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(57) ABSTRACT

An organic electro-luminescence (EL) display device accord-
ing to the present invention includes: a main substrate; a
display section provided above the main substrate and includ-
ing a red light-emitting layer, a green light-emitting layer, a
blue light-emitting layer, and a bank; a blue color filter pro-
vided above the display section, which selectively transmits
blue light and selectively absorbs green light and red light;
and a red color filter provided above the display section,
which selectively transmits the red light and selectively
absorbs the blue light and the green light, wherein the blue
color filter has openings each at a position corresponding to
the red light-emitting layer or the green light-emitting layer,
and the red color filter has openings each at a position corre-
sponding to the green light-emitting layer or the blue light-
emitting layer.
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ORGANIC ELECTRO-LUMINESCENCE
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2009/005974 filed on Nov. 10, 2009,
designating the

[0002] United States of America. The entire disclosures of
the above-identified applications, including the specifica-
tions, drawings and claims are incorporated herein by refer-
ence in their entirety.

BACKGROUND OF THE INVENTION

[0003] (1) Field of the Invention

[0004] The present invention relates to an organic electro-
luminescence (EL) display device capable of emitting light in
multiple colors.

[0005] (2) Description of the Related Art

[0006] A display panel (organic EL display) using an
organic light-emitting unit (Organic Light-Emitting Diode:
OLED) has been known as a display panel using current-
driven light-emitting material. Since the display panel has
advantages such as good viewing angle characteristics and
small power consumption, the display panel has been attract-
ing attention as a candidate for a next-generation flat panel
display.

[0007] As a configuration of the display panel using the
organic light-emitting unit, a configuration in which pixels
each having organic light-emitting units each of which is
formed with organic light-emitting material which emits light
in blue, green, or red are arranged in a matrix or a delta shape
on an entire surface has been proposed.

[0008] In this configuration, each pixel has a color filter of
a different color for each of the colors of light emitted, and a
configuration with a light-blocking property by the color
filters included in the two pixels or three pixels neighboring
the non light-emitting region of each pixel overlapping with
each other has been proposed (see Patent Literature 1: Japa-
nese Unexamined Patent Application Publication No. 2003-
234186). With this configuration, it is possible to secure the
light-blocking property at the non light-emitting region with-
out forming a filter known as a black matrix for suppressing
the reflection of external light above the non light-emitting
region. In other words, it is possible to secure the light-
blocking property of the non light-emitting region with a
simple configuration.

[0009] Furthermore, a configuration in which each pixel
includes color filters different for each color of the light
emitted, and a black matrix above the non light-emitting
region, and a red color filter which transmits red light and a
blue color filter which transmits blue light are arranged at a
position corresponding to an active element on the black
matrix (see Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2005-99393). With this configu-
ration, compared to the case in which only the black matrix is
provided above the non light-emitting region, the light-block-
ing property of the light-emitting region is further improved,
suppressing malfunction of the active elements and suppress-
ing the reduction in the display quality.

[0010] Furthermore, another configuration in which a red
color filter transmitting red light is formed above the light-
emitting region of red, and a blue color filter transmitting blue
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light is formed above the blue light-emitting region, and no
color filter is arranged above the green light emitting region
has been proposed. (see Patent Literature 3: Japanese Unex-
amined Patent Application Publication No. 2002-373776).
According to this configuration, it is possible to improve the
contrast with less number of patterning.

[0011] Here, contrast represents a ratio of luminance in the
non light-emitting region to the luminance in the light-emit-
ting region (luminance of light-emitting region divided by
luminance of non light-emitting region). When the luminance
of the non-light emitting region is high due to reflected exter-
nal light, the contrast is inherently low, and the display device
cannot display a sharp image. On the other hand, when the
luminance of the non-light emitting region is low, the contrast
is high, and deeper black can be displayed, allowing the
display device to display a sharp image.

SUMMARY OF THE INVENTION

[0012] However, with the configuration of Patent Literature
1, the reflectance property of the non light-emitting region
cannot be uniform in the entire display due to non-uniform
filter configuration above the non light-emitting region. More
specifically, with the configuration according to Patent Lit-
erature 1, the configuration of the filter corresponding to the
non light-emitting region includes four types depending on
the combination of the adjacent pixels, that is, red and green,
green and blue, blue and red, and red and green and blue,
causing unevenness in the contrast of the display. Further-
more, in the configuration according to Patent Literature 1,
the light-blocking property is secured by overlapping filters in
different colors. Thus, the adjacent pixels for overlapping
filters cannot be in the same color, causing limitation in
arranging pixels in RGB. With the configuration in Patent
Literature 2, processes for separately applying four types of
materials including the material for pigments of color filters
in red, blue, and green, and the visible light absorbing mate-
rial corresponding to the black matrix are necessary. Conse-
quently, the cost necessary for forming the color filters is
inevitably high. Patent Literature 3 does not mention the filter
configuration corresponding to the non light-emitting region.
If the filter is not provided above the non light-emitting
region, the reflectance at the non light-emitting region is high,
reducing the contrast of the display.

[0013] Furthermore, three types of pigment materials cor-
responding to the color filters in red, blue, and green are
necessary for the configuration in Patent Literature 1, and
four types of materials including pigment materials corre-
sponding to the color filters in red, blue, and green, and the
visible light absorbing material corresponding to the black
matrix are necessary for the configuration in Patent Literature
2. In addition, processes for separately applying the filters are
necessary in the manufacturing process. In order to reduce the
cost for materials and manufacturing cost, the smaller number
of colors is preferable for color filters.

[0014] The present invention has been conceived in view of
the problems above, and it is an object of the present invention
to provide an organic EL display device with high contrast at
low cost.

