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DESCRIPTION

ORGANIC ELECTROLUMINESCENT DEVICE AND DISPLAY

APPARATUS USING THE SAME

TECHNICAL FIELD

The present invention relates to an organic
electroluminescent device to be used for a flat panel
display apparatus and a display apparatﬁs using the

same.

BACKGROUND ART

' Applied research has been vigorously made on an
organic electroluminescent (EL) device as a high-
speed responsive and high-efficiency light-emitting
device. Figs. 1A and 1B each shéw the basic
constitution of the device (see, for example,
Macromol. Symp. 125, 1 to 48 .(1997)). .In Figs. 1A
and 1B, reference numeral 11 denotes a metal
electrode; 12, a light-emitting layer; 13, a hole-

transporting layer; 14, a transparent electrode; 15,

~a transparent substrate; and 16, an electron-

transporting layer.

As shown in Figs. 1A and 1B, the organic EL
device is generally constituted.by a stacked body
having a plurality of organic compound layers

interposed between the transpérent electrode 14 and
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the metal .electrode 11 on the transparent substrate
15.

In Fig. 1A, ‘the organic compound layers are
composed of the light-emitting layer 12 and the hole-
transporting layer 13. For example, ITO having a
large work function is used for the transparent
electrode 14 to provide good property of injecting a
hole from the transparent electrode 14 to the hole-
transporting layer 13. A metal material having a
small work function such. as aluminum, magnesium, or
an alloy thereof is used for the metal electrode 11

to provide good property of injecting electrons to

- the organic compound layers. Those electrodes each .

have a thickness in the range of 50 to 200 nm.

For example, an aluminum-gquinolinol coﬁplex
(typified by tris(8-quinolalito)aluminum (Algs))
having electron-transporting and light-emitting
properties is used for the light-emitting layer 12.
In addition, a material having electron-donative
property such as a triphenyl diamine derivative
(typified by bis[N-(l-naphthyl)-N-phenyl]benzidine
(x—=NPD)) is used for the hole-transporting layer 13.

The organic EL device having the above-
described constitution shows recfifying property.
When an electric field is applied in such a manner
that the metal electrode 11 serves as a cathode and

the transparent electrode 14 servers as an anode, an
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electron is injected from the metal electrode 11 to
the light-emitting layer 12, and a hole is injected
from the transparent electrode 14 to the light-
emitting layer.

The injected hole and electron recombine in the
light-emitting layer.12 to produce an exciton,
whereby light is emitted. At this time, the hole-
transporting layer 13 serves as an electron blocking
layer. As a result, efficiency of recombination at
the interface between the light-emitting layer 12 and
the hole-transporting layer 13 increases, and hence
emission efficiency increases.

In Fig. 1B, the electron-transporting layer 16
is arranged between the metal electrode 11 and the
light-emitting layer 12 in Fig. 1A. Light emission
and electron/hole transport are separated to provide
a more effective carrier blocking constitution,
whereby light emission can be performed efficiently.
For example, an oxadiazole derivative can be used for
the electron-transporting layer 16. |

The organic EL device has been attracting
attention because of its potential to serve as a
light-emitting device constituting a flat panel
display apparatus. Therefore, the development of a
light-emitting material as a main member for the
device has been urgently necessary in order to cope

with a wider variety of requests..



WO 2006/041189 PCT/JP2005/019155

DISCLOSURE OF THE INVENTION
An object of the present invention is to
provide é novel organic EL device using a novel
light-emitting material, to thereby increase the
5 degree of freedom of selection in, for example, the
applications and production process of the device and
a member except the light-emitting material.
According to one aspect of the present
invention, there is provided an organic
10 electroluminescent device including: a pair of
electrodes, and at least one organic compound layer
including a light-emitting layer, interposed between
the pair of electrodes, wherein the light-emitting
layer in the organic compound layer is composed of -at
15 least two kinds of compouhds, and among the compounds,
a compound having the highest concentration is é
lightfemitting material, which is an organic compound
having an emission wavelength of a single body in a
solid state shorter than that of the single body in a
20 solution. |
According to another aspect of the present
invention, there is provided a display apparatus
using the above-described orgaﬁiq'electroluminescent
device.
25 According to the present invention, there are
provided an organic electroluminescent device using a

novel light-emitting material that has not been
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present heretofore, and a display apparatus using the
device. Therefore, the degree of freedom of
selection in the constitution and production of the

device or of the display apparatus increases.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A and Fig. 1B are schematic sectional
views each showing an example of the constitution of
an organic EL device of the present invention.

