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the insulation film includes a plurality of concave parts
arranged corresponding to each of the plurality of pixels on
the side of the first electrode, the first electrode, the organic
EL layer and the second electrode are stacked in order above
the insulation film and the concave part, and the an insulation
layer is covering an end part of the first electrode arranged
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2013-266429, filed on Dec. 25, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention is related to a display device,
and especially related to an organic EL display device
arranged with an organic EL (electro-luminescence) element.

BACKGROUND

[0003] An organic electro-luminescence element (referred
to below as [organic EL element]) using an organic electro-
luminescence material can realize each emitted color of light
in the visible light band from white emitting light by selecting
and organic material or by adopting a structure of an organic
EL element. As a result, the development of display devices
and lighting equipment which use organic EL elements is
progressing.

[0004] An organic EL display device is arranged with an
organic EL element in each pixel, the organic EL element in
each pixel is connected to a transistor and emitted light is
controlled via this transistor. The organic EL element is
formed in an element substrate formed with a transistor. In the
structure of a pixel, an interlayer insulation layer is generally
arranged between the organic EL element and the transistor.
In addition, one electrode which forms the organic EL ele-
ment and a source/drain electrode of a transistor are electri-
cally connected in a contact hole formed in the insulation
layer.

[0005] An organic EL display device includes a pixel array
arranged with this type of pixel in a matrix shape and light
emitted from the organic EL element is emitted to the side of
the element substrate or an opposing substrate arranged fac-
ing the element substrate and thereby a display surface is
formed on the surface.

[0006] This type of organic EL element is arranged with a
layer (referred to below as [organic electro-luminescence
layer] or [organic EL layer]) including an organic electro-
luminescence material between a pair of electrodes called an
anode and cathode. Since light emitted by the organic EL
layer spreads in all 4 &t directions when expressed as a solid
angle, there is a problem in effectively using light emitted in
directions apart from the display screen side.

[0007] In addition, there is a problem whereby light irradi-
ated in a parallel direction within the organic EL layer is
irradiated from a transparent electrode side towards the end
surface of the organic EL layer. This is because the refractive
index of a material which forms the organic EL layer is high
(n=1.8~1.9) and all the light which is irradiated at a specific
angle at an interface with a difference refractive index is
reflected. For example, all the light reflected at an interface
between an organic EL layer and a transparent electrode, and
between a glass substrate and air is either wave guided within
the organic EL layer or glass substrate and absorbed with the
layer or is emitted from the end surface of the glass substrate.
[0008] Itis said that the extraction ratio (ratio of the amount
of light irradiated to the glass substrate side as a proportion of
the total amount of light in the organic EL layer) of light
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generated by an organic EL layer is about 20% due to light
being wave guided within the organic EL layer in this way. It
is important to increase the extraction ratio of light generated
by an organic EL layer in order to reduce power consumption
of an organic EL display device formed using an organic EL
element.

[0009] Therefore, in a conventional organic EL display
device, a diffraction grating comprised from a concave layer
is formed above a transparent electrode, a transparent elec-
trode, organic EL layer and metal electrode are stacked in
order above the diffraction grating to form an organic EL
element in order to attempt to improve the extraction ratio of
light using the diffraction effects caused by the concave shape
diffraction grating (for example, refer to Japanese Laid Open
Patent 2013-109932).

[0010] However, according to the conventional organic EL
display device described in the patent document mentioned
above, it was necessary to manufacture an uneven shaped
diffraction grating so that an uneven wavenumber and an
uneven depth distribution etc in a Fourier transformed image
have a constant numerical value, and because a high level of
precision is demanded in the manufacturing process, there
was a danger that the manufacturing process would become
complex and manufacturing costs would increase.

[0011] Inaddition, according to a conventional organic EL
display device, in a pixel arranged with an organic EL ele-
ment, there is a danger that mixing of colors may occur when
light emitted in a diagonal direction ofa pixel becomes leaked
light emitted from an adjacent pixel. However, the aperture
ratio of a pixel decreases when the width of a light shielding
layer which sections a region of a pixel is increased in order to
reduce the effects of mixing colors, and there is danger that
light emitted from an organic EL element cannot be used
effectively.

[0012] Therefore, the present invention aims to effectively
use light emitted from an organic EL element as light emitted
in each pixel in an organic EL display device. In addition, it is
an aim of the present invention to realize a simple structure
which improves the extraction ratio of light from each pixel
without significantly changing the manufacturing process.

