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ORGANIC ELECTROLUMINESCENCE
ELEMENT INCLUDING CARRIER
INJECTION AMOUNT CONTROL

ELECTRODE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2018-162568 filed on Aug. 31, 2018, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] An embodiment of the present invention relates to
an element structure of an organic electroluminescence
element (hereinafter, referred to also as an “organic EL
element”) using an organic electroluminescence material,
specifically to an organic electroluminescence element
including an electrode that controls the amount of carriers to
be injected into a light emitting layer.

BACKGROUND

[0003] An organic EL element includes a pair of elec-
trodes referred to as a “positive electrode” and a “negative
electrode”) and a light emitting layer located between the
pair of electrodes. A basic structure of an organic EL element
includes two terminals. However, a three-terminal organic
EL element including a third electrode in addition to the two
terminals has been disclosed.

[0004] For example, an organic EL. element including a
positive electrode, a light emitting material layer formed of
an organic electroluminescence material, a negative elec-
trode, and an auxiliary electrode facing the negative elec-
trode and the light emitting material layer with an insulating
layer being provided between the auxiliary electrode and the
negative electrode/the light emitting material layer is dis-
closed (see, for example. Japanese Laid-Open Patent Pub-
lication No. 2002-343578). A light emitting transistor
including a hole injection layer, a carrier dispersion layer, a
hole transfer layer and a light emitting layer that are stacked
in this order, between a positive electrode and a negative
electrode, from the side of the positive electrode, and further
including an auxiliary electrode facing the positive electrode
with an insulating film being provided between the auxiliary
electrode and the positive electrode has been disclosed (see,
for example, WO2007/043697).

[0005] An organic light emitting transistor element includ-
ing an auxiliary electrode, an insulating film provided on the
auxiliary electrode, a first electrode provided with a prede-
termined size on the insulating film, a charge injection
suppression layer provided on the first electrode, a charge
injection layer provided on a region of the insulating film
where the first electrode is not provided, a light emitting
layer provided on the charge injection suppression layer and
the charge injection layer or provided on the charge injection
layer, and a second electrode provided on the light emitting
layer has been disclosed (see, for example, Japanese Laid-
Open Patent Publication No. 2007-149922 and Japanese
Laid-Open Patent Publication No. 2007-157871).

SUMMARY

[0006] An organic electroluminescence element in an
embodiment according to the present invention includes a
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first electrode, a third electrode including a region overlap-
ping the first electrode, a first insulating layer between the
first electrode and the third electrode, a second insulating
layer between the first insulating layer and the third elec-
trode, an electron transfer layer between the first insulating
layer and the third electrode, a light emitting layer, contain-
ing an organic electroluminescence material, between die
electron transfer layer and the third electrode, and a second
electrode located between the first insulating layer and the
second insulating layer and electrically connected with the
electron transfer layer. The second insulating layer includes
an opening, the organic electroluminescence element
includes an overlap region where the third electrode, the
light emitting layer, the electron transfer layer, the first
insulating layer and the first electrode overlap each other in
the opening, and the second electrode is located outer to the
overlap region.

[0007] In an embodiment of the present invention, it is
preferred that the electron transfer layer included in the
organic electroluminescence element is formed of a light-
transmissive metal oxide material, for example, an n-type
oxide semiconductor material.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG.1 is a cross-sectional view showing a structure
of'an organic EL element in an embodiment according to the
present invention:

[0009] FIG. 2 is a cross-sectional view showing a structure
of'an organic EL element in an embodiment according to the
present invention;

[0010] FIG. 3 shows an operation of the organic EL
element in an embodiment according to the present inven-
tion;

[0011] FIG. 4 shows an operation of the organic EL
element in an embodiment according to the present inven-
tion;

[0012] FIG. 5 shows an operation of the organic EL
element in an embodiment according to the present inven-
tion;

[0013] FIG. 6 is a graph showing an example of operation
characteristics of the organic EL element in an embodiment
according to the present invention;

[0014] FIG. 7A to FIG. 7C show a method for producing
the organic EL element in an embodiment according to the
present invention;

[0015] FIG. 8A and FIG. 8B show the method for pro-
ducing the organic EL element in an embodiment according
to the present invention;

[0016] FIG. 9A and FIG. 9B show the method for pro-
ducing the organic EL element in an embodiment according
to the present invention;

[0017] FIG. 10 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention.

[0018] FIG. 11 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0019] FIG. 12 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0020] FIG. 13 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;
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[0021] FIG. 14 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0022] FIG. 15 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0023] FIG. 16 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0024] FIG. 17 is a cross-sectional view showing a struc-
ture of an organic EL element in an embodiment according
to the present invention;

[0025] FIG. 18 shows an example of equivalent circuit of
a pixel in a display device including an organic EL element
in an embodiment according to the present invention;
[0026] FIG. 19 shows an example of equivalent circuit of
a pixel in a display device including an organic EL element
in an embodiment according to the present invention;
[0027] FIG. 20 is a plan view showing a structure of the
pixel in the display device including the organic EL element
In an embodiment according to the present invention; and
[0028] FIG. 21A and FIG. 21B are each a cross-sectional
view showing a structure of the pixel in the display device
including the organic EL element in an embodiment accord-
ing to the present invention.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments of the present invention
will be described with reference to the drawings and the like.
The present invention may be carried out in various embodi-
ments, and should not be construed as being limited to any
of the following embodiments. In the drawings, components
may be shown schematically regarding the width, thickness,
shape and the like, instead of being shown in accordance
with the actual sizes, for the sake of clear illustration. The
drawings are merely examples and do not limit the present
invention in any way. In the specification and the drawings,
components that are substantially the same as those
described or shown previously bear the identical reference
signs thereto (or the identical reference signs followed by
letters “a”, “b” or the like), and detailed descriptions thereof
may be omitted. The terms “first”, “second” and the like
used for elements are merely provided for distinguishing the
elements and do not have any other significance unless
otherwise specified.

[0030] In the specification and the claims, an expression
that a component is “an” another component encompasses a
case where such a component is in contact with another
component and also a case where such a component is above
or below the another component, namely, a case where still
another component is provided between such a component
and the another component, unless otherwise specified.

First Embodiment

1. Structure of the Organic EL. Element

[0031] The structure of an organic EL element is classified
based on the direction in which emitting light is output, into
a bottom-emission type and a top-emission type. In the
bottom-emission type, emitting light is output through a
substrate. In the top-emission type, emitting light is output
in a direction away from the substrate. The structure of an
organic EL element is also classified, based on the order of
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stacking in the production process, into a forward-stacking
structure and a reverse-stacking structure. In the forward-
stacking structure, a positive electrode, a hole transfer layer,
a light emitting layer, an electron transfer layer and a
negative electrode are stacked in this order from the side of
the substrate. In the reverse-stacking structure, the layers
and the electrodes are stacked in the order opposite to the
above from the side of the substrate. An organic EL element
in this embodiment is of the reverse-stacking structure and
is applicable to both of the bottom-emission type and the
top-emission type.

[0032] The organic EL element disclosed in Japanese
Laid-Open Patent Publication No. 2002-243578 has the
following problems. Since the light emitting material layer
has a low electron mobility, the amount of electrons to be
injected from the negative electrode is mostly determined
based on the potential difference between the positive elec-
trode and the negative electrode, and thus the bias voltage
applied from the auxiliary electrode has almost no influence
on the carrier injection. In addition, since the light emitting
material layer has a high resistance in addition to the low
electron mobility, the electrons injected into the light emit-
ting material layer are concentrated in the vicinity of the
negative electrode, and thus the bias voltage applied to the
auxiliary electrode has almost no influence on the amount of
the electrons to be injected.

[0033] The light emitting transistor described in WO2007/
023697 has the following problems. The auxiliary electrode
controls the light emission/light non-emission state, and
therefore, the amounts of carriers of different polarities,
namely, electrons and holes, to be injected into the light
emitting layer cannot be independently controlled even by
use of an external circuit. The light emitting transistor
described in Japanese Laid-Open Patent Publication No
2002-343578 has a problem that a region in the light
emitting layer in which the electrons and the holes are
recombined, namely, the position of the light emitting layer,
is not controlled. The organic light emitting transistor ele-
ments described in Japanese Laid-Open Patent Publication
No. 2007-149922 and Japanese Laid-Open Patent Publica-
tion No. 2007-157871 both have a problem that the electron
transfer layer formed of an organic material has a low carrier
(electron) mobility, and therefore, a larger screen or a higher
definition is not realized for the display panel.

[0034] As described below in detail, the organic EL ele-
ment in this embodiment according to the present invention
has a structure solving these problems.

1-1. Bottom Emission-Type Organic EL. Element

[0035] FIG. 1 shows a cross-sectional structure of an
organic EL element 200¢ in an embodiment according to the
present invention. The organic EL element 200a shown in
FIG. 1 is of the bottom-emission type and is of the reverse-
stacking structure. More specifically, the organic EL element
200q includes a substrate 100, and also includes a first
electrode 102, a first insulating layer 104, an electron
transfer layer 106 (a first electron transfer layer 1064 and a
second electron transfer layer 1065), a light emitting layer
112, and a third electrode 118, which are stacked on the
substrate 100 in this order from the side of the substrate 100.
[0036] The organic EL element 200a shown in FIG. 1
further includes a hole transfer layer 114 and a hole injection
layer 116 between the light emitting layer 112 and the third
electrode 118. The organic EL element 2004 does not need
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to include one of a hole injection layer 116 and the hole
transfer layer 114, or may include a hole injection and
transfer layer having functions of both of hole injection and
hole transfer, instead of the hole injection layer 116 and the
hole transfer layer 114. Although not shown in FIG. 1, the
organic EL. element 200a may include a hole block layer
between the electron injection layer 110 and the light
emitting layer 112, or may include an electron block layer
between the light emitting layer 112 and the hole transfer
layer 114.

[0037] In the organic EL element 200a shown in FIG. 1,
the first electrode 102, the first insulating layer 104, the
electron transfer layer 106 (the first electron transfer layer
106a and the second electron transfer layer 1064), the
electron injection layer 110, the light emitting layer 112 and
the third electrode 118 overlap each other each other in a
vertical direction. The second electrode 108 is located outer
to a region where these layers overlap each other (overlap
region), and is located to be electrically connected with the
first electron transfer layer 106a. The second electrode 108
is provided to contact at least a part of the first electron
transfer layer 106a. For example, the second electrode 108
may be provided to enclose the first electron transfer layer
106a. In this specification, the expression “these layers” may
include an electrode or electrodes. For example, in this
paragraph, “these layers” include the first electrode 102, first
insulating layer 104, and the third electrode 118.

[0038] In FIG. 1, the third electrode 118 has a function of
injecting holes into the hole injection layer 116, and is
referred to also as a “positive electrode” or “anode”. The
second electrode 108 has a function of injecting electrons
into the electron transfer layer 106, and is referred to also as
a “negative electrode” or “cathode”. The first electrode 102
has a function of controlling the amount of carriers (elec-
trons) to be injected into the light emitting layer 112, and is
referred to also as a “carrier injection amount control elec-
trode”.

[0039] In the organic EL element 200a, the electron trans-
fer layer 106 includes two distinguishable layers namely, the
first electron transfer layer 106a and the second electron
transfer layer 1065. The electron transfer layer 106 will be
described below in detail. The first electron transfer layer
106a and the second electron transfer layer 1065 are com-
mon to each other in having a function of transferring the
electrons injected from the second electrode 108 into the
light emitting layer 112. The first electron transfer layer
1064, which is in contact with the second electrode 108, and
the second electron transfer layer 1065, which is located
closer to the light emitting layer 112, are different from each
other in the electron concentration and the electron mobility.
For example, it is preferred that the second electron transfer
layer 1065 has a carrier concentration (electron concentra-
tion) lower than a carrier concentration (electron concentra-
tion) of the first electron transfer layer 1064 in order to avoid
deactivation of the carriers.

[0040] The organic EL element 200a does not need to
include the second electron transfer layer 1065. The first
electron transfer layer 1064 and the second electron transfer
layer 1065 may be regarded as one layer because of the
common function of transferring the electrons injected from
the second electrode 108 into the light emitting layer 112.

[0041] The organic EL element 200a may include a sec-
ond insulating layer 120 located between the first electron
transfer layer 1064 and the second electron transfer layer
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1065. The second insulating layer 120 covers a peripheral
region of the first electron transfer layer 106a, and includes
an opening 124a exposing a top surface of the first electron
transfer layer 106a. The first electron transfer layer 1064 and
the second electron transfer layer 1065 are in contact with
each other in the opening 124a of the second insulating layer
120. In a region where the opening 124aq is located, the first
electron transfer layer 1064, the second electron transfer
layer 1065, the electron injection layer 110, the light emit-
ting layer 112 and the third electrode 118 are stacked. A
region where these layers are stacked is a light emitting
region of the organic EL element 2004. In other words, the
light emitting region of the organic EL element 200qa is
defined by the opening 1244 of the second insulating layer
120.

[0042] The second electrode 108 is held between the first
insulating layer 104 and the second insulating layer 120.
With the structure in which the second electrode 108 is held
between the first insulating layer 104 and the second insu-
lating layer 120, the second electrode 108 is not exposed to
the opening 124a. The second electrode 108 is provided to
overlap the third electrode 118 with insulating layers being
provided between the second electrode 108 and the third
electrode 118. An end of the second electrode 108 is not
exposed to the opening 124a of the second insulating layer
120. Therefore, no electric field is concentrated between the
third electrode 118 and the second electrode 108 in the light
emitting region. Specifically, the organic EL element 200a
includes an offset region 126 to prevent the second electrode
108 from being exposed to the opening 124a of the second
insulating layer 120. The offset region 126 is from an end of
the opening 124a to the end of the second electrode 108, and
corresponds to a region of the first electron transfer layer
106a that is held between the first insulating layer 104 and
the second insulating layer 120. Assuming that a total
thickness of the electron transfer layer 106, the electron
injection layer 110, the light emitting layer 112, the hole
transfer layer 114, the hole injection layer 116 and the like
is 100 nm to 1000 nm, it is preferred that in order to prevent
the electric field from being concentrated, the offset region
126 has a length longer than 10 times the total thickness,
namely, about 1 pm to about 20 um, for example, 2 pm to
5 pm.

