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(57) ABSTRACT

In an organic EL display device having plural organic EL
elements each including an organic light emitting layer, an
upper electrode formed on an upper side of the organic light
emitting layer, and a reflective layer formed on a lower side of
the organic light emitting layer, in which an image is dis-
played on a side of the organic light emitting layer on which
the upper electrode is formed. The reflective layer in each of
the organic EL elements includes a first plane, a second plane
formed on a side lower than the first plane; and an inclined
plane formed between the first plane and the second plane,
and linearly inclined at a given angle equal to or higher than
35°, and equal to or lower than 55°.
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ORGANIC EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2013-206760 filed on Oct. 1, 2013, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic EL dis-
play device.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescent (EL) display device

has plural organic EL elements on a substrate.

[0006] Each ofthe organic EL elements includes an organic
light emitting layer having plural functional material layers,
and an upper electrode (cathode) and a lower electrode (an-
ode) that holds the organic light emitting layer therebetween.
In the organic EL display device of the top emission type
which outputs an image to an upper electrode side, a reflective
layer that reflects the light emitted toward a lower electrode
side from the organic light emitting layer is arranged.
[0007] JP 2008-234933 A discloses an organic EL display
device in which a reflective layer having a scattering property
is arranged between a substrate and a first electrode to
improve light extraction efficiency. Also, JP2011-228229A
discloses an organic EL display device in which a reflective
layer formed on a side opposite to an observation surface is
concaved to improve the light extraction efficiency, thereby
enabling higher definition.

SUMMARY OF THE INVENTION

[0008] The light emission in the organic EL display device
of the top emission type is emitted to an observer side by
repeating refraction and reflection by a layer structure extend-
ing from a reflective layer to an outside through an organic
light emitting layer. However, the light totally reflected by an
interface of layers different in refractive index is likely to
remain in the interior of the layer structure, and causes the
light extraction efficiency of the organic EL display device to
be deteriorated.

[0009] FIG. 81isa diagram illustrating an example of a path
of light emitted to the observer side in the organic EL display
device, and a path of light that repeats total reflection within
the organic EL display device. In FIG. 8, an upper electrode
and a protective film (silicon nitride: SiN) that cover an
organic light emitting layer OL from an upper side accept a
high refractive index layer HI having a refractive index 1.85,
and a resin filler layer and a sealing substrate that cover an
upper side of them accept a low refractive index layer LI
having the refractive index 1.50.

[0010] A light beam a in FIG. 8 represents a path of light
that is emitted from the organic light emitting layer OL, and
travels to an external of the organic EL display device. The
light is emitted to an air layer Al after the light has been
refracted on an interface of the high refractive index layer HI
or the low refractive index layer LI. Also, a light beam b
represents a path of light that enters the interface of the air
layer Al atanangle 0f41.8° or higher, and is totally reflected.
A light beam ¢ represents a path of light that enters the
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interface between the high refractive index layer HI and the
air layer Al at an angle of 52.4° or higher, and is totally
reflected.

[0011] Specifically, when an emission angle 0a from the
organic light emitting layer OL is 0°<0a<32.7°, the light
becomes the light beam “a” that is emitted to the external of
the organic EL display device (the emission angle 0b to the
interface of the air layer Al 1s 0°<0b<41.8°) . Also, when an
emission angle 0a from the organic light emitting layer OL is
32.7°<a<54.2°, the light becomes the light beam “b” that is
totally reflected by the interface of the air layer Al (41.
8°<0b"). Further, when an emission angle 8a from the organic
light emitting layer OL is equal to or higher than 54.2°, the
light becomes the light beam ¢ that is totally reflected by the
interface of the low refractive index layer LI (54.2°<6a’).
Therefore, the light beam b and the light beam ¢ whose
emission angle 0a from the organic light emitting layer OL is
equal to or higher than 32.7° hardly contribute to an improve-
ment in the light extraction efficiency.

[0012] In order to reduce a loss of light caused by total
reflection generated within the organic EL display device as
described above, as disclosed in JP 2008-234933 A, it is
conceivable that a reflective layer having the scattering prop-
erty 1s formed on a lower side of the organic light emitting
layer OL, and a propagation path of the light is changed to
facilitate light emission to the external. However, in this case,
viewing angle characteristics are improved, but an improve-
ment in the light extraction efficiency is not sufficient. Also,
as in JP 2011-228229 A, that the reflective layer is concaved
is large in a load of manufacturing.

