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7) ABSTRACT

Provided is an organic EL display including a substrate,
anodes arranged on one major surface of the substrate, an
insulating separator layer covering the major surface of the
substrate and having through-holes in the positions of the
anodes, organic emitting layers disposed on the anodes,
buffer layers disposed between the anodes and the organic
emitting layers, and a cathode covering the organic emitting
layers, wherein a central portion of each of the buffer layers
is thicker than its periphery.
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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/JP03/07498, filed Jun. 12, 2003, which was
not published under PCT Article 21(2) in English.

[0002] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2002-201129, filed Jul. 10, 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 a light-emitting
element and display and, more particularly, to an organic EL
(Electro-Luminescence) element and organic EL display.

[0005] 2. Description of the Related Art

[0006] Aliquid crystal display is one of flat panel displays
that are presently generally used. This liquid erystal display
has the problems that, e.g., the viewing angle is narrow, the
power consumption is large because a backlight is necessary,
the backlight increases the thickness of the display, and the
response time is slow.

[0007] To solve these problems, various attempts have
been proposed. However, it is difficult for the liquid crystal
display to solve the above problems.

[0008] For example, to solve the problem of the viewing
angle, wide viewing angle technologies using a multi-
domain method are proposed. However, the technologies
increase the number of steps and hence increase the cost.
Although a compensating plate can be adhered on the
display surface, no sufficient viewing angle can be obtained.
In addition, an MVA (Multi-domain Vertical Aligned nem-
atic) display method is proposed to solve the problems of
both the viewing angle and response time. Unfortunately,
this method has the problem of reliability of, ¢.g., image
burn.

[0009] On the other hand, the approach to low power
consumption has been done by the development of liquid
crystal materials and driving circuits. However, the power
consumption cannot be unlimitedly reduced by these meth-
ods.

[0010] Recently, an organic EL display is attracting atten-
tion as a display capable of solving these problems. Since
the organic EL display is a display in which pixels them-
selves emit light, the viewing angle is wide, and the response
time is short. Also, a low profile and light weight are
possible because no backlight is necessary.

[0011] In the process of manufacturing the organic EL
display, an organic emitting layer is formed by vacuum
evaporation when a low-molecular organic material is used
as the material of the layer. When a high-molecular organic
material is used as the material of this organic emitting layer,
the organic emitting layer is formed by drying a coating film
obtained by using a solution containing this high-molecular
organic material.
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[0012] In the latter method, an insulating film having
through-holes in one-to-one correspondence with pixels is
first formed on a substrate. Then, these through-holes are
used as liquid reservoirs and filled with a solution containing
the high-molecular organic material by using a solution
coating method such as dipping, inkjet, or spin coating. After
that, the solvent is removed from the liquid film in the
through-holes by drying the liquid film. In this manner, an
organic emitting layer is obtained.

[0013] In this method, the film thickness uniformity of the
organic emitting layer is affected by, e.g., the wettability of
the insulating film used as a liquid reservoir with respect to
the solution, the surface tension and viscosity of the solu-
tion, and the drying characteristics of the solvent. As a
consequence, the film thickness of each organic emitting
layer becomes uneven. Light emission of the organic emit-
ting layer occurs by recombination of electric charges
injected into the organic emitting layer. Therefore, in an
organic emitting layer having an uneven film thickness, an
electric current concentrates to a thin portion. This current
concentration leads to early partial deterioration in a pixel,
and shortens the emission life of the display.

BRIEF SUMMARY OF THE INVENTION

[0014] Itisan object of the present invention to provide an
organic EL. element and organic EL display capable of
suppressing local current concentration to a portion of an
organic emitting layer.

[0015] According to the first aspect of the present inven-
tion, there is provided an organic EL display comprising a
substrate, anodes arranged on one major surface of the
substrate, an insulating separator layer covering the major
surface of the substrate and having through-holes in posi-
tions of the anodes, organic emitting layers disposed on the
anodes, buffer layers disposed between the anodes and the
organic emitting layers, and a cathode covering the organic
emitting layers, wherein a central portion of each of the
buffer layers is thicker than a periphery thereof.

