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LIGHT-EMITTING DEVICE AND DISPLAY
APPARATUS

[0001] This application is based on application No. 2008-
290934 filed in Japan, the contents of which are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to a light-emitting
device and a display apparatus, and particularly to an organic
electro-luminescence (EL) device and an organic EL display
apparatus used for a flat display and the like.

[0004] (2) Description of the Related Art

[0005] Therehas hitherto been an organic EL device having
an organic light-emitting layer delimited by banks to define a
pixel. It is desirable that the organic light-emitting layer uni-
formly emits light from the whole pixel, from the center to the
periphery of the pixel. This is because if some portions of the
organic light-emitting layer emit a large amount of light, only
such portions are deteriorated earlier. This results in reduction
of'the life of the organic EL device, and also causes variation
in the luminance of the organic EL device.

[0006] As a method to make the organic light-emitting
layer in the whole pixel uniformly emit light, an organic
light-emitting layer with a uniform thickness has been pro-
posed. Patent Citation 1 (Japanese Unexamined Patent Appli-
cation Publication No. 2007-61674) discloses a technique
relating to process development for making the organic light-
emitting layer have the uniform thickness.

[0007] Furthermore, Patent Citations 2 and 3 (Japanese
Unexamined Patent Application Publication No. 2005-
93421, International Publication No. 2007-113935) each dis-
close a technique to increase the layer thickness of the organic
light-emitting layer at the periphery thereof so as to prevent
the occurrence of the leaked electricity caused by the thinness
of the organic light-emitting layer at the periphery.

[0008] However, the inventor has discovered a phenom-
enon in which if the organic light-emitting layer has the
uniform thickness, a larger amount of light is emitted from the
periphery of a pixel than the center. Through an analysis, the
inventor has found that electric field concentration and cur-
rent concentration occurred in the vicinity of the periphery of
a pixel cause this phenomenon.

[0009] FIG. 12 shows a position in a conventional organic
EL device where the electric field concentration and the cur-
rent concentration occur. As shown in FIG. 12, according to
the conventional organic EL device having a first electrode
104, an organic light-emitting layer 107, and a second elec-
trode 110 layered in the stated order, at least the organic
light-emitting layer 107 being delimited by banks 109 to
define a pixel, the electric field concentration and the current
concentration occur at a boundary position P1 that is located
at a border between a lower surface 107a of the organic
light-emitting layer 107 and a lateral surface 1094 of a cor-
responding one of the banks 109. The reason for the occur-
rence of such electric field concentration is that a fringing
field between the first electrode 104 and the second electrode
110 is applied to the organic light-emitting layer 107 from the
lateral surface 109a of the corresponding one of the banks
109. The current concentration occurs, because the fringing
field increases a current value and because the sloping shape
of the corresponding one of the banks 109 causes current
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supplied from the second electrode 110 to be collected at P1.
The electric field intensity and the current density in a portion
of'the light-emitting layer determine an amount of light emit-
ted from the portion. Accordingly, if the electric field concen-
tration and the current concentration occur at the boundary
position P1, which in the vicinity of the periphery of the pixel,
more light is emitted from the periphery of the pixel.

[0010] Thus, the decrease in values of the electric field
intensity and the current intensity only in view of the electric
field intensity and the current intensity at the periphery of the
pixel serves little purpose to prevent the increase in the
amount of light emitted from the periphery of the pixel. In
order to prevent the increase in the light emission amount, it
is important to consider the electric field intensity and the
current intensity at the periphery of the pixel in terms of the
relation with those at the center of the pixel. Accordingly,
simply making the organic light-emitting layer thicker at the
periphery thereof than at the center may not prevent the
increase.

[0011] With regard to the above problem, the aforemen-
tioned Patent Citations 2 and 3 each merely disclose that the
organic light-emitting layer is thicker at the periphery than at
the center. Neither of Patent Citations 2 and 3 discloses any-
thing with regard to the electric field intensity and the current
intensity at the periphery of the pixel studied in relation with
those at the center of the pixel.

SUMMARY OF THE INVENTION

[0012] The present invention is conceived in view of the
above problems. The object of the present invention is to
provide a light-emitting device having a long life and causing
little variation in the luminance.

[0013] Inone aspect, the present invention provides a light-
emitting device including a first electrode, a light-emitting
layer, and a second electrode layered in the stated order, at
least the light-emitting layer being delimited by banks to
define a pixel, wherein the light-emitting layer has a sloping
portion whose upper surface slopes upwardly towards a
periphery of the pixel such that the light-emitting layer is
thicker at a boundary position P1 than at a center thereof, the
boundary position P1 being located at a border between a
lower surface of the light-emitting layer and a lateral surface
of a corresponding one of the banks, and a width W of the
sloping portion is 2 pm or more, and is 10% or less of a width
of'the light-emitting layer, the width W being a distance from
a position at which the sloping portion starts to slope
upwardly to a periphery of the light-emitting layer in a hori-
zontal direction.

