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(57) ABSTRACT

Disclosed is a coated type organic EL display wherein the
light extraction efficiencies of all organic light-emitting ele-
ments are improved even when the organic light-emitting
elements have different organic light-emitting layers for
respective emission colors. Specifically disclosed is an
organic EL display which comprises a substrate and a red
organic light-emitting element (R), a green organic light-
emitting element (G), and a blue organic light-emitting ele-
ment (B) arranged on the substrate. Each organic light-emit-
ting element has a pixel electrode that is a reflective electrode,
a functional layer formed on the pixel electrode by coating, an
organic light-emitting layer arranged on the functional layer,
a counter electrode that is a transparent electrode arranged on
the organic light-emitting layer, and a tapered bank that
defines the functional layer formed by coating. A dimension
of a bank-to-bank gap at a top of the bank differs among the
R, G, and B elements.
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ORGANIC EL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/376,476, filed Dec. 6, 2011 which
claims priority from Japanese Patent Application No. 2009-
140542, filed Jun. 11, 2009, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to an organic EL dis-
play.

BACKGROUND ART
[0003] An organic EL display has a plurality of organic

light emitting elements arranged on a substrate. The organic
light emitting element basically has a pixel electrode, an
organic light emitting layer and a counter electrode. Holes
and electrons form electron-hole pairs in the organic light
emitting layer, and function as luminescent exciters such that
the organic light emitting layer emits light. Lights emitted
from the organic light emitting layer are extracted outside
through a transparent electrode of the pixel electrode or
counter electrode. This light extraction efficiency is several
%, and improvement of the light extraction efficiency is
demanded.

[0004] To increase the light extraction efficiency, one of the
pixel electrode and counter electrode is used as a transparent
electrode, and the other one is used as a reflective electrode
(see, for example, Patent Literature 1 and Patent Literature 2).
This is because lights emitted from the organic light emitting
layer are efficiently extracted from the transparent electrode.
In this case, part of lights emitted from the organic light
emitting layer are emitted toward the transparent electrode,
and the other part of lights go toward the reflective electrode
and are reflected on the reflective electrode toward the trans-
parent electrode. Consequently, by preventing attenuation of
both of light going from the organic light emitting layer to the
transparent electrode and light reflected by the reflective elec-
trode toward the transparent electrode, it is possible to
increase the light extraction efficiency.

[0005] A technique has been reported of arranging a trans-
parent conductive film between a metal electrode which is a
reflective electrode and an organic light emitting layer and
adjusting an optical distance from an organic light emitting
layer to a reflective electrode such that extracted light does not
attenuate (see Patent Literature 3, Patent Literature 4 and
Patent Literature 5).

[0006] Further, a technique is known of forming a function
layer (for example, organic light emitting layer) of an organic
light emitting element by coating and drying a solution
including a material of the function layer. A coating area of
the solution is defined by partition walls (banks). For
example, atechnique has been reported of using fluorine resin
for the partition walls (banks) which define the coating area
(see Patent Literature 6 and Patent Literature 7). By
adequately setting the heights and taper angles of the partition
walls, it is necessary to set the thickness of the function layer
formed by coating and improve film thickness uniformity.
[0007] A shape profile of the function layer formed by
coating varies depending on the solute of a solution and the
type of solvent, and content ratio of these. For example, when
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a color filter film of each color of the organic light emitting
element is formed by coating, the solute of a solution for
coating varies per color. Hence, when the heights and taper
angles of the partition walls (banks) are the same, the shape of
the color filter film varies per color. Hence, a technique has
been reported of increasing film thickness uniformity of color
filter films by changing the heights and taper angles of the
partition walls (banks) per color of the color filter (see Patent
Literature 8).

CITATION LIST

Patent Literature

[0008] PTL 1: Japanese Patent Application Laid-Open No.
2007-250520

[0009] PTL 2: US Patent No. 2007/0188093

[0010] PTL 3: Japanese Patent Application Laid-Open No.
2003-272855

[0011] PTL 4: Japanese Patent Application Laid-Open No.
2000-323277

[0012] PTL 5: US Patent No. 2003/0044639

[0013] PTL 6: Japanese Patent Application Laid-Open No.
2009-117391

[0014] PTL 7: US Patent No. 2009/0224664
[0015] PTL 8: Japanese Patent Application Laid-Open No.
2007-310156
SUMMARY OF INVENTION
Technical Problem

[0016] An organic electric field light emitting element has
an organic light emitting element R which emits red light, an
organic light emitting element G which emits green light and
an organic light emitting element B which emits blue light.
Although all organic light emitting layers included in each
organic light emitting element are colored with white light
using a color filter as an organic light emitting layer which
emits white light, an organic light emitting layer which emits
red light, organic light emitting layer which emits green light
or organic light emitting layer which emits blue light may be
arranged per organic light emitting element.

