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(57) ABSTRACT

Thereis provided an EL display device ofa color filter system
which obtains sufficient brightness and contrast while mak-
ing it difficult to generate a color mixture even if pixels
become fine. An EL display device 100 according to the
present invention includes a first substrate 1, a circuit layer 2
formed on the first substrate 1, a color selection reflection
layer 11 formed in an upper layer of the circuit layer 2, lower
electrodes 5 formed in an upper layer of the color selection
reflection layer 11, a white light emission EL layer 7 formed
in an upper layer of the lower electrodes 5, an upper electrode
8 formed in an upper layer of the EL layer 7, and a sealing
layer 9 formed in an upper layer of the upper electrode 8.
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ELECTROLUMINESCENCE DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2012-234154 filed on Oct. 23, 2012, 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 electrolumines-
cence display device.

[0004] 2. Description of the Related Art

[0005] JP 2004-227853 A discloses a color-filter electrolu-
minescence (EL) display device of a bottom emission type. In
the EL display device disclosed in that publication, EL ele-
ment drive TFTs are formed on an insulating substrate, and a
color filter layer and a white organic EL layer are further
formed in an upper layer of the TFTs in the stated order. The
EL display device extracts light emission produced in the
white organic EL layer from the insulating substrate side.
[0006] JP 2011-65948 A discloses a color filter EL display
device of a top emission type. In the EL display device dis-
closed in this publication, switching elements, a reflection
layer arranged in an upper layer of the switching elements, an
insulating substrate having the white organic EL layer formed
in an upper layer thereof, and a sealing substrate formed with
ablack matrix and color filters face each other through spaces
or resin layers. The EL display device extracts the light emis-
sion produced in the white organic EL layer from the sealing
substrate side.

SUMMARY OF THE INVENTION

[0007] Ina structure of the bottom emission type disclosed
in JP 2004-227853 A, because the light emission is not
extracted from a region in which circuit elements such as the
TFTs are arranged, an aperture ratio of pixels is lessened, and
sufficient brightness cannot be obtained in a high-definition
or downsized display device in which the individual pixels are
fine.

[0008] Also, in a structure of the top emission type dis-
closedinJP 2011-65948 A, particularly, in the high-definition
or downsized display device in which the individual pixels are
fine, a size of pixels and a thickness dimension of the color
filters get relatively close to each other. This leads to a prob-
lem that the light emission produced in the white organic EL
layer is propagated through the space or the resin layer
between the insulating substrate and the sealing substrate, and
enters adjacent pixels to cause a color mixture.

[0009] The present invention has been made in view of the
above viewpoint, and therefore an object of the present inven-
tion is to provide a color filter EL, display device which
obtains sufficient brightness and contrast while making it
difficult to generate the color mixture even if pixels become
fine.

[0010] Inthe invention disclosed in the present application,
an outline of typical features will be described in brief below.
[0011] (1) AnEL display device including: a first substrate;
a circuit layer formed on the first substrate; a color selection
reflection layer formed in an upper layer of the circuit layer;
lower electrodes formed in an upper layer of the color selec-
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tion reflection layer; a white light emission EL layer formed
in an upper layer of the lower electrodes; an upper electrode
formed in an upper layer of the EL layer; and a sealing layer
formed in an upper layer of the upper electrode.

[0012] (2) In the EL display device according to the item
(1), the color selection reflection layer includes a reflection
layer, and color filters formed in an upper layer of the reflec-
tion layer.

[0013] (3) In the EL display device according to the item
(1), the color selection reflection layer includes a dichroic
mirror layer.

[0014] (4) In the EL display device according to the item
(3), a light absorbing layer is formed on a lower layer of the
color selection reflection layer.

[0015] (5) Inthe EL display device according to any one of
the items (1) to (4), the upper electrode is a cathode.

[0016] (6) In the EL display device according to any one of
the items (1) to (5), a partial reflection film is formed in the
upper layer of the upper electrode.

