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ORGANIC EL ELEMENT, ORGANIC EL DISPLAY
USING SAME AND MANUFACTURING METHOD
FOR ORGANIC EL ELEMENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic EL
element in which an organic layer is interposed between a
pair of electrodes and an electrical field is applied to this
organic layer, and thereby, light is emitted. The present
invention also relates to an organic EL display including
such an organic EL element and a manufacturing method for
an organic EL element.

[0003] 2. Description of the Related Art

[0004] FIG. 14 shows a conventional organic EL element
(see for example JP H2004-247106). Organic EL element X
shown in this figure is provided with a metal reflective film
92 and a multilayered transparent electrode 93, which is an
anode, on a transparent substrate 91. An organic layer 94 is
disposed between multilayer transparent electrode 93 and a
transparent electrode 95 which is a cathode. Organic layer
94 is made of a hole injection layer 94q, a hole transport
layer 94b, a light emitting layer 94c¢, an electron transport
layer 94d, and an electron injection layer 94e. When an
electrical field is applied between multilayered transparent
electrode 93 and transparent electrode 95, light emitting
layer 94¢ emits light. Some of the light is directed upward
in the figure, and this light transmits through transparent
electrode 95 and is emitted upward in the figure from
organic EL element X. Meanwhile, light which is directed
downward in the figure transmits through multilayered
transparent electrode 93 and is reflected from reflective
metal film 92. The reflected light transmits through multi-
layered transparent electrode 93, organic layer 94, and
transparent electrode 95, and is emitted upward in the figure
from organic EL element X. In this manner, organic EL
element X is formed as a so-called top emission type organic
EL element which emits light from the side opposite to
transparent substrate 91.

[0005] However, the demand for an increase in the bright-
ness and reduction in the power consumption of organic EL
element X has been rising year by year.

[0006] First, concerning the increase in the brightness,
light which is directed downward in the figure from light
emitting layer 94¢ transmits through multilayered transpat-
ent electrode 93 twice in organic EL element X. Although
multilayered transparent electrode 93 is formed of a material
having relatively high light transmittance, such as, for
example, ITO (Indium Tin Oxide), attenuation of light
which transmits through multilayered transparent electrode
93 as described above cannot be avoided. Therefore, the
amount of light that is emitted from organic EL element X
is reduced by the amount of attenuation in multilayered
transparent electrode 93.

[0007] In addition, concerning the reduction in power
consumption, it is effective to provide a configuration having
higher current density when the same voltage is applied, in
order for organic EL element X to be driven efficiently for
better light emission. In order to increase this current den-
sity, it is necessary to improve the efficiency of hole injection
from multilayered transparent electrode 93, which is an
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anode, to organic layer 94. This efficiency of hole injection
is determined by the difference in the work function between
multilayered transparent electrode 93 and hole injection
layer 94a. It is preferable to increase the work function of
multilayered transparent electrode 93 and thus reduce the
difference in the above-described work function. In the case
of multilayered transparent electrode 93 made of 1TO, the
work function is approximately 4.8 eV, which in some cases
is insufficient for increasing the current density as described
above.

SUMMARY OF THE INVENTION

[0008] In order to overcome the problems described
above, preferred embodiments of the present invention pro-
vide an organic EL, element which makes it possible to
achieve increases in the brightness and reductions in the
power consumption, an organic EL display including an
organic EL element, and a manufacturing method for an
organic EL element.

[0009] An organic EL element according to a preferred
embodiment of the present invention includes an anode and
a cathode arranged so as to face each other, an organic layer
which 1s disposed between the anode and cathode and
includes a light emitting layer, and an Mo oxide layer is
disposed between the anode and the organic layer.

[0010] In this unique configuration, it is possible to mini-
mize the difference in the work function between the Mo
oxide layer and the organic layer, so that the efficiency of
hole injection into the organic layer is improved. As a result,
the current density when a constant voltage is applied to the
organic ELL element can be increased. Accordingly, it is
possible for the organic EL element to be driven for efficient
light emission, and reduction in the power consumption of
the organic EL element can be achieved.

[0011] Ina preferred embodiment of the present invention,
the Mo oxide layer is preferably made of MoO;. This
configuration is appropriate for improving the efficiency of
hole injection from the Mo oxide layer to the organic layer.