[0017] When a component of an organic light emitting
layer varies, the wavelength A of light emitted from the
organic light emitting layer varies. Further, depending the
wavelength A, the condition of increasing the light extraction
efficiency varies. Hence, the condition of increasing the light
extraction efficiency varies per element.

[0018] It is therefore an object of the present invention to
increase the light extraction efficiency from all organic light
emitting elements in a coating type organic EL display even
when organic light emitting elements have different organic
light emitting layers per light emission color.

Solution to Problem

[0019] The inventors of the present invention have studied
to increase respective light extraction efficiencies of all
organic light emitting elements by adjusting the thickness of
“a function layer” arranged between an organic light emitting
layer and reflective electrode formed by coating in each
organic light emitting element.

[0020] To adjust the thickness of the function layer formed
by coating, a coating amount of a solution including a func-
tional material is adjusted. Meanwhile, the coating amount of
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asolution is determined to some extent according to the shape
of a bank which defines each organic EL element, and there-
fore adjustment of the coating amount is limited. By contrast
with this, to adjust the thickness of the function layer formed
by coating, the concentration of a solution including a func-
tional material is adjusted. However, as described above,
depending on the concentration of a solution for coating, the
shape profile of the function layer to be formed changes.
Therefore, when the bank of each organic light emitting ele-
ment is the same, it is difficult to adequately control the
shapes of function layers of all elements.

[0021] Although the details will be described below, the
inventors of the present invention found the important rela-
tionship between the concentration of a solution of a func-
tional material for coating, the shapes of the banks and the
shape of the function layer formed by drying. That is, the
inventors have found that, by adequately controlling banks
per element according to the concentration of a solution for
coating, it is possible to increase the light extraction efficien-
cies of all organic light emitting elements.

[0022] The first aspect of the present invention relates to an
organic EL display panel. This organic EL display panel may
be a top emission type.

[0023] [1] Anorganic EL display including: a substrate; an
organic light emitting element R which is arranged on a
substrate and emits red light; an organic light emitting ele-
ment G which emits green light; and an organic light emitting
element B which emits blue light, wherein each of the organic
light emitting elements has a pixel electrode which is a reflec-
tive electrode, a function layer which is formed by coating on
the pixel electrode, an organic light emitting layer which is
arranged on the function layer, a counter electrode which is a
transparent electrode and is arranged on the organic light
emitting layer and a bank of a tapered shape which defines the
function layer formed by coating; a volume of the function
layer formed by coating varies between the element R, the
element G and the element B; and a taper angle of the bank
which defines the function layer varies between the element
R, the element G and the element B.

[0024] [2] In the organic EL display according of [1], the
function layer formed by coating is an electron block layer or
a hole transport layer.

[0025] [3] In the organic EL display according of [1], the
function layer formed by coating is a hole injection layer.
[0026] [4] In the organic EL display according of [1], a
thickness of the function layer formed by coating varies
between the element R, the element G and the element B.
[0027] Thesecond aspect of the present invention relates to
the following organic EL display panel. This organic EL
display panel may be a bottom emission type.

[0028] [5] Anorganic EL display including: a substrate; an
organic light emitting element R which is arranged on a
substrate and emits red light; an organic light emitting ele-
ment G which emits green light; and an organic light emitting
element B which emits blue light, wherein each of the organic
light emitting elements has a pixel electrode which is a trans-
parent electrode, an organic light emitting layer which is
arranged on the pixel electrode, a function layer which is
formed by coating on the organic light emitting layer, a
counter electrode which is a reflective electrode and is
arranged on the function layer and a bank of a tapered shape
which defines the function layer formed by coating; a volume
of the function layer formed by coating varies between the
element R, the element G and the element B; and a taper angle
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of the bank which defines the function layer varies between
the element R, the element G and the element B.