Fig. 2 1s a schematic plan view showing another
example of the constitution of the organic EL device
of the present invention.

Fig. 3 is a schematic plan view showing the
constitution of an active matrix substrate using the
6rganic EL device of the present invention.

Fig. 4 is a view showing an equivalent circuit
of a pixel circuit of‘Fig. 3.

Fig. 5 shows emission wavelength spectra of an
organic compound used in Example 1 and Comparative
Example 1.

Fig. 6 is a graph showing voltage-current
characteristics of organic EL devices of Example 1
and Comparative Example 1.

Fig. 7 is a graph showing current-emission
luminance characteristics of the organic EL devices
of Example 1 and Comparative Example 1.

Fig. 8 is a graph showing voltage-emission
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luminance characteristics of the organic EL devices
of Example 1 and Comparative Example 1.

Fig. 9 is a graph showing emission luminance-
emission efficiency characteristics of thé organic EL
devices of Example 1 and Comparative Example 1.

Fig. 10 shows emission wavelength spectra of
the organic EL devices of Example 1 and Comparative
Example 1.

Fig. 11 is a schematic view showing a stacked
constitution in Example 2.

Fig. 12 shows a drive waveform used in Example

BEST MODE FOR CARRYING OUT THE INVENTION

The organic electroluminescent device
(hereinafter, referred to as the "organic EL deviqe")
of the present invention has the same basic
constitution as that shown in each of Figs. 1A and 1B,
and is formed- in the same manner as in a conventional
device except for the light-emitting layer 12.

First, reference numerals in all the figures
will be described.

Reference numeral 11 denotes the metal
electrode; 12, the light-emitting layer; 13, the
hole-transporting layer; 14, the transparent
electrode; 15, the transparent substrate; and 16, the

electron-transporting layer.
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Reference numeral 20 denotes a pixel circuit;
21, a scanning signal driver; 22, -an information
signal driver; 23, a current source; 25, a gate
scanning line; 26, an information line; 27, a current
5 supply line; each of 31 and 32, a TET; 33, a
capacitor; 34, an organic‘EL device; and 35, an anode.
Reference numeral 40 denotes a glass substrate;
41, a source region; 42, a drain region; 43, a
channel region; 44, a p-Si layer; 45, a gate
10 electrode; 46, a drain electrode; 47, a source
electrode; 48, a gate insulating film; and each of 49,
52, and 53, an insulating layer.
Reference numeral 50 denotes an ITO electrode;
51, an organic compound layer; 52, a cathode layer;
15 111, a glass substrate; 112, a transparent electrode;
113, an organic compound layer; and 114, a metal
electrode.
A light-emitting material used for a
conventional organic EL device has an emission
20 wavelength of a single body in a solid state equal to
or longer than that of the single body in a solution,
or the single body in the soiution does not emit
light at all. 1In contrasﬁ, an organic compound to be
used as é light-emitting material for the EL device
25 of the present invention has an emission wavelength
of a single body in a solid state shorter than that

of the single body in a solution. The organic
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compound is expected to emit light owing to a certain

intermolecular interaction.
The term "solid state" as used herein refers to

a crystalline state or an amorphous state. When an

~emission wavelength is measured in a solution, any

one of toluene, chloroform, chlorobenzene, methyl THF,
THF, acetonitrile, methanol, ethanol, water, DMF, and
acetone is used as the solution. An emission
wavelength in a solution is an emission wavelength
measured by dissolving a material into the solution
at a concentrétion of 10™ mol/l or less. To utilize
light emission of such organic compound in a solid
state, the organic compound must be used at a high
concentration close to that of a single body in a
solid state rather than at a low concentration as in
the case of a solution. To be specific, a light-
emitting layer is desirably mixed with a light-
emitting material at a concentration of 50% or more.
However, when the light-emitting material is used at
a concentration of 100%, a current amount reduces

because of the conductivity and charge balance of the

"light-emitting material. To avoid this problem, the

light-emitting layer is doped with a conductive
material. By doing so, light emission can be
performed with high efficiency. That is, the light-
emitting material can be used at a high concentration

in the light-emitting layer while its emission
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wavelength in a solid state is maintained.