[0012] In another preferred embodiment of the present
invention, the Mo oxide layer preferably has a thickness of
about 3.5 A to about 1,000 A. In this configuration, it is
possible to improve the efficiency of hole injection while
improving the light transmittance of the Mo oxide layer,
which is advantageous for increasing the brightness of the
organic EL element. In addition, the present inventors dis-
covered through experiment that a current density of no less
than about 10 mA/cm® can be gained when a voltage of
approximately 5 V, for example, is applied. This is appro-
priate for making it possible for the organic EL light emitting
element to be driven for efficient light emission.

[0013] Inapreferred embodiment of the present invention,
the Mo oxide layer preferably has a thickness of about 10 A
to about 100 A. The inventors discovered through experi-
ment that in this configuration, a current density of no less
than about 80 mA/cm? can be gained when a voltage of, for
example, approximately 5 V is applied. This is appropriate
for making it possible for the organic El element to be driven
for efficient light emission.

[0014] 1Inapreferred embodiment of the present invention,
the anode is preferably made of Al. In this configuration, the
light reflectance of the anode can be relatively high. As a
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result, it is possible to make more of the light that is emitted
from the light emitting layer in the organic layer reflect from
the anode. Accordingly, this is appropriate for achieving an
increase in the brightness in the organic EL element having
a so-called top emission type configuration.

[0015] An organic EL display provided according to
another preferred embodiment of the present invention
includes a substrate, a plurality of organic EL elements
according to the above-described preferred embodiment of
the present invention, and an active matrix circuit for driving
the plurality of organic EL elements for light emission. In
this configuration, an increase in the brightness and a
reduction in the power consumption of the organic EL
display can be achieved.

[0016] In another preferred embodiment of the present
invention, the Mo oxide layers of adjacent organic EL
elements of the plurality of organic EL elements are con-
nected to each other. In this configuration, it is possible to
integrally form the Mo oxide layers such that the Mo oxide
layers cover the substrate, which is advantageous. In this
configuration, there is no inappropriate conduction between
anodes of adjacent organic EL elements as those described
above when the Mo oxide layer is formed as a sufficiently
thin layer.

[0017] Inapreferred embodiment of the present invention,
the substrate is preferably a silicon substrate and the active
matrix circuit is formed so as to have a plurality of transis-
tors on the substrate. In this configuration, it is possible to
easily carry out microscopic processing for the formation of
the transistors. Accordingly, it is possible to increase the
density of the plurality of organic EL elements, and thus, an
increase in the precision of the EL display can be achieved.

[0018] A manufacturing method for an organic EL element
according to a further preferred embodiment of the present
invention includes the steps of forming an anode, forming an
organic layer that includes a light emitting layer, forming a
cathode, and forming an Mo oxide layer after the step of
forming an anode and before the step of forming an organic
layer. In this configuration, an appropriate organic EL ele-
ment according to the above-described preferred embodi-
ment of the present invention can be manufactured.

[0019] Inapreferred embodiment of the present invention,
the Mo oxide layer is preferably formed from MoO; in the
step of forming an Mo oxide layer. This configuration is
appropriate for increasing the effects of reduction in the
power consumption of the organic EL element.

[0020] Inapreferred embodiment of the present invention,
in the step of forming an Mo oxide layer, a vapor deposition
method is used. In this configuration, it is possible to form
an Mo oxide layer relatively uniformly, which is advanta-
geous for achieving reduction in the power consumption of
the organic EL element. In addition, the inventors discov-
ered through experiment that Mo oxide layers formed using
a vapor deposition method allow a significantly higher
current density to be gained from the same voltage than Mo
oxide layers formed using a sputtering method. This is
advantageous for making it possible for the organic EL light
emitting element to be driven for efficient light emission.

[0021] Inapreferred embodiment of the present invention,
the rate of vapor deposition is preferably about 0.1 A/sec to
about 1.0 A/sec in the vapor deposition method. This con-
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figuration is appropriate for achieving reduction in the
power consumption of the organic EL element.

[0022] An organic EL element according to another pre-
ferred embodiment of the present invention includes an
anode and a cathode arranged so as to face each other, and
an organic layer disposed between the anode and cathode
and includes a light emitting layer and a hole transport layer,
wherein the hole transport layer includes a base material and
an Mo oxide. In this configuration, reduction in the power
consumption of the organic EL element can be achieved.