SUMMARY

[0013] An organic EL display device related to one
embodiment of the present invention includes a first substrate
arranged with a plurality of pixels in the shape of a matrix, an
insulation film arranged above the first substrate, a first elec-
trode arranged above the insulation film, a second electrode
arranged on an upper layer of the first electrode, and an
organic EL layer arranged between the first electrode and the
second electrode, wherein the insulation film is arranged with
aplurality of concave parts arranged corresponding to each of
the plurality of pixels on the side of the first electrode, the first
electrode, the organic EL layer and the second electrode are
stacked in order above the insulation film and the concave
part, and the an insulation layer is covering an end part of the
first electrode arranged above the concave part is arranged on
an interface part sectioning each of the plurality of pixels.
[0014] The plurality of concave parts may be arranged at a
pitch to obtain a desired wavelength of an emitted color for
each corresponding pixel.

[0015] The plurality of concave parts may include a slanted
surface on a side surface, a slant angle of the slanted surface
being larger than 45 degrees and smaller than 90 degrees.
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[0016] The first electrode may be a reflection electrode and
the second electrode may be a transparent electrode.

[0017] The plurality of concave parts may include a square
shaped upper surface, and an extending direction of a long
side of the square shaped upper surface may be arranged in a
plurality of directions in the pixel.

[0018] The insulation film and the plurality of concave
parts may be formed using a resin material.

[0019] A second electrode may be further arranged facing
the first substrate, wherein the second substrate may be
arranged with a color filter arranged corresponding to each of
the plurality of pixels.

[0020] In addition, an organic EL display device related to
one embodiment of the present invention includes a first
substrate arranged with a plurality of pixels in the shape of a
matrix, wherein the first substrate includes an organic EL
light emitting layer arranged corresponding to each of the
plurality of pixels above the first substrate, the organic EL
light emitting layer having a structure wherein a first elec-
trode including a plurality of protruding parts, an organic EL,
layer and a second electrode are stacked in order, and an
insulation layer arranged corresponding to an interface part
sectioning each of the plurality of pixels, the insulation layer
being arranged to cover an end part of the protruding part of
the first electrode.

[0021] The first electrode may be arranged with the pro-
truding part and a thin film shaped flat part arranged below the
protruding part.

[0022] Thefirstelectrode may be arranged withanITO film
between the protruding part and the flat part.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1is aplanar view diagram showing a schematic
structure of an organic EL display device related to one
embodiment of the present invention;

[0024] FIG.2isa vertical cross-sectional diagram showing
a stacked structure of an organic EL display device related to
one embodiment of the present invention;

[0025] FIG. 3 is a cross-sectional diagram showing a sche-
matic structure of an organic EL display device related to the
first embodiment of the present invention;

[0026] FIG. 4 is a cross-sectional diagram showing a sche-
matic structure of an organic EL display device related to the
second embodiment of the present invention;

[0027] FIG. 5 is a planar view diagram showing a first
example of a pixel of an organic EL display device related to
one embodiment of the present invention;

[0028] FIG. 6 is a planar view diagram showing a second
example of a pixel of an organic EL display device related to
one embodiment of the present invention;

[0029] FIG. 7 is a planar view diagram showing a third
example of a pixel of an organic EL display device related to
one embodiment of the present invention;

[0030] FIG. 8is a cross-sectional diagram showing a sche-
matic structure of an organic EL display device related to one
embodiment of the present invention; and

[0031] FIG.9 is a cross-sectional diagram showing a sche-
matic structure of an organic EL display device related to one
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0032] The embodiments of the present invention are
explained below while referring to the diagrams. Further-
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more, the present invention should not be interpreted as being
limited to the embodiments below and various modifications
are possible without departing from the scope of the inven-
tion.

[0033] First, a schematic structure of an organic EL display
device related to one embodiment of the present invention is
explained while referring to FIG. 1 and FIG. 2.

[0034] FIG.1isa planar view diagram showing a schematic
structure of an organic EL display device 100 related to one
embodiment of the present invention. As is shown in FIG. 1,
a plurality of pixels 10 are arranged in the shape of a matrix
above a hard substrate 2 such as glass at the center of the
organic EL display device 100. One pixel 10 is formed by four
pairs of sub-pixels 10a. Four sub-pixels 10a each emit three
primary colors (red (R), green (G) and blue (B)) respectively.
A display region 50 in which an image is displayed is formed
by selecting and adjusting the amount oflight emitted by each
sub-pixel 10¢ included in the plurality of pixels 10 and driv-
ing the pixels. In addition, drive circuits (X driver, Y driver,
shift register etc) 30, 40 are arranged in a periphery region of
the display region 50 for selecting and adjusting the amount
of light emitted by each pixel 10 within the display region and
driving the pixels.

[0035] Furthermore, multiple wiring patterns are formed
for conducting with each circuit 30, 40, supplying a power
voltage and drive voltage to each drive circuit 30, 40 and
connecting to ground. An end part of each wiring pattern is
connected to a metal electrode 20 above a substrate 2 respec-
tively. Each metal electrode 20 may be formed as a terminal
region 60 connected to a flexible printed circuit substrate (not
shown in the diagram) for supplying and external drive power,
a drive signal and an earth potential for example.

