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LIGHT-EMITTING ELEMENT AND
ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a light-emitting ele-
ment in the configuration of a resonator, and an organic elec-
troluminescent display device provided therein with this
light-emitting element.

BACKGROUND ART

[0002] In recent years, as a display device for alternative
use of a liquid crystal display device, an organic electrolumi-
nescent display device (organic EL display device) using
organic electroluminescent elements (organic EL elements)
are receiving attention. The organic EL display device is of a
self-luminous type, and has characteristics of low power con-
sumption. [t is also considered as having the response char-
acteristic of a sufficient level also with respect to a high-speed
video signal with high definition, and thus is under active
development for practical use thereof.

[0003] The organic EL element generally has the lamina-
tion configuration in which a first electrode, an organic layer,
and a second electrode are disposed one on the other. The
organic layer includes a light-emitting layer made of an
organic light-emitting material. With such an organic EL
element, an attempt has been made to control light to be
generated in the light-emitting layer by configuring the
organic EL element like a resonator, i.e., by seeking to find the
optimal thickness of each of the layers configuring the
organic layer (as an example, refer to the brochure of WO
01/39554). Controlling the light as such includes improving
the purity of color of light emission, increasing the efficiency
of light emission, and others.

[0004] With the configuration of a resonator used as such,
however, there may be a possibility of causing a problem to
the viewing angle dependence of the chromaticity and lumi-
nance, that is, with a larger viewing angle, causing a problem
of largely shifting the peak wavelength in the spectrum of a
light coming from the organic EL display device, or greatly
reducing the intensity of light, for example. In consideration
thereof, keeping the level of resonance as low as possible is
preferable, that is, making the organic layer as thin as possible
is preferable (refer to WO 01/39554 pamphlet described
above). However, with the organic layer reduced in thickness,
as schematically shown in FIG. 13, if there is any particle
(foreign substance) or protrusion on the first electrode, it
means that the resulting organic layer does not provide the
perfect coverage, thereby possibly causing a short circuit
between the first and second electrodes. If such a short circuit
occurs, in an active-matrix organic EL display device, any
pixel in which such a short circuit is occurring becomes
deficient, thereby deteriorating the display quality of the
organic EL display device. Also in a passive-matrix organic
EL display device, caused is the shortage of lines, and this
also deteriorates the display quality of the organic EL display
device. Such a problem becomes more apparent when the
organic EL display device is large in size. This is because the
viewing angle characteristics are expected to be much better
but the allowed number of deficits per unit area is reduced.
[0005] So far, various attempts have been made to reduce
the possibility of causing a short circuit between the first and
second electrodes. As an example, Japanese Unexamined
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Patent Publication No. 2001-035667 describes a technology
of providing by insertion a high-resistance layer between an
anode electrode and an organic film in an organic EL display
device of a bottom emission type. As another example, Japa-
nese Unexamined Patent Publication No. 2006-338916
describes a technology of, in an organic EL display device of
a top emission type, configuring an anode electrode to have
two layers, and increasing the resistance of one of the layers
of the anode electrode closer to an organic layer. As still
another example, Japanese Unexamined Patent Publication
No. 2005-209647 describes a technology of, in an organic EL,
display device of a bottom emission type, configuring a cath-
ode electrode to have two layers, and increasing the resistance
of one of the layers of the anode electrode closer to an organic
layer.

CITATION LIST

Patent Literature
[0006] Patent Literature 1: WO 01/39554 pamphlet
[0007] Patent Literature 2: Japanese Unexamined Patent

Publication No. 2001-035667

[0008] Patent Literature 3: Japanese Unexamined Patent
Publication No. 2006-338916

[0009] Patent Literature 4: Japanese Unexamined Patent
Publication No. 2005-209647

SUMMARY OF INVENTION

[0010] The concern here is that, as described in these pub-
lished unexamined patent applications, even if a high-resis-
tance layer is provided by insertion between an anode elec-
trode and a cathode electrode, the problems described above
cannot be solved if with the configuration of a resonator. In
order to increase the coverage of a high-resistance layer
against any particle (foreign substance) or protrusion for the
aim of preventing any display defect without fail, there needs
to sufficiently increase the film thickness of the high-resis-
tance layer. However, if the high-resistance layer is increased
in film thickness, as described above, the viewing angle
dependence is resultantly increased.

[0011] The present invention is proposed in consideration
of such problems, and an object thereof'is to provide a light-
emitting element and an organic electroluminescent display
device that can prevent a possibility of causing a short circuit
between first and second electrodes even if there is any par-
ticle (foreign substance) or protrusion on the first electrode.
[0012] Light-emitting elements in first to fifth aspects of the
invention are all share the same configuration of including
(A) a first electrode, (B) an organic layer including a light-
emitting layer made of an organic light-emitting material, (C)
a semi-transmissive/reflective film, (D) aresistance layer, and
(E) a second electrode in this order, and in which the first
electrode reflects a light coming from the light-emitting layer,
and the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through. The light-emitting elements are different from one
another in the following respects.

[0013] In the light-emitting element in the first aspect, the
semi-transmissive/reflective film on the organic layer has an
average film thickness in a range from 1 nm to 6 nm.

[0014] In the light-emitting element in the second aspect,
when a distance from the first interface being an interface
between the first electrode and the organic layer to a position
on the light-emitting layer where a level of light emission is
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maximum is L, an optical distance thereof is OL |, a distance
from the second interface being an interface between the
semi-transmissive/reflective film and the organic layer (or the
third or fourth interface that will be described later) to the
position on the light-emitting layer where a level of light
emission is maximum is L,, and an optical distance thereofis
OL,, expressions (1-1) and (1-2) below are satisfied,

0.7{=¢y/Qm)+m, } 2xOL /A=1.2{~¢,/(2m)+m, } (1-1)
0.7{=¢/ 27+ } S2xOLHA=1.2{~ o/ (20)+m5} 1-2)

where A is the maximum peak wavelength in the spectrum of
a light generated in the light-emitting layer,

[0015] ¢, is an amount of phase shift (unit: radian) of a
reflected light generated on the first interface (where
-2n<¢, =0)

[0016] ¢, is an amount of phase shift (unit: radian) of a
reflected light generated on the second interface (or the third
or fourth interface that will be described later) (where
-2n<¢,=0), and

[0017] a value of (m,, m,) is (0, 0), (1, 0), or (0, 1).
[0018] In the light-emitting element in the third aspect,
when an optical distance between a first interface being an
interface between the first electrode and the organic layer and
a second interface being an interface between the semi-trans-
missive/reflective film and the organic layer (or the third or
fourth interface that will be described later) is L, a sum of
phase shift to be observed when the light generated in the
light-emitting layer is reflected on the first interface and the
second interface (or the third or fourth interface that will be
described later) is ¢ radian [where —-21<$=0], and the maxi-
mum peak wavelength in the spectrum of the light generated
in the light-emitting layer is A, an expression of

0.7={RDMP/Ca) =13
or

—03={L)M+p/2m)} =03

1s satisfied.

[0019] In the light-emitting element in the fourth aspect, a
light generated in the light-emitting layer is made to resonate
between a first interface being an interface between the first
electrode and the organic layer and a second interface being
an interface between the semi-transmissive/reflective film
and the organic layer (or the third or fourth interface that will
be described later), and a part of the resulting light is emitted
from the semi-transmissive/reflective film, the maximum
peak wavelength in the spectrum of the light generated in the
light-emitting layer is in a range from 600 nm to 650 nm, and
the organic layer on the first electrode has a film thickness in
arange from 1.1x107" m to 1.6x107" m.

[0020] In the light-emitting element in the fifth aspect, a
light generated in the light-emitting layer is made to resonate
between a first interface being an interface between the first
electrode and the organic layer and a second interface being
an interface between the semi-transmissive/reflective film
and the organic layer (or the third or fourth interface that will
be described later), and a part of the resulting light is emitted
from the semi-transmissive/reflective film. The maximum
peak wavelength in the spectrum of the light generated in the
light-emitting layer is in a range from 500 nm to 550 nm, and
the organic layer on the first electrode has a film thickness in
arange from 9x107® m to 1.3x1077 m.
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[0021] In the light-emitting element in the sixth aspect, a
light generated in the light-emitting layer is made to resonate
between a first interface being an interface between the first
electrode and the organic layer and a second interface being
an interface between the semi-transmissive/reflective film
and the organic layer (or the third or fourth interface that will
be described later), and a part of the resulting light is emitted
from the semi-transmissive/reflective film. The maximum
peak wavelength in the spectrum of the light generated in the
light-emitting layer is in a range from 430 nm to 480 nm, and
the organic layer on the first electrode has a film thickness in
arange from 6x107* mto 1.1x1077 m.

[0022] An organic electroluminescent display device (or-
ganic EL display device) of the invention includes a plurality
of organic electroluminescent elements (organic EL ele-
ments). The organic El elements each includes (a) a first
electrode, (b) an insulation layer including an aperture, and
from the bottom portion of the aperture, the first electrode is
exposed, (c) an organic layer that is disposed from the above
of a portion of the first electrode exposed from the bottom
portion of the aperture to a portion of the insulation layer
around the aperture, and includes a light-emitting layer made
of an organic light-emitting material, (d) a semi-transmissive/
reflective film formed at least on the organic layer, () a
resistance layer covering the semi-transmissive/reflective
film, and (f) a second electrode formed on the resistance layer,
in this order. In such an organic EL display device, the first
electrode reflects a light coming from the light-emitting layer,
the second electrode passes through a light coming from the
semi-transmissive/reflective film after passing therethrough,
and a portion of the semi-transmissive/reflective film on the
insulation layer is at least partially discontinuous.

[0023] Insuch an organic EL display device, a plurality of
organic EL, elements may be arranged in various manners,
including stripe arrangement, diagonal arrangement, delta
arrangement, or rectangle arrangement.

[0024] Inthe organic EL display device of the invention, a
part of the semi-transmissive/reflective film on the insulation
layer is at least partially discontinuous, and more specifically,
a part of the semi-transmissive/reflective film on the insula-
tion layer may or may not be partially connected to a part of
the semi-transmissive/reflective film on the organic layer.
Moreover, in a part of the organic EL elements, a part of the
semi-transmissive/reflective film on the insulation layer may
be partially connected to a part of the semi-transmissive/
reflective film on the organic layer, and in the remaining of the
organic EL elements, a part of the semi-transmissive/reflec-
tive film on the insulation layer may not be connected to a part
of the semi-transmissive/reflective film on the organic layer.
[0025] Inthe light-emitting elements in the second to sixth
aspects of the invention, or in the organic EL display device of
the invention, preferably, the semi-transmissive/reflective
film on the organic layer has an average film thickness in a
range from 1 nm to 6 nm.

[0026] In the light-emitting elements in the first to sixth
aspects of the invention including the preferred configuration
described above, or the organic EL display device of the
invention (hereinafter, these are sometimes collectively
referred to simply as “the invention”), the semi-transmissive/
reflective film may be made of alloys of magnesium (Mg)-
silver (Ag), magnesium (Mg)-calcium (Ca), aluminum (Al),
or silver (Ag). Note here that when the semi-transmissive/
reflective film is made of alloys of magnesium-silver, the
volume ratio between magnesium and silver is exemplified as
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being Mg:Ag=5:1 to 30:1. When the semi-transmissive/re-
flective film is made of magnesium-calcium, the volume ratio
between magnesium and calcium is exemplified as being
Mg:Ca=1:0.1 to 1:0.5. The semi-transmissive/reflective film
is generally acknowledged as being a “film” in the organic EL
display device, but in some cases, is a mixture of the top layer
portion of the organic layer, the lower layer portion of the
semi-transmissive/reflective film, and that of the resistance
layer, or is a mixture of the top layer portion of the organic
layer, magnesium in the semi-transmissive/reflective film,
and the resistance layer, and silver particles are scattered
therein.

[0027] In the invention including the preferred configura-
tion as such, the material configuring the resistance layer is
presumed to have the electrical resistivity of 1x10° Qm to
1x10"° Q@m (1x10* Q-cm to 1x10® Q-cm), preferably of
1x10% Q-m to 1x10° Q-m (1x10° Q-cm to 1x107 Q-m), and
the resistance layer on the organic layer is presumed to have
the thickness 0f0.1 um to 2 pm, preferably of 0.3 um to 1 pm.
If this is the case, the resistance layer is desirably made of
semiconductor oxide, or the resistance layer is made of nio-
bium oxide (Nb,O;), titanium oxide (Ti0O,), molybdenum
oxide (MoO,, MoO,), tantalum oxide (Ta,Os), hafnium
oxide (HfO), IGZO, a mixture of niobium oxide and titanium
oxide, a mixture of titanium oxide and zinc oxide (ZnO), or a
mixture of silicon oxide (Si0,) and stannic oxide (SnO,), or
any appropriate combination of these materials. Note that the
electrical resistivity of the material configuring the resistance
layer may be determined, to be more specific, considering the
value of voltage drop observed in the resistance layer while
the light-emitting elements or the organic EL elements are
being driven. The voltage drop is exemplified as being in the
value of 0.05 volts to 1.0 volt.

