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(7) ABSTRACT

An electron transporting layer is provided. A raw material of
the electron transporting layer includes an inert metal and an
organic compound capable of performing coordination reac-
tion with the inert metal. The organic compound has the
following formula: Ar,—L,-Ar,—},,-L,-Ar;. L1 and L2 are
respectively independently selected from the group consist-
ing of an alkylene group containing 1 to 12 carbon atoms
and an arylene group containing 6 to 30 carbon atoms. Arl,
Ar2, and Ar3 are respectively independently selected from
the group consisting of a nitrogen-oxygen coordination
group, a nitrogen-sulfur coordination group, a sulfur-oxygen
coordination group, a sulfur-sulfur coordination group, an
oxygen-oxygen coordination group, and a nitrogen-nitrogen
coordination group; and m is an integer from 0 to 10.

- 140

130

—~— 120

—~— 110




Patent Application Publication

Nov. 14,2019 Sheet 1 of 6

140

130

—~— 120

FIG. 1

US 2019/0348614 A1



Patent Application Publication

200

Nov. 14,2019 Sheet 2 of 6

250

———240

——230

- 220

——210

FIG. 2

US 2019/0348614 A1



Patent Application Publication

300

Nov. 14,2019 Sheet 3 of 6

360

- 350

——— 340

—— 330

- 320

310

FIG. 3

US 2019/0348614 A1



Patent Application Publication Nov. 14,2019 Sheet 4 of 6 US 2019/0348614 A1

ol
<2
b

LA L | p -

g Comparative Example 1

wdi Example 1

1 ﬁ«s . R \ h . ) |
3.2x10° 3.6x10° 4.0x10° 4.4x10° 4.8x10°
HTemperature (1K)

FIG. 4



Patent Application Publication Nov. 14,2019 Sheet 5 of 6 US 2019/0348614 A1

{ e~ Comparative Example 4
2000 -4== Comparative Example 5
8 wis Ex ample 12

Current Dens

Voltage (V)

FIG. 5



Patent Application Publication Nov. 14,2019 Sheet 6 of 6 US 2019/0348614 A1

wwe EXAMple 15

«a= Example 14

RT

Voltage {if‘;j

FIG. 6



US 2019/0348614 Al

ELECTRON TRANSPORTING LAYERS,
ORGANIC ELECTROLUMINESCENCE
DEVICES, AND DISPLAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/CN2018/089977, filed
on Jun. 5, 2018, entitled “ELECTRON TRANSPORTING
LAYERS, ORGANIC ELECTROLUMINESCENCE
DEVICES, AND DISPLAYS”, which claims priority to
Chinese Patent Application No. 201711480627.1, filed on
Dec. 29, 2017, both of which are incorporated by reference
herein for all purposes.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present disclosure
relate to the field of organic electroluminescence devices.

BACKGROUND TECHNOLOGY

[0003] Organic electroluminescence devices, such as
organic light-emitting diodes (OLEDs), have become the
main force of next-generation display technology due to a
series of advantages such as self-luminescence, low power
consumption, large viewing angle, high response speed,
light and thin.

[0004] The luminous efliciency of an organic electrolumi-
nescence device depends not only on the luminous efliciency
of the luminescence material itself, but also on the trans-
porting of carriers within the transporting layer and the
luminescence layer. The imbalance between electron and
hole injection is one of the factors affecting the luminous
efficiency. Compared with the hole injection transporting
capability, the electron injection transporting capability of
organic molecules is weak, the imbalance between the
electron and hole injection and the difference in mobility
make carriers injected from the two electrodes unable to be
effectively limited in a luminescence region to form exci-
tons, resulting in a part of excess carriers reaching the
electrode, causing quenching of light emission at the elec-
trode. In addition, the excess carriers also collide with the
triplet energy level of the excitons in the luminescence layer,
resulting in triplet-polaron annihilation (TPA), which causes
a decrease in the luminous efficiency and lifetime of the
electroluminescence device.

[0005] Compared with inorganic semiconductors, organic
semiconductor materials have lower intermolecular force,
and carriers are mainly transported by hopping, resulting in
lower mobility and conductivity of the transporting layer. At
present, the electron transporting layer has a low electron
mobility (on the order of about 107> ecm? V= 57! to 10~* cm®
V~! s71), resulting in a low luminous efficiency of the
organic electroluminescence device.

SUMMARY

[0006] Accordingly, it is desirable to provide an electron
transporting layer having high electron mobility.

[0007] In addition, an organic electroluminescence device
and a display are also provided.