In the present invention, the light-emitting
layer is composed of at least two kinds of compounds.
among the compounds, an organic compound to ser&e as
a light—emitting material is-added at the highest
concentration to the light-emitting layer. The
concentration of the light-emitting matérial in the
light-emitting layer is preferably 50% or more, or
more preferably 70% or more, and less than 100%. The
concentration as used herein is represented in a
mass% unit. In addition, a compound to be mixed into
the light-emitting layer is used'as a dopant not to
suppress concentration quenching but to transport a
carrier. In the present invention, the device having
high efficiency can be produced by controlling a
concentration ratio between the light—emiﬁting
material and the dopant in the light—émitting layeﬁ.
That is, when sbectral molecuies are adjacent to each
other, a light emission state changes. As a result,
the device having an optimum charge balance while
nearly maintaining its emission wavelength can be
produced without any consideration for concentration
gquenching as a phenomenon in which emission

efficiency reduces. Therefore, the device having

high efficiency can be produced.

In view of the foregoing, the organic EL device

of the present invention is suitable for a light-
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emitting device, and a good display apparatus can be
constituted by using the organic EL device.

In actuality, the organic EL device of the
present invention has been found to show high
efficiency in an energization test.

The organic EL device of the present invention
uses an organic compound having an emission
wavelength in a solid state shorter than that in a
solution state as a light-emitting material.
Specifically, the organic compound is preferably a
metal complex. More specifically, a metal complex
having a central metal which is Cu, Re, Ru, W, Ag or
Au is preferably used. Of those, a phosphorescent
metal complex is preferable. Examples of the organic
compoﬁnd are shown the following Tables 1 and 2.
Structural formulae shown by symbols in the tables
are specifically shown in Chemical formulae 1 and 2.
"Ph" in the tables represents a phenyl group,
provided that those examples show only representative
examples, and organic compounds that can be used in
the present invention are not limited to those
examples. In addition, the organic EL device‘of the
present‘inVention is preferably an electroluminescent
device in which a light-emitting layer containing
these organic compounds is interposed between two
electrodes opposed to each other, and emits light

when a voltage is applied between the electrodes.
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Table 1
1]

No. | Compound LL._OLI g R A Ry R' | R" R, | R' |X
I 1 A N - H - - H e
2 1 A P - CH, - - CH; | - |-
3 1 A S - H H - CH; | H |-
1 1 A 5 - CH, CFs - CH; | CFs | -
5 1 B S - H H - H | A |-
6 1 B s | - CHy CFs - H_ | Cr | -
7 1 B S - H CF, - Ph_ | CFs | -
8 1 C S - i H - - B |-
9 1 D S - H CFs - - H | -

10 ] E S - CHs | CF, - R
11 1 E S | Cefhs | Pn - - H |-
12 1 E 0 — | CH(CHy), | CF, = - B |-
13 2 A - - H - - CH; | - |U
14 2 B = - H - = F | - |U
15 2 B = = H - - H - |u.
16 2 C - i - = - - U
17 2 c - = CH, = - - - |V
18 2 D - - H = - - — U
19 2 E - - CoHs - - - - U
20 3 M - - = = = = - [ -
21 1 N B - - - - - - U
22 1 0 - - - - - - - U
23 1 P = - - - - - - X
24 5 N - - - - - - - U
25 5 0 - - - - - - - U
26 5 R - = - - - - - |
27 6 A S N H H - CH; | H |-
28 6 A S T H CH, Ph H | CH |-
29 6 B S N H CHy | - H | CFy | -
30 6 B S T H CH, Ph CH; | H |-
31 6 C 5 T H H | OCHs | - B |-
32 6 D s T H CF; |OC(CHy) | - | CF; | -
33 6 E s N CoH; | CF, - T
34 6 E s T Ph CFs | __Ph - |crs [ -
35 7 A 3 - | CH(CHi), | - - - - [ =
36 7 B K - CH, - - H - |-
37 7 B L - CH (CH3) 2 - - H - -
38 7 C J - H = = H | - |-
39 7 C K - CH, - - - e
20 7 c L - CH, = - = - =
a1 7 D J - CH, = - = - 1=
12 7 D L - H - - - e
13 7 E K - C,H; - = - - =
44 7 E L - C,Hs - = - - =
45 7 F J - H - = - - =
16 7 F L - H = - - e
47 7 G J - - = = - - |-
18 7 H J - CH, = = - - |-
29 7 H L - H = = - - |-
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Table 1 (continued)
50 7 I J - - - - - - |-
51 7 I L - - - - - - |-
52 8 J T - - - Ph - - |-
53 8 J N - - - - - - |-
54 8 K T - - - Ph - - |-
55 8 K T - - - OC,Hs. - - |-
56 8 L T - - - Ph - - |-
57 8 L T - - - OC,Hs - - |-
58 8 L T - - - | C(CH;) 3 - - | -
59 9 A T X CHs - Ph H - |-
60 9 A N X | CH(CH;), - - CH, - -
Table 2
1