[0036] Next, a stacked structure of the organic EL display
device 100 related to one embodiment of the present inven-
tion is explained while referring to FIG. 2. F1G. 2 is a vertical
cross-sectional diagram showing a stacked structure of the
organic EL display device 100.

[0037] AsisshowninFIG. 2, the organic EL display device
is arranged with an organic EL light emitting layer 1 which
forms each pixel of the display region 50 above a hard sub-
strate 2 such as glass. Although the details are omitted from
FIG. 2, the organic EL light emitted layer 1 is formed, for
example, by stacking a TFT drive circuit layer, a reflection
electrode, an organic EL layer, and a transparent electrode in
order from the substrate 2. For example, the organic EL layer
is formed by stacking a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer and an
electron injection layer.

[0038] Itis necessary to close the organic EL light emitting
layer 1 from external air since it rapidly degrades when
exposed to the water component in the atmosphere. As a
result, the surface of the organic EL layer 1 is covered by a
transparent sealing film 3 comprised from SiN etc formed by
aCVD film forming method and is also covered by a substrate
6 comprised from a hard transparent material such as glass.
However, the sealing layer 3 may be omitted if it is possible to
close the organic EL light emitting layer 1 from external air.
Furthermore, a structure may also be used wherein the sealing
layer 3 replaces the substrate 6 while covering the organic EL
light emitting layer 1. In other words, a structure is possible
wherein a substrate, the substrate 6, which faces the substrate
2 is not formed. Below, a structure in which the organic EL
light emitting layer and sealing film 3 are formed above the
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substrate 2 is referred to as [first substrate 7] and the substrate
6 is referred to as [second substrate 6].

[0039] The organic EL display device is filled with a trans-
parent resin 4, 5 such as an epoxy resin for example, in order
to maintain the surface of the organic light emitting layer 1
and the surface of the second substrate 2 in parallel by main-
taining a fixed distance between the first substrate 8 and
second substrate 6 in a gap between therein and also to pre-
vent reflection or refraction at the interface between the two.
In addition, apart from the resins 4, 5, a gap may be main-
tained between the first substrate 7 and second substrate 6
using a known material such as a sealing material. The second
substrate 6 may include a color filter or may be a thin film
device etc arranged with a touch panel function according to
the specifications of the organic EL display device.

[0040] The organic EL display device including the first
embodiment and second embodiment having this type of
structure is explained below while referring to FIG. 3 to FIG.
7.

First Embodiment

[0041] FIG. 3 is a cross-sectional diagram showing a sche-
matic diagram of an organic EL display device related to a
first embodiment of the present invention. Furthermore, FIG.
3 depicts a structure corresponding to the first substrate 7
shown in FIG. 2 and a depiction of the opposing substrate
corresponding to the second substrate shown in FIG. 2 is
omitted.

[0042] Here, a substrate 11 shown in FIG. 3 shows a struc-
ture arranged with a TFT drive circuit layer above the sub-
strate 2 shown in FIG. 2 and is referred to below as [TFT
substrate 11]. In addition, FIG. 3 exemplifies a cross-sec-
tional structure of one sub-pixel 10a which forms one pixel 10
shown in FIG. 1. The details of a structure similar to the
structure described using FIG. 1 and FIG. 2 is omitted below.
[0043] AsisshowninFIG. 3, the organic EL display device
100 related to the first embodiment of the present invention is
arranged with a structure in which a reflection electrode (an-
ode) 13, organic EL layer 14 and transparent electrode (cath-
ode) 15 are stacked above the TFT substrate 11. The TFT
substrate 11 is arranged with a TFT drive circuit layer and an
insulation film 12 is arranged above the TFT drive circuit
layer. The reflection electrode 13 is formed above the insula-
tion film 12 and the insulation film 12 includes a plurality of
convex parts 12a which protrude towards the side formed
with the reflection electrode 13.

[0044] Furthermore, a structure wherein the TFT drive cir-
cuit layer included in the TFT substrate 11, the reflection
electrode 13, the organic EL layer 14 and the transparent
electrode 15 shown in FIG. 3 corresponds to the structure of
the organic EL light emitting layer 10 shown in FIG. 1. The
reflection electrode 13 is connected to a light emitting control
element (transistor) included in the TFT drive circuit layer
and light emitted by the organic light emitting layer 14 in each
pixel 10 is controlled by the light emitting control element.
[0045] As is shown in FIG. 3, each sub-pixel 10a is mutu-
ally sectioned by an insulation layer (bank layer) 18 arranged
at the interface between adjacent sub-pixels 10a. That is, by
arranging an end part of the reflection electrode 13 so as to be
covered by the insulation layer 18, each sub-pixel 10a is
mutually insulated from the reflection electrode 13 of each
adjacent sub-pixel 10a. In each sub-pixel 10q, an end part of
the reflection electrode 13 is respectively connected to a light
emitting control terminal included in the TFT drive circuit

Jun. 25, 2015

layer of the TFT substrate 11 via a through electrode 19
arranged in a contact hole formed through the insulation film
12. In this case, the through electrode 19 and contact hole
formed in the insulation film 12 may be formed in the insu-
lation film 12 below the insulation layer 18.