[0017] (7) In the EL display device according to the item
(6), pixel separation films are formed to separate the adjacent
lower electrodes from each other, and the partial reflection
film is an auxiliary electrode disposed immediately above the
pixel separation films.

[0018] (8) Inthe EL display device according to any one of
the items (1) to (7), there are provided pixels on which the
color selection reflection layer is formed, and pixels of white
light emission on which the color selection reflection layer
are not formed.

[0019] (9) Inthe EL display device according to any one of
the items (1) to (8), there are provided upper color filters
arranged in an upper layer of the sealing layer, and a second
substrate having the upper color filters formed on a surface
thereof.

[0020] (10) In the EL display device according to the item
(9), aprotective layer is formed between the sealing layer and
the upper color filters.

[0021] (11)Inthe EL display device according to any one
of the items (1) to (10), a protective layer is formed between
the color selection reflection layer and the lower electrodes.
[0022] (12)In the EL display device according to any one
of the items (1) to (11), a boundary between the color selec-
tion reflection layers belonging to the adjacent pixels is
tapered.

[0023] (13) In the EL display device according to any one
of the items (1) to (12), the upper electrode is electrically
connected to a line included in the circuit layer through a
through-hole, and set as a common potential.

[0024] (14) In the EL display device according to the item
(13), the through-hole is arranged in an region where the color
selection reflection layer is not formed.

[0025] According to any one of the above items (1) to (3),
the EL display device of the color filter system can obtain
sufficient brightness and contrast while making it difficult to
generate the color mixture even if the pixels become fine.
[0026] According to the above item (4), a light beam that is
transmitted through the dichroic mirror layer can be pre-
vented from being reflected and visually recognized.

[0027] According to the above item (5), a reflectance of the
upper electrode is increased, and a color purity of the light
emission by the EL display device is improved.

[0028] According to the above item (6), the color purity of
the light emission by the EL display device is improved.
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[0029] According to the above item (7), an additional pro-
cess for forming the partial reflection film becomes unneces-
sary.

[0030] According to the above item (8), the EL display

device high in brightness and contrast is obtained.

[0031] According to the above item (9), the color purity of
the light emission by the EL display device is improved.
[0032] According to any one of the aboveitems (10) to (12),
the reliability of the EL display device is improved.

[0033] According to the above item (13), the potential of
the upper electrode becomes even, and even display is
obtained.

[0034] According to the above item (14), the advantages by
the above item (13) are obtained without damaging the EL
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a first
embodiment of the present invention;

[0036] FIG. 2 is a schematic perspective view illustrating
the EL display device according to the first embodiment of the
present invention;

[0037] FIG. 3 is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a
second embodiment of the present invention;

[0038] FIG. 4 is a schematic cross-sectional view illustrat-
ing a pixel portion ofan EL display device according to a third
embodiment of the present invention;

[0039] FIG. §is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a
fourth embodiment of the present invention;

[0040] FIG. 6 is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a fifth
embodiment of the present invention;

[0041] FIG. 7 is a schematic exploded perspective view
illustrating the EL display device according to the fifth
embodiment of the present invention;

[0042] FIG. 8 is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a sixth
embodiment of the present invention;

[0043] FIG. 9is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to a
seventh embodiment of the present invention; and

[0044] FIG.10isaschematic cross-sectional view illustrat-
ing a pixel portion of an EL display device according to an
eighth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Hereinafter, an EL display device according to a
variety of embodiments of the present invention will be
described with reference to the accompanying drawings.

First Embodiment

[0046] FIG. 1is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device 100 according to
a first embodiment of the present invention.

