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7) ABSTRACT

There is provided an organic EL element including an anode,
a cathode, and an organic layer, wherein the cathode
includes a protective conductor layer which faces the
organic layer, a main conductor layer which is interposed
between the protective conductor layer and the organic layer,
and a barrier layer which is interposed between the protec-
tive conductor layer and the main conductor layer and made
of an insulator or a semiconductor.
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ORGANIC EL ELEMENT AND ORGANIC EL
DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Appli-
cation No. PCT/JP03/14706, filed Nov. 19, 2003, which was
published under PCT Article 21(2) in Japanese.

[0002] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2002-336962, filed Nov. 20, 2002, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to an organic EL
(electro-luminescent) element and organic EL display.

[0005] 2. Description of the Related Art

[0006] Along with the recent development of the infor-
mation society, various kinds of mobile devices and terminal
devices are increasingly becoming popular. Demand for
reduction of power consumption in displays mounted on the
devices is growing ever.

[0007] An organic EL element is a self-emission element
and constitutes a light-emitting diode in which an organic
layer including a light-emitting layer is sandwiched between
a cathode and an anode.

[0008] The organic EL element can emit light upon appli-
cation of a low voltage of 10 V or less. The organic EL
element can also realize various emission colors including
three colors: blue, green, and red. From these viewpoints,
organic EL displays have received a great deal of attention
as flat panel displays of next generation that should replace
liquid crystal displays. However, many organic EL displays
reduce by half the luminance within 10,000 hrs. That is, no
current organic EL displays have a sufficient long panel life,
unlike liquid crystal displays.

[0009] A luminance half-life T of an organic EL element is
closely related to its drive current density J necessary for
obtaining a desired panel front luminance L on an organic
EL display. As is experimentally known, the luminance
half-life t can be expressed by

teel (F=n/L @

[0010] where m is the luminous efficiency of the organic
EL element.

[0011] As is apparent from equation (1), the higher the
drive current density becomes, the faster luminance degra-
dation progresses. To increase the reliability or life of the
organic EL element while maintaining the luminance L at a
predetermined value, the luminous efficiency m should be
increased.

[0012] The luminous efficiency m of the organic EL ele-
ment is given by
N=P,  xPrxPoyr @

[0013] where @, is the electron/hole injection balance,
® is the recombination radiation efficiency of the light-
emitting layer material, and ®q;r is the outcoupling effi-
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ciency. @y is a value determined by the light emission
capability of each of the R, G, and B light-emitting mate-
rials. ®,yr is a value determined by the three-dimensional
structure of the device. To increase the luminous efficiency
1 without changing the materials and device structure, it is
effective to improve the electron/hole injection balance @, .

[0014] To increase the electron/hole injection balance
®_,, generally, the cathode structure is optimized. For
example, Jpn. Pat. Appln. KOKAI Publication No. 10-74586
describes, as the cathode of an organic EL element 30, a
two-layered cathode having an Y/X structure including a
contact layer (referred to as an X layer hereinafter) 32x and
a cathode conductor layer (referred to as an Y layer here-
inafter) 32y, as shown in FIG. 1. Referring to FIG. 1,
reference numeral 31 denotes an anode; and 33, an organic
layer. Jpn. Pat. Appln. KOKAI Publication No. 2000-
164359 describes a three-layered cathode having an M/Y/X
structure further including a protective conductor layer
(referred to as an M layer hereinafter) 32m on the Y layer,
as shown i FIG. 2.

[0015] In an Y/X cathode 32 shown in FIG. 1, Al is used
as the material of the Y layer 32y, and LiF is used as the
material of the X layer 32x. This AI/LiF cathode is a typical
cathode used in an organic EL element including a low
molecular light-emitting layer. The AI/LiF cathode has a
great electron injection ability for an Alg, electron trans-
porting layer used in combination with the low molecular
light-emitting layer. In this structure, @, ,, up to 1 has been
reported. However, the electron injection ability of the
AV/LIF cathode is low for a low molecular electron trans-
porting layer other than Alq, or a polymer light-emitting
layer. According to studies by the present inventors, the
electron injection barrier height of the cathode interface,
which determines the electron injection amount, largely
depends on the type of material used for the X layer 32x.
When a polymer light-emitting layer and a LiF layer is
combined, the barrier is high, and electrons are hardly
injected. For this reason, when an Al/LiF cathode is used, no
high luminous efficiency 1 can be realized in a polymer
organic EL element or a low molecular organic EL element
having an electron transporting layer other than Alq;. Hence,
the life is short.

[0016] On the other hand, in the M/Y/X cathode 32 shown
in FIG. 2, Al which is stable and is hardly oxidized is used
as the material of the M layer 32m, Ca is used as the material
of the Y layer 32y, and LiF is used as the material of the X
layer 32x. This Al/Ca/LiF cathode is a typical cathode used
in a polymer organic EL element. The Al/Ca/LiF cathode 32
has a structure obtained by adding a Ca layer with a small
work function to the above-described Al/LiF cathode 32.
Addition of the Ca layer is supposedly done to decrease the
electron injection barrier height of the cathode interface to
increase the electron injection amount. However, even when
the cathode 32 is used, the electron injection ability for a
polymer light-emitting layer cannot sufficiently be
improved. For this reason, even when an Al/Ca/LiF cathode
is used, no high luminous efficiency m can be realized in a
polymer organic EL element or a low molecular organic EL
element having an electron transporting layer other than
Alg,, as in the AI/LiF cathode. Hence, the life is short. In
addition, the Al/Ca/LiF cathode has a structure obtained by
adding a highly chemically reactive Ca layer to the Al/LiF
cathode. For this reason, Ca atoms are diffused to the Al
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layer and LiF layer as time elapses. Accordingly, the life
shortens due to degradation of the cathode.

BRIEF SUMMARY OF THE INVENTION

[0017] Ttisan object of the present invention to provide an
organic EL element and organic EL display which are
excellent in life characteristic.

[0018] According to a first aspect of the present invention,
there is provided an organic EL element comprising an
anode, a cathode which faces the anode, and an organic layer
which is interposed between the anode and the cathode and
includes a light-emitting layer, wherein the cathode com-
prises a protective conductor layer which faces the organic
layer, a main conductor layer which is interposed between
the protective conductor layer and the organic layer, and a
first barrier layer which is interposed between the protective
conductor layer and the main conductor layer and made of
an insulator or a semiconductor.

[0019] According to a second aspect of the present inven-
tion, there is provided an organic EL element comprising an
anode, a cathode which faces the anode, and an organic layer
which is interposed between the anode and the cathode and
includes a light-emitting layer, wherein the cathode com-
prises a protective conductor layer which faces the organic
layer, a main conductor layer which is interposed between
the protective conductor layer and the organic layer and
made of a material different from a material of the protective
conductor layer, and a first barrier layer which is interposed
between the protective conductor layer and the main con-
ductor layer and suppresses diffusion of a constituent ele-
ment of the protective conductor layer into the main con-
ductor layer.