[0015] In order to solve the problems described above, the
organic EL display device according to the present invention
includes: a main substrate; a display section provided above
the main substrate and including a red organic EL light-
emitting region, a non light-emitting region around the red
organic EL light-emitting region, a green organic EL light-
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emitting region, a non light-emitting region around the green
organic EL light-emitting region, a blue organic EL light-
emitting region, and a non light-emitting region around the
blue organic EL light-emitting region; a first light-adjusting
layer provided above the display section, which selectively
transmits blue light and selectively absorbs green light and
red light; a second light-adjusting layer provided above the
display section, which selectively transmits the red light and
selectively absorbs the blue light and the green light; and a
third light-adjusting layer which selectively absorbs light
having a wavelength between the red light and the green light,
in which a light-adjusting layer which selectively transmits
the green light and selectively absorbs the red light and the
blue light is omitted, the first light-adjusting layer is continu-
ously formed over positions each corresponding to the blue
organic EL light-emitting region, the non light-emitting
region around the red organic EL light-emitting region, the
non light-emitting region around the green organic EL light-
emitting region, or the non light-emitting region around the
blue organic EL light-emitting region, and has openings each
at a position corresponding to the red organic EL light-emit-
ting region or the green organic EL light-emitting region, and
the second light-adjusting layer is continuously formed over
positions each corresponding to the red organic EL light-
emitting region, the non light-emitting region around the red
organic EL light-emitting region, the non light-emitting
region around the green organic EL light-emitting region, or
the non light-emitting region around the blue organic EL
light-emitting region, and has openings each at a position
corresponding to the blue organic EL light-emitting region or
the green organic EL light-emitting region, the third light-
adjusting layer is provided above the display section, and is
substantially uniformly formed over the entirety of the dis-
play section, and in the third light-adjusting layer, a maxi-
mum value of a transmission factor of visible light is 80% or
higher, and a minimum value of the transmission factor of
visible light is 50% or lower, wavelengths indicating a trans-
mission factor of 60% are in ranges from 550 nm to 575 nm
and from 585 nm to 620 nm, and a wavelength indicating the
minimum value of the transmission factor is in a range from
570 nm to 600 nm.

[0016] According to the present invention, it is possible to
provide an organic EL display device with high display qual-
ity at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present invention. In the Drawings:

[0018] FIG. 1 is an exploded perspective view illustrating
an example of a configuration for one pixel of an organic EL.
display device according to the example 1;

[0019] FIG. 2 is a top view illustrating a configuration for
one pixel in the display section;

[0020] FIG. 3 is a cross-sectional view along AA' cross-
section in FIG. 1;

[0021] FIG. 4 is an exploded perspective view illustrating
an example of a configuration for one pixel in an organic EL,
display device according to the example 2;

[0022] FIG. 5 is a cross-sectional view along BB' cross-
section in FIG. 4;
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[0023] FIG. 6 is a cross-sectional view illustrating an
example of a configuration for one pixel in an organic EL
display device according to the comparative example 1;
[0024] FIG. 7 is a graph illustrating spectrums of light
emitted from red, green, and blue light-emitting material;
[0025] FIG. 8 is a graph illustrating transmission charac-
teristics of a red color filter, a green color filter, a blue color
filter, and a light-adjusting film;

[0026] FIG. 9 is a graph illustrating a fluorescent light
spectrum,
[0027] FIG. 10 is a graph illustrating a color gamut of the

organic EL display device according to the examples 1 and 2;
[0028] FIG. 11 is a graph illustrating a combined transmis-
sion factor of the red color filter and the blue color filter;
[0029] FIG. 12A is a graph illustrating a combined trans-
mission factor of the red color filter and the green color filter;
[0030] FIG. 12B is a graph illustrating a combined trans-
mission factor of the green color filter and the blue color filter;
[0031] FIG.13Aisatop view illustrating an example of the
arrangement of the light-emitting layer;

[0032] FIG. 13B is a top view illustrating another example
of the arrangement of the light-emitting layer; and

[0033] FIG. 14 is a schematic view illustrating an example
of the organic EL display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] The organic EL display device according to the
presentinvention includes: a main substrate; a display section
provided above the main substrate and including a red organic
EL light-emitting region, a non light-emitting region around
the red organic EL light-emitting region, a green organic EL
light-emitting region, a non light-emitting region around the
green organic EL light-emitting region, a blue organic EL
light-emitting region, and a non light-emitting region around
the blue organic EL light-emitting region; a first light-adjust-
ing layer provided above the display section, which selec-
tively transmits blue light and selectively absorbs green light
and red light; and a second light-adjusting layer provided
above the display section, which selectively transmits the red
light and selectively absorbs the blue light and the green light,
in which the first light-adjusting layer is continuously formed
over positions each corresponding to the blue organic EL
light-emitting region, the non light-emitting region around
the red organic EL light-emitting region, the non light-emit-
ting region around the green organic EL light-emitting region,
or the non light-emitting region around the blue organic EL.
light-emitting region, and has openings each at a position
corresponding to the red organic EL light-emitting region or
the green organic EL light-emitting region, and the second
light-adjusting layer is continuously formed over positions
each corresponding to the red organic EL light-emitting
region, the non light-emitting region around the red organic
EL light-emitting region, the non light-emitting region
around the green organic EL light-emitting region, or the non
light-emitting region around the blue organic EL light-emit-
ting region, and has openings each at a position correspond-
ing to the blue organic EL light-emitting region or the green
organic EL light-emitting region.

[0035] With this, it is possible to suppress the reflection of
external light at the non light-emitting region (the non light-
emitting region around the red organic EL light-emitting
region, the non light-emitting region around the green organic
EL light-emitting region, and the non light-emitting region
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around the blue organic EL light-emitting region). Accord-
ingly, the configuration has a contrast comparable to the con-
figuration in which the black matrix is provided at a position
corresponding to the non light-emitting region. In addition,
the cost for material can be reduced, since it is not necessary
to provide the black matrix. In addition, the manufacturing
process for forming the black matrix is not necessary. Thus, it
is possible to reduce the manufacturing cost.

[0036] In addition, the first light-adjusting layer and the
second light-adjusting layer are provided overlapping with
each other at all of the positions corresponding to the non
light-emitting region around the red organic EL light-emit-
ting region, the non light-emitting region around the green
organic EL light-emitting region, and the non light-emitting
region around the blue organic EL light-emitting region. With
this, in any region of the display section, it is possible to set
the reflectance in the non light-emitting region uniform. In
other words, the luminance of the non light-emitting region is
uniform. Consequently, it is possible to prevent the uneven-
ness in the contrast of the display.

[0037] To put it differently, the organic EL display device
according to the present invention can achieve high display
quality at low cost.