[0028] Alternatively, in the invention including the pre-
ferred configuration described above, the resistance layer
may be in the lamination configuration including first and
second resistance layers disposed one on the other from the
side of the organic layer, and the second resistance layer may
have the electrical resistivity higher than that of the first
resistance layer. Still alternatively, the resistance layer may be
in the lamination configuration including first, second, and
third resistance layers disposed one on the other from the side
of the organic layer, and the second resistance layer may have
the electrical resistivity higher than that of the first resistance
layer and that of the third resistance layer. In this example, the
first and third resistance layers are exemplarily made by a
material including zine oxide, stannic oxide, niobium oxide,
titanium oxide, molybdenum oxide, tantalum oxide, a mix-
ture of niobium oxide and titanium oxide, a mixture of tita-
nium oxide and zinc oxide, or a mixture of silicon oxide and
stannic oxide, and are exemplarily formed with the partial
pressure of oxygen reduced during film formation. The sec-
ond resistance layer is exemplarily made of a material includ-
ing niobium oxide, titanium oxide, molybdenum oxide, tan-
talum oxide, a mixture of niobium oxide and titanium oxide,
a mixture of titanium oxide and zinc oxide, or a mixture of
silicon oxide and stannic oxide. When the first, second, and
third resistance layers are respectively assumed to have the
electrical resistivity values of R;(Qm), R,(Q'm), and
R,(£2'm), satisfying the following expressions is preferable,
for example.

1x103=R /R,=1x107!
1x107Ry/R,1x107!

By configuring the resistance layer to be in the multilayer
configuration as such, the resistance layer and the semi-trans-
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missive/reflective film can get good contact therebetween
more than ever. The resistance layer is thus prevented from
voltage drop so that the drive voltage can be low.

[0029] Alternatively, when the resistance layer is in the
lamination configuration including at least the first and sec-
ond resistance layers, if the efficiency is a high priority, sat-
istying the following expressions is preferable.

-0.6Zn,-1n,=04
0.4=n,-n,=0.9

where n, denotes the refractive index of a material configur-
ing the first resistance layer, n, denotes the refractive index of
a material configuring the second resistance layer, and n,
denotes the refractive index of a material configuring the top
layer of the organic layer. Alternatively, if the viewing angle
is a high priority, satisfying the following expressions is pref-
erable.

~0.2=ng-1,=0.2

0.2=n-n,=04

[0030] In this example, the interface between the semi-
transmissive/reflective film and the resistance layer is
referred to as “third interface”, and the interface between the
first and second resistance layers is referred to as “fourth
interface”. Generally, a light generated in the light-emitting
layer is made to resonate between a first interface being an
interface between the first electrode and the organic layer and
asecond interface being an interface between the semi-trans-
missive/reflective film and the organic layer. However, when
the semi-transmissive/reflective film is reduced in thickness,
this sometimes increases the value of an average light trans-
mittance of the semi-transmissive/reflective film, thereby
allowing most of the light generated in the light-emitting
layer to pass through the semi-transmissive/reflective film. If
this is the case, the light generated in the light-emitting layer
is made to resonate between the first interface being an inter-
face between the first electrode and the organic layer, and the
third interface being an interface between the semi-transmis-
sive/reflective film and the resistance layer. Alternatively,
when the resistance layer is in the multilayer configuration,
the light generated in the light-emitting layer is made to
resonate between the first interface being an interface
between the first electrode and the organic layer, and the
fourth interface being an interface between the first and sec-
ond resistance layers. Still alternatively, the light generated in
the light-emitting layer is made to resonate between the first
and third interfaces, and the light generated in the light-
emitting layer is made to resonate between the first and fourth
interfaces.

[0031] In the invention including such various preferred
structures and configurations described above, when there is
any foreign substance or a protrusion on the first electrode,
the region closer to the foreign substance or the protrusion is
not formed with the semi-transmissive/reflective film, but the
resistance layer exists in the region between the portion of the
semi-transmissive/reflective film in the periphery of the for-
eign substance or the protrusion, and the portion of the first
electrode under the foreign substance or beneath the protru-
sion. Herein, the foreign substance (particle) is highly likely
to deposit on the first electrode during the formation or trans-
portation of the first electrode and others. On the other hand,
the protrusion is formed often during the formation of the first
electrode and others.
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[0032] Moreover, in the invention including such various
preferred structures and configurations described above, a
light generated in the light-emitting layer is made to resonate
between the first interface being an interface between the first
electrode and the organic layer and the second interface being
an interface between the semi-transmissive/reflective film
and the organic layer (or the third or fourth interface
described above), and a part of the resulting light is emitted
from the semi-transmissive/reflective film.

[0033] In such a case, in the light-emitting elements in the
first and fourth to sixth aspects of the invention, and in the
organic EL display device of the invention, the following
expressions (1-1) and (1-2) can be satisfied.

0.7{=¢y/2m)+m, } Z2xOL /N=1.2{~¢,/(2m)+m, } {1-1)

0.7{~o/ Qa0+, } S2xOLA=1.2{~/ 270+, } 1-2)

where L, denotes a distance from the first interface being an
interface between the first electrode and the organic layer to a
position on the light-emitting layer where a level of light
emission is maximum, OL, denotes an optical distance
thereof, and L, denotes a distance from the second interface
being an interface between the semi-transmissive/reflective
film and the organic layer (or the third or fourth interface
described above) to a position on the light-emitting layer
where a level of light emission is maximum, and OL, denotes
an optical distance thereof. Also in the expressions,

[0034] A is the maximum peak wavelength in the spectrum
of a light generated in the light-emitting layer,

[0035] ¢, is the amount of phase shift (unit: radian) of a
reflected light generated on the first interface [where
-2n<¢, =0]

[0036] ¢, is the amount of phase shift (unit: radian) of a
reflected light generated on the second interface (or the third
or fourth interface described above) [where -2m<¢,=0], and
the value of (m,, m,) is (0, 0), (1, 0), or (0, 1).

[0037] Alternatively, in the light-emitting elements in the
first and fourth to sixth aspects of the invention, and in the
organic EL display device of the invention, an expression of

0.7={DMP/a)=13
or

-03={ L)/ 2m)}=0.3

can be satisfied where [ denotes an optical distance between
the first interface being an interface between the first elec-
trode and the organic layer and the second interface being an
interface between the semi-transmissive/reflective film and
the organic layer (or the third or fourth interface described
above), ¢ radian denotes the sum of phase shift to be observed
when the light generated in the light-emitting layer is
reflected on the first interface and the second interface (or on
the third or fourth interface described above) [where
-2n<¢=0], and A denotes the maximum peak wavelength in
the spectrum of the light generated in the light-emitting layer.
[0038] In the invention including the preferred structures
and configurations described above, the first electrode desir-
ably has the average light reflectivity of 50% or higher, pref-
erably 80% or higher, and the semi-transmissive/reflective
film has the average light transmittance of 50% to 97%,
preferably 60% to 97%.

[0039] Inthe invention, the material (light reflective mate-
rial) of the first electrode (light reflective electrode) that can
make the first electrode function as an anode electrode exem-
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plarily includes metals with a high work function such as
platinum (Pt), gold (Au), silver (Ag). chromium (Cr), tung-
sten (W), nickel (Ni), copper (Cu), iron (Fe), cobalt (Co),
tantalum (Ta), and others, or alloys (e.g.. alloys of Ag—Pd—
Cu including silver as a main component, 0.3 weight percent
to 1 weight percent of palladium (Pd), and 0.3 weight percent
to 1 weight percent of copper (Cu), and alloys of Al—Nd).
Moreover, when used is a conductive material having a low
work function and a high light reflectivity such as aluminum
(Al) and alloys of aluminum, the first electrode can serve as an
anode electrode if the characteristics of hole injection are
improved by the provision of any appropriate hole injection
layer, for example. The first electrode has the thickness 0f 0.1
um to 1 pm, for example. In an alternative configuration, a
reflective film showing the satisfactory characteristics of light
reflection such as dielectric multilayer film or film made of
aluminum (Al) may be provided thereon with a transparent
conductive material showing the superior characteristics of
hole injection such as indium tin oxide (ITO) or indium zinc
oxide (IZ0). On the other hand, in order to make the first
electrode function as a cathode electrode, desirably, the mate-
rial for use is a conductive material having a low work func-
tion, and a high light reflectivity. Alternatively, the first elec-
trode can be used as a cathode electrode if the characteristics
of electroninjection are improved by any appropriate electron
injection layer provided to any conductive material with a
high light reflectivity that is used for an anode electrode, for
example.

[0040] On the other hand, the material (semi-transmissive
material) configuring the second electrode of the invention
that can make the second electrode function as a cathode
electrode desirably includes a conductive material that has a
low work function so as to allow transmission of light gener-
ated in the light-transmitting layer, and injection of electrons
with good efficiency to the organic layer. Such a material is
exemplified by alloys of magnesium-silver, metals including
aluminum, silver, calcium, strontium, and others, or alloys
thereof. As an alternative configuration, a so-called transpar-
ent electrode material such as ITO or IZO may be provided
with any appropriate electron injection layer to improve the
characteristics of electron injection. The second electrode
exemplarily has the thickness of 2x10™° m to 5x107® m,
preferably of 3x107° m to 2x10™® m, and more preferably of
5x107° m to 1x10~% m. Still alternatively, the second elec-
trode may be reduced in resistance in its entirety by providing
thereto a bus electrode (auxiliary electrode) made of a low-
resistance material. Note here that in order to make the second
electrode function as an anode electrode, desirably, the mate-
rial for useis a conductive material with a high work function
that allows transmission of a light generated in the light-
emitting layer.

[0041] The first and second electrodes, and the semi-trans-
missive/reflective film are each made by evaporation methods
including electron beam evaporation, hot filament evapora-
tion, and vacuum evaporation, sputtering, chemical vapor
deposition (CVD), a combination of ion plating and etching;
various printing methods including screen printing, inkjet
printing, metal mask printing, and others, plating (electro-
plating and electroless plating); lift-off; laser ablation; zol-
gel; and others. By using such various methods of printing
and plating, the first and second electrodes, and the semi-
transmissive/reflective film can be made directly into any
desired shape (pattern). Note that for forming the first and
second electrodes after forming the organic layer, in view of
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protecting the organic layer from any possible damages, pref-
erable methods used as a basis for film formation include a
film-forming method especially like vacuum evaporation
with which the energy of particles is small in the formed film,
or a film-forming method such as MOCVD. Also for forming
the semi-transmissive/reflective film, in view of protecting
the organic layer from any possible damages and providing
any discontinuous portion, preferable methods used as a basis
for film formation include a method especially like vacuum
evaporation with which the energy of particles is small in the
formed film, and with which the coverage is poor. If the
organic layer suffers from damages, there is a possibility of
generating a no-light emitting pixel (or no-light emitting sub
pixel) called “dark dot” due to the generation of a leakage
current. In view of protecting the organic layer from deterio-
ration due to moisture in the air, preferably, the procedure
starting from the formation of the organic layer to the forma-
tion of these electrodes and others is carried out with no
exposure to the air. The second electrode may be or may not
be electrically connected to the semi-transmissive/reflective
film.

[0042] The resistance layer, and the first, second, and third
resistance layers are preferably each formed by any film-
forming method with which the coverage is satisfactory, e.g.,
sputtering, CVD, ion plating, and others.

[0043] Thefirst electrode and the semi-transmissive/reflec-
tive film each partially absorb an incoming light, and reflect
the remaining of the light. As a result, a phase shift occurs in
the reflected light. The amount of this phase shift ¢, and ¢, is
determined by a calculation based on measurement values
using an ellipsometer, for example. The measurement values
include values of real part and imaginary part of a complex
refractive index for the material configuring the first elec-
trode, and those for the material configuring the semi-trans-
missive/reflective film (as an example, refer to “Principles of
Optic”, Max Bornard Emil Wolf, 1974 (PERGAMON
PRESS). Note that the refractive index of any other layers
including the organic layer and the second electrode can be
determined by measurement also using an ellipsometer.
[0044] The organic layer is provided with a light-emitting
layer made of an organic light-emitting material, and specifi-
cally, can be in the lamination configuration including a hole
transport layer, the light-emitting layer, and an electron trans-
port layer, in the lamination configuration including a hole
transport layer, and the light-emitting layer serving also as an
electron transport layer, and in the lamination configuration
including a hole injection layer, a hole transport layer, the
light-emitting layer, an electron transport layer, and an elec-
tron injection layer. For forming such an organic layer, pos-
sible methods include physical vapor deposition (PVD) such
as vacuum evaporation; printing methods including screen
printing and inkjet printing; laser transfer methods, and vari-
ous methods of coating. With the laser transfer methods, the
lamination configuration of a laser absorption layer and an
organic layer formed on asubstrate for transfer use is exposed
to laser radiation to separate the organic layer from the laser
absorption layer therebelow, and the organic layer is then
transferred. For forming the organic layer based on vacuum
evaporation, for example, a so-called metal mask may be
used, and any material passing through the aperture formed
on this metal mask may be accumulated, thereby forming the
organic layer.

[0045] Herein, in the invention, the hole transport layer
(hole supply layer) preferably has the thickness substantially
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the same as that of the electron transport layer (electron
supply). Alternatively, the electron transport layer (electron
supply layer) may be thicker than the hole transport layer
(hole supply layer), and if this is the case, the light-emitting
layer can be supplied with electrons in amount necessary to
achieve a higher efficiency with a low drive voltage, and
electrons sufficient in amount. In other words, the supply of
holes can be increased with such a configuration that the hole
transport layer is disposed between the first electrode serving
as the anode electrode and the light-emitting layer, and the
hole transport layer is formed to be thinner in film thickness
than the electron transport layer. This accordingly leads to the
carrier balance with which the holes and electrons are both
justenough in amount, and the supply of carrier is sufficiently
large in amount so that the efficiency of light emission can be
high. What is more, since the holes and electrons are both just
enough in amount, the carrier balance is not lost that easily,
any possible deterioration by driving can be prevented, and
the light-emitting life can be increased.