No. | Compound LL_OLr i or | D" R, R, R;" R, |R:'| X
61 9 A T X | CH(CHj), - Ph H -1 -
62 9 A T Y | CH(CHai), - Ph H - | -
63 9 B T X CH, H Ph H - | -
64 9 B N X | CH(CH3), H - H - | -
65 9 B T X | CH(CH;)» | Ph Ph CH; - -
66 9 C T X CH; - Ph - - | -
67 9 -C T Y CHs - Ph - - | -
68 9 D T X CH; - Ph - - | -
69 9 D T X | CH(CH;), - Ph - - | -
70 9 E T X C,oHs - Ph . - - | -
71 9 E T X Ph - Ph - - | -
72 9 F T X H - Ph - - | -
73 9 F T X CH; - Ph - - | -
74 9 G T X - - Ph - - | -
75 9 G T Y- - - C,Hs - - | -
76 9 H T X H - Ph - -1 -
77 9 H T X CH, - Ph - - | -
78 9 i T X - - Ph - - | -
79 9 I T X - - Ph - - | =
80 9 I T Y - - OC,Hs - - | -
81 10 N - - - - - - - | x
82 10 0 - - - - - ~ - | x
" 83 10 P - - - - - - - | x
84 10 Q - - - - - - - | %
85 10 R - - - - ~ - - | x
86 10 T - - - - Ph - - | x
87 10 T - - - - 0C,Hs - - | x
88 10 T - - - - Ph - - |y
89 11 A T -~ | CH(CHs), - Ph H - | x
90 11 A T — | CH{CHj), - Ph CH; - X
91 11 B T CH (CH;) , - Ph H - | %
92 11 B P - | CH(CHj), - - H - X
93 11 D T - CH, - Ph - - | X
94 11 E T - C,Hs - Ph - - | X
95 11 F T - CHs - Ph - - | X
96 11 H T - CH,4 - Ph - - | x
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Table 2 (continued)
97 11 I T - ~ - Ph - - | X
98 12 A - - CH; - - H - | %
99 12 A - - | CH(CH;), - - CH; - | X
100 12 B - - | CH(CHj), - - " H - | X
101 12 B - - | CH(CH;), - CF; H - | X
102 12 C - - CHs - - - - | X
103 12 C - - | CH(CH3), || - - - - ' x
104 12 D - - " H - - - - | X
105 12 D - - CHs - - - - | X
106 12 E - | - C,Hs - - - - | X
107 12 E Ph - - - - | x
108 12 F - - H - - - - | x
109 12 o - - CH, - - - - | x
110 12 G - - - - - - - | %
111 12 G - - - -~ - - - | %
112 12 H - - H - - - - | x
113 12 H - - CH; - - - - | x
114 12 I - - - - - - - | X
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The organic EL device of the present invention
is applicable to products requiring energy saving and
high luminance. Potential applications of the device
include: light sources for display apparatuses,
lighting systems, and printers; and backlights for
liquid crystal display apparatuses. A display
apparatus using the device can be a flat panel
display that achieves energy savings, high visibility,
and a light weight. In addition, a laser light

source portion of a laser beam printer that has been

.currently used vigorously can be replaced with the

organic EL device of the present invention capable of
serving as a light source for a printer. The devices
that can be independently addressed are arranged in

an array form, and a,photosensitive drum is subjected
to désired light exposure, whereby an image is formed.
The use of the organic EL‘device of the present
invention can significantly reduce the volume of an
apparétus. The bresent invention is expected to have
an energy saving effect on a lighting system or on a
backlight.

When the organic EL device is applied to a
display, -the de&ice is probably driven by means of a
TFT drive circuit according to an active matrix
system.

Hereinafter, an active matrix substrate when

the organic EL device of the present invention is



WO 2006/041189 PCT/JP2005/019155

10

15

- 20

25

- 17 -

applied to a display apparatus according to an active
matrix system will be described with reference to
Figs. 2 to 4.