[0008] An electron transporting layer is provided. A raw
material of the electron transporting layer includes an inert
metal and an organic compound capable of performing
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coordination reaction with the inert metal. The organic
compound has the following formula:

ArH-L A, -Lr-Ar,

[0009] L, and L, are respectively independently selected
from the group consisting of an alkylene group containing 1
to 12 carbon atoms and an arylene group containing 6 to 30
carbon atoms; Ar,, Ar,, and Ar; are respectively indepen-
dently selected from the group consisting of a nitrogen-
oxygen coordination group, a nitrogen-sulfur coordination
group, a sulfur-oxygen coordination group, a sulfur-sulfur
coordination group, an oxygen-oxygen coordination group,
and a nitrogen-nitrogen coordination group; and m is an
integer from 0 to 10.

[0010] An organic electroluminescence device includes
the aforementioned electron transporting layer.

[0011] A display includes the aforementioned organic
electroluminescence device.

[0012] The details of one or more embodiments of the
disclosure are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the disclosure will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic view of a TOF (Time of
flight) device according to an embodiment;

[0014] FIG. 2 is a schematic view of a single carrier device
according to an embodiment;

[0015] FIG. 3 is a schematic view of an organic electrolu-
minescence device according to an embodiment;

[0016] FIG. 4 is a graph showing temperature-carrier
mobility test of TOF devices of Example 1 and Comparative
Example 1;

[0017] FIG. 5 is a graph showing current density-voltage
test of single carrier devices of Examples 12 to 14, Com-
parative Example 4, and Comparative Example 5; and
[0018] FIG. 6 is a graph showing current density-voltage
test of single carrier devices of Examples 14 and 15.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0019] In order to facilitate the understanding of the
present disclosure, embodiments of the disclosure are
described more fully hereinafter with reference to the
accompanying drawings. The various embodiments of the
disclosure may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the disclosure to those
skilled in the art.

[0020] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. The terms used herein
in the specification of the present disclosure are for the
purpose of describing specific embodiments only and are not
intended to limit the present disclosure.

[0021] An electron transporting layer according to an
embodiment is prepared from a raw material of the electron
transporting layer, and the raw material of the electron
transporting layer includes an inert metal and an organic
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compound capable of performing coordination reaction with
the inert metal. The organic compound has the following
formula:

Ar-L-Aryt,-Lo-Ar

[0022] L, and L, are respectively independently selected
from the group consisting of an alkylene group containing 1
to 12 carbon atoms and an arylene group containing 6 to 30
carbon atoms; Ar,, Ar,, and Ar; are respectively indepen-
dently selected from the group consisting of a nitrogen-
oxygen coordination group, a nitrogen-sulfur coordination
group, a sulfur-oxygen coordination group, a sulfur-sulfur
coordination group, an oxygen-oxygen coordination group,
and a nitrogen-nitrogen coordination group; and m is an
integer from 0 to 10.

[0023] In addition, each of Ar,, Ar,, and Ar; is indepen-
dently selected from the group consisting of the following
structures:
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-continued
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-continued

[0024] each of R, R, Ry, Ry, Ry, R, Ry, R, Ry, and Ry
is selected from the group consisting of a hydrogen atom, an
alkyl group, an aryl group, a conjugated heterocyclic ring, a
methoxy group, an amino group, —C, H, —NH,, a cyano
group, a halogen atom, a haloalkyl group, an aldehyde
group, a keto group, an ester group, an acetylacetonate
group, —C,H,,—CN, —C,H,,—COOR, —C,_H,,—CHO,
and —C,H,,—COCH,COR, in which the conjugated het-
erocyclic ring is mainly a nitrogen-containing heterocyclic
ring, a sulfur-containing heterocyclic ring, and an oxygen-
containing heterocyclic ring; R is selected from the group
consisting of a hydrogen atom, an alkyl group containing 1
to 10 carbon atoms, and an aryl group containing 6 to 18
carbon atoms; and n is an integer from 1 to 30. In addition,
the aryl group is a phenyl group.

[0025] Allsites in the aforementioned Ar, structure can be
linked to L;, all sites in the aforementioned Ar, structure can
be linked to L, and L,, and all sites in the aforementioned
Arj, structure can be linked to L,. In addition, the R, R5, R,
and R, sites in the aforementioned Ar, are sites to which L,
is linked, the R, R,, R;, and R, sites in the aforementioned
Ar, are sites to which L, and L, are linked, and the R}, R,
R,, and R, sites in the aforementioned Ar, are sites to which
L, is linked.