[0013] The present invention has been made in view of the
above problems, and therefore aims at providing an organic
EL display device which can improve the light extraction
efficiency while suppressing a manufacturing load. The
above and other objects and novel features of the present
invention will become apparent from the description of the
present specification and the attached drawings.

[0014] (1) According to the present invention, there is pro-
vided an organic EL display device, including: a plurality of
organic EL elements each including: an organic light emitting
layer; anupper electrode that is formed on an upper side of the
organic light emitting layer; and a reflective layer that is
formed on a lower side of the organic light emitting layer, in
which an image is displayed on a side of the organic light
emitting layer on which the upper electrode is formed, in
which the reflective layer in each of the organic EL elements
includes: a first plane; a second plane that is formed on a side
lower than the first plane; and an inclined plane that is formed
between the first plane and the second plane, and linearly
inclined at a given angle equal to or higher than 35°, and equal
to or lower than 55°.

[0015] (2) In the organic EL display device according to the
item (1), the reflective layer may include a plurality of con-
cave portions formed to be depressed on the basis of the first
plane, respective side walls of the plurality of concave por-
tions may be configured by the inclined plane, and respective
bottoms of the plurality of concave portions may be config-
ured by the second plane.

[0016] (3) Intheorganic EL display device according to the
item (2), the given angle may be equal to or higher than 40°
and equal to or lower than 50°.

[0017] (4) Inthe organic EL display device according to the
item (2) or (3), an insulating layer may be formed between a
lower electrode formed on a lower side of the organic light
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emitting layer, and the reflective layer, and the insulating
layer may be formed to planarize steps generated by the
plurality of concave portions.

[0018] (5) Inthe organic EL display device according to the
item (2) or (3), the upper electrode and the organic light
emitting layer in the organic EL element may be formed to be
depressed at positions of the reflective layer where the plu-
rality of concave portions are arranged.

[0019] (6) In the organic EL display device according to
any one of the items (2) to (5), the second plane formed in the
bottom of each of the concave portions, and the first plane
formed adjacent to the concave portion may have a width of
1.5 times or higher and 2.5 times or lower of a width of the
inclined plane formed between the second plane and the first
plane.

[0020] (7) The organic EL display device according to any
one of the items (1) to (6), may further include: a first sub-
strate on which the plurality of organic EL elements are
formed; and a second substrate that seals the plurality of
organic EL elements on the first substrate, in which the
organic light emitting layer in the plurality of organic EL
elements may emit white light, and a color filter may be
formed on the second substrate.

[0021] (8) The organic EL display device according to any
one of the items (1) to (7), may further include: a first sub-
strate on which the plurality of organic EL elements are
formed; and a second substrate that seals the plurality of
organic EL elements on the first substrate, in which a hollow
layer is formed between the first substrate and the second
substrate.

[0022] According to the present invention, there is provided
the organic EL display device which can improve the light
extraction efficiency while suppressing a manufacturing load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic top view of an organic EL
display device according to a first embodiment;

[0024] FIG.2isacircuit diagram illustrating an example of
a circuit disposed on a glass substrate in the organic EL
display device according to the first embodiment;

[0025] FIG. 3 is a cross-sectional view taken along a given
direction within a pixel area in the organic EL display device
according to the first embodiment;

[0026] FIG. 4 is a diagram illustrating an outline of an
optical path along which light travels within a layer structure
from a reflective layer to a sealing substrate, in the organic EL
display device according to the first embodiment;

[0027] FIG. 5A is a diagram illustrating a planar configu-
ration of a reflective layer according to the first embodiment;
[0028] FIG.5B is a diagram illustrating another example of
the planar configuration of the reflective layer according to
the first embodiment;

[0029] FIG. 6 is a cross-sectional view taken along a given
direction within a pixel area in the organic EL display device
according to a second embodiment;

[0030] FIG. 7 is a diagram illustrating an outline of an
optical path along which light travels within a layer structure
from a reflective layer to a sealing substrate, in the organic EL
display device according to the second embodiment; and
[0031] FIG. 8 is a diagram illustrating an example of an
optical path of light emitted to an observer side of an organic
EL display device, and an optical path of light repetitively
totally reflected within the organic EL display device.
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DETAILED DESCRIPTION OF THE INVENTION

[0032] A description will be given of an organic EL display
device according to the respective embodiments of the
present invention with reference to the accompanying draw-
ings.

