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(54) OLED DEVICE AND METHOD FOR MANUFACTURING SAME, AND OLED DISPLAY PANEL

(57) An organic light-emitting diode (OLED), a man-
ufacturing method thereof and an OLED display panel.
The OLED includes a substrate (100), an anode (1) and
a cathode (2) disposed on the substrate (100), a hole
transport layer (HTL) (5) and an electron transport layer
(ETL) (6) disposed between the anode (1) and the cath-
ode (2), and at least two emitting layers (EMLs) disposed
between the HTL (5) and the ETL (6); the at least two
EMLs emit white light; and the OLED further includes an
electron blocking layer (EBL) (7) disposed between the
ETL (6) and the at least two EMLs. The color stability of
the OLED is improved.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate
to an organic light-emitting diode (OLED), a manufactur-
ing method thereof and an OLED display panel.

BACKGROUND

[0002] Organic light-emitting diode (OLED) is an or-
ganic thin film electroluminescent device and has the ad-
vantages of simple manufacturing process, low cost, ca-
pability of easily forming a flexible structure, wide viewing
angle, etc. Therefore, display technology utilizing OLEDs
has become an important display technology.

SUMMARY

[0003] Embodiments of the present disclosure provide
an organic light-emitting diode (OLED), comprising a
substrate, an anode and a cathode disposed on the sub-
strate, a hole transport layer (HTL) and an electron trans-
port layer (ETL) disposed between the anode and the
cathode, and at least two emitting layers (EMLs) dis-
posed between the HTL and the ETL, wherein the at least
two EMLs emit white light; and the OLED further com-
prises an electron blocking layer (EBL) disposed be-
tween the ETL and the at least two EMLs.
[0004] In an embodiment of the present disclosure, for
example, in the OLED, wherein a material of the EBL
comprises 9,9-(1,3-Phenylene)bis-9H-carbazole (mCP).
[0005] In an embodiment of the present disclosure, for
example, in the OLED, a thickness of the EBL is from 5
nm to 15 nm.
[0006] In an embodiment of the present disclosure, for
example, in the OLED, the at least two EMLs comprise
a red emitting layer (EML) and a blue emitting layer
(EML); the red EML is arranged closer to the EBL as
compared to the blue EML; and the blue EML is arranged
closer to the HTL as compared to the red EML.
[0007] In an embodiment of the present disclosure, for
example, in the OLED, a material of the EBL comprises
mCP; and a host material of the blue EML comprises
mCP.
[0008] In an embodiment of the present disclosure, for
example, in the OLED, the at least two EMLs further com-
prise a green EML; and the green EML is disposed be-
tween the red EML and the blue EML.
[0009] In an embodiment of the present disclosure, for
example, the OLED further comprising a buffer layer dis-
posed on a surface of the cathode facing the ETL; and
an energy level of the buffer layer is between an energy
level of the cathode and an energy level of the ETL.
[0010] Embodiments of the present disclosure further
provide an OLED display panel, comprising one of the
above described OLED.
[0011] Embodiments of the present disclosure further

provide a method for manufacturing an OLED, compris-
ing: forming an anode through a patterning process; and
forming a hole transport layer (HTL), at least two emitting
layers (EMLs), an electron transport layer (ETL) and a
cathode on the anode sequentially through an evapora-
tion process, wherein the at least two EMLs emit white
light; and the method further comprises: forming an elec-
tron blocking layer (EBL) between the at least two EMLs
and the ETL.
[0012] In an embodiment of the present disclosure, for
example, in the method, the forming the at least two emit-
ting layers (EMLs) comprises: forming a red emitting lay-
er (EML) and a blue emitting layer (EML), in which the
red EML is closer to the EBL as compared to the blue
EML; the blue EML is closer to the HTL as compared to
the red EML; a host material of the blue EML comprises
mCP; and the forming the EBL comprises: forming the
EBL with mCP.
[0013] In an embodiment of the present disclosure, for
example, in the method, a thickness of the EBL is from
5 nm to 15 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of
the embodiments will be briefly described in the following,
it is obvious that the described drawings are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