[0038] In addition, it is preferable that a light-adjusting
layer which selectively transmits the green light and selec-
tively absorbs the red light and the blue light is omitted.
[0039] With this, it is possible to reduce the cost for mate-
rials and the manufacturing cost.

[0040] In addition, it is preferable that a combined trans-
mission factor of the first light-adjusting layer and the second
light-adjusting layer formed at positions each corresponding
to the non light-emitting region around the red organic EL
light-emitting region, the non light-emitting region around
the green organic EL light-emitting region, or the non light-
emitting region around the blue organic EL light-emitting
region is 25% or less in a wavelength range from 500 nm to
630 nm.

[0041] With this, it is possible to effectively suppress the
reflection of the external light at the non light-emitting region
in a wavelength at which human eyes have high sensitivity.
[0042] In addition, the main substrate may include: a thin
film transistor; and a planarizing film formed on the display
section-side of the thin film transistor to cover the thin film
transistor, and the organic EL display device may further
include: an anode provided between the main substrate and
the display section; and a cathode provided on the display
section.

[0043] Furthermore, a third light-adjusting layer which
selectively absorbs light having a wavelength between the red
light and the green light may be included.

[0044] With this, it is possible to suppress the reflection of
the external light. To put it differently, the black luminance is
reduced. In addition, the chromaticity of red light and green
light increases.

[0045] In addition, in the third light-adjusting layer, it is
preferable that a maximum value of a transmission factor of
visible light is 80% or higher, and a minimum value of the
transmission factor of visible light is 50% or lower, wave-
lengths indicating a transmission factor of 60% are in ranges
from 550 nm to 575 nm and from 585 nm to 620 nm, and a
wavelength indicating the minimum value of the transmission
factor is in a range from 570 nm to 600 nm.

[0046] With this, it is possible to suppress the reflection of
the external light, while maintaining the light-extracting effi-
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ciency of the light emitted from the green organic EL light-
emitting region and the light emitted from the red organic EL
light-emitting region at high level.

[0047] In addition, it is preferable that the third light-ad-
justing layer is provided above the display section, and is
substantially uniformly formed over the entirety of the dis-
play section.

[0048] With this, it is not necessary to perform patterning
for forming the third light-adjusting layer. Thus, it is possible
to manufacture the third light-adjusting layer at extremely
low cost. In addition, it is possible to suppress the reflection
on the entire display section.

[0049] In addition, the organic EL display device may fur-
ther include a resin layer which is colored and provided above
the display section, in which the resin layer functions as the
third light-adjusting layer.

[0050] In addition, the first light-adjusting layer and the
second light-adjusting layer may be formed on a sub substrate
which is a component different from the main substrate, and
the main substrate and the sub substrate may be bonded such
that the display section faces the first light-adjusting layer and
the second light-adjusting layer.

[0051] In addition, the sub substrate may be made of col-
ored glass or plastic, and functions as the third light-adjusting
layer.

[0052] In addition, at least one organic layer provided
between an anode and a cathode of the organic EL display
device may be colored, and the colored organic layer may
function as the third light-adjusting layer.

[0053] The following shall describe an organic EL display
device according to the embodiment of the present invention
with reference to the drawings. In the embodiment, the advan-
tage of the present invention shall be described through a
comparison of four different configurations, namely, the
examples 1 and 2 and the comparative examples 1 and 2. Note
that, in the drawings, the same reference numerals are
assigned to substantially identical components.

EXAMPLE 1

[0054] FIG. 1 is an exploded perspective view illustrating
an example of a configuration for one pixel in the organic EL.
display device 1 according to the example 1 of the present
invention.

[0055] The organic EL display device 1 in FIG. 1 is con-
figured by bonding a display section 110 and a sub substrate
109 with a resin layer 106. A red light-emitting layer 111, a
green light-emitting layer 112, and a blue light-emitting layer
113 which are light-emitting regions of red light, green light,
and blue light, respectively, and a bank 104 which is a non
light-emitting region are provided in the display section 110.
A blue color filter 107 and a red color filter 108 are formed on
the sub substrate 109.

[0056] Note that, the red light-emitting layer 111 is a red
organic EL light-emitting region according to the present
invention. The green light-emitting layer 112 is a green
organic EL light-emitting region according to the present
invention. The blue light-emitting layer 113 is a blue organic
EL light-emitting region according to the present invention.
[0057] FIG. 2 is a top view illustrating a configuration for
one pixel in the display section.

[0058] Asillustrated in FIG. 2, the bank 104 includes a first
sub bank 141, a second sub bank 142, and a third sub bank
143. The first sub bank 141 is a non light-emitting region
around the red light-emitting layer 111, the second sub bank
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142 is a non light-emitting region around the green light-
emitting layer 112, and the third sub bank 143 is a non
light-emitting region around the blue light-emitting layer
113. Note that, FIG. 2 is illustrated as such that there are gaps
between the first sub bank 141 and the second sub bank 142,
and between the second sub bank 142 and the third sub bank
143. However, FIG. 2 is a diagram for comprehensively illus-
trating each sub bank (the first sub bank 141, the second sub
bank 142, or the third sub bank 143), and neighboring sub
banks are adjoined. Note that, a case in which a bank is
provided between adjacent pixels is illustrated as an example
of the configuration of the non light-emitting region. How-
ever, it is not necessary to form a bank in the non light-
emitting region in adjacent pixels.

[0059] The blue color filter 107 is the first light-adjusting
layer according to the present invention, and selectively trans-
mits the blue light, and selectively absorbs the green light and
the red light. The blue color filter 107 is provided at a position
to cover the blue light-emitting layer 113 and the bank 104.
More specifically, the blue color filter 107 is continuously
formed at positions corresponding to the blue light-emitting
layer 113, the first sub bank 141, the second sub bank 142, and
the third sub bank 143, and includes openings at positions
each corresponding to the red light-emitting layer 111 or the
green light-emitting layer 112.

[0060] The red color filter 108 is a second light-adjusting
layer according to the present invention, and selectively trans-
mits the red light, and selectively absorbs the blue light and
the green light. The red color filter 108 is provided at positions
over the red light-emitting layer 111 and the bank 104. More
specifically, the red color filter 108 is continuously formed
over positions corresponding to the red light-emitting layer
111, the first sub bank 141, the second sub bank 142, and the
third sub bank 143, and includes openings each at a position
corresponding to the green light-emitting layer 112 or the
blue light-emitting layer 113.

