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(57) ABSTRACT

An organic electroluminescent device includes an anode, a
cathode, a luminescent layer disposed between the anode
and the cathode, and a hole-transporting layer disposed
between the anode and the cathode. The luminescent layer
includes a first sublayer made of a first metal complex and
a second sublayer made of a second metal complex. The
second sublayer is disposed further from the hole-transport-
ing layer than the first sublayer.
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FIG. 2

— EXAMPLE 1

o COMPARATIVE
EXAMPLE 1

x COMPARATIVE
EXAMPLE 2

0.5

NORMALIZED LUMINESCENCE INTENSITY (a.u.)

o

400 450 500 550 600 650 700 750
WAVELENGTH (nm)



Patent Application Publication  Oct. 4,2007 Sheet 3 of 3

US 2007/0231601 A1
~ 1 s e
8 >>|I A\ — EXAMPLE 2
> A © COMPARATIVE
G 0 2 EXAMPLE 3
AL
z 2 E \8 x COMPARATIVE
- N AL EXAMPLE 4
z D £\8
L b %\
> b
L 3 <)
Q 05
L it %
z P
= b
- »
a »
p o )
N
: D ""-’:":'gr,
< “"f.’z;
=
14
®)
prd O 1 1 1

400 450 500 550 600 650 700 750
WAVELENGTH (nm)



US 2007/0231601 A1

ORGANIC ELECTROLUMINESCENT
DEVICE AND DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic elec-
troluminescent device (hereinafter also referred to as organic
EL device) including an anode, a cathode, and a luminescent
layer that is made of an organic compound and that is
disposed between the anode and the cathode.

[0003] 2. Description of the Related Art

[0004] Studies of organic EL devices have been actively
conducted. A known organic compound constituting a lumi-
nescent layer is a metal complex such as tris(2-phenylpyri-
dine) iridium (Ir(ppy),) (see Japanese Patent Laid-Open No.
2004-031211). This organic compound is phosphorescent,
and organic EL. devices that emit phosphorescence have
been developed. However, even when the metal complex
described in Japanese Patent Laid-Open No. 2004-031211 is
used, there is room for further improvement in realizing
low-voltage driving and a longer lifetime.

SUMMARY OF THE INVENTION

[0005] The present invention provides a novel organic EL
device that provides low-voltage driving and a long lifetime
using a metal complex.

[0006] The present invention provides an organic elec-
troluminescent device including an anode; a cathode; a
luminescent layer disposed between the anode and the
cathode; and a hole-transporting layer disposed between the
anode and the cathode, wherein the luminescent layer
includes a first sublayer comprising a first metal complex
and a second sublayer comprising a second metal complex
which is disposed further from the hole-transporting layer
than the first sublayer.

[0007] According to the organic EL device of the present
invention, the luminescent layer is composed of a plurality
of sublayers, and each of the sublayers is made of a different
metal complex. As a result, low-voltage driving and a long
lifetime can be realized compared with an organic EL device
including a luminescent layer composed of a single sublayer
made of a metal complex.

[0008] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic view showing a stacked state
of an organic FL device of Example 1.

[0010] FIG. 2 is a graph including an emission spectrum
of the organic EL device of Example 1 compared to Com-
parative Examples 1 and 2.

[0011] FIG. 3 is a graph including an emission spectrum of
an organic EL device of Example 2 compared to Compara-
tive Examples 3 and 4.

DESCRIPTION OF THE EMBODIMENTS

[0012] An organic electroluminescent device according to
an embodiment of the present invention includes an anode,
a cathode, and a luminescent layer disposed between the
anode and the cathode.

[0013] In addition to the luminescent layer, the organic
electroluminescent device further includes a hole-transport-
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ing layer provided between the anode and the cathode. The
luminescent layer is composed of a first sublayer made of a
first metal complex and a second sublayer that is made of a
second metal complex and that is disposed further from the
hole-transporting layer than the first sublayer.

[0014] As a result, low-voltage driving and a long lifetime
can be realized compared with an organic EL device includ-
ing a luminescent layer composed of a single sublayer made
of a metal complex.