[0023] Inapreferred embodiment of the present invention,
the Mo oxide is preferably MoO;. This configuration is
appropriate for reducing the power consumption of the
organic EL element.

[0024] Inapreferred embodiment of the present invention,
the base material is preferably made of a-NPD, TPD or
TPTE.

[0025] Inapreferred embodiment of the present invention,
the anode is made of Al. In this configuration, an increase in
the brightness of the organic EL element can be achieved.

[0026] An organic EL display provided according to yet
another preferred embodiment of the present invention
includes a substrate, a plurality of organic EL elements
which are supported by the substrate and have the structure
according to the above-described preferred embodiment of
the present invention, and an active matrix circuit for driving
the plurality of organic EL elements for light emission. In
this configuration, an increase in the brightness and a
reduction in the power consumption of the organic EL
display can be achieved.

[0027] Inapreferred embodiment of the present invention,
the substrate is preferably a silicon substrate, and the active
matrix circuit includes a plurality of transistors on the
substrate. In this configuration, an increase in the precision
of the described organic EL display can be achieved.

[0028] A manufacturing method for an organic EL element
according to another preferred embodiment of the present
invention includes the steps of forming an anode, forming an
organic layer which includes a light emitting laver and a hole
transport layer, and forming a cathode, wherein the step of
forming an organic layer includes the step of forming a hole
transport layer by vapor depositing a base material and an
Mo oxide together. In this configuration, an appropriate
organic EL element according to the above-described pre-
ferred embodiment of the present invention can be manu-
factured.

[0029] Inapreferred embodiment of the present invention,
MoO, is preferably used as the Mo oxide in the step of
forming a hole transport layer. This configuration is appro-
priate for improving the effects of reducing the power
consumption of the organic EL element, due to the Mo oxide
layer.

[0030] Other features, elements, steps, characteristics and
advantages of the present invention will become more
apparent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a cross sectional diagram showing the
main portion of an organic EL element according to a first
preferred embodiment of the present invention.
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[0032] FIG. 2 is a cross sectional diagram showing the
main portion of an example of an organic EL display
including the organic EL elements shown in FIG. 1.

[0033] FIG. 3 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming an active matrix circuit in an
example of a manufacturing method for an organic EL
display.

[0034] FIG. 4 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming a conductive thin film in an
example of a manufacturing method for an organic EL
display.

[0035] FIG. 5 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming an anode in an example of a
manufacturing method for an organic EL display.

[0036] FIG. 6 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming an Mo oxide layer in an
example of a manufacturing method for an organic EL
display.

[0037] FIG. 7 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming an organic layer in an example
of a manufacturing method for an organic EL display.

[0038] FIG. 8 is a cross sectional diagram showing the
main portion of the organic EL display shown in FIG. 2 and
illustrating a step for forming a cathode in an example of a
manufacturing method for an organic EL display.

[0039] FIG. 9 is a graph showing the correlation between
the method for forming an Mo oxide and the voltage-current
characteristics.

[0040] FIG. 10 is a graph showing the correlation between
the film thickness of the Mo oxide and the current density.

[0041] FIG. 11 is a graph showing the voltage-current
characteristics of the organic EL element shown in FIG. 1.

[0042] FIG. 12 is a cross sectional diagram showing the
main portion of an organic EL element according to a second
preferred embodiment of the present invention.

[0043] FIG. 13 is a cross sectional diagram showing the
main portion of an example of an organic EL display
including organic EL elements shown in FIG. 12.

[0044] FIG. 14 is a cross sectional diagram showing the
main portion of an example of an organic EL element
according to the prior art.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0045] 1Inthe following, the preferred embodiments of the
present invention are specifically described in reference to
the drawings.

[0046] FIG. 1 shows an organic EL element according to
a first preferred embodiment of the present invention. This
organic EL element Al preferably includes an anode 2, an
Mo oxide layer 5, an organic layer 3, and a cathode 4, and
is disposed on a substrate 1. As described below, organic EL
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element Al is preferably a so-called top emission type
organic EL element that emits light L in the upward direction
in the figure.

[0047] Substrate 1 is an insulating substrate for supporting
organic EL element Al.

[0048] Anode 2 is for applying an electrical field to
organic layer 3 and injecting holes, and is electrically
connected to the + electrode of power supply P. In the
present preferred embodiment, anode 2 is made of Al and is
a layer having relatively high reflectance.