[0061] FIG. 3 is a cross-sectional view along AA' cross-
section in FIG. 1. The manufacturing method for the organic
EL display apparatus 1 according to the example shall be
described with reference to FIG. 3.

[0062] In the example 1, the description shall be made
using a top-emission organic EL display device as an
example. However, the same effect can be achieved by a
bottom-emission organic EL display device.

[0063] First, the main substrate 101 is prepared. On the
main substrate 101, a driving circuit including a transistor
array and others which are conventionally known for an active
matrix display device is formed. More specifically, the main
substrate 101 includes a substrate, a transistor array, and a
planarizing film stacked in this order. The substrate is made of
glass and others, the transistor array is formed on the sub-
strate, and the planarizing film is formed to cover the transis-
tor array. The transistor array is implemented as thin film
transistors (TFT), for example. Note that, here, an example of
an active matrix display device is described, it is needless to
say that display device may be a passive matrix display
device.

[0064] Next, a reflexible anode 102 is formed, and is sub-
sequently patterned into a predetermined shape. The material
of the anode 102 is not particularly limited, and may be
aluminum, silver, chromium, nickel, for example. In terms of
light-emitting efficiency, a material with high reflectance can
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be suitably used. The anode 102 may be a multi-layered
structure, and may be a structure including Indium Tin Oxide
(ITO) formed on aluminum.

[0065] Next, the bank 104 is formed, and patterned so that
anupper part of the anode 102 is exposed. The material of the
bank 104 is not particularly limited, and an insulating and
photosensitive resin is used, for example. The film-forming
method and patterning method are not particularly limited.
For example, after forming the non-patterned film by wet
process, patterning by the photolithography method may be
performed.

[0066] Next, a hole transport layer 103 is formed. The
material for the hole transport layer 103 is not particularly
limited. As an example, it may be a small-molecules material,
apolymeric material, or a mixture of these materials. Further-
more, the method of forming the hole transport layer 103 is
not particularly limited either, and it may be a wet process
such as the ink-jet application, or a dry process such as the
vapor deposition.

[0067] Next, the red light-emitting layer 111, the green
light-emitting layer 112, and the blue light-emitting layer 113
are formed. The luminescent material used for the red light-
emitting layer 111, the green light-emitting layer 112, and the
blue light-emitting layer 113 may be a small-molecule mate-
rial, a polymeric material, or a mixture of both. It is necessary
for the luminescent materials to emit light with a chromaticity
relatively close to a preferred chromaticity of the outgoing
light. The generated spectrum by the luminescent material
shall be described in detail later.

[0068] Next, the cathode 105 is formed. The cathode 105
has an electron injecting property, and can also serve as an
electron injecting layer. Although the structure of the cathode
105 is not particularly limited, it is necessary for the cathode
105 to have a relatively high transmittance of visible light
when the organic EL display device is of the top-emission
type. For example, a stacked structure of Lithium Fluoride,
Magnesium, and an alloy of Silver may be used.

[0069] Note that, the main substrate 101, the anode 102, the
hole transport layer 103, the bank 104, the cathode 105, the
red light-emitting layer 111, the green light-emitting layer
112, and the blue light-emitting layer 113 formed as
described above compose the display section 110 illustrated
in FIG. 1.

[0070] In addition, independent of the manufacturing pro-
cess described above, the sub substrate 109 is prepared. The
sub substrate 109 is a glass substrate or a plastic substrate, for
example.

[0071] Next, on the sub substrate 109, the red color filter
108 having openings at positions each corresponding to the
green light-emitting layer 112 or the blue light-emitting layer
113 by photolithography. More specifically, a resist which is
photosensitive resin is applied on the sub substrate 109 by the
spin coating method and others, for example, and the sub
substrate 109 is pre-baked. Next, a predetermined photo mask
is adhered, and pattern exposure using ultraviolet light is
performed. With this, a predetermined region of the resist is
hardened, and becomes insoluble. Subsequently, the part of
the color resist that is not insoluble is removed using a devel-
oper, and a post baking is performed so as to obtain the red
color filter 108 having a desired pattern. An organic colorant,
a particle added organic colorant, a metal oxide, and resin
including the metal oxide are a list of materials that can be
used for the red color filter 108. In addition, the red color filter
108 may include inorganic or organic fluorescent pigments.
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[0072] Next, in the same manner as the red color filter 108,
the blue color filter 107 having openings at positions each
corresponding to the red light-emitting layer 111 or the green
light-emitting layer 112 is formed by photolithography.
When forming the blue color filter 107, an organic colorant, a
particle added organic colorant, a metal oxide, and resin
including the metal oxide are a list of materials that can be
used for the blue color filter 107. In addition, the blue color
filter 107 may include inorganic or organic fluorescent pig-
ments.

[0073] Finally, the sub substrate 109 supporting the blue
color filter 107 and the red color filter 108, and the main
substrate 101 supporting the red light-emitting layer 111, the
green light-emitting layer 112, and the blue light-emitting
layer 113 formed as described above are bonded by the resin
layer 106.

[0074] The bonding method is not particularly limited. For
example, there is a method in which the main substrate 101
and the sub substrate 109 are bonded by photo-curable resin,
and the photo-curable resin is fixed by light irradiation. Here,
as illustrated in FIGS. 1 and 3, the main substrate 101 and the
sub substrate 109 are bonded with the resin layer 106 such
that the openings are formed on the red color filter 108, and
the region in which the blue color filter 107 is continuously
formed overlaps with the blue light-emitting layer 113, and a
region in which the red color filter 108 is continuously formed
and the opening is formed on the blue color filter 107 overlaps
with the red light-emitting layer 111, and a region in which
the opening is formed on both the red color filter 108 and the
blue color filter 107 are formed overlaps with the green light-
emitting layer 112, and a region in which both the red color
filter 108 and the blue color filter 107 are continuously formed
overlaps with the bank 104.

[0075] As aresult, the blue color filter 107 and the red color
filter 108 are overlapped with each other on the bank 104, the
red color filter 108 overlaps the red light-emitting layer 111,
and no color filter is overlapped on the green light-emitting
layer 112, and the blue color filter overlaps the blue light-
emitting layer 113. As such, the organic EL display device 1
is manufactured.

