube powder.

[0028] This disclosure further provides an organic light
emitting diode (OLED) device, which comprises:

[0029] a substrate;

[0030] a pixel defining layer disposed on the substrate, the
pixel defining layer comprising spacer columns spaced from
each other for separating two adjacent pixels;

[0031] an anode layer disposed on the substrate and
located between two adjacent spacer columns;

[0032] a hole transport layer disposed on the anode layer;
[0033] alight emitting layer disposed on the hole transport
layer;

[0034] an electron transport layer disposed on the light

emitting layer, and

[0035] a cathode layer disposed on the electron transport
layer;
[0036] the cathode layer is a carbon nanotube-polymer

layered composite transparent electrode.

[0037] According to a preferred embodiment of the dis-
closure, the anode layer is made of indium tin oxide and
silver, and wherein a film of the indium tin oxide is made by
magnetron sputtering deposition, and a film thickness of the
indium tin oxide is between 20 nm and 200 nm; and a film
of the silver is made by vacuum deposition, and a thickness
of the silver is between 10 nm and 100 nm.

[0038] According to a preferred embodiment of the dis-
closure, the hole transport layer is made of poly 3.4-
ethylenedioxythiophene: polystyrene sulfonate, the hole
transport layer is formed by a jet printing method, and a film
thickness of the hole transport layer is between 1 nm and 100
nm.

[0039] According to a preferred embodiment of the dis-
closure, the light emitting layer is made of a blue lumines-
cent polymer material, the light emitting layer is formed by
a jet printing method, and a film thickness of the light
emitting layer is between 1 nm and 100 nm.

[0040] According to a preferred embodiment of the dis-
closure, the electron transport layer is made of zinc oxide,
the electron transport layer is formed by a jet printing
method, and a film thickness of the electron transport layer
is between 0.5 nm and 10 nm

[0041] According to a preferred embodiment of the dis-
closure, the cathode layer is made of carbon nanotubes/(poly
3,4-ethylenedioxythiophene: polystyrene sulfonate), the
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cathode layer is formed by a jet printing method, and a film
thickness of the cathode layer is between 10 nm and 1000
nm.

[0042] Advantageous effects of the disclosure are as fol-
lows. Compared to conventional top-emitting OLED
devices, a carbon nanotube-polymer composite transparent
electrode was used as the cathode to enhance a conductivity
of a transparent cathode in this disclosure. Besides, excellent
optoelectronic properties of carbon nanotubes can achieve
the requirements for the transparent cathode of the top-
emitting device. Moreover, conductive polymer materials
improve a processability of a whole system, and makes the
carbon nanotube-polymer layered composite to meet jet
printing process requirements.

DESCRIPTION OF DRAWINGS

[0043] In order to more clearly describe the embodiments
of this disclosure or the conventional technical solutions, the
description is used to make a simple introduction of the
drawings used in the following embodiments. The following
description of the drawings are merely some embodiments
of this disclosure, those of ordinary skill in the art can also
obtain other drawings based on these drawings without
creative effort.

[0044] FIG. 11is a structural schematic view of an organic
light emitting diode (OLED) device according to this dis-
closure.

[0045] FIG. 2 is a flowchart of method for manufacturing
a liquid material to be sprayed for the OLED device accord-
ing to this disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0046] This description of the exemplary embodiments is
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire
written description. In the description, terms such as
“lower”, “upper”, “horizontal”, “vertical’, “above”,
“below”, “up”, “down”, “top”, and “bottom”, as well as
derivatives thereof, should be construed to refer to the
orientation as then described or as shown in the drawing
under discussion. These terms are for convenience of
description and do not require that the apparatus be con-
structed or operated in a particular orientation, and do not
limit the scope of the disclosure. Referring to the drawings
of the disclosure, similar components are labeled with the
same number.

[0047] The disclosure improves a conventional top-emit-
ting OLED device. In the conventional top-emitting OLED
device, a conductive property of a cathode cannot meet
requirements for a transparent cathode of the top-emitting
OLED device and cannot to meet jet printing process
requirements. The disclosure can solve the aforementioned
drawbacks.