[0049] Mo oxide layer 5 is formed on anode 2 so as to
improve the efficiency of hole injection into organic layer 3,
and in some cases, is referred to as a buffer layer. Mo oxide
layer 5 is preferably formed of MoO; using, for example, a
vapor deposition method or other suitable method. In the
present preferred embodiment, Mo oxide layer 5 has a
thickness of approximately 50 A, for example. It is appro-
priate for Mo oxide layer 5 to have a thickness of approxi-
mately 3.5 A to 1,000 A, for example, in order to gain
sufficient effects as those described below, as intended by the
present invention, and it is preferable for it to have a
thickness of approximately 10 A to 100 A.

[0050] Organic Layer 3, in which a hole transport layer 3a
and a light emitting layer 3 are layered, is sandwiched
between anode 2 and cathode 4.

[0051] Hole transport layer 3e is a layer for transporting
holes which have been injected from anode 2 via Mo oxide
layer 5 to light emitting layer 35. In the present preferred
embodiment, hole transport layer 3a is preferably formed of
N, N'-bis(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-di-
amine (a-NPD) and has a thickness of approximately 500 A.
Triphenylamine derivatives (TPD) or the tetramer of phenyl
amine (TPTE) may be used instead of a-NPD as the material
for hole transport layer 3a.

[0052] Light emitting layer 35 is formed on hole transport
layer 3a, and is a portion in which holes that have been
injected from anode 2 and electrons that have been injected
from cathode 4 recombine, and thereby, light is emitted.
Light emitting layer 35 is made of, for example, an alumi-
num complex to which three oxines coordinate (hereinafter
referred to as Alg;), and has a thickness of approximately
500 A.

[0053] Although in organic layer 3, Alg;, which has
relatively high electron transport performance, is preferably
used as the material for light emitting layer 34, and a
two-layer structure of hole transport layer 3a and light
emitting layer 35 is selected, in order to improve the balance
between injection of holes and injection of electrons, this is
only one example of a configuration for an organic layer
according to the present invention. In the configuration, a
hole injection layer, an electron transport layer, an electron
injection layer and the like may be provided, unlike in the
present preferred embodiment.

[0054] Cathode 4 is for applying an electrical field to
organic layer 3 and injecting electrons, and is electrically
connected to the - electrode of power supply P. Cathode 4
is formed on light emitting layer 35 preferably of organic
layer 3 via an LiF layer 41 and an MgAg layer 42, and is a
transparent electrode made of, for example, ITO. LiF layer
41, MgAg layer 42 and cathode 4 preferably have a thick-
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ness of, for example, approximately 5 A, 50 A and 1,000 A,
respectively. As for the material for cathode 4, IZO (Indium
Zinc Oxide) may be used instead of ITO.

[0055] FIG. 2 shows an example of an organic EL display
including a plurality of organic EL elements A1. Organic EL
display B1 shown in this figure is provided with a substrate
1, an active matrix circuit C, and a plurality of organic EL
elements Al. In organic EL display B1, a plurality of organic
EL elements Al are arranged in a matrix form and its
configuration allows an image, or the like, facing upward in
the figure 10 be displayed.

[0056] Substrate 1 is preferably, for example, a single
crystal silicon substrate. Active matrix circuit C is formed on
top of substrate 1.

[0057] Active matrix circuit C functions to drive the
plurality of organic EL elements A1 for light emission and
is provided with a plurality of transistors 7, gate wires 78,
data wires 79, and other wires (not shown).

[0058] A plurality of transistors 7 function to switch the
plurality of organic EL elements Al and are formed as a
so-called MOS (Metal Oxide Semiconductor) type transistor
having a gate electrode 71, a source electrode 72, a drain
electrode 73, an N source region 74, an N™ drain region 75,
and a channel region 76.

[0059] N* source region 74, N drain region 75, and
channel region 76 are portions for implementing the switch-
ing function of a transistor 7. Gate electrode 71 is electri-
cally connected to a gate wire 78 in order to generate an
electrical field which works on channel region 76 and is
provided above channel region 76 in the figure via an
insulating layer 81. Gate electrode 71 is converted to a state
of a high or low potential, and thereby, transistor 7 is
converted to an ON or OFF state so that organic EL element
Al is switched. Source electrode 72 is electrically connected
to an anode 2 of organic EL element Al. Drain electrode 73
is electrically connected to a data wire 79. When transistor
7 is converted to the ON state, a current flows between
source electrode 72 and drain electrode 73. As a result, an
electrical field is applied to organic EL element Al so that
organic EL element A1 emits light. The plurality of transis-
tors 7 are covered with insulating layer 81. Adjacent tran-
sistors 7 are isolated by a field oxide film 77.