[0043] As described above, in the organic EL element
2004 in this embodiment, the second electrode 108 is held
between the first insulating layer 104 and the second insu-
lating layer 120, and the end of the second electrode 108 is
located outer to the opening 124a of the second insulating
layer 120. With such a structure, the organic EL element
2004 has an increased withstand voltage and a more uniform
light emission intensity in the light emitting region.

[0044] FIG. 1 shows a form in which a third insulating
layer 122 is provided on the second insulating layer 120. The
provision of the third insulating layer 122 on the second
insulating layer 120 expands the gap between the third
electrode 118 and the second electrode 108 and thus
decreases the parasitic capacitance.

[0045] The third insulating layer 122 includes an opening
1245, which has a width equal to, or longer than, the width
of'the opening 124a of the second insulating layer 120. With
the structure in which the opening 1245 of the third insu-
lating layer 122 is wider greater than the opening 124a of the
second insulating layer 120, a stepped portion is formed. It
is preferred that a side surface of the second insulating layer
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120 exposed to the opening 124a, and a side surface of the
third insulating layer 122 exposed to the opening 1245, are
inclined such that the openings 124a and 1245 expand
upward. Such a cross-sectional shape of the openings 124a
and 1245 alleviates the steepness of the stepped portion.
With such a structure, in the case where the second electron
transfer layer 1065, the light emitting layer 112, the third
electrode 118 and the like are provided to overlap each other
in the opening 124a and the opening 1245, these layers are
allowed to be formed along the stepped portion. In other
words, the second electron transfer layer 1065, the light
emitting layer 112, the third electrode 118 and the like are
prevented from being cracked, namely, ruptured at the
stepped portion.

[0046] The first electrode 102 is located to overlap the
opening 124a of the second insulating layer 120 and to
overlap the first electron transfer layer 1064 with the first
insulating layer 104 being provided between the first elec-
trode 102 and the first electron transfer layer 106a. The first
electrode 102 is insulated from the first electron transfer
layer 1064 by the first insulating layer 104. The first elec-
trode 102 and the first electron transfer layer 106a do not
giving and taking the carriers. However, when a voltage is
applied to the first electrode 102, the first electron transfer
layer 106a is influenced by an electric field generated by the
application of the voltage.

[0047] The first electron transfer layer 1064 is acted on by
the electric field formed by the first electrode 102. The
amount of the carriers (electrons) to be transferred from the
electron transfer layer 106 (the first electron transfer layer
106a and the second electron transfer layer 1065) to the light
emitting layer 112 is controllable by the strength of the
electric field of the first electrode 102. As the voltage applied
to the first electrode 102 is increased, the level of the electric
field acting on the electron transfer layer 106 (the first
electron transfer layer 1064 and the second electron transfer
layer 106b) is also increased. The electric field generated by
the application of a positive voltage to the first electrode 102
acts to pull the carriers (electrons) from the second electrode
108 to the first transfer layer 106a. Therefore, the amount of
the earners (electrons) to be transferred to the light emitting
layer 112 is increased. Namely, the amount of the carriers
(electrons) to be transterred from the first transfer layer 106a
to the light emitting layer 112 is controllable by the level of
the voltage to be applied to the first electrode 102. In other
words, the voltage to be applied to the first electrode 102
may be controlled to adjust the balance (carrier balance)
between the amount of the electrons to be injected from the
second electrode 108 and the amount of the holes to be
injected from the third electrode 118.

[0048] It is preferred that the first electrode 102 is located
to overlap the offset region 126 of the first electrode transfer
layer 106a. With such a positional arrangement, the first
electrode 102 causes the electric field to act on the offset
region 126. When a positive voltage is applied to the first
electrode 102, the carriers (electrons) are induced to the first
electron transfer layer 1064 including the offset region 126,
and thus prevents the offset region 126 from having a high
resistance. The length of the offset region 126 may be about
1 um to about 5 pm, so that when the first electrode 102 is
connected to the ground potential, the electrons are pre-
vented from flowing from the second electrode 108 to the
first electron transfer layer 106a.
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[0049] The organic EL element 200a shown in FIG. 1 is of
the bottom-emission type. Therefore, the first electrode 102
is light-transmissive. The first electrode 102 is formed of, for
example, a transparent conductive film. By contrast, the
third electrode 118 has a light-reflective surface in order to
reflect light radiating from the light emitting layer 112. It is
preferred that the third electrode 118 is formed of a material
having a large work function in order to inject the holes into
the hole injection layer 116. The third electrode 118 is
formed of, for example, a transparent conductive film of
indium tin oxide (ITO) or the like. The light-reflective
surface of the third electrode 118 may be formed by, for
example, stacking a metal film of aluminum or the like on
the transparent conductive film.

[0050] As described below, the electron transfer layer 106
(the first electron transfer layer 1064 and the second electron
transfer layer 1065) is formed of a light-transmissive oxide
semiconductor material. The light-transmissive oxide semi-
conductor material is an inorganic material and is an oxide,
and therefore, is thermally stable. With the structure in
which the electron transfer layer 106 is formed of an oxide
semiconductor material, the organic EL element 200a real-
izes a stable structure with no deterioration of characteristics
even with the reverse-stacking structure.

1-2. Top-Emission Type Organic EL. Element

[0051] FIG. 2 shows an organic EL element 20056 of the
top-emission type. The organic EL. element 20056 of the
top-emission type has the same structure as that of the
organic EL. element 200a of the bottom-emission type
except for the structure of the third electrode 118 and the first
electrode 102. In the organic EL element 2005 of the
top-emission type, the first electrode 102 is formed of a
metal film to have a metal surface, and the third electrode
118 is formed of a transparent conductive film to transmit
light radiating from the light emitting layer 112. The second
electrode 108 is located outer to the light emitting region,
and thus does not specifically need to be changed in the
structure or the material.

[0052] The first electrode 102 is formed of a metal film
and thus has a function as a light-reflective plate in the
organic EL. element 2005 The electron transfer layer 106
(the first electron transfer layer 1064 and the second electron
transfer layer 1065) is formed of a light-transmissive oxide
semiconductor film. Therefore, the electron transfer layer
106 prevents the light reflected by the first electrode 102
from being attenuated, and thus improves the light extrac-
tion efficiency (external quantum efficiency).

[0053] The organic EL element 2005 of the top-emission
type is different from the organic EL. element 200a of the
bottom-emission type merely in the structure of the third
electrode 118 and the first electrode 102. Namely, the
organic EL element 200 in this embodiment may be either of
the bottom-emission type or the top-emission type with
small changes while having the reverse-stacking structure.
In this specification, the organic EL element 200a and the
organic EL element 2005 may be collectively referred to as
the “organic EL element 200”.

[0054] The organic EL element 200a of the bottom-emis-
sion type shown in FIG. 1 and the organic EL element 2005
of the top-emission type shown in FIG. 2 each have a
structure in which the electron transfer layer 106, the elec-
tron injection layer 110, the light emitting layer 112 and the
third electrode 118 are stacked at least in the vertical
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direction, the first electrode 102 is provided to be adjacent
to the electron transfer layer 106 with the first insulating
layer 104 being provided between the first electrode 102 and
the electron transfer layer 106, and the second electrode 108
is located outer to the electron transfer layer 106. The
potential of the first electrode 102 is controlled indepen-
dently from the third electrode 118 and the second electrode
108. Therefore, the organic EL element 200 is capable of
controlling the amount of the carriers (electrons) to be
transferred from the electron transfer layer 106 to the light
emitting layer 112. The materials of the first electrode 102
and the third electrode 118 may be appropriately selected, so
that the organic EL element 200 is allowed to be of the
bottom-emission type or the top-emission type.

2. Components of the Organic EL Element

2-1. First Electrode (Carrier Injection Amount Control
Electrode)

[0055] The first electrode is formed of a metal material, a
conductive metal oxide material, a conductive metal nitride
material, or a conductive metal oxide nitride material
Examples of the metal material include aluminum (Al),
silver (Ag), titanium (T1), molybdenum (Mo), tantalum (Ta),
and the like, and an alloy including such metal materials.
Examples of the metal oxide material include indium tin
oxide (In,05.Sn0,; ITO), indium zinc oxide (In,O;—Zn0O;
170), tin oxide (SnO,), and zinc oxide (ZnO). Examples of
the metal oxide material further include niobium (Nb)-doped
titanium oxide (TiO,:Nb) and the like. Examples of the
metal nitride material include titanium nitride (TiN,), zir-
conium nitride (ZrN,), and the like. Examples of the metal
oxide nitride material include titanium oxide nitride (Ti-
O,N,), tantalum oxide nitride (TaO,N,), zirconium oxide
nitride (ZrO,N), hafnium oxide nitride (HfO,N,), and the
like. A trace amount of metal element improving the con-
ductivity may be added to such a metal oxide material, such
a metal nitride material and such a metal oxide nitride
material. For example, tantalum (Ta)-doped titanium oxide
(TiO,:Ta) may be used.

[0056] The material of the first electrode 102 is appropri-
ately selected in accordance with whether the organic EL
element 200 is of the top-emission type or the bottom-
emission type. In the case where the organic EL element 200
is of the bottom-emission type, the first electrode 102 is
formed of a metal oxide material, a metal nitride material or
a metal oxide nitride material that is conductive and light-
transmissive. With such a material, the organic EL. element
200q allows the light emitted by the light emitting layer 112
to be transmitted through the first electrode 102 and to be
output. By contrast, in the case where the organic EL
element 200 is of the top-emission type, the first electrode
102 is formed of a metal material having a high reflectance
to visible light. With the structure in which the first electrode
102 is formed of such a metal material, the organic EL.
element 2005 allows the light emitted by the light emitting
layer 112 to be reflected by the first electrode 102 and to be
output through the third electrode 118.

2-2. First Insulating Layer, Second Insulating Layer, Third
Insulating Layer

[0057] The first insulating layer 104, the second insulating
layer 120 and the third insulating layer 122 are formed of an
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inorganic insulating material. Examples of the inorganic
insulating material include silicon oxide, silicon nitride,
silicon oxide nitride, aluminum oxide, and the like. The first
insulating layer 104, the second insulating layer 120 and the
third insulating layer 122 are formed by plasma CVD
(Chemical Vapor Deposition), sputtering, or the like. The
first insulating layer 104 is formed to have a thickness of 50
nm to 700 nm, preferably 100 nm to 400 nm. With such a
range of the thickness of the first insulating layer 104, the
electric field generated by the first electrode 102 acts on the
electron transfer layer 106, and thus prevents a tunnel
current from flowing from the first electrode 102 to the
electron transfer layer 106 by the tunnel effect even in the
case where the bias voltage is high. There is no specific
limitation on the thickness of the second insulating layer 120
or the third insulating layer 122. The second insulating layer
120 and the third insulating layer 122 are each formed to
have a thickness of, for example, 100 nm to 1000 nm.
[0058] The first insulating layer 104, the second insulating
layer 120 and the third insulating layer 122 are formed of
such an insulating material, and therefore, are both insulat-
ing and transparent. Thus, the first insulating layer 104, the
second insulating layer 120 and the third insulating layer
122 are usable for both of the organic EL element 200a of
the bottom-emission type and the organic EL element 2005
of the top-emission type. The first insulating layer 104
insulates the first electrode 102 and the electron transfer
layer 106 from each other, and also insulate the first elec-
trode 102 and the second electrode 108 from each other.
[0059] Alternatively, the third insulating layer 122 may be
formed of an organic insulating material such as polyimide
resin, acrylic resin, epoxy resin or the like. In the case where
the third insulating layer 122 is formed of an organic
insulating material, the cross-sectional shape of the opening
1245 is easily controllable. It is preferred that an inner
surface of the opening 1245 of the third insulating layer 122
is inclined, namely, is tapered. In the case where the third
insulating layer 122 is formed of a photosensitive organic
insulating material, the inner surface of the opening 1245 is
tapered as seen in a cross-sectional view. In the case where
the third insulating layer 122 has a function of a flattening
layer, the thickness of the third insulating layer 122 may be
increased to about 2 um to about 5 pum.

2-3. Electron Transfer Layer

[0060] It is preferred that the electron transfer layer 106 is
formed of a material having a high electron mobility in order
to transfer the carriers (electrons) injected from the second
electrode 108 into the plane of the light emitting region of
the organic EL element 200. In the case where the organic
EL element 200 is of the bottom-emission type, the electron
transfer layer 106 is located closer to the light output side
than the light emitting layer 112. Therefore, it is preferred
that the electron transfer layer 106 is formed of a material
that is highly light-transmissive to visible light. It is pre-
ferred that the electron transfer layer 106 is formed of a
material that is easily controllable in the carrier concentra-
tion in order to cause the first electron transfer layer 106a
and the second electron transfer layer 1065 to have different
earner concentrations.

[0061] In this embodiment, the electron transfer layer 106
(the first electron transfer layer 1064 and the second electron
transfer layer 1065) is formed of a metal oxide material. A
preferred metal oxide material is an oxide semiconductor
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material having a bandgap of 2.8 eV or wider, preferably 3.0
eV or wider, and a high electron mobility. Such an oxide
semiconductor material has semiconductor characteristics
even when being formed into a thin film, is light-transmis-
sive to visible light, and exhibits an n-type conductivity.
[0062] Examples of the oxide semiconductor material
usable for the electron transfer layer 106 include a four-
component oxide material, a three-component oxide mate-
rial, a two-component oxide material and a one-component
oxide material. The metal oxide materials listed herein as
examples have a bandgap of 2.8 eV or wider, exhibit an
n-type conductivity, and control the donor concentration by
oxygen deficiency or the like, and therefore, are classified as
oxide semiconductor materials.

[0063] Examples of the four-component oxide material
include an In,0;—Ga,0;—SnO,—7Zn0O-based oxide mate-
rial. Examples of the three-component oxide material
include an In, O;—Ga,0;—7Zn0-based oxide material, an
In,0,—Sn0,—ZnO-based oxide material, an In,O,—
Al,O;—7n0-based oxide material, a Ga,O;—SnO,—7Zn0O-
based oxide material, a Ga,0;—Al,0;—7Zn0O-based oxide
material, and an SnO,—Al,0,—7n0O-based oxide material.
Examples of the two-component oxide material include an
In,0;—Zn0O-based oxide material, an SnO,—ZnO-based
oxide material, an Al,O,—7nO-based oxide material, a
Ga,0;—Sn0,-based oxide material, a Ga,0,—ZnO-based
oxide material, a Ga,0;—MgO-based oxide material, an
MgO—Z7n0O-based oxide material, an SnO,—MgO-based
oxide material, and an In,0,—MgO-based oxide material.
Examples of the one-component oxide material include an
In,0;-based metal oxide material, a Ga,O;-based metal
oxide material, an SnO,-based metal oxide material, a
ZnO-based metal oxide material, and the like.