[0020] According to a third aspect of the present inven-
tion, there is provided an organic EL element comprising an
anode, a cathode which faces the anode, and an organic layer
which is interposed between the anode and the cathode and
includes a light-emitting layer, wherein the cathode com-
prises a main conductor layer which faces the organic layer,
a contact layer which is interposed between the main con-
ductor layer and the organic layer and made of a semicon-
ductor or an insulator, and a second barrier layer which is
interposed between the main conductor layer and the contact
layer and made of a semiconductor or an insulator, a material
of the contact layer being different from a material of the
second barrier layer.

[0021] According to a fourth aspect of the present inven-
tion, there is provided an organic EL element comprising an
anode, a cathode which faces the anode, and an organic layer
which is interposed between the anode and the cathode and
includes a light-emitting layer, wherein the cathode com-
prises a main conductor layer which faces the organic layer,
a contact layer which is interposed between the main con-
ductor layer and the organic layer and made a semiconductor
or an insulator, and a second barrier layer which is inter-
posed between the main conductor layer and the contact
layer and suppresses diffusion of a constituent element of the
main conductor layer into the contact layer and/or diffusion
of a constituent element of the contact layer into the main
conductor layer, a material of the contact layer being dif-
ferent from a material of the second barrier layer.

[0022] According to a fifth aspect of the present invention,
there is provided an organic EL display comprising a plu-
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rality of organic EL elements according to any one of the
first to fourth aspects, and a substrate which supports the
organic EL elements.

[0023] According to a sixth aspect of the present inven-
tion, there is provided an organic EL display comprising a
plurality of organic EL elements according to any one of the
first to fourth aspects, and a substrate which supports the
organic EL elements, wherein the plurality of organic EL
elements include first to third organic EL elements whose
light-emitting layers emit light of different colors, a material
of the contact layer is the same in the first to third organic
EL elements, and a material of the second barrier layer is the
same in the first to third organic EL elements.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0024] FIG. 1 is a sectional view schematically showing
a conventional organic EL element;

[0025] FIG. 2 is a sectional view schematically showing
a conventional organic EL element;

[0026] FIG. 3 is a sectional view schematically showing
an organic EL display according to first and second embodi-
ments of the present invention;

[0027] FIG. 4 is a sectional view schematically showing
an example of the structure of an organic EL element which
can be used in the organic EL display according to the first
embodiment of the present invention;

[0028] FIG. 5 is a sectional view schematically showing
an example of the structure of an organic EL element which
can be used in the organic EL display according to the
second embodiment of the present invention; and

[0029] FIG. 6 is a graph showing an example of the
relationship between the current efficiency of the organic EL
element and the deposition rate in forming a contact layer.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] Several embodiments of the present invention will
be described below in detail with reference to the accom-
panying drawings. The same reference numerals denote the
same or similar constituent elements throughout the draw-
ings, and a repetitive description thereof will be omitted.
Term “group” used here means “group” in a long-period
periodic table in which elements are classified into 1 to 18
groups.

[0031] Common points of the first and second embodi-
ments will be described first.

[0032] FIG. 3 is a sectional view schematically showing
an organic EL display according to the first and second
embodiments of the present invention. In an organic EL
display 1 shown in FIG. 3, an array substrate 2 and a sealing
substrate 3 face each other with a seal layer 4 therebetween.
The seal layer 4 is formed along the periphery of the sealing
substrate 3. Accordingly, an enclosed space is formed
between the array substrate 2 and the sealing substrate 3. For
example, this space is filled with a rare gas such as Ar gas
or an inert gas such as N, gas. The structure may directly be
covered with a multilayered film in place of the sealing
substrate 3.
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[0033] The array substrate 2 has a substrate 11 made of,
e.g., glass. For example, an SiNy, layer 12 and an SiO, layer
13 are sequentially formed on the substrate 11 as undercoat
layers. Semiconductor layers 14 such as polysilicon layers
each having a channel, source, and drain, a gate insulator 15,
and gate electrodes 16 are sequentially formed on the
undercoat layer 13. These components form top gate thin-
film transistors (referred to as TFTSs hereinafter) 20. In each
TFT 20, an amorphous silicon layer can be used as an active
layer in place of the polysilicon layer. The TFT 20 may have
an inverted stagger structure in place of the top gate struc-
ture.

[0034] An interlayer dielectric film 21 made of, e.g., SiO,
is formed on the gate insulator 15 and gate electrodes 16.
Electrode interconnections (not shown) and source and drain
electrodes 23 are formed on the interlayer dielectric film 21.
These components are buried under a passivation film 24
made of, e.g., SIN_. The source and drain electrodes 23 are
electrically connected to the sources and drains of the TFTs
20 through contact holes formed in the interlayer dielectric
film 21.

[0035] Anodes (transparent pixel electrodes) 31 and par-
tition insulating layers 26 are juxtaposed on the passivation
film 24. For example, the partition insulating layer 26 has a
structure in which a hydrophilic insulating layer 264 made
of, e.g., an inorganic insulating material such as silicon
nitride or silicon oxide and a water-repellent insulating layer
26b made of, e.g., an organic insulating material are sequen-
tially formed. The partition insulating layer 26 is provides
with an opening at a position corresponding to the anode 31.

[0036] An organic layer 33 is formed on an exposed
portion of the anode 31 in the opening of the partition
insulating layer 26. The organic layer 33 includes an organic
light-emitting layer which emits light of, e.g., red, green, or
blue. The organic layer 33 can further include, between the
light-emitting layer and the anode 31, a conductive organic
layer which mediates hole injection from the anode 31 to the
light-emitting layer, like a hole injection layer or hole
transporting layer. The organic layer 33 can further include,
between the light-emitting layer and a cathode 32 (described
later), a conductive organic layer which mediates electron
injection from the cathode 32 to the light-emitting layer, like
an electron injection layer.

[0037] The cathode 32 serving as a common electrode is
formed on the partition insulating layer 26 and organic
layers 33. The cathode 32 is electrically connected to a
common e¢lectrode breakout wiring line through contact
holes (not shown) formed in the passivation film 24 and
partition insulating layer 26. Each organic EL element 30
includes the anode 31, organic layer 33, and cathode 32.

[0038] The first and second embodiments will individually
be described next. These embodiments are different only in
that different structures are employed for the cathode 32.
The structure of the cathode 32 will mainly be described
below.

[0039] FIG. 4 is a sectional view schematically showing
an example of the structure of an organic EL element which
can be used in the organic EL display according to the first
embodiment of the present invention. In the organic EL
element 30 shown in FIG. 4, the cathode 32 includes a main
conductor layer 324 facing the organic layer 33, a protective
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conductor layer 32b disposed on the main conductor layer
32a, a contact layer 32¢ interposed between the main
conductor layer 32a and the organic layer 33, and an outer
barrier layer 32d interposed between the main conductor
layer 32a and the protective conductor layer 32b.

[0040] The main conductor layer 32a is the main portion
of the cathode 32 and is made of, e.g., a metal material
having a small work function. Examples of the material of
the main conductor layer 32a are an elementary metal such
as Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Y, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu, each of which is an
alkali metal element, alkali earth metal element, or rare earth
element, a multi-element metal containing at least one of the
above elements, and a multilayered metal containing a
plurality of layers of an elementary metal or multi-element
metal containing the above element. The thickness of the
main conductor layer 32¢ is normally about 1 nm to 100 nm.