FIG. 1 is a schematic structural view of a conven-
tional OLED;
FIG. 2 is a schematic diagram illustrating a transfor-
mation of a chromaticity coordinate of a conventional
OLED when the driving voltage is from 7 V to 21 V;
FIG. 3 is a schematic structural view of an OLED
provided by an embodiment of the present disclo-
sure;
FIG. 4 is a schematic structural view of an OLED
provided by another embodiment of the present dis-
closure;
FIG. 5 is a schematic structural view of an OLED
provided by another embodiment of the present dis-
closure;
FIG. 6 is a schematic diagram illustrating a transfor-
mation of a chromaticity coordinate of an OLED pro-
vided by an embodiment of the present disclosure
when the driving voltage is from 7 V to 21 V;
FIG. 7 is a schematic structural view of an OLED
provided by still another embodiment of the present
disclosure; and
FIG. 8 is a flow diagram of a method for manufac-
turing an OLED provided by an embodiment of the
present disclosure.

[0015] Reference numerals of the accompanying
drawings: 100 - substrate; 1 - anode; 2 - cathode; 3 - first
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EML; 4 - second EML; 5 - HTL; 6 - ETL; 7 - EBL; 8 - HIL;
9- EIL; 10 - third EML; 11 - buffer layer.

DETAILED DESCRIPTION

[0016] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiment will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the disclosure. It is obvious that the described embod-
iments are just a part but not all of the embodiments of
the disclosure. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the disclosure.
[0017] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the present disclosure belongs. The terms "first,"
"second," etc., which are used in the description and the
claims of the present application for disclosure, are not
intended to indicate any sequence, amount or impor-
tance, but distinguish various components. Also, the
terms such as "a," "an," etc., are not intended to limit the
amount, but indicate the existence of at least one.
[0018] As shown in FIG. 1, a conventional white-light
OLED comprises: a substrate 100, an anode 1 and a
cathode 2 disposed on the substrate 100, and a first emit-
ting layer (EML) 3 and a second emitting layer (EML) 4
disposed between the anode 1 and the cathode 2. The
working principle of the conventional white-light OLED is
that: holes injected from the anode 1 and electrons in-
jected from the cathode 2 are recombined in the emitting
layers (EMLs) to form excitons; the excitons excite lumi-
nescent molecules; and the excited luminescent mole-
cules are subjected to radiative relaxation to emit visible
light.
[0019] However, the researchers found that: the hole
mobility is greater than the electron mobility (differ by
three orders of magnitude). When a driving voltage ap-
plied to the OLED is increased, both the hole mobility
and the electron mobility are increased, and the growth
rate of the electron mobility is higher than the growth rate
of the hole mobility, so the difference between the hole
mobility and the electron mobility can be reduced. For
instance, when an applied voltage is small, the electron
mobility is low, so a number of electrons transferred into
the second EML 4 close to the cathode 2 is greater than
a number of electrons transferred into the first EML 3
close to the anode 1. Thus, the number of excitons in the
second EML 4 is greater than the number of excitons in
the first EML 3, so that the second EML 4 can receive
more energy and have higher luminous intensity, and
hence the luminous color of the OLED can be biased
towards the color of the second EML 4. Along with the
increase of the driving voltage, the growth rate of the
electron mobility is higher than the growth rate of the hole