[0029] [6] In the organic EL display according of [5], the
function layer formed by coating is an electron transport
layer.

[0030] [7] In the organic EL display according of [5], a

thickness of the function layer formed by coating varies
between the element R, the element G and the element B.

Advantageous Effects of Invention

[0031] Withthe organic EL display according to the present
invention, even when components of organic light emitting
layers included in organic light emitting elements vary per
light emission color, light emission extraction efficiencies of
all organic light emitting elements are increased. Conse-
quently, it is possible to provide an organic EL display of a
high brightness and a high contrast. Moreover, the organic EL
display according to the present invention is a coating type
organic EL display, so that it is possible to increase the size of
displays and improve productivity of displays.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is a schematic sectional view of an organic
EL element included in an organic EL display according to
the present invention, and is a view for describing an optical
distance L.

[0033] FIGS. 2A and 2B are a view describing a relation-
ship between a concentration of a functional material solu-
tion, a taper angle of a tapered shape of a bank and a shape of
a function layer to be formed.

[0034] FIGS. 3A and 3B are a view describing a relation-
ship between a concentration of a functional material solu-
tion, a taper angle of a tapered shape of a bank and a shape of
a function layer to be formed.

[0035] FIG. 4isa sectional view illustrating an example of
an organic EL display according to the present invention.
[0036] FIG. 5 is a sectional view illustrating another
example of an organic EL, display according to the present
invention.

[0037] FIG. 6isa view illustrating a flow of design process
of an organic light emitting element included in the organic
EL display according to the present invention.

[0038] FIG. 7 is a graph illustrating a relationship between
alight extraction efficiency and a thickness of a hole transport
layer according to design example 1.

[0039] FIG. 8 is a graph illustrating a relationship between
alight extraction efficiency and athickness of a hole transport
layer according to design example 2.

DESCRIPTION OF EMBODIMENTS

Organic EL Display

[0040] The organic EL display according to the present
invention has a substrate, and a plurality of organic light
emitting elements arranged on the substrate. The organic light
emitting elements include an organic light emitting element R
which emits red light, an organic light emitting element G
which emits green light and an organic light emitting element
B which emits blue light. Each organic light emitting element
preferably has an organic light emitting layer of a different
component per R, G and B.

[0041] The substrate is not limited in particular, and is, for
example, a glass substrate. Further, a thin film transistor (driv-
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ing TFT) may be arranged on the substrate, and a source or
drain electrode of the thin film transistor (TFT) may be con-
nected with a pixel electrode (described below) of the organic
light emitting element.

[0042] Each organic light emitting element has at least a
pixel electrode, an organic light emitting layer and a counter
electrode. The organic light emitting layer may be formed by
coating. Further, each organic light emitting element has a
bank which defines the organic light emitting layer or a func-
tion layer formed by coating (described below).

[0043] Generally, the pixel electrode of the organic light
emitting element is an anode electrode, and the counter elec-
trode is a cathode electrode. To provide a top emission type
organic EL display, the pixel electrode is used as a reflective
electrode, and a counter electrode is used as a transparent
electrode. To provide a bottom emission type organic EL
display panel, the pixel electrode is used as a transparent
electrode, and the counter electrode is used as a reflective
electrode.

[0044] Examples of the reflective electrode include a metal
electrode such as aluminum or silver and an alloy electrode
such as APC (AgPdCu). Examples of the transparent elec-
trode include anITO electrode and IZ0 electrode. Further, the
transparent electrode may be a MgAg thin film. The MgAg
thin film is known as a semi-transparent electrode, and has
required transparency as long as the thickness is at the level of
nanometer.

[0045] FIG. 1 is a view illustrating the state where an
organic light emitting element is arranged on substrate 1.
Although, as a simplified configuration, substrate 1, reflective
electrode 2, function layer 3 formed by coating, organic light
emitting layer 4 of each color and transparent electrode 5 are
illustrated, the organic light emitting element may naturally
include other components.

[0046] As illustrated in FIG. 1, part of lights emitted from
organic light emitting layer 4 go toward transparent electrode
5, and pass transparent electrode 5 (see X). By contrast with
this, the other part of lights go toward reflective electrode 2
(see Y1), are reflected by reflective electrode 2, pass organic
light emitting layer 4, go toward transparent electrode 5 (see
Y2) and pass transparent electrode 5. In this case, when light
indicated by X and light indicated by Y3 can enhance each
other, the efficiency to extract light from transparent electrode
5 increases.