[0041] The protective conductor layer 32b protects the
main conductor layer 32 and the like from oxidation
degradation by contact with water or oxygen and also
reduces the resistance of the cathode 32. As the material of
the protective conductor layer 32b, for example, a metal
material having a larger work function than that of the main
conductor layer 32a can be used. Examples of such a metal
include Ag and Al The thickness of the protective conductor
layer 32b is normally about 50 nm to 1,000 nm.

[0042] The contact layer 32¢ determines the barrier height
for electron injection injected from the cathode 32 into the
organic layer 33, as will be described later. The material of
the contact layer 32¢ is a semiconductor or insulator. Many
materials suitable for the contact layer 32¢ have an electron
affinity smaller than the work function of the material of the
main conductor layer 322. Many materials suitable for the
contact layer 32¢ are not elementary substances but com-
pounds. Examples of the material of the contact layer 32¢
include a compound of a group 1 element and a group 16
element, a compound of a group 1 element and a group 17
element, a compound of a group 2 element and a group 17
element, and a compound of a group 1 element, group 2
element, and a group 17 element. The thickness of the
contact layer 32¢ is normally about 0.1 nm to 10 nm. In the
first embodiment, the contact layer 32c is an optional
constituent element.

[0043] The outer barrier layer 324 suppresses the constitu-
ent element of the main conductor layer 32¢ from being
diffused into the protective conductor layer 32b and the
constituent element of the protective conductor layer 32b
from being diffused into the main conductor layer 324. The
material of the outer barrier layer 32d is an inorganic
material different from the material of the main conductor
layer 32a or protective conductor layer 32b. Typically, the
outer barrier layer 32d is made of a semiconductor or
insulator. Many materials suitable for the outer barrier layer
32d have an electron affinity smaller than the work function
of the material of the main conductor layer 32a or protective
conductor layer 32b. Many materials suitable for the outer
barrier layer 32d are not elementary substances but com-
pounds. Examples of the material of the outer barrier layer
32d include a compound of a group 1 element and a group
16 element, a compound of a group 1 element and a group
17 element, a compound of a group 2 element and a group
17 element, and a compound of a group 1 element, group 2
element, and a group 17 element.
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[0044] In this embodiment, for example, the structure
shown in FIG. 4 is employed for the organic EL element 30
of the organic EL display 1 shown in FIG. 3. When this
structure is employed, an excellent life characteristic can be
realized, as will be described below.

[0045] In a cathode having the M/Y/X structure shown in
FIG. 2, alloying occurs between the low work function
metal contained in the Y layer 32y and the high work
function metal contained in the M layer 32m immediately
after cathode formation. For this reason, the work function
of the Y layer 32y gradually increases. Hence, the electron
injection barrier increases. That is, the electron injection
amount to the organic layer 33 decreases as time elapses.
Consequently, a decrease in efficiency or life is caused by the
cathode.

[0046] Conversely, in the organic EL element 30 shown in
FIG. 4, the outer barrier layer 32d suppresses the constituent
element of the main conductor layer 324 from being diffused
into the protective conductor layer 32b and the constituent
element of the protective conductor layer 32b from being
diffused into the main conductor layer 32a4. Hence, any
degradation in cathode structure by alloying between the
metal contained in the main conductor layer 32a and the
metal contained in the protective conductor layer 32b can be
suppressed. Accordingly, any decrease in luminous effi-
ciency or life by the cathode can be suppressed. That is, an
excellent life characteristic can be realized.

[0047] The following method makes it possible to confirm
that the outer barrier layer 32d suppresses alloying between
the first metal contained in the protective conductor layer
32b and the second metal contained in the main conductor
layer 32a or diffusion of the constituent element of the
protective conductor layer 32b into the main conductor layer
32a. More specifically, between the organic EL element 30
having the outer barrier layer 324 and an organic EL element
having the same structure except that the outer barrier layer
324 is not formed, the composition of the surface region of
the protective conductor layer 325 on the side of the main
conductor layer 32a and/or that of the surface region of the
main conductor layer 32 on the side of the protective
conductor layer 32b is compared after continuously lighting
under predetermined conditions.

[0048] For example, assume that, after the organic EL
element 30 having no outer barrier layer 32d is continuously
lit for 100 hrs at room temperature at a current density of 0.1
Afem?, a ratio of the second concentration to the first
concentration is ¥ or more, and a ratio of the third concen-
tration to the first concentration is %5 or more. Note that the
first concentration is a concentration of one constituent
element, ¢.g. the second metal, of the main conductor layer
324 in the main conductor layer 324, the second concentra-
tion is a concentration of the above constituent element in a
region of the protective conductor layer 32b which is defined
as a region from a surface of the protective conductor layer
325 on the side of the main conductor layer 324 to a level
spaced apart from the main conductor layer 324 by 2 nm,
and the third concentration is a concentration of the above
constituent element in a region of the protective conductor
layer 32b which is spaced apart from the main conductor
layer 322 by 2 nm or more. In this case, if the ratio of the
second concentration to the first concentration after continu-
ous lighting under the same conditions as described above is
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Yo or less in the structure having the outer barrier layer 324,
it can be regarded to execute the above-described functions.
The concentration ratio can be checked by, e.g., baring a
desired section by combining sectional TEM (Transmission
Electron Microscope) and FIB (Field Ion Beam) and execut-
ing analysis for that section by using AES (Auger Electron
Spectroscopy) or EDXD (Energy Dispersive X-ray Diffrac-
tion) at a spatial resolution up to, ¢.g., about 1 nm.

[0049] 1In this embodiment, as described above, the outer
barrier layer 324 is interposed between the main conductor
layer 32a and the protective conductor layer 32b, thereby
suppressing movement of the constituent elements of the
main conductor layer 32¢ and protective conductor layer
32b between them. The barrier function of the outer barrier
layer 32d depends on the material used for it. An especially
excellent barrier function can often be implemented when a
solid-state material which has insulating, semi-insulating, or
semi-conductive properties and is stable at room tempera-
ture and normal pressure, i.e., an insulator or semiconductor
is used as the material of the outer barrier layer 32d. For
example, when a compound of a group 1 element and a
group 16 element such as Li,O or Na,S, a compound of a
group 1 element and a group 17 element such as CsF or
CsCl, a compound of a group 2 element and a group 17
element such as BaF,, BaCl,, or BaCL_F, _, or a compound
of a group 1 element, group 2 element, and a group 17
element such as KMgF, is used as the material of the outer
barrier layer 324 and, more particularly, when a compound
of a group 1 element and a group 17 element such as CsF or
CsCl is used, a most excellent barrier function can be
realized.

[0050] The barrier function of the outer barrier layer 324
also depends on its thickness. Normally, when the thickness
of the outer barrier layer 32d is about 1 nm or more, an
especially excellent barrier function can often be realized.
The above-described material examples of the outer barrier
layer 32d have a conductivity lower than that of materials
used for the main conductor layer 32a and protective con-
ductor layer 32b by several ten orders of magnitudes. For
this reason, when the outer barrier layer 324 is interposed,
the operating voltage of the organic EL element 30 may
increase, resulting in higher power consumption. However,
when the thickness of the outer barrier layer 324 is about 20
nm or less, the voltage drop by the protective conductor
layer/outer barrier layer/main conductor layer hardly affects
the operating voltage.