[0060] A plurality of organic EL elements Al are formed
in a matrix form on top of insulating layer 81. Although
these organic EL elements A1 have the configuration that is
described in reference to FIG. 1, Mo oxide layers 5, organic
layers 3 and cathodes 4 of adjacent organic EL elements Al
are connected to each other in organic EL display B1. Mo
oxide layer 5 has a high electric conductivity but a thickness
as small as, for example, approximately 50 A, and therefore,
the electric resistance of substrate 1 in the plane is relatively
high. As a result, an inappropriate current does not flow
between adjacent organic EL elements. Cathode 4 is a
common electrode in organic EL display B1.

[0061] Protective layer 82 is arranged so as to cover the
plurality of organic EL elements Al. In protective layer 82,
glass, into which a drying agent has been mixed, and an ultra
violet ray curing resin, which seals the glass, are layered,
and the resulting light transmittance is relatively high.

[0062] Next, an example of a manufacturing method for
an organic EL display B1 is described below in reference to
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FIGS. 3 to 8. This manufacturing method includes an
example of a manufacturing method for an organic EL
element Al.

[0063] First, as shown in FIG. 3, a substrate 1 made of
single crystal silicon is prepared, and an active matrix circuit
C having a plurality of transistors 7 is formed on top of this
substrate 1.

[0064] Next, as shown in FIG. 4, a conductive thin film 2'
is formed on top of insulating layer 81. Prior to the formation
of conductive thin film 2', a plurality of conduct holes 81a
are created in insulating layer 81 via etching or other suitable
process. Bach conduct hole 81a reaches source electrode 72
of a transistor 7. After the formation of a plurality of conduct
holes 81a, a sputtering process using, for example, Al is
carried out on top of insulating layer 81. This sputtering
process is carried out by making Ar plasma collide with an
Al target within a vacuum chamber of which the degree of
vacuum is approximately 1.0x107° Pa. As a result of this
sputtering process, a conductive thin film 2' made of Al
having a thickness of approximately 1,000 A is formed.

[0065] After the formation of conductive thin film 2', as
shown in FIG. 5, a plurality of anodes 2 are formed.
Conductive thin film 2' is patterned using a photolitho-
graphic technique, and after that, the resist used for this
patterning is removed and this substrate is washed, and
thereby, anodes 2 are formed. This patterning is carried out
in such a manner that each electrode 2 has a portion which
enters into a conduct hole 81a. As a result, each electrode 2
can be electrically connected to each source electrode 72.

[0066] Next, as shown in FIG. 6, Mo oxide layer 5 is
formed so as to cover the plurality of anodes 2 and insulating
layer 81. Mo oxide layer 5 is formed in accordance with a
vapor deposition method using Mo in an oxidizing atmo-
sphere. As a result, Mo oxide layer § made of MoOj; can be
formed so as to have a thickness of approximately 50 A. It
is possible to finish Mo oxide layer 5 as a relatively uniform
layer in accordance with a vapor deposition method. In
particular, it is preferable to adjust the rate of vapor depo-
sition to approximately 0.1 A/sec to 1.0 A/sec in the vapor
deposition method in order to make Mo oxide layer 5
uniform. In addition, it was discovered by the inventors
through experiment that in the case where Mo oxide layer 5
is formed in accordance with a vapor deposition method, as
shown in FIG. 9, the current density that is gained by the
same voltage becomes much higher than that in an Mo oxide
layer formed in accordance with a sputtering method. This
is appropriate for driving organic EL elements Al for
efficient light emission. Meanwhile, Mo oxide layer 5 with
an extremely small thickness of approximately 50 A makes
contact with each of a plurality of anodes 2, and therefore,
the electric resistance in the portions for connecting adjacent
anodes 2 is extremely high. As a result, it is possible to make
adjacent anodes 2 be in a substantially isolated state without
carrying out patterning, or the like, on Mo oxide layer 5, and
thus, the manufacturing process can be simplified.