[0047] The condition that light indicated by X and light
indicated by Y3 enhance each other depends on a light emit-
ting wavelength a from organic light emitting layer 4 and an
optical distance L from organic light emitting layer 4 to
reflective electrode 2. The optical distance L. depends on the
“thickness” and “refractive index” of organic light emitting
layer 4 and each layer (only function layer 3 in FIG. 1) layered
between organic light emitting layer 4 and the reflective elec-
trode. More specifically, the optical distance L is expressed by
the following equation.

[Formula 1]

L= Zn,-d,-

[0048] Intheabove equation, d, (i=1,2,3...)indicates the
“thickness” of the organic light emitting layer and each layer
layered between the organic light emitting layer and reflective
electrode. In the above equation, n, (i=1,2,3 ... ) indicates the
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“refractive index” of the organic light emitting layer and each
layer layered between the organic light emitting layer and
reflective electrode.

[0049] When the optical distance L expressed by the above
equation satisfies the light emission wavelength o of the
organic light emitting layer and the following relationship,
light indicated by X and light indicated by Y3 in FIG. 1 can
enhance each other.

L= 2n+ 1/1 [Formula 2]
4
=012 ..)
[0050] As described above, each organic light emitting ele-

ment of the organic EL display panel according to the present
invention has an organic light emitting layer of a different
component per R, G and B. A light emission wavelength o of
the organiclight emitting layer included in organic light emit-
ting element R, a light emission wavelength o of the organic
light emitting layer included in organic light emitting element
G and a light emission wavelength o of the organic light
emitting layer included in organic light emitting element B
are different from each other. Hence, the optical distance L at
which light indicated by X and light indicated by Y3 can
enhance each other varies per R, G and B of the organic light
emitting elements.

[0051] The organic EL display according to the present
invention adjusts the thickness of the function layer arranged
between the organic light emitting layer and reflective elec-
trode per R, G and B to adequately adjust the optical distance
L of the organic light emitting element per R, G and B. The
function layer for which the thickness is adjusted is also
referred to as a “function layer M” below.

[0052] The function layer (function layer M) arranged
between the organic light emitting layer and reflective elec-
trode differs in whether the organic EL display is the top
emission or bottom emission type.

[0053] When the organic EL display adopts the top emis-
sion type, the reflective electrode is generally an anode elec-
trode, and therefore, examples ofthe functionlayer M include
an electron block layer, a hole transport layer (also referred to
as “interlayer”) and a hole injection layer. The hole transport
layer which forms the function layer M is made of, for
example, an aromatic tertiary amine, or polymer or oligomer
which includes an aromatic tertiary amine as a structural unit.
Examples of the aromatic tertiary amine include tripheny-
lamine. The polymer or oligomer which includes an aromatic
tertiary amine as a structural unit is, for example, a copolymer
including a florene unit and triphenylamine unit. The hole
injection layer is made of, for example, PEDOT (3,4-poly-
ethylenedioxythiophene). Further, if the function layer M can
be formed by coating, the function layer M may be a trans-
parent conductive film (coating type ITO film).

[0054] The function layer M is preferably a hole transport
layer. This is because, even if the thickness of the hole trans-
port layer increases or decreases to some extent, light emis-
sion characteristics of organic light emitting elements are not
likely to be influenced.

[0055] When the organic EL display adopts the bottom
emission type, the reflective electrode is generally a cathode
electrode, and therefore, examples of the function layer M
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include an electron transport layer, and a transparent conduc-
tive film which can be formed by coating (for example, coat-
ing type ITO film).

[0056] With the organic EL display according to the present
invention, the thickness of the function layer (function layer
M) which is arranged between the organic light emitting layer
and reflective electrode of the organic light emitting element
and which is formed by coating varies per R, G and B. To
adjust the thickness of the function layer (function layer M)
formed by coating, the volume of a functional material for
coating needs to be adjusted. To adjust the volume of a func-
tional material for coating, a coating capacity of the solution
including the functional material may be adjusted. However,
the coating area of the organic light emitting element is
defined by the bank, thereby limiting the capacity of a solu-
tion which can be provided on the coating area to some extent.
Hence, to adjust the volume of the functional material for
coating, the concentration of the solution including the func-
tional material may be adjusted.