[0051] Inthis embodiment, the metal element contained in
the main conductor layer 32a is preferably the same as that
contained in the outer barrier layer 32d. In this case, the
manufacture of the organic EL element 30 is easy. In
addition, even when diffusion of the metal elements of the
main conductor layer 324 and outer barrier layer 32d occurs
between them, their characteristics do not greatly change.

[0052] When the following arrangement is employed in
the above structure, the above-described degradation of the
cathode structure can more effectively be suppressed. In
addition, a high luminous efficiency can be realized in all
organic EL elements which emit light of different colors, for
example, organic EL elements which emit red light, organic
EL elements which emit green light, and organic EL ele-
ments which emit blue light. Hence, a more excellent life
characteristic can be realized. This will be described below
in detail.
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[0053] In studies so far, the function of the X layer 32x in
the cathode 32 shown in FIGS. 1 and 2 is not sufficiently
clear. According to studies by the present inventors, the X
layer 32x determines the difference between the work func-
tion of the cathode metal (the Y layer 32y shown in FIGS.
1 and 2) and the bottom of the conduction band of a layer
closest to the cathode 32 in the organic layer 33, i.e., the
light-emitting layer or electron injection layer. In other
words, the X layer 32x determines the electron injection
barrier height. As the electron injection barrier height
becomes low, the operating voltage becomes low, and elec-
trons are more easily injected to the organic layer 33.
However, when LiF is used as the material of the X layer
32x, the barrier height for light-emitting layers whose light
emission color is red or green is large. Hence, the operating
voltage is high, and the electron injection amount is small.

[0054] In the field of semiconductor, various kinds of
models which determine the electron injection barrier have
been proposed. The present inventors studied the operating
voltage by systematically changing the material of the X
layer 32x. It was revealed that the two following models
were dominant in organic EL elements. The first model is an
M/I/S junction model which is known well in the field of
semiconductor (in the structure shown in FIG. 1, the M
layer, I layer, and S layer of the M/I/S structure correspond
to the M layer 32m, X layer 32x, and Y layer 32y, respec-
tively, and in the structure shown in FIG. 2, the M layer, I
layer, and S layer of the M/I/S structure correspond to the Y
layer 32y, X layer 32x, and organic layer 33, respectively).
The second model is a barrier reduction model by an electric
double layer at the interface of the X layer 32x (reference
about the electric double layer model; T. E. Feuchtwang, D.
Paudyal, and W. Pong, Phys. Rev. B 26, 1608 (1982)). The
key parameter for the X layer material in the former junction
model is mainly the electron affinity. The larger the electron
affinity is, the lower the electron injection barrier height and
operating voltage become. On the other hand, the key
parameter for the X layer material in the latter model is
mainly the effective mass of electrons. The smaller the
effective mass is, the lower the electron injection barrier
height and operating voltage become.

[0055] According to the studies by the present inventors,
in polymer light-emitting materials, the dominant model of
the first and second models changes between the red, green,
and blue light-emitting layers. More specifically, in a light-
emitting layer which emits red light, the operating voltage
has a close correlation with the electron affinity of the X
layer material, and the first model is dominant. In a light-
emitting layer which emits blue light, the operating voltage
has a close correlation with the effective mass, and the
second model is dominant. In a light-emitting layer which
emits green light, the operating voltage depends on both the
electron affinity and the effective mass, and both the first and
second models act. The reason why the junction model
changes between the red, green, and blue light-emitting
layers is still unknown.

[0056] As is apparent from the above description, when a
material having a large electron affinity and small effective
mass of electrons is used as the material of the X layer 32x,
which corresponds to the contact layer 32¢ in the structure
shown in FIG. 4, the electron injection barrier height can be
reduced in all the red, green, and blue light-emitting layers.
For example, when a compound of a group 1 element and a
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group 16 element such as Li, O or a compound of a group 1
element and a group 17 element such as CsF or CsCl except
LiF and NaF is used as the material of the contact layer 32¢,
a particularly low electron injection barrier height can be
realized in all the red, green, and blue light-emitting layers.
Even when the same material is used for the contact layers
32¢ of red, green, and blue pixels, a high luminous efficiency
can be realized in all of the pixels. Hence, a more excellent
life characteristic can be realized.

[0057] The second embodiment of the present invention
will be described next.

[0058] As described in the first embodiment, degradation
of the cathode caused by, e.g., diffusion of constituent
elements between the main conductor layer 324 and the
protective conductor layer 32b can be suppressed by insert-
ing the outer barrier layer 32d between them. In the structure
shown in FIG. 4, however, degradation of the cathode
caused by, e.g., diffusion of constituent elements between
the main conductor layer 32¢ and the contact layer 32c¢
cannot be suppressed. For this purpose, the structure to be
described below is effective.

[0059] FIG. 5 is a sectional view schematically showing
an example of the structure of an organic EL element which
can be used in the organic EL display according to the
second embodiment of the present invention. An organic EL
element 30 shown in FIG. § has the same structure as the
organic EL element 30 shown in FIG. 4 except that the
organic EL element further comprises an inner barrier layer
32e between a main conductor layer 32z and a contact layer
32c.

[0060] In the organic EL element 30, the inner barrier
layer 32¢ suppresses the constituent element of the main
conductor layer 32¢ from being diffused into the contact
layer 32¢ and/or the constituent element of the contact layer
32¢ from being diffused into the main conductor layer 32a.
Hence, any degradation of the cathode caused by, e.g,
diffusion of constituent elements between the main conduc-
tor layer 324 and the contact layer 32¢ can be suppressed.
Accordingly, any decrease in luminous efficiency or life
caused by the cathode can be suppressed. That is, an
excellent life characteristic can be realized.

[0061] Whether the inner barrier layer 32e suppresses
diffusion of the constituent elements between the main
conductor layer 32¢ and the contact layer 32¢ can be
confirmed by, e.g., the following method. More specifically,
between the organic EL element 30 having the inner barrier
layer 32¢ and an organic EL element having the same
structure except that the inner barrier layer 32e is not
formed, the composition of the surface region of the contact
layer 32¢ on the side of the main conductor layer 32¢ and/or
that of the surface region of the main conductor layer 32« on
the side of the contact layer 32¢ is compared after continu-
ously lighting under predetermined conditions.

[0062] For example, assume that, after the organic EL
element 30 having no inner barrier layer 32¢ is continuously
lit under the same conditions as described in the first
embodiment, a ratio of the fifth concentration to the fourth
concentration is 3 or more, and a ratio of the sixth concen-
tration to the fourth concentration is ¥ or more. Note that
the fourth concentration is a concentration of one constituent
element, e.g. the second metal, of the main conductor layer
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324 in the main conductor layer 324, the fifth concentration
is a concentration of the above constituent element in a
region of the contact layer 32¢ which is defined as a region
from a surface of the contact layer 32¢ on the side of the
main conductor layer 32a to a level spaced apart from the
main conductor layer 32z by 2 nm, and the sixth concen-
tration is a concentration of the above constituent element in
a region of the contact layer 32¢ which is spaced apart from
the main conductor layer 32a by 2 nm or more. In this case,
if the ratio of the fifth concentration to the fourth concen-
tration after continuous lighting under the same conditions
as described above is Y10 or less in the structure having the
inner barrier layer 32¢, it can be regarded to execute the
above-described function. The concentration ratio can be
checked by, e.g., baring a desired section by combining
sectional TEM and FIB and executing analysis for that
section by using AES or EDXD at a spatial resolution up to,
e.g., about 1 nm.