[0026] Moreover, the L, and the L, are respectively inde-
pendently selected from the group consisting of the follow-
ing structures:

2-1
Ry Ri2
Riz Ryg
2-2
Ryy
Ryj Ri3
Rz
2-3
Ry R
R15 R16
Rz Ria
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2-8

[0027] each of R, Ry, Rz, Ry Rys, Ryg, Ry7, and Ry
is selected from the group consisting of a hydrogen atom, an
alkyl group, a methoxy group, an amino group, —C,H,,—
NH,, a cyano group, a halogen atom, a haloalkyl group, an
aldehyde group, a keto group, an ester group, and an
acetylacetonate group.
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[0028] Specifically, the organic compound is selected
from the group consisting of the following structures:

3-1 32

3-11 3-12
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-continued
3-15 3-16

\NXN/ O = NXN/ » HN NH HN NH,
k = ™ )
N N N N
3-18

3-17




US 2019/0348614 A1l Nov. 14,2019
7

-continued

2~ O~ 0
e Y% %

\_/

329 3-30




US 2019/0348614 A1l Nov. 14,2019




US 2019/0348614 A1l Nov. 14,2019




US 2019/0348614 A1l Nov. 14,2019




US 2019/0348614 A1l Nov. 14,2019
11

N

()
Qf\ w\ V\ T

356 f;@;@ 4@1& fp:@




US 2019/0348614 A1l Nov. 14,2019
12

-continued

%} % %} % O

L/



US 2019/0348614 Al

Nov. 14,2019

-continued

6-9

[0029] The inert metal is at least one selected from the
group consisting of titanium, vanadium, chromium, manga-
nese, iron, cobalt, nickel, copper (Cu), zinc, zirconium,
niobium, molybdenum, technetium, ruthenium, rhodium,
lead, silver (Ag), cadmium, tantalum, tungsten, rhenium,
osmium, iridium, gold (Au), platinum, and mercury. In
addition, the inert metal is at least one selected from the
group consisting of cobalt, nickel, copper, ruthenium, silver,
iridium, gold, and platinum. Moreover, the inert metal is
silver.

[0030] A mass ratio of the inert metal to the organic
compound in the electron transporting layer ranges from
5:100 to 50:100. When the mass ratio of the inert metal to
the long-chain organic compound is less than 5:100, a
content of the inert metal in the electron transporting layer
is too low to reduce the electron mobility. When the mass
ratio of the inert metal to the long-chain organic compound
is greater than 50:100, other performance properties such as
flexibility and light transmittance of the device are affected.
[0031] The aforementioned electron transporting layer has
at least the following advantages:

[0032] (1) The organic compound in the aforementioned
electron transporting layer contains at least one heterocyclic
coordination structure selected from the group consisting of
a nitrogen-oxygen coordination group, a nitrogen-sulfur
coordination group, a sulfur-oxygen coordination group, a
sulfur-sulfur coordination group, an oxygen-oxygen coordi-
nation group, and a nitrogen-nitrogen coordination group.
When such coordination structure is coordinated with the
inert metal, the van der Waals force between the molecules
of the previous organic compounds becomes a coordination
force. It increases the interaction force between the mol-
ecules of the organic compounds, reduces the distance
between the molecules of the organic compounds, reduces
the transporting barrier of the carrier, and significantly
improves the mobility of the electron transporting layer.
[0033] (2) Since the aforementioned organic compound
contains one or more heterocyclic coordination structures,
the distance between the molecules can be further reduced

after coordination with the inert metal, and the long-chain
structure of the ligand is favorable for constructing a channel
for carrier transporting, thereby further improving the
mobility.

[0034] (3) The inert metal can achieve a good n-type
doping effect in the ligand structure, which can greatly
increase the carrier concentration, and the conductivity of
the electron transporting layer can be enhanced while the
exogenous carrier is filled with the trap state of the original
electron transporting layer.

[0035] (4) The thermal stability of this organic-inorganic
material composite film (electron transporting layer mate-
rial) is remarkably improved. It is favorable for the improve-
ment of the thermal stability of the electron transporting
layer. The transporting layer is not easily crystallized during
evaporation at a higher temperature, and the stable trans-
porting effect of the transporting layer can be maintained.

[0036] A method of preparing an electron transporting
layer according to an embodiment is to co-evaporate the
aforementioned inert metal and the aforementioned organic
compound.

[0037] An organic electronic device according to an
embodiment includes the aforementioned electron transport-
ing layer. The organic electronic device is selected from the
group consisting of a TOF (Time of flight) device, a single
carrier device, and an organic electroluminescence device.
[0038] The electron transporting layer has a thickness of 1
nm to 200 nm. When the thickness of the electron trans-
porting layer is less than 1 nm or greater than 200 nm, the
recombination of carriers in the luminescence layer is dis-
advantageous. In addition, the electron transporting layer
has a thickness of 5 nm to 50 nm.