mobility, so the difference between the hole mobility and
the electron mobility can be further reduced. Moreover,
due to the increase of the electron mobility, the number
of electrons transferred into the first EML 3 is increased,
so the number of excitons in the first EML 3 is also cor-
respondingly increased. Thus, the first EML 3 receives
more energy and has higher luminous intensity, so that
the luminous intensity of the first EML 3 and the second
EML 4 trend to be consistent.
[0020] Therefore, in a conventional white-light OLED,
when a voltage applied to the OLED changes, the lumi-
nous color of the OLED is instable, and the chromaticity
coordinate drift is severe. For instance, FIG. 2 shows an
International Commission on Illumination (CIE) 1931
chromaticity coordinate system, when a driving voltage
changes from 7V to 21V, a change of the chromaticity
coordinate of the OLED is large, and the luminous color
changes from red to pink and then to white, so the color
stability is poor.
[0021] The embodiment of the present disclosure pro-
vides an OLED. As illustrated in FIGS. 3-5, the OLED
comprises a substrate 100, an anode 1 and a cathode 2
disposed on the substrate 100, a HTL 5 and an ETL 6
disposed between the anode 1 and the cathode 2, and
at least two EMLs (3, 4, 10) disposed between the HTL
5 and the ETL 6, wherein the at least two EMLs (3, 4, 10)
emit white light. Moreover, the OLED further comprises
an EBL 7 disposed between the ETL 6 and the at least
two EMLs (3, 4, 10).
[0022] The embodiment of the present disclosure ob-
tains stable luminous color by the arrangement of the
EBL 7. When a low voltage is applied, the increase of
the electron mobility in the embodiment of the present
disclosure is inhibited, so the number of electrons trans-
ferred to the EMLs tends to be identical, and hence the
number of excitons in the EMLs tends to be identical.
Thus, the luminous intensity of the EMLs also tends to
be identical, so the OLED emits white light. Along with
the increase of the applied voltage, although the growth
rate of the electron mobility is higher than the growth rate
of the hole mobility, due to the blocking function of the
EBL 7 on electron transfer, the number of the electrons
transferred to the EMLs still tends to be identical. Thus,
the luminous intensity of the EMLs tends to be identical,
so the OLED still emits white light.
[0023] The HTL 5 is made from hole transport materi-
als. The hole transport materials may be triarylamine
compounds, biphenyl diamine derivatives or cross-linked
diamine biphenyl, for instance, may be N,N’-Diphenyl-
N,N’-bis(a-naphthyl)-1,1’-biphenyl-4,4’-diamine (NPB),
4,4’,4"-Tris(9-carbazoyl)triphenylamine (TCTA), 4,4’,4"-
Tris(N-3-methylphenyl-N-phenylamino) triphenylamine
(m-MTDATA), etc.
[0024] The ETL 6 is made from electron transport ma-
terials. The electron transport materials may be metal
chelates, azole compounds, phenanthroline derivatives
or the like, for instance, may be: tris(8-hydroxyquino-
line)aluminum (AlQ3), 4,7-diphenyl-1,10-orthophenan-
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throline (BPhen), 1,3,5-tris[(3-pyridyl)-3-phenyl]benzene
(TmPyPB), 2,2’-(1,3-phenyl)bis[5-(4-tert-butylphenyl)
-1,3,4-oxadiazole] (OXD-7), etc.
[0025] It should be noted that: firstly, the specific
number of the at least two EMLs is not limited, as long
as white light can be emitted. The structure as shown in
FIGS. 3 and 5 includes two EMLs, namely the first EML
3 and the second EML 4; and the structure as shown in
FIG. 4 includes three EMLs, namely the first EML 3, the
second EML 4 and a third EML 10.
[0026] A material of each EML in the at least two EMLs
may be a hole transport material or an electron transport
material.
[0027] For instance, the EML close to the anode 1 is
made from the hole transport materials, and the EML
close to the cathode 2 is made from the electron transport
materials. As shown in FIG. 3, for instance, a material of
the first EML 3 is a hole transport material, and a material
of the second EML 4 is an electron transport material.
[0028] Secondly, a material of the EBL 7 is not specif-
ically limited, as long as the EBL can have the function
of blocking electrons. For instance, a material of the EBL
may be a hole transport material.
[0029] Thirdly, as shown in FIG. 5, in order to increase
the injection efficiency of the electrons and the holes, an
HIL 8 may be further disposed between the anode 1 and
the first EML 3, and an EIL 9 may be further disposed
between the cathode 2 and the second EML 4.
[0030] The embodiment of the present disclosure pro-
vides an OLED. As the EBL 7 is disposed between the
at least two EMLs and the ETL 6, a change of the electron
mobility may be inhibited when the driving voltage applied
to the OLED changes, so that the number of electrons
transferred to the EMLs tends to be identical, and hence
the number of excitons in the EMLs tends to be identical.
Thus, the luminous intensity of the EMLs tends to be
identical, so that the luminous color of the OLED can be
stable and the chromaticity coordinate drift can be re-
duced.
[0031] Considering that 9,9-(1,3-Phenylene)bis-9H-
carbazole (mCP) materials are good hole transport ma-
terials, electron transfer blocking effects can be well
achieved using mCP. Therefore, a material of the EBL
7, for instance, may comprise mCP.
[0032] As shown in FIG. 6 which is a CIE1931 chro-
maticity coordinate system, in the case that a material of
the EBL 7 comprises mCP, when the driving voltage grad-
ually changes from 7 V to 21 V, as shown by dotted lines
in FIG. 6 (triangles in the dotted lines refer to the chro-
maticity coordinates of the luminous color of the OLED
under different driving voltages), a change of the chro-
maticity coordinate of the OLED is small, and good color
stability is obtained.
[0033] For instance, a thickness of the EBL 7 is from
5 nm to 15 nm.
[0034] When the thickness of the EBL 7 is set from 5
nm to 15 nm, electron transfer can be well blocked by
the EBL. For example, when the thickness of the EBL 7