[0063] The inner barrier layer 32¢ is made of an inorganic
material different from the material of the main conductor
layer 32a or contact layer 32c. The barrier function of the
inner barrier layer 32¢ depends on the material used for it or
the combination of the material used for it and the material
used for the main conductor layer 32a or contact layer 32¢.
An especially excellent barrier function can be implemented
when a solid-state material which has insulating, semi-
insulating, or semi-conductive properties and is stable at
room temperature and normal pressure, i.e., an insulator or
semiconductor is used as the material of the inner barrier
layer 32¢. Many materials suitable for the inner barrier layer
32¢ have an electron affinity smaller than the work function
of the material of the main conductor layer 32a or the
electron affinity of the material of the contact layer 32c.
Alternatively, the materials is larger in an effective mass of
electron than the contact layer 32¢. Many materials suitable
for the inner barrier layer 32¢ are not elementary substances
but compounds.

[0064] When a compound of a group 1 element and a
group 16 element such as Li,O or Na,S, a compound of a
group 1 element and a group 17 element such as CsF or
CsCl, a compound of a group 2 element and a group 17
element such as BaF,, BaCl,, or BaCLF,__, or a compound
of a group 1 element, group 2 element, and a group 17
element such as KMgF, is used as the material of the inner
barrier layer 32e, an excellent barrier function can often be
realized, although it changes depending on the combination
of the materials used for the main conductor layer 32¢ and
contact layer 32c.

[0065] The barrier function of the inner barrier layer 32¢
also depends on its thickness. Normally, when the thickness
of the inner barrier layer 32¢ is about 1 nm or more, an
especially excellent barrier function can be realized.

[0066] The above-described material examples of the
inner barrier layer 32¢ and the materials used for the contact
layer 32¢ have a conductivity lower than that of materials
used for the main conductor layer 32a by several ten orders
of magnitudes. For this reason, when the inner barrier layer
32¢ is additionally interposed, the operating voltage (power
consumption) of the organic EL element 30 may increase.
However, normally, when the total thickness of the inner
barrier layer 32 and contact layer 32¢ falls within the range
of 0.1 to 10 nm, the voltage drop generated by forming the
inner barrier layer 32¢ hardly affects the operating voltage.
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[0067] Assume that the above-described materials and, for
example, Ba and CsF are used as the materials of the main
conductor layer 32¢ and contact layer 32¢, respectively.
When a compound of a group 2 element and a group 17
element such as BaF, (different from the material of the
contact layer 32¢) is used as the material of the inner barrier
layer 32¢, the electron injection barrier height can satisfac-
torily balance between the red, green, and blue light-emit-
ting layers. Hence, a more excellent life characteristic can be
realized.

[0068] As compared to a case in which the metal element
contained in the main conductor layer 32« is the same as that
contained in the contact layer 32¢, the degradation of a
cathode 32 caused by diffusion of constituent elements
between the main conductor layer 32a and the contact layer
32¢ is much more serious when the metal elements are
different. Hence, the inner barrier layer 32e is especially
useful in the latter case.

[0069] In this embodiment, the material of an outer barrier
layer 324 is preferably the same as that of the inner barrier
layer 32e. The organic EL element 30 having this structure
can easily be manufactured.

[0070] In this embodiment, the metal element contained in
the main conductor layer 32a is preferably the same as that
contained in the outer barrier layer 32d. In this case, the
manufacture of the organic EL element 30 is casy, as
described above. In addition, even when diffusion of metal
elements of the main conductor layer 32a and outer barrier
layer 324 occurs between them, their characteristics do hot
greatly change. Similarly, in this embodiment, the metal
element contained in the main conductor layer 32g is
preferably the same as that contained in the inner barrier
layer 32e. In this case, the manufacture of the organic EL
element 30 is easy. In addition, even when diffusion of metal
elements of the main conductor layer 32a and inner barrier
layer 32¢ occurs between them, their characteristics do not
greatly change.

[0071] In the second embodiment, the outer barrier layer
32d and protective conductor layer 32b are optional con-
stituent elements. That is, the outer barrier layer 324 need
not always be interposed between the main conductor layer
32a and the protective conductor layer 32b. In addition, the
outer barrier layer 32d and protective conductor layer 32b
need not always be formed on the main conductor layer 324.

[0072] The layers which form the cathode 32 described in
the first and second embodiments can be formed by using a
vapor deposition method such as evaporation. When the
contact layer 32¢ is to be formed by evaporation, the
deposition rate is preferably set to 0.05 Asec or less. This
will be described with reference to FIG. 6.

[0073] FIG. 6 is a graph showing an example of the
relationship between the current efficiency of the organic EL
element 30 and the deposition rate in forming the contact
layer 32¢. Referring to FIG. 6, the abscissa represents the
deposition rate in forming the contact layer 32¢ of the
cathode 32 shown in FIG. 4. The ordinate represents the
current efficiency of the organic EL element 30 made by
forming the contact layer 32¢ at that deposition rate. FIG. 6
shows data obtained when only the deposition rate is
changed while keeping the thickness of the contact layer 32¢
constant.
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[0074] As shown in FIG. 6, when the deposition rate is
higher than 0.05 Alsec, the current efficiency decreases as
the deposition rate becomes high. Conversely, when the
deposition rate is 0.05 AJsec or less, a high current efficiency
can be realized regardless of the deposition rate.

[0075] In the above embodiments, an anode 31 is formed
on a passivation film 24. The anode 31 may be formed on an
interlayer dielectric film 21. That is, the signal line and
anode 31 may be formed on the same plane. In the above
embodiment, the organic EL display 1 is of a bottom
emission type. Instead, the organic EL display 1 may be of
a top emission type. When an array substrate 2 is to be sealed
by a counter substrate 3, the life of the elements can be
prolonged by encapsulating a desiccant in the space between
the substrates. Alternatively, the heat dissipation character-
istic may be increased by filling the space between the
counter substrate 3 and the array substrate 2 with a resin. In
the above embodiment, the organic EL element 30 includes
the protective conductor layer 32b. However, the protective
conductor layer 32b need not always be formed. For
example, when a plurality of, two organic layers 33 are
stacked, the cathode 32 is interposed between them, and the
stack body is sandwiched between a pair of anodes 31, the
protective conductor layer 32b need not be formed.

[0076] Examples of the present invention will be
described below.

EXAMPLE 1

[0077] In this example, an organic EL display 1 shown in
FIG. 3 was manufactured by a method to be described
below. In this example, the structure shown in FIG. 4 was
employed for an organic EL element 30. In this example, the
diagonal size of the display area was 2.2 inches, and the
definition was 130 ppi (pixels per inch). In this example, the
organic EL elements 30 included three kinds of elements
which emitted red, green, and blue light so that the organic
EL display 1 was a full-color display.

[0078] Film formation and patterning were repeatedly
executed for a surface of a substrate 11 on which undercoat
layers 12 and 13 were formed, as in a normal TFT formation
process, to form TFTs 20, interlayer dielectric film 21,
electrode interconnection (not shown), common electrode
breakout wiring line (not shown), source and drain elec-
trodes 23, and passivation film 24.