First Embodiment

[0033] FIG. 1 is a top view schematically illustrating an
organic EL display device 1 according to a first embodiment
of the present invention. The organic EL display device 1
according to this embodiment includes a glass substrate (first
substrate) on which plural organic EL elements to be con-
trolled in display are arrayed in a matrix, and a sealing sub-
strate (second substrate) bonded to the glass substrate.
[0034] The respective organic EL elements in the organic
EL display device 1 are arranged in the pixels within a display
area DP in which an image is displayed, and a video signal
line driver circuit DDR and a scanning line driver circuit GDR
are arranged around the display area DP. Also, each of the
organic EL elements includes an upper electrode, a lower
electrode, and an organic light emitting layer sandwiched
between the upper electrode and the lower electrode as will be
described later.

[0035] FIG. 2isacircuit diagram illustrating an example of
a circuit disposed on a glass substrate B1 in the organic EL
display device. In the glass substrate B1 of FIG. 2, a large
number of scanning signal lines GL extend at regular inter-
vals from each other in a horizontal direction of the figure, and
a large number of video signal lines DL extend at regular
intervals from each other in a vertical direction of the figure.
In the glass substrate B1, the respective pixels arrayed into a
grid shape are partitioned by the scanning signal lines GL and
the video signal lines DL. A thin film transistor T1 used for
switching an MIS (metal insulator semiconductor) structure,
a thin film transistor T2 used for driving the light emitting
element, a storage capacitor C1, and an organic EL element
OD are formed. Power supply lines CSL that supply a power
supply to the organic EL elements OD extends in parallel to
the video signal lines DL in the vertical direction in the figure.
Also, the respective scanning signal lines GL and the respec-
tive video signal lines DL are connected to the scanning line
driver circuit GDR and the video signal line driver circuit
DDR, respectively, and the respective power supply lines
CSL are connected to a power supply bus line CSBL, and
supplied with a current.

[0036] Now, particularly, each of the organic EL elements
OD and a reflective layer RF provided in the organic EL
element OD will be described with reference to FIG. 3. FIG.
3 is a cross-sectional view taken along a given direction
within a pixel area. As illustrated in a cross-sectional view of
FIG. 3, the inclined planes SW inclined at substantially 45°
are formed on the reflective layer RF of this embodiment.
[0037] Specifically, the organic EL element OD according
to this embodiment includes the organic light emitting layer
OL, a lower electrode An, an upper electrode Ca, and the
reflective layer RF made of metal high in reflectivity such as
aluminum or silver. The reflective layer RF is formed further
below the lower electrode An through an insulating layer IS2.
Also, anupper side of the upper electrode Ca is covered with
a protective layer PR made of silicon nitride (SiN). Further, a
resin filler layer PK formed of an organic insulating film is
arranged between the protective layer PR and a sealing sub-
strate B2.
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[0038] The organic light emitting layer OL is formed by
laminating a hole transport layer, a light emitting layer, and an
electron transport layer in order from a lower side, and emit
white color. Also, as the organic light emitting layer OL,
plural layers among those layers may be functionally com-
plex, and laminated into two layers or a single layer. Further,
layers having other functions such as the hole injection layer
or the electron injection layer may be laminated on each other.

[0039] Then, the lower electrode An is formed of a trans-
parent conductive film made of an optically transparent
indium tin oxide (ITO), and the upper electrode Ca is formed
of a transparent conductive film made of indium oxide/zinc
oxide (IZO (trademark: indium zinc oxide). The lower elec-
trode An functions as an anode (anode electrode), and is
formed for each of the pixel areas, independently, and the
upper electrode Ca functions as a cathode (cathode elec-
trode), and is formed over the substantially overall surface of
the display area DP as an electrode common to the respective
pixel areas.

[0040] The lower electrode An is electrically connected to
the thin film transistor (not shown in FIG. 3) in a circuit
formation layer BP, and is supplied with the signal from the
video signal lines DL at timing when the signal is input to the
scanning signal lines GL. Also, in the organic light emitting
layer OL, the holes injected from the lower electrode An are
recombined with the electrons injected from the upper elec-
trode Ca to emit the light, and the light emission of the light
emitting layeris controlled according to a potential difference
generated between those electrodes.