[0046] Theinsulation film 12 includes a plurality of convex
parts 12a arranged separately at a certain pitch d2 within a
region enclosed by the insulation 18. Fach of the plurality of
convex 12a includes a slanted surface on a side surface
respectively and are arranged so that the slanted surfaces of
adjacent convex parts 12¢ mutually face each other. The slant
angle of the slanted surface formed on a side surface of the
convex part 12a may be larger than 45 degrees and less than
90 degrees. In this way, a taper shaped concave part with a
narrowing tip in a lower direction is formed between adjacent
convex parts 12a. In this case, the cross-sectional shape of the
convex part 12a may include a larger trapezoid shape at a
lower base than an upper base as is shown in FIG. 3.

[0047] The convex part 12a may also include an upper
surface part extending in a horizontal direction by the length
d1 shown in FIG. 3 and may also include a roughly quadran-
gular prism shape. Furthermore, if the shape of the convex
part 12a is a convex shape including a slanted surface on a
side surface then it may include a smooth semicircular peak
part or roughly triangular cross section and is not limited to
the structure shown in the diagram. In addition, the size and
shape of the peak part of the convex part 12a and the number
arranged and arrangement pitch d2 may be adjusted in order
to obtain a desired wavelength of an emitted color for each
pixel 10. For example, in each sub-pixel 10a, the arrangement
pitch d2 of the convex part 12¢ may be formed in order to
obtain the wavelength of three prime colors (RGB) so that
each becomes R>G>B. It is possible to improve the luminos-
ity of emitted light by matching the arrangement pitch d2 ofa
convex part 12a with the wavelength of an emitted color of
light.

[0048] The convex part 12a having this type of structure
may be formed as one unit with the insulation film 12 or may
be formed separately above a thin film shaped insulation film.
Forexample, the insulation film 12 may be formed using a flat
film using a resin such as acryl. The convex 12a may be
formed using a nano-print method or an existing patterning
method when forming the insulation film 12. In this way, the
convex part 12a of the insulation film 12 can be formed
cheaply with a simple structure without significantly chang-
ing the existing manufacturing process.

[0049] In this way, the insulation film 12 adopts a concave
and convex structure by arranging a plurality of convex parts
124 in the insulation film 12 at a certain pitch d2. Therefore,
the reflection electrode 13, organic EL layer 14 and transpar-
ent electrode 15 formed above the insulation film 12 are also
formed having a concave and convex structure. In this way, by
forming a concave part comprised from the reflection elec-
trode 13, organic EL layer 14 and transparent electrode 15
betweenadjacent convex parts 124, after repeatedly reflecting
the light which is generated by the organic EL layer 14 having
a concave part by the surface of the reflection electrode 13
which is on the inner side of the concave part, it is possible to
emit the light in an upwards direction using the reflection
electrode 13 formed above the slanted surface of the convex
part 12a. Therefore, conventionally, it is possible to emit light
which is wave guided in a horizontal direction through the
interior of the organic EL layer 14 towards the display screen
side. In this way, conventionally, although there was a danger
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of the problem of mixing colors occurring wherein light emit-
ted in a diagonal direction of the pixel 10 from an adjacent
pixel 10, according to the present invention it is possible to
prevent a degradation in image quality due to mixing colors
without increasing the width of a light shielding layer which
sections a pixel 10 and it is possible to provide a high quality
organic EL display device.

[0050] Furthermore, by arranging the reflection electrode
13 with a convex part 12a which forms a sub-microscale
concave and convex structure (what is called a moth eye
structure) for example, it is possible to prevent reflection or
external light irradiating to the display region 50. In addition,
because it is possible to effectively use all of the bottom
surface, upper surface and side surface of the concave and
convex structure as a light emitting region, it is possible to
increase the area of the organic EL layer 14 which contributes
to emitting light within the limited display region 50, and it is
possible to improve the extraction ratio of light due to light
being emitting from a wider area. Therefore, according to the
present embodiment, it is possible to provide an organic EL
display device which can display a high resolution image at
high image quality.