[0067] After the formation of Mo oxide layer 5, as shown
in FIG. 7, an organic layer 3 is formed. First, a hole transport
layer 3a is formed on Mo oxide layer 5 in accordance with
a vacuum vapor deposition method using «-NPD. The
thickness of hole transport layer 3a is approximately 500 A.
TPD or TPTE may be used instead of c-NPD as the material
for hole transport layer 3a. Next, a light emitting layer 35 is
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formed on top of hole transport layer 3a in accordance with
a vacuum vapor deposition method using Alq,. The thick-
ness of light emitting layer 3b is approximately 500 A.

[0068] After the formation of organic layer 3, as shown in
FIG. 8, an LiF layer 41 and an MgAg layer 42 are layered
$0 as to cover organic layer 3. LiF layer 41 and MgAg layer
42 are formed in accordance with, for example, a vacuum
vapor deposition method so as to have a thickness of about
5 A and about 50 A, respectively. Then, a cathode 4 is
formed in accordance with a sputtering method using 1TO,
a molecular beam epitaxy method (MBE method), an ion
plating method, or other suitable process. The thickness of
cathode 4 is approximately 1,000 A.

[0069] After the formation of cathode 4, cathode 4 is
coated with glass into which a drying agent has been mixed,
and this glass is sealed with an ultraviolet ray curing resin.
As a result, protective layer 82 shown in FIG. 2 is formed
and organic EL display B1 having a plurality of organic EL
elements Al is provided.

[0070] Next, the working effects of organic EL element A1
and organic FL display B1 including the same are described.
According to the present preferred embodiment, as shown in
FIG. 1, it is possible for light [ to be emitted from light
emitting layer 35, and for some of this light to be directed
upward in the figure to transmit through cathode 4 which is
formed as a so-called transparent electrode so as to be
emitted upward in the figure. LiF layer 41 and AgMg layer
42 have a thickness of approximately 5 A and 50 A,
respectively, and therefore, the light transmittance is rela-
tively high and prevents light L from light emitting layer 3
from attenuating, which would be inappropriate. Mean-
while, some of light L is directed downward in the figure,
and first transmits through hole transport layer 3a. Next, Mo
oxide layer 5 is a thin layer of approximately 50 A having
relatively high light transmittance, and therefore, allows
light L to transmit. Light L that has transmitted through Mo
oxide layer 5 is directed toward anode 2. Anode 2 is
preferably made of Al, and therefore, has relatively high
reflectance. As a result, light L that is directed downward in
the figure is reflected from anode 2, and after that transmits
through Mo oxide layer 5, organic layer 3, LiF layer 41,
AgMg layer 42 and cathode 4 so as to be emitted upward in
the figure. Accordingly, it is possible to increase the amount
of light that is emitted upward in the figure from organic EL
element Al in comparison with the configuration having an
anode made of ITO, as shown in, for example, FIG. 14, and
thus, an increase in the brightness of organic EL element Al,
which is of a so-called top emission type, can be achieved.
As a result of this, the image quality of organic display B1
shown in FIG. 2 can be improved.

[0071] Inaddition, it is possible to achieve reduction in the
power consumption of organic EL element A1 by providing
Mo oxide layer 5. FIG. 10 shows the relationship between
the film thickness of MO oxide layer 5 and the current
density that is gained when a voltage of 5 V is applied, as
discovered by the present inventors through experiment. The
thickness of Mo oxide layer 5 is about 50 A, and therefore,
a current density which exceeds about 100 mA/cm® is
produced. As a result, it is possible to improve the voltage-
current characteristics of organic EL light emitting element
Al as a whole, as described below, and thus, organic EL
light emitting element Al is appropriately driven for effi-

Dec. 14, 2006

cient light emission. Here, when the thickness of Mo oxide
layer 5 is approximately 10 A to 100 A, a current density of
no less than approximately 80 mA/cm? is produced, which
is preferable for eflicient drive for light emission. In addi-
tion, when the thickness of Mo oxide layer 5 is approxi-
mately 3.5 A to 1000 A, a current density of no less than
approximately 10 mA/ecm? is produced, and any value within
this range can achieve reduction in the power consumption.