[0039] Referring to FIG. 1, a TOF (Time of flight) device
100 according to an embodiment includes a substrate 110, a
first electrode 120, an electron transporting layer 130, and a
second electrode 140. The first electrode 120 is an ITO
(Indium tin oxide) layer, a raw material of the electron
transporting layer 130 includes the aforementioned inert
metal and the aforementioned organic compound, and the
second electrode 140 is Ag.
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[0040] Referring to FIG. 2, a single carrier device 200
includes a substrate 210, a first electrode 220, a blocking
layer 230, an electron transporting layer 240, and a second
electrode 250. The first electrode 220 is an 1TO layer. The
blocking layer 230 is a BCP (2, 9-dimethyl-4, 7-diphenyl-1,
10-o-phenanthroline) layer. A raw material of the electron
transporting layer 240 includes the aforementioned inert
metal and the aforementioned organic compound. The sec-
ond electrode 250 is an Al layer.

[0041] Referring to FIG. 3, an organic electrolumines-
cence device 300 according to an embodiment includes a
substrate 310, a first electrode 320, a hole transporting layer
330, a luminescence layer 340, an electron transporting layer
350, and a second electrode 360. The first electrode 320 is
an ITO layer. The hole transporting layer 330 is an NPB (N,
N'-bis(1-naphthyl)-N, N'-diphenyl-1, 1'-biphenyl-4, 4'-di-
amine) layer. The luminescence layer 340 is an Alg3 (8-hy-
droxyquinoline aluminum) layer. A raw material of the
electron transporting layer 350 includes the aforementioned
inert metal and the aforementioned organic compound. The
second electrode 360 is an aluminum (Al) layer.

[0042] The aforementioned organic electroluminescence
device uses the aforementioned electron transporting layer,
and since the aforementioned electron transporting layer has
effects of enhancing the conductivity of the electron trans-
porting layer and increasing the mobility of the electron
transporting layer, the organic electroluminescence device
has effects of lowering the voltage, reducing the efficiency
roll-off, and increasing the luminescence lifetime of the
device.

[0043] A display according to an embodiment includes the
aforementioned organic electroluminescence device. The
aforementioned display uses the aforementioned electron
transporting layer, and since the aforementioned electron
transporting layer has effects of enhancing the conductivity
of the electron transporting layer and increasing the mobility
of the electron transporting layer, the display using the
organic electroluminescence device has effects of lowering
the voltage, reducing the efficiency roll-off, and increasing
the luminescence lifetime of the device.

Example 1

[0044] A time of flight (TOF) device according to the
present embodiment had a structure of: substrate/ITO (150
nm)/Ag (5%): Bphen-2 (95%) (1 um)/Ag (150 nm). [TO was
a first electrode and had a thickness of 150 nm. Ag (5%):
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[0045]

Bphen-2 had the following formula:

Example 2

[0046] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 1. The difference was that a mass ratio of Ag and
Bphen-2 in the raw material of the electron transporting
layer was 20:80.

Example 3

[0047] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 1. The difference was that a mass ratio of Ag and
Bphen-2 in the raw material of the electron transporting
layer was 30:70.

Example 4

[0048] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 1. The difference was that the inert metal in the raw
material of the electron transporting layer was Cu.

Example 5

[0049] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 1. The difference was that the inert metal in the raw
material of the electron transporting layer was Au.

Example 6

[0050] The structure of the TOF device according to the

present embodiment was substantially the same as that of
Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented by the above formula 4-2, and the
specific formula was as follows:

Bphen-2 (95%) (1 um) was an electron transporting layer,
and the electron transporting layer was formed by evapora-
tion of a raw material of the electron transporting layer. The
raw material of the electron transporting layer included Ag
and Bphen-2 having a mass ratio of 5:95. The electron
transporting layer had a thickness of 1 pm. Ag was a second
electrode. “/” means lamination, which is the same below.

Example 7

[0051] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented by the above formula 4-7, and the
specific formula was as follows:
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Example 8

[0052] The structure of the TOF device according to the
present embodiment was substantially the same as that of
Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented b the above formula 5-2, and the
specific formula was as follows:

Example 9

[0053] The structure of the TOF device according to the

present embodiment was substantially the same as that of
Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented by the above formula 5-6, and the
specific formula was as follows:

Example 10

[0054] The structure of the TOF device according to the
present embodiment was substantially the same as that of

Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented by the above formula 6-1, and the
specific formula was as follows:




US 2019/0348614 Al

Example 11

[0055] The structure of the TOF device according to the

present embodiment was substantially the same as that of
Example 3. The difference was that the organic compound in
the raw material of the electron transporting layer was a
compound represented by the above formula 6-6, and the
specific formula was as follows:

Nov. 14,2019

that of Example 1. The difference was that the raw material
of the electron transporting layer included Ag and Bphen
having a mass ratio of 30:70.