is 10 nm, the electron blocking effect is good, and the
entire OLED is light and thin.
[0035] For instance, the at least two EMLs comprise a
red EML and a blue EML; the red EML is arranged closer
to the EBL 7 as compared to the blue EML; and the blue
EML is arranged closer to the HTL 5 as compared to the
red EML.
[0036] That is to say, as shown in FIG. 3, the first EML
3 is a blue EML, and the second EML 4 is a red EML.
[0037] A material of the blue EML, for instance, may
adopt a host-guest doping system, in which host mate-
rials may adopt iridium (Ir) complexes such as bis(4,6
difluorophenylpyridinato-N,C2)picolinatoiridium (FIrpic),
and guest materials may adopt 4,4’-Bis(N-carbazolyl)-
1,1’-biphenyl (CBP), 1,3-bis(triphenylsilyl)benzene
(UGH3), mCP, etc. For instance, the materials of the blue
EML are CBP: 9% FIrpic.
[0038] A material of the red EML, for instance, may
adopt a host-guest doping system, in which a guest ma-
terial may adopt Ir complexes such as bis(2-methyldiben-
zo[F,H]quinoxaline)(acetylacetonate)iridium(III)
(Ir(MDQ)2acac), and a host material may adopt CBP,
etc. For instance, the materials of the red EML are CBP:
2% Ir(MDQ)2acac.
[0039] In the present embodiment of the disclosure, as
red and blue are two complementary colors, the super-
imposition of the blue EML and the red EML allows the
OLED to emit white light. As the blue EML comprises
hole transport materials, an energy level difference be-
tween the EML and the anode 1 can be reduced by dis-
posing the blue EML close to the HTL 5 and hence the
luminescent properties of the EML can be improved; and
as the red EML comprises electron transport materials,
the energy level difference between the EML and the
cathode 2 can be reduced by disposing the red EML close
to the ETL 6 and hence the luminescent properties of the
EML can be improved.
[0040] For instance, a material of the EBL 7 comprises
mCP; and a host material of the blue EML comprises
mCP.
[0041] In the present embodiment of the disclosure, a
host material of the EBL 7 and the blue EML adopt same
materials, as a result, a replacement frequency of differ-
ent materials in the evaporation process is reduced, and
hence the manufacturing process is simplified and the
production efficiency is improved.
[0042] For instance, the at least two EMLs comprise a
red EML, a blue EML and a green EML; and the green
EML is disposed between the red EML and the blue EML.
[0043] That is to say, as shown in FIG. 4, the first EML
3 is a blue EML; the second EML 4 is a red EML; and
the third EML 10 is a green EML.
[0044] Compared with the OLED only comprising a red
EML and a blue EML, the OLED further comprising a
green EML has higher color rendering index.
[0045] On this basis, considering that the energy level
difference between the cathode 2 and the ETL 6 is large
and the electron transport efficiency is low, for instance,
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as shown in FIG. 7, the OLED further comprises a buffer
layer 11 disposed on a surface of the cathode 2 facing
the ETL 6. The buffer layer 11 is configured to match the
energy level of the cathode 2 and the ETL 6.
[0046] The materials of the buffer layer 11 are not spe-
cifically limited, as long as the buffer layer can achieve
the energy level buffering between the cathode 2 and the
ETL 6. For instance, a material of the buffer layer 11 may
be LiF, etc.
[0047] An embodiment of the present disclosure pro-
vides an OLED display panel, which comprises the fore-
going OLED.
[0048] In the OLED display panel provided by the em-
bodiment of the present disclosure, as the EBL 7 is dis-
posed between the at least two EMLs and the ETL 6 of
the OLED, when a driving voltage applied to the OLED
changes, the change of the electron mobility can be in-
hibited, so the number of electrons transferred to the
EMLs tends to be identical, and hence the number of
excitons in the EMLs tends to be identical. Thus, the lu-
minous intensity of the EMLs tends to be identical, so
that the luminous color of the OLED is stabilized and the
chromaticity coordinate drift is reduced, and hence the
display effect of the OLED display panel can be improved.
[0049] The embodiment of the present disclosure pro-
vides a method for manufacturing an OLED. As illustrated
in FIG. 8, the method comprises:
S01: as shown in FIGS.3-4, forming an anode 1 on a
substrate 100 through a patterning process.
[0050] The substrate 100, for instance, may be trans-
parent glass. A material of the anode 1, for instance, may
be indium tin oxide (ITO).
[0051] Considering that a surface state of the anode 1
directly affects hole injection, affects the interface elec-
tronic state of organic layers, and affects the film forming
property of organic materials, the surface treatment of
the substrate 100 is very important. On this basis, before
the anode 1 is formed, the substrate 100 must be sub-
jected to surface treatment, for instance, including: plac-
ing the cleaned substrate 100 into clean water, anhy-
drous ethanol, acetone, anhydrous ethanol, acetone and
isopropyl alcohol respectively, adopting an ultrasonic
wave cleaner for treatment, and placing the substrate
into anhydrous ethanol for storage after the completion
of cleaning.
[0052] S02: as shown in FIGS. 3-4, forming a HTL 5
on the anode 1 through an evaporation process.
[0053] A hole transport material may comprise triar-
ylamine compounds, biphenyl diamine derivatives or
cross-linked diamine biphenyl, for instance, may be NPB,
TCTA, m-MTDATA, etc.
[0054] S03: forming at least two EMLs on the HTL 5
through an evaporation process.
[0055] As shown in FIG. 3, the at least two EMLs com-
prise a first EML 3 and a second EML 4. Or as shown in
FIG. 4, the at least two EMLs comprise a first EML3, a
second EML 4 and a third EML 10.
[0056] Tthe first EML 3 may be a blue EML; the second