[0041] In particular, the reflective layer RF according to
this embodiment has first planes S1 and second planes S2
which are substantially parallel to a substrate surface of a
glass substrate G1. The second planes S2 are formed at a side
lower than the first planes S1, and the inclined planes SW
linearly inclined at a given angle are arranged between the
first planes S1 and the second planes S2. The inclined plane
SW urges the light from the organic light emitting layer OL
which is totally reflected and propagated within the organic
EL display device 1 to be emitted, without being totally
reflected, to the external of the organic EL display device 1, to
thereby improve the ratio of the emitted light to the external.
The light emitted from the organic light emitting layer OL
whichisreflected by the inclined planes SW travel in anupper
layer of the insulating layer IS2 as it is, or travel in the upper
layer of the insulating layer IS2 through reflection from the
second planes S2 or the other inclined planes SW

[0042] Also, it is preferable that the reflective layer RF has
plural concave portions CC as illustrated in FIG. 3. As in FIG.
3, the respective concave portions CC are formed to be
depressed in the first planes S1, and the second planes S2 and
the inclined planes SW form bottoms and side walls of the
concave portions CC. It is preferable that the inclined planes
SW are linearly inclined at an angle of 35° or higher or 55° or
lower with reference to a substrate plane (or the first planes S1
or the second planes S2) of the glass substrate B1 on which
the organic EL elements OD are formed, and it is most pref-
erable that the inclined angle is set to substantially 45°. How-
ever, the inclined angle may be set to 40° or higher or 50° or
lower, or set to 42° or higher or 48° or lower. The inclined
plane SW inclined at an angle of about 45° efficiently pro-
motes the emission of light that is totally reflected and inter-
nally propagated to the external, and improves the extraction

Apr. 2,2015

efficiency as an effective light as compared with the irregu-
larities of the scattering property whose inclined angle is not
determined.

[0043] Also, it is desirable that spaces between the first
planes S1 and the second planes S2 are substantially occupied
by the inclined planes SW that are linearly inclined. It is
preferable that the first planes S1, the second planes S2, and
the inclined plane SW are linearly continuously formed. It is
desirable that the inclined plane SW is inclined at a given
inclined angle between the boundary of the first plane S1 and
the boundary of the second plane S2. Also, in the present
specification, “substantially parallel”, “substantially 45°7,
and “substantially occupied” mean that a manufacturing error
or a design error is permitted to include those error ranges in
addition to a case of being completely parallel, a case of being
completely at 45°, and a case of being completely occupied.
The inclined angle of the inclined plane SW is measured by,
for example, forming a cutting surface by FIB, and processing
an image obtained by photographing the cutting surface.

[0044] A bank layer BU is formed of an insulating layer
formed to separate the plural lower electrodes An formed on
the glass substrate B1, the plural organic light emitting layers
OL, and the plural reflective layers RF from each other. The
bank layer BU in this embodiment forms a pixel separation
film formed into a grid shape corresponding to the respective
pixel areas, and as illustrated in FIG. 3, and covers the respec-
tive ends of the lower electrode An, the reflective layer RF, the
insulating layer IS2, and an insulating layer IS1. The organic
EL element OD is formed inside of the respective grids in the
bank layer BU formed into a grid shape.

[0045] The insulating layer IS1 is formed on the circuit
formation layer BP as an underlayer of the reflective layer RF,
and the insulating layer IS2 is an insulating layer for planariz-
ing the steps between the first planes S1 and the second planes
S2 in the reflective layer. As illustrated in FIG. 3, the lower
electrode An is formed in contact with an upper surface of the
insulating layer IS2, and the light emitted from the organic
light emitting layer OL travel in the reflective layer RF
through the lower electrode An and the insulating layer IS2.

[0046] Also, the insulating layer IS1 is an insulating layer
formed as an underlayer of the reflective layer RF, and the
concave portions CC are formed by irregularities of the insu-
lating layer IS1. Irregularities maybe formed in the insulating
layer IS1 by exposing portions in which the concave portions
CC are formed, for example, with the use of a photosensitive
acrylic, or the insulating layer IS1 may be formed of inorganic
insulating film, and the concave portions CC maybe formed
by etching. Also, as the concave portions CC, as described
above, a process may be controlled so that the inclined planes
SW are linearly inclined at a tapered angle of 35° or higher,
and 55° or lower, and it is preferable that the inclined angle of
the side surfaces SW is set to 45°.