[0048] Referring to FIG. 1, a structural schematic view of
an organic light emitting diode (OLED) device according to
this disclosure is shown. As shown in FIG. 1, the organic
light emitting diode (OLED) device comprises: a substrate
101; a pixel defining layer disposed on the substrate 101, the
pixel defining layer comprising spacer columns 107 spaced
from each other for separating two adjacent pixels; an anode
layer 102 disposed on the substrate 101 and located between
two adjacent spacer columns 107; a hole transport layer 103
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disposed on the anode layer 102; a light emitting layer 104
disposed on the hole transport layer 103; an electron trans-
port layer 105 disposed on the light emitting layer 104; and
a cathode layer 106 disposed on the electron transport layer
105. The cathode layer 106 is a carbon nanotube-polymer
layered composite transparent electrode.

[0049] The cathode layer 106 comprises a carbon nano-
tube powder and a polymer material, the carbon nanotube
powder is selected from the group consisting of single-
walled carbon nanotubes, double-walled carbon nanotubes,
multi-walled carbon nanotubes and modified carbon nano-
tubes, the polymer material is an aqueous solution of poly-
3,4-ethylenedioxythiophene: polystyrene sulfonate, and a
solid content of the aqueous solution is 1.0% to 1.7%. The
anode layer 102 is made of indium tin oxide and silver. A
film of the indium tin oxide is made by magnetron sputtering
deposition, and a film thickness of the indium tin oxide is
between 20 nm and 200 nm. A film of the silver is made by
vacuum deposition, and a thickness of the silver is between
10 nm and 100 nm. The hole transport layer 103 is made of
poly 3,4-ethylenedioxythiophene: polystyrene sulfonate.
The hole transport layer 103 is formed by a jet printing
method, and a film thickness of the hole transport layer 103
is between 1 nm and 100 nm. The light emitting layer 104
is made of a blue luminescent polymer material. The light
emitting layer 104 is formed by a jet printing method, and
a film thickness of the light emitting layer 104 is between 1
nm and 100 nm. The electron transport layer 105 is made of
zine oxide. The electron transport layer 105 is formed by a
jet printing method, and a film thickness of the electron
transport layer 105 is between 0.5 nm and 10 nm. The
cathode layer 106 is made of carbon nanotubes/(poly 3.4-
ethylenedioxythiophene: polystyrene sulfonate). The cath-
ode layer 106 is formed by a jet printing method, and a film
thickness of the cathode layer 106 is between 10 nm and
1000 nm.

[0050] The poly-3,4-ethylenedioxythiophene: polystyrene
sulfonate is an aqueous polymer solution, and is abbreviated
as PEDOT: PSS. The poly-3,4-ethylenedioxythiophene:
polystyrene sulfonate has a high conductivity. According to
different formulations, the aqueous solutions with different
conductivities can be obtained. The PEDOT: PSS is com-
posed of two substances PEDOT and PSS. PEDOT is a
polymer of EDOT (3,4-ethylenedioxythiophene monomer),
and PSS is polystyrene sulfonate.

[0051] P-electrons of carbon atoms on the carbon nano-
tubes form a wide range of delocalized it -bonds. Due to
significant conjugation effect, the carbon nanotubes have
good conductivity. The PEDOT: PSS and the carbon nano-
tubes are used to form the carbon’ nanotube-polymer layered
composite transparent electrode. The carbon nanotube-poly-
mer layered composite transparent electrode exhibit good
strength, elasticity, fatigue resistance and isotropy, thereby
providing the cathode layer a good transparency and elec-
trical conductivity.

[0052] As shown in FIG. 2, this disclosure further pro-
vides a method for manufacturing a liquid material to be
sprayed (i.e., a carbon nanotube-polymer composite trans-
parent electrode (ink)) for the OLED device, which com-
prises:

[0053] a step S1 of directly mixing a carbon nanotube
solution with a aqueous solution of poly (3,4-ethylenedi-
oxythiophene): polystyrene sulfonate, and stirring to obtain
an uniformly dispersed mixed aqueous solution;
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[0054] a step S2 of adding a high boiling point solvent
having a boiling point greater than 200° C. into the mixed
aqueous solution, to reduce a saturated vapor pressure of the
mixed aqueous solution, wherein the high boiling solvent is
an ether or ester compound,

[0055] a step S3 of adding a surface tension adjusting
agent into the mixed aqueous solution, wherein small mol-
ecule compounds of the surface tension adjusting agent is at
least one selected from the group consisting of imidazole
and its derivatives, phenol and hydroquinone; and

[0056] a step S4 of adding a viscosity modifier into the
mixed aqueous solution, wherein the viscosity modifier is at
least one selected from the group consisting of alcohols,
ethers, esters, phenols and amines.