Fig. 2 is a plan view schematically showing the
constitution of an active matrix substrate which has
a plurality of organic EL devices of the present
invention arranged thereon and which is equipped with
drive means. Arranged on a panel are the pixel
circuits 20, the scanning signal driver 21, the
information signal driver 22, and the current source
23 each of which is connected to the 'gate scanning
lines 25, the information lines 26, and the current
supply lines 27. Fig. 3 shows an example of the
constitution of the pixel circuit 20 arranged at an
intersection of the gate scanning line 25 and the
information line 26. The scanning signal driver 21
sequentially selects the gate scanning lines G1, G2,
G3, +++, and Gn. In synchronization with the
selection, an image signal is applied from the
information signal driver 22.

Next, the operation of the pixel circuit 20
will be describéd. In the pixel circuit 20, when a
selection signal is applied to the gate scanning line
25, the TFT 31 is turned on to supply an image signal
to the capacitor 33, whereby the gate potential of
the TFT 32 is determined. The organic EL device 34

is supplied with a current from the current supply
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line 27 in accordance with the gate potential of the
TFT 32.. Since the gate potential of the TFT 32 is
maintained in the capacitor 33 until the TFT 31 is
scanned and selected for the next time, a current
continues to flow through the organic EL device 34
until the next scan is performed. Thus, the device
can be caused to emit light at all times during a
one—-frame period.

Fig. 4 is a schematically cross-sectional view
showing the structure of the TFT to be used in this
example. The p-Si layer 44 is provided on the glass
substrate 40, and the respective regions of the‘ |
channel 43, the drain 42 and the source 41 are doped
with necessary impurities. The gate electrode 45 is
provided thereon through the gate insulating film 48.
In addition, the drain electrode 46 and the source
electrode 47 to be connected to the drain region 42
and the source region'41 are formed. The insulating
layers 49 and 52 and the ITO electrode 50 as a pixel
electrode are stacked on those electrodes. The ITO
electrode 50 and the drain electrode 46 are connected
through a conﬁact hole.

In the present invention, a switching element
is not particularly limited, and a single crystal
silicon substrate, an MIM element, an a-Si type
element and the like can be easily applied as the

switching element.
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One or more organic compound layers 51, and the
cathode layer 52 are sequentially stacked on the ITO
electrode 50, whereby an organic EL display panel can
be obtained. Driving a display panel using the
organic EL device of the present invention allows an
image with good quality to be stably displayed for a
long time period.

Hereinafter, the present invention will be
described specifically by way of examples.

(Example 1 and Comparative Example 1)

An organic EL device having three organic
compound layers as shown in Fig. 1B was produced as
follows. First, an ITO electrode (transparent
electrode 14) having a thickness of 100 nm was
patterned onto a glass substrate (tfansparent
substrate 15) to have an oppésing electrode area of 3
mm?. The organic compound layers 1 to 3 and electrode
layers 1 to 2 as described below were vacuum-
deposited onto the ITO electrode and substrate in a
vacﬁum chamber at 10™* Pa by resistance heating to
carry out continuous fi;m.formation. An organic EL
device having the organic compound layer 24not doped
with CBP (4,4'—N,N'—diéarbazole—biphenyl) was also
produced as Comparative Example 1. |

Organic compound layer 1 (hole-transporting
layer i3) (40 nm): TFB4

Organic compound layer 2 (light-emitting layer
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12) (20 nm): Organic compound 4 + CBP (mass ratio =
70 : 30)
Organic compound layer 3 (electron¥transporting
layer 16) (50 nm): Bphen
5 Metal electrode layer 1 (1 nm): KF
Métal electrode layer 2 (100 nm): Al

[Chemical formulae 3]

TFB4 Bphen
The organic compound 4 used in this example has
10 emission wavelengfhs of 515 nm in a solid state and
561 nm in a toluene solution. Fig. 5 shows emission
wavelength spectra of the respective states.
The voltage-current characteristics of the
organic EL devices were measured by means of a
15 microammeter 4140B manufactured by Hewlett-Packard
Development Company, L.P., and the emission
luminances thereof were measured by means of a BM7
manufactured by Topcon Corporation. Fig. 6 shows the
voltage-current characteristics of the device of
20 Example 1 (open circle “o” in the figure) and the
device of Comparative Example 1 (solid circle “e” in

the figure). Fig. 7 shows current-emission luminance
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characteristics of the device of Example 1 (0) and
the device of Comparative Example 1 (e). Fig. 8
shows voltage-emission luminance charécteristics of
the device of Example 1 (0) and the device of
Comparative Example 1 (e). Fig. 9 shows emission
luminance-emission efficiency characteristics of the
device of Example 1 (0) and the device of Comparafive
Example 1 (e). Fig. 10 shows emiséion wavelength
spectra of the device of Example 1 (dashed line in
the figure) and the device of Comparative Example 1
(line in the figure).