[0047] Also, according to this embodiment, the sealing
substrate B2 has a color filter not shown, as a result of which
the organic light emitting layer OL that emits white light is
colored. The protective layer PR made of silicon nitride and a
resin filler layer PK made of an organic insulating film are
arranged between the sealing substrate B2 and the upper
electrode Ca, as a result of which the organic light emitting
layer OL is protected from moisture.

[0048] Subsequently. an optical path that travels within the
layer structure from the reflective layer RF to the sealing
substrate B2 will be described with reference to FIG. 4.
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[0049] Referring to FIG. 4, as in FIG. 8, the upper electrode
Ca and the protective layer PR are simplified as the high
refractive index layer HI, and the resin filler layer PK and the
sealing substrate B2 are simplified as the low refractive index
layer LI for illustration. Also, a refractive index in the high
refractive index layer HI or the lower electrode An is set as
1.85, and a refractive index in the low refractive index layer
L1, the organic light emitting layer OL, or the insulating layer
182 is set as 1.5. However, the reflective layer RF formed on
the surface of the insulating layer IS2 is omitted from the
illustration. Also, in FIG. 4, an optical path gl and an optical
path g2, as well as an optical path hl and an optical path h2,
which travel in symmetrical directions on the basis of the
organic light emitting layer OL are illustrated as a typical
example. In a pair of light beams, the emission angle to the
high refractive index layer HI, and the emission angle to the
lower electrode An become symmetrical angle, and the emis-
sion angle from the high refractive index layer HI to the low
refractive index layer LI, and the emission angle from the
lower electrode An to the insulating layer IS2 are symmetrical
angle.

[0050] First, in the optical path g1, the light is totally
reflected in the interface between the low refractive index
layer LI and the air layer A1, and not emitted to the external
of the organic EL display device 1. On the contrary, in the
optical path g2, the light is emitted from the organic light
emitting layer OL toward the reflective layer RF side. When
the reflective layer RF has no concave portions CC, and is
flatly formed over the overall area of one pixel, in the optical
path g2, as in the optical path g1, the light is totally reflected
by the interface of the air layer Al, and not emitted to the
external. However, the light is reflected by the bottom and the
side wall in the concave portion CC, and extracted to the
external.

[0051] Specifically, if the emission angle (incident angle to
the interface of the air layer A1) to the low refractive index
layer L1 in the optical path g1 is 0b, the emission angle to the
insulating layer IS2 from the lower electrode An in the optical
path g2 is also 6b, the incident angle 8¢ (not shown in FIG. 4)
to the lower electrode An after the light has been reflected by
the inclined plane SW inclined at 45° with respect to the
second planes S2 is 90°-0b. Also, taking the optical path g1 in
which the light is totally reflected in the air layer Al into
account, since 6b becomes 41.8° or higher, the light in the
optical path g2 which travels in the low refractive index layer
[1 is in a range of 0°=c=48.2° and a light in a range of
0°=c=41.8° within the above range is extracted to the external
without being totally reflected.

[0052] That is, as in the optical paths g1 and g2, the light
when the emission angle 8b to the low refractive index layer
L1 or the insulating layer IS2 is 41.8° or higher and 90° or
lower is totally reflected by the interface of the air layer A1,
and hardly extracted to the external if the reflective layer RF
is flat over the overall pixel area. However, when the reflective
layer RF is formed with the concave portions CC, the travel
direction is changed so that the light enters the interface of the
air layer A1 in a range of 0° or higher and 48.2° or lower, and
the light in a range of 0° or higher and 41.8° or lower which
occupies arelatively largeratio of the above range is extracted
to the external.

[0053] Then, the optical path hl travel in the upper side of
the organic light emitting layer OL, and becomes an effective
light that is emitted to the external from the interface with the
air layer Al. The optical path h2 travel in the reflective layer
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RF side on the basis of the organic light emitting layer OL. If
the reflective layer RF becomes flat in the overall pixel area,
the light of the optical path h2 is in a range (0°<6b=41.8°) of
the incident angle 6b which becomes the effective light, but
the light is reflected by the second planes S2 or the inclined
planes SW, and travels in the insulating layer IS2 at an angle
of 48.2° or higher, and 90° or lower, and enters the lower
electrode An. As a result, the light becomes an ineffective
light. However, the light of the optical path h2 is repetitively
reflected within the layer structure, and again reflected by the
inclined plane SW, and can be extracted as the effective light
(the same is applied to the optical path g1).