[0057] When the coating capacity or concentration of the
solution including the functional material is adjusted, the
viscosity of the functional material solution at a certain
capacity changes. The viscosity of the solution used for coat-
ing significantly influences the mode of drying the solution in
the coating area defined by the bank. More specifically, while,
as illustrated in FIG. 2A, when coating area 8 defined by bank
7 contains a functional material solution of a high concentra-
tion, the contact angle 6 between tapered face 7-1 of the bank
and dried function layer 9 is likely to increase, as illustrated in
FIG. 2B, when coating area 8 defined by bank 7 contains a
functional material solution of a low concentration, a contact
angle 6'between tapered face 7-1 of bank 7 and dried function
layer 9 decreases. Hence, when areas defined by the bank of
the same shape and the same taper angle in particular contain
functional material solutions of different concentrations,
function layers of different shapes are formed per concentra-
tion.

[0058] Thedifference in this contact angle 8 is produced by
the difference in a receding contact angle while liquid drop-
lets are dried. When the concentration of a solution of liquid
droplets in the coating area is high and viscosity is high, the
receding contact angle becomes high, and, when the concen-
tration of the solution of the liquid droplets in the coating area
is low and the viscosity is low, the receding contact angle
becomes small.

[0059] Bank 7 which defines the coating area needs to be
arranged to increase thickness uniformity of function layer 9
formed by coating. Although the relationship between the
concentration of the functional material solution, taper angle
of the bank and the shape of the function layer (for example,
thickness uniformity) does not necessarily determined
uniquely, the following is generally derived. That is, when a
functional material solution of a high concentration is pro-
vided to a coating area, by increasing the taper angle y of bank
7, thickness uniformity ofthe function layer can increase even
if the contact angle 8 between the tapered face of the bank and
function layer increases (see FIG. 3A). By contrast with this,
when a functional material solution of'a low concentration is
provided to a coating area, by decreasing the taper angle y' of
bank 7, thickness uniformity of the function layer can
increase even if the contact angle 6' between the tapered face
of the bank and function layer decreases (see FIG. 3B).
[0060] Thus, the thickness of the function layer M is
adjusted per R, G and B to adequately set the optical distance
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L of each organic light emitting element of the organic EL
display according to the present invention per R, G and B, the
volume of the functional material for coating is adjusted to
adjust the thickness of the function layer M, and the coating
capacity or concentration of the functional material solution
for coating is adjusted to adjust the volume of the functional
material for coating. Further, according to the concentration
of the functional material solution in the coating area, the
taper angle of the bank which defines the coating area of each
organic light emitting element is adjusted. As a result, with
each organic light emitting element of the organic EL display
according to the present invention, the volume of the function
layer M varies per R, G and B, and the taper angle of the bank
varies.

[0061] FIG. 4 illustrates an example of the organic EL
display according to the present invention. FIG. 4 illustrates
cross sections of organic light emitting element R, organic
light emitting element G and organic light emitting element B
ofthe organic EL display. Each organic light emitting element
is arranged on substrate 10, and has pixel electrodes 20 which
are the reflective electrodes, hole injection layers 30, hole
transport layers 40 (40R, 40G and 40B), organic light emit-
ting layers 50 (50R, 50G and 50B) and counter electrodes 60
which are transparent electrodes. Organic light emitting layer
50R included in organic light emitting element R produces
red light, organic light emitting layer 50G included in organic
light emitting element G produces green light and organic
light emitting layer 50B included in organic light emitting
element B produces blue light.

[0062] Hole transport layer 40 (40R, 40G and 40B) of each
organic light emitting element and organic light emitting
layer 50 (50R, 50G and 50B) are formed by coating, and
defined by banks 100. The taper angle YR of tapered face
100R of the bank which defines organic light emitting ele-
ment R, taper angle yG of tapered face 100G of the bank
which defines organic light emitting element G and the taper
angle yB of tapered face 100B of the bank which defines
organic light emitting element B, satisfy the relationship of
following equation (1).

TR<YG<yB 1)

[0063] Further, hole transport layer 40R, hole transport
layer 40G and hole transport layer 40B differ in the thickness
and the volume of the material, and satisfy the following
equation (2).