[0014] With regard to the light-emitting layer of the light-
emitting device pertaining to one aspect of an embodiment of
the present invention, the light-emitting layer is thicker at the
boundary position P1, which is located at the border between
the lower surface of the light-emitting layer and the lateral
surface of the corresponding one of the banks, than at the
center. Furthermore, the width W of the sloping portion is 2
um or more and is 10% or less of the width of the light-
emitting layer. As a result, compared with a conventional
light-emitting layer whose thickness at the boundary position
P1 shown in FIG. 12 is the same as that at the center, the
electric field concentration and the current concentration are
less likely to occur in the vicinity of the periphery of the
light-emitting layer. Accordingly, the light-emitting device in
accordance with the present invention has a longer life and
has less variation in the luminance.
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[0015] More specifically, since the light-emitting layer is
thicker at the boundary position P1, the distance between the
first electrode and the second electrode is increased at the
boundary position P1. The increased distance alleviates the
electric field concentration at the boundary position P1, and
elongates the length of a path of the current flowing along the
surface of the corresponding one of the banks. As a result, a
resistance value is increased and the current concentration is
alleviated.

[0016] A width W of the sloping portion is 2 pm or more,
and is 10% or less of a width of the light-emitting layer, the
width W being a distance from a position at which the sloping
portion starts to slope upwardly to a periphery of the light-
emitting layer in a horizontal direction. Accordingly, as
described later, this prevents the occurrence of the electric
field concentration and the current concentration at the
periphery of the light-emitting layer.

[0017] This results in the reduction in an amount of light
emitted from the light-emitting layer at the boundary position
P1 and the decrease in a difference in the amount of light
emission between at the boundary position P1 and other por-
tions, thereby suppressing the variation in the amount of light
emitted from the whole pixel. Thus, it can be expected to
dissolve the deterioration of some portions of the light-emit-
ting layer and the variation in the luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and the other objects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings which illustrate a specific embodiment of the
invention.

In the drawings:

[0019] FIG. 1 is a perspective view of a display apparatus
and so on pertaining to one aspect of an embodiment of the
present invention;

[0020] FIG. 2 is a schematic view showing a state where
layers of a light-emitting device pertaining to one aspect of
the embodiment of the present invention are layered with one
another;

[0021] FIG. 3 is a schematic view of the main structure of
the light-emitting device pertaining to one aspect of the
embodiment of the present invention;

[0022] FIG. 4 is a sectional view of the light-emitting
device taken along the line A-A shown in FIG. 2;

[0023] FIG. 5A shows a relation between a bank angle o
and electric field concentration; and FIG. 5B shows a relation
between the bank angle o and current concentration;

[0024] FIG. 6A shows a relation between a width W of a
protruding portion and the electric field concentration when
the protruding portion is 20 nm high; and FIG. 6B shows a
relation between the width W of the protruding portion and
the current concentration;

[0025] FIG. 7A shows a relation between the width W of
the protruding portion and the electric field concentration
when the protruding portion is 50 nm high; and FIG. 7B
shows a relation between the width W of the protruding
portion and the current concentration;

[0026] FIG. 8A shows a relation between the width W of
the protruding portion and the electric field concentration
when the protruding portion is 90 nm high; and FIG. 8B
shows a relation between the width W of the protruding
portion and the current concentration;
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[0027] FIG. 9A shows a relation between the height H of
the protruding portion and the electric field concentration;
and

[0028] FIG.9B shows arelation between the height H of the
protruding portion and the current concentration;

[0029] FIG. 10 is a schematic view of the main structure of
a light-emitting device pertaining to Modification 1;

[0030] FIG. 11 is a schematic view of the main structure of
a light-emitting device pertaining to Modification 2; and
[0031] FIG. 12 shows a position where electric field con-
centration and current concentration occur in a conventional
organic EL device.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0032] A light-emitting device pertaining to one aspect of
an embodiment of the present invention includes a first elec-
trode, a light-emitting layer, and a second electrode layered in
the stated order, and at least the light-emitting layer is delim-
ited by banks to define a pixel. The light-emitting layer has a
sloping portion whose upper surface slopes upwardly towards
a periphery of the pixel such that the light-emitting layer is
thicker at a boundary position P1 than at a center thereof. The
boundary position P1 is located at a border between a lower
surface of the light-emitting layer and a lateral surface of a
corresponding one of the banks, and a width W of the sloping
portion is 2 pm or more, and is 10% or less of a width of the
light-emitting layer, the width W being a distance from a
position at which the sloping portion starts to slope upwardly
to a periphery of the light-emitting layer in a horizontal direc-
tion.

[0033] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, a boundary position P2 may be higher than the upper
surface of the light-emitting layer at the center by 20 nm or
more. The boundary position P2 is located at a border
between the upper surface of the light-emitting layer and the
lateral surface of the corresponding one of the banks.