[0015] TItisbelieved that, according to the inventive struc-
ture, recombination of an electron and a hole is not concen-
trated on the interface between the luminescent layer and the
hole-transporting layer, but, instead, is concentrated on
interfaces formed between the luminescent sublayers,
thereby preventing optical quenching.

[0016] In particular, the following relationships may be
satisfied. In the relationships, Ip(EML1) represents the ion-
ization potential of the first metal complex, Ea(EML1)
represents the electron affinity of the first metal complex,
Ip(EML2) represents the ionization potential of the second
metal complex, and Ea(EML2) represents the electron affin-
ity of the second metal complex.

Ip(EML1)<Ip(EML2) )
Ea(EML1)<Ea(EML2) @
[0017] In the organic EL device according to this embodi-

ment, both the first sublayer made of the first metal complex
and the second sublayer made of the second metal complex,
emit light. The colors of light emitted from the sublayers
may be different, similar or be different hues of the same
color. In order to decrease color misregistration, metal
complexes in which the difference in the maximum emission
wavelength is 30 nm or less can be used for the sublayers.

[0018] The present invention also provides a display appa-
ratus including the organic EL device of the above embodi-
ment as a display element in a display unit and a control
circuit for controlling the display of the display unit. In this
case, the organic EL device can be used as a pixel of the
display unit. The control circuit is, for example, a circuit for
controlling emission and non-emission of the organic EL
device. More specifically, an example of the control circuit
is a switching element such as a TFT. Alternatively, the
control circuit may be a component for controlling a switch-
ing circuit. More specifically, an example of the control
circuit is a shift register.

[0019] In addition, the organic EL device of the present
invention can be used as an exposure light source of an
electrophotographic image-forming apparatus.

[0020] In the organic EL device of the present invention,
the term “metal complex” means a metal complex that is,
inter alia, phosphorescent. The metal complex includes a
central metal and coordinated ligand(s). More specifically,
examples thereof include metal complexes containing Ir, Pt,
Re, Os, Pd, or Rh as the central metal.

[0021] Ligands constituting the metal complex may be the
same or different. At least one of the ligands can contain a
halogen group such as fluorine (F). This is because not only
the ionization potential but also the electron affinity of the
metal complex is increased by introducing the halogen
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group in the ligands. At least one of the first metal complex
and the second metal complex may have a ligand having a
halogen group. The metal complex of the luminescent
sublayer adjacent to an electron-transporting layer; that is,
the metal complex of the luminescent sublayer made of the
second metal complex, can have at least a ligand having a
halogen group.

[0022] Examples of structural formulae of the metal com-
plexes in the organic EL device according to this embodi-
ment are shown below.
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-continued

[0023] The organic EL device of the present invention
includes two luminescent sublayers and a hole-transporting
layer. In addition to these layers, various conventionally
employed layers may be provided between the anode and the
cathode. Examples of the layers include a hole injection
layer, an electron-blocking layer, a hole-blocking layer, an
electron-transporting layer, and an electron injection layer.
These layers may be provided between the anode and the
cathode, as needed.
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[0024]
one additional luminescent sublayer. The other luminescent

The luminescent layer may further include at least

sublayer is not necessarily made of a single metal complex.

EXAMPLES
Example 1

[0025]
pared. The organic EL. device includes a metal electrode 1

An organic EL device shown in FIG. 1 was pre-

serving as a cathode, an electron injection layer 2, an
electron-transporting layer 3, a second luminescent sublayer
42, a first luminescent sublayer 41, a hole-transporting layer
5, and a transparent electrode 6 serving as an anode. The first
luminescent sublayer 41 is made of a first metal complex.
The second luminescent sublayer 42 is made of a second
metal complex and disposed further from the hole-transport-
ing layer 5 than the first luminescent sublayer 41. The
organic EL device is disposed on a transparent substrate 7.
[0026]
trode 6) having a resistance of 11 ©/sq and a thickness of

The indium tin oxide (ITO) film (transparent elec-

120 nm was patterned on the glass substrate (transparent
substrate 7) so that a counter electrode area was 3 mm?®. The
ITO substrate was washed with acetone for 10 minutes,
isopropyl alcohol (IPA) for 10 minutes, and pure water for
10 minutes while ultrasonic waves were applied in each of
the liquids and was then dried at 120° C. for one hour. The
ITO substrate was irradiated with UV/ozone for 10 minutes
prior to a vacuum deposition. The organic layers and the
electrode layer described below were then continuously
deposited by resistance heating in a vacuum chamber with a
degree of vacuum of 107° Pa. Compounds 1, 2, A, and B are
provided hereafter in structural form.