40R<40G<40B )

[0064] FIG. Sillustrates another example of the organic EL
display according to the present invention. FIG. 5 is a sec-
tional view illustrating each organic light emitting element of
the organic EL display. The organic EL display employs the
same layer configuration as the above organic EL display.
That is, the organic EL display has pixel electrodes 20, hole
injection layers 30, hole transport layers 40 (40R, 40G and
40B), organic light emitting layers 50 (50R. 50G and 50B)
and counter electrodes 60. Further, hole transport layer 40R,
hole transport layer 40G and hole transport layer 40B differ in
the thickness and the volume from each other.

[0065] With the organic EL display illustrated in FIG. 5, the
bank is two-step bank 100" including lower layer bank 100'-1
and upper layer bank 100'-2. Lower layer bank 100'-1 mainly
defines hole transport layer 40, and upper layer bank 100'-2
defines mainly organic light emitting layer 50.

[0066] Similar to the organic EL display illustrated in FIG.
4, the taper angle (YR, G and yB) of the tapered face of lower
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layer bank 100'-1 of the organic EL display illustrated in FIG.
5 varies per organic light emitting element R, G and B. The
taper angle (yR', yG' and yB') of the tapered face of the upper
layer bank may vary per organic light emitting element R, G
and B, or may be the same.

[0067] As described above, organic light emitting layers
50R, 50G and 50B of the organic EL display according to the
present invention differ in a material component. Hence, the
physicality of a coating solution including each organic light
emitting material also differs. Hence, it is necessary to adjust
the shape of the banks according to the physicality of the
solution. Organic EL display I' can control the shape of
organic light emitting layer 50 in upper layer bank 100'-2
while controlling the shape of hole transport layer 40 in lower
layer bank 100'-1.

[0068] The flow of design process of each organic light
emitting element in the organic EL display according to the
present invention will be described with reference to FIG. 6.

[0069] First, the layer configuration of the organic light
emitting element is set (S1). The layer configuration of the
organic light emitting element includes at least the pixel elec-
trode, organic light emitting layer and counter electrode. One
of the pixel electrode and counter electrode is set as the
reflective electrode, and the other one is set as the transparent
electrode. The function layer M formed by coating is further
arranged between the organic light emitting layer and reflec-
tiveelectrode. According to the thickness of the function layer
M, the optical distance L ofthe organic light emitting element
is adjusted.

[0070] Thelayer configuration of the organic light emitting
element is determined, and then the thickness of a layer other
than function layer M for adjusting the optical distance is
determined. Particularly, determining the thickness d, of the
organic light emitting layer and each layer of the organic light
emitting layer and reflective electrode is important. Further,
the refractive index n, of the organic light emitting layer and
each layer between the organic light emitting layer and reflec-
tive electrode is calculated (S2).

[0071] Next, the light emission wavelength o. from the
organic light emitting layer is calculated. The light emission
wavelength a from the organic light emitting layer depends
on an organic light emitting material. As described above, the
optical distance L needs to satisfy the following equation to
increase the light extraction efficiency, and therefore a desired
optical distance L' satisfying the following equation is set
(83).

- 2n+1 [Formula 3]
4
(n=0,1,2,..)
[0072] Further, the thickness of the function layer M is

determined to satisfy the optical distance L'. That is, the
thickness of each layer other than the function layer M is
determined in advance, and the thickness and refractive index
of each layer other than the function layer M may be applied
to the following equation to determine the thickness of the
function layer M (S4).
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L= Z nd; [Formula 4]

i

[0073] After the thickness of the function layer M is deter-
mined, the volume of the functional material required to form
the function layer M having this thickness is calculated (S5).
From the volume of the required functional material, the
capacity of the functional material solution provided to the
coating area and the concentration of the functional material
solution are specified (S6). The capacity of the functional
material solution to be provided is influenced by the area of
the coating area or the height of the bank.

[0074] From, for example, the functional material solution
from which the coating capacity and concentration are speci-
fied, and surface free energy of the bank which defines the
coating area, the taper angle of the tapered face of the bank
which defines the coating area is determined taking into
account the mode of drying the functional material solution
(S87). Generally, as described above, when the coating capac-
ity of the functional material solution is greater and the con-
centration is higher, the taper angle of the bank is greater, and,
when the coating amount of the functional material solution is
less and the concentration is lower, the taper angle of the bank
is smaller.