[0057] Moreover, before the step S1, the method further
comprises a method for preparing a carbon nanotube solu-
tion. The method for preparing the carbon nanotube solution
comptises:

[0058] astep S5 of dispersing the carbon nanotube powder
in an aqueous solution of alkylated quatemary ammonium
base, then adding a water-soluble anionic surfactant there-
into, and stirring simultaneously for obtaining the carbon
nanotube solution.

[0059] The aqueous solution of alkylated quatemary
ammonium base is an organic base aqueous solution of
hexadecyltrimethylammonium hydroxide, dodecyltrimeth-
ylammonium hydroxide, tetradecyltrimethylammonium
hydroxide, or benzyl trimethyl ammonium hydroxide; the
water-soluble anionic surfactant is an acid aqueous solution
of butylbenzoic, phthalic acid, cinnamic acid, phenylacetic
acid, or salicylic acid.

[0060] Moreover, before the step S5, the method further
comprises a method for preparing a carbon nanotube pow-
der. The method for preparing the carbon nanotube powder
comprises:

[0061] a step S6 of dispersing the carbon nanotube in an
organic solvent to obtain a suspension, standing the suspen-
sion, centrifuging, washing, and then adding into a concen-
trated nitric acid to react at 120° C. for 4 h, followed by
centrifuging, washing to be neutral, and finally drying to
obtain a pure carbon nanotube powder.

[0062] The OLED device consists of pixel arrays, and
each of the pixel arrays is composed of three sub-pixel wells.
It is necessary to prevent the liquid material to be sprayed
from overflowing to the adjacent sub-pixel wells during
printing. Thus, spacer columns with low surface energy need
to be arranged between the sub-pixel wells for isolation.
When ink of the liquid material to be sprayed is printed into
the sub-pixel wells, a volume of the various materials to be
sprayed should first be made to meet requirements of the
film thickness. Since a volume of the ejected droplet is
determined by a diameter of a printhead, the printhead with
the corresponding diameter can be selected according to a
size of the sub-pixel well, and the respective film layers of
the OLED device can be jet-printed.

[0063] Compared to conventional top-emitting OLED
devices, a carbon nanotube-polymer composite transparent
electrode was used as the cathode to enhance a conductivity
of a transparent cathode in this disclosure. Besides, excellent
optoelectronic properties of carbon nanotubes can achieve
the requirements for the transparent cathode of the top-
emitting device. Moreover, conductive polymer materials
improve processability of an entire system, and makes the
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carbon nanotube-polymer layered composite to meet jet
printing process requirements.

[0064] This disclosure has been described with preferred
embodiments thereof, and it is understood that many
changes and modifications to the described embodiment can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. An organic light emitting diode (OLED) device, com-
prising:

a substrate;

a pixel defining layer disposed on the substrate, the pixel
defining layer comprising spacer columns spaced from
each other for separating two adjacent pixels;

an anode layer disposed on the substrate and located
between two adjacent spacer columns;

a hole transport layer disposed on the anode layer;

a light emitting layer disposed on the hole transport layer;

an electron transport layer disposed on the light emitting
layer; and

a cathode layer disposed on the electron transport layer;

wherein the cathode layer is a carbon nanotube-polymer
layered composite transparent electrode, the cathode
layer comprises a carbon nanotube powder and a poly-
mer material, the carbon nanotube powder is selected
from the group consisting of single-walled carbon
nanotubes, double-walled carbon nanotubes, multi-
walled carbon nanotubes and modified carbon nano-
tubes; the polymer material is an aqueous solution of
poly-3.4-ethylenedioxythiophene:  polystyrene sul-
fonate, and a solid content of the aqueous solution is
1.0% to 1.7%.

2. The OLED device according to claim 1, wherein the
anode layer is made of indium tin oxide and silver, and
wherein a film of the indium tin oxide is made by magnetron
sputtering deposition, and a film thickness of the indium tin
oxide is between 20 nm and 200 nm; and a film of the silver
is made by vacuum deposition, and a thickness of the silver
is between 10 nm and 100 nm.

3. The OLED device according to claim 1, wherein the
hole transport layer is made of poly 3,4-ethylenedioxythio-
phene: polystyrene sulfonate, the hole transport layer is
formed by a jet printing method, and a film thickness of the
hole transport layer is between 1 nm and 100 nm.

4. The OLED device according to claim 1, wherein the
light emitting layer is made of a blue luminescent polymer
material, the light emitting layer is formed by a jet printing
method, and a film thickness of the light emitting layer is
between 1 nm and 100 nm.