[0064] Silicon (Si), nickel (Ni), tungsten (W), hafnium
(Hf) or titanium (Ti) may be incorporated into any of the
above-listed metal oxide materials. It should be noted that,
for example, an In—Ga—7n—O-based oxide material
described above merely needs to be a metal oxide material
containing at least In, Ga and Zn. There is no limitation on
the composition ratio. In other words, the first electron
transfer layer 1064 and the second electron transfer layer
1065 may each be formed of a thin film represented by
chemical formula InMO;(Zn0O); (m>0) M is one or a plu-
rality of metal elements selected from Ga, Al, Mg, Ti, Ta, W,
Hf, and Si. The four-component oxide material, the three-
component oxide material, the two-component oxide mate-
rial and the one-component oxide material described above
are not limited to being oxide materials containing an oxide
having a stoichiometric composition, and may be oxide
materials having a composition diverged from the stoichio-
metric composition. The oxide semiconductor layer pro-
vided as the electron transfer layer 106 may be in an
amorphous phase, a crystalline phase or a mixture of the
amorphous phase and the crystalline phase.

[0065] It is preferred that the first electron transfer layer
106a and the second electron transfer layer 1065 are formed
of oxide semiconductor materials having different compo-
sitions. For example, it is preferred that the first electron
transfer layer 1064 is formed of a tin (Sn)-based oxide
semiconductor material that does not contain zinc (Zn),
magnesium (Mg) or the like, namely, is formed of InGaS-
nO,, InWSnO_, or InSiSnO,. It is preferred that the second
electron transfer layer 1065 is formed of a zinc (Zn)-based
oxide semiconductor material that does not contain tin (Sn),
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namely, is formed of ZnSiO,, ZnMgO,, ZnGaO,, or the like.
In other words, it is preferred that the first electron transfer
layer 106q is formed of a metal oxide containing tin oxide,
indium oxide, and at least one selected from gallium oxide,
tungsten oxide, aluminum oxide and silicon oxide. It is
preferred that the second electron transfer layer 1065 is
formed of a metal oxide containing zinc oxide, and at least
one selected from silicon oxide, magnesium oxide, alumi-
num oxide and gallium oxide.

[0066] The oxide semiconductor materials having differ-
ent compositions may be selected as described above, so that
the bandgaps of the first electron transfer layer 106a and the
second electron transfer layer 1065 are optimized. For
example, the bandgap of the second electron transfer layer
1065 may be made wider than the bandgap of the first
electron transfer layer 106a. Specifically, the bandgap of the
first electron transfer layer 106a may be made 3.0 eV or
wider and the bandgap of the second electron transfer layer
1065 may be made wider than the bandgap of the first
electron transfer layer 106a. It is preferred that the bandgap
of'the second electron transfer layer 1065 is 3.4 eV or wider.
In the case where the bandgap of the second electron transfer
layer 1065 is 3.4 eV or wider, the amount of blue light that
is absorbed is decreased, which improves the reliability.

[0067] The electron transfer layer 106 (the first electron
transfer layer 106a and the second electron transfer layer
1065) is formed of indium tin oxide (In,0;.SnO,; ITO),
indium zinc oxide (In,0,.Zn0O; IZO), tin oxide (SnO,),
titanium oxide (TiO,), or the like. A metal nitride material or
a metal oxide nitride material also be used for the electron
transport layer 106. Examples of the metal nitride material
include gallium nitride (GaN), aluminum nitride-gallium
(GaAIN,), and the like. Examples of the metal oxide nitride
material include titanium oxide nitride (TiO,N,), tantalum
oxide nitride (TaO_N ), zirconium oxide nitride (ZrO,N,),
hafnium oxide nitride (HfO,N,), and the like. A trace
amount of metal element improving the conductivity may be
added to such a metal oxide material, such a metal nitride
material and such a metal oxide nitride material. For
example, niobium (Nb)-doped titanium oxide (TiO, :Nb)
may be used. In order to make the bandgaps of these metal
compounds at least 2.8 eV or wider, the content of oxygen
or the content of nitrogen may be adjusted.

[0068] The first electron transfer layer 106a and the sec-
ond electron transfer layer 1065 formed of an oxide semi-
conductor material may be formed by sputtering, vacuum
vapor deposition, coating or the like. It is preferred that the
first electron transfer layer 1064 has a thickness of 10 nm to
200 nm, and that the second electron transfer layer 1065 has
a thickness of 50 nm to 500 nm.

[0069] It is preferred that the carrier concentration of the
first electron transfer layer 106q is at least 10 times, pref-
erably at least 100 times, the carrier concentration of the
second electron transfer layer 1065. For example, it is
preferred that the carrier concentration (electron concentra-
tion) of the first electron transfer layer 1064 is in the range
of 10'%cm® to 10*®/cm?, that the carrier concentration
(electron concentration) of the second electron transfer layer
1065 is in the range of 10'/cm® to 10'7/cm?, and that the
carrier concentration difference between the first electron
transfer layer 106a and the second electron transfer layer
10654 is at least one digit, preferably at least two digits, as
described above.
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[0070] It is preferred that the electron mobility of the
second electron transfer layer 1065 is at most %5 to %10 of the
electron mobility of the first electron transfer layer 106a. For
example, it is preferred that the electron mobility of the first
electron transfer layer 1064 is 1 cm*/V-sec to 50 cm?/V-sec,
and that the electron mobility of the second electron transfer
layer 1065 is 0.01 cm?/V-sec to 10 cm?/Vsec.

[0071] The first electron transfer layer 1064 may have the
above-described carrier concentration and electron mobility
to be decreased in the resistance. The first electron transfer
layer 106a may have such properties to uniformize the
planar distribution of the electrons injected from the second
electrode 108. In other words, the carriers (electrons)
injected by the second electrode 108 from a region around
the first electron transfer layer 106a is transferred toward a
central region of the first electron transfer layer 106a to
uniformize the electron concentration in the light emitting
region. This uniformizes the planar light emission intensity
of the organic EL element 200. The use of the first electron
transfer layer 1064, which has a relatively high conductivity,
allows the carriers (electrons) injected from the second
electrode 108 to be transferred into the region on which the
electric field of the first electrode 102 acts.

[0072] The second electron transfer layer 1065 is located
close to the light emitting layer 112. Therefore, in the case
where the carrier (electron) concentration of the second
electron transfer layer 1065 is 10*°cm® or higher, the
excited state of the tight emitting layer 112 is deactivated to
decrease the light emission efficiency. By contrast, in the
case where the carrier (electron) concentration of the second
electron transfer layer 1065 is 10'*/cm® or lower, the amount
of'the carriers that are supplied to the light emitting layer 112
is decreased, and thus a sufficiently high luminance is not
provided. In the case where the carrier concentration and the
electron mobility may be made different between the first
electron transfer layer 1064 and the second electron transfer
layer 1065 as described above, the light emission efficiency
of the organic EL. element 200 is improved, and the light
emission intensity is made uniform in the plane

2-4 Second Electrode (Negative Electrode)

[0073] Conventionally, as a material of a negative elec-
trode of an organic EL element, an aluminum-lithium alloy
(AlLi), a magnesium-silver alloy (MgAg) or the like is used.
However, these materials are easily deteriorated by an
influence of oxygen in the air or moisture, and are difficult
to be handled. These materials are metal materials or alka-
line metal materials, and need to be decreased in the
thickness to be semipermeable membranes in order to be
light-transmissive. However, there is a problem that a nega-
tive electrode, when being decreased in the thickness, is
increased in the sheet resistance. The resistance of an
electrode acts as a series resistance component in the organic
EL element. Therefore, such decrease in the thickness of the
negative electrode increases the driving voltage, which
increases the power consumption. In addition, such decrease
in the thickness of the negative electrode causes the light
emission intensity (luminance) to be non-uniform in the
plane of the light emission region of the organic EL element.
[0074] In the organic EL element 200 in this embodiment,
the second electrode 108 is formed of a metal oxide material,
like the first electron transfer layer 106a. In other words, the
second electrode 108 is formed of an oxide semiconductor
material. The second electrode 108 is formed by, for
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example, decreasing the resistance of a peripheral region of
the oxide semiconductor layer that is to be the first electron
transfer layer 106a. It is preferred that the carrier concen-
tration of the second electrode 108 is 10*°/cm? to 10*!/cm?.
In the case of having such a carrier concentration, the second
electrode 108 is decreased in the resistance and thus is
suppressed in the series resistance loss. This decreases the
power consumption of, and improves the current efficiency
of, the organic EL element 200.

[0075] The second eclectrode 108 may be formed by
decreasing the resistance of a part of the first electron
transfer layer 106a. Specifically, the level of the oxygen
deficiency in a part of the oxide semiconductor layer (region
corresponding to the second electrode 108) may be
increased (by decreasing the donor defect) to decrease the
resistance of this region. In order to selectively increase the
level of the oxygen deficiency in a part of the oxide
semiconductor layer, it is effective to heat the part. Specifi-
cally, laser light is directed toward a part of the oxide
semiconductor layer to cause the region to be increased in
the level of the oxygen deficiency. Since the oxide semi-
conductor layer has a wide bandgap, it is preferred to use a
laser light source capable of oscillating laser light having a
short wavelength. For example, a KrF excimer laser (wave-
length: 248 nm), an XeCl excimer laser (wavelength: 308
nm), an XeF excimer laser (wavelength: 351 nm) or the like
is usable as the laser light source. In the case where a
solid-state laser such as a YAG laser or the like is used as the
light source, third harmonic of the oscillation wavelength
may be directed toward the oxide semiconductor layer.

[0076] The level of the oxygen deficiency (donor defect)
of a part of the first electron transfer layer 106a may be
increased to form the second electrode 108, so that a state
where the second electrode 108 and the first electron transfer
layer 106a are joined together (state where lattice continuity
is maintained) is provided. With such a structure, formation
of a barrier (energy barrier) inhibiting the injection of the
electrons is prevented at an interface between the second
electrode 108 and the first electron transfer layer 106a. As a
result, the series resistance of the organic EL element 200 is
prevented from increasing, and thus the driving voltage is
prevented from increasing In addition, the power consump-
tion of the organic EL element 200 is decreased.

[0077] Although not shown in FIG. 1, the second electrode
108 may be formed of a metal material such as aluminum
(Al), molybdenum (Mo), copper (Cu) or the like, as a layer
different from the first electron transfer layer 106a. In this
case, the second electrode 108 is located outer to the region
where the third electrode 118, the light emitting layer 112,
the electron transfer layer 106 and the like overlap each
other (namely, is located outer to the light emitting region).
Therefore, the second electrode 108 is decreased in the
resistance with no need to be decreased in the thickness.

2-5. Electron Injection Layer

[0078] In an organic EL element, an electron injection
layer is used to decrease the energy barrier, which is used to
inject electrons from the negative electrode into an electron
transfer layer. It is preferred that the organic EL element 200
in this embodiment includes the electron injection layer 110
in order to allow the electrons to be easily injected into the
light emitting layer 112 from the electron transfer layer 106
formed of an oxide semiconductor material. The electron
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injection layer 110 is provided between the electron transfer
layer 106 and the light emitting layer 112.

[0079] It is preferred that the electron injection layer 110
is formed of a material having a small work function in order
to inject the electrons into the light emitting layer 112
containing an organic electroluminescence material. The
electron injection layer 110 is formed of a material contain-
ing an oxide of calcium (Ca) and an oxide of aluminum (Al).
It is preferred that the electron injection layer 110 is formed
of, for example, C12A7 (12Ca0.7Al1,0;) electride. C12A7
electride has semiconductor characteristics, is controllable
between a high resistance to a low resistance, and has a work
function of 2.4 eV to 3.2 eV, which is approximately equal
to the work function of an alkaline metal material. There-
fore, C12A7 electride is preferably usable for the electron
injection layer 110.

[0080] The electron injection layer 110, in the case of
being formed of C12A7 electride, is formed by sputtering by
use of polycrystal of C12A7 electride as a target. C12A7
electride has semiconductor characteristics, and therefore,
the electron injection layer 110 may have a thickness in the
range of 1 nm to 100 nm. It is preferred that C12A7 electride
has a Ca:Al molar ratio in the range of 13:13 to 11:16. In the
case of being formed of C12A7 electride, the electron
injection layer 110 may be formed by sputtering. It is
preferred that the electron injection layer 110, in the case of
being formed of C12A7 electride, is amorphous, but may be
crystalline.

[0081] C12A7 electride is stable in the air, and therefore,
has an advantage of being easier to be handled than an
alkaline metal material conventionally used to form an
electron injection layer, such as lithium fluoride (LiF),
lithium oxide (Li,0), sodium chloride (NaCl), potassium
chloride (KCl) or the like. Therefore, it becomes unneces-
sary to work in dry air or inactive gas to produce the organic
EL element 200, which alleviates the restriction on produc-
tion conditions.

[0082] C12A7 clectride has a large ionization potential.
Therefore, the electron injection layer 110 may be located
opposite to the hole transfer layer 114 with the light emitting
layer 112 being provided between the electron injection
layer 110 and the hole transfer layer 114, so as to be used as
a hole block layer. More specifically, the electron injection
layer 110 formed of C12A7 electride may be provided
between the electron transfer layer 106 and the light emitting
layer 112, so that the holes injected into the light emitting
layer 112 are suppressed from running toward the second
electrode 108, which improves the light emission efficiency.
Magnesium zinc oxide (Mg, Zn O; e.g., Mg, ;7n,, ;O) has a
work function of as small as 3.1 eV and is highly stable in
the air. Therefore, magnesium zinc oxide is also usable for
the electron injection layer 110, like C12A7 electride.

2-6. Light Emitting Layer

[0083] The light emitting layer 112 is formed of an organic
electroluminescence material. Examples of the organic elec-
troluminescence material include a fluorescent compound
material emitting fluorescence, a phosphorescent compound
material emitting phosphorescence, and a thermally acti-
vated delayed fluorescence (TADF) material.