[0059] Electron mobility tests were carried out on
Examples 1 to 11 and Comparative Examples 1 to 3 using
the Time of Flight method. The test results were shown in
Table 1:

Comparative Example 1

[0056]
present comparative example was substantially the same as

The structure of the TOF device according to the

that of Example 1. The difference was that the raw material
of the electron transporting layer was Bphen-2.

Comparative Example 2

[0057]
present comparative example was substantially the same as

The structure of the TOF device according to the

that of Example 1. The difference was that the raw material
of the electron transporting layer was Bphen (4, 7-diphenyl-
1, 10-phenanthroline), and the structure was as follows:

\

\ /

Comparative Example 3

[0058] The structure of the TOF device according to the
present comparative example was substantially the same as

TABLE 1

Results of Flectron Mobility Tests

Electron
Mobility
Electron Transporting Material (em? Vg
Example 1  Ag and Bphen-2 in a mass ratio of 5:95 8.7 * 1073
Example 2 Ag and Bphen-2 in a mass ratio of 20:80 9.6 * 1073
Example 3 Ag and Bphen-2 in a mass ratio of 30:70 1.1*1072
Example 4  Cu and Bphen-2 in a mass ratio of 5:95 79 * 1073
Example 5 Au and Bphen-2 in a mass ratio of 5:95 9.2 %1073
Example 6  Ag and the organic compound 15*1072
represented by the formula 4-2 in a mass
ratio of 30:70
Example 7 Ag and the organic compound 1.4 %1072
represented by the formula 4-7 in a mass
ratio of 30:70
Example 8  Ag and the organic compound 1.9 *1072
represented by the formula 5-2 in a mass
ratio of 30:70
Example 9 Ag and the organic compound 1.8 *1072
represented by the formula 5-6 in a mass
ratio of 30:70
Example 10 Ag and the organic compound 23 %1072
represented by the formula 6-1 in a mass
ratio of 30:70
Example 11 Ag and the organic compound 2.1 %1072
represented by the formula 6-6 in a mass
ratio of 30:70
Comparative Bphen-2 6.2 * 107
Example 1
Comparative Bphen 2.1%107%
Example 2
Comparative Ag and Bphen in a mass ratio of 30:70 8.2 %1072
Example 3
[0060] As can be seen from the results of the electron

mobilities in Table 1, the inert metals such as Ag, Cu, and Au
are doped in the organic compound to coordinate and form
the electron transporting layer, and the electron mobility of
the TOF device prepared by using the electron transporting
layer is significantly improved. In addition, the mobility of
the electron transporting layer gradually increases as the
content of the inert metal in the electron transporting layer
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increases. It indicates that the inclusion of the inert metal in
the electron transporting layer facilitates the improvement of
the carrier mobility of the electron transporting layer.
[0061] As can be seen from the results of the electron
mobilities of Examples 3, 6-11 and Comparative Example 3,
the electron mobility of the electron transporting layer
gradually increases as the length of the molecular chain of
the organic compound increases. It indicates that as the
length of the molecular chain of the organic compound
increases, the heterocyclic coordination structure thereof
also increases, so that the distance between the molecules is
further reduced after the organic compound is coordinated
with the inert metal, and the long-chain structure of the
organic compound is favorable for constructing a channel
for carrier transporting, thereby further improving the elec-
tron mobility.

[0062] Carrier mobilities of Examples 1 and Comparative
Example 1 were tested at different temperatures using a TOF
(Time of Flight) test, and the results were shown in FIG. 4.
[0063] As can be seen from FIG. 4, at the same tempera-
ture, the carrier mobility of the TOF device of Example 1 is
higher than that of the TOF device of Comparative Example
1, indicating that the presence of inert metal Ag in the
electron transporting layer results in a decrease in the
electron transporting barrier and facilitates the improvement
of the electron mobility.