[0046] In the invention, a plurality of light-emitting ele-
ments or organic EL, elements are each formed on the first
substrate or thereabove. In this example, the first or second
substrate is exemplified by a glass substrate with a high strain
point, a soda-lime glass (Na,0.Ca.0.8i0,) substrate, a boro-
silicate glass (Na,0.B,0,.510,) substrate, a forsterite
(2Mg0.Si0,) substrate, a lead glass (Na,0.PbO.Si0,) sub-
strate, various types of glass substrates each formed with an
insulation film on the surface, a quartz substrate, a quartz
substrate formed with an insulation film on the surface, a
silicon substrate formed with an insulation film on the sur-
face, and an organic polymer exemplified by polymethyl
methacrylate (polymethyl methacrylate, PMMA), polyvinyl
alcohol (PVA), polyvinyl phenol (PVP), polyether sulfone
(PES), polyimide, polycarbonate, polyethylene terephthalate
(PET), and others. The organic polymer is in the form of a
high polymer material such as plastic film, plastic sheet,
plastic substrate, and others each made of a high polymer
material with flexibility. However, in the organic EL display
device of a bottom emission type that will be described later,
the first substrate is required to be transparent with respect to
a light each coming from the light-emitting elements. The
first and second substrates may be made from the same mate-
rial or not.

[0047] Thefirstelectrodeis provided on an inter-layer insu-
lation layer, for example. This inter-layer insulation layer is
covering a light-emitting element drive section formed on the
first substrate. The light-emitting element drive section is
configured by one or more thin film transistors (TFTs), and
the TFT(s) and the first electrode are electrically connected to
each other through a contact plug provided to the inter-layer
insulation layer. As the material configuring the inter-layer
insulation layer, an insulative resin such as Si0, material; SIN
material, and polyimide can be used individually or in com-
bination as appropriate. The Si0, material includes SiO,,
BPSG, PSG, BSG, AsSG, PbSG, SiON, SOG (spin-on glass),
glass with a low melting point, glass paste, and others. For
forming the inter-layer insulation layer, various known pro-
cesses can be used such as CVD, coating, sputtering, and
various printing methods. In the organic EL display device of
a bottom emission type that will be described later, the inter-
layer insulation layer is required to be made of any material
transparent with respect to a light each coming from the
light-emitting elements, and the light-emitting element drive
section is required to be configured not to block the lights
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from the light-emitting elements. On the other hand, the insu-
lation layer formed on the inter-layer insulation layer is pref-
erably made of an insulation material having satisfactory
flatness, and being low in water absorption for the aim to
protect the organic layer from any possible deterioration due
to moisture, and to keep the intensity level of light emission.
To be specific, such a material is exemplified by polyimide
resin. When the second electrode is provided with a bus
electrode (auxiliary electrode) made of a low-resistance
material, the bus electrode (auxiliary electrode) is preferably
disposed at such a position that the projected image of the bus
electrode (auxiliary electrode) comes in the projected image
of the insulation layer.

[0048] Intheorganic EL display device of the invention, the
configuration includes the second substrate fixed above the
second electrode. Note that the organic EL display device of
such a configuration is sometimes referred to as “organic EL
display device of a top emission type” for convenience. Alter-
natively, the configuration may include the first substrate
fixed below the second electrode. Note that the organic EL
display device of such a configuration is sometimes referred
to as “organic EL display device of a bottom emission type”
for convenience. In such an organic EL display device of atop
emission type, between the second electrode and the second
substrate, a protection film and an adhesive layer (sealing
layer) are formed from the side of the second electrode.
Herein, as a material configuring the protection film, the
preferable material includes the one being transparent with
respect to the light generated in the light-emitting layer, being
dense. and not allowing the moisture to pass therethrough.
Such a material is specifically exemplified by amorphous
silicon (ct-Si), amorphous silicon carbide (c-SiC), amor-
phous silicon nitride (-Si, N,), amorphous silicon oxide
(@-8i;,0,), amorphous carbon (a-C), amorphous silicon
oxide/nitride (a-SiON), and Al,O;. The material configuring
the adhesive layer (sealing layer) is exemplified by thermo-
setting adhesive including acrylic adhesive, epoxy adhesive,
urethane adhesive, silicone adhesive, and cyanoacrylate
adhesive, and ultraviolet curing adhesive. Note that, also in
the organic EL display device of a bottom emission type, the
second substrate is disposed above the second electrode, and
between the first and second substrates, the protection film
and the adhesive layer described above are formed from the
side of the first electrode.

[0049] For the purpose of preventing any moisture from
reaching the organic layer, the organic layer is provided there-
above with the protection film having the characteristics of
insulation or conductivity as described above. The protection
film is preferably formed specifically by any film-forming
method such as vacuum evaporation with the small energy of
particles in the resulting film, or based on CVD because this
does not affect the base that much. Alternatively, for prevent-
ing any possible reduction of the intensity due to the deterio-
ration of the organic layer, the protection film is preferably
formed with the settings of a film-forming temperature to be
at the room temperature, and under the conditions of mini-
mizing the stress to be imposed on the protection film in order
to protect the protection film from any possible exfoliation.
Also, the protection film is preferably formed without expos-
ing the already-formed electrodes to the air, and by doing so,
the organic layer can be protected from any possible deterio-
ration due to the moisture and oxygen in the air. Moreover,
when the organic EL display device is of a top emission type,
the protection film is preferably made of a material that allows
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80% or more of the light generated in the organic layer to pass
therethrough, and specifically, such a material includes an
inorganic amorphous insulating material, e.g., the materials
described above. Since such an inorganic amorphous insulat-
ing material does not generate any grain, the resulting pro-
tection film can be satisfactory with a low permeability. Note
that when the protection film is made of a conductive mate-
rial, the protection film may be made of a transparent con-
ductive material such as ITO and IZ0.

[0050] Whenthe organic EL display device ofthe invention
is an organic EL display device of color display, the organic 1
elements configuring such an organic EL display device each
configure a sub pixel. Herein, one pixel is configured by three
types of sub pixels, including a red light-emitting sub pixel
that emits a light of red (configured by the light-emitting
element in the fourth aspect of the invention), a green light-
emitting sub pixel that emits a light of green (configured by
the light-emitting element in the fifth aspect of the invention),
and a blue light-emitting sub pixel that emits a light of blue
(configured by a light-emitting element in the sixth aspect of
the invention). Accordingly, assuming that the organic EL
display device includes NxM pieces of organic EL elements,
the number of pixels is (NxM)/3. Alternatively, the organic
EL display device of the invention is available for use as a
backlight device for a liquid crystal display device, or a light-
ing fixture including a planar light source.

[0051] The second and first substrates allowing the light
coming from the light-emitting elements to pass therethrough
may be formed with a color filer or a light shielding film
(black matrix) if required.

[0052] Insome cases, the resistance layer may be varied in
electrical resistance value depending on which part of the
resistance layer is positioned above which sub pixel, i.e., the
part of the resistance layer positioned above the red light-
emitting sub pixel may have the electrical resistance value R ,
the part of the resistance layer positioned above the green
light-emitting sub pixel may have the electrical resistance
value R, and the part of the resistance layer positioned above
the blue light-emitting sub pixel may have the electrical resis-
tance value R. In other words, expressions of

Rp>Re
Rz>R;

may be satisfied, for example. In order to vary R, R 5, and R
as such, the resistance layer may be varied in thickness
depending on which part of the resistance layer is positioned
above which sub pixel, i.e., the part of the resistance layer
positioned above the red light-emitting sub pixel, the part of
the resistance layer positioned above the green light-emitting
sub pixel, and the part of the resistance layer positioned above
the blue light-emitting sub pixel, for example. Alternatively,
the resistance layer may be made of different types of material
depending on which part of the resistance layer is positioned
above which sub pixel, i.e., the part of the resistance layer
positioned above the red light-emitting sub pixel, the part of
the resistance layer positioned above the green light-emitting
sub pixel, and the part of the resistance layer positioned above
the blue light-emitting sub pixel. Still alternatively, the resis-
tance layer may be varied in content of substance contributing
to the resistance layer in terms of conductivity depending on
which part of the resistance layer is positioned above which
sub pixel, i.e., the part of the resistance layer positioned above
the red light-emitting sub pixel, the part of the resistance layer
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positioned above the green light-emitting sub pixel, and the
part of the resistance layer positioned above the blue light-
emitting sub pixel.

[0053] Insome cases, an extraction electrode may be pro-
vided to the outer peripheral region of the organic EL display
device for connecting the second electrode to any external
circuit. In this example, the outer peripheral region of the
organic EL display device is a region enclosing a display
region like a frame, and the display region is a region located
substantially in the center for fulfilling the function of prac-
tical image display as the organic EL display device. The
extraction electrode is disposed to the first or second sub-
strate, and may be configured by a so-called metal film with a
high melting point such as titanium (Ti) film, molybdenum
(Mo) film, tungsten (W) film, tantalum (Ta) film, and others.
The connection between the second electrode and the extrac-
tion electrode may be established by forming an extraction
section of the second electrode on the extraction electrode, for
example. For forming the extraction electrode, the same
methods as described above for forming the first and second
electrodes may be used.

[0054] Inthe light-emitting element in the first aspect of the
invention, or in the organic EL display device of the inven-
tion, the organic layer is sandwiched between the first elec-
trode and the semi-transmissive/reflective film, and is in the
configuration of a resonator. Above the organic layer, the
resistance layer is formed, and on the resistance layer, the
second electrode is formed. Herein, in the light-emitting ele-
ment in the first aspect of the invention, the semi-transmis-
sive/reflective film on the organic layer has the average film
thickness of 1 nm to 6 nm. Such a semi-transmissive/reflec-
tive film very thin in thickness may be generally at least
partially discontinuous. As such, even if the organic layer fails
to provide the full coverage due to a foreign substance (par-
ticle) or a protrusion on the first electrode or due to any height
difference, the second electrode never fails to apply voltage to
the organic layer, and thanks to the existence of the resistance
layer, there is no possibility of causing a short circuit between
the first and second electrodes, and the first electrode does not
come in contact with the semi-transmissive/reflective film.
What is more, in the organic EL display device of the inven-
tion, the semi-transmissive/reflective film on the insulation
layer 1s at least partially discontinuous. Accordingly, even if
the organic layer fails to provide the full coverage due to a
foreign substance or a protrusion on the first electrode or due
to any height difference, the second electrode also never fails
to apply voltage to the organic layer, and thanks to the exist-
ence of the resistance layer, there is no possibility of causing
ashort circuit between the first and second electrodes, and the
first electrode does not come in contact with the semi-trans-
missive/reflective film.

[0055] Also in the light-emitting elements in the second to
sixth aspects of the invention, the organic layer is sandwiched
between the first electrode and the semi-transmissive/reflec-
tive film, and is in the configuration of a resonator. Above the
organic layer, the resistance layer is formed, and on the resis-
tance layer, the second electrode is formed. Herein, even if the
organic layer fails to provide the full coverage due to a foreign
substance or a protrusion on the first electrode or due to any
height difference, the second electrode never fails to apply
voltage to the organic layer, and thanks to the existence of the
resistance layer, there is no possibility of causing a short
circuit between the first and second electrodes. Also in the
light-emitting elements in the second and third aspects of the
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invention, the conditions of interference of light or resonance
thereof are defined by the organic layer, the first electrode,
and the semi-transmissive/reflective film in each of the light-
emitting elements, and in the light-emitting elements in the
fourth to sixth aspects of the invention, restrictions are
applied to the maximum peak wavelength in the spectrum of
the light generated in the light-emitting layer, and to the film
thickness of the organic layer on the first electrode. Therefore,
the viewing angle dependence of luminance and chromaticity
can be reduced to a considerable degree.

[0056] What is more, in the light-emitting elements in the
first to sixth aspects of the invention, or in the organic EL
display device of the invention, as to the characteristics of the
light-emitting elements or those of the organic EL elements,
the same level of reliability as that of the previous light-
emitting elements or that of the organic EL elements can be
ensured because the semi-transmissive/reflective film is con-
figured by Mg—Ag or others that is used in the previous
organic EL elements, and the second electrode is provided
separately from the semi-transmissive/reflective film.

BRIEF DESCRIPTION OF DRAWINGS

[0057] FIG. 11s a schematic partial cross sectional view of
an organic electroluminescent display device in a first
example.

[0058] FIGS.2(A) and (B) are each a schematic view of an
organic layer or others in the organic electroluminescent dis-
play device in the first example.

[0059] FIG. 3 isapartial cross sectional view of the organic
electroluminescent display device in the first example, sche-
matically showing the state of film formation of an organic
layer or others when there is any foreign substance on a first
electrode.

[0060] FIG. 4is a diagram showing schematic layout of the
organic layer or others in the organic electroluminescent dis-
play device in the first example.