[0075] This process is applied to organic light emitting
element R, light emitting element G and light emitting ele-
ment B, respectively.

[0076] An organic EL device simulator setfos (semicon-
ducting emissive thin film optics simulator) may be used to
determine the thickness of the function layer M.

[0077] Hereinafter, a more specific design example of an
organic electric field light emitting element (the top emission
type which extracts light through the counter electrode) will
be described.

Design Example 1
[0078] Pixel electrode: APC electrode
[0079] Hole injection layer: tungsten oxide (WOx), film

thickness d, (=100 nm) and refractive index n,

[0080] Hole transport layer: polyaniline, film thickness d,
and refractive index n,

[0081] Organic light emitting layer: polyfluorene which
emits red light, green light or blue light (light emission wave-
length o), film thickness d (=50 nm) and refractive index n,
[0082] Counter electrode: ITO electrode

[0083] Tungsten oxide which is the hole injection layer is
collectively formed by spattering, and therefore it is difficult
to change the film thickness per element. Although the
organic light emitting layer is formed by a coating method
(inkjet printing method) and therefore it is possible to change
the film thickness per element, the film thickness of the
organic light emitting layer is significantly influenced by the
light emission efficiency or longevity of the element. There-
fore, the degree of freedom of the film thickness of the organic
light emitting layer is strictly limited, and it is difficult to use
the organic light emitting layer as the function layer or adjust-
ing the optical distance.

[0084] Hence, the hole transport layer is used as the func-
tion layer (function layer M) for adjusting the optical dis-
tance.

[0085] The optical distance L according to design example
1 is represented by L=n,d, +n,d,+n;d;. By contrast with this,
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when the optical distance L satisfies L=2r+1)A/4, the light
extraction efficiency increases. Therefore, to satisfy the opti-
cal distance and light extraction efficiency, the thickness d, of
the hole transport layer is set.

[0086] The analysis result of the organic EL device simu-
lator setfos is illustrated in the graph of FIG. 7. The vertical
axis indicates the light extraction efficiency, and the horizon-
tal axis indicates thickness d, of the hole transport layer. As
illustrated in the graph of FIG. 7, the optimal thickness d,
varies per R, Gand B. For example, the element R has a higher
light extraction efficiency when the thickness of the hole
transport layer is about 120 nm, the element G has a higher
light extraction efficiency when the thickness of the hole
transport layer is about 56 nm and the element B has a higher
light extraction efficiency when the thickness of the hole
transport layer is about 16 nm.

[0087] Further, although not illustrated in the graph, if the
thickness of the hole injection layer is changed from 100 nm
to 180 nm to decrease the film thickness of the hole transport
layer of the element R, the element R has a higher light
extraction efficiency when the hole transport layer is 18 nm,
the element G has a higher light extraction efficiency when
the hole transport layer is 90 nm and the element B has a
higher light extraction efficiency when the hole transport
layer is 34 nm. Thus, it is necessary to adjust the thickness of
the hole transport layer.

[0088] Itnaturally follows that, when another layeris added
between the organic light emitting layer and reflective pixel
electrode, it is necessary to adjust the thickness of the hole
transport layer.

[0089] Based on the resulting thickness, the concentration
of the coating material for forming the hole transport layer is
found, the contact angle of the bank is calculated and the taper
angle of the tapered face of the bank is set. Consequently, it is
possible to provide an organic EL display of the adjusted
optical distance and a high light extraction efficiency.

Design Example 2
[0090] Pixel electrode: APC electrode (200 nm)
[0091] Hole injection layer: tungsten oxide (WOx), film

thickness d, (=100 nm) and refractive index n,

[0092] Hole transport layer: copolymer including fluorene
unit and triphenylamine unit, film thickness d,, refractive
index n,, (the hole transport layer having a different refractive
index from design example 1 is used)

[0093] Organic light emitting layer: polyfluorene which
emits red light, green light or blue light (light emission wave-
length a), film thickness d, (=50 nm) and refractive index n,
[0094] Electron transport layer: barium, film thickness d,
(=5 nm) and refractive index n,,

[0095] Counter electrode: MgAg electrode (film thickness
10 nm)
[0096] The optical distance L according to design example

2is represented by L=n,d, +n,d,+n;d;. By contrast with this,
when the optical distance L satisfies L=(2n+1)A/4, the light
extraction efficiency increases. Therefore, to satisfy the opti-
cal distance and light extraction efficiency, the thickness d,. of
the hole transport layer is set.