Example 12

[0064] A single carrier device according to the present
embodiment had a structure of: ITO (150 nm)/BCP (10
nm)/Ag (5%): Bphen-2 (95%) (100 nm)/Al (150 nm). ITO
was a first electrode and had a thickness of 150 nm. BCP (2,
9-dimethyl-4, 7-diphenyl-1, 10-o-phenanthroline) was a
blocking layer with a thickness of 10 nm. Ag (5%): Bphen-2
(95%) was an electron transporting layer, and the electron
transporting layer was formed by evaporation of a raw
material of the electron transporting layer. The raw material
of the electron transporting layer included Ag and Bphen-2
(1, 4-bis-(4, 7-diphenyl-1, 10-phenanthrolinyl-3-)benzene)
having a mass ratio of 5:95. The electron transporting layer
had a thickness of 100 nm. Al was a second electrode and
had a thickness of 150 nm.

Example 13

[0065] The structure of the single carrier device according
to the present embodiment was substantially the same as that
of Example 12. The difference was that a mass ratio of Ag
and Bphen-2 in the raw material of the electron transporting
layer was 20:80.

Example 14

[0066] The structure of the single carrier device according
to the present embodiment was substantially the same as that
of Example 12. The difference was that a mass ratio of Ag
and Bphen-2 in the raw material of the electron transporting
layer was 30:70.

Example 15

[0067] The structure of the single carrier device according
to the present embodiment was substantially the same as that
of Example 12. The difference was that the organic com-
pound in the raw material of the electron transporting layer
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was Bphen (4, 7-diphenyl-1, 10-phenanthroline), and a mass
ratio of Ag to Bphen was 30:70.

Comparative Example 4

[0068] The structure of the single carrier device according
to the present comparative example was substantially the
same as that of Example 12. The difference was that the
electron transporting layer was a Bphen-2 layer.

Comparative Example 5

[0069] The structure of the single carrier device according
to the present comparative example was substantially the
same as that of Example 12. The difference was that the raw
material of the electron transporting layer was Bphen-2, and
the electron transporting layer further includes an electron
injection layer having a thickness of 1 nm. The electron
injection material is LiF.

[0070] Current density-voltage tests were performed on
the single carrier devices of Examples 12 to 15 and Com-
parative Examples 4 to 5 using a Keithley K 2400 digital
source meter systen, and the results were shown in FIGS. 5
and 6.

[0071] As can be seen from FIG. 5, the single carrier
devices of Examples 12 to 14 have higher current densities
at the same voltage than the single carrier devices of
Comparative Examples 4 to 5. It indicates that the electron
transporting performances of the single carrier devices of
Examples 12 to 14 are better, and the electron mobility of the
electron transporting layer can be improved by doping inert
metal Ag in the electron transporting layer. In addition, the
single carrier device in Comparative Example 5 includes an
electron transporting layer and an electron injection layer,
while the electron transporting performances of the single
carrier devices of Examples 12 to 14 are still superior to that
of the single carrier device in Comparative Example 5,
indicating that the presence of the inert metal Ag in the
electron transporting layer not only facilitates the electron
transporting, but also improves the electron injection, which
is even more effective than that of the electron injection
layer using LiF material.

[0072] Moreover, as can be seen from the current density-
voltage curves of Examples 12 to 14 in FIG. 5, as the content
of Ag in the electron transporting layer increases, the elec-
tron transporting performance is gradually improved, and is
optimal when the content of Ag reaches 30% by mass.
[0073] As can be seen from FIG. 6, on the premise that the
content of the inert metal Ag in the electron transporting
layer is the same, the single carrier device of Example 14 has
a higher current density at the same voltage than that of the
single carrier device of Example 15. It indicates that the
coordination of the inert metal with the long-chain organic
compound as a ligand in the electron transporting layer
facilitates the increase of carrier mobility.

Example 16

[0074] An organic electroluminescence device according
to the present embodiment had a structure of: ITO (150
nm)/NPB (40 nm)/Alg3 (30 nm)/Ag (5%): Bphen-2 (95%)
(30 nm)/Al (150 nm). ITO was a first electrode and had a
thickness of 150 nm. NPB (N, N'-bis(1-naphthyl)-N, N'-di-
phenyl-1, 1'-biphenyl-4, 4'-diamine) was a hole transporting
layer with a thickness of 40 nm. Alg3 (8-hydroxyquinoline
aluminum) was a luminescence layer with a thickness of 30
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nm. Ag (5%): Bphen-2 (95%) was an electron transporting
layer, and the electron transporting layer was formed by
evaporation of a raw material of the electron transporting
layer. The raw material of the electron transporting layer
included Ag and Bphen-2 (1, 4-bis-(4, 7-diphenyl-1,
10-phenanthrolinyl-3-)benzene) having a mass ratio of 5:95.
Al was a second electrode and had a thickness of 150 nm.

BExample 17

[0075] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that a mass ratio of Ag and Bphen-2 in the raw material of
the electron transporting layer was 20:80.