[0034] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, the width W of the sloping portion may fall within a
range between 5 pm and 10 um, inclusive and the boundary
position P2 may be higher than the upper surface of the
light-emitting layer at the center by 50 nm to 100 nm, inclu-
sive.

[0035] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, an angle o formed between the lateral surface and a
lower surface of the corresponding one of the banks may be an
acute angle.

[0036] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, the banks may surround a periphery of the light-emitting
layer.

[0037] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, the banks may be disposed on two opposing sides of the
light-emitting layer in a row direction or in a column direc-
tion.

[0038] In accordance with the light-emitting device per-
taining to one aspect of the embodiment of the present inven-
tion, the lower surface of the corresponding one of the banks
may be in contact with the first electrode, a top portion of the
corresponding one of the banks may exit inside the second
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electrode, and the corresponding one of the banks may slope
from the lower surface to the top portion.

[0039] A display apparatus pertaining to one aspect of an
embodiment of the present invention may have the light-
emitting device pertaining to one aspect of the embodiment of
the present invention.

[0040] The following describes a light-emitting device per-
taining to one aspect of an embodiment of the present inven-
tion with reference to the drawings.

[Structure of Display Apparatus]

[0041] FIG. 1 is a perspective view of a display apparatus
and so on pertaining to one aspect of the embodiment of the
present invention. As shown in FIG. 1, a display apparatus
100 pertaining to one aspect of the embodiment of the present
invention is an organic EL display having pixels that emit
RGB light arranged in a matrix form in the row direction and
the column direction. Each pixel is composed of the light-
emitting device pertaining to one aspect of the embodiment.

[Structure of Light-Emitting Device]
<Overall Structure>

[0042] FIG. 2 is a schematic view showing where layers of
the light-emitting device pertaining to one aspect of the
embodiment of the present invention are layered with one
another.

[0043] The light-emitting device in accordance with the
embodiment is a top-emission type organic EL device. The
RGB pixels each composing the light-emitting device are
orderly arranged in a matrix form. As shown in FIG. 2, each
pixelislayered ona TFT 2. Note that the light-emitting device
pertaining to the present invention may be a bottom-emission
type organic EL device. In such a case, the light-emitting
device and the TFT are formed on the same planar surface.

[0044] The light-emitting device shown in FIG. 2 is dis-
posed on a planar film 3 that covers a substrate 1 on which the
TFTisdisposed. More specifically, a first electrode (reflective
anode) 4, which is connected to a drain electrode (unillus-
trated) ofthe TFT 2, is arranged in a matrix form on the planar
film 3. Furthermore, a hole-injection layer 5 is layered on the
first electrode 4, and banks 9 surround the hole-injection layer
5. Within a portion of the hole-injection layer 5 surrounded by
the banks 9, an interlayer 6, a light-emitting layer (organic
light-emitting layer) 7, and an electron-injection layer 8 are
layered in the stated order, which forms a multilayer struc-
ture. This multilayer structure realizes a functional layer.
Note that the functional layer may include a hole-transport
layer and an electron-transport layer.

[0045] Onthe electron-injection layer 8, a second electrode
(cathode) 10 and a sealing layer 11 are layered in the stated
order. The lower surface 9a of each of the banks 9 is in contact
with the first electrode 4, and a top portion 95 of the each of
the banks 9 exists inside the second electrode 10. The banks 9
are each in a shape sloping from the lower surface 9a to the
top portion 95 thereof. The hole-injection layer 5, the inter-
layer 6, the light-emitting layer 7 and the electron-injection
layer 8 are delimited by the banks 9 so as to define a pixel. On
the other hand, the second electrode 10 and the sealing layer
11 are continuous from those in the adjacent pixels across the
banks 9. Note that the banks 9 may delimit the second elec-
trode 10 and the sealing layer 11 to define a pixel. The elec-
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tron-injection layer 8 may be continuous from those in the
adjacent pixels across the banks 9.

<Structure of Component>

[0046] The following more specifically describes each of
the components composing the light-emitting device.

[0047] The substrate 1 is desirably made from an insulating
material, such as soda glass, nonluminescent glass, phospho-
ric acid glass, boric acid glass, quartz, acrylic resin, styrene
resin, polycarbonate resin, epoxy resin, polyethylene, poly-
ester, silicone resin, and alumina.

[0048] When the light-emitting device is a top-emission
type device, the first electrode 4 needs to be reflective to light.
The first electrode 4 is, therefore, desirably made from a
light-reflective material, such as APC (alloy of silver, palla-
dium, and copper), ARA (alloy of silver, rubidium, and gold),
MoCr (alloy of molybdenum and chrome), and NiCr (alloy of
nickel and chrome).