[0079] An ITO film was formed on the passivation film 24
by sputtering. The ITO film was patterned by photolithog-
raphy to obtain anodes 31. The anodes 31 may be formed by
mask sputtering.

[0080] A hydrophilic layer 26a provided with openings at
positions corresponding to the light-emitting portions of
pixels was formed on the surface of the substrate 11 on
which the anodes 31 were formed. A photosensitive resin
was applied to the surface of the substrate 11 on which the
anodes 31 were formed. A resultant coating was subjected to
pattern-exposure and developing to form a water-repellent
layer 26b having openings at positions corresponding to the
light-emitting portions of pixels.

[0081] In the above-described way, a partition insulating
layer 26 including the hydrophilic layer 26¢ and water-
repellent layer 26b was obtained. Surface treatment using
CF /0, gas was executed for the substrate 11 on which the
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partition insulating layer 26 was formed, thereby fluorinat-
ing the surface of the water-repellent layer 26b.

[0082] Buffer layer forming ink was discharged by inkjet
to each liquid reservoir formed by the partition insulating
layer 26. Resultant liquid films were heated to form buffer
layers. Subsequently, red, green, and blue light-emitting
layer formation inks were discharged by inkjet onto the
buffer layers corresponding to the red, green, and blue
pixels. Resultant liquid films were heated to form light-
emitting layers. In the above way, organic layers 33 were
obtained.

[0083] Next, LiF, Ba, BaF,, and Al were sequentially
formed by vacuum evaporation on the surface of the sub-
strate 11 on which the organic layers 33 were formed (the
electron affinity of BaF, is smaller than the work function of
Ba and that of Al and the electron affinity of LiF is smaller
than the work function of Ba). With this process, a cathode
32 sequentially including a contact layer 32¢, main conduc-
tor layer 324, outer barrier layer 32d, and protective con-
ductor layer 32b, as shown in FIG. 4, was obtained. In this
example, the thickness of the contact layer 32¢ was 0.5 nm.
The thickness of the main conductor layer 32¢ was 7 nm.
The thickness of the outer barrier layer 32d was 2 nm. The
thickness of the protective conductor layer 32 was 300 nm.
A TFT array substrate 2 was thus completed.

[0084] After that, a UV curing resin was applied to the
periphery of one major surface of a glass substrate 3 to form
a scal layer 4. The glass substrate 3 and array substrate 2
were bonded in a dry nitrogen atmosphere such that the
surface of the glass substrate 3 with the seal layer 4 faced the
surface of the array substrate 2 with the cathode 32. The seal
layer was cured by UV irradiation, thereby completing the
organic EL display 1 shown in FIG. 3.

[0085] For the organic EL display 1, the luminous effi-
ciencies and emission lives in monochrome lighting were
measured. In measuring, the drive current was set such that
the initial luminance of each of the organic EL elements 30
which emitted red, green, and blue light became 200 ¢d/cm?.
The emission life was defined as the time until the luminance
decreased to % of the initial luminance. Table 1 shows the
results.

TABLE 1
Luminous
efficiency Emission life
Organic EL element (cd/A) (hour)
Emission Red 1.2 11,423
color Green 8.8 12,051
Blue 2.6 15,672

[0086] As shown in Table 1, the luminous efficiencies of
the red and blue organic EL elements 30 were lower than
that of the green organic EL element 30. The emission lives
exceeded 11,000 hrs in all the organic EL elements 30. That
is, an excellent life characteristic could be realized.

[0087] Next, the organic EL display 1 manufactured in
accordance the same procedures as described above was
continuously lit for 100 hrs at room temperature at a current
density of 0.1 A/cm®. The ratio of the Ba concentration in a
region of the protective conductor layer 32b, which is a
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region from a surface of the protective conductor layer 32b
on the side of the main conductor layer 32a to a level spaced
apart from the main conductor layer 32a¢ by 2 nm, with
respect to the Ba concentration in the main conductor layer
32a was checked. In addition, the ratio of the Al concen-
tration in a region of the main conductor layer 32a, which is
a region from a surface of the main conductor layer 32a on
the side of the protective conductor layer 32b to a level
spaced apart from the protective conductor layer 32b by 2
nm, with respect to the Al concentration in the protective
conductor layer 32b was checked. The ratios were lower
than Yio.

[0088] For the organic EL display 1 after continuous
lighting, the ratio of the Ba concentration in a region of the
contact layer 32¢, which is a region from a surface of the
contact layer 32¢ on a side of the main conductor layer 324
to a level spaced apart from the main conductor layer 32a by
2 nm, with respect to the Ba concentration in the main
conductor layer 32a was checked. In addition, the ratio of
the Li concentration in a region of the main conductor layer
324, which is a region from a surface of the main conductor
layer 32a on a side of the contact layer 32¢ to a level spaced
apart from the contact layer 32¢ by 2 nm, with respect to the
Li concentration in the contact layer 32¢ was checked. The
ratios were higher than '3.

[0089] Furthermore, the ratio of the Ba concentration in a
region of the contact layer 32¢, which is a region spaced
apart from the conductor layer 32¢ by 2 nm or more, with
respect to the Ba concentration in the main conductor layer
32a was checked. The ratio of the Li concentration in a
region of the main conductor layer 324, which is a region
spaced apart from the contact layer 32¢ by 2 nm or more,
with respect to the Li concentration in the contact layer 32¢
was checked. The ratios were higher than 5.

Comparative Example

[0090] An organic EL display 1 shown in FIG. 3 was
manufactured in accordance with the same procedures as
described in Example 1 except that the structure shown in
FIG. 2 was employed for an organic EL element 30. In this
example, LiF, Ba, and Al were used as the materials of an X
layer 32x, Y layer 32y, and M layer 32m. The thicknesses of
the X layer 32x, Y layer 32y, and M layer 32m were the same
as those of the contact layer 32¢, main conductor layer 324,
and protective conductor layer 32b of the organic EL ele-
ment 30 of Example 1.

[0091] For the organic EL display 1, the luminous effi-
ciencies and emission lives were measured under the same
conditions as described above. Table 2 shows the results.
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lives were about 60% in all of the red, green, and blue
organic EL elements 30. As is apparatus from this result, the
barrier layer 32d is very useful in increasing the luminous
efficiency and emission life.

[0093] Next, the organic EL display 1 manufactured in
accordance the same procedures as described above was
continuously lit under the same conditions as described
above. The ratio of the Ba concentration in a region of the
M layer 32m, which is a region from a surface of the M layer
32m on a side of the Y layer 32y to a level spaced apart from
the Y layer 32y by 2 nm, with respect to the Ba concentration
in the Y layer 32y was checked. In addition, the ratio of the
Al concentration in a region of the Y layer 32y, which is a
region from a surface of the Y layer 32y on a side of the M
layer 32m to a level spaced apart from the M layer 32m by
2 nm, with respect to the Al concentration in the M layer
32m was checked. The ratios were higher than .

[0094] The ratio of the Ba concentration in a region of the
M layer 32m, which is a region spaced apart from the Y layer
32y by 2 nm or more, with respect to the Ba concentration
in the Y layer 32y was checked. In addition, the ratio of the
Al concentration in a region of the Y layer 32y, which is a
region spaced apart from the M layer 32m by 2 nm or more,
with respect to the Al concentration in the M layer 32m was
checked. The ratios were higher than 5.