[0051] A first sealing layer 16 may be formed above an
upper surface of the transparent electrode 15 including a
concave and convex structure formed above the insulation
film 12 including this type of convex part 12a structure. By
forming a resin such as acryl so as to planarize the concave
and convex shape of the transparent electrode 15, the first
sealing layer 16 becomes a layer which insulates the concave
and convex parts. A second sealing layer 17 which seals the
entire element may be formed using an inorganic material
above the first sealing layer 16. Furthermore, the first sealing
layer 16 and second sealing layer 17 shown in FIG. 3 corre-
spond to the sealing film 3 shown in FIG. 2.

[0052] An example structure of the convex 12a of the insu-
lation film 12 is explained below while referring to FIG. 5 to
FIG. 7. FIG. 5 to FIG. 7 are planar view diagrams showing a
first to third example of the pixel 10 of the organic EL display
device 100 related to one embodiment of the present inven-
tion. FIG. 5 to FIG. 7 depict a structure wherein the reflection
electrode 13 and insulation layer (bank layer) 18 are arranged
above an uppermost surface in order to explain the arrange-
ment position of the convex part 12a and a depiction of the
organic EL layer 14 and transparent electrode 15 etc is omit-
ted. Therefore, the position of the convex part 12a of the
insulation film 12 arranged below the reflection electrode 13
is shown by a dotted line and the position of the through
electrode 19 arranged below the insulation layer 18 is shown
by a dotted line. Furthermore, among the concave and convex
parts of the transparent electrode 15, the position 15a by
which the transparent electrode 15 protrudes by the thickness
of the insulation layer (bank layer) 18 is shown by a dotted
line.

[0053] First, the first example of a pixel 10 is explained
while referring to FIG. 5. FIG. 5 depicts a structural example
of one pixel 10 in which sub-pixels 10a of the four colors red
(R), green (G), blue (B) and white (W) are arranged in a
square. The cross-sectional structure of the line A-A' shown
in FIG. 5 corresponds to the structure of the line A-A' shown
in FIG. 3.

[0054] As is show in FIG. 5, the plurality of convex parts
12a may include an upper surface which is the protruding
region, each having a rectangular shape respectively. As is
shown in FIG. 5, when the plurality of sub-pixels 10a are
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arranged in a matrix shape in a first direction and a second
direction perpendicular to the first direction, the convex part
12a including a rectangular upper surface having a long side
extending in the first direction and the convex part 12 includ-
ing the rectangular upper surface having a long side extending
in the second direction may be arranged in sub-pixels 10a. In
this case, the plurality of convex parts 12a including a roughly
quadrangular shape may include a long side extending in the
first direction in a first region within the sub-pixel 10a and the
long side extending in the second direction arranged in a
second region separated from the first region within the sub-
pixel 10a.

[0055] In this way, in one pixel 10 or the regions of one
sub-pixel 10¢, because it is possible to separate a region for
each of the convex parts 12a arranged in the same direction
and arrange the plurality of convex parts 12a in different
directions respectively, it is possible to make the direction of
emitted light a plurality of directions and widen the viewing
angle distribution of emitted light. In addition, on a concave
part between adjacent convex parts 124, as is described above
referring to FIG. 3, it is possible to emit light towards an
upwards direction after reflecting the light generated by the
organic EL layer 14 at various angles. Therefore, by deter-
mining the size and arrangement position of a convex part so
that the emitting direction of light and light strength is
adjusted, it is possible to achieve an improvement in the
luminosity of emitted light.

[0056] Next, the second example of the pixel 10 is
explained while referring to FIG. 6. As is shown in FIG. 6, the
plurality of convex parts 12a having a roughly square shape
and the through electrode 19 may be arranged in a lattice
shape according to the size of the pixel region. In this case, by
making a region in which a convex part 124 is arranged an L
shaped region as is shown in FIG. 6, it is possible to secure a
large region in which the through electrode 19 is arranged.
Therefore, it is possible to increase the size of a contact hole
in which the through electrode 19 is arranged and sufficiently
secure conductivity of the through electrode 19. In addition,
by matching the length of pairs of surfaces of opposing con-
vex parts 12a and arranged the convex part 12a to match the
shape of an L shaped region, it is possible to effectively use
the region as a light emitting region.

[0057] In this way, by arranging the plurality of convex
parts 12a having a polygonal shape seen from a planar view
across the entire pixel region to match the length of pairs of
surfaces of opposing convex parts 124, it is possible to secure
a large area of the organic EL layer 14 which contributes to
emitting light even in a limited pixel region. Therefore, it is
possible to improve the extraction ratio of light. Here, the
upper surface shape of a convex part 124 is not limited to the
square shape shown in FIG. 6, for example, the convex part
12a may have a hexagonal shape or a triangular shape. In this
way, according to the structure of the second example shown
in FIG. 6, it is possible form the organic EL display device
100 having wider viewing angle characteristics and which
can improve the luminosity of emitted light the same as the
first example shown in FIG. 5.