5. The OLED device according to claim 1, wherein the
electron transport layer is made of zinc oxide, the electron
transport layer is formed by a jet printing method, and a film
thickness of the electron transport layer is between 0.5 nm
and 10 nm.

6. The OLED device according to claim 1, wherein the
cathode layer is made of carbon nanotubes/(poly 3,4-ethyl-
enedioxythiophene: polystyrene sulfonate), the cathode
layer is formed by a jet printing method, and a film thickness
of the cathode layer is between 10 nm and 1000 nm.

7. A method for manufacturing a liquid material to be
sprayed for an OLED device according to claim 1, compris-
ing:
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a step S1 of directly mixing a carbon nanotube solution
with a aqueous solution of poly (3,4-ethylenedioxy-
thiophene): polystyrene sulfonate, and stirring to obtain
an uniformly dispersed mixed aqueous solution;

a step S2 of adding a high boiling point solvent having a
boiling point greater than 200° C. into the mixed
aqueous solution, to reduce a saturated vapor pressure
of the mixed aqueous solution, wherein the high boiling
solvent is an ether or ester compound;

a step S3 of adding a surface tension adjusting agent into
the mixed aqueous solution, wherein small molecule
compounds of the surface tension adjusting agent is at
least one selected from the group consisting of imida-
zole and its derivatives, phenol and hydroquinone; and

a step S4 of adding a viscosity modifier into the mixed
aqueous solution, wherein the viscosity modifier is at
least one selected from the group consisting of alco-
hols, ethers, esters, phenols and amines.

8. The method according to claim 7, wherein before the

step S1, the method further comprises:

a step S5 of dispersing the carbon nanotube powder in an
aqueous solution of alkylated quaternary ammonium
base, then adding a water-soluble anionic surfactant
thereinto, and stirring simultaneously, wherein the
aqueous solution of alkylated quatemary ammonium
base is an organic base aqueous solution of hexadecyl-
trimethylammonium hydroxide, dodecyltrimethylam-
monium hydroxide, tetradecyltrimethylammonium
hydroxide, or benzyl trimethyl ammonium hydroxide;
the water-soluble anionic surfactant is an acid aqueous
solution of butylbenzoic, phthalic acid, cinnamic acid,
phenylacetic add, or salicylic acid.

9. The method according to claim 8, wherein before the

step S5, the method further comprises:

a step S6 of dispersing the carbon nanotube in an organic
solvent to obtain a suspension, standing the suspension,
centrifuging, washing, and then adding into a concen-
trated nitric acid to react at 120° C. for 4 h, followed by
centrifuging, washing to be neutral, and finally drying
to obtain a pure carbon nanotube powder.

10. An organic light emitting diode (OLED) device,

comptrising:

a substrate;

a pixel defining layer disposed on the substrate, the pixel
defining layer comprising spacer columns spaced from
each other for separating two adjacent pixels;

an anode layer disposed on the substrate and located
between two adjacent spacer columns;

a hole transport layer disposed on the anode layer;

a light emitting layer disposed on the hole transport layer;

an electron transport layer disposed on the light emitting
layer; and

a cathode layer disposed on the electron transport layer;

wherein the cathode layer is a carbon nanotube-polymer
layered composite transparent electrode.

11. The method according to ¢laim 10, wherein the anode
layer is made of indium tin oxide and silver, and wherein a
film of the indium tin oxide is made by magnetron sputtering
deposition, and a film thickness of the indium tin oxide is
between 20 nm and 200 nm; and a film of the silver is made
by vacuum deposition, and a thickness of the silver is
between 10 nm and 100 nm.

12. The method according to claim 10, wherein the hole
transport layer is made of poly 3,4-ethylenedioxythiophene:
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polystyrene sulfonate, the hole transport layer is formed by
a jet printing method, and a film thickness of the hole
transport layer is between 1 nm and 100 nm.

13. The OLED device according to claim 1, wherein the
light emitting layer is made of a blue luminescent polymer
material, the light emitting layer is formed by a jet printing
method, and a film thickness of the light emitting layer is
between 1 nm and 100 nm.

14. The OLED device according to claim 1, wherein the
electron transport layer is made of zinc oxide, the electron
transport layer is formed by a jet printing method, and a film
thickness of the electron transport layer is between 0.5 nm
and 10 nm.

15. The OLED device according to claim 1, wherein the
cathode layer is made of carbon nanotubes/(poly 3,4-ethyl-
enedioxythiophene: polystyrene sulfonate), the cathode
layer is formed by a jet printing method, and a film thickness
of the cathode layer is between 10 nm and 1000 nm.
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