[0095] Furthermore, the ratio of the Ba concentration in a
region of the X layer 32x, which is a region from a surface
of the X layer 32x on the side of the Y layer 32y to a level
spaced apart from the Y layer 32y by 2 nm, with respect to
the Ba concentration in the Y layer 32y was checked. The
ratio of the Li concentration in a region of the Y layer 32y,
which is a region from a surface of the Y layer 32y on the
side of the X layer 32x to a level spaced apart from the X
layer 32x by 2 nm, with respect to the Li concentration in the
X layer 32x was checked. The ratios were higher than Y5,

[0096] The ratio of the Ba concentration in a region of the
X layer 32x, which is a region spaced apart from the Y layer
32y by 2 nm or more, with respect to the Ba concentration
in the Y layer 32y was checked. In addition, the ratio of the
Li concentration in a region of the Y layer 32y, which is a
region spaced apart from the X layer 32x by 2 nm or more,
with respect to the Li concentration in the X layer 32x was
checked. The ratios were higher than 5.

EXAMPLE 2

[0097] An organic EL display 1 shown in FIG. 3 was
manufactured in accordance with the same procedures as
described in Example 1 except that CsF was used as the
material of a contact layer 32¢. Even for the organic EL
display 1, the luminous efficiencies and emission lives were

TABLE 2 measured under the same conditions as described above.
Table 3 shows the results.
Luminous
efficiency Emission life
Organic EL element (cd/A) (hour) TABLE 3
Emission Red 1.0 6,250 Luminous
color Green 7.0 5,968 efficiency Emission life
Blue 2.4 11,518 Organic EL element (cd/A) (hour)
Emission Red 2.1 23,115
) ) ) ) color Green 14.2 19,363
[0092] As shown in Table 2, in the organic EL display 1 of Blue 23 16,344

this comparative example, the efficiencies were about 80%
of those in the organic EL display 1 of Example 1, and the
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[0098] As shown in Table 3, in the organic EL display 1 of
this example, the efficiency of the red organic EL element 30
was about 180% of that in the organic EL display 1 of
Example 1. The efficiency of the green organic EL element
30 was about 160%. The life of the red organic EL element
30 was about 200% of that in the organic EL display 1 of
Example 1. The life of the green organic EL element 30 was
about 160%. As is apparent from the above result, when the
material of the contact layer 32¢ is appropriately selected,
the luminous efficiency and emission life can greatly be
increased.

[0099] Next, the organic EL display 1 manufactured in
accordance the same procedures as described above was
continuously lit under the same conditions as described
above. The ratio of the Ba concentration in a region of the
protective conductor layer 32b, which is a region from a
surface of the protective conductor layer 32b on a side of a
main conductor layer 32a to a level spaced apart from the
main conductor layer 32z by 2 nm, with respect to the Ba
concentration in the main conductor layer 32a was checked.
In addition, the ratio of the Al concentration in a region of
the main conductor layer 32a, which is a region from a
surface of the main conductor layer 324 on a side of the
protective conductor layer 32b to a level spaced apart from
the protective conductor layer 32b by 2 nm, with respect to
the Al concentration in the protective conductor layer 32b
was checked. The ratios were lower than ¥io.

[0100] The ratio of the Ba concentration in a region of the
contact layer 32¢, which is a region from a surface of the
contact layer on a side of the main conductor layer 324 to a
level spaced apart from the main conductor layer 32a by 2
nm, with respect to the Ba concentration in the main
conductor layer 324 was checked. In addition, the ratio of
the Cs concentration in a region of the main conductor layer
324, which is a region from a surface of the main conductor
layer 32a on a side of the contact layer 32¢ to a level spaced
apart from the contact layer 32¢ by 2 nm, with respect to the
Cs concentration in the contact layer 32¢ was checked. The
ratios were higher than .

[0101] Furthermore, the ratio of the Ba concentration in
region of the contact layer 32¢, which is a region spaced
apart from the main conductor layer 32¢ by 2 nm or more,
with respect to the Ba concentration in the main conductor
layer 32a was checked. The ratio of the Cs concentration in
a region of the main conductor layer 324, which is a region
spaced apart from the contact layer 32¢ by 2 nm or more,
with respect to the Cs concentration in the contact layer 32¢
was checked. The ratios were higher than 5.

EXAMPLE 3

[0102] An organic EL display 1 shown in FIG. 3 was
manufactured in accordance with the same procedures as
described in Example 1 except that the structure shown in
FIG. 5 was employed for an organic EL element 30. In this
example, CsF, BaF,, Ba, BaF,, and Al were used as the
materials of a contact layer 32¢, inner barrier layer 32¢, main
conductor layer 324, outer barrier layer 324, and protective
conductor layer 32b, respectively (the electron affinity of
BaF, is smaller than that of CsF, and the effective mass of
electron in CsF is smaller than that in BaF,). In this
embodiment, the thickness of the contact layer 32¢ was 0.5
nm. The thickness of the inner barrier layer 32¢ was 2 nm.
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The thickness of the main conductor layer 32¢ was 7 nm.
The thickness of the outer barrier layer 32d was 2 nm. The
thickness of the protective conductor layer 32b was 300 nm.

[0103] For the organic EL display 1, the luminous effi-
ciencies were measured under the same conditions as
described above. Table 4 shows the results. Table 4 also
shows the luminous efficiencies obtained for the organic EL
display 1 of Example 2. Referring to Table 4, numerical
values in parenthesis indicate standard deviations.

TABLE 4

Luminous efficiency (cd/A)

Organic EL element Example 2 Example 3
Emission Red 2.1 (0.3) 19 (0.23)
color Green 142 (2.24) 132 (2.88)

Blue 2.8 (0.38) 41 (0.87)
[0104] As shown in Table 4, the luminous efficiencies of

the red and green organic EL elements 30 had no statistical
difference between the organic EL display 1 of Example 2
and the organic EL display 1 of Example 3. However, the
luminous efficiency of the blue organic EL element 30 was
significantly higher in the organic EL display 1 of Example
3 than in the organic EL display 1 of Example 2.

[0105] For the organic EL display 1 of this example, the
emission lives were measured under the same conditions as
described above. As a result, the emission lives of the red
and green organic EL elements 30 were almost the same
between the organic EL display 1 of Example 2 and the
organic EL display 1 of Example 3. However, the emission
life of the blue organic EL element 30 was higher in the
organic EL display 1 of Example 3 than in the organic EL
display 1 of Example 2. As is apparent from the above result,
when the outer barrier layer 32d and inner barrier layer 32¢
are interposed between the protective conductor layer 32b
and the main conductor layer 324 and between the main
conductor layer 32 and the contact layer 32¢, respectively,
the luminous efficiency and emission life can further be
increased.