[0061] FIGS.5(A), (B), and (C) are each a schematic view
of a first substrate or others showing a partial end surface
thereof for illustrating the outlines of a manufacturing
method of the organic electroluminescent display device in
the first example.

[0062] FIGS. 6(A)and (B)are each another schematic view
of the first substrate or others showing the partial end surface
thereof for illustrating the outlines of the manufacturing
method of the organic electroluminescent display device in
the first example subsequent to that in FIG. 5(C).

[0063] FIGS. 7(A)and (B) are each still another schematic
view of the first substrate or others showing the partial end
surface thereof for illustrating the outlines of the manufactur-
ing method of the organic electroluminescent display device
in the first example subsequent to that in FIG. 6(B).

[0064] FIG. 81s a characteristic diagram showing the result
of a simulation conducted for a proportional change of a
leakage current in the entire current when the entire current
for pixel driving shows a change.

[0065] FIG. 9 is a diagram showing the result of an assess-
ment made as to a ratio of drive voltage to each light-emitting
sub pixel in the organic EL display device, and to the resulting
number of dark dots in a third example.

[0066] FIG. 10 is a schematic partial cross sectional view of
the outer peripheral portion and therearound in the organic
electroluminescent display device in a fourth example.
[0067] FIG. 11 is a diagram schematically showing the
layout of an extraction electrode and a second electrode in the
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outer peripheral portion and therearound in the organic elec-
troluminescent display device in the fourth example.

[0068] FIGS.12(A) and (B) are respectively a graph show-
ing the relationship between the film thickness of a semi-
transmissive/reflective film and the value of an average light
reflectivity, and a graph showing the relationship between the
average light reflectivity and the difference of refractive index
on the interface of a layer being a laminate of two layers
varying in refractive index.

[0069] FIG.13isapartial crosssectional view of a previous
organic electroluminescent display device, schematically
showing the state of film formation of an organic layer or
others when there is any foreign substance on a first electrode.

DESCRIPTION OF EMBODIMENTS

[0070] In the below, by referring to the accompanying
drawings, the present invention is described based on
embodiments. Herein, the invention is not restricted to the
following embodiments, and various numerical values and
materials are only examples.

First Embodiment

[0071] A first embodiment is related to light-emitting ele-
ments in first to sixth aspects of the invention, and to an
organic EL display device of the invention. FIG. 1 shows a
schematic partial cross sectional view of the organic EL dis-
play device of the first embodiment, and FIGS. 2(A) and (B)
each show a schematic view of an organic layer or others. The
organic EL display device of the first embodiment is an
active-matrix organic EL display device for color display, and
is of a top emission type. In other words, through a second
electrode, and also through a second substrate, a light is
emitted.

[0072] The organic EL display device of the first embodi-
ment includes a plurality of (e.g., NxM=2880x540) light-
emitting elements (to be specific, organic EL elements) 10.
Note that one light-emitting element (organic EL element) 10
configures one sub pixel. Accordingly, the organic EL display
device includes (NxM)/3 pixels. Herein, one pixel is config-
ured by three types of sub pixels, including a red light-emit-
ting sub pixel that emits a light of red (configured by the
light-emitting element in the fourth aspect of the invention), a
green light-emitting sub pixel that emits a light of green
(configured by the light-emitting element in the fifth aspect of
the invention), and a blue light-emitting sub pixel that emits a
light of blue (configured by the light-emitting element in the
sixth aspect of the invention).

[0073] As shown in FIG. 1 and FIGS. 2(A) and (B), the
light-emitting element (organic EL. element) in the first
embodiment is expressed as the one including, in this order,
(A) a first electrode 21,

(B) an organic layer 23 including a light-emitting layer 23A
made of an organic light-emitting material,

(C) a semi-transmissive/reflective film 40,

(D) a resistance layer 50, and

(E) a second electrode 22 based on the light-emitting ele-
ments in the first to sixth aspects of the invention. In this
example, the first electrode 21 reflects a light coming from the
light-emitting layer 23 A, and the second electrode 22 passes
through the light coming from the semi-transmissive/reflec-
tive film 40 after passing therethrough.
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[0074] Moreover, the organic EL display device in the first
embodiment is provided with a plurality of organic EL ele-
ments each including

(a) the first electrode 21,

(b) an insulation layer 24 formed with an aperture 25, and
from the bottom portion of the aperture 25, the first electrode
21 is exposed,

(¢) the organic layer 23 provided from the above of the portion
of the first electrode 21 exposed from the bottom portion of
the aperture 25 to the portion of the insulation layer 24 around
the aperture 25, and is provided with the light-emitting layer
23A made of an organic light-emitting material,

(d) the semi-transmissive/reflective film 40 formed at least on
the organic layer 23,

(e) the resistance layer 50 covering the semi-transmissive/
reflective film 40, and

(D) the second electrode 22 formed on the resistance layer 50.
[0075] Herein, in the first embodiment, the first electrode
21 is used as an anode electrode, and the second electrode 22
is used as a cathode electrode. To be specific, the first elec-
trode 21 is made of a light reflective material such as alloys of
Al—Ndwith a thickness 0f 0.2 um, the second electrode 22 is
made of'a transparent conductive material such as ITO or IZO
with a thickness of 0.1 um, and the semi-transmissive/reflec-
tive film 40 is made of a conductive material including mag-
nesium (Mg), and more specifically, is made of alloys of
Mg—Ag with a thickness of 5 nm. The first electrode 21
patterned in any predetermined shape is formed based on a
combination of vacuum evaporation and etching. On the other
hand, the second electrode 22 and the semi-transmissive/
reflective film 40 are both formed by a film-forming method
especially like vacuum evaporation with which the energy of
particles is small in the formed film, and with which the
coverage is poor. The second electrode 22 and the semi-
transmissive/reflective film 40 are not both patterned, and are
each shaped like a sheet. Note that, between the organic layer
23 and the semi-transmissive/reflective film 40, formed is an
electron injection layer (not shown) made of Lif with a thick-
ness of 0.3 nm. Table 2 in the below shows the measurement
result for the first and second electrodes 21 and 22 in terms of
refractive index, the measurement result for the first electrode
21 in terms of light reflectivity, and the measurement result
for the semi-transmissive/reflective film 40 in terms of light
transmittance. Herein, the measurement results are those
derived with the wavelength of 530 nm.

[0076] In the first embodiment, the insulation layer 24 is
made of an insulation material, specifically polyimide resin
having satisfactory flatness, and being low in water absorp-
tion for the aim to protect the organic layer 23 from any
possible deterioration due to moisture, and to keep the inten-
sity level of light emission. The organic layer 23 is in the
lamination configuration including a hole transport layer, and
a light-emitting layer serving also as an electron transport
layer, for example, but in the drawing, may be shown by one
layer.

[0077] In the first embodiment, the first electrode 21 con-
figuring the organic EL element is provided on an inter-layer
insulation layer 16 (more specifically, an upper inter-layer
insulation layer 16B) made of SiO, and formed based on
CVD. This inter-layer insulation layer 16 is covering an
organic EL element drive section formed on a first substrate
11 made of soda-lime glass. The organic EL, element drive
section is configured by a plurality of TFTs, and these TFTs
and the first electrode 21 are electrically connected together
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through a contact plug 18, a wiring pattern 17, and a contact
plug 17A all provided on the inter-layer insulation layer (to be
more specific, the upper inter-layer insulation layer 16B).
Note that, in the drawing, one TFT is shown for one organic
EL element drive section. The TFTs are each configured by a
gate electrode 12 formed on the first substrate 11, a gate
insulation film 13 formed on the first substrate 11 and the gate
electrode 12, a source/drain region 14 provided on a semi-
conductor layer formed on the gate insulation film 13, and a
channel forming region 15 between the source/drain regions
14, corresponding to a portion of the semiconductor layer
located above the gate electrode 12. Note that, in the example
shown in the drawing, the TFTs are exemplified as each being
a bottom gate type, but may be each a top gate type. The gate
electrode 12 of each of the TFTs is connected to a scan circuit
(not shown).

[0078] Inthe first embodiment, on the second electrode 22,
for the purpose of preventing any moisture from reaching the
organic layer 23, an insulative protection film 31 made of
amorphous silicon nitride (81, N,) is provided based on
plasma CVD. On the protection film 31, a second substrate 33
made of soda-lime glass is disposed. The protection film 31
and the second substrate 33 are attached together by an adhe-
sive layer 32 made of acrylic adhesive. Table 2 below shows
the measurement result for the protection film 31 and the
adhesive layer 32 in terms of refractive index. Herein, the
refractive index is the measurement result with the wave-
length of 530 nm.

[0079] Insummary, the detailed configuration of the light-
emitting element in the first embodiment is as shown in Table
1 below.

TABLE 1
Second substrate 33: soda-lime glass
Adhesive layer 32: acrylic adhesive

Protection layer 31:

Second electrode

(Cathode electrode) 22:

Resistance layer 50:
Semi-transmissive/reflective film 40:
Electron injection layer:

Organic layer 23:

SiN, layer (thickness: 5 pm)
ITO layer (thickness: 0.1 pm)

Nb,Os layer (thickness: 0.5 pm)
Mg—Ag layer (thickness: 5 nm)
LiF layer (thickness: 0.3 nm)
will be described later

First electrode (anode electrode) 21:  Al—Nd layer (thickness: 0.2 um)
Inter-layer insulation layer 1€: Si0, layer

TFT: configuring organic EL

element drive section

First substrate 11: soda-lime glass

TABLE 2

Refractive index of First electrode 21

Real Part: 0.755
Imaginary Part: 5.466
Refractive index of Semi-transmissive/reflective film 40

Real Part: 0.617

Imaginary Part: 3.904
Refractive index of Second Electrode 22

Real Part: 1.814

Imaginary Part: 0
Refractive index of Resistance Layer 50

Real Part: 2.285

Imaginary Part: 0
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TABLE 2-continued

Refractive index of Protection Film 31

Real Part: 1.87
Imaginary Part: 0
Refractive index of Adhesive Layer 32

Real Part: 153
Imaginary Part: 0

Light Reflectivity of First Electrode 21: 85%
Light Reflectivity of Semi-transmissive/reflective film 40: 79%
Light Reflectivity of Second Electrode 22: 2%
[0080] In the light-emitting element in the first embodi-

ment, in the expression based on the light-emitting element in
the first aspect of the invention, the semi-transmissive/reflec-
tive film 40 on the organic layer 23 has the average film
thickness of 1 nm to 6 nm (to be specific, 5 nm in the first
embodiment).

[0081] Intheorganic EL display device in the first embodi-
ment, a portion 40A of the semi-transmissive/reflective film
40 is at least partially discontinuous on the insulation layer
24.

[0082] Herein, although the portion 40 A of the semi-trans-
missive/reflective film is at least partially discontinuous on
the insulation layer 24, the portion 40A of the semi-transmis-
sive/reflective film on the insulation layer 24 is partially con-
nected to a portion 40B of the semi-transmissive/reflective
film on the organic layer 23. In some cases, the portion 40A of
the semi-transmissive/reflective film on the insulation layer
24 is not connected to the portion 40B of the semi-transmis-
sive/reflective film on the organic layer 23. Alternatively or in
some cases, in a part of the organic EL elements, the portion
40A of the semi-transmissive/reflective film 40 on the insu-
lation layer 24 is partially connected to the portion 40B of the
semi-transmissive/reflective film 40 on the organic layer 23,
and in the remaining of the organic EL elements, the portion
40A of the semi-transmissive/reflective film 40 on the insu-
lation layer 24 is not partially connected to the portion 40B of
the semi-transmissive/reflective film 40 on the organic layer
23. Herein, the portion 40A of the semi-transmissive/reflec-
tive film 40 on the insulation layer 24 has the average film
thickness thinner than that of the portion 40B of the semi-
transmissive/reflective film 40 on the organic layer 23. As
such, by configuring the portion 40B of the semi-transmis-
sive/reflective film 40 on the organic layer 23 to have the
average film thickness of 1 nm to 6 nm, the portion 40A of the
semi-transmissive/reflective film 40 on the insulation layer 24
is made discontinuous without fail.

[0083] A light emitted in the light-emitting layer 23A is
made to resonate between first and second interfaces 26 and
27, and a part of the resulting light is emitted from the semi-
transmissive/reflective film 40. The first interface 26 is an
interface between the first electrode 21 and the organic layer
23, and the second interface 27 is an interface between the
semi-transmissive/reflective film 40 and the organic layer 23.
[0084] Insuch alight-emitting element in the first embodi-
ment, in the expression based on the light-emitting element in
the second aspect of the invention, or in the expression based
on the preferred structure in the first aspect of the invention,
based on the preferred structure in the light-emitting elements
in the fourth to sixth aspects of the invention, and based on the
preferred structure in the organic EL display device of the
invention, as shown in FIGS. 2(A) and (B), the following
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expressions (1-1) and (1-2) are satisfied, where L, denotes a
distance from the first interface 26 being an interface between
the first electrode 21 and the organic layer 23 to a position on
the light-emitting layer 23 A where the level of light emission
is maximum, OL, denotes an optical distance thereof, L,
denotes a distance from the second interface 27 being an
interface between the semi-transmissive/reflective film 40
and the organic layer 23 to a position on the light-emitting
layer 23 A where the level of light emission is maximum, and
OL, denotes an optical distance thereof.