[0016] According to the second aspect of the present
invention, there is provided an organic EL element com-
prising an anode, a cathode facing the anode, an organic
emitting layer disposed between the anode and cathode, and
a buffer layer disposed between the anode and organic
emitting layer, a central portion of the buffer layer being
thicker than a periphery thereof.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0017] FIG. 1 is a sectional view schematically showing
an organic EL display according to an embodiment of the
present invention;

[0018] FIGS. 2A to 2D are sectional views schematically
showing an example of a method of manufacturing the
organic EL display shown in FIG. 1;

[0019] FIG. 3 is a graph showing the film thickness profile
of a buffer layer obtained by observing a sectional SEM
image of an organic EL display according to an example of
the present invention; and

[0020] FIG. 4 is a graph showing the film thickness profile
of a light-emitting layer obtained by observing a sectional
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SEM image of the organic EL display according to the
example of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] An embodiment of the present invention will be
described in detail below with reference to the accompany-
ing drawings. The same reference numerals denote the same
or similar parts in the drawings, and a repetitive explanation
thereof will be omitted.

[0022] FIG. 1 is a sectional view schematically showing
an organic EL display according to an embodiment of the
present invention. An organic EL display 1 shown in FIG.
1 has a structure in which an array substrate 2 and sealing
substrate 3 are opposed via a seal layer 4. The seal layer 4
is formed along the periphery of the sealing substrate 3,
thereby forming a closed space between the array substrate
2 and sealing substrate 3. This space is filled with, e.g., a rare
gas such as Ar gas or an inert gas such as N, gas.

[0023] The array substrate 2 has a substrate 11. On the
substrate 11, an SiN, layer 12 and SiO, layer 13 are stacked
in this order as undercoating layers. On the undercoating
layer 13, semiconductor layers 14 such as polysilicon layers
in each of which channel, source, and drain are formed, a
gate insulating film 15, and gate electrodes 16 are stacked in
this order, thereby forming top gate type thin-film transistors
(to be referred to as TFTs hereinafter) 20.

[0024] A dielectric interlayer 21 made of SiO.,. or the like
is formed on the gate insulating film 15 and gate electrodes
16. On the dielectric interlayer 21, electrode interconnec-
tions (not shown) and source and drain electrodes 23 are
formed and embedded in a passivation film 24 made of SiN_
or the like. The source and drain electrodes 23 are electri-
cally connected to the sources and drains of the TFTs 20
through contact holes formed in the dielectric interlayer 21.

[0025] On the passivation film 24, transparent pixel elec-
trodes (anodes) 25 and an insulating separator layer 26 are
formed. The insulating separator layer 26 has a structure in
which a hydrophilic insulating layer 264 and water-repellent
insulating layer 26 are stacked in this order. Also, holes are
formed in the insulating separator layer 26 in one-to-one
correspondence with the pixel electrodes 25.

[0026] On each pixel electrode 25 exposed in the hole of
the insulating separator layer 26, a buffer layer 27 and
organic emitting layer 28 are stacked in this order. The buffer
layer 27 mediates injection of holes from the pixel electrode
25 to the organic emitting layer 28. The organic emitting
layer 28 is a thin film containing a red, green, or blue
luminescence organic compound.

[0027] On the insulating separator layer 26 and light-
emitting layers 28, a common electrode (cathode) 29 and
protective electrode 30 are stacked in this order. The elec-
trodes 29 and 30 are electrically connected to electrode
interconnections through contact holes (not shown) formed
in the passivation film 24 and insulating separator layer 26.
Each organic EL emitting element 31 is made up of the
anode 25, buffer layer 27, light-emitting layer 28, and
cathode 29.

[0028] The light-emitting layer 28 of the organic EL
display 1 described above can be formed by a solution
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coating method using a solution which contains an organic
solvent and luminescence organic compound. Since this
solution is a low-polarity solution, the water-repellent insu-
lating layer 265 exhibits high wettability with respect to it.
Therefore, as shown in FIG. 1, the central portion of the
light-emitting layer 28 formed by this solution coating
method is thinner than its periphery. If a voltage is uniformly
applied to the light-emitting layer 28 having this uneven film
thickness, current concentration occurs in its central portion.
Consequently, the luminance of each pixel becomes non-
uniform, and the life of the central portion becomes much
shorter than that of the periphery.