[0049] In contrast, when the light-emitting device is a bot-
tom-emission type device, the first electrode 4 needs to be
transmissive to light. The first electrode 4 is, therefore, desir-
ably made from a light-transmissive material, such as ITO
(indium tin oxide), IZO (indium zinc oxide), and tin oxide.
Note that when the light-emitting device is a bottom-emission
type device, the substrate 1 also needs to be transmissive to
light. It is, therefore, desirable that the substrate 1 is made
from a light-transmissive material, such as glass, polyethyl-
ene terephtharate, and polyethylene naphtharate.

[0050] Thehole-injection layer 5 enhances the efficiency of
injection of holes from the first electrode 4. For example, the
hole-injection layer 5 is made from an organic material, such
as PEDOT-PSS (polyethylenedioxythiophene doped with
polystylene sulfonic acid), poly 3,4-ethylenedioxythiophene
and their derivative.

[0051] The interlayer 6 blocks electrons from being trans-
ported from the light-emitting layer 7 to the hole-injection
layer 5, and effectively conveys holes to the light-emitting
layer 7. The light-emitting layer 7 is desirably made from an
organic material, such as triphenylamine, and polyaniline.
[0052] The light-emitting layer 7 is desirably made from a
fluorescent material, such as an oxynoide compound, a
perylene compound, a coumarin compound, an azacoumarin
compound, an oxazole compound, an oxadiazole compound,
a perinone compound, a pyrrolopyrrole compound, a naph-
thalene compound, an anthracene compound, a fluorene com-
pound, a fluoranthene compound, a tetracene compound, a
pyrene compound, a coronene compound, a quinolone com-
pound and an azaquinolone compound, a pyrazoline deriva-
tive and a pyrazolone derivative, a rhodamine compound, a
crysene compound, a phenanthrene compound, a cyclopen-
tadiene compound, a stilbene compound, a diphenylquinone
compound, a styryl compound, a butadiene compound, a
dicyanomethylene pyran compound, a dicyanomethylene thi-
opyran compound, a fluorescein compound, a pyrylium com-
pound, a thiapyrylium compound, a selenopyrylium com-
pound, a telluropyrylium compound, an atomatic aldadiene
compound, an oligophenylene compound, a thioxanthen
compound, an anthracene compound, a cyanine compound,
anacridine compound, a metal complex of a 8-hydroxyquino-
line compound, a metal complex of a 2,2"-bipyridine com-
pound, a complex of schiff base and III-group metal, an
oxinemetal complex, a rare-earth complex, etc. as disclosed
by Japanese Unexamined Patent Application Publication No.
H5-163488.
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[0053] The electron-injection layer 8 transports electrons
injected from the second electrode 10 to the light-emitting
layer 7, and is desirably made from barium, phthalocyanine,
and lithium fluoride or the like, or made from a combination
of these.

[0054] The banks 9 may be made from an insulating mate-
rial, and desirably is resistant to an organic solvent. In addi-
tion, it is desirable that the banks 9 are transmissive to visible
light to some extent. Furthermore, since the banks 9 may be
etched, baked or the like, the banks 9 are desirably made from
a material highly resistant to these processing. The banks 9
may be made either from an organic material, such as a resin,
or an inorganic material, such as glass. The organic material
is, for instance, an acrylic resin, a polyimide resin, a novolac-
type phenolic resin and the like. The inorganic material is, for
instance, SiO, (silicon oxide), Si;N, (silicon nitride) and the
like.

[0055] The banks 9 may be formed as a pixel bank or a line
bank. The pixel bank surrounds the periphery of the light-
emitting layer 7 in each pixel. On the other hand, the line bank
separates a plurality of pixels in columns or rows. That is, the
banks 9 are disposed on two opposing sides of the light-
emitting layer 7 in the row direction or the column direction,
and continuances of the light-emitting layer 7 are disposed in
the pixels in the row or the column direction.

[0056] When the light-emitting device is a top-emission
type device, the second electrode 10 is desirably made from a
light transmissive material, such as ITO and IZO. When the
light-emitting device is a bottom-emission type device, the
second electrode 10 is desirably made from a light-reflective
material, such as aluminum.

[0057] The sealing layer 11 prevents the light-emitting
layer 7 and the like from being exposed to moisture or air. It
is desirable that the sealing layer 11 is made from, for
example, SiN (silicon nitride) or SiON (silicon oxynitride). In
particular, when the light-emitting device is a top-emission
type device, since the sealing layer 11 is disposed on the path
ofthe light emitted from the light-emitting layer 7, the sealing
layer 11 is desirably transmissive to light.