[0072] FIG. 11 shows the voltage-current characteristics
in organic EL element Al. The lateral axis indicates the
voltage that is applied to organic EL element Al. The
vertical axis indicates the current density induced by the
voltage, and is an axis showing a logarithmic scale. It is
shown that the greater the current density is for a constant
voltage, the more efliciently light can be emitted. In the
graph shown in this figure, curve G1 plots the results of
measurement of the voltage-current characteristics of
organic EL element Al according to the present preferred
embodiment. As a comparative example, curve G2 plots the
results of measurement for the configuration where a trans-
parent electrode such as ITO is used as an anode in the same
manner as in the prior art shown in FIG. 14. As another
comparative example, curve G3 plots the results of mea-
surement for the configuration where an anode made of Al
and a pole transport layer made of a-NPD make direct
contact.

[0073] First, it can be seen from comparison between
curve G2 and curve G3 that the current density lowers from
about Yioo to approximately Yiooo when the material of the
anode is changed from ITO to Al. That is to say, the anode
is changed to one made of Al in order to improve the
efficiency of reflection from the anode without affecting
other areas, the power consumption increases significantly
from the prior art, which is adverse to the goal of reducing
power consumption.

[0074] Next, it is evident from comparison between curve
G1, curve G2 and curve G3 that the current density of
organic EL element Al is significantly higher than in the
comparative example where an anode made of Al is pro-
vided, as indicated by curve G3. In addition, the current
density of organic EL element Al is approximately ten times
higher than in the configuration indicated by curve G2 in the
voltage range shown in the figure. This is because the work
function of ITO is approximately 4.8 eV, while the work
fanction of Mo oxide layer 5 made of MoO, has a value
which is close to the work function of hole transport layer 3a
made of a-NPD (approximately 5.42 eV). That is to say, it
is considered that Mo oxide layer 5 functions to increase the
efficiency of hole injection, that is, as a so-called buffer
layer, in organic EL element Al according to the present
preferred embodiment. In this manner, it is possible to
increase the current density by increasing the efficiency of
hole injection of organic EL element Al according to the
present preferred embodiment. Accordingly, it is possible to
drive organic EL element A1 for efficient light emission, and
reduction in the power consumption of organic EL element
Al can be achieved. In addition, reduction in the power
consumption can, of course, be achieved in organic EL
display B1. Here, it was discovered by the inventors through
experiment that the efficiency of hole injection can be
increased to an appropriate level when the thickness of Mo
oxide layer 5 is approximately 10 A to 100 A.
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[0075] Tt is possible in organic EL display B1 to place a
plurality of transistors 7 with high density on substrate 1
made of single crystal silicon, and thus, active matrix circuit
C can be formed as a so-called integrated circuit. Accord-
ingly, this is appropriate for increasing the density of the
plurality of organic EL elements Al and increase in the
precision of organic EL display B1 can be achieved. Here,
active matrix circuit C may be provided with a plurality of
thin film transistor (TFT) elements.

[0076] FIG. 12 shows an organic EL element according to
a second preferred embodiment of the present invention.
Here, from FIG. 12 on, the same symbols are used to
indicate elements similar to those in the first preferred
embodiment and the descriptions thereof are appropriately
omitted.

[0077] Organic EL element A2 shown in FIG. 12 is
different from the organic EL. element Al in that hole
transport layer 3a in organic EL element A2 includes an Mo
oxide and is not provided with the same Mo oxide layer 5 as
shown in FIG. 1. a-NPD is preferably used as the base
material for hole transport layer 3@ and an Mo oxide as
described above is included in this base material. MoOj is
preferably used as the Mo oxide.

[0078] FIG. 13 shows an organic EL display B2 including
a plurality of the organic EL element A2. This organic EL
display B2 is different from the organic EL display B1 in that
organic EL display B2 is provided with a plurality of organic
EL elements A2 and its remaining portions are preferably the
same as in organic display B1. Hole transport layers 3a of
adjacent organic EL elements A2 are connected to each other
in organic EL display B2.

[0079] Organic EL display B2 including organic EL ele-
ments A2 can be manufactured in accordance with a manu-
facturing method, for example, which is similar to the
manufacturing method for an organic EL display B1 that is
described in reference to FIGS. 3 to 8. This manufacturing
method is different from that for an organic EL display B,
initially in that the formation of the same Mo oxide layer 5,
as that shown in FIG. 6, is omitted. In addition, a-NPD
which is the base material and MoO; which is the Mo oxide
are vapor deposited together for the formation of hole
transport layer 3@ shown in FIG. 7. In accordance with this
vapor deposition, hole transport layer 3a, where Mo oxide as
described above is distributed relatively uniformly, can be
formed.