[0058] Furthermore, a third example of a pixel 10 is
explained while referring to FI1G. 7. As is shown in FIG. 7, in
the case where each sub-pixel 10a has a rectangular shape, an
arrangement is possible with the center part of the long side of
a rectangle of each sub-pixel 10a at the border so that the
plurality of rectangular shaped convex parts 12a becomes
symmetrical.
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[0059] In this case, as is shown in FIG. 7, an extension
direction of the long side of the upper surface part of the
rectangular shaped convex part 12a may each be arranged in
a slanted direction with respect to the first direction and
second direction which are the arrangement directions of the
pixel 10. In this way, by separating one sub-pixel 10a into two
regions with the center part of the long side at the border, and
arranging the plurality of convex parts 12a arranged in the
two regions so that alternate arrangement directions become
symmetrical, it is possible to form a light emitting region in
which light is emitted in two different directions within one
pixel 10. Therefore, even in the structure of the third example
shown in FIG. 7, it is possible form the organic EL display
device 100 having wider viewing angle characteristics and
which can improve the luminosity of emitted light the same as
the first example shown in FIG. 5 and second example shown
in FIG. 6.

[0060] The insulation film 12 of the organic EL display
device related to the first embodiment of the present invention
1s formed by providing the convex part 12a with the structure
described above. According to the organic EL display device
related to the first embodiment of the present invention,
because it is possible to effectively use light emitted by the
organic EL layer 14 as light emitted in each pixel, it is pos-
sible to prevent degradation of image quality due to mixing
colors and provide an organic EL display device with
improved light emitting efficiency and low power consump-
tion.

Second Embodiment

[0061] A schematic structure of an organic EL display
device related to the second embodiment of the present inven-
tion is explained below while referring to FIG. 4. FIG. 4is a
cross-sectional diagram showing a schematic structure of an
organic EL display device related to the second embodiment
ofthe present invention. As is shown in FIG. 4, the organic EL
display device related to the second embodiment of the
present invention has a different structure to the organic EL
display device related to the first embodiment shown in FIG.
3 in that an end part of the reflection electrode 13 which is
covered by the insulation layer (bank layer) 18 is formed
abovethe convex part 12a of the insulation film 12. Therefore,
the same reference symbols are attached to the same structure
described above using FIG. 3 and repeated explanations are
omitted.

[0062] As is shown in FIG. 4, an end part 13a of the reflec-
tion electrode 13 is formed above a slanted surface of a side
surface of the convex part 12a. In this case, the through
electrode 19 is formed to pass through the convex part 12a of
the insulation film 12 and is connected to the end part 13a of
the reflection electrode 13. By arranging the end part 134 of
the reflection electrode 13 above a slanted surface of the
convex part 124, it is possible to increase the area of a region
in which light is reflected by the reflection electrode 13 com-
pared to the first embodiment shown in FIG. 3. That is,
because it is possible to form a concave part between the end
part 13a of the reflection electrode 13 and adjacent convex
parts 12a, it is possible to further reflect towards an upper
direction light generated by the organic EL layer 14 on an
inner side of the concave part using the end part 13a of the
reflection electrode 13 arranged above a slanted surface of the
convex part 12a. Therefore, according to the organic EL
display device related to the second embodiment shown in
FIG. 4, it is possible to improve the extraction ratio of light.
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[0063] In addition, the structure of the convex part 12a of
the insulation film 12 in the organic EL display device related
to the second embodiment of the present invention may have
the structure of the convex part 12¢ in the first to third
examples described using FIG. 5 to FIG. 7 the same as the
organic EL display device related to the first embodiment
shown in FIG. 3. Therefore, the organic EL display device
related to the second embodiment may also include a struc-
ture provided with wider viewing angle characteristics and
improved luminosity of emitted light.

[0064] As described above, according to the organic EL
display device related to the second embodiment of the
present invention, because it is possible to effectively use
light emitted by the organic EL layer 14 as emitted light in
each pixel the same as the organic EL display device related
to the first embodiment of the present invention, it is possible
to prevent degradation of image quality due to mixing colors
and provide an organic EL display device with improved light
emitting efficiency and low power consumption.

[0065] Furthermore, in the structure described above refer-
ring to FIG. 1, FIG. S and FIG. 6, although each sub-pixel 104
included in a pixel 10 was explained arranged with the
organic EL layer 14 which emits light in different colors
RGBW for example, each pixel 10 may be arranged with an
organic EL layer 14 which emits white light. A structure of an
organic EL display device formed with the first substrate 7
arranged with a white light emitting organic EL layer 14 and
the second substrate 6 arranged with a color filter is explained
below while referring to FIG. 8.

[0066] FIG. 8 is a cross-sectional diagram showing the
structure of an organic EL display device arranged with a
second substrate 6 arranged with a color filter above a first
substrate 7 arranged with the same structure as the organic EL
display device related to the second embodiment shown in
FIG. 4.