[0047] The EL display device 100 regularly arranges a
large number of pixels 10 on an insulating first substrate 1,
and controls the amount of light emission of an EL layer 7 at
a position corresponding to each pixel 10 to form an image.
For that reason, a circuit layer 2 in which electric circuits
including TFTs (thin film transistors) for controlling the
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amount of current flowing in the respective pixels 10 are
regularly (in a lattice pattern in this embodiment) arranged is
formed on the first substrate 1. The first substrate 1 is formed
of a glass substrate in this embodiment, but a material of the
first substrate 1 is not particularly limited if the substrate is
made of an insulating material. The first substrate 1 may be
made of synthetic resin or other material. Also, the first sub-
strate 1 may be transparent or opaque.

[0048] The circuit layer 2 includes an appropriate insulat-
ing layer, lines including scanning signal lines, video signal
lines, a power line, and a ground line, and the TFTs each
formed of respective electrodes of a gate, a source, and a
drain, and a semiconductor layer. Since the electric circuits
configuring the circuit layer, and a cross-sectional structure of
the electric circuits are well known, their details will be omit-
ted in this example, and those circuits are simplified, and
merely indicated as the circuit layer 2.

[0049] Reflection layers 3 are each formed on the circuit
layer 2 for each of the pixels 10, independently. The reflection
layers 3 each have a function of reflecting light emission from
an EL layer 7 disposed in an upper layer of the reflection
layers 3. The reflection layers 3 may be formed of an appro-
priate metal film, and may be made of, for example, alumi-
num, chrome, silver, or an alloy thereof. Also, in this embodi-
ment, the reflection layers 3 are arranged for each of the pixels
10, independently, that is, in a manner where the reflection
layers 3 corresponding to the respective pixels do not contact
each other. Alternatively, the reflection layers 3 may contact
each other, and an overall region in which the pixels 10 of the
EL display device 100 are arranged may be covered with the
reflection layers 3.

[0050] Color filters 4R, 4G, and 4B are disposed on upper
layers of the reflection layers 3 in correspondence with the
respective pixels 10. The respective color filters are formed of
films colored to transmit a light beam having a color to be
colored by the respective pixels 10. In this example, the color
filter 4R corresponds to red, the color filter 4G corresponds to
green, and the color filter 4B corresponds to blue. The respec-
tive color filters 4R, 4G, and 4B are each made of an organic
material such as polyimide or acrylic resin added with dye or
pigment,

[0051] Lower electrodes 5 are disposed on upper layers of
the color filters 4R, 4G, and 4B for each of the pixels 10. The
lower electrodes 5 are separated from each other by pixel
separation films 6 (also called banks) and insulated. The
lower electrodes 5 are formed of transparent conductive films,
and preferably made of a conductive metal oxide such as ITO
(indium tin oxide) or InZnO (indium zinc oxide), or the
conductive metal oxide mixed with metal such as silver. Also,
the pixel separation films 6 may be made of any insulating
material, and made of an organic insulating material such as
polyimide or acrylic resin, or silicon nitride. The pixel sepa-
ration films 6 are arranged along boundaries of the respective
pixels 10, and separate the respective pixels 10 from each
other. In the respective pixels 10, each portion surrounded by
the pixel separation films 6 is a luminescent region, which is
called aperture area.

[0052] The EL layer 7 is disposed in an upper layer of the
lower electrodes 5 and the pixel separation films 6. The EL
layer 7 is not independent for each of the pixels, and disposed
to cover an overall region in which the pixels 10 of the EL
display device 100 are arranged. Also, the luminescent color
of the EL layer 7 is white. In general, the white light emission
is obtained as a synthetic color by laminating EL. materials



US 2016/0111474 Al

that emit lights with a plurality of colors, for example, the
respective colors of red, green, and blue, or yellow and blue.
In this embodiment, a specific configuration of the EL layer 7
is not particularly limited, but any of a single layer and a
laminated layer, and any layer structure are applicable if the
white light emission is resultantly obtained. Also, a material
configuring the EL layer may be organic or inorganic, but an
organic material is used in this embodiment.