0.7{~0,/Q2)+m, } S2xOL AE1.2{ 9/ Q)y+m, } (1-1)
0.7{~4o/(250)+m, } S2xOLNE1.2{ 4/ 20+, } (1-2)
[0085] In these expressions,

[0086] A is the maximum peak wavelength in the spectrum
of a light generated in the light-emitting layer 23 A,

[0087] ¢, is the amount of phase shift (unit: radian) of a
reflected light generated on the first interface 26 [where
-2n<¢, =0]

[0088] ¢, is the amount of phase shift (unit: radian) of a
reflected light generated on the second interface 27 [where
—21<,=0],

and the value of (m,, m,) is (0, 0) in the first embodiment.
[0089] Moreover, in the light-emitting element in the first
embodiment, in the expression based on the light-emitting
element in the third aspect of the invention, or in the expres-
sion based on the preferred structure in the first aspect of the
invention, based on the preferred structure of the light-emit-
ting elements in the fourth to sixth aspects of the invention,
and based on the preferred structure of the organic EL display
device of the invention, the following expression is satisfied.

—03={2L)/h+p/(2m)} =03,

where L denotes an optical distance between the first interface
26 being an interface between the first electrode 21 and the
organic layer 23 and the second interface 27 being an intet-
face between the semi-transmissive/reflective film 40 and the
organic layer 23, ¢ radian denotes the sum of phase shift to be
observed when the light generated in the light-emitting layer
23A 1s reflected on the first and second interfaces 26 and 27
[where -2n<¢p=0], and A denotes the maximum peak wave-
length in the spectrum of the light generated in the light-
emitting layer 23A.

[0090] In the first embodiment, the organic layers 23 are
each configured, specifically, by a red light-emitting organic
layer in a red light-emitting organic EL, element (the light-
emitting element in the fourth aspect of the invention) con-
figuring a red light-emitting sub pixel, a green light-emitting
organic layer in a green light-emitting organic EL element
(the light-emitting element in the fifth aspect of the invention)
configuring a green light-emitting sub pixel, and a blue light-
emitting organic layer in a blue light-emitting organic EL
element (the light-emitting element in the sixth aspect of the
invention) configuring a blue light-emitting sub pixel. Such a
plurality of organic EL elements are arranged in various man-
ners, including stripe arrangement, diagonal arrangement,
delta arrangement, or rectangle arrangement.

[0091] The light-emitting element in the fourth aspect of
the invention serving as a red light-emitting organic EL ele-
ment is operated to resonate a light generated in the light-
emitting layer 23A, and to emit a part of the resulting light
from the semi-transmissive/reflective film 40. The light is
made to resonate between the first interface 26 being an
interface between the first electrode 21 and the organic layer
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23, and the second interface 27 being an interface between the
semi-transmissive/reflective film 40 and the organic layer 23.
In this case, the maximum peak wavelength in the spectrum of
the light generated in the light-emitting layer 23 A is of 600
nm to 650 nm (specifically 620 nm in the first embodiment),
and the organic layer 23 on the first electrode 21 has the film
thickness of 1.1107" m to 1.6x10~7 m (specifically, 150 nm in
the first embodiment).

[0092] To be specific, the red light-emitting organic layer
has the configuration as shown in Table 3 below. The position
for the maximum level of light emission is on the interface
between the electron transport layer and the light-emitting
layer (refer to (A)in FIG. 2). Note that, in Table 3 or in Tables
4 and 5 that will be described later, the closer the column to
the bottom means that the layer is closer to the first electrode.

TABLE 3
Material Film Thickness
Electron Transport Idemitsu Kosan, Co., Ltd.: 60 nm
Layer ETORS
Light-emitting Layer  Idemitsu Kosan, Co., Ltd.: 50 nm
RHO01 + Toray Industries, Inc.:
D125 (0.5% dope)
Hole Transport Layer  Idemitsu Kosan, Co., Ltd.: 20 nm
HT320
Hole Injection Layer LG Chem, Ltd.: LGHIL 10 nm
[0093] Further, the light-emitting element in the fifth aspect

of the invention serving as a green light-emitting organic EL
element is operated to resonate a light generated in the light-
emitting layer 23A, and to emit a part of the resulting light
from the semi-transmissive/reflective film 40. The light is
made to resonate between the first interface 26 being an
interface between the first electrode 21 and the organic layer
23, and the second interface 27 being an interface between the
semi-transmissive/reflective film 40 and the organic layer 23.
In this case, the maximum peak wavelength in the spectrum of
the light generated in the light-emitting layer 23 A is of 500
nm to 550 nm (specifically 530 nm in the first embodiment),
and the organic layer 23 on the first electrode 21 has the
thickness of 9x107° m to 1.3x1077 m (specifically, 118 nm in
the first embodiment).

[0094] To bespecific, the green light-emitting organic layer
has the configuration as shown in Table 4 below. Note that the
position for the maximum level of light emission is on the
interface between the electron transport layer and the light-
emitting layer (refer to (B) in F1G. 2).

TABLE 4
Material Film Thickness
Electron Transport Layer Idemitsu Kosan, Co., Ltd.: 30 nm
ETS085
Light-emitting Layer Idemitsu Kosan, Co., Ltd.: 30 nm
BH232 + GD206 (10% dope)
Hole Transport Layer Idemitsu Kosan, Co., Ltd.: 48 1m
HT320
Hole Injection Layer LG Chem, Ltd.: LGHIL 10 nm
[0095] Still further, the light-emitting element in the sixth

aspect of the invention serving as a blue light-emitting
organic EL element is operated to resonate a light generated
in the light-emitting layer 23A, and to emit a part of the
resulting light from the semi-transmissive/reflective film 40.
The light is made to resonate between the first interface 26



US 2011/0121346 Al

being an interface between the first electrode 21 and the
organic layer 23, and the second interface 27 being an intet-
face between the semi-transmissive/reflective film 40 and the
organic layer 23. In this case, the maximum peak wavelength
in the spectrum of the light generated in the light-emitting
layer 23A is 0f 430 nm to 480 nm (specifically 460 nm in the
first embodiment), and the organic layer 23 on the first elec-
trode 21 has the film thickness of 6x107® m to 1.1x10™" m
(specifically, 88 nm in the first embodiment).

[0096] To be specific, the blue light-emitting organic layer
has the configuration as shown in Table 5 below. Note that the
position for the maximum level of light emission is on the
interface between the electron transport layer and the light-
emitting layer (refer to (B) in FIG. 2).

TABLE 5
Material Film Thickness
Electron Transport Layer Idemitsu Kosan, Co., Ltd.: 20 nm
ET085
Light-emitting Layer Idemitsu Kosan, Co., Ltd.: 30 nm
BH232 + BD218 (10% dope)
Hole Transport Layer Idemitsu Kosan, Co., Ltd.: 28 nm
HT320
Hole Injection Layer LG Chem, Ltd.: LGHIL 10 nm

[0097] In the first embodiment, the semi-transmissive/re-
flective film 40 with the thickness of 5 nm is made of alloys of
magnesium (Mg)-silver (Ag), and the volume ratio between
magnesium and silver is Mg:Ag=10:1. The resistance layer
50 is made of niobium oxide (Nb,O;) having the electrical
resistivity of 1x10® Qm (1x10° Q-cm), and the resistance
layer 50 above the organic layer 23 has the thickness of 0.5
pm.

[0098] In such a resistance layer 50, the voltage drop is
observed as below. In this example, the second electrode 22
and the resistance layer 50 are assumed as each having the
following specifications as below.

[0099] [Second Electrode 22]

[0100] Electrical resistivity (p,): 3.0x10™* Q-cm

[0101] Film thickness (d,): 0.1 pm

[0102] Current density flowing through second electrode

22 (7,): 10 mA/cm®

[0103] [Resistance layer 50]

[0104] Electrical resistivity (p,): 1.0x10* Q-cm to 1.0x10°
Q-cm

[0105] Film thickness (d,): 0.5 pm

[0106] Current density flowing through resistance layer 50

(3,): 10 mA/cm?

[0107] Sheet resistance of second electrode 22=(p,/d,)
=30Q/T
[0108] Sheet resistance of resistance layer 50=(p,/d,)=2x

10°Q/0010 2x10"°Q/0)

[0109] Voltage drop in second electrode 22=p,xd,xJ,=3.
0x107''V

[0110] Voltage drop in resistance layer 50=p,xd,xJ,=5mV
to 500 mV

[0111] As described above, when the resistance layer 50 is
made of Nb, O, the voltage drop in the resistance layer 50 is
estimated as being about 0.5 volt at the maximum, and this is
not a value of voltage drop that will cause any specific prob-
lem for the driving of the organic EL elements or the organic
EL display device.

[0112] Table 6 below exemplarily shows the values of A, L,
OL,, 20L,/A, L,, OL,, 20L,/A, n,,., {-2¢,/(27)+m, }, and

ave!
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{-2¢,/(2m)+m,} in the red light-emitting organic layer, the
green light-emitting organic layer, and the blue light-emitting
organic layer. Herein, m,=0, and m,=0.

TABLE 6

Red Green Blue
Light-emitting  Light-emitting  Light-emitting

Unit  Organic Layer Organic Layer Organic Layer

I nm 620 330 460

L nm 80 58 38
OL,; nm 144 110 75.2
20L,/A 0.465 0416 0.327
L, nm 60 60 50
OL, nm 107 109 93.8
20L,/A 0.345 0410 0.408
e 1.793 1.854 1.920
—¢,/(2m) + m 0.399 0.380 0.357
—¢o/(2m) + m; 0.369 0.361 0.352

[0113] Some foreign substance (particle) is often deposited
on the first electrode 21 during the formation and transporta-
tion of the first electrode 21 and others. Also during the
formation of the first electrode 21, the first electrode 21 is
often formed with a protrusion(s). Moreover, during the for-
mation of the organic layer 23, a height difference(s) are
generated. With such a foreign substance(s) and protrusion
(s), as is schematically shown in FIG. 3, the organic layer 23
fails to provide the perfect coverage. Due to the semi-trans-
missive/reflective film 40 formed on the organiclayer 23 to be
very thinas 1 nm to 6 nm in thickness, the first electrode 21 is
formed thereon with a foreign substance(s) or a protrusion(s).
Also when there is any height difference, in the vicinity of a
foreign substance(s), a protrusion(s), or a height difference
(s), during the formation of the semi-transmissive/reflective
film 40, a sort of “separation due to height difference” is
caused, and thus the semi-transmissive/reflective film 40 is
not formed in the vicinity of the foreign substance(s), the
protrusion(s), or the height difference(s). Since the resistance
layer 50 is then formed in such a state, the resistance layer
exists in the region between the portion of the semi-transmis-
sive/reflective film 40 in the periphery of the foreign sub-
stance(s) or the protrusion(s), and the portion of the first
electrode 21 under the foreign substance(s) or beneath the
protrusion(s).

[0114] Moreover, as described above, since the portion 40B
of the semi-transmissive/reflective film 40 on the organic
layer 23 is formed so as to have the average film thickness of
1 nm to 6 nm, the portion 40A of the semi-transmissive/
reflective film 40 on the insulation layer 24 becomes discon-
tinuous. To be more specific, the organic layer 23 including
the light-emitting layer 23 A is provided from the above of the
portion of the first electrode 21 exposed from the bottom
portion of the aperture 25 to the portion of the insulation layer
24 around the aperture 25, and the semi-transmissive/reflec-
tive film 40 is also provided from the above of the organic
layer 23 to the portion of the insulation layer 24 around the
aperture 25. Herein, the portion of the insulation layer 24
around the aperture 25 is sloped down toward the aperture 25.
As such, the portion 40A of the semi-transmissive/reflective
film 40 above the portion of the insulation layer 24 around the
aperture 25 has the film thickness thinner than that of the
portion 40B of the semi-transmissive/reflective film 40 on the
organic layer 23. Therefore, the portion 40A of the semi-
transmissive/reflective film 40 on the portion of the insulation
layer 24 around the aperture 25 becomes discontinuous (in
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pieces). Such a state is schematically shown in FIG. 4, and
therein, the discontinuous portions of the semi-transmissive/
reflective film 40 are filled in with black. Also therein, the
contact plug 18 and the first electrode 21 are each indicated by
dotted lines, and the edge portion of the aperture 25 is indi-
cated by alternate long and short dashed lines. In FIG. 4, such
discontinuous portions are shown as being located at regular
intervals, but actually, the discontinuous portions are located
not at regular intervals.

[0115] When a voltage is applied to the first and second
electrodes 21 and 22 for driving the light-emitting elements,
thanks to the existence of the resistance layer 50 between the
firstand second electrodes 21 and 22, there is no possibility of
causing a short circuit between the first and second electrodes
21 and 22 even if there is any foreign substance or protrusion,
and the first electrode 21 does not come in contact with the
semi-transmissive/reflective film 40, thereby being able to
prevent, without fail, a possibility of any defective pixels and
the shortage of lines. Note that, when the first electrode 21
comes in contact with the semi-transmissive/reflective film
40, the first electrode 21 reaches the same potential as the
semi-transmissive/reflective film 40 so that the light-emitting
layer 23 stops emitting light.

[0116] In the below, by referring to FIGS. 5(A) to (C),
FIGS. 6(A) and (B), and FIGS. 7(A) and (B), described are
the outlines of a manufacturing method of the organic EL
display device of the first embodiment.