EXAMPLE 2

[0076] The example 2 is nearly identical to the example 1,
but is different in that a light-adjusting film which is the third
light-adjusting layer is further provided on the sub substrate.

[0077] FIG. 4 is an exploded perspective view illustrating
an example of a configuration for one pixel in an organic EL.
display device 2 according to the example 2, and FIG. 5 is a
cross-sectional view along BB' cross-section in FIG. 4.

[0078] As illustrated in FIGS. 4 and 5, compared to the
organic EL display device 1 according to the example 1, the
organic EL display device 2 according to the example 2
further includes a light-adjusting film 201 on a surface oppo-
site to the surface of the sub substrate 109 on which the red
color filter 109 is formed.

[0079] The light-adjusting film 201 selectively transmits
the light having a wavelength between the wavelength of red
light and the wavelength of green light, and is, for example, an
optical film formed as a substantially uniform non-patterned
film. The light-adjusting film 201 is set to have 80% or higher
of'a maximum value of the transmission factor of the visible
light, and 50% or less of a minimum value of the transmission
factor of the visible light. The wavelengths indicating 60% of
the transmission factor are in ranges of wavelength from 550
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nm to 575 nm, and from 585 nm to 620 nm, and the minimum
value of the transmission factor is in a range of wavelength
from 570 nm to 600 nm.

[0080] The method for bonding the light-adjusting film 201
and the sub substrate 109 is not particularly limited. For
example, the light-adjusting film 201 and the sub substrate
109 are bonded using adhesive.

[0081] Subsequently, the red color filter 108 and the blue
color filter 107 are formed on a surface of the sub substrate
109 opposite to the surface bonded with the light-adjusting
film 201, according to the manufacturing method illustrated
in the example 1.

[0082] Finally, in the same manner as the organic EL dis-
play device 1 according to the example 1, the sub substrate
109 supporting the light-adjusting film 201, the red color filter
108, and the blue color filter 107, and the main substrate 101
supporting the red light-emitting layer 111, the green light-
emitting layer 112, and the blue light-emitting layer 113 are
bonded with the resin layer 106.

[0083] Next, the comparative example 1 and the compara-
tive example 2 shall be described. The comparative examples
1 and 2 are configured by modifying a part of the configura-
tion of the example 1 for the comparison with the example 1
and the example 2.

COMPARATIVE EXAMPLE 1

[0084] The organic EL display device according to the
comparative example 1 includes the red color filter, the green
color filter, and the blue color filter separately provided cor-
responding to the positions of the red light-emitting layer, the
green light-emitting layer, and the blue light-emitting layer,
respectively, and a black matrix positioned with the non light-
emitting region.

[0085] FIG. 6 is a cross-sectional view illustrating an
example of the configuration for one pixel in the organic EL.
display device 3 according to the comparative example 1.
[0086] As illustrated in FIG. 6, the organic EL display
device 3 includes a red color filter 301R at a position corre-
sponding to the red light-emitting layer 111, a green color
filter 301G at a position corresponding to the green light-
emitting layer 112, and a blue color filter 301B at a position
corresponding to the blue light-emitting layer 113. In addi-
tion, the black matrix 302 is formed at a position correspond-
ing to the bank 104.

[0087] The red color filter 301R and the blue color filter
301B are formed of the material same as the red color filter
108 and the blue color filter 107 in the example 1, respec-
tively.

[0088] The green color filter 301G selectively transmits the
green light, and selective absorbs the red light and the blue
light.

[0089] The black matrix 302 is formed positioned with the
bank 104, and absorbs the entire range of visible light.
Although the material for the black matrix 302 is not particu-
larly limited, chromium and resin with dispersed colorant or
dye may be preferably used, for example.

[0090] The method for manufacturing the black matrix
302, the red color filter 301R, the green color filter 301G, and
the blue color filter 301B on the sub substrate 109 is not
particularly limited. For example, photolithography is one of
the manufacturing methods.

[0091] More specifically, after chromium is formed on the
sub substrate 109 by the sputtering method and others, a
photo resist is applied according to the general photolithog-
raphy method, and then exposure and development are per-
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formed using a photo mask. Subsequently, etching and resist
removal are performed, forming the black matrix 302 with a
desired pattern.

[0092] Next, the green color filter 301G, the red color filter
301R, and the blue color filter 301B are formed by perform-
ing lithography once for each of the color filters.

[0093] As described above, four lithography processes, that
is, three photolithography processes each corresponding to
red, green, or blue, and one photolithography process for
forming the black matrix are necessary in the organic EL
display device 3 according to the comparative example 1.
Accordingly, it is evident that the manufacturing cost is
higher than the organic EL display device 1 according to the
example 1 and the organic EL display device 2 according to
the example 2 manufactured by two photolithography pro-
cesses.

COMPARATIVE EXAMPLE 2

[0094] The organic EL display device is manufactured in
the same manner as the comparative example 1 except that the
black matrix 302 and the green color filter 301G are not used.
[0095] Next, spectrums and transmission factors used as
the premise of the consideration shall be described.

[0096] FIG. 7 is a graph illustrating the spectrums of light
emitted from the red, green, and blue luminescent material
(hereafter referred to as the EL spectrum) used for the
examples 1 and 2 and the comparative examples 1 and 2.
These are the spectrums before transmitting the red color
filter, the green color filter, the blue color filter, and the light-
adjusting film. FIG. 7 illustrates Red EL which is a spectrum
of light emitted form the red light-emitting layer 111, Green
EL which is a spectrum of light emitted from the green light-
emitting layer 112, and Blue EL which is a spectrum of light
emitted from the blue light-emitting layer 113.

[0097] The EL spectrums in FIG. 7 have typical shapes for
organic EL light-emission spectrums, and are reproduced
using a function similar to the normal distribution function.

[0098] FIG. 8 is a graph illustrating transmission charac-
teristics of the red color filter, the green color filter, the blue
color filter, and the light-adjusting film used for the examples
1 and 2 and the comparative examples 1 and 2.