EML 4 may be a red EML; and the third EML 10 may be
a green EML.
[0057] S04: forming an EBL 7 on the at least two EMLs
through an evaporation process.
[0058] A material of the EBL 7 is not specifically limited,
as long as an electron blocking effect can be obtained
through the EBL. For instance, a material of the EBL may
comprise a hole transport material.
[0059] S05: forming an ETL 6 on the EBL 7 through an
evaporation process.
[0060] The ETL 6 is made from electron transport ma-
terials. The electron transport materials may comprise
metal chelates, azole compounds, phenanthroline deriv-
atives or the like, for instance, may be: AlQ3, BPhen,
TmPyPB, OXD-7.
[0061] S06: forming a cathode 2 on the ETL 6 through
an evaporation process.
[0062] A material of the cathode 2 may comprise me-
tallic materials such as aluminum (Al), aurum (Au), ar-
gentums (Ag) and magnesium (Mg)-Ag alloy.
[0063] In the embodiment of the present disclosure,
the evaporation process, for instance, may include: evap-
orating target materials into atoms or molecules by elec-
tric heating. The atoms and the molecules will be disen-
gaged from the materials and move up due to thermal
motion, make contact with the substrate 100 in the mov-
ing process, and are accumulated and condensed on the
substrate 100 to form layers. The processes of forming
the layers by high-temperature evaporation are all per-
formed in an environment with a pressure less than
4310-4 Pa.
[0064] The embodiment of the present disclosure pro-
vides a method for manufacturing an OLED. As the EBL
7 is formed between the at least two EMLs and the ETL
6, the change of the electron mobility may be inhibited
when the driving voltage applied to the OLED changes,
so that the number of electrons transferred to the EMLs
tends to be identical, and hence the number of excitons
in the EMLs tends to be identical. Thus, the luminous
intensity of the EMLs tends to be identical, so that the
luminous color of the OLED can be stabilized and the
chromaticity coordinate drift is reduced.
[0065] For instance, the forming the at least two EMLs
comprises: forming a red EML and a blue EML, in which
the red EML is formed closer to the EBL 7 as compared
to the blue EML; the blue EML is formed closer to the
HTL 5 as compared to the red EML; and a host material
of the blue EML may comprise mCP. On this basis, the
forming the EBL 7 includes: forming the EBL 7 with mCP.
[0066] In the present embodiment of the present dis-
closure, a host material of the EBL 7 and the blue EML
adopt same materials, as a result, a replacement fre-
quency of different materials in the evaporation process
is reduced, and hence the manufacturing process is sim-
plified and the production efficiency is improved.
[0067] For instance, the method further comprises
forming a green EML. The green EML is disposed be-
tween the red EML and the blue EML.
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[0068] For instance, a thickness of the EBL 7 is from
5 nm to 15 nm.
[0069] When the thickness of the EBL 7 is from 5 nm
to 15 nm, electron transfer can be well blocked by the
EBL. Particularly when the thickness of the EBL 7 is 10
nm, the electron blocking effect is good, and the entire
OLED is light and thin.
[0070] What are described above is related to the il-
lustrative embodiments of the disclosure only and not
limitative to the scope of the disclosure; the scopes of
the disclosure are defined by the accompanying claims.
[0071] The present application claims the priority of the
Chinese Patent Application No.201610279225.4 filed on
April 28, 2016, which is incorporated herein by reference
as part of the disclosure of the present application.