[0029] In the organic EL display 1 according to this
embodiment, the central portion of the buffer layer 27 is
thicker than its periphery. The buffer layer 27 can be
regarded as a resistor connected in series between the anode
25 and light-emitting layer 28, and the resistance of this
resistor increases as the thickness of the buffer layer 27
increases. Accordingly, when the buffer layer 27 has the film
thickness profile described above, the voltage applied to the
central portion of the light-emitting layer 28 can be made
smaller than the voltage applied to its periphery. As a
consequence, current concentration to the central portion of
the light-emitting layer 28 can be suppressed. That is, it is
possible to prevent the luminance of each pixel from becom-
ing nonuniform, and realize a long emission life by prevent-
ing the life of the central portion from becoming much
shorter than that of the periphery.

[0030] The organic EL display 1 described above can be
manufactured by, e.g., the following method.

[0031] FIGS. 2A to 2D are sectional views schematically
showing an example of the method of manufacturing the
organic EL display 1 shown in FIG. 1. In this method, a
structure shown in FIG. 2A 1s first obtained. In this structure
shown in FIG. 2A, anodes 25 are arranged in a matrix
manner on one major surface of a substrate 11. An insulating
separator layer 26 made up of insulating layers 26a and 26b
covers the gaps between adjacent anodes 25 and the periph-
ery of each anode 23, on the surface of the substrate 11 on
which the anodes 25 are formed. Through-holes are formed
in the insulating separator layer 26 in one-to-one correspon-
dence with the anodes 25, and the bottom surface of each
through-hole is formed by the central portion of the anode
25. That is, the insulating separator layer 26 forms liquid
reservoirs each having the central portion of the anode 25 as
its bottom surface.

[0032] Next, as shown in FIG. 2B, buffer layers 27 are
formed by a solution coating method, e.g., an inkjet method.

[0033] When the buffer layers 27 are formed by using a
solution having sufficiently high polarity, a film obtained
using this solution tends to have a small contact area with the
hydrophobic insulating layer 26b. Accordingly, buffer layers
27 each having a central portion thicker than its periphery
can be obtained by controlling the surface tension and
viscosity of the solution used, and the drying characteristics
of the organic solvent.

[0034] Subsequently, as shown in FIG. 2C, light-emitting
layers 28 are formed by a solution coating method, e.g., an
inkjet method. Evaporation of the solvent from the liquid
film in each pixel progresses from the periphery, so the solid
component of the liquid film moves to the periphery. In this
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way, light-emitting layers 28 each having a central portion
thinner than its periphery are obtained.

[0035] After that, as shown in FIG. 2D, a cathode 29 and
protective electrode 30 are formed in this order by evapo-
ration. An array substrate 2 is completed as described above.

[0036] In addition, a seal layer 4 is formed on the periph-
ery of the opposing surfaces of the array substrate 2 and/or
asealing substrate 3. Subsequently, the substrates 2 and 3 are
adhered in an inert gas to obtain an organic EL display 1
shown in FIG. 1.

[0037] Materials usable as the main components of the
organic EL display 1 according to this embodiment will be
described below.

[0038] Any material can be used as the substrate 11,
provided that the material can hold the structure formed on
it. The substrate 11 is generally a hard substrate such as a
glass substrate. However, a flexible substrate such as a
plastic sheet may also be used depending on the application
of the organic EL display 1.

[0039] When the organic EL display 1 is a bottom emis-
sion type display which emits light from the substrate 11,
transparent electrodes having light transmittance are used as
the anodes 25. As the material of this transparent electrode,
a transparent conductive material such as ITO (Indium Tin
Oxide) can be used. The film thickness of the transparent
electrode is normally about 10 to 150 nm. The transparent
electrode can be obtained by depositing the transparent
conductive material by, e.g., evaporation or sputtering, and
patterning the obtained thin film by photolithography.

[0040] The insulating separator layer 26 can have either a
single-layered structure or multilayered structure. For
example, the insulating separator layer 26 can be formed by
the insulating layer 265 alone. However, when the insulating
separator layer 26 is made up of the insulating layers 264
and 26b, the buffer layers 27 and light-emitting layers 28 can
be easily formed into the shapes mentioned earlier.

[0041] As the material of the insulating layer 264, it is
possible to use, .., an inorganic insulating material such as
silicon nitride or silicon oxide. The insulating layer 264
made of any of these inorganic insulating materials has
relatively high hydrophilic nature.