[0099] In FIG. 8, red color filter transmission characteris-
tics Red which is the transmission characteristics of the red
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color filter 108 and the red color filter 301R, blue color filter
transmission characteristics Blue which is the transmission
characteristics of the blue color filter 107 and the blue color
filter 301B, green color filter transmission characteristics
Green which is the transmission characteristics of the green
color filter 301G, and the light-adjusting film transmission
characteristics AR which is the transmission characteristics
of the light-adjusting film 201.

[0100] The light-adjusting film transmission characteris-
tics AR illustrated in FIG. 8 has the maximum value of trans-
mission factor of the visible light of 80% or higher, the mini-
mum value of the transmission factor of the visible light of
50% or lower, a wavelength indicating 60% of the transmis-
sion factor is in ranges from the 550 nm to 575 nm and from
585 nm to 620 nm, and the wavelength indicating the mini-
mum value of the transmission factor is in a range from 570
nm to 600 nm.

[0101] FIG. 9 is a graph illustrating a fluorescent light
spectrum used for calculating the reflectance of external light
in the examples 1 and 2 and the comparative examples 1 and
2. Note that, FIG. 9 also indicates a spectrum of luminosity
factor of human eyes.

[0102] Asillustrated in FIG. 9, the luminosity factor of the
human eyes has a spectrum for perceiving light with the
wavelength of 555 nm as the center. Therefore, in the spec-
trum of incident fluorescent light, suppressing a spectrum in
a wavelength range in which human eyes have higher lumi-
nosity factor allows effectively suppressing the reflection of a
luminescent light.

[0103] FIG. 10 is a graph illustrating a color gamut of the
organic EL display device according to the examples 1 and 2.
The diagram is illustrated in the CIE color coordinates.
[0104] As illustrated in FIG. 10, in the organic EL display
device according to the example 1, the chromaticity of red is
(0.66, 0.34), the chromaticity of green is (0.30, 0.65), and in
the organic EL display device 2 according to the example 2,
the chromaticity of red is (0.67, 0.33), and the chromaticity of
green is (0.28, 0.66). More specifically, compared to the chro-
maticity of red and green in the organic EL display device 1,
the chromaticity of red and green in the organic EL display
device 2 is improved.

[0105] Table 1 is a list of comparison results and the num-
ber of processes.

TABLE 1
Configuration
Non Number Transmission
light-emitting of Chromaticity Reflectance factor

(CF) + film region processes Red Green Blue [%] [%]
Example 1 (R,B) R,B 2 A A A 19 104
Example 2 R, B) + R,B 2 AA AA A 11 90

film

Comparative (R, G,B) BM 4 A AA A 15 100
Example 1
Comparative (R,B) — 2 A A A 69 100
Example 2

R: Red color filter,

B: Blue color filter,

G: Green color filter,
Film: Light-adjusting film,
BM: Black matrix

AA: Very good,

A: Good
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Here, the number of processes is the number of photolithog-
raphy process at the time of manufacturing.

[0106] The transmission factors are transmission factors of
the examples 1 and 2 and the comparative example 2, when
the transmission factor of the comparative example 1 is set as
100%.

[0107] The chromaticity is evaluated based on the spec-
trums after transmitting the color filters (red color filter, blue
color filter, and green color filter) and the light-adjusting film.
Good chromaticity indicates high color reproducibility.
[0108] Thereflectanceisevaluated by luminous reflectance
calculated by a spectrum obtained by the fluorescent light
spectrum in FIG. 9 transmitting the color filters and the light-
adjusting film twice.

[0109] The comparison between the comparative example
1 and the examples 1 and 2 shows the following.

[0110] Thenumber of the process is reduced to half; that is,
twice both in the examples 1 and 2, compared to the four
processes in the comparative example 1.

[0111] With this, compared to the comparative example 1,
the manufacturing cost can be significantly reduced in the
examples 1 and 2.

[0112] Note that, although a process for bonding the light-
adjusting film is necessary in the example 2, the light-adjust-
ing film is a non-patterned film with a substantially uniform
thickness. Thus, patterning is not necessary. Accordingly, the
increase in the manufacturing cost by providing the light-
adjusting film is significantly small compared to the increase
in the manufacturing cost for proving a color filter.

[0113] Inaddition, four materials for manufacturing the red
color filter, the blue color filter, the green color filter, and the
black matrix are necessary in the comparative example 1. In
the example 1, only two types of materials for the red color
filter and the blue color filter are necessary, suppressing the
cost for the material. In the example 2, three types of materi-
als, that is, the materials used in the example 1 and the mate-
rial for the light-adjusting film are necessary. However, the
cost for the material can be reduced compared to the com-
parative example 1.

[0114] As described above, the examples 1 and 2 can sup-
press the cost for material since the black matrix is not pro-
vided at a position overlapping with the non light-emitting
region, and the red color filter and the blue color filter are used
instead.

[0115] Furthermore, the comparison between the example
2 and the example 1 and the comparative example 1 shows the
following.

[0116] In the example 2, the reflectance is low. As illus-
trated in FIG. 9, the luminosity factor of the human eyes has
a peak at 555 nm, and has a high sensitivity to the light of
wavelength in a range from 500 nm to 630 nm. As illustrated
in FIG. 8, the light-adjusting film is set to have the maximum
value of the transmission factor of the visible light of 80% or
higher, the minimum value of the transmission factor of the
visible light of 50% or lower, wavelengths indicating 60% of
the transmission factor are in ranges from 550 nm to 575 nm
and from 585 to 620 nm, the wavelength indicating the mini-
mum value of the transmission factor in a range from 570 nm
to 600 nm.

[0117] With this, it is possible to effectively suppress the
sensitivity of the reflection of the external light to human
eyes, reducing the black luminance. More specifically, the
reflectance is represented by (spectrum intensity of incident
light) x (transmission factor)?. Thus, it is possible to signifi-
cantly reduce the reflectance by suppressing the transmission
factor. Thus, by lowering the transmission factor of the light
in a wavelength in which the luminosity of human eyes is
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high, it is possible to significantly reduce the reflectance of
the light in the wavelength. To put it differently, it is possible
to effectively suppress the sensitivity of the reflected light on
human eyes by setting the transmission factor of the light
having a wavelength in which the luminosity factor of human
eyes is high lower than the transmission factor of light having
other wavelengths.