[0117] [Step-100]

[0118] First of all, on the first substrate 11, a TFT is manu-
factured to each sub pixel with any known method. The TFT
is configured so as to include the gate electrode 12 formed on
the first substrate 11, the gate insulation film 13 formed on the
first substrate 11 and the gate electrode 12, the source/drain
region 14 provided on a semiconductor layer formed on the
gate insulation film 13, and the channel forming region 15
between the source/drain regions 14, corresponding to a por-
tion of the semiconductor layer located above the gate elec-
trode 12. Herein, in the shown example, the TFT is exempli-
fied as being of a bottom gate type, but may be of a top gate
type. In the TFT, the gate electrode 12 is connected to a scan
circuit (not shown). Next, on the first substrate 11, a lower
inter-layer insulation layer 16A made of Si0, is formed by
CVD s0 as to cover the TFT, and based on the techniques of
photo lithography and etching, the resulting lower inter-layer
insulation layer 16A is formed with an aperture 16' (refer to
FIG. 5(A)).

[0119] [Step-110]

[0120] Next, on the lower inter-layer insulation layer 16A,
the wiring pattern 17 made of aluminum is formed based on
the technique in combination of vapor deposition and etching.
Note that the wiring pattern 17 is electrically connected to the
source/drain area 14 of the TFT through the contact plug 17A
provided inside of the aperture 16'. The wiring pattern 17 is
connected to a signal supply circuit (not shown). Thereafter,
the upper inter-layer insulation layer 16B made of SiO, is
formed entirely thereover by CVD. Next, based on the tech-
niques of photo lithography and etching, an aperture 18' is
formed on the upper inter-layer insulation layer 16B (refer to
FIG. 5(B)).

[0121] [Step-120]

[0122] Thereafter, on the upper inter-layer insulation layer
16B, based on the technique in combination of vacuum
evaporation and etching, the first electrode 21 made of alloys
of A1—Nd is formed (refer to FIG. 5(C)). Note here that the
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first electrode 21 is electrically connected to the wiring pat-
tern 17 through the contact plug 18 provided inside of the
aperture 18'.

[0123] [Step-130]

[0124] Next,on the inter-layer insulationlayer 16 including
the first electrode 21, formed is the insulation layer 24 formed
with the aperture 25, and from the bottom portion of the
aperture 25, the first electrode 21 is exposed (refer to FIG.
6(A)). To be specific, based on the techniques of spin coating
and etching, the insulation 24 made of polyimide resin is
formed with a thickness of 1 pm on the inter-layer insulation
layer 16, and on the portion around the first electrode 21. Note
that the portion of the insulation layer 24 around the aperture
25 is preferably sloped gradually.

[0125] [Step-140]

[0126] Next, the organic layer 23 is formed from the above
of the portion of the first electrode 21 exposed from the
bottom portion of the aperture 25 to the portion of the insu-
lation layer 24 around the aperture 25 (refer to FIG. 6(B)).
Note that the organic layer 23 is in the lamination configura-
tion including, in order, a hole transport layer made of an
organic material, and a light-emitting layer serving also as an
electron transport layer. To be specific, by using the insulation
layer 24 as a sort of spacer, and in the state that a metal mask
(not shown) for the use to form the organic layer 23 config-
uring each sub pixel on the insulation layer 24 is disposed on
aprotrusion of the insulation layer 24, the organic material is
subjected to vapor deposition based on resistance heating.
The organic material passes through an aperture formed on
the metal mask, and from the above of the portion of the first
electrode 21 exposed from the bottom portion of the aperture
25 configuring the sub pixels, is accumulated over the portion
of the insulation layer 24 around the aperture 25.

[0127] [Step-150]

[0128] Thereafter, entirely over the display region, the
semi-transmissive/reflective film 40 is formed so as to have
the average film thickness of 5 nm on the organic layer 23
(referto FI1G. 7(A)). The semi-transmissive/reflective film 40
is covering the entire surface of the organic layer 23 config-
uring NxM pieces of organic EL elements. Note that, as
already described above, the portion 40A of the semi-trans-
missive/reflective film 40 on the insulation layer 24 becomes
at least partially discontinuous. The semi-transmissive/re-
flective film 40 is formed by vapor deposition being a film-
forming method with which the energy of particles is small
enough in the formed film not to affect the organic layer 23,
and with which the coverage is poor. Also, without exposing
the organic layer 23 to the air, by forming the semi-transmis-
sive/reflective film 40 in a vacuum deposition chamber used
for forming the organic layer 23 successively thereafter, the
organic layer 23 can be protected from any possible deterio-
ration due to the moisture and oxygen in the air. To be specific,
by forming a co-deposited film made of Mg—Ag (volume
ratio of 10:1), the semi-transmissive/reflective film 40 can be
produced. Note here that, for forming the semi-transmissive/
reflective film 40, the poor coverage is preferable considering
to make it discontinuous in state. In consideration thereof, the
pressure during the film formation is preferably low, and
desirably 1x107 Pa or lower, for example.

[0129] [Step-160]

[0130] Next, by sputtering, formed is the resistance layer
50 made of niobium oxide (Nb,Os) having the electrical
resistivity of 1x10% Qm (1x10° Q-cm), and with a thickness
of 0.5 um above the organic layer 23. Although the resulting
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resistance layer 50 comes in contact with the second electrode
22, if the resistance value can be increased, and if the current
flowing through the resistance layer 50 can be suppressed to
Y10 or lower of the entire current flowing through one sub
pixel, even if the state of FIG. 3 is observed, this is not
acknowledged as missing pixels or defects such as dark dots
in the display image. When the resistance layer 50 is made of
Nb,O;, the characteristics required for the resistance layer 50
are calculated as above, and the electrical resistivity of 1x10°
Qm to 1x10°® Q-m is preferable. Moreover, considering the
coverage by the shape constraints during the formation of the
resistance layer 50, the pressure during the film formation is
preferably high, and desirably is of 0.1 Pato 10 Pa. Moreover,
when the resistance layer 50 is made of oxide semiconductor,
the resistance layer 50 may sometimes show a change of
electrical resistivity depending on the oxygen content (the
partial pressure of oxygen) during the film formation. How-
ever, when the resistance layer 50 is made of Nb,Oy, even if
the oxygen content shows a change during the film formation
(specifically, even if the partial pressure of oxygen shows a
change from 1x10™*Pato 1x1072Pa), the change is within the
range from 1x10° Q:m to 1x10®* Qm (1x10* Q-cm to 1x10°
Q-cm) so that the electrical resistivity can be stable.

[0131] [Step-170]

[0132] Thereafter, the second electrode 22 is formed
entirely over the display region (refer to FIG. 7(B)). The
second electrode 22 is covering the entire surface of the
organic layer 23 configuring the NxM pieces of organic EL
elements. Note here that the second electrode 22 is insulated
from the first electrode 21 by the resistance layer 50, the
organic layer 23, and the insulation layer 24. The second
electrode 22 is also formed by magnetron sputtering being a
film-forming method with which the energy of particles is
small enough in the formed film not to affect the organic layer
23. Also, without exposing the organic layer 23 to the air, by
forming the second electrode 22 in a vacuum deposition
chamber used for forming the organic layer 23 successively
thereafter, the organic layer 23 can be protected from any
possible deterioration due to the moisture and oxygen in the
air. To be specific, by forming an ITO layer with a thickness
of 0.1 um entirely thereover, the second electrode 22 can be
produced.

[0133] [Step-180]

[0134] Next, on the second electrode 22, an insulative pro-
tection film 31 made of amorphous silicon nitride (Si, N, ) is
formed based on plasma CVD. By forming the protection
layer 31 one after another without exposing the second elec-
trode 22 to the air, the organic layer 23 can be protected from
any possible deterioration due to the moisture and oxygen in
the air. Thereafter, the protection film 31 and the second
substrate 33 are attached together by the adhesive layer 32
made ofacrylic adhesive. Lastly, by establishing a connection
with an external circuit(s), the manufacturing of the organic
EL display device is completed.

[0135] For the purpose of assessment, six prototypes of
organic EL display devices each including 460000 pixels are
produced, and the sum of the missing pixels (dark dots) in
these six prototypes is calculated. The calculation result is as
shown in Table 7.

[0136] Fora comparison purpose, six prototypes of organic
EL display devices are produced, in each of which a semi-
transmissive/reflective film and a resistance layer are not
provided, and the organic layer 23 is formed thereon directly
with a second electrode made of Mg—Ag with a thickness of
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10 nm (except that the semi-transmissive/reflective film and
the resistance layer are not provided, and except that the
second electrode is in the different configuration, the remain-
ing structure and configuration is the same as the organic EL
display device in the first embodiment), and the sum of the
missing pixels (dark dots)in these six prototypes is calculated
as a comparative example 1A. The calculation result is as
shown in Table 7. Also six other prototypes of organic EL
display devices are produced, in each of which a resistance
layer is not provided, and the organic layer 23 is formed
thereon with a semi-transmissive/reflective film and a second
electrode made of Mg—Ag with a thickness of 10 nm (except
that the resistance layer is not provided, the remaining struc-
ture and configuration is the same as the organic EL display
device in the first embodiment), and the sum of the missing
pixels (dark dots) in these six prototypes is calculated as a
comparative example 1B. The calculation result is as shown
in Table 7. As is known from Table 7, in comparison with the
previous organic EL display device, the number of missing
pixels is considerably reduced in the organic EL display
device in the first embodiment. Moreover, for the experimen-
tal purpose, after [Step-150], [Step-180] is carried out with-
out going through [step-160] and [Step-170], and the proto-
types of organic EL display devices are produced. Thereafter,
by using the semi-transmissive/reflective film having a thick-
ness of 5 nm as a second electrode, an assessment is made as
to the state of light emission in each of the prototypes of
organic EL display devices. However, the assessment result
shows that the state of light emission is not satisfactory. In
other words, the semi-transmissive/reflective film with a
thickness of 5 nm is found as not being continuous but is at
least partially discontinuous.

TABLE 7
First Embodiment 4 pieces
Comparative example 1A 36 pieces
Comparative example 1B 267 pieces

[0137] Note that, instead of configuring the semi-transmis-
sive/reflective film using alloys of magnesium (Mg)-silver
(Ag), the film may also be configured using magnesium
(Mg)-calcium (Ca). To be specific, the volume ratio between
magnesium and calcium is Mg:Ca=9:1, and the resulting
semi-transmissive/reflective film has the thickness of 2 nm.
Such a semi-transmissive/reflective film can be produced by
vapor deposition.

Second Embodiment

[0138] A second embodiment is a modification of the first
embodiment, and therein, a resistance layer is in the lamina-
tion configuration including first and second resistance layers
from the side of an organic layer, and the second resistance
layer has the electrical resistivity higher than that of the first
resistance layer. In this second embodiment, the first and
second resistance layers are both made of Nb,O,, and by
changing the partial pressure of oxygen during the film for-
mation by sputtering using Nb, O, the first and second resis-
tance layers respectively have the values of electrical resis-
tivity R, and R, as below.

[0139] Electrical resistivity R, of First resistance layer:
1x10°Q:m (1x10* Q-cm)

[0140] Electrical resistivity R, of Second resistance layer:
1x10% Q:m (1x10° Q-cm)
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[0141] When the resistance layer is measured for a voltage
drop therein, in comparison with the measurement result of
voltage drop in a resistance layer configured by a single layer
(electrical resistivity: 1x10°Q-m (1x10° Q-cm), inthe second
embodiment, the voltage drop is small in value so that the
drive voltage can be favorably reduced. Note that the sum of
the missing pixels (dark dots) is the same as that in the first
embodiment.

[0142] Except that the resistance layer is in the different
configuration, in the second embodiment, the organic EL
display device, the light-emitting element, and the organic EL
element can respectively have the same structure and configu-
ration as the organic EL display device, the light-emitting
element, and the organic EL element in the first embodiment,
and thus a detailed description is not given again.

Third Embodiment

[0143] A third embodiment is also a modification of the
first embodiment. In the first embodiment, the part of the
resistance layer positioned above the red light-emitting sub
pixel may have the electrical resistance value (electrical resis-
tance value per unit area of the resistance layer. The same is
applicable to below) R, which is the same as the electrical
resistance value R; of the part of the resistance layer posi-
tioned above the green light-emitting sub pixel, and as the
electrical resistance value R ; of the part of theresistance layer
positioned above the blue light-emitting sub pixel. In other
words, the entire surface is covered uniformly by the resis-
tance layer. Herein, generally, the blue light-emitting sub
pixel with a short wavelength of light emission has the optical
distance L shorter than optical distances L; and L, respec-
tively for the green light-emitting sub pixel and the red light-
emitting sub pixel each with a longer wavelength of light
emission. Therefore, there needs to reduce the thickness of
the organic layer in the blue light-emitting sub pixel to be
thinner than the thickness of the organic layer in the green
light-emitting sub pixel and that in the red light-emitting sub
pixel. This resultantly increases the possibility of causing a
short circuit especially between the first and second elec-
trodes in the blue light-emitting sub pixel, and thus the resis-
tance layer in the blue light-emitting sub pixel is required to
be the thickest among all. On the other hand, having a depen-
dency on the material configuring each of the light-emitting
sub pixels, and a dependency on the film thickness of the
organic layer, generally, the blue light-emitting sub pixel, the
green light-emitting sub pixel, and the red light-emitting sub
pixel have different values of drive voltage in ascending order
of value, i.e., the blue light-emitting sub pixel, the red light-
emitting sub pixel, and the green light-emitting sub pixel.
However, the blue light-emitting sub pixel, the green light-
emitting sub pixel, and the red light-emitting sub pixel are
preferably have the values of drive voltage as close as pos-
sible. When the blue light-emitting sub pixel, the green light-
emitting sub pixel, and the red light-emitting sub pixel have
varying values of drive voltage, such avalue variation of drive
voltage is preferably reduced as much as possible. Moreover,
when the pixel area varies thereamong, when an expression of
Area of red light-emitting sub pixel=Area of green light-
emitting sub pixel<Area of blue light-emitting sub pixel is
established, the larger the pixel area, the larger the number of
dark dots will be.