[0042] The diameter of the opening, facing the insulating
layer 26b, of each through-hole formed in the insulating
layer 26a is desirably smaller than the diameter of the
opening, facing the insulating layer 26a, of each through-
hole formed in the insulating layer 26b. This is advantageous
in increasing the adhesion of the light-emitting layer 28.

[0043] As the material of the insulating layer 26b, an
organic insulating material or the like can be used. This
organic insulating material usable as the insulating layer 26b
is not particularly limited. However, when a photosensitive
resin 1s used, an insulating layer 265 having through-holes
can be easily formed. An example of the photosensitive resin
which can be used to form the insulating layer 26b is a
material which is obtained by adding a photosensitive com-
pound such as naphthoquinonediazide to an alkali-soluble
high-molecular derivative such as phenolic resin, polyacryl,
polyamide resin, or polyamic acid, and which gives a
positive pattern by exposure and alkali development. A
photosensitive resin which gives a negative pattern is a
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photosensitive resin which decreases the rate of dissolution
in a developer by actinic irradiation. An example is a
photosensitive resin having a functional group, such as an
epoxy group, which crosslinks by actinic irradiation. For
example, the insulating layer 265 can be obtained by coating
the surface of the substrate 11, on which the anodes 25 are
formed, with the photosensitive resin by spin coating or the
like, and patterning the obtained coating film by using
photolithography.

[0044] Normally, the film thickness of the insulating sepa-
rator layer 26 is desirably the sum of the film thicknesses of
the buffer layer 27 and light-emitting layer 28 or more, and
preferably, about 1 to 3 um. Also, before the buffer layers 27
and light-emitting layers 28 are formed, the surface of the
insulating layer 26b is desirably made water-repellent by a
plasma gas of CF,.0, and the like, in order to increase the
positional accuracy during solution coating by an inkjet
method.

[0045] As the material of the buffer layer 27, it is possible
to use, e.g., a mixture of a donor high-molecular organic
compound and acceptor high-molecular organic compound
as a water-soluble conductive polymer. It is particularly
favorable to use a polythiophene derivative such as poly-
ethylenedioxythiophene and/or a polyaniline derivative such
as polyaniline as the donor high-molecular organic com-
pound, and polystyrenesulfonic acid as the acceptor organic
compound. When these materials are used, a composition
distribution in which the resistivity of the central portion of
the buffer layer 27 is higher than that of its periphery can be
produced in the buffer layer 27 by appropriately setting the
film formation conditions.

[0046] For example, when polyethylenedioxythiophene
(to be referred to as PEDOT hereinafter) and polystyrene-
sulfonic acid (to be referred to as PSS hereinafter) are used
as the materials of the buffer layer 27, the PSS concentration
in the central portion of the buffer layer 27 can be made
higher than that in its periphery by appropriately setting the
type of solvent, the molecular weights of PEDOT and PSS,
the weight ratio of PEDOT to PSS, and the drying condi-
tions. The conductivity of the mixture of PEDOT and PSS
often decreases as the PSS concentration increases. There-
fore, when the above-mentioned composition distribution is
produced, the resistivity of the central portion of the buffer
layer 27 can be made higher than that of its periphery. That
is, the aforementioned effect can be amplified in connection
with the film thickness profile of the buffer layer 27.

[0047] This composition distribution is presumably pro-
duced by phase separation between PEDOT and PSS in the
coating film drying process. Accordingly, this composition
distribution can be produced in the buffer layer 27 by
appropriately setting the composition of the solution used to
form the buffer layer 27 and the drying conditions of the
coating film.

[0048] When the mixture of PEDOT and PSS is to be used
as the material of the buffer layer 27, the molecular weight
of PEDOT is preferably smaller than that of PSS. Also, the
PEDOT concentration is preferably lower than the PSS
concentration. This is advantageous in producing the above
composition distribution.

[0049] As described above, the buffer layers 27 are
obtained by filling, by a solution coating method, the liquid
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reservoirs formed by the insulating separator layer 26 with
the solution prepared by dissolving the mixture of the donor
high-molecular organic compound and acceptor high-mo-
lecular organic compound in an organic solvent, and remov-
ing the solvent from the liquid films in the liquid reservoir
by drying the liquid films. Examples of the solution coating
method which can be used to form the buffer layers 27 are
dipping, inkjet, and spin coating. Of these methods, the
inkjet method is particularly favorable. Also, the liquid film
can be dried under heating and/or reduced pressure, or by
natural drying.