[0118] In addition, the wavelengths indicating 60% of
transmission factor are in ranges from 550 to 575 nm, and
from 585 to 620 nm. Thus, it is possible to maintain the
light-extraction efficiency of Green EL emitted from the
green light-emitting layer and the light-extraction efficiency
ofRed EL emitted from the red light-emitting layer illustrated
in FIG. 7 at high level.

[0119] Furthermore, the comparison between the example
1 and the example 2 shows the following.

[0120] Inthe example 2, the chromaticity of red and green
is increased. This is because, as described above, the mini-
mum value of the light-adjusting film is in a range from 570
nm to 600 nm. Thus, the light in a wavelength range in which
Green EL which is a spectrum of light emitted from the green
light-emitting layer and Red EL which is a spectrum of light
emitted from the red light-emitting layer illustrated in FIG. 7
overlaps with each other is suppressed.

[0121] With this, the chromaticity of light in red and green
is improved. More specifically, the color gamut that can be
represented by the organic EL display device is expanded,
increasing the color reproducibility, as illustrated in FIG. 10.
[0122] Furthermore, the comparison between the examples
1 and 2 and the comparative example 2 shows the following.
[0123] In the examples 1 and 2, the reflectance is signifi-
cantly reduced. This is because, while in the comparative
example 2, the reflection is not suppressed since any color
filter or black matrix is not provided on a position overlapping
with the non light-emitting region, in the examples 1 and 2,
the red color filter and the blue color filter are provided
overlapping with each other.

[0124] Here, the combined transmission factor of the red
color filter and the blue color filter provided at a position
overlapping the non light-emitting region in the examples 1
and 2 shall be described. Furthermore, as a comparative
example, the combined transmission factor when the red
color filter and the green color filter are stacked, and the
combined transmission factor when the green color filter and
the blue color filter are stacked shall be described. The com-
bined transmission factor is a transmission factor of light
transmitting a set of stacked filters.

[0125] FIG. 11 is a graph illustrating a combined transmis-
sion factor of the red color filter and the blue color filter. FIG.
11 illustrates the combined transmission factor without the
light-adjusting film, which is the configuration of the example
1, and the combined transmission factor with the light-adjust-
ing film, which is the configuration of the example 2. Note
that, the dark region in the background in FIG. 11 indicates a
range of wavelengths in which the luminosity factor of human
eyes is high (500 nm to 630 nm).

[0126] Asillustratedin FIG. 11, the combined transmission
factor of the red color filter and the blue color filter is 25% or
lower in the wavelength range from 500 to 630 nm, regardless
of whether or not the light-adjusting film is provided.

[0127] With this, it is possible to effectively suppress the
sensitivity of the reflected light in the non light-emitting
region to human eyes. In other words, contrast is increased.
[0128] FIG.12Ais a graph illustrating the combined trans-
mission factor of the red color filter and the green color filter.
FIG. 12B is a graph illustrating the combined transmission
factor of the green color filter and the blue color filter.
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[0129] As illustrated in these diagrams, the stacked struc-
ture of the red color filter and the green color filter, and the
stacked structure of the green color filter and the blue color
filter do not sufficiently suppress the reflection of the external
light due to high combined transmission factor. More specifi-
cally, in the wavelength range from 500 to 630 nm, there is a
wavelength range in which the combined transmission factor
is higher than 25%. As a result, the reflection of external light
is not sufficiently suppressed. Therefore, contrast is low.
[0130] This shows that, in the examples 1 and 2, the reflec-
tion of external light is sufficiently suppressed by overlaying
the red color filter and the blue color filter at a position
overlapping the non light-emitting region. In addition, the
reflectance in the examples 1 and 2 is comparable to the
reflectance in the comparative example 1 including the black
matrix. More specifically, the organic EL display device
according to the examples 1 and 2 can sufficiently suppress
the reflected light at the non light-emitting region by overlay-
ing the red color filter and the blue color filter at a position
overlapping the non light-emitting region, without providing
the black matrix.

[0131] Note that, as a result of numerous calculations using
the absorption spectrums of the first to third light-adjusting
layers defined in the present invention, the conclusion is
applicable even when the shape of the spectrum (the position
of peak wavelength and spread of the spectrum) is slightly
changed.

[0132] As described above, the organic EL display devices
1 and 2 in the examples 1 and 2 according to the present
invention includes the blue color filter 107 and the red color
filter 108 provided above the main substrate 101. The blue
color filter 107 is continuously formed at positions corre-
sponding to the blue light-emitting layer 113 and the bank
104, and has openings at positions each corresponding to the
red light-emitting layer 111 or the green light-emitting layer
112. The red color filter 108 is continuously formed at posi-
tions corresponding to the red light-emitting layer 111 and the
bank 104, and has openings at positions each corresponding
to the green light-emitting layer 112 or the blue light-emitting
layer 113.

[0133] With this, it is possible to suppress the reflection of
external light at the bank 104 (the first sub bank 141, the
second sub bank 142, and the third sub bank 143). Accord-
ingly, this configuration has a comparable contrast compared
to the configuration in which the black matrix is provided at a
position corresponding to the bank 104. In addition, the cost
for material can be reduced, since it is not necessary to pro-
vide the black matrix. In addition, the manufacturing process
for forming the black matrix is not necessary. Thus, it is
possible to reduce the manufacturing cost.

[0134] In addition, at a position corresponding to all of the
first sub bank 141, the second sub bank 142, and the third sub
bank 143, the blue color filter 107 and the red color filter 108
are provided overlapping with each other. With this, in any
region of the display section, it is possible to set the reflec-
tance in the bank 104 uniform. In other words, the luminance
at the bank 104 is set to be uniform. Consequently, it is
possible to prevent the unevenness in the contrast of the
display.

[0135] More specifically, the organic EL display devices 1
and 2 in the examples 1 and 2 according to the present inven-
tion can achieve high display quality at low cost.

[0136] Furthermore, the organic EL display device 2
according to the example 2 of the present invention includes
the light-adjusting film 201 substantially uniformly formed
over the entire range of the display section, in addition to the
configuration of the organic EL display device 1 according to
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the example 1. With this, it is possible to suppress the reflec-
tion of the external light in the entire range of the display
section. To put it differently, the black luminance is reduced.
In addition, the chromaticity of red light and green light
increases.