[0084] Examples of light emitting material emitting blue
light usable for the light emitting layer 112 include N,N'-
bis[4-(9H-carbazole-9-yl)phenyl-N,N'-diphenylstilbene-4,
4'-diamine (YGAS2S), 4-(9H-carbazole-9-yl)-4'-(10-phe-
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nyl-9-anthryDtriphenylamine (YGAPA), and the like.
Examples of light emitting material emitting green light
usable for the light emitting layer 112 include N-(9,10-
diphenyl-2-anthryl)-N,9-diphenyl-9H-carbazole-3-amine
(2PCAPA), N-[9,10-bis(1,1'-biphenyl-2-yl)-2-anthryl]-N,9-
diphenyl-9H-carbazole-3-amine (2PCABPhA), N-(9,10-di-
phenyl-2-anthryl)-N,N',N'-triphenyl-1,4-phenylenediamine
(2DPAPA), N-(9,10-bis(1,1'-biphenyl-2-yl)-2-anthryl]-N,
N',N'-triphenyl-1,4-phenylenediamine (2DPABPhA), N-[9,
10-bis(1,1'-biphenyl-2-y1)]-N-[4-(9H-carbazole-9-yl)phe-
nyl]-N-phenylanthracene-2-amine (2YGABPhA). N,N,9-
triphenylanthracene-9-amine (DPhAPhA), and the like.
Examples of light emitting material emitting red light usable
for the light emitting layer 112 include N,N,N'N'-tetrakis
(4-methylphenyl)tetracene-5,11-diamine (p-mPhTD), 7,13-
diphenyl-N,N,N',N'-tetrakis(4-methylphenyl)acenaphtho[1,
2-a]fluoranthene-3,10-diamine (p-mPhAFD), and the like. A
phosphorescent material such as bis[2-(2'-benzo[4,5-a]thie-
nyl)pyridinatho-N,C>iridium(IIT)acetylacetonate(Ir(btp),
(acac)) or the like is also usable.

[0085] In addition to the above-listed materials, various
known materials such as quantum dot (QD) and the like are
usable to form the light emitting layer 112. The light
emitting layer 112 may be formed by vapor deposition,
transfer, spin-coating, spray-coating, printing (inkjet print-
ing, gravure printing) or the like. The light emitting layer
112 may have a thickness appropriately selected. The thick-
ness of the light emitting layer 112 is, for example, in the
range of 10 nm to 100 nm.

[0086] FIG. 1 and FIG. 2 each show an example in which
one light emitting layer 112 is provided for one organic EL
element 200. Alternatively, in the case where a plurality of
organic EL elements 200 are arrayed on one plane, the light
emitting layer 112 may be provided continuously over the
plurality of light emitting elements 200.

2-7. Hole Transfer Layer

[0087] The hole transfer layer 114 is formed of a material
having hole transferability. The hole transfer layer 114 is
formed of, for example, an arylamine-based compound, an
amine compound containing a carbozole group, an amine
compound containing a fluorene derivative, or the like
Examples of materials usable for the hole transfer layer 114
include organic materials such as 4,4'-bis[N-(naphtyl)-N-
phenyl-amino|biphenyl (a-NPD), N,N'-bis(3-methylphe-
nyl)-(1,1'-biphenyl)-4,4'-diamine (TPD), 2-TNANA, 4.4',
4"-tris(N-(3-methylphenyl )N-phenylamino)triphenylamine
(MTDATA), 4,4'-N,N'-dicarbazolebiphenyl (CBP), 4,4'-bis
[N-(9,9-dimethylfluorene-2-y1)-N-phenylamino |biphenyl
(DFLDPBIi), 4,4'bis|[N-(spiro-9,9'-bifluorene-2-yl)-N-phe-
nylamino]biphenyl (BSPB), spiro-NPD, spiro-TPD, spiro-
TAD, TNB, and the like.

[0088] The hole transfer layer 114 is formed by a general
film formation method such as vapor deposition, coating or
the like. The hole transfer layer 114 is formed to have a
thickness of 10 nm to 500 nm.

2-8. Hole Injection Layer

[0089] The hole injection layer 116 is formed of a material
having a high capability of injecting holes into an organic
layer Examples of materials having a high capability of
injecting holes and usable for the hole injection layer 116
include metal oxides such as an oxide of molybdenum, an
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oxide of vanadium, an oxide of ruthenium, an oxide of
tungsten, an oxide of manganese and the like. Examples of
materials having a high capability of injecting holes and
usable for the hole injection layer 116 also include organic
compounds such as phthalocyanine (H,PC), copper (II)
phthalocyanine (CuPc), vanadylphthalocyanine (VoPc), 4,4',
4"-tris(N,N-diphenylamino)triphenylamine (TDATA), 4.4',
4"-tris(N-(3-methylphenyl)-N-phenylamino]triphenylamine
(MTDATA), 4,4-bis[N-(4-diphenylaminophenyl)-N-phe-
nylamino)biphenyl (DPAB), 4,4'-bis(N-{4-[N'-(3-methyl-
phenyl)-N'-phenylamino]phenyl } -N-phenylamino)  biphe-
nyl (DNPTD), 1,3,5-tris[N-(4-diphenylaminophenyl)-N-
phenylamino]benzene (DPA3B), 3-[N-(9-phenylcarbozole-
3-y])-N-phenylamino]-9-phenylcarbazole (PCzPCA1), 3,6-
bis(N-(9-phenylcarbazole-3-yl)-N-phenylamino]-9-
phenylcarbazole  (PCzPCA2),  3-[N-(1-naphtyl)-N-(9-
phenylcarbazole-3-yl)amino]-9-phenylcarbazole
(PCzPCND), 2,3,6,7,10,11-hexacyano-1,4,5,8,9,12-
hexaazatriphenylene (HAT-CN), and the like.

[0090] The hole injection layer 116 is formed by a general
film formation method such as vapor deposition, coating or
the like. The hole injection layer 116 is formed to have a
thickness of 1 nm to 100 nm.

2-9. Third Electrode (Positive Electrode)

[0091] The third electrode 118 is formed of a metal
material, an alloy or a conductive compound material having
a large work function (specifically, 4.0 eV or larger). The
third electrode 118 is formed of, for example, indium tin
oxide (ITO), indium zinc oxide (IZO), indium oxide con-
taining tungsten oxide and zinc oxide (IWZO) or the like.
The third electrode 118 formed of such a conductive metal
oxide material is formed by vacuum vapor deposition or
sputtering.

[0092] As described above with reference to FIG. 1, in the
case of the organic EL element 2004 of the bottom-emission
type, the third electrode 118 is located on the side opposite
to the surface from which the light is output. Therefore, it is
preferred that the third electrode 118 has a light-reflective
surface. In this case, it is preferred that the third electrode
118 includes a transparent conductive film and a metal film
stacked on the transparent conductive film. By contrast, as
described above with reference to FIG. 2, in the case of the
organic EL element 2005 of the top-emission type, the third
electrode 118 may be formed of a transparent conductive
film described above.

3. Operation of the Organic EL Element

[0093] With reference to FIG. 3, FIG. 4 and FIG. 5, an
operation of the organic EL element 200 in this embodiment
will be described. FIG. 3, FIG. 4 and FIG. 5 show a
schematic structure of the organic EL element 200.

3-1. Operation of Light Emission and Light Non-Emission

[0094] FIG. 3 schematically shows a structure of the
organic EL element 200 in this embodiment. As shown in
FIG. 3, the organic EL element 200 in this embodiment
includes the second electrode 108, the electron transfer layer
106, the electron injection layer 110, the light emitting layer
112, the hole transfer layer 114, the hole injection layer 116,
the third electrode 118, the first insulating layer 104, and the
first electrode 102.
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[0095] The organic EL element 200 is a type of light
emitting diode, and emits light by an electric current flowing
in a forward direction between the third electrode (positive
electrode) 118 and the second electrode (negative electrode)
108. FIG. 3 shows a form in which a third power supply
128¢ is connected between the third electrode 118 and the
ground (earth), a second power supply 1285 is connected
between the second electrode 108 and the ground (earth), a
second switch 1304 is connected in series between the first
electrode 102 and a first power supply 1284, and a first
switch 130q is connected between the first electrode 102 and
the ground (earth). The first switch 130a and the second
switch 1305 are included in a switch 130. FIG. 3 shows a
state where the first switch 130a and the second switch 1305
of the switch 130 are off, and thus the first electrode 102 is
not supplied with a bias voltage.

[0096] Namely, FIG. 3 shows a state where the first switch
130a controlling the conductive state between the first
electrode 102 and the ground (earth) is off, and the second
switch 1305 controlling the connection between the first
electrode 102 and the first power supply 128« is off. In this
state, the organic EL element 200 is forward biased. There-
fore, in the case where the bias voltage is at least a light
emission start voltage, holes are injected from the third
electrode 118 and electrons are injected from the second
electrode 108. In the organic EL element 200, a positive
voltage is applied between the third electrode 118 and the
second electrode 108 by the third power supply 128¢. The
light emission intensity is controllable by the level of the
forward direction electric current flowing in the organic EL
element 200.

[0097] However, in the structure in which the electron
transfer layer 106 and the third electrode 118 are located on
the first insulating layer 104 to face each other with the light
emitting layer 112 being provided between the electron
transfer layer 106 and the third electrode 118, and the second
electrode 108 is connected with the peripheral region of the
first electron transfer layer 106a, light emission is not
provided uniformly in the light emitting region (region
where the electron transfer layer 106, the electron injection
layer 110, the light emitting layer 112 and the third electrode
118 overlap each other). In this case, the electric field
generated between the third electrode 118 and the second
electrode 108 is not uniformly distributed in the light
emitting region, and the electric field concentrates at the
ends of the third electrode 118 and the second electrode 108.
In the state where the first switch 130a and the second switch
1304 are both off] the carriers (electrons) injected from the
second electrode 108 are not uniformly distributed in the
plane of the first electron transfer layer 106a. As a result, the
light emission is not provided uniformly in the plane of the
light emitting region.

[0098] In the state shown In FIG. 3, the first switch 130a
and the second switch 13056 are both off, and therefore, the
first electrode 102 is not supplied with a voltage from the
second power supply 128b. The carriers (electrons) injected
from the second electrode 108 into the first electron transfer
layer 1064 are not influenced by the first electrode 102, and
therefore, do not spread in the central region of the first
electron transfer layer 106a. Namely, the carriers (electrons)
injected into the peripheral region of the first electron
transfer layer 106a are not drifted because the first electrode
102 is not supplied with any voltage, and therefore, do not
spread in the central region of the first electron transfer layer
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106a. For this reason, in the biased state shown in FIG. 3, the
light emitted by the organic EL element 200 is dark in a
central region of the light emitting region and bright in a
peripheral region of the light emitting region.

[0099] FIG. 4 shows a state where the first switch 130a of
the switch 130 is on and thus the first electrode 102 obtains
a ground potential (earth potential). In this state, no carrier
(electron) is present in the first electron transfer layer 1064,
and thus the first electron transfer layer 1064 is insulated. As
a result, no electric current flows in the organic EL element
200, and thus the organic EL element 200 does not emit light
(light non-emission).

[0100] When, as shown in FIG. 5, a bias voltage is applied
in the forward direction between the third electrode 118 and
the second electrode 108 of the organic EL element 200 and
the second switch 1305 is turned on, the electric field
generated by the first electrode 102 acts on the first electron
transfer layer 1064. Since the first electrode 102 is supplied
with a positive voltage, the carriers (electrons) injected from
the second electrode 108 into the first electron transfer layer
106a are drifted toward the central region of the first electron
transfer layer 106a. Thus, the carriers (electrons) are trans-
ferred from the peripheral region to the central region of the
first electron transfer layer 106a. The electric field generated
by the first electrode 102 supplied with the positive voltage
acts to spread the carriers (electrons), injected from the
second electrode 108, in the plane of the first electron
transfer layer 106q.

[0101] The organic EL element 200 is forward biased.
Therefore, the carriers (electrons) transferred to the central
region of the first electron transfer layer 1064 move from the
first electron transfer layer 106a toward the light emitting
layer 112. The carries (holes) injected from the third elec-
trode 118 and the carriers (electrons) injected from the
second electrode 108 are recombined in the light emitting
layer 112 to generate excitons. When the excitons in an
excited state are transferred to a ground state, photons are
released to be observed as light emission.

[0102] In the biased state shown in FIG. 5, the amount of
the carriers (electrons) to be injected into the first electron
transfer layer 106a is controllable by the voltage of the
second electrode 108. The voltage of the second electrode
108 may be increased, so that the amount of the carriers
(electrons) to be injected into the first electron transfer layer
106a is increased. The amount of the carriers (electrons) to
be injected from first electron transfer layer 1064 into the
light emitting layer 112 is controllable by the voltage of the
first electrode 102. The voltage of the first electrode 102 may
be increased, so that a large amount of the carriers (elec-
trons) injected from the second electrode 108 are pulled into
the central region of the first electron transfer layer 1064 to
increase the amount of the carriers to be injected into the
light emitting layer 112.

[0103] Inorderto cause the light emitting layer 112 to emit
light uniformly in the entire plane thereof, it is preferred that
the electrons flowing in the second electron transfer layer
1064 form a space charge-limited current. In order to realize
this, it is preferred that the second electron transfer layer
1065 is in an amorphous state, a nanometer-size microcrys-
talline state, or a mixed state thereof. It is preferred that the
first electron transfer layer 1064 is a highly dense film
containing nanometer-size microscopic crystal.

[0104] As described above, the organic EL element 200 in
this embodiment includes the first electrode 102 in addition
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to the third electrode 118 and the second electrode 108 to
control the concentration of the carriers to be injected into
the light emitting layer 112. FIG. 5 shows an example in
which the first electrode 102 is located closer to the second
electrode 108. Alternatively, the first electrode 102 may be
located closer to the third electrode 118. The organic EL
element 200 may further include, in addition to the first
electrode 102, a fourth electrode, controlling the amount of
the carriers (holes) to be injected, closer to the third elec-
trode 118.

3-2. Control of the Carrier Balance

[0105] In order to cause an organic EL. element to emit
light, holes need to be injected from the positive electrode
and electrons need to be injected from the negative elec-
trode. In order to increase the current efficiency (light
emission efficiency) of the organic EL element, a good
balance needs to be provided such that the amount of the
holes transferred from the positive electrode to the light
emitting layer and the amount of the electrons transferred
from the negative electrode to the light emitting layer match
each other (hereinafter, such a balance will be referred to as
“carrier balance”). The organic EL element may have a good
carrier balance to increase the current efficiency.