[0050] In this embodiment as described above, current
concentration to the central portion of the light-emitting
layer 28 is suppressed by making the buffer layer 27 thick in
its central portion and thin in its periphery. This effect can be
obtained if the central portion of the buffer layer 27 is thicker
than its periphery. The effect can be obtained most notably
when that central portion of the buffer layer 27, which
suppresses current concentration to the central portion of the
light-emitting layer 28, is thicker by about 10 nm or more
than the periphery of the buffer layer 27.

[0051] The film thickness of the periphery of the buffer
layer 27 is preferably about 1 nm or more. If the buffer layer
27 is excessively thin, partial lacking of a film of the buffer
layer 27 easily occurs. Also, the film thickness of the central
portion of the buffer layer 27 is preferably smaller than that
of the insulating layer 264, i.e., preferably about 100 nm or
less. If the buffer layer 27 is excessively thick, the resistance
of the buffer layer 27 increases, and this makes it difficult to
well inject an electric current into the light-emitting layer 28.

[0052] As the material of the light-emitting layer 28,
luminescence organic compounds generally used in organic
EL displays can be used. Examples of an organic compound
which emits red luminescence are a high-molecular com-
pound having an alkyl or alkoxy substituent in a benzene
ring of a polyvinylenestyrene derivative, and a high-mo-
lecular compound having a cyano group in a vinylene group
of a polyvinylenestyrene derivative. An example of an
organic compound which emits green luminescence is a
polyvinylenestyrene derivative in which an alkyl, alkoxy, or
aryl derivative substituent is introduced in a benzene ring.
An example of an organic compound which emits blue
luminescence is a polyfluorene derivative such as a copoly-
mer of dialkylfluorene and anthracene. A low-molecular
luminescence organic compound may also be added to any
of these high-molecular luminescence organic compounds
of the light-emitting layer 28.

[0053] As described previously, the light-emitting layers
28 are obtained by filling, by a solution coating method, the
liquid reservoirs formed by the insulating separator layer 26
with the solution prepared by dissolving the luminescence
organic compound in a solvent, and removing the solvent
from the liquid films in the liquid reservoirs by drying the
liquid films. Examples of the solution coating method which
can be used to form the light-emitting layers 28 are dipping,
inkjet, and spin coating. Of these methods, the inkjet method
is particularly preferable. Also, the liquid film can be dried
under heating and/or reduced pressure, or by natural drying.

[0054] The film thickness of the light-emitting layer 28 is
properly set in accordance with the material used. Normally,
the entire film thickness of the light-emitting layer 28 is 50
to 200 nm. When the light-emitting layer 28 is formed by the
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above method, the film thickness of the central portion of the
light-emitting layer 28 is smaller than that of the periphery
(the portion immediately above the periphery of the buffer
layer 27) of the light-emitting layer 28. The difference
between these film thicknesses changes in accordance with
the composition of the solution used to form the light-
emitting layer 28. Normally, the difference is 100 to 10 nm.

[0055] Examples of the material of the cathode 29 are
barium and calcium. Examples of the material of the pro-
tective electrode 30 are silver and aluminum.

[0056] In the above embodiment, the anodes 25 are
formed on the passivation film 24. However, the anodes 25
may also be formed on the dielectric interlayer 21, 1.e., in the
same plane as signal lines. Also, although the organic EL
display 1 is a bottom emission type display in the above
embodiment, it may also be a top emission type display.
Furthermore, the life of elements can be prolonged by
encapsulating a desiccant in the space between the array
substrate 2 and opposing substrate 3 when the array sub-
strate 2 is sealed by the opposing substrate 3. It is also
possible to improve the heat radiation characteristics by
filling a resin between the opposing substrate 3 and array
substrate 2.

[0057] An example of the present invention will be
explained below.

[0058] In this example, an organic EL display 1 shown in
FIG. 1 was manufactured by the method shown in FIGS. 2A
to 2D.

[0059] That is, first, film formation and patterning were

repeated on the surface of a glass substrate 11, on which
undercoating layers 11 and 12 were formed, in the same
manner as the conventional TFT formation process, thereby
forming TFTs 20, a dielectric interlayer 21, electrode inter-
connections (not shown), source and drain electrodes 23,
and a passivation film 24.