[0054] In view of the above, in the organic EL display
device 1 according to this embodiment, the amount of effec-
tive light can be increased by the second planes S2 formed at
the side lower than the first planes S1 in the reflective layer
RF, and the inclined plane SW inclined at 45° formed
between the first planes S1 and the second planes S2.

[0055] FIG. 5A is a diagram illustrating a planar configu-
ration of the reflective layer RF according to this embodi-
ment, in which 12 concave portions CC are formed in the
reflective layer RF within one pixel having a size of about
30x40 microns. As the layout of the concave portions CC, as
illustrated in FIG. 5A, the concave portions CC may be
arrayed at given intervals along the partitions (directions par-
allel to directions of extending the scanning signal lines GL
and the video signal lines DL) of the pixel area in the vertical
and horizontal directions. Alternatively, as illustrated in FIG.
5B, the concave portions CC may be staggered. Also, as
illustrated in FIG. 5A, it is preferable that the inclined planes
SW are formed in a planar shape.

[0056] Also, it is desirable that as the dimensions of the
concave portions CC in the reflective layer RF, a dimension A
which is a width of the first plane S1 in FIG. 4, and a dimen-
sion C which is a width of the second plane S2 are set to 1.5
times or higher and 2.5 times or lower of dimensions B or D
which are the width or the height of the inclined plane SW,
and preferably set to 1.8 times or higher and 2.2 times or
lower. The dimensions A to D in FIG. 4 are lengths defined in
a cross-section passing through centers of the two concave
portions CC adjacent to each other among the plural concave
portions CC. When A:B:C:D is set to 2:1:2:1, the amount of
effective light is about 1.5 times as compared with a case
where the reflective layer RF is flatly formed, which is pref-
erable.

[0057] Modification 1

[0058] Subsequently, a modification 1 of this embodiment
will be described. In the above first embodiment, a space
between the sealing substrate B2 and the protective layer PR
is filled with the resin filler layer PK. On the other hand, in the
modification 1, a hollow layer filled with gas instead of the
resin filler layer PK is arranged.

[0059] When the hollow layer lower in the refractive index
than the resin filler layer PK is arranged, a part of the light
emitted from the organic light emitting layer OL is totally
reflected by an interface between the hollow layer and the
protective layer PR, and travels into the layer structure. Since
the optical paths gl and hl in FIG. 4 of the first embodiment
are totally reflected by the interface with the air layer A1, light
may be emitted to the external from a pixel area faraway from
another pixel having the organic light emitting layer OL from
which the light emits. However, in the modification 1, when
the resin filler layer PK is replaced with the hollow layer, the
spread of the light from the organic light emitting layer OL
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that emits the light is suppressed, and totally reflected on the
reflective layer RF side. As a result, the problems caused by
false display becomes difficult to occur.

Second Embodiment

[0060] Subsequently, a description will be given of an
organic EL display device 1 according to a second embodi-
ment of the present invention. In the organic EL display
device 1 according to the above first embodiment, the insu-
lating layer IS2 is arranged between the reflective layer RF
and the lower electrode An to planarize the organic light
emitting layer OL. On the other hand, as illustrated in FIG. 6,
the plural concave portions CC of the reflective layer RF are
not planarized, and therefore, the irregularities are formed in
the lower electrode An, the organic light emitting layer OL,
the upper electrode Ca, and the protective layer PR in corre-
spondence with the plural concave portions CC.

[0061] FIG. 7 is a diagram illustrating an outline of an
optical path along which light travels within a layer structure
from the reflective layer RF to the sealing substrate B2, in the
organic EL display device 1 according to the second embodi-
ment. Hereinafter, a typical example of the optical path that
internally travels will be described with reference to FIG. 7.
[0062] InFIG. 7, as in the case of FIG. 4, the upper elec-
trode Ca and the protective layer PR are indicated as the high
refractive index layer HI, and the resin filler layer PK and the
sealing substrate B2 are indicated as the low refractive index
layer LI. Also, a refractive index in the high refractive index
layer HI or the lower electrode An is set as 1.85, and a
refractive index in the low refractive index layer LI, or the
organic light emitting layer OL is set as 1.5. Also, the light
that is emitted from the upper surface of the organic light
emitting layer OL, and the light emitted by the lower surface
of the organic light emitting layer OL, and reflected by the
reflective layer RF are treated by approximation as the sub-
stantially same light, and notations of the lower electrode An
and the reflective layer RF will be appropriately omitted.
[0063] Inthis example, optical paths k1 and k2 indicate the
light emitted from the second planes S2, and optical paths m1
and m2 indicate the light emitted from the first planes S1. In
the following description, light emitted from the second
planes S2, and entering an interface (diagonal formation
interface SL) diagonally formed between the high refractive
index layer HI and the low refractive index layer LI will be
first described.