As a résult, it was found that the addition of
30 mass% CBP increased emission efficiency while
allowing an emission wavelength to remain nearly
unchanged; -

The result showed that an organic compound

having an emission wavelength in a solid state

" shorter than that in a solution, which can emit light

even at a concentration of 100% in a light—emitting
layer, can increase its emission efficiency while
nearly maintaining its emission wavelength when the
compound is doped with a small amount of conductive
material.
(Example 2)

An ITO film having a thickness of about 100 nm
was formed as a transparent electrode (on an anode

side) by sputtering on a glass substrate having 75
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ﬁm—long, 75 mm-wide and 1.1 mm~-thick size. After
that, the ITO film was patterned to form 100 lines of
in a width ratio of line/space = 100 pm/40 pm as
simple matrix electrodes. Next, three organic
compound layers were produced thereon under the same
conditions as in Example 1.

Subsequently, 100 lines of metal electrodes
were formed by vacuum deposition through a mask{in a
width ratio of line/space = 100 um/40 um with a
degree of vacuum of 2.66 X 107 Pa such that 100 lines
of metal electrodes perpendicularly intersected 100
lines .of the ITO electrodes. The metal electrodes of
KF were fbrmed in a thickness of 1 nm and
subsequently metal electrodes of Al were formed in a
thickness of 150 nm.

Fig. 11 schematically shows the constitution of
the 100 x 100 simple matrix-type organic EL device.
In the figure, reference numeral 111 denotes a glass
substrate; 112, a transparent electrode; 113, a
organic compound layer; and 114, a metal electrode.
The device was subjected to simple matrix driving in
a glove box filled with a nitrogen atmosphere in the
range of 7 V to 13 V by means of a séanning signal of
10 V and an information signal of * 3 V as shown in
Fig. 12. A smooth dynamic image was observed when
the device was subjected to interlace driving at a

frame frequency of 30 Hz.
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This application claims priority from Japanese
Patent Application No. 2004-299928 filed on October 14,

2004, which is hereby incorporated by reference herein.
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CLAIMS

1. An organic electroluminescent device
comprising:

‘a pair of electrodes; and

at least one organic compound layer including a
light-emitting layer, interposed between the pair of
electrodes,

wheréin the light-emitting layer in the organic
compound layer is composed of at least two kinds of
compounds, and among the compounds, a compound having
a highest concentration is a light-emitting material,
which is an organic compound having an emission
wavelength of a single body in a solid state shorter
than an emission wavelength of the single body in a

solution.

2. An organic electrolﬁminescenﬁ device
according to claim 1, wherein the light-emitting

material is a metal complex.

3. An organic electroluminescent device
according to claim 2, wherein a central metal of the
metal complex is selected from the group consisting

of Cu, Re, Ru, W, Ag, and Au.

4. An organic electroluminescent device

according to claim 2, wherein the metal complex is a
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phosphorescent metal complex.

5. An organic electroluminescent device
according to claim 1, wherein the organic
electroluminescent device is an electroluminescent
device in which fhe light-emitting layer emits light
when a voltage is applied between the pair of

electrodes.

6. A display apparatus comprising an organic

electroluminescent device according to claim 1.

7. An active matrix substrate comprising:

an organic electroluminescent device according
to claim 1, and

a driving means for driving the organic

electroluminescent device.

8. A display comprising an active matrix

substrate according to claim 7.



WO 2006/041189 PCT/JP2005/019155

1/6

FIG. 1A

W00 gy

22 -

26
Gt

G2

, 7
loa V
| IV
21+ 7 7
7

Gn%% %%ﬁ% I~ o3




WO 2006/041189 PCT/JP2005/019155
2/6
. FIG. 3
7| L s T 3
-
L T 35

] 52
53— =/

52— B R NN
% % %

%M%_ 46 1 %

é_ ' _ﬂ \45 B P
o4 Vv ///_’////
A7 41 43 42

SN
44 40

IN
SOLUTION

0400

500

600

700

WAVELENGTH (nm)



WO 2006/041189 PCT/JP2005/019155

3/6
o EXAMPLE 1
® COMPARATIVE
200 | EXAMPLE 1
<C 160
<\: -
= 120 |
= i
B2 80t
o 5
-
O 40+
. i
0 2 4 6 8 10
VOLTAGE (V)
0 EXAMPLE 1
® COMPARATIVE
3000 | EXAMPLE 1
&
=
<
=
S i
= E 2000
58
A
= 1000 |
i
O G— 1 L ) 1

0 20 40 60 80 100
CURRENT (A/m?)