[0060] On the passivation film 24, a 50-nm thick ITO film
was formed by sputtering. Subsequently, this ITO film was
patterned by photolithography to obtain anodes 25. The
anodes 25 may also be formed by sputtering using mask.

[0061] Then, on the surface of the substrate 11 on which
the anodes 25 were formed, a hydrophilic layer 264 having
holes in one-to-one correspondence with light-emitting por-
tions of pixels was formed. The thickness of the hydrophilic
layer 26a was 0.1 um. Also, each hole in the hydrophilic
layer 26a had a circular shape 50 um in diameter. Subse-
quently, the surface of the substrate 11 on which the anodes
25 were formed was coated with a photosensitive resin, and
the obtained coating film was subjected to pattern exposure
and development, thereby forming a water-repellent layer
26b having holes in one-to-one correspondence with the
light-emitting portions of the pixels. The thickness of the
water-repellent layer 265 was 3 um, and each hole in the
water-repellent layer 26b had a circular shape 58 um in
diameter.

[0062] In this manner, an insulating separator layer 26 in
which the hydrophilic layer 264 and water-repellent layer
26b were stacked was obtained. That is, the structure shown
in FIG. 2A was obtained. Note that the substrate 11 on
which the insulating separator layer 26 was formed was
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subjected to a surface treatment using CF,/O, plasma gas,
thereby fluoriding the surface of the water-repellent layer
26b.

[0063] Then, in liquid reservoirs formed by the insulating
separator 26, liquid films were formed by discharging buffer
layer formation ink by an inkjet method. Subsequently, these
liquid films were heated at a temperature of 120° C. for 3
min to obtain buffer layers 27. The structure shown in FIG.
2B was obtained in this way.

[0064] On the buffer layers 27 corresponding to red, green,
and blue pixels, liquid films were formed by discharging red,
green, and blue light-emitting layer formation ink liquids by
the inkjet method. The red and green light-emitting layer
formation ink liquids were prepared by synthesizing a PPV
derivative by referring to reference 1 (Adv. Mater. 1998, 10,
1340), and dissolving this derivative at a concentration of
1% in tetralin. The blue light-emiiting layer formation ink
was prepared by synthesizing a derivative of dihexylfluorene
and anthracene by referring to reference 2 (Adv. Mater.
1998, 10, 993), and dissolving this derivative at a concen-
tration of 1% in tetralin. These liquid films were heated at a
temperature of 90° C. for 1 hr to obtain light-emitting layers
28 each having a film thickness of 80 nm in its central
portion. In this way, the structure shown in FIG. 2C was
obtained.

[0065] As shown in FIG. 2D, a cathode 29 was formed to
have a film thickness of 90 A by evaporating barium as a
cathode material in a vacuum of 10~7 Pa. Subsequently, a
protective electrode 30 was formed to have a film thickness
of 1,500 A by evaporating aluminum on the cathode 29. As
a consequence, a TFT array substrate 2 having 480x640x3
(R, G and B) pixels, ie., a total of 920,000 pixels was
completed.

[0066] After that, a seal layer 4 was formed by coating the
periphery of one major surface of a glass substrate 3 with an
ultraviolet-curing resin. Then, the glass substrate 3 and array
substrate 2 were adhered in an inert gas such that the surface
of the glass substrate 3 on which the seal layer 4 was formed
and the surface of the array substrate 2 on which the
protective electrode 30 was formed faced each other. Fur-
thermore, the seal layer was cured by ultraviolet irradiation,
thereby completing the organic EL display 1 shown in FIG.
1

[0067] The buffer layer 27 and light-emitting layer 28 of
the organic EL display 1 were observed with a sectional
SEM. The results are shown in FIGS. 3 and 4.

[0068] FIG.3isa graph showing the film thickness profile
of the buffer layer 27 obtained by observing a sectional SEM
image. FIG. 4 is a graph showing the film thickness profile
of the light-emitting layer 28 obtained by observing a
sectional SEM image. Referring to FIGS. 3 and 4, the
abscissa indicates the distance from the pixel center, and the
ordinate indicates the film thickness. As shown in FIGS. 3
and 4, in the organic EL display 1 according to this example,
the film thickness of the light-emitting layer 28 increases
from its central portion to its periphery, whereas the film
thickness of the buffer layer 27 decreases from its central
portion to its periphery. That is, the organic EL display 1
according to this example has a structure capable of sup-
pressing local current concentration to a portion of the
light-emitting layer. 28. When images were actually dis-
played by the organic EL display 1, no uneven luminance
was produced in each pixel.
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[0069] In this technique as has been explained above, the
central portion of the buffer layer is made thicker than its
periphery. Therefore, when the central portion of the organic
emitting layer is thinner than its periphery, local current
concentration to a portion of the organic emitting layer can
be suppressed.