[0106] However, a conventional organic EL element has a
problem that since the light emitting layer has an electron
mobility lower than a hole mobility, the carrier balance is
destroyed and thus the light emission efficiency is decreased.
The organic EL element also has a problem that in the case
where the carrier balance is destroyed and as a result, the
number of the holes in the light emitting layer is excessive,
the holes are accumulated at an interface between the light
emitting layer and the electron transfer layer, which pro-
motes the decline in the current efficiency (light emission
efficiency). In such a situation, it has been attempted to
adjust the materials or the thicknesses of the hole transfer
layer and the electron transfer layer to provide a good
balance between the holes and the electrons to be injected
into the light emitting layer. However, there is a problem that
even though the element structure itself of the organic EL
element is adjusted, a time-wise change in the light emission
characteristics or a temperature change are not followed.

[0107] By contrast, the organic EL element 200 in this
embodiment controls the carrier balance by the first elec-
trode 102. More specifically, the first electrode 102 provided
closer to the electron transfer layer 106 controls the amount
of the carries (electrons) to be transferred to the light
emitting layer 112 and thus controls the carrier balance. In
more detail, the first electrode 102 increases the amount of
the electrons to be transferred such that the amount of the
electrons to be transferred from the second electrode 108 to
the light emitting layer 112 does not become insufficient
with respect to the amount of the holes transferred from the
third electrode 118 to the light emitting layer 112. In this
manner, the number of the holes and the number of the
electrons are controlled to be equal to each other. In other
words, in the organic EL element 200 in this embodiment,
the first electrode 102 increases an electron current flowing
from the second electrode 108 to the light emitting layer 112
such that the level of the electron current is equal to the level
of a hole current flowing from the third electrode 118 to the
light emitting layer 112, and thus keeps a good carrier
balance in the light emitting layer 112.
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[0108] FIG. 6 is a graph regarding the organic EL element
200, schematically showing the electron current (Ie) flowing
between the third electrode 118 and the second electrode 108
when the voltage (Vg) to be applied to the first electrode 102
is changed while the voltage (Vac) to be applied between the
third electrode 118 and the second electrode 108 is kept at
the same level. As shown in FIG. 6, when the voltage (Vg)
to be applied to the first electrode 102 is 0 V, the level of the
electron current (Ie) is low, and the light emission in the
entire plane of the organic EL element 200 is not observed.
When the voltage of the first electrode 102 is increased from
this state, the carriers (electrons) injected from the second
electrode 108 into the electron transfer layer 1064 form the
electron current (Ie) and flows from the first electron transfer
layer 106a toward the light emitting layer 112. At this point,
the electron current (Ie) exponentially increases like the
forward direction electric current of a diode (“region I” in
FIG. 6).

[0109] When the voltage (Vg) to be applied to the first
electrode 102 is further increased, there is a tendency that
the amount of increase in the electron current (Ie) with
respect to the amount of change in the voltage (Vg) is
saturated. As a result, the gradient of the curve representing
the Ie vs. Vg characteristic becomes slow (“region II” in
FIG. 6). When the level of the voltage (Vg) to be applied to
the first electrode 102 in “region II” is changed between a
first voltage (Vgl) and a second voltage (Vg2), the level of
the electron current (Ie) is changed between a first current
(Iel) and a second current (Ie2). The region where the
voltage (Vg) of the first electrode 102 changes between the
first voltage (Vgl) and the second voltage (Vg2) is a region
where the level of the electron current (Ie) does not rapidly
change, and is a region where the light emission intensity of
the organic EL element 200 is almost saturated.

[0110] The change in the level of the electron current (Ie)
indicates that the amounts of the holes and the electrons to
be injected into the light emitting layer 112 are increased or
decreased. When the voltage (Vg) of the first electrode 102
is changed between the first voltage (Vgl) and the second
voltage (Vg2), the amount of the electrons to be injected into
the light emitting layer 112 is changed. Namely, the voltage
(Vg) of the first electrode 102 may be changed to control the
carrier balance between the electrons and the holes in the
light emitting layer 112. The amount of the electrons to be
injected into the light emitting layer 112 may be changed, so
that the central position of the region where the electrons and
the holes are recombined (position of the light emitting
region in the thickness direction of the light emitting layer
112) is shifted. For example, when the first electrode 102 has
the first voltage (Vgl), the level of the electron current
becomes lower than the level of the hole current, and the
position of the light emitting region in the light emitting
layer 112 is shifted toward the negative electrode (“A side”
in FIG. 6). By contrast, when the first electrode 102 has the
second voltage (Vg2), the level of the electron current
becomes higher than the level of the hole current, and the
position of the light emitting region in the light emitting
layer 112 is shifted toward the positive electrode (“B side”
in FIG. 6).

[0111] As described above, the organic EL element 200
controls the position of the light emitting region in the
thickness direction of the light emitting layer 112 by the
voltage of the first electrode 102. For example, when the
voltage of the first electrode 102 is changed between the first
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voltage (Vgl) and the second voltage (Vg2), the position of
the light emitting region in the light emitting layer 112 is
swung between the negative electrode side A and the posi-
tive electrode side B. The voltage of the first electrode 102
may be controlled, so that the entirety of the light emitting
layer 112 is used uniformly as the light emitting region. In
this case, the entire region of the light emitting layer 112 is
usable as the light emitting region, and therefore, the life-
time until the luminance is deteriorated (e.g., time until the
luminance is decreased to 70% of the initial luminance) is
extended. The voltage of the first electrode 102 may be
changed between Vgl and Vg2 shown in FIG. 6, and the
intensity of the luminance may be controlled by the potential
difference (voltage) between the second electrode 108 and
the third electrode 118.

[0112] As described above, in the organic EL element 200
in this embodiment, the electron transfer layer 106 is formed
of an oxide semiconductor layer, the first electrode 102
controlling the amount of the carriers is located to face the
electron transfer layer 106 with the first insulating layer 104
being provided between the first electrode 102 and the
electron transfer layer 106, and the third electrode 118 as the
positive electrode is located to face the first electrode 102.
With such a structure, the amount of the electrons to be
injected into the light emitting layer 112 is controlled. The
organic EL element 200 in this embodiment controls the
carrier balance between the electrons and the holes in the
light emitting layer 112 by the action of the first electrode
102 controlling the amount of the carriers to be injected. As
a result, the organic EL element 200 improves the current
efficiency and extends the life thereof.

[0113] With the structure of the conventional organic EL
element, the light emitting layer is not deteriorated uni-
formly in the thickness direction thereof but is deteriorated
non-uniformly. Therefore, it is difficult to suppress the
decline in the luminance, and the life of the organic EL
element is not extended. By contrast, the organic EL element
200 in this embodiment according to the present invention
controls the voltage of the first electrode 102 to cause the
entirety of the light emitting layer 112 to act as the light
emitting region, and thus uniformly deteriorates the light
emitting layer 112 in the entirety in the thickness direction
thereof. Therefore, the life of the organic EL element 200
against the decline in the luminance is extended. For this
reason, even if the thickness of the light emitting layer 112
is increased to 1.5 to 3.0 times, namely, to 45 nm to 90 nm
from the conventional thickness (e.g., 30 nm), the light
emitting layer 112 emits light in the entirety of the thickness
direction thereof. Thus, the life of the organic EL element
200 is further extended.

4. Method for Producing the Organic EL. Element

[0114] An example of method for producing the organic
EL element 200 in this embodiment will be described with
reference to FIG. 7A to FIG. 7C, FIG. 8A, FIG. 8B, FIG. 9A
and FIG. 9B. Hereinafter, a method for producing the
organic EL. element 200a of the bottom-emission type
shown in FIG. 1 will be described.

[0115] FIG. 7A shows a step of forming the first electrode
102, the first insulating layer 104 and the electron transfer
layer 106 on the substrate 100. As the substrate 100, a
transparent insulating substrate, for example, is used.
Examples of the transparent insulating substrate include an
alkali-free glass substrate formed of aluminosilicate glass,
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aluminoborosilicate glass or the like, and a quartz substrate.
Alternatively, the transparent insulating substrate may be a
resin substrate formed of polyimide resin, acrylic resin,
epoxy resin or the like.

[0116] The first electrode 102 is formed of a transparent
conductive film of indium tin oxide (ITO), indium zinc
oxide (IZO) or the like. The transparent conductive film is
formed by sputtering to have a thickness of 30 nm to 200
nm. The first electrode 102 is formed by forming a resist
mask on a transparent conductive film, formed on a first
surface of the substrate 100, by photolithography and per-
forming etching. It is preferred that the first electrode 102
has a tapered end surface as seen in a cross-sectional view.
[0117] The first insulating layer 104 is formed of an
inorganic insulating film such as a silicon oxide film, a
silicon nitride film, a silicon oxide nitride film or the like.
The inorganic insulating film is formed by plasma CVD
(Chemical Vapor Deposition) or sputtering. The first insu-
lating film 104 is formed to have a thickness of about 100 nm
to about 500 nm. The first insulating layer 104 is formed to
bury the first electrode 102. In the case where the end surface
of the first electrode 102 is tapered, the first insulating film
104 covers the first electrode 102 including the stepped
portion with certainty.

[0118] The first electron transfer layer 1064 is formed of
an oxide semiconductor material. The first electron transfer
layer 106a is formed by subjecting a target, formed by
sintering a metal oxide, to sputtering. An oxide semicon-
ductor film 107 is formed on the first insulating layer 104 by
sputtering, such that the oxide semiconductor film 107
overlaps the first electrode 102 and a peripheral region
thereof is located outer to the first electrode 102. The oxide
semiconductor film 107 is formed by sintering to have a
thickness of 20 nm to 200 nm, for example, 30 nm to 50 nm.
[0119] The first electron transfer layer 1064 is formed of
a metal oxide material. It is preferred to use a tin (Sn)-based
oxide semiconductor material (InGaSnO,, InWSnO,, or
InSiSnO,) that does not contain zinc (Zn), magnesium (Mg)
or the like as described above. Regarding the tin (Sn)-based
oxide semiconductor material, as long as tin (Sn) is con-
tained at a content of 10 atm % or higher, even if zinc (Zn)
is contained, the composition change of zinc (Zn) is small.
Therefore, incorporation of zinc (Zn) is not completely
excluded.

[0120] FIG. 78B shows a step of forming the second
electrode 108. The second electrode 108 is formed of a part
of the oxide semiconductor film 107 used to form the first
electron transfer layer 106a. Specifically, a region, of the
oxide semiconductor film 107 used to form the electron
transfer layer 106a, that corresponds to the second electrode
108 is decreased in the resistance, and thus the second
electrode 108 is formed. The oxide semiconductor film 107
is decreased in the resistance by causing oxygen deficiency.
The oxygen deficiency in the oxide semiconductor material
is caused by laser irradiation, plasma processing or the like.
According to the laser irradiation, the oxide semiconductor
film 107 is irradiated with laser light to cause the oxygen
deficiency. The oxide semiconductor film 107, when being
irradiated with the laser light, is heated to cause defects such
as the oxygen deficiency or the like. The oxygen deficiency
in the oxide semiconductor film 107 is a donor defect, and
therefore, increases the electric conductivity.

[0121] FIG. 8A shows a form in which the surface at
which the first electron transfer layer 1064 is formed is
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subjected to laser irradiation or plasma processing. In this
case, a region corresponding to the first electron transfer
layer 106a is covered with a mask layer 109 such that
oxygen deficiency is not caused in this region. The mask
layer 109 is formed of an organic resin material such as a
photoresist or the like or of an inorganic insulating material
such as silicon oxide or the like. Such laser processing or
plasma processing causes the oxygen deficiency in the
region exposed from the mask layer 109. For the laser
irradiation, a KrF excimer laser (wavelength: 248 nm), an
XeCl excimer laser (wavelength: 308 nm), an XeF excimer
laser (wavelength: 351 nm) or the like is used as the laser
light source. For the plasma processing, a plasma processing
device capable of generating glow discharge plasma of
hydrogen is used. Hydrogen plasma is directed toward the
oxide semiconductor film 107 to advance a reduction reac-
tion, and thus the oxygen deficiency is caused. Alternatively,
the oxygen deficiency may be caused in the oxide semicon-
ductor film 107 by plasma processing using noble gas such
as helium (He), neon (Ne), argon (Ar) or the like, or by ion
implantation processing or plasma doping of injecting nitro-
gen ion.

[0122] FIG. 88 shows a form in which the substrate 100 is
irradiated with laser light to form a low-resistance region in
the oxide semiconductor film 107. Laser light emitted from
an ultraviolet laser light source such as a KrFF excimer laser
(wavelength: 248 nm), an XeCl excimer laser (wavelength:
308 nm), an XeF excimer laser (wavelength: 351 nm) or the
like is not transmitted through the region where the first
electrode 102 is formed, but is directed toward the oxide
semiconductor film 107 in the other region. In the case
where the substrate 100 is irradiated with the ultraviolet
laser light, the first electrode 102 is usable as a mask (light
blocking film) against the laser light. In this manner, the
second electrode 108 is formed in a self-aligned manner
with respect to the first electrode 102. More specifically, in
the case where a rear surface of the substrate 100 is
irradiated with the laser light, the second electrode 108 is
formed such that the end of the second electrode 108 and the
end of the first electrode 102 generally match each other.
[0123] As shown in FIG. 8A and FIG. 88, a part of the
oxide semiconductor film 107 used to form the first electron
transfer layer 106a is decreased in the resistance, and thus
the second electrode 108 is formed without forming any
other thin film. The laser processing and the plasma pro-
cessing may be performed at room temperature, which
simplifies the production process of the organic EL element
200q.

[0124] FIG. 7C shows a step of forming the second
insulating layer 120 and the third insulating layer 122 on the
first electron transfer layer 106a and the second electrode
108. The second insulating layer 120 and the third insulating
layer 122 are formed of an inorganic insulating material, like
the first insulating layer 104. Alternatively, the third insu-
lating layer 122 may be formed of an organic insulating
material such as polyimide resin, acrylic resin, epoxy resin
or the like. The second insulating layer 120 and the third
insulating layer 122 are each formed to have a thickness of
100 nm to 5000 nm. In the case where, for example, the third
insulating layer 122 is flattened, it is preferred that the third
insulating layer 122 is formed to have a thickness of 2000
nm to 5000 nm.