[0027]
pound 1 at a thickness of 20 nm. First luminescent sublayer

Hole-transporting layer 5 was formed of Com-

41 was formed of first metal complex (Compound B) at a
thickness of 5 nm. Second luminescent sublayer 42 was
formed of second metal complex (Compound A) at a thick-
ness of 5 nm. Electron-transporting layer 3 was formed of
Compound 2 at a thickness of 40 nm. Electron injection
layer 2 was formed of LiF at a thickness 0f 0.5 nm, and metal
electrode 1 was formed of Al at a thickness of 120 nm.

[0028]
of hole carriers was expected to be increased compared with

In Example 1, Compound B, in which the number

the number of electron carriers, was used as the first lumi-
nescent sublayer 41 adjacent to the interface with the
hole-transporting layer 5. Similarly, Compound A, in which
the number of electron carriers was expected to be increased
compared with the number of hole carriers, was used as the
second luminescent sublayer 42. Accordingly, a heterostruc-
ture entirely composed of a phosphorescent metal complex
was formed in the luminescent layer.
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Compound 1

Compound B

Me

Compound A
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-continued

Compound 2

Comparative Examples 1 and 2

[0029] A luminescent layer 4 was composed of a single
layer having a thickness of 10 nm. In Comparative Example
1, an organic EL device was prepared as in Example 1 except
that the luminescent layer 4 was made of Compound B. In
Comparative Example 2, an organic EL device was prepared
as in Example 1 except that the luminescent layer 4 was
made of Compound A.

[0030] Device characteristics of these devices are shown
in Table 1. In Table 1, the term “current density” represents
a current density (mA/cm?) when the devices are driven at
8 V. The terms “current efficiency” and “power efliciency”
in Table 1 represent efliciencies when the luminance reaches
300 cd/m®. The term “voltage” in Table 1 represents a
voltage when the luminance reaches 300 cd/m?. The term
“CIE chromaticity” in Table 1 represents a chromaticity
when the luminance reaches 300 c¢d/m®. The term “lumi-
nance half-life” in Table 1 represents the time required to
decrease the luminance by half at a current density of 33
mA/cm?,

[0031] In the organic EL device of Example 1 having the
heterostructure, the current density driven at 8 V was higher
than that in Comparative Examples 1 and 2. This result
showed that low-voltage driving could be achieved. The
current efficiency and the power efliciency in Example 1
were also superior to those in Conparative Examples 1 and
2. Regarding the luminance half-life, the lifetime of the
organic EL device of Example 1 was longer than that of
Comparative Examples 1 and 2.

[0032] FIG. 2 shows a graph including emission spectra of
the devices in Example 1 and Comparative Examples 1 and
2. lonization potentials of Compounds A and B used in
Example 1 and Comparative Examples 1 and 2 were mea-
sured by ultraviolet photoelectron spectroscopy (UPS). The
electron affinities thereof were determined by converting
from the above ionization potentials and measured values of
the band gap by optical absorption. The results are shown in
Table 2. The term “maximum emission wavelength” in Table
2 represents a value determined by performing photolumi-
nescence (PL) measurement using a dilute toluene solution
of the compounds having a concentration of about 107> M.
The results are shown in Table 2. In Example 1, the
ionization potentials and the electron affinities of the phos-
phorescent metal complexes in the luminescent layer satisfy
the above-described relationships (1) and (2).
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TABLE 1
Efficiency
Current at 300 cd/m2 Voltage Luminance
density Current Power at CIE half-life
at 8V efficiency efficiency 300 cd/m2 _chromaticity at 33 mA/cm?2
mA/em2 cd/A Im/W A% X y hr
Example 1 156 0.5 0.4 7.75 0.67 033 20
Comparative 143 0.2 0.2 7.95 0.68 032 10
Example 1
Comparative 109 0.4 0.3 8.05 0.67 034 3
Example 2
TABLE 2 -continued
Physical property values of Compounds A and B
(Tonization potential, electron affinity, and maximum Compound D
emission wavelength) — —
. Z Y #Z
Maximum | \ /
Tonization Electron emission N
potential affinity wavelength AN el I,N N\ /N N
eV nm “nn B
F L\ AN
Compound A 5.24 2.97 615 —N N—N
Compound B 5.03 2.86 626 U U
Example 2 F
— —12
[0033] An organic EL device was prepared as in Example

1 except that Compound C was used as the first metal
complex constituting the first luminescent sublayer 41, and
Compound D was used as the second metal complex con-
stituting the second luminescent sublayer 42.