[0067] As is shown in FIG. 8, the color filter 23 is colored
with three different primary colors (RGB) for example cor-
responding to each sub-pixel 10a and a black matrix 22 which
sections the color filter for each color may also be arranged. In
addition, as is shown in FIG. 8, an upper surface of the color
filter 23 formed above a substrate 24 may be covered by a coat
layer 21.

[0068] In this way, the organic EL display device related to
an embodiment of the present invention is formed so that
white light from the organic EL layer 14 passes through the
color filter corresponding to each sub-pixel 10a. White emit-
ted light is colored by passing through a color filter and it is
possible to display a color image.

[0069] Furthermore, although a structure in which each ofa
plurality of sub-pixels 10a is arranged corresponding to a
color filter of each of the three primary colors (RGB) is
depicted in FIG. 8, a structure arranged with a sub-pixel 10a
corresponding to white light (W) is also possible. A sub-pixel
10a corresponding to white light (W) can be realized by a
structure in which a color filter is not formed or a structure in
which an ND filter is formed for example. By providing a
luminosity component to a sub-pixel 10a corresponding to
white light (W), it is possible to form an organic EL display
device with improved light emitting efficiency and low power
consumption.

[0070] In addition, although a structure in which a convex
part 12a is arranged in an insulation film 12 in the structure of
the organic EL display device was explained while referring
to FIG. 3 to FIG. 8, a concave and convex structure may also
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be formed in the reflection electrode 13 instead of in the
insulation film 12. A structure of an organic EL device in
which he reflection electrode 13 is arranged with protruding
parts 13-2 is explained while referring to FI1G. 9.

[0071] FIG.9is a cross-sectional diagram showing a sche-
matic structure of an organic EL display device related to an
embodiment of the invention. Here, F1G. 9 depicts a structure
corresponding to the first substrate 7 shownin FIG. 2 the same
as the cross-sectional structure of the organic EL display
device related to the first embodiment and second embodi-
ment shown in FIG. 3 and FIG. 4, and a depiction of an
opposing substrate corresponding to the second substrate 6
shown in FIG. 2 is omitted. In addition, the same reference
symbols are attached to the same structure described above
referring to FIG. 2 and FIG. 4 and repeated explanations are
omitted below.

[0072] As is shown in FIG. 9, the reflection electrode 13 is
arranged with a flat part 13-1 and a plurality of protruding
parts 13-2. Here, the protruding parts 13-2 of the reflection
electrode 13 may be arranged with the same shape and struc-
ture as the convex part 12¢ of the insulation film 12 described
while referring to FIG. 1 to FIG. 8.

[0073] The flat part 13-1 and protruding part 13-2 of the
reflection electrode 13 may be formed using two different
types of material. For example, a second electrode material
may be formed above the flat part 13-1 after forming a thin
film shaped flat part 13-1 using a first electrode material and
the plurality of protruding parts 13-2 may be formed by
etching the second electrode material. For example, silver,
170 and ITO etc can be used for the first electrode material
and second electrode material. In this case, an ITO film may
be formed above an upper surface of the first electrode mate-
rial as a stopper layer when etching the second electrode
material and the second electrode material may be formed
above the ITO film.

[0074] By forming the protruding part 13-2 of the reflection
electrode 13 by finely etching the second electrode material,
the organic EL layer 14 and transparent electrode 15 are
formed according to the concave and convex shape of the
reflection electrode 13 above the reflection electrode 13. In
this case, as is shown in F1G. 9, the protruding part 13-2 of the
reflection electrode 13 and the transparent electrode 15 may
be formed in a mutual nested state sandwiching the organic
EL layer 14.

[0075] Here, an arrangement pitch d3 of the protruding part
13-2 of the reflection electrode 13 may be formed small to
about the same thickness as the organic EL layer 14. In this
way, it is possible to form a concave and convex structure
comprised form the reflection electrode 13, organic EL layer
14 and transparent electrode 15 to ahigh density in each pixel
10, and because it is possible to reduce the distance between
opposing reflection electrodes 13 ina concave part as much as
possible, it is possible to reflect light emitted from the organic
EL layer 14 between reflection electrodes 13 the same as laser
oscillation and improve the luminosity of emitted light.
[0076] In addition, as shown in FIG. 9, the protruding part
13-2 may be arranged at an end part of the reflection electrode
13 which is covered by the insulation film (bank film) 18.
Because a slanted surface is arranged on a side surface of the
protruding part 13-2 of the reflection electrode 13, light gen-
erated by the organic EL layer 14 can be reflected by this
slanted surface an directed in an upwards direction the same
as the organic display device related to the second embodi-
ment shown in FIG. 4. Therefore, it is possible to improve the
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extraction ratio of light even using the organic EL. display
device related to one embodiment of the present invention
shown in FIG. 9.