[0064] The emission angle Ba from the second plane S2
satisfies 0°<0a<9.2°, an incident angle to the diagonal forma-
tion interface SL. becomes a critical angle (54.2°) or lower,
and the light is emitted to the low refractive index layer LI
Then, the emission angle 0a satisfies 0°<0a<9.2°, the emis-
sion angle Op to the low refractive index layer L1 with refer-
ence to the diagonal formation interface SL. becomes
Op=arcsin (1.85/1.5xsin(0a), and the incident angle 6q of the
light to the interface with the air layer A1 becomes 8q=45°-0p
(6p and 6q are not shown in FIG. 7). Therefore, since the
critical angle in the interface with the air layer Al is 41.8°, the
emission angle Oa from the organic light emitting layer OL
satisfies 0°<Ba=2.7°, the light s totally reflected by the inter-
face with the air layer A1, and the light is emitted from the air
layer A1 when 2.7°<00a<9.2° is satisfied.

[0065] Subsequently, a case in which the emission angle 0a
from the second plane S2 satisfies 9.2°<0a<45° will be
described. As indicated by the optical path k1 in FIG. 7, since
the light that satisfies 9.2°<6a<45° is input to the diagonal
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formation interface SL at an angle larger than the critical
angle (54.2°), the light is totally reflected toward upper intet-
faces S3 where the high refractive index layer HI and the low
refractive index layer LI are flatly formed. Then, if the emis-
sion angle 6a from the second planes S2 satisfies 9.2°<6a=<35.
8° within the above range, the light is totally reflected by the
upper interface S3 as indicated by the optical path k1. If the
emission angle 6a from the second planes S2 satisfies
35.8°<0a=45°, the light travels from the upper interface S3 to
the low refractive index layer LI, and is totally reflected by the
air layer Al. Further, the light totally reflected by the upper
interface S3 as indicated by the optical path k1 is emitted to
the external as the effective light through the reflection by the
diagonal formation interface SL and the second plane S2
which face each other.

[0066] Then,ifthe emissionangle 6a from the second plane
S2 satisfies 45°<0a<90°, the light is reflected upward by the
side surface SW, as indicated by the optical path k2 in FIG. 7.
If the emission angle 6a from the second plane S2 satisfies
45°<fa=54.2°, the light is totally reflected by the interface
with the air layer A1 after passing through the upper interface
S3. However, if the emission angle 6a from the second plane
S2 satisfies 54.2°<0a<90° as indicated by the optical path k2,
the light is emitted to the external of the upper interface S as
the effective light.

[0067] Then, the light emitted from the first plane S1 and
entering the diagonal formation interface SL will be
described.

[0068] If the light is emitted from the first plane S1 at an
angle of 0°<0a=<45°, and enters the diagonal formation inter-
face SL, the angle 8b (angle incident on the interface of the air
layer A1) at which the light travels in the low refractive index
layer LI satisfies 14.7°<8b=<45°, and the light becomes the
effective light at the angle of 14.7°<0b<41.8° within that
range (therefore, dueto the presence ofthe inclined plane SW,
the lightin arange 0of32.7° or higher and 42.4° or lower newly
becomes the effective light). Specifically, the light of the
optical path ml travels within the low refractive index layer LI
at the angle of 14.7°<6b=<41.8°, and as illustrated in FIG. 7,
the light emitted to the external (corresponding to the light
emitted to the high refractive index layer HI at the angle of
0°<0a<42.4°).

[0069] Also, in the optical path m2, the light is emitted from
the first planes S1 at the emission angle of 45°<6a<90°, and
enters the diagonal formation interface SL. The optical path
m?2 enters the low refractive index layer LI from the diagonal
formation interface SL, travels within the low refractive index
layer LI at the angle 0f 45°<6b<105.7°, and is totally reflected
by the interface of the air layer A1 (becomes ineffective light).