Claims

1. An organic light-emitting diode (OLED), comprising
a substrate, an anode and a cathode disposed on
the substrate, a hole transport layer (HTL) and an
electron transport layer (ETL) disposed between the
anode and the cathode, and at least two emitting
layers (EMLs) disposed between the HTL and the
ETL, wherein the at least two EMLs emit white light;
and
the OLED further comprises an electron blocking lay-
er (EBL) disposed between the ETL and the at least
two EMLs.

2. The OLED according to claim 1, wherein a material
of the EBL comprises 9,9-(1,3-Phenylene)bis-9H-
carbazole (mCP).

3. The OLED according to claim 1 or 2, wherein a thick-
ness of the EBL is from 5 nm to 15 nm.

4. The OLED according to any one of claims 1 to 3,
wherein the at least two EMLs comprise a red emit-
ting layer (EML) and a blue emitting layer (EML);
the red EML is arranged closer to the EBL as com-
pared to the blue EML; and the blue EML is arranged
closer to the HTL as compared to the red EML.

5. The OLED according to any one of claims 1 to 4,
wherein a material of the EBL comprises mCP; and
a host material of the blue EML comprises mCP.

6. The OLED according to claim 4, wherein the at least
two EMLs further comprise a green EML; and
the green EML is disposed between the red EML
and the blue EML.

7. The OLED according to claim 1, further comprising
a buffer layer disposed on a surface of the cathode
facing the ETL; and an energy level of the buffer
layer is between an energy level of the cathode and

an energy level of the ETL.

8. An OLED display panel, comprising the OLED ac-
cording to any one of claims 1 to 7.

9. A method for manufacturing an OLED, comprising:

forming an anode through a patterning process;
and
forming a hole transport layer (HTL), at least two
emitting layers (EMLs), an electron transport
layer (ETL) and a cathode on the anode sequen-
tially through an evaporation process, wherein
the at least two EMLs emit white light; and
the method further comprises: forming an elec-
tron blocking layer (EBL) between the at least
two EMLs and the ETL.

10. The manufacturing method according to claim 9,
wherein forming of the at least two emitting layers
(EMLs) comprises:

forming a red emitting layer (EML) and a blue
emitting layer (EML), in which the red EML is
closer to the EBL as compared to the blue EML;
the blue EML is closer to the HTL as compared
to the red EML; a host material of the blue EML
comprises mCP; and
forming of the EBL comprises:
forming the EBL with mCP.

11. The manufacturing method according to claim 10,
wherein a thickness of the EBL is from 5 nm to 15 nm.
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