[0080] The effects of increasing the efficiency of hole
injection as those described in reference to FIG. 11 were
also confirmed by the inventors through experiment in
organic EL element A2 of the present preferred embodiment.
These effects are considered to be achieved because an Mo
oxide made of MoO; as described above is included in hole
transport layer 3a, and thereby, hole transport layer 3a
further functions in the same manner as a so-called hole
injection layer. In this manner, organic EL element A2 also
makes it possible to achieve an increase in brightness and a
reduction in power consumption. In addition, organic EL
display B2 can also achieve increase in image quality and
reduction in power consumption.

[0081] Organic EL elements, organic EL displays and
manufacturing methods for an organic EL element according
to the present invention are not limited to the various
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preferred embodiments described above. The specific con-
figuration of each portion of the organic EL elements and
organic EL displays according to the present invention can
be freely and variously changed in design. In addition, each
process included in the manufacturing methods for an
organic EL element according to the present invention can
be freely and variously changed.

[0082] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:
1. An organic EL element, comprising:

an anode and a cathode which are arranged so as to face
each other;

an organic layer which is disposed between said anode
and cathode and includes a light emitting layer; and

an Mo oxide layer disposed between said anode and said

organic layer.

2. The organic EL element according to claim 1, wherein
said Mo oxide layer is made of MoO,.

3. The organic EL element according to claim 1, wherein
said Mo oxide layer has a thickness of about 3.5 A to about
1000 A.

4. The organic EL element according to claim 1, wherein
said Mo oxide layer has a thickness of about 10 A to about
100 A.

5. The organic EL element according to claim 1, wherein
said anode is made of Al.

6. An organic EL display, comprising:

a substrate;

a plurality of organic EL elements according to claim 1
which are supported by said substrate; and

an active matrix circuit arranged to drive said plurality of

organic EL elements for light emission.

7. The organic EL display according to claim 6, wherein
Mo oxide layers of adjacent organic EL elements of said
plurality of organic EL elements are connected to each other.

8. The organic EL display according to claim 6, wherein
said substrate is a silicon substrate, and said active matrix
circuit includes a plurality transistors on said substrate.

9. A manufacturing method for an organic EL element,
comprising the steps of:

forming an anode;

forming an Mo oxide layer after said step of forming an
anode;

forming an organic layer which includes a light emitting
layer after said step of forming an Mo oxide layer; and

forming a cathode.

10. The manufacturing method for an organic EL element
according to claim 9, wherein an Mo oxide layer is formed
from MoO; in said step of forming an Mo oxide layer.

11. The manufacturing method for an organic EL element
according to claim 9, wherein a vapor deposition method is
used in said step of forming an Mo oxide layer.



US 2006/0279206 A1l

12. The manufacturing method for an organic FL element
according to claim 11, wherein the rate of vapor deposition
is about 0.1 A/sec to about 1.0 A/sec in said vapor deposition
method.

13. An organic EL element, comprising:

an anode and a cathode which are arranged so as to face
each other; and

an organic layer which is disposed between said anode
and cathode and includes a light emitting layer and a
hole transport layer; wherein

said hole transport layer includes a base material and an
Mo oxide.

14. The organic EL element according to claim 13,
wherein said Mo oxide is MoO;.

15. The organic EL element according to claim 13,
wherein said base material is made of «-NPD, TPD or
TPTE.

16. The organic EL element according to claim 13,
wherein said anode is made of Al

17. An organic EL display, comprising:

a substrate;

a plurality of organic EL elements according to claim 13
which are supported by said substrate; and

Dec. 14, 2006

an active matrix circuit arranged to drive said plurality of

organic EL elements for light emission.

18. The organic EL display according to claim 17,
wherein said substrate is a silicon substrate, and said active
matrix circuit includes a plurality of transistors on said
substrate.

19. A manufacturing method for an organic EL element,
comprising the steps of:

forming an anode;

forming an organic layer which includes a light emitting
layer and a hole transport layer; and

forming a cathode; wherein

said step of forming an organic layer includes the step of
forming a hole transport layer by vapor depositing a
base material and an Mo oxide together.
20. The manufacturing method for an organic EL element
according to claim 19, wherein MoO; is used as said Mo
oxide in said step of forming a hole transport layer.
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