[0070] As has been described above, in the organic EL
display device 1 according to the second embodiment, the
emission of light to the external is facilitated by the concave
portions CC, and the ratio of the effective light to the light that
enters the diagonal formation interface SL from the first
planes S1 and the second planes S2 increases. Also, even ifthe
light is totally reflected by the interface with the air layer Al
into the ineffective light, the light is again reflected by the
concave portions CC of the reflective layer RF, and can be
extracted as the effective light.

[0071] In the above respective embodiments, the plural
concave portions having the inclined plane inclined at the
given angle are formed in the reflective layer RF. Alterna-
tively, with the formation of convex portions, the first planes
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S1, the second planes S2, and the inclined planes inclined at
the given angle may be formed.
[0072] In the second embodiment, the lower electrode An
and the reflective layer RF are formed. Alternatively, the
reflective layer RF may serve also as the lower electrode An.
Also, in the above respective embodiments, it is desirable that
the upper electrode Ca is formed with the reflectivity as small
as possible (it is desirable that the upper electrode Ca does not
function as a half mirror).
[0073] It is desirable that an inclined plane SW is formed
into a planar shape as in the above respective embodiments.
Alternatively, for example, the inclined plane SW may be
shaped into an inverted truncated cone whose concave portion
CCisinclined at an angle of 45°, and may be formed into any
shape if the inclined plane SW is linearly inclined.
[0074] In the above respective embodiments, the organic
light emitting layer OL of the respective organic EL elements
emit the light of white, and the light is colored with a color
filter. Alternatively, for example, the organic light emitting
layers OL of the different light emission colors may be
arranged in the respective pixels.
[0075] The present invention is not limited to the above
embodiments, but can be variously modified. For example,
the configuration described in the embodiments can be
replaced with the substantially identical configuration, a con-
figuration having the identical operational effects, or a con-
figuration that can achieve the same purpose.
[0076] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.
What is claimed is:
1. An organic EL display device, comprising:
a plurality of organic EL elements each including:
an organic light emitting layer;
an upper electrode that is formed on an upper side of the
organic light emitting layer; and
a reflective layer that is formed on a lower side of the
organic light emitting layer, in which an image is dis-
played on a side of the organic light emitting layer on
which the upper electrode is formed,
wherein the reflective layer in each of the organic EL
elements includes:
a first plane;
a second plane that is formed on a side lower than the first
plane; and
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an inclined plane that is formed between the first plane and
the second plane, and linearly inclined at a given angle
equal to or higher than 35°, and equal to or lower than
55°.

2. The organic EL display device according to claim 1,

wherein the reflective layer includes a plurality of concave
portions formed to be depressed on the basis of the first
plane, respective side walls of the plurality of concave
portions are configured by the inclined plane, and
respective bottoms of the plurality of concave portions
are configured by the second plane.

3. The organic EL display device according to claim 1,

wherein the given angle is equal to or higher than 40° and
equal to or lower than 50°.

4. The organic EL display device according to claim 2,

wherein an insulating layer is formed between a lower
electrode formed on a lower side of the organic light
emitting layer, and the reflective layer, and

wherein the insulating layer is formed to planarize steps
generated by the plurality of concave portions.

5. The organic EL display device according to claim 2,

wherein the upper electrode and the organic light emitting
layer in the organic EL element are formed to be
depressed at positions of the reflective layer where the
plurality of concave portions are arranged.

6. The organic EL display device according to claim 2,

wherein the second plane formed in the bottom of each of
the concave portions, and the first plane formed adjacent
to the concave portion have awidth of 1.5 times or higher
and 2.5 times or lower of a width of the inclined plane
formed between the second plane and the first plane.

7. The organic EL display device according to claim 2,

farther comprising:

a first substrate on which the plurality of organic EL ele-
ments are formed; and

a second substrate that seals the plurality of organic EL
elements on the first substrate,

wherein the organic light emitting layer in the plurality of
organic EL elements emit white light, and

wherein a color filter is formed on the second substrate.

8. The organic EL display device according to claim 2,

further comprising:

a first substrate on which the plurality of organic EL ele-
ments are formed; and

a second substrate that seals the plurality of organic EL
elements on the first substrate,

wherein a hollow layer is formed between the first substrate
and the second substrate.
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