[0125] FIG. 9A shows a step of forming the opening 1245
in the third insulating layer 122 and forming the opening
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124a in the second insulating layer 120. The opening 1245
and the opening 124a may be formed by etching the third
insulating layer 122 and the second insulating layer 120
continuously. The third insulating layer 122 and the second
insulating layer 120 may be etched separately in order to
form the opening 1245 and the opening 124a with different
widths. In the case where the third insulating layer 122 is
formed of a photosensitive organic resin material, the third
insulating layer 122 may be subjected to exposure to light
with a photomask and to developing, so that the opening
12454 is formed. In either case, it is preferred that the opening
1245 and the opening 124a are each formed to have a
tapered inner surface in the production of the organic EL
element 2004.

[0126] FIG. 9B shows a step of forming the second
electron transfer layer 1065 and the electron injection layer
110. The second electron transfer layer 1065 is formed of a
metal oxide material. It is preferred that the second electron
transfer layer 1065 is formed of a zinc (Zn)-based oxide
semiconductor material (ZnSiO,, ZnGeO,, ZnMgO,,
MgGaO,, ZnGaO, or the like) that does not contain tin (Sn).
In other words, it is preferred that the second electron
transfer layer 1065 contains zinc oxide and at least one
selected from silicon oxide, germanium oxide, magnesium
oxide and gallium oxide. The second electron transfer layer
1065 may be formed by sputtering using a sputtering target
formed by sintering a metal oxide, atomic layer deposition
(ALD) or mist CVD (Mist Chemical Vapor Deposition).

[0127] The electron injection layer 110 is formed of, for
example, C12A7 electride. The electron injection layer 110
may be formed by sputtering using C12A7 electride as a
sputtering target. As sputter gas, at least one selected from
the group consisting of He (helium), Ne (neon), N, (nitro-
gen), Ar (argon), NO (nitrogen monoxide), Kr (krypton) and
Xe (xenon) is used.

[0128] Alternatively, the electron injection layer 110 may
be formed of magnesium zinc oxide (Mg,Zn O). For
example, Mg, ;Zn, ;O has a small work function of 3.0 eV
and is stable in the air, and thus is usable for the electron
injection layer 110.

[0129] The second electron transfer layer 1065 and the
electron injection layer 110 are both formed by sputtering
and thus may be formed continuously in vacuum. The
second electron transfer layer 1065 and the electron injec-
tion layer 110 are formed to cover the opening 1244 and the
opening 1245. The second electron transfer layer 1066 is
formed to contact the first electron transfer layer 106a at a
bottom of the opening 124« and also to contact the second
insulating layer 120 and the third insulating layer 122.

[0130] Then, the light emitting layer 122, the hole transfer
layer 114, the hole injection layer 116 and the third electrode
118 are formed, and thus the organic EL element 200a
shown in FIG. 1 is produced. The light emitting layer 112 is
formed by vacuum vapor deposition or printing. As shown
in FIG. 1, the light emitting layer 112 may be formed
independently for one organic EL element 200a, or may be
formed continuously for a plurality of organic EL elements
200q formed on the same plane. The hole transfer layer 114
and the hole injection layer 116 are formed by vacuum vapor
deposition or coating. Since the organic EL element 200« is
of the bottom-emission type, the third electrode 118 is
formed by sputtering by first forming a transparent conduc-
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tive film of indium tin oxide (ITO) or the like and then
stacking a metal film of aluminum (Al) or the like on the
transparent conductive film.

[0131] As described above, in this embodiment, the thin
films are stacked to produce the organic EL. element 200.
The organic EL element 200 in this embodiment has the
reverse stacking structure, in which the films and layers are
stacked from the negative electrode side. Since the electron
transfer layer 106 and the electron injection layer 110 are
formed of a metal oxide, the organic EL element 200 is not
easily damaged during the production thereof. Since the
second electrode 108 is formed in the same layer as the
electron transfer layer 106 with no use of any alkaline metal
material, the load during the production process is
decreased, and thus the organic EL element 200 is chemi-
cally stable.

Second Embodiment

[0132] In this embodiment, an organic EL element in
which the negative electrode has a structure different from
that of the organic EL element 200 in embodiment 1 will be
described. Hereinafter, portions different from those in
embodiment 1 will be described, and portion common to
those in embodiment 1 will not be described.

[0133] FIG. 10 shows a cross-sectional structure of an
organic EL element 202¢ in this embodiment. In the organic
EL element 2024, the first electron transfer layer 106a is
wider than the first electrode 102. At least a part of an outer
peripheral region of the first electron transfer layer 1064 is
located outer to the first electrode 102. With such a structure,
the first electron transfer layer 106« includes a region
overlapping the first electrode 102 with the first insulating
layer 104 being provided between the first electron transfer
layer 106a and the first electrode 102 and also includes a
region not overlapping the first electrode 102. The region not
overlapping the first electrode 102 is located outer to the
region overlapping the first electrode 102. A second elec-
trode 1085 is located on a surface of the first electron
transfer layer 106a that is opposite to the first insulating
layer 104. The second electrode 1085 is located on the
region of the first electron transfer layer 1064 that does not
overlap the first electrode 102, namely, is located between an
end of the first electron transfer layer 1064 and the end of the
first electrode 102.

[0134] The first electron transfer layer 1064 is formed of
a metal oxide material, a metal nitride material or a metal
oxide nitride material, like in embodiment 1. It is preferred
that the first electron transfer layer 106a is formed of an
oxide semiconductor material. The second electrode 1085 is
formed of a conductive material that may be put into ohmic
contact with the first electron transfer layer 106a. Examples
of such a conductive material include a metal material, a
metal oxide material, a metal nitride material and a metal
oxide nitride material.

[0135] The metal material usable to form the second
electrode 1085 may be a metal material having a high
affinity with oxygen, for example, titanium (Ti), molybde-
num (Mo), tungsten (W), tantalum (Ta), cobalt (Co) or the
like. For example, the second electrode 1085 may be formed
of titanium (T1) and may be in contact with the first electron
transfer layer 106a formed of an oxide semiconductor
material. In this case, titanium (1), which has a high affinity
with oxygen, acts to draw oxygen from the oxide semicon-
ductor material to cause oxygen deficiency in the oxide
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semiconductor material. When oxygen is drawn from the
oxygen semiconductor material, a donor level is formed in
the oxygen semiconductor material, and thus the resistance
of the oxygen semiconductor material is decreased. As a
result, the second electrode 1085 and the first electron
transfer layer 106a form an ohmic contact.

[0136] Examples of the metal oxide material usable to
form the second electrode 1085 include indium tin oxide
(In,05.Sn0,; ITO), indium zinc oxide (In,O0,.Zn0O; 1Z0),
tin oxide (SnO,), titanium oxide (TiO,), and the like.
Examples of the metal nitride material usable to form the
second electrode 1085 include titanium nitride (TiN,), zir-
conium nitride (ZrN,), and the like. Examples of the metal
oxide nitride material usable to form the second electrode
1085 include titanium oxide nitride (TiO,N,), tantalum
oxide nitride (TaO_N ), zirconium oxide nitride (ZrO,N)),
hafnium oxide nitride (HfO,N,), and the like. A trace
amount of metal element improving the conductivity may be
added to such a metal oxide material, such a metal nitride
material and such a metal oxide nitride material. For
example, niobium (Nb)-doped titanium oxide (TiO, :Nb)
may be used. The second electrode 10856 may be formed of
such a metal oxide material, such a metal nitride material or
such a metal oxide nitride material, so that an ochmic contact
is formed between the second electrode 1085 and the first
electron transfer layer 106a, which is formed of a metal
oxide material. Alternatively, the second electrode 1085 may
be formed of a silicide compound of a metal material having
a high melting point such as molybdenum silicide (MoSi,),
tungsten silicide (WSi,), zirconium silicide (ZrSi,) or the
like.

[0137] The organic EL element 2024 includes the second
electrode 1085 provided in contact with the surface of the
first electron transfer layer 106a. With such a structure, the
contact area size between the second electrode 1085 and the
first electron transfer layer 106a is made large. This
decreases the series resistance component of the organic EL.
element 202q and decreases the driving voltage. The organic
EL element 202a also decreases the density of the electric
current flowing into the second electrode 1084.

[0138] It is preferred that the second electrode 1085 is
provided to enclose the first electron transfer layer 106a.
With such a positional arrangement of the second electrode
1084, the length from the central region of the first electron
transfer layer 1064 to the second electrode 1085 is made
uniform along the entire perimeter of the first electron
transfer layer 106a. The organic EL. element 202¢ in this
embodiment is not limited to having such a positional
arrangement. The second electrode 1085 merely needs to be
provided on a part of the peripheral region of the first
electron transfer layer 106a. For example, as shown in FIG.
11, the second electrode 1085 may be provided on a part of
the peripheral region of the first electron transfer layer 106a.
In the case where the resistance of the first electron transfer
layer 106a is low (in the case where the carrier concentration
(electron concentration) is high), the second electrode 1085
may be provided to contact a part of the first electron transfer
layer 106a as shown in FIG. 11.

[0139] FIG. 12 shows a cross-sectional structure of an
organic EL element 2025 in this embodiment. Unlike in the
organic EL element 202a shown in FIG. 10, in the organic
EL element 2025, the second electrode 1085 is provided in
contact with the first insulating layer 104, and the first
electron transfer layer 106« is provided to cover the second
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electrode 1085. The second electrode 1085 is provided in
contact with the first insulating layer 104, and therefore, has
an increased selection ratio at the time of etching and is
easily patterned as the negative electrode. In this specifica-
tion, the organic EL. element 202¢ and the organic EL
element 2025 may be collectively referred to as the “organic
EL element 202”.

[0140] Inthe organic EL element 2025, a top surface of the
second electrode 1085 is in contact with the first electron
transfer layer 1064, and thus the contact area size between
the second electrode 1085 and the first electron transfer layer
106a is increased. With such a structure, the organic EL.
element 2024 is decreased in the series resistance compo-
nent and thus is decreased in the driving voltage. The
organic EL element 2025 is also decreased in the density of
the electric current flowing into the second electrode 1085.
In the organic EL element 2025, the second electrode 1085
is formed before the first electron transfer layer 106a is
formed. Therefore, a region of the first electron transfer layer
106a where there are only few surface defects is in contact
with the second electrode 1085. In the case where the second
electrode 1085 is located at the position shown in FIG. 12,
the second electrode 1085 may be located in contact with a
part of the peripheral region of the first electron transfer
layer 106a as described above with reference to FIG. 11.

[0141] The organic EL elements 202 in this embodiment is
substantially the same as the organic EL element 200 in
embodiment 1 except for the structure of the second elec-
trode 1086 and the first electron transfer layer 106a, and
provide substantially the same function and effect as those of
the organic EL element 200.

Third Embodiment

[0142] In this embodiment, an organic EL element in
which the second electrode 108 and the electron transfer
layer 106 have a different structure as that of the organic EL.
element 200 in embodiment 1 will be described. Hereinafter,
portions different from those in embodiment 1 will be
described, and portion common to those in embodiment 1
will not be described.

[0143] FIG. 13 shows a cross-sectional structure of an
organic EL element 204 in this embodiment. Unlike in the
organic EL elements 200 in embodiment 1 and embodiment
2, in the organic EL element 204, the first electron transfer
layer 106a and the electron transfer layer 1065 of the
electron transfer layer 106 are stacked on each other with no
insulating layer being provided between the electron transfer
layers 1064 and 1065, and are located on the first insulating
layer 104. The first electron transfer layer 106a and the
electron transfer layer 1065 are stacked on each other. The
second electron transfer layer 1065 is provided below the
second insulating layer 120 and is exposed by an opening
124 of the second insulating layer 120. The second electron
transfer layer 1065 is in contact with the electron injection
layer 110 in the opening 120.

[0144] It is preferred that the first electron transfer layer
106a and the second electron transtfer layer 1065 are formed
with different compositions. Like in embodiment 1, it is
preferred that the first electron transfer layer 1064 is formed
of a tin (Sn)-based oxide semiconductor material (InGaS-
nO,, InWSnO,, or InSiSn0O, ) that does not contain zinc (Zn),
magnesium (Mg) or the like. Like in embodiment 1, it is
preferred that the second electron transfer layer 1065 is
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formed of a zinc (Zn)-based oxide semiconductor material
(ZnSi0,, ZnMgO_, ZnGaO, or the like) that does not contain
tin (Sn).

[0145] As shown in FIG. 13, the structure in which the first
electron transfer layer 1064 and the second electron transfer
layer 1065 stacked on each other with no insulating layer
being provided between the electron transfer layers 106a
and 1065 simplifies the production process. The first elec-
tron transfer layer 106a and the second electron transfer
layer 1065 may be formed continuously by sputtering. The
first electron transfer layer 106a and the second electron
transfer layer 1065 may be patterned at the same time by
photolithography.

[0146] The second electrode 108 is formed by decreasing
the resistance of a part of each of the first electron transfer
layer 106a and the second electron transfer layer 10654.
Although not shown, the second electrode 108 may be
formed of a metal material, a metal oxide material, a metal
nitride material, or a metal oxide nitride material like the
second electrode 1085 described above with reference to
FIG. 10 or the like.

[0147] The organic EL element 204 in this embodiment
has a structure in which the first electron transfer layer 1064
and the second electron transfer layer 1065 are stacked on
each other with no insulating layer being provided between
the electron transfer layers 106a and 1065, and thus is
simplified in the structure and the production process. The
organic ELL element 204 is substantially the same as the
organic EL element 200 in embodiment 1 except for the
structure of the second electrode 108, the first electron
transfer layer 1064 and the second electron transfer layer
106b, and provides substantially the same function and
effect as those of the organic EL element 200.

Fourth Embodiment

[0148] In this embodiment, an organic EL. element in
which the second electron transfer layer 10656 and the
electron injection layer 110 have a different structure as that
of the organic EL element 200 in embodiment 1 will be
described. Hereinafter, portions different from those in
embodiment 1 will be described, and portion common to
those in embodiment 1 will not be described.

[0149] FIG. 14 shows a cross-sectional structure of an
organic EL element 206 in this embodiment. Unlike in the
organic EL element 200 in embodiment 1, in the organic EL.
element 206, the second electron transfer layer 1065 and the
electron injection layer 110 are patterned in accordance with
the positional arrangement of the opening 124a of the
second insulating layer 120 and the opening 1245 of the
third insulating layer 122.

[0150] The second electron transfer layer 1065 and the
electron injection layer 110 are provided to cover the open-
ings 124a and 12454. Ends of the second electron transfer
layer 1065 and the electron injection layer 110 are located on
the third insulating layer 122 and inner to an end of the light
emitting layer 112. Such a structure is provided as follows:
before the light emitting layer 112 is formed, the second
electron transfer layer 1065 and the electron injection layer
110 are formed by patterning by use of photolithography and
etching.