[0144] FIG. 8 shows the result of a simulation conducted
for a proportional change of a leakage current in the entire
current when the entire current for pixel driving shows a
change. When the entire current is reduced, the proportion of
the leakage current due to any foreign substance is increased.
Moreover, when the resistance of the resistance layer is
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increased, the result shows that the proportion of the leakage
current is suppressed. Herein, in FIG. 8, a curve “A” denotes
data when the resistance layer has the resistance of 1x10*Q,
a curve “B” denotes data when the resistance layer has the
resistance of 1x10°Q, and a curve “C” denotes data when the
resistance layer has the resistance of 1x10°Q.

[0145] In the third embodiment, for the aim to equalize as
much as possible the values of drive voltage between the blue
light-emitting sub pixel, the green light-emitting sub pixel,
and the red light-emitting sub pixel, the resistance layer may
be varied in resistance value per unit area depending on which
part of the resistance layer is positioned above which sub
pixel, i.e., the part of the resistance layer positioned above the
red light-emitting sub pixel may have the electrical resistance
value R, per unit area, the part of the resistance layer posi-
tioned above the green light-emitting sub pixel may have the
electrical resistance value R ; per unit area, and the part of the
resistance layer positioned above the blue light-emitting sub
pixel may have the electrical resistance value R ; per unit area.
In other words, expressions of R;>R;, and R ;>R are satis-
fied. To be more specific,

Rp=1350Q-cm?
R=350 Qcm?

Rz=100 Q-cm?

This accordingly enables to equalize as much as possible the
values of drive voltage between the blue light-emitting sub
pixel, the green light-emitting sub pixel, and the red light-
emitting sub pixel, thereby being able to minimize the value
increase of drive voltage, and what is more, being able to
prevent a possibility of causing a short circuit between the
first and second electrodes without fail.

[0146] Anembodiment3-A inFIG.9 shows the result of an
assessment made as to the ratio of drive voltage to each
light-emitting sub pixel, and to the resulting number of dark
dots in an organic EL display device having the resistance
values per unit as below.

Rp=96 Q-cm’
R=96 Q-cm’

Rzp=41 Q-em?

Further, an embodiment 3-B in FIG. 9 shows the result of an
assessment made as to the ratio of drive voltage to each
light-emitting sub pixel, and to the resulting number of dark
dots in an organic EL display device having the resistance
values per unit as below.

Rp=96 Q-cm?
Rg=41 Qcm’

Rz=41 Q-cm’

Still further, a comparative example 3-A in FIG. 9 shows the
result of an assessment made as to the ratio of drive voltage to
each light-emitting sub pixel, and to the resulting number of
dark dots in an organic EL display device having the resis-
tance values per unit as below.

Rp=41 Q-cm?
Rgs=41 Qcm?
Rp=41 Q-em?®

Still further, a comparative example 3-B in FIG. 9 shows the
result of an assessment made as to the ratio of drive voltage to



US 2011/0121346 Al

each light-emitting sub pixel, and to the resulting number of
dark dots in an organic EL display device having the resis-
tance values per unit as below.

Rp=96 Qcm’
Rg=96 Q-cm?
Rz=96 Qcm?

[0147] As is evident from FIG. 9, a lower resistance value
increases the number of dark dots but can suppress the drive
voltage to be low (refer to Comparative example 3-B). On the
other hand, a higher resistance value reduces the number of
dark dots but increases the drive voltage (refer to Comparative
example 3-A). The number of dark dots is reduced in order of
the blue light-emitting sub pixel, the green light-emitting sub
pixel, and the red light-emitting sub pixel. On the other hand,
in the embodiments 3-A and 3-B, by satisfying the expres-
sions of Rz>R;, and R;>R,, a good balance is achieved
between the number of dark dots and the drive voltage.

[0148] In consideration thereof, the resistance layer is var-
ied in thickness depending on which part of the resistance
layer is positioned above which sub pixel, i.e., the part of the
resistance layer positioned above the red light-emitting sub
pixel, the part of the resistance layer positioned above the
green light-emitting sub pixel, and the part of the resistance
layer positioned above the blue light-emitting sub pixel, for
example. To be specific, after the resistance layer is formed,
the part of the resistance layer positioned above the red light-
emitting sub pixel is formed thereon with a resist layer. There-
after, the part of the resistance layer positioned above the red
light-emitting sub pixel is coated by the resist layer, and then
the part of the resistance layer positioned above the green
light-emitting sub pixel and that above the blue light-emitting
sub pixel are both exposed. The part of the resistance layer
positioned above the green light-emitting sub pixel and that
above the blue light-emitting sub pixel are each partially
etched in the thickness direction. Next, the resist layer is
removed, and the part of the resistance layer positioned above
the red light-emitting sub pixel and that above the green
light-emitting sub pixel are both coated by the resist layer.
The part of the resistance layer positioned above the blue
light-emitting sub pixel is then exposed, and the part of the
resistance layer positioned above the blue light-emitting sub
pixel is partially etched in the thickness direction. Alterna-
tively, the resistance layer may be varied in material depend-
ing on which part of the resistance layer is positioned above
which sub pixel. i.e., the part of the resistance layer positioned
above the red light-emitting sub pixel, the part of the resis-
tance layer positioned above the green light-emitting sub
pixel, and the part of the resistance layer positioned above the
blue light-emitting sub pixel (e.g., in the second embodiment,
after the first and second resistance layers are formed, the part
of the second resistance layer positioned above the red light-
emitting sub pixel and that above the green light-emitting sub
pixel are both removed by etching). Still alternatively, the
resistance layer may be varied in content of substance con-
tributing to the resistance layer in terms of conductivity
depending on which part of the resistance layer is positioned
above which sub pixel, i.e., the part of the resistance layer
positioned above the red light-emitting sub pixel, the part of
the resistance layer positioned above the green light-emitting
sub pixel, and the part of the resistance layer positioned above
the blue light-emitting sub pixel.
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Fourth Embodiment

[0149] A fourth embodiment is also a modification of the
first embodiment. In the fourth embodiment, an extraction
electrode 60 is provided to the outer peripheral region of the
organic EL display device for connecting the second elec-
trode 22 to any external circuit (not shown). In the fourth
embodiment, the extraction electrode 60 is provided to the
outer peripheral portion of the first substance 11, and is con-
figured by a titanium (Ti) film. In the second electrode 22, an
extension portion 22A is extended onto the extraction elec-
trode 60. FIG. 10 shows a schematic partial cross sectional
view of the outer peripheral region and therearound in the
organic EL display device in the fourth embodiment, and
FIG. 11 schematically shows the layout of the extraction
electrode 60 and the second electrode 22 in the outer periph-
eral region and therearound. Herein, in FIG. 11, the outer
periphery of the extraction electrode 60 is indicated by a solid
line, and the inner periphery thereof is indicated by dotted
lines. For clearly indicating the extraction electrode 60, the
extraction electrode 60 is hatched from upper right to lower
left. On the other hand, for clearly indicating the second
electrode 22 including the extension portion 22A, the second
electrode 22 is hatched from upper left to lower right. As to
the extraction electrode 60, during any process in [Step-100]
to [Step-130] in the first embodiment, or during any process
between these steps, the extraction electrode 60 may be pro-
vided in such a manner as to enclose the display region like a
frame based on the technique in combination of sputtering
and etching, or by PVD using a metal mask or by lift-off, for
example. Note that when the extraction electrode 60 is over-
laid on the various types of wiring patterns or others provided
on the first substrate 11, an insulation film may be provided
between the extraction electrode 60 and such various types of
wiring patterns.

[0150] As such, the present invention is described based on
the preferred embodiments, but the invention is surely not
restrictive to such embodiments. In the embodiments, the
structure and configuration of the organic EL display device
and those of the organic EL element, and the material con-
figuring the organic EL display device and that of the organic
EL element are all only examples, and surely can be changed
as appropriate. In the embodiments, the second substrate is
disposed above the second electrode, but alternatively, the
lamination order may be reversed, and as shown in Table 8
below, the first substrate may be disposed below the second
electrode.

TABLE 8

Second substrate 33:

Adhesive layer 32:

Protection layer 31:

First electrode (Anode electrode) 21:
Organic layer 23:

Electron injection Layer:
Semi-transmissive/reflective film 40:
Resistance layer 50:

Second electrode

Soda-lime glass

Acrylic adhesive

SiNx layer (thickness: 5 pm)
Al—Nd layer (thickness: 0.2 pm)
as described above

LiF layer (thickness: 0.3 nm)
Mg—Ag layer (thickness: 5 nm)
Nb,Os layer (thickness: 0.5 pm)
ITO layer (thickness: 0.1 pm)

(Cathode Electrode) 22:

Inter-layer insulation layer 16: SI0, layer

TFT: configuring organic EL element
drive section

First substrate 11: Soda-lime glass

[0151] In the embodiments, the organic layer is formed to
each of the light-emitting sub pixels, but in some cases, alter-
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natively, the red light-emitting sub pixel and the green light-
emitting sub pixel may be each formed thereon with an
organic layer configuring the blue light-emitting sub pixel. In
other words, as an alternative configuration, an organic layer
configuring a blue light-emitting sub pixel may be formed
entirely over the display region. If this is the configuration,
the red light-emitting sub pixel may have the lamination
configuration including an organic layer emitting a light of
red, and another organic layer emitting a light of blue, and in
such a configuration, a current flow between the first and
second electrodes leads to light emission of red in color.
Similarly, the green light-emitting sub pixel may have the
lamination configuration including an organic layer emitting
a light of green, and another organic layer emitting a light of
blue, and in such a configuration, a current flow between the
first and second electrodes leads to light emission of green in
color.

[0152] FIG. 12(A) exemplarily shows a relationship
between the film thickness of the semi-transmissive/reflective
film 40 and the value of average light reflectivity with a
wavelength of 530 nm. As shown in the drawing, when the
semi-transmissive/reflective film 40 is reduced in film thick-
ness, the value of average light reflectivity becomes closer to
0. As such, when the semi-transmissive/reflective film 40 is
reduced in film thickness as such, the resulting semi-trans-
missive/reflective film 40 starts passing through most of the
light. Moreover, FIG. 12(B) exemplarily shows a relationship
between, when a light with a wavelength of 530 nm comes
from a certain layer A to a layer adjacent to the layer A, the
average light reflectivity during the light reflection on the
interface between the layers A and B, and a difference An of
the refractive index of a material configuring the layer A and
the refractive index of a material configuring the layer B. As
shown in the drawing, based on Fresnel reflection, the larger
the value of An, the larger the value of average light reflec-
tivity becomes.

[0153] As such, when the semi-transmissive/reflective film
40 is reduced in film thickness, and when the resulting semi-
transmissive/reflective film 40 starts passing through most of
the light, light reflection occurs on a third interface being an
interface between the semi-transmissive/reflective film 40
and the resistance layer 50. Alternatively, when the resistance
layer 50 is in the lamination configuration including at least
two resistance layers, light reflection occurs mainly on a
fourth interface being an interface between the first and sec-
ond resistance layers due to a dependency on the semi-trans-
missive/reflective film 40, and on the material or others con-
figuring the resistance layer in the lamination configuration.
As aresult, the light generated in the light-emitting layer can
be made to resonate between the first interface being an
interface between the first electrode 21 and the organic layer
23, and the third interface being an interface between the
semi-transmissive/reflective film 40 and the resistance layer
50. Alternatively, the light generated in the light-emitting
layer can be made to resonate between the first interface being
an interface between the first electrode 21 and the organic
layer 23, and the fourth interface being an interface between
the first and second resistance layers. Still alternatively, the
light generated in the light-emitting layer can be made to
resonate between the first and third interfaces, and the light
generated in the light-emitting layer can be made to resonate
between the first and fourth interfaces.