<Structure of Light-Emitting Layer>

[0058] FIG. 3 is a schematic view of the main structure of
the light-emitting device in accordance with the embodiment.
[0059] The light-emitting device in accordance with the
embodiment is particularly characterized by the shape of the
light-emitting layer 7. As shown in FIG. 3, in each pixel, the
light-emitting layer 7 is thicker at the boundary position P,
which is located at a border between the lower surface 7a of
the light-emitting layer 7 and the lateral surface 9¢ of the
corresponding one of the banks 9, than at the center thereof.
More specifically, the upper surface 75 of the light-emitting
layer 7 slopes upwardly from a position nearer the center of
the pixel than the boundary position P1 towards the lateral
surface 9¢ of the corresponding one of the banks 9. The lower
surface 7a of the light-emitting layer 7 is flat across the whole
pixel. Thus, according to the light-emitting layer 7, the dis-
tance L, between the first electrode 4 and the second electrode
10 at the boundary position P, (thickness of the light-emitting
layer at the boundary position P, ) is longer than the distance
L, between the first electrode 4 and the second electrode 10 at
the center (the thickness of the light-emitting layer at the
center). Thus, compared with a conventional layer where the
distance L, equals to the distance L,, the electric field con-
centration and the current concentration are less likely to

Jul. 8,2010

occur at the boundary position P,. As a result, the light-
emitting layer at the boundary position P, emits a smaller
amount of light than a conventional layer. Thus, the whole
pixel has little variation in the luminance.

[0060] Inaddition to the light-emitting layer 7, other layers
composing the functional layer are layered between the first
electrode 4 and the second electrode 10. Note that it is pos-
sible to more effectively suppress the electric field concen-
tration and the current concentration when the thickness of
each layer is made substantially uniform in the whole pixel.

[0061] With regard to the light-emitting device in accor-
dance with the embodiment, a portion with the increased
thickness at the boundary position P, (a portion above the
chain double-dashed line X, in FIG. 3) is referred to as a
protruding portion 7¢. The protruding portion 7¢ is a sloping
portion sloping upwardly from the position towards the center
of'the pixel towards the lateral surface 9¢ of the corresponding
one of the banks 9. The width W of the protruding portion 7¢
is a distance from the boundary position P2, which is located
at a border between the upper surface 75 of the light-emitting
layer 7 and the lateral surface 9¢ of the corresponding one of
the banks 9, to a base point P3 of the protruding portion 7¢
(the width is measured in a direction parallel to the upper
surface of the substrate 1). The height H of the protruding
portion 7¢ is a distance from the base point P3 to the boundary
position P2 (the height is measured in a direction orthogonal
to the upper surface of the substrate 1).

[0062] FIG. 4 is a sectional view of the light-emitting
device taken along in the A-A line shown in FIG. 2. For the
convenience of the description, the electron-injection layer 8
is omitted. As shown in FIG. 4, as for the pixel bank, the banks
9 surrounds the light-emitting layer 7, and the protruding
portion 7¢ is formed in an annular shape along the banks 9.
Accordingly, the boundary position P2 and the base point P3
in FIG. 3 are respectively shown as P2 and P3 located on the
chain double-dashed line defined by the reference numerals
P2 and P3 in FIG. 4.

[0063] A central portion of the pixel which is in the vicinity
of the center of the light-emitting layer according to the
present invention is a portion surrounded by the chain double-
dashed line shown by reference numeral P4 in FIG. 4. The
distance from the corresponding one of the banks 9 to the
chain double-dashed line shown by the reference numeral P4
is 25% of the width of the upper surface 76 of the light-
emitting layer 7 (the distance Y1 is 25% of the width D1, the
distance Y2 is 25% of the width D2).

[0064] FIG. 5A shows a relation between a bank angle
and the electric field concentration. FIG. 5B shows a relation
between the bank angle o and the current concentration.
FIGS. 5A and 5B each indicate, in the X axis, the bank angle
o. formed by the lower surface 9a and the lateral surface 9¢ of
the corresponding of the banks 9 (see FI1G. 3). FIG. 5A shows,
in the Y axis, an increasing rate of the electric field intensity
at the boundary position P1 when the electric field intensity in
the central portion of the pixel is 100%. This applies to FIGS.
6A,7A, 8A and 9A. FIG. 5B shows, in the Y axis, the increas-
ing rate of the current density at the boundary position P1
when the current density in the central portion of the pixel is
100%. This applies to FIGS. 6B, 7B, 8B and 9B.

[0065] Asshown in FIG.5A, when the bank angle ¢ is 120°
or more, the electric field concentration scarcely occurs. In
contrast, when the bank angle o is less than 120°, the electric
field concentration starts to occur. The electric field concen-
tration decreases as the bank angle o increases. When the
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bank angle o is an acute angle (less than 90°), the increasing
rate of the electric field intensity is 5% or more, which shows
remarkable electric field concentration. Thus, the structure
pertaining to the present invention is more effective.

[0066] As shown in FIG. 5B, the current concentration
shows tendency similar to the electric field concentration. In
particular, when the bank angle a.becomes an acute angle, the
increasing rate of the current density is 500% or more, which
shows remarkable current concentration. Thus, the structure
pertaining to the present invention is more effective.