[0097] The analysis result of the organic EL device simu-
lator setfos is illustrated in the graph of FIG. 8. Similar to the
graphillustrated in FIG. 7, the vertical axis indicates the light
extraction efficiency, and the horizontal axis indicates thick-
ness d, of the hole transport layer. As illustrated in the graph
of FIG. 8, the element R has a higher light extraction effi-
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ciency when the thickness of the hole transport layer is about
140 nm, the element G has a higher light extraction efficiency
when the thickness of the hole transport layer is about 70 nm
and the element B has a higher light extraction efficiency
when the thickness of the hole transport layer is about 40 nm.
[0098] The present application claims priority based on
Japanese Patent Application No. 2009-140542 filed on Jun.
11, 2009. The matters disclosed in the specification and draw-
ings of Japanese Patent Application No. 2009-140542 are
incorporated in the present application.

INDUSTRIAL APPLICABILITY

[0099] The present invention can provide an organic EL
display of a high brightness and high contrast according to a
coating method.

DESCRIPTION OF REFERENCE NUMERALS

[0100] 1SUBSTRATE

[0101] 2 REFLECTIVE ELECTRODE

[0102] 3 FUNCTION LAYER FORMED BY COATING

[0103] 4 ORGANIC LIGHT EMITTING LAYER

[0104] 5 TRANSPARENT ELECTRODE

[0105] 7 BANK

[0106] 7-1 TAPERED FACE OF BANK

[0107] 8 COATING AREA

[0108] 9 FUNCTION LAYER

[0109] 10 SUBSTRATE

[0110] 20 PIXEL ELECTRODE

[0111] 30 HOLE INJECTION LAYER

[0112] 40, 40R, 40G, 40B HOLE TRANSPORT LAYER

[0113] 50,50R, 50G, 50B ORGANIC LIGHT EMITTING
LAYER

[0114] 60 COUNTER ELECTRODE

[0115] 100 BANK

[0116] 100R, 100G, 100B TAPERED FACE OF BANK

[0117] 100' TWO-STEP BANK

[0118] 1001 LOWER LAYER BANK

[0119] 1002 UPPER LAYER BANK

[0120] R ORGANIC LIGHT EMITTING ELEMENT
WHICH EMITS RED LIGHT

[0121] G ORGANIC LIGHT EMITTING ELEMENT
WHICH EMITS GREEN LIGHT

[0122] B ORGANIC LIGHT EMITTING ELEMENT
WHICH EMITS BLUE LIGHT

What is claimed is:

1. An organic EL display comprising;

a substrate;

an organic light emitting element R which is arranged on
the substrate and which is configured to emit red light;

an organic light emitting element G which is arranged on
the substrate and which is configured to emit green light;
and

an organic light emitting element B which is arranged on
the substrate and which is configured to emit blue light,
wherein:

each of the organic light emitting elements includes a pixel
electrode which is a reflective electrode, a function layer
which is formed by coating on the pixel electrode, an
organic light emitting layer which is arranged on the
function layer, a counter electrode which is a transparent
electrode and is arranged on the organic light emitting
layer, and a tapered bank which defines the function
layer formed by coating;
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a dimension of a bank-to-bank gap at a top of the bank
differs among the element R, the element G and the
element B.

2. The organic EL display according to claim 1, wherein:

avolume of the function layer differs among the element R,
the element G and the element B,

among the element R, the element G and the element B, one
element having a greatest amount of the functional
material has a greatest dimension of a bank-to-bank gap
at a top of the banks, and

among the element R, the element G and the element B,
another one element having a smallest amount of the
functional material has a smallest dimension of a bank-
to-bank gap at a top of the banks.

3. The organic EL display according to claim 1, wherein
the function layer formed by coating is an electron block layer
or a hole transport layer.

4. The organic EL display according to claim 1, wherein
the function layer formed by coating is a hole injection layer.

5. The organic EL display according to claim 1, wherein a
thickness of the function layer formed by coating varies
between the element R, the element G and the element B.

* % % k¥
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