[0151] As described above in embodiment 1, the second
electron transfer layer 1065 has a carrier concentration
(electron concentration) in the range of 10*/cm® to 10"7/
cm?®, and has semiconductor characteristics. With the struc-
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ture in which the second electron transfer layer 1065, which
has semiconductor characteristics, is not exposed to an end
of the organic EL element 206 as a unit element, a leak
current flowing to another organic EL element 206 adjacent
thereto as a unit element is decreased. The second electron
transfer layer 1065 and the electron injection layer 110 are
smaller than the light emitting layer 112 as seen in a plan
view, and are covered with the light emitting layer 112. With
such a structure, the hole transfer layer 114 is prevented
from contacting the second electron transfer layer 1065 or
the electron injection layer 110.

[0152] In this embodiment, the second electron transfer
layer 1065 and the electron injection layer 110 may be
formed of an oxide semiconductor material, so as to be
patterned by photolithography and etching. Thus, the leak
current is prevented from flowing to an adjacent organic EL
element 206. The organic EL element 206 is substantially
the same as the organic EL element 200 in embodiment 1
except for the structure of the second electron transfer layer
1065 and the electron injection layer 110, and provides
substantially the same function and effect as those of the
organic EL element 200. The structure of the second electron
transfer layer 1065 and the electron injection layer 110 in
this embodiment is applicable to the organic EL element 202
in embodiment 2.

Fifth Embodiment

[0153] In this embodiment, an organic EL element in
which the third insulating layer 122 has a different structure
as that of the organic EL element 200 in embodiment 1 will
be described. Hereinafter, portions different from those in
embodiment 1 will be described, and portion common to
those in embodiment 1 will not be described.

[0154] FIG. 15 shows a cross-sectional structure of an
organic EL element 208 in this embodiment. Unlike in the
organic EL element 200 in embodiment 1, in the organic EL.
element 208, an end of the opening 1245 of the third
insulating layer 122 is located inner to the end of the opening
124a of the second insulating layer 120. In this embodiment,
it is preferred that the third insulating layer 122 is formed of
a photosensitive organic resin material such as polyimide
resin, acrylic resin, epoxy resin or the like.

[0155] In the case where the third insulating layer 122 is
formed of an organic resin material, the inner surface of the
opening 1245 is allowed to be inclined and curved. In other
words, in the case where the third insulating layer 122 is
formed of an organic resin material, the end of the opening
1245 is allowed to be curved as seen in a cross-sectional
view. With the structure in which the end of the opening
12454 is curved, the second electron transfer layer 1065, the
electron injection layer 110, the light emitting layer 112, the
hole transfer layer 114 and the hole injection layer 116 are
formed on a top surface the first electron transfer layer 106a
and continuously on a surface of the third insulating layer
122. Namely, the organic EL element 208 is prevented from
being cracked or having any other defect due to the stepped
portion caused by the opening 1245.

[0156] The end of the opening 124a of the second insu-
lating layer 120 is buried in the third insulating layer 122.
This makes it unnecessary to taper the end of the opening
124a of the second insulating layer 120. Even if the end of
the opening 124a of the second insulating layer 120 is
vertical with respect to the first electron transfer layer 1064
and the like, no influence is exerted on the step coverage of
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the layers including the second electron transfer layer 1065,
the electron injection layer 110, the light emitting layer 112
and the like.

[0157] As described above, in this embodiment, since the
opening 1244 of the third insulating layer 122 has a curved
inner surface and covers the end of the opening 124« of the
second insulating layer 120, the second electron transfer
layer 1065, the electron injection layer 110, the light emit-
ting layer 112 and the like are prevented from being broken
at the stepped portion. In addition, since the inner surface of
the opening 124a of the second insulating layer 120 does not
need to be tapered, the productivity of the organic EL
element 208 is increased.

[0158] As shown in FIG. 16, like in embodiment 3, the
first electron transfer layer 106a and the second electron
transfer layer 1066 may be stacked with no with no insu-
lating layer being provided between the electron transfer
layers 106a and 1065, the electron injection layer 110 may
be stacked thereon and patterned, and then the third insu-
lating layer 122 may be formed thereon of a photosensitive
resin material. In the case where the first electron transfer
layer 1064, the second electron transfer layer 1065 and the
electron injection layer 110 are formed of an inorganic
material, the third insulating layer 122 may be formed of a
photosensitive resin material and the opening 1245 may be
formed. This simplifies the structure and the production
process of the organic EL element 204 shown in FIG. 16.
[0159] The organic EL element 208 is substantially the
same as the organic EL element 200 in embodiment 1 except
for the structure of the second insulating layer 120 and the
third insulating layer 122, and provides substantially the
same function and effect as those of the organic EL element
200. The structure of the organic EL element 204 in this
embodiment may be appropriately combined with the struc-
tures in the other embodiments.

Sixth Embodiment

[0160] In this embodiment, an organic EL element having
a forward-stacking structure including a first electrode con-
trolling the amount of carriers to be injected will be
described. In the organic EL element in this embodiment, the
layers and the electrodes are stacked in a different order from
that of the organic EL element 200 in embodiment 1, but are
formed of the same materials as those of the organic EL
element 200 in embodiment 1.

[0161] As shown in FIG. 17, an organic EL element 210
includes the substrate 100, and also includes the third
electrode 118, the hole injection layer 116, the hole transfer
layer 114, the light emitting layer 112, the electron injection
layer 110, the electron transfer layer 106, the first insulating
layer 104 and the first electrode 102 stacked on the substrate
100, in this order from the side of the substrate 100. A
peripheral region of the third electrode 118 is covered with
the second insulating layer 120, and the third electrode 118
is in contact with the hole injection layer 116 in the opening
124a.

[0162] A region where the third electrode 118, the hole
injection layer 116, the hole transfer layer 114, the light
emitting layer 112, the electron injection layer 110 and the
electron transfer layer 106 overlap each other in the opening
124 of the second insulating layer 120 is a light emitting
region of the organic EL element 210. The first electrode 102
overlaps the electron transfer layer 106 with the first insu-
lating layer 104 being provided between the first electrode
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102 and the electron transfer layer 106. With such a struc-
ture, the first electrode 102 is capable of controlling the
amount of carriers (electrons) to be injected into the light
emitting layer 112. The second electrode 108 is provided on
a region of the electron transfer layer 106 that does not
overlap the opening 124.

[0163] The organic EL element 210 shown in FIG. 17 is of
the bottom-emission type, in which the third electrode 118
is formed of a transparent conductive film and the first
electrode 102 is formed of'a metal film. Although not shown,
the organic EL element 210 may be of the top-emission type,
in which the third electrode 118 has a light-reflective surface
and the first electrode 102 is formed of a transparent
conductive film.

[0164] Even in the case where the organic EL element 210
is of the top-emission type, the first insulating layer 104 is
provided between the second eclectrode 108 and the first
electrode 102, and at least the second insulating layer 120 is
provided between the second electrode 108 and the third
electrode 118. The end of the second electrode 108 is located
outer to the end of the opening 124 of the second insulating
layer 120 to provide the offset region 126.

[0165] As described in this embodiment, in the case where
the carrier injection amount control electrode (first elec-
trode) 102 is provided on the electron transfer layer 106 with
the first insulating film 104 being provided between the
carrier injection amount control electrode (first electrode)
102 and the electron transfer layer 106, even the organic EL.
element 210 having the forward stacking structure is capable
of controlling the amount of the carriers to be injected into
the light emitting layer 112 by a bias voltage. Thus, the
organic EL. element 210 provides substantially the same
function and effect as those of the organic EL. element 200
in embodiment 1.

Seventh Embodiment

[0166] In this embodiment, an example of display device
(organic EL display device) including pixels each including
an organic EL. element in an embodiment according to the
present invention will be described.

[0167] FIG. 18 shows an equivalent circuit of a pixel 300
in a display device in an embodiment according to the
present invention. The pixel 300 includes the organic EL
element 200, a selection transistor 136, a driving transistor
138 and a capacitor 140. The selection transistor 136
includes a gate electrically connected with a scanning signal
line 132, a source electrically connected with a data signal
line 134, and a drain electrically connected with a gate of the
driving transistor 138. The driving transistor 138 includes a
source electrically connected with a common potential line
144, and a drain electrically connected with the second
electrode 108 of the organic EL element 200. The capacitor
140 is electrically connected between the gate of the driving
transistor 138 and the common potential line 144. Regarding
the organic EL element 200, the first electrode 102 is
electrically connected with a carrier injection amount con-
trol signal line 146, and the third electrode 118 is electrically
connected with a power supply line 142.

[0168] In FIG. 18, the organic EL element 200 is not
merely shown with the circuit symbol, but is schematically
shown such that the electrodes thereof are at the actual
positions in the organic EL element 200, in order to spe-
cifically show the connection structure of the organic EL
element 200. Although FIG. 18 shows the organic EL
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element 200 in embodiment 1, embodiment 7 is not limited
to this, and any of the organic EL elements in embodiments
2 to 6 is also applicable.

[0169] In the equivalent circuit shown in FIG. 18, the
scanning signal line 132 is supplied with a scanning signal,
and the data signal line 134 is supplied with a data signal
(video signal). The power supply line 142 is supplied with
a power supply potential (Vdd), and the common potential
line 144 is supplied with the ground potential (earth poten-
tial) or a potential (Vss) lower than the power supply
potential (Vdd). The carrier injection amount control signal
line 146 is supplied with a voltage (Vg) controlling the
amount of the carriers to be injected into the light emitting
layer 112 as described above with reference to FIG. 6. The
voltage (Vg) controlling the amount of the carriers to be
injected may be a constant positive voltage or a voltage
changing between predetermined voltages Vgl and Vg2 as
shown in FIG. 6.

[0170] The pixel 300 shown in FIG. 18 is operated as
follows. When the selection transistor 136 is turned on, the
gate of the driving transistor 138 is supplied, by the data
signal line 134, with a voltage based on the data signal. The
capacitor 140 maintains the voltage between the source and
the gate of the driving transistor 138. When the gate of the
driving transistor 138 is turned on, an electric current flows
from the power supply line 142 into the organic EL element
200, and the organic EL element 200 emits light. At this
point, the voltage (Vg) controlling the amount of the carriers
to be injected may be applied to the first electrode 102, so
that the light emission intensity of the organic EL element
200 is controlled, and also the position of the region where
the electrons and the holes are recombined (in other words,
the light emitting region) in the light emitting layer 122 is
controlled. Namely, the carrier balance in the light emitting
layer 112 is controlled.

[0171] In this embodiment, the pixel 300 includes the
organic EL. element 200 including the carrier injection
amount control electrode (first electrode 102), and the carrier
injection amount control signal line 146 is provided and is
connected with the carrier injection amount control elec-
trode (first electrode 102). With such a structure, the light
emission state of the organic EL element 200 is controlled.
Namely, the light emission of the organic EL element 200 is
not controlled only by the driving transistor 138 but is
controlled also by the carrier injection amount control
electrode (first electrode 102). Thus, the organic EL element
200 is prevented from being deteriorated, and thus the
reliability of the organic EL element 200 is improved.

Eighth Embodiment

[0172] In this embodiment, an example of display device
(organic EL display device) including pixels each including
an organic EL. element in an embodiment according to the
present invention will be described.

[0173] FIG. 19 shows an example of equivalent circuit of
a pixel 302 provided in a display device in this embodiment.
Like in embodiment 7, the pixel 302 includes the organic EL.
element 200, the selection transistor 136, the driving tran-
sistor 138 and the capacitor 140. The gate of the selection
transistor 136 is electrically connected with the scanning
signal line 132, the source of the selection transistor 136 is
electrically connected with the data signal line 134, and the
drain of the selection transistor 136 is electrically connected
with the gate of the driving transistor 138. The source of the
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driving transistor 138 is electrically connected with the
common potential line 144, and the drain of the driving
transistor 138 is electrically connected with the second
electrode 108 of the organic EL element 200. The capacitor
140 is electrically connected between the gate of the driving
transistor 138 and the common potential line 144. Regarding
the organic EL element 200, the first electrode 102 is
electrically connected with the carrier injection amount
control signal line 146, and the third electrode 118 is
electrically connected with the power supply line 142. FIG.
19 shows a case where the selection transistor 136 and the
driving transistor 138 are each of a dual-gate type.

[0174] FIG. 20 is a plan view of the pixel 302 in the
display device in this embodiment. FIG. 21A shows a
cross-sectional structure taken along line A1-A2 in FIG. 20,
and FIG. 218 shows a cross-sectional structure taken along
line 81-82 in FIG. 20. In the following description, these
figures will be referred to.

[0175] The pixel 302 includes the selection transistor 136,
the driving transistor 138, the capacitor 140 and the organic
EL element 200. In the plan view of the pixel 302 shown in
FIG. 20, the first electrode 120, the first electron transfer
layer 106a and the opening 124 are shown as components of
the organic EL element 200.

[0176] The driving transistor 136 includes a first oxide
semiconductor layer 1524, a first gate electrode 154a and a
second gate electrode 156a. The first gate electrode 154a
and the second gate electrode 156a respectively include
regions overlapping each other with the first oxide semicon-
ductor layer 1524 being provided between the first gate
electrode 154a and the second gate electrode 156a. The first
insulating layer 104 is located between the first oxide
semiconductor layer 152a and the substrate 100. The first
gate electrode 1544 is located between the first insulating
layer 104 and the substrate 100. The second insulating layer
120 is located between the first oxide semiconductor layer
152a and the second gate electrode 1564. In other words, the
first oxide semiconductor layer 1524 is held between the first
insulating layer 104 and the second insulating layer 120, and
the first insulating layer 104, the first oxide semiconductor
layer 152a and the second insulating layer 120 are located
between the first gate electrode 1544 and the second gate
electrode 156a.

[0177] In this embodiment, the driving transistor 138 has
a dual-gate structure in which the first oxide semiconductor
layer 1524 is held between the first gate electrode 154a and
the second gate electrode 156a. The driving transistor 138
includes a channel region where the first oxide semiconduc-
tor layer 152a overlaps one of, or both of, the first gate
electrode 154a and the second gate electrode 156a. The first
oxide semiconductor layer 152¢ may include a low resis-
tance region, having a specific resistance lower than that of
the channel region, outer to the region overlapping the first
gate electrode 154a and/or the second gate electrode 156a.
FIG. 21A shows the low resistance region as a source region
158a and a drain region 160a.