[0067] Note that when the bank angle o is excessively
large, a sealing function of the sealing layer 11 and the like
disposed over the banks 9 is decreased, which causes mois-
ture to enter the device, for example. When the bank angle o
is excessively small, an amount of ink to be applied to form
the functional layer is limited such that a desired functional
layer cannot be obtained. Accordingly, it is desirable that the
bank angle o falls within a range of 90-40°.

[0068] FIGS. 6A,7A and 8A each show a relation between
the width W of the protruding portion 7¢ and the electric field
concentration. FIGS. 6B, 7B and 8B each show the width W
of the protruding portion 7¢ and the current concentration.
FIGS. 6 A and 6B each show the relation when the height H of
the protruding portion 7¢ is 20 nm. FIGS. 7A and 7B each
show the relation when the height H of the protruding portion
7c¢is 50nm. FIGS. 8A and 8B each show the relation when the
height H of the protruding portion 7¢ is 90 nm.

[0069] Asshown inFIGS. 6A and 6B, when the height H of
the protruding portion 7¢ is 20 nm, if the width W of the
protruding portion 7¢ is 2 pm or more, the electric field
concentration and the current concentration are remarkably
suppressed. If the width W is 5 pm or more, the electric field
concentration and the current concentration hardly occur.

[0070] Asshown in FIGS. 7A and 7B, when the height H of
the protruding portion 7c¢ is 50 nm, the electric field concen-
tration and the current concentration hardly occur if the width
W of the protruding portion 7¢ is 2 pm or more. Similarly, as
shown in FIGS. 8A and 8B, when the height H of the protrud-
ing portion 7¢ is 90 nm, the electric field concentration and
the current concentration hardly occur if the width W of the
protruding portion 7¢ is 2 pm or more.

[0071] Accordingly, the width W of the protruding portion
7c¢ is desirably 2 pm or more, and more desirably 5 um or
more. Furthermore, it is desirable that the portion of the
light-emitting layer 7 where the thickness is increased is
limited to approximately 1% of the whole pixel such that a
sensory test shows no variation in the luminance. The width
W of'the protruding portion 7¢ is desirably 10% or less of the
width of the upper surface 75 of the light-emitting layer 7.

[0072] FIG. 9A shows a relation between the height H of
the protruding portion 7¢ and the electric field concentration.
FIG. 9B shows a relation between the height H of the pro-
truding portion 7¢ and the current concentration.

[0073] Asshown in FIGS. 9A and 9B, when the height H of
the protruding portion 7¢ is 20 nm or more, the electric field
concentration and the current concentration start to be
remarkably suppressed. Accordingly, the height H of the pro-
truding portion 7¢ is desirably 20 nm or more.

[0074] As above, the description is given of each size of the
protruding portion 7¢. It is desirable that each size is set as
follows in view of the balance of the wholeness of the pro-
truding portion 7¢. It is desirable that the width W is 2-20 pm
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and that the height H is 20 nm or more. In addition, it is
especially desirable that the width W is 5-10 pum and that the
height H is 50-100 nm.

[Manufacturing Method of Light-Emitting Device]

[0075] A manufacturing method of the light-emitting
device in accordance with the embodiment includes a first
step of preparing a substrate 1 having, for example, first
electrodes 4 disposed thereon, a second step of forming the
banks 9 to surround at least part of the first electrodes 4, a third
step of forming the light-emitting layer 7 by applying ink
including an organic light-emitting material to portions of the
light-emitting layer defined by the banks 9, and a fourth step
of forming the second electrode 10 on the light-emitting layer
7.

[0076] In the first step, first electrodes 4 (material: APC,
thickness: 50 nm) are formed in a matrix form or a line form
on the glass substrate 1 using a sputtering method. Further-
more, the hole-injection layer 5 is formed on the first elec-
trode 4. Note that the first electrode 4 may be formed using a
vapor deposition method, a photolithography method or the
like. The forming step of the hole-injection layer 5 is not
particularly limited.

[0077] In the second step, the banks 9 (material: silicon
oxide, height: 1 um, bank angle o: 45°) is formed using a
CVD method to surround part of the hole-injection layer 5.
Note that the banks 9 may be formed using, for instance, the
photolithography method. In such a case, a resin film may be
formed by a coating method or the like on the substrate 1
having the first electrode 4 formed thereon. Light may be
radiated on the resin film via a mask to remove desired por-
tions of the resin film.

[0078] In the third step, the functional layer including the
hole-injection layer 5, the interlayer 6, the light-emitting
layer 7 and the electron-injection layer 8 is formed within the
portions of the light-emitting layer delimited by the banks 9
using the coating method. According to the coating method,
ink containing a material of each layer is applied by using
inkjet, dispenser, nozzle coating, spin coating, intaglio print-
ing, anastatic printing or the like, and is dried to form the
layers.