[0077] As explained above, according to the present inven-
tion, because it is possible to effectively use light emitted by
the organic EL layer 14 as emitted light in that pixel 10, it is
possible to provide an organic EL display device which can
improve the extraction ratio of light emitted from each pixel
10. Inaddition, because itis possible to prevent mixing colors
of a pixel, it is possible to improve image quality, realize high
resolution and provide an organic EL display device which
can be manufactured cheaply and with a simple structure.

What is claimed is:

1. A display device comprising:

a first substrate arranged with a plurality of pixels in the

shape of a matrix;

an insulation film arranged above the substrate;

a first electrode arranged above the insulation film;

a second electrode arranged above the first electrode; and

an organic EL layer arranged between the first electrode

and the second electrode;

wherein

the insulation film includes a plurality of concave parts

arranged corresponding to each of the plurality of pixels
on the side of the first electrode;

the first electrode, the organic EL layer and the second

electrode are stacked in order above the insulation film
and the plurality of concave parts; and

an insulation layer covering an end of the first electrode

arranged above the plurality of concave parts is arranged
on an interface part sectioning each of the plurality of
pixels.

2. The display device according to claim 1, wherein the
plurality of concave parts is arranged at a pitch to obtain a
desired wavelength of an emitted color for each correspond-
ing pixel.

3. The display device according to claim 1, wherein the
plurality of concave parts include a slanted surface on a side
surface, a slant angle of the slanted surface being larger than
45 degrees and smaller than 90 degrees.

4. The display device according to claim 1, wherein the first
electrode is a reflection electrode and the second electrode is
a transparent electrode.

5. The display device according to claim 1, wherein the
plurality of concave parts include a square shaped upper
surface, and an extending direction ofa long side of the square
shaped upper surface is arranged in a plurality of directions in
the pixel.

6. The display device according to claim 1, wherein the
plurality of concave parts includes a first concave part
wherein the extending direction is a first direction, and a
second concave part wherein the extending direction is a
second direction different to the first direction, and both the
first concave part and second concave part are arranged on
each of the plurality of pixels.

7. The display device according to claim 1, wherein the
insulation film and the plurality of concave parts are formed
using a resin material.

8. The display device according to claim 1, wherein the
insulation film is formed using the same material as the plu-
rality of concave parts.

9. The display device according to claim 1, wherein the
insulation film is formed using different materials from the
plurality of concave parts.
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10. The display device according to claim 1, further com-
prising;

a second electrode arranged facing the first substrate;

wherein

the second substrate is arranged with a color filter arranged

corresponding to each of the plurality of pixels.

11. A display device comprising:

a first substrate arranged with a plurality of pixels in the

shape of a matrix;

wherein

the first substrate includes an organic EL light emitting

layer arranged corresponding to each of the plurality of
pixels above the first substrate, the organic EL light
emitting layer having a structure wherein a first elec-
trode including a plurality of protruding parts, an
organic EL layer and a second electrode are stacked in
order; and

an insulation layer arranged corresponding to an interface

part sectioning each of the plurality of pixels, the insu-
lation layer being arranged to cover an end part of the
protruding part of the first electrode.

12. The display device according to claim 11, wherein the
first electrode includes the protruding part and a thin film
shaped flat part arranged below the protruding part.

13. The display device according to claim 12, wherein the
first electrode includes an ITO film between the protruding
part and the flat part.

14. The display device according to claim 11, wherein the
protruding part is formed using a reflective conductive com-
ponent.

15. The display device according to claim 12, wherein the
flat part is formed using a reflective conductive component.
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16. A display device comprising:

a first substrate arranged with a plurality of pixels in the

shape of a matrix;

an insulation film arranged above the first substrate;

a first electrode arranged above the insulation film;

a second electrode arranged on an upper layer of the first

electrode; and

an organic EL layer arranged between the first electrode

and the second electrode;

wherein

the insulation film includes a plurality of concave parts

arranged corresponding to each of the plurality of pixels
on the side of the first electrode;

the first electrode, the organic EL layer and the second

electrode are stacked in order above the insulation film
and the concave part; and

the plurality of concave parts are arranged at a pitch to

obtain a desired wavelength of an emitted color for each
corresponding pixel.

17. The display device according to claim 16, wherein the
plurality of concave parts include a square shaped upper
surface, and an extending direction of a long side of the square
shaped upper surface is arranged in a plurality of directions in
the pixel.

18. The display device according to claim 16, wherein the
plurality of concave parts includes a first concave part
wherein the extending direction is a first direction, and a
second concave part wherein the extending direction is a
second direction different to the first direction, and both the
first concave part and second concave part are arranged on
each of the plurality of pixels.
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