[0178] It is preferred that the channel region of the first
oxide semiconductor layer 152a has a carrier concentration
of 1x10™/em® to 5x10'%/cm?, and that the source region
158a and the drain region 160a each have a carrier concen-
tration of 1x10"/cm’® to 5x10*'/cm’. The carrier concentra-
tion of the source region 158a and the drain region 160a may
be increased by, for example, increasing the density of the
donor level caused by oxygen deficiency in the first oxide
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semiconductor layer 152a. The oxygen deficiency in the first
oxide semiconductor layer 152a may be caused by plasma
processing by use of noble gas such as helium (He), argon
(Ar) or the like, hydrogen plasma processing, or laser light
irradiation.

[0179] In the driving transistor 138, a first transparent
conductive layer 148a and a second transparent conductive
layer 14856 are located between the first oxide semiconductor
layer 152a and the first insulating layer 104. The first
transparent conductive layer 1484 and the second transpar-
ent conductive layer 1485 are located away from each other.
A conductive layer 150a is located between the first trans-
parent conductive layer 148a and the first oxide semicon-
ductor layer 152a, and a conductive layer 1505 is located
between the second transparent conductive layer 14856 and
the first oxide semiconductor layer 152a. The conductive
layer 150q is located inner to an end of the first transparent
conductive layer 148a, and the conductive layer 1505 is
located inner to an end of the second transparent conductive
layer 1485b. The first transparent conductive layer 148a and
the conductive layer 150a are located to contact the drain
region 160a, and the second transparent conductive layer
1485 and the conductive layer 1505 are located to contact
the source region 158a.

[0180] The first gate electrode 154a and the second gate
electrode 1564 are located to overlap each other in a region
corresponding to a gap between the first transparent con-
ductive layer 148a and the second transparent conductive
layer 1485b. The first transparent conductive layer 148a and
the second transparent conductive layer 1485 may be located
to partially overlap one of, or both of, the first gate electrode
154a and the second gate electrode 156a. In the case where
at least one of the first transparent conductive layer 148a and
the second transparent conductive layer 1485 overlaps one
of, or both of, the first gate electrode 154a and the second
gate electrode 1564 and is adjacent to the channel region of
the first oxide semiconductor layer 1524, the drain current of
the driving transistor 138 is increased.

[0181] The source region 158a of the driving transistor
138 is electrically connected with the common potential line
144 via a contact hole formed in the first insulating layer
104. The drain region 160a of the first oxide semiconductor
layer 152a extends to a region where the organic EL element
200 is located. Namely, the first oxide semiconductor layer
152a is located to overlap the first electrode 102 with the
first insulating layer 104 being provided between the first
oxide semiconductor layer 1524 and the first electrode 102.
The region where the first oxide semiconductor layer 152a
overlaps the first electrode 102 has a carrier concentration
adjusted to the range of 1x10"%cm? to 5x10*°/cm?® and thus
acts as the first electron transfer layer 106a. The first oxide
semiconductor layer 152a includes a region acting as the
second electrode 108 adjacent to the region acting as the first
electron transfer layer 106a. The region of the first oxide
semiconductor layer 152a acting as the second electrode 108
is continuous from the drain region 160a. As described in
this embodiment, the carrier concentration of the first oxide
semiconductor layer 152a may be controlled region by
region, so that a structure in which the driving transistor 138
and the organic EL element 200 are connected with each
other via the first oxide semiconductor layer 152a is pro-
vided. Thus, the structure of the pixel 302 is simplified.
[0182] As shown in FIG. 21B, the selection transistor 136
has substantially the same structure as that of the driving
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transistor 138. More specifically, the selection transistor 136
includes a second oxide semiconductor layer 1525, a first
gate electrode 1545 and a second gate electrode 1565. The
selection transistor 136 further includes a third transparent
conductive layer 148¢, a conductive layer 150¢, a fourth
transparent conductive layer 1484 and a conductive layer
150d, which are in contact with the second oxide semicon-
ductor layer 152b. The second oxide semiconductor layer
1525 may include a source region 1584 and a drain region
1604 each as a low resistance region. The conductive layer
150¢ forms the data signal line 134.

[0183] The drain region 1605 of the selection transistor
136 is electrically connected with the first gate electrode
154a of the driving transistor 138 via a contact hole formed
in the first insulating layer 104. For example, the fourth
transparent conductive layer 1484 and the conductive layer
1504 may be provided between the drain region 1605 and
the first gate electrode 154a. The drain region 1605 of the
selection transistor 136 is electrically connected with the
second gate electrode 1564 of the driving transistor 138 via
a contact hole formed in the second insulating layer 120. In
this manner, the drain region 1605 provided as a part of the
second oxide semiconductor layer 1525 is stacked on the
fourth transparent conductive layer 1484 and the conductive
layer 1504, and thus easily forms electric connection with
each of the first gate electrode 154a and the second gate
electrode 156a of the driving transistor 138.

[0184] The capacitor 140 is formed in a region where the
fourth transparent conductive layer 1484 overlaps a capaci-
tor electrode 162 with the first insulating layer 104 being
provided between the fourth transparent conductive layer
148d and the capacitor electrode 162. The capacitor elec-
trode 162 also acts as the common potential line 144.
[0185] In this embodiment, the oxide semiconductor layer
152 may be formed of the same material as described in
embodiment 1. The first insulating layer 104 and the second
insulating layer 120 are formed of an inorganic insulating
material. Examples of the inorganic insulating material
include silicon oxide, silicon nitride, silicon oxide nitride,
aluminum oxide, and the like.

[0186] The transparent conductive layer 148 may be
formed of a metal oxide material such as titanium oxide
(Ti0,) or the like, a metal nitride material such as titanium
nitride (TiN,), zirconium nitride (ZrN,) or the like, or a
metal oxide nitride material such as titanium oxide (Ti-
O,N,), tantalum oxide nitride (TaO,N,), zirconium oxide
nitride (ZrO,N,), hafnium oxide nitride (HfO,N,) or the
like. A trace amount of metal element improving the con-
ductivity may be added to such a metal oxide material, such
a metal nitride material and such a metal oxide nitride
material. For example, niobium (Nb)-doped titanium oxide
(Ti0,:Nb) may be used.

[0187] The conductive layer 150 may be formed of a metal
material having a high conductivity such as aluminum (Al),
copper (Cu) or the like. For example, the conductive layer
150¢ (data signal line 134) is formed of an aluminum alloy,
a copper alloy or a silver alloy. It is preferred that the
common potential line 144, and the first gate electrode 154
formed in the same layer as the common potential line 144,
are also formed of an aluminum alloy, a copper alloy or a
silver alloy. The second electrode 156 and the scanning
signal line 132 are formed of a metal material such as
aluminum (Al), molybdenum (Mo), tungsten (W), zirco-
nium (Zr) or the like. Examples of the aluminum alloy
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include an aluminum-neodymium alloy (Al—Nd), an alu-
minum-titanium alloy (Al—T1), an aluminum-silicon alloy
(Al=—Si), an aluminum-neodymium-nickel alloy (Al—Nd—
Ni), an aluminum-carbon-nickel alloy (Al-—C—Ni), a cop-
per-nickel alloy (Cu—Ni), and the like. The conductive
layer 150 formed of such a metal material is heat-resistant
and also decreases the line resistance.

[0188] The organic EL element 200 has substantially the
same structure as that in embodiment 1. The organic EL.
element 200 is electrically connected with the driving tran-
sistor 138. In the organic EL element 200, a region corre-
sponding to the second electrode 108 is formed continuously
from the first oxide semiconductor layer 152a of the driving
transistor 138. With such a structure, the wiring structure of
the lines is simplified, and the pixel 302 has an increased
numerical aperture (ratio of the region actually emitting light
in the organic EL element 200 with respect to the area size
of one pixel). The organic EL element 200 may be replaced
with any of the organic EL elements in embodiments 2 to 6.
[0189] In order to increase the numerical aperture of the
pixel, the electron mobility of the first electron transfer layer
106a needs to be increased. For example, in a display panel
having a resolution of 8Kx4K (7680x4320 pixels) and a size
of 85 inches, the pixel pitch is about 244 um. Assuming that
the pixel is rectangular, the longer side of the pixel has a
length of about 732 um. Assuming that the time required for
the organic EL. element to actually emit light after being
supplied with a voltage is about 4 to 5 usec, in the case
where a region corresponding to the second electrode 108 is
provided at an end of the rectangular pixel in the longitu-
dinal direction, the carrier (electron) mobility of the first
electron transfer layer 1062 needs to be 10 cm*/V-sec. or
greater, preferably 20 cm?/V-sec. or greater. Otherwise, it is
difficult for the carriers (electrons) to reach the other end of
the pixel in the longitudinal direction.

[0190] Needless to say, in the case where a region corre-
sponding to the second electrode 108 is provided to enclose
the four sides of the rectangular pixel, the carriers are drifted
from the four side toward the center of the pixel. Thus, the
carrier (electron) mobility merely needs to be about 2.5
cm?/V-sec. or greater. However, in this case, there is a
problem that the area size of the effective light emitting
region per pixel is decreased and thus the numerical aperture
is decreased.

[0191] In such a situation, use of the oxide semiconductor
material described in this embodiment realizes a required
carrier (electron) mobility. An electron transfer layer formed
of an organic material as described in each of Japanese
Laid-Open Patent Publication No. 2007-149922 and Japa-
nese Laid-Open Patent Publication No. 2007-157871 has a
problem that the carrier (electron) mobility is lower than 2.5
cm?*/V-sec. and thus does not realize a larger screen or a
higher definition for the display panel.

[0192] The display device in this embodiment uses the
oxide semiconductor layer as the electron transfer layer 106
included in the organic EL element 200. With such a
structure, the electron transfer layer 106 is formed in the
same step as the components such as the driving transistor
138, the selection transistor 136 and the like formed of an
oxide semiconductor material. The organic EL. element
included in the display device in this embodiment includes
the carrier injection amount control electrode (the first
electrode 102) and also includes the electron transfer layer
106, having a high carrier (electron) mobility, located to face
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the carrier injection amount control electrode (the first
electrode 102) with the insulating layer (the first insulating
layer 104) being provided between the electron transfer
layer 106 and the carrier injection amount control electrode
102. With such a structure, the light emission intensity in the
plane of the pixel is uniformized, which contributes to a
higher definition.

What is claimed is:

1. An organic electroluminescence element, comprising:

a first electrode;

a third electrode including a region overlapping the first
electrode;

a first insulating layer between the first electrode and the
third electrode;

a second insulating layer between the first insulating layer
and the third electrode;

an electron transfer layer between the first insulating layer
and the third electrode;

a light emitting layer, containing an organic electrolumi-
nescence material, between the electron transfer layer
and the third electrode; and

a second electrode located between the first insulating
layer and the second insulating layer and electrically
connected with the electron transfer layer,

wherein

the second insulating layer includes an opening,

the organic electroluminescence element includes an
overlap region where the third electrode, the light
emitting layer, the electron transfer layer, the first
insulating layer and the first electrode overlap each
other in the opening, and

the second electrode is located outer to the overlap region.

2. The organic electroluminescence element according to

claim 1,

wherein

the electron transfer layer includes a first electron transfer
layer in contact with the first insulating layer, and a
second electron transfer layer between the first electron
transfer layer and the light emitting layer, and

the second electrode is in contact with the first electron
transfer layer in a region outer to the opening of the
second insulating layer.

3. The organic electroluminescence element according to

claim 2,

wherein the first electron transfer layer has an electron
mobility higher than an electron mobility of the second
electron transfer layer.

4. The organic electroluminescence element according to

claim 2,

wherein the first electron transfer layer has a carrier
concentration higher than a carrier concentration of the
second electron transfer layer.

5. The organic electroluminescence element according to

claim 2,

wherein the first electron transfer layer has a bandgap of
3.0 eV or wider, and the second electron transfer layer
has a bandgap of 3.4 eV or wider.

6. The organic electroluminescence element according to

claim 2,

wherein the first electron transfer layer and the second
electron transfer layer each contain an oxide semicon-
ductor material, and the second electron transfer layer
is thicker than the first electron transfer layer.
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7. The organic electroluminescence element according to
claim 6,
wherein the first electron transfer layer is formed of a tin
(Sn)-based oxide semiconductor material that does not
contain magnesium (Mg), and the second electron
transfer layer is formed of a zinc (Zn)-based oxide
semiconductor material that does not contain tin (Sn).
8. The organic electroluminescence element according to
claim 6,
wherein
the first electron transfer layer contains tin oxide, indium
oxide, and at least one selected from gallium oxide,
tungsten oxide and silicon oxide, and
the second electron transfer layer contains zinc oxide and
at least one selected from silicon oxide, magnesium
oxide and gallium oxide.
9. The organic electroluminescence element according to
claim 6,
wherein the second electrode contains an oxide semicon-
ductor material.
10. The organic electroluminescence element according
to claim 1,
wherein an electron injection layer is arranged between
the electron transfer layer and the light emitting layer,
wherein the electron injection layer is formed of C12A7
(12Ca0.7A1,0,) electride.
11. The organic electroluminescence element according to
claim 1,
wherein an electron injection layer is arranged between
the electron transfer layer and the light emitting layer,
wherein the electron injection layer is formed of an oxide
semiconductor material containing Mg, ;Zn, ;O.
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12. The organic electroluminescence element according
to claim 1,
wherein the third electrode is light-transmissive and the
second electrode has a light-reflective surface.
13. The organic electroluminescence element according
to claim 1,
wherein the third electrode is light-reflective and the
second electrode is light-transmissive.
14. The organic electroluminescence element according
to claim 1,
wherein the electron transfer layer includes an offset
region between an end of the second electrode and an
end of the opening.
15. The organic electroluminescence element according
to claim 14,
wherein the offset region has a length of 1 um to 5 um.
16. The organic electroluminescence element according
to claim 14,
wherein the offset region overlaps the first electrode.
17. The organic electroluminescence element according
to claim 1,
wherein the first electrode is supplied with a voltage of the
same polarity as that of the third electrode.
18. The organic electroluminescence element according
to claim 1,
wherein the first electrode is supplied with a voltage of the
same polarity as that of the second electrode to cause
the organic electroluminescence element to emit light.
19. The organic electroluminescence element according
to claim 1,
wherein a light emission luminance is controlled by a
voltage applied to the second electrode.
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