[0154] Assuch, insuchacase, in the light-emitting element
in the second aspect of the invention, as alternatives to the
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distance L, denoting a distance from the second interface
being an interface between the semi-transmissive/reflective
film and the organic layer to the position on the light-emitting
layer where the level of light emission is maximum, and the
optical distance OL, denoting an optical distance thereof, the
distance [, may denote a distance from the third or fourth
interface to the position on the light-emitting layer where the
level of light emission is maximum, and the optical distance
OL, may denote an optical distance thereof. Such an aspect is
also included in the light-emitting element in the second
aspect of the invention. Moreovet, ¢, is assumed to denote the
amount of phase shift (unit: radian) of a reflected light gen-
erated on the third or fourth interface [where -2n<¢,=0]. On
the other hand, in the light-emitting element in the third
aspect of the invention, as alternatives to the optical distance
L denoting a distance from the second interface being an
interface between the semi-transmissive/reflective film and
the organic layer, and ¢ radian denoting the sum of phase shift
to be observed when the light generated in the light-emitting
layer is reflected on the first and second interfaces [where
-2n<¢=0], the optical distance L may denote an optical
distance from the third or fourth interface, and ¢ radian may
denote the sum of phase shift to be observed when the light
generated in the light-emitting layer is reflected on the first
and third interfaces or on the fourth interface [where
-27<¢0]. Such an aspect is also included in the light-emitting
element in the third aspect of the invention. Moreover, in the
light-emitting elements in the fourth, fifth, and sixth aspects
of the invention, instead of resonating the light generated in
the light-emitting layer between the first interface being an
interface between the first electrode and the organic layer and
the second interface being an interface between the semi-
transmissive/reflective film and the organic layer, and instead
of emitting a part of the resulting light from the semi-trans-
missive/reflective film, the light generated in the light-emit-
ting later may be made to resonate between the first interface
being an interface between the first electrode and the organic
layer and the third or fourth interface, and a part of the
resulting light may be emitted from the semi-transmissive/
reflective film. Such an aspect is also included in the light-
emitting elements in the fourth, fifth, and sixth aspects of the
invention.

[0155] As described above, when light reflection occurs
mainly on the third interface being an interface between the
semi-transmissive/reflective film 40 and the resistance layer
50, or when light reflection occurs mainly on the fourth inter-
face being an interface between the first and second resistance
layers, the “second interface being an interface between the
semi-transmissive/reflective film and the organic layer” may
be replaced with the “third interface being an interface
between the semi-transmissive/reflective film and the resis-
tance layer” or the “fourth interface being an interface
between the first and second resistance layers”.

[0156] To be specific, in a light-emitting element produced
to have the configuration as shown in Table 9 below, i.e., a
resistance layeris a combination of first and second resistance
layers, light reflection occurs on a third interface being an
interface between a semi-transmissive/reflective film and the
resistance layer, and on a fourth interface being an interface
between the first and second resistance layers. In comparison
with a light-emitting element in which a resistance layer is
configured only by a second resistance layer, the efficiency of
light emission is 1.3 times higher. Note that, for the relation-
ship between the refractive index n, of a material configuring
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the first resistance layer, the refractive index n, of a material
configuring the second resistance layer, and the refractive
index n,, of a material configuring the top layer of the organic
layer, the efficiency is a high priority as

-0.6=ng-n,=-0.4

0.4%=n,-1n,20.9

TABLE 9

Second substrate:
Adhesive layer:
Protection layer:
Second electrode:
Second resistance layer:

First resistance layer:

Semi-transmissive/reflective film:
Organic layer (entirely):

First electrode:

Inter-layer insulation layer:

TFT:

First substrate:

soda-lime glass

Acrylic adhesive

SiN, layer (thickness: 5 um)
ITO layer (thickness: 0.1 pm)
Thickness 0.5 um

(Refractive index n,: 1.7)
Thickness 0.06 pm

(Refractive index n;: 2.4)
Mg—Ag layer (thickness: 2 nm)
Thickness 130 nm

(Refractive index ng: 1.8)
Al—Nd layer (thickness: 0.2 pm)
SiO, layer

configuring organic EL element
drive section

Soda-lime glass

1. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material;

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through, and

the semi-transmissive/reflective film on the organic layer
has an average film thickness of 1 nm to 6 nm both
inclusive.

2. The light-emitting element according to claim 1,

wherein the semi-transmissive/reflective film is made of
alloys of magnesium-silver, aluminum, or silver.
3. The light-emitting element according to claim 1,

wherein

amaterial configuring the resistance layer has an electrical
resistivity of 1x10° Q:m to 1x10'°Q-m both inclusive,
and the resistance layer above the organic layer has a
thickness of 0.1 um to 2 um both inclusive.

4. The light-emitting element according to claim 1,

wherein

there is a foreign substance or a protrusion on the first
electrode, the semi-transmissive/reflective film is not
formed to a region proximal to the foreign substance or
the protrusion, and the resistance layer exists in a region
between a portion of the semi-transmissive/reflective
film in the periphery of the foreign substance or the
protrusion, and a portion of the first electrode under the
foreign substance or beneath the protrusion.

5. The light-emitting element according to claim 1,

wherein

a light generated in the light-emitting layer is made to
resonate between a first interface being an interface
between the first electrode and the organic layer and a
second interface being an interface between the semi-
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transmissive/reflective film and the organic layer, and a
part of the resulting light is emitted from the semi-
transmissive/reflective film.

6. The light-emitting element according to claim 5,

wherein

when a distance from the first interface being an interface
between the first electrode and the organic layer to a
position on the light-emitting layer where a level of light
emission is maximum is L, an optical distance thereofis
OL,, a distance from the second interface being an intet-
face between the semi-transmissive/reflective film and
the organic layer to the position on the light-emitting
layer where a level of light emission is maximum is L,,
and an optical distance thereof is OL.,, expressions (1-1)
and (1-2) below are satisfied,

0.7{=¢y/Qmy+m, } S2xOL /A=1.2{~¢,/2m)+m, } {1-1

0.7{ =/ Q)+, } Z2xOLNZ1.2{ o/ 270)+5} {1-2)

where A is a maximum peak wavelength in a spectrum of the
light generated in the light-emitting layer,

¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the first interface (where -2n<¢, =0)

¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the second interface (where
-2m<$,=0), and

a value of (m,, m,) is (0, 0), (1, 0), or (0, 1).

7. The light-emitting element according to claim 5,

wherein

when an optical distance between the first interface being
an interface between the first electrode and the organic
layer and the second interface being an interface
between the semi-transmissive/reflective film and the
organic layer is L, a sum of phase shift to be observed
when the light generated in the light-emitting layer is
reflected on the first and second interfaces is ¢ radian
[where -2n<$=0], and a maximum peak wavelength in
a spectrum of the light generated in the light-emitting
layer is A,

an expression of

0.7={2D)M+/2m)}=1.3
or

-0 3={ L)/ (2m)} =03

1s satisfied.

8. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material;

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through, and

when a distance from a first interface being an interface
between the first electrode and the organic layer to a
position on the light-emitting layer where a level of light
emission is maximum is L, , an optical distance thereof’is
OL,, a distance from a second interface being an inter-
face between the semi-transmissive/reflective film and
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the organic layer to a position on the light-emitting layer
where alevel of light emission is maximum is L,, and an
optical distance thereof is OL,, expressions (1-1) and
(1-2) below are satisfied,

0.7{=¢,/2m)+m, } S2xOL /A=1.2{~¢,/(2)+m, } (1-1)

0.7{=,/ (2}, } E2xOLNEL2{ ) 2m)+m, (1-2)

where A is a maximum peak wavelength in a spectrum of a
light generated in the light-emitting layer,

i

N

¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the first interface (where -2m<¢, =0)

¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the second interface (where
-27<¢,=0), and

avalue of (m,;, m,) is (0, 0), (1, 0), or (0, 1).

9. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material;

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through, and

when an optical distance between a first interface being an
interface between the first electrode and the organic
layer and a second interface being an interface between
the semi-transmissive/reflective film and the organic
layer is L, a sum of phase shift to be observed when a
light generated in the light-emitting layer is reflected on
the first and second interfaces is ¢ radian [where
-2n<$=0], and a maximum peak wavelength in a spec-
trum of the light generated in the light-emitting layer is
}\’7

an expression of

0.7={(20) A+ (2m)} 1.3
or

—03={(2L)A+/(2m)} =0.3

satisfied.

10. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material;

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through,

a light generated in the light-emitting layer is made to
resonate between a first interface being an interface
between the first electrode and the organic layer and a
second interface being an interface between the semi-
transmissive/reflective film and the organic layer, and a
part of the resulting light is emitted from the semi-
transmissive/reflective film,

18
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a maximum peak wavelength in a spectrum of the light
generated in the light-emitting layer is in a range from
600 nm to 650 nm both inclusive, and

the organic layer on the first electrode has a film thickness
inarange from 1.1x10~" mto 1.6x10~" m both inclusive.

11. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material;

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through,

a light generated in the light-emitting layer is made to
resonate between a first interface being an interface
between the first electrode and the organic layer and a
second interface being an interface between the semi-
transmissive/reflective film and the organic layer, and a
part of the resulting light is emitted from the semi-
transmissive/reflective film,

a maximum peak wavelength in a spectrum of the light
generated in the light-emitting layer is in a range from
500 nm to 550 nm both inclusive, and

the organic layer on the first electrode has a film thickness
in a range from 9x10~° m to 3x10~7 m both inclusive.

12. A light-emitting element, comprising:

(A) a first electrode;

(B) an organic layer including a light-emitting layer made
of an organic light-emitting material,

(C) a semi-transmissive/reflective film;

(D) a resistance layer; and

(E) a second electrode, in this order, wherein

the first electrode reflects a light coming from the light-
emitting layer,

the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through,

a light generated in the light-emitting layer is made to
resonate between a first interface being an interface
between the first electrode and the organic layer and a
second interface being an interface between the semi-
transmissive/reflective film and the organic layer, and a
part of the resulting light is emitted from the semi-
transmissive/reflective film,

a maximum peak wavelength in a spectrum of the light
generated in the light-emitting layer is in a range from
430 nm to 480 nm both inclusive, and

the organic layer on the first electrode has a film thickness
in a range from 6x107% m to 1.1x10~7 m both inclusive.

13. An organic electroluminescent display device, includ-

ing a plurality of organic electroluminescent elements each
comprising:

(a) a first electrode;

(b) an insulation layer including an aperture, and from a
bottom portion of the aperture, the first electrode is
exposed,;

(c) an organic layer that is disposed from the above of a
portion of the first electrode exposed from the bottom
portion of the aperture to a portion of the insulation layer
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around the aperture, and includes a light-emitting layer
made of an organic light-emitting material;
(d) a semi-transmissive/reflective film formed at least on
the organic layer;
(e) a resistance layer covering the semi-transmissive/re-
flective film; and
(D) a second electrode formed on the resistance layer, in this
order, wherein
the first electrode reflects a light coming from the light-
emitting layer,
the second electrode passes through a light coming from
the semi-transmissive/reflective film after passing there-
through, and
a portion of the semi-transmissive/reflective film on the
insulation layer is at least partially discontinuous.
14. The organic electroluminescent display device accord-
ing to claim 13, wherein
the semi-transmissive/reflective film on the organic layer
has an average film thickness of 1 nm to 6 nm both
inclusive.
15. The organic electroluminescent display device accord-
ing to claim 13, wherein
the semi-transmissive/reflective film is made of alloys of
magnesium-silver, aluminum, or silver.
16. The organic electroluminescent display device accord-
ing to claim 13, wherein
amaterial configuring the resistance layer has an electrical
resistivity of 1x10° Q:m to 1x10'° Q:m both inclusive,
and the resistance layer above the organic layer has a
thickness of 0.1 um to 2 um both inclusive.
17. The organic electroluminescent display device accord-
ing to claim 13, wherein
there is a foreign substance or a protrusion on the first
electrode, the semi-transmissive/reflective film is not
formed to a region proximal to the foreign substance or
the protrusion, and the resistance layer exists in a region
between a portion of the semi-transmissive/reflective
film in the periphery of the foreign substance or the
protrusion, and a portion of the first electrode under the
foreign substance or beneath the protrusion.
18. The organic electroluminescent display device accord-
ing to claim 13, wherein
a light generated in the light-emitting layer is made to
resonate between a first interface being an interface
between the first electrode and the organic layer and a
second interface being an interface between the semi-
transmissive/reflective film and the organic layer, and a
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part of the resulting light is emitted from the semi-
transmissive/reflective film.

19. The organic electroluminescent display device accord-

ing to claim 18, wherein

when a distance from the first interface being an interface
between the first electrode and the organic layer to a
position on the light-emitting layer where a level of light
emission is maximum is L |, an optical distance thereof’is
OL,, adistance from the second interface being an inter-
face between the semi-transmissive/reflective film and
the organic layer to a position on the light-emitting layer
where a level of light emission is maximum is L,, and an
optical distance thereof is OL,, expressions (1-1) and
(1-2) below are satisfied,

0.7{=/Quy+m, }=2xOL A=1.2{~p/ 27+, } (1-1)

0.7{=¢/ 2 +m, } 2K OLL/AE1.2{~ 4/ (2m0)+m5 } {1-2)

where A is a maximum peak wavelength in a spectrum of the
light generated in the light-emitting layer,
¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the first interface (where -2m<¢, =0)
¢, is an amount of phase shift (unit: radian) of a reflected
light generated on the second interface (where
-2n<¢,=0), and
a value of (m;, m,) is (0, 0), (1, 0), or (0, 1).
20. The organic electroluminescent display device accord-
ing to claim 18, wherein
when an optical distance between the first interface being
an interface between the first electrode and the organic
layer and the second interface being an interface
between the semi-transmissive/reflective film and the
organic layer is L, a sum of phase shift to be observed
when the light generated in the light-emitting layer is
reflected on the first and second interfaces is ¢ radian
[where -2n<$=0], and a maximum peak wavelength in
a spectrum of the light generated in the light-emitting
layer is A,
an expression of

0.7={QL)A+/(2m)} 1.3
or

—03={(2L)A+/(2m)} =0.3

is satisfied.
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