Example 18

[0076] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that a mass ratio of Ag and Bphen-2 in the raw material of
the electron transporting layer was 30:70.

Comparative Example 6

[0077] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that the raw material of the electron transporting layer was
Bphen-2, and the electron transporting layer further includes
an electron injection layer having a film thickness of 1 nm.
The electron injection material is LiF.

BExample 19

[0078] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that the raw material of the electron transporting layer
includes cobalt and an organic compound having a structure
represented by Formula 3-7, and a mass ratio of cobalt to the
organic compound having the structure represented by For-
mula 3-7 ranges from 20:80.

Example 20

[0079] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that the raw material of the electron transporting layer
includes copper and an organic compound having a structure
represented by Formula 3-27, and a mass ratio of copper to
the organic compound having the structure represented by
Formula 3-27 ranges from 10:90.

Example 21

[0080] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that the raw material of the electron transporting layer
includes gold and an organic compound having a structure
represented by Formula 3-31, and a mass ratio of gold to the
organic compound having the structure represented by For-
mula 3-31 ranges from 20:80.
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Example 22

[0081] The structure of the organic electroluminescence
device according to the present embodiment was substan-
tially the same as that of Example 16. The difference was
that the raw material of the electron transporting layer
includes platinum and an organic compound having a struc-
ture represented by Formula 4-4, and a mass ratio of
platinum to the organic compound having the structure
represented by Formula 4-4 ranges from 15:85.

[0082] The organic -electroluminescence devices of
Examples 16 to 22 and Comparative Example 6 were tested
for current, voltage, luminance, and luminescence spectrum
simultaneously by using a PR 650 spectral scanning lumi-
nance meter and a Keithley K 2400 digital source meter
system, and the results were shown in Table 2:

TABLE 2

Performance Test Results of Organic Electroluminescence Devices

Voltage (V) at a luminance Current efficiency (cd/A) at
of 1000 cd/m? a luminance of 1000 cd/m?

Example 16 6.2 2.3

Example 17 52 2.5

Example 18 4.7 3.1
Comparative 8.1 1.7

Example 6

Example 19 6.7 2.2

Example 20 7.0 2.6

Example 21 6.0 2.1

Example 22 52 1.9

[0083] As can be seen from Table 2, compared with

Comparative Example 6, the organic electroluminescence
devices of Examples 16 to 18 have a lower voltage at the
same luminance (1000 c¢d/m®), which indicates that the
doping of the inert metal Ag in the electron transporting
layer 1s beneficial to the improvement of the mobility of the
electron transporting layer and the injection of electrons, and
more favorable for balancing the carrier concentration in the
organic electroluminescence device, thereby lowering the
voltage of the organic electronic device. In addition, the
organic electroluminescence devices of Examples 16 to 18
have a higher current efficiency at the same luminance (1000
cd/m?). It indicates that the doping of the inert metal Ag in
the electron transporting layer is beneficial to the improve-
ment of the mobility of the electron transporting layer, and
the organic electroluminescence device has a more balanced
carrier mobility, so that the carriers injected from the two
electrodes are effectively recombined in the luminescence
region to form excitons, thereby improving the lumines-
cence performance of the organic electroluminescence
device.

[0084] In addition, the raw material of the electron trans-
porting layer of the organic electroluminescence device in
Comparative Example 6 is Bphen-2, and the electron trans-
porting layer further includes an electron injection layer, and
the electron injection material is LiF. The electrolumines-
cence performances of the organic electroluminescence
devices of Examples 16 to 18 are still superior to that of the
organic electroluminescence device in Comparative
Example 6, indicating that the presence of the inert metal Ag
in the electron transporting layer not only facilitates the
electron transporting, but also improves the electron injec-
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tion, and the electron injection effect of the inert metal Ag
is even stronger than that of the electron injection layer using
LiF as the raw material.

[0085] Moreover, as can be seen from Table 2, as the
content of Ag in the electron transporting layer increases, the
voltages of the organic electroluminescence devices of
Examples 16 to 18 are gradually lowered at 1000 cd/m?, and
the current efficiency is gradually improved. Furthermore,
when the content of Ag reaches 30% by mass, the perfor-
mance of the organic electroluminescence device is optimal.
It is consistent with the test variation of the mobilities of the
electron transporting layers of the single carrier devices of
Examples 1 to 3 with the doping mass of the inert metal.
[0086] Furthermore, it can be seen from the test results of
the organic electroluminescence devices of Examples 19 to
22 that, the voltage of the electroluminescence device at the
same luminance decreases as the length of the molecular
chain of the organic compound increases, which demon-
strates that the number of sites that can be coordinated
increases as the molecular chain introduced into the com-
pound molecule increases. It is advantageous to reduce the
distance between molecules and further close the distance
between molecules, and the long-chain structure of the
ligand is favorable for constructing a channel for carrier
transporting, further improving the mobility, thereby reduc-
ing the turn-on voltage of the device.