Compound C

Comparative Examples 3 and 4

[0034]
layer having a thickness of 10 nm. In Comparative Example
3, an organic EL device was prepared as in Example 2 except

A luminescent layer 4 was composed of a single

that the luminescent layer 4 was made of Compound D. In
Comparative Example 4, an organic EL, device was prepared
as in Example 2 except that the luminescent layer 4 was
made of Compound C.

[0035]
in Table 3. The measurement conditions for the device

Device characteristics of these devices are shown

characteristics were the same as those in Example 1.

TABLE 3

Current

density

mA/cm?2

Efficiency

at 300 cd/m2 Voltage Luminance
Power at CIE half-life

efficiency 300 ed/m2 _chromaticity at 33 mA/em?2

Current
at 8V efficiency

cd/A lm/W v X y hr

Example 2
Comparative
Example 3
Comparative
Example 4

123
103

10.8 8.2
34 2.5

4.12
436

024 045
0.26 044

0.08
0.03

113 6.7 5.0 0.20 0.38 0.02
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[0036] 1In the blue organic EL device of Example 2 having
a heterostructure, the current density driven at 8 V was
higher than that in Comparative Examples 3 and 4. This
result showed that low-voltage driving could be achieved.
The current efficiency and the power efficiency in Example
2 were also supetior to those in Comparative Examples 3
and 4. Regarding the luminance half-life, the lifetime of the
organic EL device of Example 2 was longer than that of
Comparative Examples 3 and 4.

[0037] FIG. 3 shows a graph including emission spectra of
the devices in Example 2 and Comparative Examples 3 and
4.

[0038] Table 4 shows measurement results of ionization
potentials and electron affinities of Compounds C and D
used in Example 2 and Comparative Examples 3 and 4. The
measuring methods were the same as those in Example 1.

TABLE 4

Physical property values of Compounds C and D
(Tonization potential, electron affinity, and maximum
emission wavelength)

Maximum
Tonization Electron emission
potential affinity wavelength
eV nm
Compound C 5.8 2.9 470
Compound D 6.1 3.1 458

[0039] In Example 2, the ionization potentials and the
electron affinities of the phosphorescent metal complexes in
the luminescent layer satisfy the above-described relation-
ships (1) and (2).

[0040] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
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is to be accorded the broadest interpretation so as to encom-
pass all modifications, equivalent structures and functions.
[0041] This application claims the benefit of Japanese
Application No. 2006-087017 filed Mar. 28, 2006 and No.
2007-026680 filed Feb. 6, 2007, which are hereby incorpo-
rated by reference herein in their entirety.

What is claimed is:

1. An organic electroluminescent device comprising:

an anode;

a cathode;

a luminescent layer disposed between the anode and the

cathode; and

a hole-transporting layer disposed between the anode and

the cathode,

wherein the luminescent layer includes (a) a first sublayer

comprising a first metal complex and (b) a second
sublayer comprising a second metal complex which is
spaced further from the hole-transporting layer than the
first sublayer (a).

2. The organic electroluminescent device according to
claim 1, wherein the ionization potential of the first metal
complex is represented by Ip(EML1), the electron affinity of
the first metal complex is represented by Ea(EML1), the
ionization potential of the second metal complex is repre-
sented by Ip(EML2), and the electron affinity of the second
metal complex is represented by Ea(EML2) and wherein the
following two relationships are satisfied:

Ip(EML1)<Ip(EML2) M

Ea(EML1)<Ea(EML?) Q.

3. A display apparatus comprising:

a display unit; and

a control circuit for controlling the display of the display
unit,

wherein the display unit includes the organic electrolu-
minescent device according to claim 1.

* ok % k&
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