WO 2006/041189 PCT/JP2005/019155

416
o EXAMPLE 1
e COMPARATIVE

EXAMPLE 1

Ll

O

=

<

=

=

=

=

o

o

n

=

L

0 D 4 6 8 10
VOLTAGE (V)

o EXAMPLE 1
> 81 e COMPARATIVE
S : EXAMPLE 1
LLl
) 6|
TaeS
L.

T
= 27
(RN B
O 1 1 1 1
0 50 100 150 200
EMISSION LUMINANCE

(cd/m?)



WO 2006/041189 PCT/JP2005/019155

5/6

FIG. 10

COMPARATIVE

EXAMPLE 1~ EXAMPLE 1

05
350 450 550 650 750
WAVELENGTH (nm)
FIG. 11
\ 114
\a\\\\_
NN
1—113

//

\

\(// %

i1
112



PCT/JP2005/019155

6/6

FIG. 12

WO 2006/041189

|||||||||||||||||||||||||||||||||||||||||||||||||||| L e
-
=
™
S +
[aN] (ap) ~
A O O -
O
TL
m.L AANn
MA =
= O
=49) ow
172 L
@ =



INTERNATIONALSEARCHREPORT International application No.
PCT/JP2005/019155

A.  CLASSIFICATION OF SUBJECT MATTER
Int.Cl. C09K11,/06 (2006.01), HO1L51/50 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. CO9K 11/06, HOIL 51/50

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1322-1996
Published unexamined utility model applications of Japan 1971-2006
Registered utility model specifications of Japan 1996-2006
Published registered utility model applications of Japan 1994-2006

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CAplus (SIN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2004/020549 Al (FUJITSU Co., Ltd.) 1-8
2004.03.11

the whole document & EP 1550707 Al
& US 2005-244673 Al

X WO 2003/077609 Al (CANON Co., Ltd.) 1-8
2003.09.18

the whole document & US 2003-189216 Al
& US 2005-37236 Al & US 6812497 B2

X WO 2003/076549 Al (CANON Co., Ltd.) 1-8
2003.09.18 '
the whole document & US 2004-13905 Al
& US 6929873 B2

¥ Further documents are listed in the continuation of Box C. See patent family annex.

Special categaries of cited documents: =p> later, document published after the international, filing date or
“A” document_ defining the general state of the art which is not priority date and not 1n conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E» earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified) “Y” document of particular relevance; the claimed invention cannot

“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

inventive step when the document is taken alone

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an

combined with one or more other such documents, such

means . . . N N .
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
Date of the actnal completion of the international search Date of mailing of the international search report
01.02.2006 14.02.2006
N Tl -
ame and mailing address of the ISA/JP Authorized o.fﬁcer ‘ . av|g8 o927
Japan Patent Office Naoyoshi Takiguchi
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3483

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONALSEARCHREPORT International application No.

PCT/JP2005/019155
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2002-173674 A(FUJI PHOTO FILM Co., Ltd.) 1-8
2002.06.21
the whole document (Family:none)
X JP 2002-203681 A(FUJI PHOTO FILM Co., Ltd.) 1-8
2002.07.19
the whole document (Family:none)
X JP 6-186164 A(IGEN INC) 1-8

1994.07.08

the whole document & WO 89/04302 Al

& EP 339086 A1l & EP 674176 Al & EP 339086 Bl
& US 5591581 A & US 5716781 A & US 5811236 A
& EP 674176 B1

X WO 2003/079737 A2 (ISIS INNOVATION Ltd.) 1-8
2003.09.25
the whole document & EP 1487937 A2

X JP 2003-332074 A(CANON CO., Ltd.) 1-8
2003.11.21
the whole document & WO 2003/095587 Al

P,X JP 2005-129499 A(CANON CO., Ltd.) 1-8
2005.05.19
the whole document & US 2005-79384 Al

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