[0087] The technical features of the above-described
embodiments may be combined in any combination. For the
sake of brevity of description, all possible combinations of
the various technical features in the above embodiments are
not described. However, as long as there is no contradiction
in the combination of these technical features, it should be
considered as the scope of the present specification.

1. An electron transporting layer, a raw material of the
electron transporting layer comprising an inert metal and an
organic compound capable of performing a coordination
reaction with the inert metal, the organic compound having
the following formula:

Arf-L-Aryt,-Lo-Ar

wherein L, and L, are respectively independently selected
from the group consisting of an alkylene group con-
taining 1 to 12 carbon atoms and an arylene group
containing 6 to 30 carbon atoms;

Ar,, Ar,, and Ar; are respectively independently selected
from the group consisting of a nitrogen-oxygen coor-
dination group, a nitrogen-sulfur coordination group, a
sulfur-oxygen coordination group, a sulfur-sulfur coor-
dination group, an oxygen-oxygen coordination group,
and a nitrogen-nitrogen coordination group; and

m is an integer from 0 to 10.

2. The electron transporting layer according to claim 1,
wherein the Ar,, the Ar,, and the Ar; are respectively
independently selected from the group consisting of the
following structures:
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-continued
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wherein each of Ry, R, Rs, Ry R, Rg, R4, Ry, R, and
R, is selected from the group consisting of a hydrogen
atom, an alkyl group, an aryl group, a conjugated
heterocyclic ring, a methoxy group, an amino group,
—C,H,,—NH,, a cyano group, a halogen atom, a
haloalkyl group, an aldehyde group, a keto group, an
ester group, an acetylacetonate group, —C, H, —CN,
—C,H,,—COOR, —C H,,—CHO, and —C, H,,—
COCH,COR,;

R is selected from the group consisting of a hydrogen
atom, an alkyl group containing 1 to 10 carbon atoms,
and an aryl group containing 6 to 18 carbon atoms; n is
an integer from 1 to 30.

3. The electron transporting layer according to claim 2,
wherein the aryl group is a phenyl group.

4. The electron transporting layer according to claim 2,
wherein sites where R, R,, R;, and R, are located are sites
connected to L1 or L.2.

5. The electron transporting layer of claim 1, wherein the
L1 and the L2 are respectively independently selected from
the group consisting of the following structures:

Rig

Ry Ry

Rie
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-continued
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Rye,
Rys

R17 Rls

Rjs

wherein each of R, |, R 5, R 5, R4, R 5, R 6, R 7, and R
is selected from the group comsisting of a hydrogen
atom, an alkyl group, a methoxy group, an amino
group, —C, H, —NH,, a cvano group, a halogen atom,
a haloalky! group, an aldehyde group, a keto group, an
ester group, and an acetylacetonate group.

6. The electron transporting layer according to claim 1,

wherein the organic compound is selected from the group
consisting of the following structures:
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7. The electron transporting layer according to claim 1,
wherein the inert metal is at least one selected from the
group consisting of titanium, vanadium, chromium, manga-
nese, iron, cobalt, nickel, copper, zinc, zirconium, niobium,
molybdenum, technetium, ruthenium, rhodium, lead, silver,
cadmium, tantalum, tungsten, rhenium, osmium, iridium,
gold, platinum, and mercury.

8. The electron transporting layer according to claim 7,
wherein the inert metal is at least one selected from the
group consisting of cobalt, nickel, copper, ruthenium, silver,
iridium, gold, and platinum.

9. The electron transporting layer according to claim 8,
wherein the inert metal is silver.

10. The electron transporting layer according to claim 1,
wherein a mass ratio of the inert metal to the organic
compound in the raw material of the electron transporting
layer ranges from 5:100 to 50:100.

11. An organic electroluminescence device comprising an
electron transporting layer according to claim 1.

12. The organic electroluminescence device according to
claim 11, wherein the electron transporting layer has a
thickness of 1 nm to 200 nm.

13. The organic electroluminescence device according to
claim 11, wherein the electron transporting layer has a
thickness of 5 nm to 50 nm.

14. The organic electroluminescence device according to
claim 11, wherein the organic electroluminescence device
comprises a substrate, a first electrode, a hole transporting
layer, a luminescence layer, the electron transporting layer,
and a second electrode.

15. A display comprising an organic electroluminescence
device according to claim 11.
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