[0106] The organic EL display 1 manufactured in accor-
dance the same procedures as described above was continu-
ously lit under the same conditions as described in Example
1. The ratio of the Ba concentration in a region of the
protective conductor layer 32b, which is a region from a
surface of the protective conductor layer 32b on a side of the
main conductor layer 32z to a level spaced apart from the
main conductor layer 324 by 2 nm, with respect to the Ba
concentration in the main conductor layer 324 was checked.
In addition, the ratio of the Al concentration in a region of
the main conductor layer 32¢, which is a region from a
surface of the main conductor layer 32a on a side of the
protective conductor layer 32b to a level spaced apart from
the protective conductor layer 32b by 2 nm, with respect to
the Al concentration in the protective conductor layer 32b
was checked. The ratios were lower than Vio.

[0107] The ratio of the Ba concentration in a region of the
contact layer 32¢, which is a region from a surface of the
contact layer 32¢ on a side of the main conductor layer 32a
to a level spaced apart from the main conductor layer 324 by
2 nm, with respect to the Ba concentration in the main
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conductor layer 32a was checked. In addition, the ratio of
the Cs concentration in a region of the main conductor layer
324, which is a region from a surface of the main conductor
layer 32a on a side of the contact layer 32¢ to a level spaced
apart from the contact layer 32¢ by 2 nm, with respect to the
Cs concentration in the contact layer 32¢ was checked. The
ratios were smaller than Yio.

[0108] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:

1. An organic EL element comprising an anode, a cathode
which faces the anode, and an organic layer which is
interposed between the anode and the cathode and includes
a light-emitting layer,

wherein the cathode comprises a protective conductor
layer which faces the organic layer, a main conductor
layer which is interposed between the protective con-
ductor layer and the organic layer, and a first barrier
layer which is interposed between the protective con-
ductor layer and the main conductor layer and made of
an insulator or a semiconductor.

2. An organic EL element according to claim 1, wherein
an electron affinity of the first barrier layer is smaller than a
work function of the protective conductor layer and a work
function of the main conductor layer.

3. An organic EL element according to claim 1, wherein
the first barrier layer contains a compound selected from the
group consisting of a compound of a group 1 element and a
group 16 element, a compound of a group 1 element and a
group 17 element, a compound of a group 2 element and a
group 17 element, and a compound of a group 1 element,
group 2 element, and a group 17 element.

4. An organic EL element according to claim 1, wherein
a thickness of the first barrier layer is 20 nm or less.

5. An organic EL element according to claim 1, wherein
the cathode further comprises a contact layer which is
interposed between the main conductor layer and the organic
layer and made of an insulator or a semiconductor.

6. An organic EL element according to claim 5, wherein
the cathode further comprises a second barrier layer which
is interposed between the main conductor layer and the
contact layer and made of an insulator or a semiconductor,
and a material of the contact layer is different from a
material of the second barrier layer.

7. An organic EL element according to claim 6, wherein
a material of the first barrier layer is the same as the material
of the second barrier layer.

8. An organic EL element according to claim 6, wherein
the first barrier layer, the main conductor layer, and the
second barrier layer contain the same metal element.

9. An organic EL element according to claim 6, wherein
an electron affinity of the second barrier layer is smaller than
a work function of the main conductor layer and an electron
affinity of the contact layer.

10. An organic EL element according to claim 6, wherein
an effective mass of electron in the second barrier layer is
larger than an effective mass of election in the contact layer.
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11. An organic EL element according to claim 6, wherein
the second barrier layer contains a compound selected from
the group consisting of a compound of a group 1 element
and a group 16 element, a compound of a group 1 element
and a group 17 element, a compound of a group 2 element
and a group 17 element, and a compound of a group 1
element, group 2 element, and a group 17 element.

12. An organic EL element according to claim 6, wherein
the second barrier layer is thicker than the contact layer.

13. An organic EL element according to claim 5, wherein
the contact layer contains a compound containing a group 1
element and a group 17 element.

14. An organic EL element comprising an anode, a
cathode which faces the anode, and an organic layer which
is interposed between the anode and the cathode and
includes a light-emitting layer,

wherein the cathode comprises a protective conductor
layer which faces the organic layer, a main conductor
layer which is interposed between the protective con-
ductor layer and the organic layer and made of a
material different from a material of the protective
conductor layer, and a first barrier layer which is
interposed between the protective conductor layer and
the main conductor layer and suppresses diffusion of a
constituent element of the protective conductor layer
into the main conductor layer.

15. An organic EL element according to claim 14, wherein
the cathode further comprises a contact layer which is
interposed between the main conductor layer and the organic
layer and made of a semiconductor or an insulator, and a
second barrier layer which is interposed between the main
conductor layer and the contact layer and suppresses diffu-
sion of a constituent element of the main conductor layer
into the contact layer and/or diffusion of a constituent
element of the contact layer into the main conductor layer.

16. An organic EL element comprising an anode, a
cathode which faces the anode, and an organic layer which
is interposed between the anode and the cathode and
includes a light-emitting layer,

wherein the cathode comprises a main conductor layer
which faces the organic layer, a contact layer which is
interposed between the main conductor layer and the
organic layer and made of a semiconductor or an
insulator, and a second barrier layer which is interposed
between the main conductor layer and the contact layer
and made of a semiconductor or an insulator, a material
of the contact layer being different from a material of
the second barrier layer.

17. An organic EL element according to claim 16, wherein
the cathode further comprises a protective conductor layer
on the main conductor layer, which is made of a material
different from a material of the main conductor layer.

18. An organic EL element according to claim 16, wherein
an electron affinity of the second barrier layer is smaller than
a work function of the main conductor layer and an electron
affinity of the contact layer.

19. An organic EL element according to claim 16, wherein
an effective mass of election in the second barrier layer is
larger than an effective mass of election in the contact layer.

20. An organic EL element according to claim 16, wherein
the contact layer contains a compound containing a group 1
element and a group 17 element.
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21. An organic EL element according to claim 16, wherein
the second barrier layer contains a compound selected from
the group consisting of a compound of a group 1 element
and a group 16 element, a compound of a group 1 element
and a group 17 element, a compound of a group 2 element
and a group 17 element, and a compound of a group 1
element, group 2 element, and a group 17 element.

22. An organic EL element according to claim 16, wherein
the second barrier layer is thicker than the contact layer.

23. An organic EL element comprising an anode, a
cathode which faces the anode, and an organic layer which
is interposed between the anode and the cathode and
includes a light-emitting layer,

wherein the cathode comprises a main conductor layer
which faces the organic layer, a contact layer which is
interposed between the main conductor layer and the
organic layer and made a semiconductor or an insulator,
and a second barrier layer which is interposed between
the main conductor layer and the contact layer and
suppresses diffusion of a constituent element of the
main conductor layer into the contact layer and/or
diffusion of a constituent element of the contact layer
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into the main conductor layer, a material of the contact
layer being different from a material of the second
barrier layer.
24. An organic EL display comprising a plurality of
organic EL elements according to any one of claims 1 to 23,
and a substrate which supports the organic EL elements.

25. An organic EL display according to claim 24, wherein
the plurality of organic EL elements include first to third
organic EL elements whose light-emitting layers emit light
of different colors.

26. An organic EL display comprising a plurality of
organic EL elements according to any one of claims 6 to 12
and 15 to 23, and a substrate which supports the organic EL
elements, wherein the plurality of organic EL elements
include first to third organic EL elements whose light-
emitting layers emit light of different colors, a material of
the contact layer is the same in the first to third organic EL
elements, and a material of the second barrier layer is the
same in the first to third organic EL elements.
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