[0070] That is, this technique provides an organic EL
element and organic EL display which can suppress local
current concentration to a portion of the organic emitting
layer, and in which luminance nonuniformity in an element
is suppressed.

What is claimed is:
1. An organic EL display comprising:

a substrate;
anodes arranged on one major surface of the substrate;

an insulating separator layer covering the major surface of
the substrate and having through-holes in positions of
the anodes;

organic emitting layers disposed on the anodes;

buffer layers disposed between the anodes and the organic
emitting layers; and

a cathode covering the organic emitting layers,

wherein a central portion of each of the buffer layers is

thicker than a periphery thereof.

2. A display according to claim 1, wherein the periphery
and central portion of the buffer layer are different in
composition.

3. A display according to claim 1, wherein each of the
buffer layers contains a polythiophene derivative and poly-
styrene sulfonic acid derivative.

4. A display according to claim 3, wherein a concentration
of the polystyrene sulfonic acid derivative in the central
portion of the buffer layer is higher than a concentration of
the polystyrene sulfonic acid derivative in the periphery of
the buffer layer.

5. A display according to claim 1, wherein a central
portion of each of the organic emitting layers is thinner than
a periphery thereof.

6. A display according to claim 1, wherein the insulating
separator layer comprises a first insulating layer disposed on
the major surface of the substrate, and a second insulating
layer disposed on the first insulating layer and made of a
material different from a material of the first insulating layer.

7. A display according to claim 6, wherein the first
insulating layer is made of an inorganic insulating material,
and the second insulating layer is made of an organic
insulating material.

8. A display according to claim 1, wherein each of the
anodes is made of a transparent conductive material.

9. A display according to claim 1, wherein a central
portion of each of the organic emitting layers is thinner than
a periphery thereof, and the periphery and central portion of
the buffer layer are different in composition.

10. A display according to claim 9, wherein each of the
buffer layers contains a polythiophene derivative and poly-
styrene sulfonic acid derivative, and a concentration of the
polystyrene sulfonic acid derivative in the central portion of
the buffer layer is higher than a concentration of the poly-
styrene sulfonic acid derivative in the periphery of the buffer
layer.
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11. A display according to claim 1, wherein the insulating
separator layer comprises an inorganic insulating layer dis-
posed on the major surface of the substrate, and an organic
insulating layer disposed on the inorganic insulating layer,
and each of the anodes is made of a transparent conductive
material.

12. Adisplay according to claim 11, wherein the periphery
and central portion of the buffer layer are different in
composition.

13. A display according to claim 12, wherein each of the
buffer layers contains a polythiophene derivative and poly-
styrene sulfonic acid derivative, and a concentration of the
polystyrene sulfonic acid derivative in the central portion of
the buffer layer is higher than a concentration of the poly-
styrene sulfonic acid derivative in the periphery thereof.

14. A display according to claim 13, wherein a central
portion of the organic emitting layers is thinner than a
periphery thereof.

15. An organic EL element comprising:

an anode;
a cathode facing the anode;

an organic emitting layer disposed between the anode and
cathode; and
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a buffer layer disposed between the anode and organic
emitting layer, a central portion of the buffer layer
being thicker than a periphery thereof.

16. An element according to claim 15, wherein the
periphery and central portion of the buffer layer are different
in composition.

17. An element according to claim 15, wherein the buffer
layer contains a polythiophene derivative and polystyrene
sulfonic acid derivative.

18. An element according to claim 17, wherein a concen-
tration of the polystyrene sulfonic acid derivative in the
central portion of the buffer layer is higher than a concen-
tration of the polystyrene sulfonic acid derivative in the
periphery of the buffer layer.

19. An element according to claim 15, wherein a central
portion of the organic emitting layer is thinner than a
periphery thereof.

20. An element according to claim 15, wherein the anode
is made of a transparent conductive material.
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