[0079] More specifically, initially, solution containing
PEDOT is coated within the portions delimited by the banks
9 and dried to form a PEDOT layer (thickness: 65 nm) as the
hole-injection layer 5. Subsequently, a solution containing
0.8 wt % of triphenylamine (solvent: anisole) is coated and
dried to form the interlayer 6 (thickness: 20 nm). Subse-
quently, solution containing 1.3 wt % of polyfluorene (sol-
vent: cyclohexylbenzene) is coated and dried. Thus, the light-
emitting layer 7 (thickness: 85 nm) is formed. In addition,
barium is vacuum deposited to form the electron-injection
layer 8 (thickness: 5 nm).

[0080] In particular, as for the light-emitting layer 7, a dry
condition of the coated light-emitting layer 7 is important for
making the protruding portion 7¢ in a desired shape. It is
favorable that the light-emitting layer 7 is dried in vacuum, for
example, at 30° C., for 20 minutes.

[0081] Inthe fourth step, asecond electrode 10 is formed on
the electron-injection layer 8 using a facing target sputtering
method (material: ITO, thickness: 100 nm). Furthermore, the
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sealing layer 11 is formed on the second electrode 10. Note
that the means for forming the sealing layer 11 is not limited
in particular.

[Modification]

[0082] As above, the detailed description is given of the
light-emitting device and the display apparatus based on the
embodiment. However, the light-emitting device and the dis-
play apparatus pertaining to the present invention do not need
to be implemented as shown in the above embodiment.

[0083] For example, the present invention does not need to
have the sloping portion whose upper surface slopes
upwardly from the position nearer the center of the pixel than
the boundary position P1 towards the lateral surface of the
bank to make the light-emitting layer thicker at the boundary
position P1 than at the center thereof.

[0084] FIG. 10 is a schematic view of the main structure of
a light-emitting device pertaining to Modification 1. As
shown in FIG. 10, the light-emitting device pertaining to
Modification 1 with the following structure is applicable. The
light-emitting device has a first electrode 24, a light-emitting
layer 27 and a second electrode 20 layered in the stated order.
Atleast the light-emitting layer 27 is delimited by banks 29 to
define a pixel. A protruding portion 27¢, which is substan-
tially hemispherical in its cross section, is provided on the
upper surface 275 of the light-emitting layer 27 (in F1G. 10, a
portion above the chain double-dashed line X,), and a surface
of the protruding portion 27¢ on the upper surface 275 of the
light-emitting layer 27 is elevated in a convex form around the
boundary position P1. In such a case as well, the distance
between the first electrode 24 and the second electrode 20 is
long at the boundary position P1, which is effective in sup-
pressing the electric field concentration and the current con-
centration.

[0085] FIG. 11 is a schematic view of the main structure of
the light-emitting device pertaining to Modification 2. As
shown in FIG. 11, the light-emitting device with the following
structure is applicable. The light-emitting device pertaining
to Modification 2 has a first electrode 34, a light-emitting
layer 37 and a second electrode 30 layered in the stated order.
Atleast the light-emitting layer 37 is delimited by banks 39 to
define a pixel. An upper surface 34a of the first electrode 34
slopes downwardly from a position nearer the center of the
pixel than the boundary position P1 towards the lateral sur-
face of a corresponding one of the banks 39, which forms the
sloping surface. Thus, a protruding portion 37¢ is provided
towards the lower surface 37a of the light-emitting layer 37
(in FIG. 11, portion below the chain double-dashed line X3).
In such a case as well, the distance between the first electrode
34 and the second electrode 30 is long at the boundary posi-
tion P1, which is effective in suppressing the electric field
concentration and the current concentration.

[0086] Furthermore, it is possible to combine the protrud-
ing portion 7¢ pertaining to the embodiment, the structure of
the protruding portion 27¢ pertaining to Modification 1 and
the structure of the protruding portion 37¢ pertaining to
Modification 2.

[0087] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
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from the scope of the present invention, they should be con-
strued as being included therein.

INDUSTRIAL APPLICABILITY

[0088] The present invention is applicable to an organic EL
display apparatus designed for use as a flat surface light
source, a flat display and the like.

1. A light-emitting device, comprising:

a first electrode;

a second electrode

a light-emitting layer between the first electrode and the
second electrode;

banks that delimit the light-emitting layer;

wherein an upper surface of the light-emitting layer has a
pair of sloping portions, each of the sloping portions
slopes upward toward a lateral surface of one of the
banks, the light-emitting layer is thicker about a lower
boundary position than at a center of the light-emitting
layer, the boundary position corresponds to an intersec-
tion of a lower surface of the light-emitting layer and the
lateral surface of one of the banks, and

wherein a width of each of the sloping portions is at least
approximately 2 pm and at most approximately 10% of
a width of the light-emitting layer.

2. The light-emitting device of claim 1, wherein

an upper boundary position is located at an intersection of
the upper surface of the light-emitting layer and the
lateral surface of one of the banks and displaced from the
upper surface of the light-emitting layer at the center by
at least approximately 20 nm.