[0137] Although only some exemplary embodiments of the
organic EL display device according to the present invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing
from the novel teachings and advantages of the present inven-
tion. Accordingly, all such modifications are intended to be
included within the scope of the present invention.

[0138] For example, in the example 2 described above, the
light-adjusting film 201 provided on the sub substrate 109 is
the third light-adjusting layer according to the present inven-
tion. However, the sub substrate 109 may be made of colored
glass or plastic having transmission characteristics of the
third light-adjusting layer, or the resin layer 106 may be
colored and has the transmission characteristics of the third
light-adjusting layer.

[0139] Furthermore, in the manufacturing process of the
color filter in general, after forming all of the patterns for each
color, the upper part of the pattern is protected by a transpar-
ent resin film (hereafter referred to as a protecting layer). As
the protecting layer, polyimide, acrylic, and epoxy resins may
be used, for example. The protecting layer may have a func-
tion of the third light-adjusting layer.

[0140] Furthermore, at least one of organic layer provided
between the anode 102 and the cathode 105 may be colored,
and the colored organic layer may have the function of the
third light-adjusting layer.

[0141] Furthermore, in the examples 1 and 2, as illustrated
in FIG. 2, the red light-emitting layer 111, the green light-
emitting layer 112, and the blue light-emitting layer 113 are a
pixel set, and each pixel setis substantially square in top view.
However, the shape of the red light-emitting layer 111, the
green light-emitting layer 112, and the blue light-emitting
layer 113 is not limited to this example. For example, each of
the red light-emitting layer 111, the green light-emitting layer
112, and the blue light-emitting layer 113 may be substan-
tially square in shape. Furthermore, the pixel sets may be
arranged in any way.

[0142] For example, the light-emitting layer of the same
color may be arranged in the column direction as illustrated in
FIG. 13A, or as illustrated in FIG. 13B, the light-emitting
layer of the same color may be arranged in the column direc-
tion and the row direction as illustrated in FIG. 13B. Note
that, in FIGS. 13A and 13B, the red color filter 108 provided
on the display section is illustrated.

[0143] Intheexamples 1 and 2, the blue color filter 107, the
red color filter 108 and the sub substrate 109 are stacked in
this order from the side of the main substrate 101, however,
the stacking order is not limited to this example. For example,
the stacking order may be from the red color filter 108, the
blue color filter 107, and the sub substrate 109, or from the sub
substrate 109, the blue color filter 107, and the red color filter
108.

[0144] Note that, the organic EL display devices 1 and 2
may be implemented as the organic EL display device having
a flat panel as illustrated in FIG. 14. The organic EL display
device is manufactured at lower cost without degrading the
display capability, compared to the conventional display
device.

INDUSTRIAL APPLICABILITY
[0145] The present invention is applicable to the organic
light-emitting display device having a flat light source, a flat
display, and others.
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What is claimed is:
1. An organic electro-luminescence (EL) display device

comprising:

a main substrate;

a display section provided above the main substrate and
including a red organic EL light-emitting region, a non
light-emitting region around the red organic EL light-
emitting region, a green organic EL light-emitting
region, a non light-emitting region around the green
organic EL light-emitting region, a blue organic EL
light-emitting region, and a non light-emitting region
around the blue organic EL light-emitting region;

a first light-adjusting layer provided above the display sec-
tion, which selectively transmits blue light and selec-
tively absorbs green light and red light;

a second light-adjusting layer provided above the display
section, which selectively transmits the red light and
selectively absorbs the blue light and the green light; and

a third light-adjusting layer which selectively absorbs light
having a wavelength between the red light and the green
light,

wherein a light-adjusting layer which selectively transmits
the green light and selectively absorbs the red light and
the blue light is omitted,

the first light-adjusting layer is continuously formed over
positions each corresponding to the blue organic EL
light-emitting region, the non light-emitting region
around the red organic EL light-emitting region, the non
light-emitting region around the green organic EL light-
emitting region, or the non light-emitting region around
the blue organic EL light-emitting region, and has open-
ings each at a position corresponding to the red organic
EL light-emitting region or the green organic EL light-
emitting region,

the second light-adjusting layer is continuously formed
over positions each corresponding to the red organic EL
light-emitting region, the non light-emitting region
around the red organic EL light-emitting region, the non
light-emitting region around the green organic EL light-
emitting region, or the non light-emitting region around
the blue organic EL light-emitting region, and has open-
ings each at a position corresponding to the blue organic
EL light-emitting region or the green organic EL light-
emitting region,

the third light-adjusting layer is provided above the display
section, and is substantially uniformly formed over the
entirety of the display section, and
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in the third light-adjusting layer, a maximum value of a
transmission factor of visible light is 80% or higher, and
a minimum value of the transmission factor of visible
light is 50% or lower, wavelengths indicating a trans-
mission factor of 60% are in ranges from 550 nm to 575
nm and from 585 nm to 620 nm, and a wavelength
indicating the minimum value of the transmission factor
is in a range from 570 nm to 600 nm.

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

wherein a combined transmission factor of the first light-
adjusting layer and the second light-adjusting layer
formed at positions each corresponding to the non light-
emitting region around the red organic EL light-emitting
region, the non light-emitting region around the green
organic EL light-emitting region, or the non light-emit-
ting region around the blue organic EL light-emitting
region is 25% or less in a wavelength range from 500 nm
to 630 nm.

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

wherein the main substrate includes: a thin film transistor;
and a planarizing film formed on the display section-side
of the thin film transistor to cover the thin film transistor,
and

the organic EL display device further comprises:

an anode provided between the main substrate and the
display section; and

a cathode provided on the display section.

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

further comprising

a resin layer which is colored and provided above the
display section,

wherein the resin layer functions as the third light-adjust-
ing layer.

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

wherein the first light-adjusting layer and the second light-
adjusting layer are formed on a sub substrate which is a
component different from the main substrate, and

the main substrate and the sub substrate are bonded such
that the display section faces the first light-adjusting
layer and the second light-adjusting layer.

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

wherein the sub substrate is made of colored glass or plas-
tic, and functions as the third light-adjusting layer.
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