3. The light-emitting device of claim 2, wherein

the width of each of the sloping portions is at least approxi-
mately 5 pm and at most approximately 10 pm, and the
upper boundary position is displaced from the upper
surface of the light-emitting layer at the center by at least
approximately 50 nm and at most approximately 100
nm.

4. The light-emitting device of claim 1, wherein

an angle o formed between the lateral surface of one of the
banks and a lower surface of the one of the banks is an
acute angle.

5. The light-emitting device of claim 1, wherein

the banks surround a periphery of the light-emitting layer.

6. The light-emitting device of claim 1, wherein

the banks are disposed on two opposing sides of the light-
emitting layer in one of a row direction and a column
direction.

7. The light-emitting device of claim 1, wherein

alower surface of the one of the banks is in contact with the
first electrode, a top surface of the one of the banks is in
the second electrode, and the one of the banks slopes
from the lower surface to the top surface.

8. A display apparatus having the light-emitting device of

claim 1.

9. A light-emitting device, comprising:

a pair of electrodes each generally extending along an axis;

a light-emitting layer generally extending along the axis
between the pair of electrodes and including a center
portion extending between a pair of end portions;

a pair of banks disposed transverse to the axis and delim-
iting the light-emitting layer,
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wherein each end portion of the pair of end portions of the
light-emitting layer has a minimum thickness that is
greater than a thickness of the center portion of the
light-emitting layer, and

wherein each end portion has a width along the axis of at

least approximately 2 um and at most approximately
10% of a width of the light-emitting layer along the axis.

10. The light-emitting device of claim 9, wherein an upper
surface of the light-emitting layer is concave.

11. The light-emitting device of claim 10, wherein a lower
surface of the light-emitting layer generally extends parallel
to the axis.

12. The light-emitting device of claim 9, wherein each
bank of the pair of banks has a lateral surface that delimits the
light-emitting layer, and an upper surface of each en portion
obtusely intersects the lateral surface of one of the pair of
banks.

13. The light-emitting device of claim 12, wherein a slope
ofthe upper surface of each end portion rises at least approxi-
mately 20 nm.

14. The light-emitting device of claim 13, wherein the
width of each end portion is at least approximately 5 jum and
at most approximately 10 um along the axis, and the slope of
each end portion rises at least approximately 50 nm and at
most approximately 100 nm.
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15. The light-emitting device of claim 9, wherein each
bank of the pair of banks has a lateral surface that delimits the
light-emitting layer, and the lateral surface of each bank
obliquely intersects the axis.

16. The light-emitting device of claim 15, wherein an upper
surface of each end portion obtusely intersects the lateral
surface of one of the pair of banks.

17. The light-emitting device of claim 16, wherein a slope
of'the upper surface of each end portion rises at least approxi-
mately 20 nm.

18. The light-emitting device of claim 17, wherein the
width of each end portion is at least approximately 5 um and
at most approximately 10 pm along the axis, and the slope of
each end portion rises at least approximately 50 nm and at
most approximately 100 nm.

19. The light-emitting device of claim 9, wherein each
bank of the pair of banks has a lateral surface that delimits the
light-emitting layer, and a lower surface of each end portion
acutely intersects the lateral surface of one of the pair of
banks.

20. A display apparatus having the light-emitting device of
claim 9.



TRBR(F) BRAFEENMEREE
K (BE)S US20100171415A1
RiES US12/616878

RRiE (TR A(F) MT R~ UKot
HERBEEAAGE) LTBEFFLRX2E

[FRI& B A AKAMATSU KAORI
YOSHIDA HIDEHIRO
RBA AKAMATSU, KAORI
YOSHIDA, HIDEHIRO
IPCHES HO1L51/54
CPCH#%E HO1L27/3246 H01L51/5012
£ 4K 2008290934 2008-11-13 JP
ShEBEEEE Espacenet  USPTO
MWEGF)

—MEXRE , SEF R, FoBR, ATE-BRNE Bk
HEREKE , UERRERKEZNR. KRN EREEE TR E
o, MRS EAEP - MENMURE R LARN. RARETLR
UBALLERKENFOAER, BRUENNTRAAEEH TREME
R PMROMEXANIR [ BMIBBINRENRAERENED
L2umA EEZD10%. Bt , IRBEERSEHHAEFRIRE
TWEXRENMEAXHREARENEINELERERE,

patsnap

2010-07-08
EH 2009-11-12
8¢ 10 8 1
ﬁ 99: A IR R RO e

ks. j Rt ‘
: N\
st 1

""""""""’j'
RRRRLRRARKLK

NI

g "

)

e

. 7
"""""" R O o P T P P Ao o Ao A P .
LOKRAKBIRRCHILHK]

R

\

N

2

1


https://share-analytics.zhihuiya.com/view/b4312f21-3c35-472a-83ce-edd514316eb7
https://worldwide.espacenet.com/patent/search/family/042305995/publication/US2010171415A1?q=US2010171415A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100171415%22.PGNR.&OS=DN/20100171415&RS=DN/20100171415