[0053] Further, anupper electrode 8 is disposed on an upper
portion of the EL layer 7. The upper electrode 8 is not also
independent for each of the pixels, and disposed to cover an
overall region in which the pixels 10 of the EL display device
100 are arranged. The upper electrode 8 is also formed of a
transparent conductive film, and preferably made of a con-
ductive metal oxide such as ITO or InZnO mixed with silver
or magnesium, or the lamination of a metal thin film made of
silver or magnesium and a conductive metal oxide.

[0054] Further, a sealing layer 9 is disposed in an upper
layer of the upper electrode 8, and prevents oxygen or mois-
ture from entering the respective layers including the EL layer
7 to protect those layers. The sealing layer 9 may be made of
silicon nitride or an appropriate organic material such as an
epoxy resin, or the sealing layer 9 may be configured by
laminating a plurality of different materials on each other. A
transparent material is selected as the sealing layer 9.

[0055] With the above structure, when holes or electrons of
the amount controlled by the electric circuits arranged in the
circuit layer 2 are implanted into the EL layer 7 by the lower
electrodes 5 and the upper electrode 8, the EL layer 7 located
at positions corresponding to the respective pixels 10 of the
EL display device 100 emits a light with a brightness corre-
sponding to the amount of current. The polarities of the lower
electrodes 5 and the upper electrode 8 are not particularly
limited, but in this embodiment, the lower electrodes 5 func-
tion as anodes, and the upper electrode 8 functions as a
cathode. The EL display device 100 is of a so-called top
emission type, and extracts the light emission from a side of
the first substrate 1 where the EL layer 7 is formed. Therefore,
the side of the first substrate 1 where the EL layer 7 is formed
is called front side, and an opposite side thereof is called rear
side. In FIG. 1, an upper side is a front side.

[0056] For example, a part of the light emission produced
by the EL layer 7 in the pixels 10 shown in the center of FIG.
1 travels toward the front side as indicated by an arrow A in
the figure, is transmitted through the upper electrode 8 and the
sealing layer 9, and extracted from the front side. Because the
light beam does not pass through the color filter 4G, the light
beam is white. On the contrary, another part of the light
emission produced in the EL layer 7 travels toward the rear
side as indicated by an arrow B in the figure, is reflected by the
reflection layers 3 after passing through the color filter 4G,
again passes through the color filter 4G, and is extracted from
the front side. For that reason, this light beam becomes green.
An observer of the EL display device 100 observes the syn-
thesis of a light beam A and a light beam B as the light
emission of the center pixel 10 in FIG. 1.

[0057] As a result, because the light emission color of the
respective pixels 10 becomes the mixture of the light beam
having a color corresponding to the corresponding color filter
of the pixels 10 with the white light, a color purity is not
always high, but the light beam from the pixels 10 adjacent to
the color filter corresponding to a given pixel 10 does not
enter the given pixel 10. As a result, no problem about color
mixture occurs.
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[0058] 1In the above-mentioned discussion, for simplifica-
tion of the description, a part of the light emission produced
by the EL layer 7, which travels toward the front side, is
extracted from the front sideas indicated by the arrow A inthe
figure as it is. However, this description is not accurate. This
is because the upper electrode 8 is formed by mixing the
conductive metal oxide with metal such as silver or magne-
sium, or by laminating the metal thin film and the conductive
metal oxide on each other for the purpose of increasing an
electric conductivity thereof, but the upper electrode 8 is not
a complete transparent film, and has a property as a half
mirror that reflects apart of the incident light beam. For that
reason, a portion (this rate depends on the reflectance of the
upper electrode 8) of an appreciable extent of the light beam
A which enters the upper electrode 8 from the EL layer 7 is
reflected by the upper electrode 8, and extracted from the
front side after passing through the color filter 4G as with the
light beam indicated by the arrow B in the figure. Therefore,
the color purity of the light emission color obtained by the EL
display device 100 shown in the figure is higher than that a
conceivable case in which all of the light emission which
travels toward the front side from the EL layer 7 are extracted
from the front side as it is. Therefore, the upper electrode 8
functions as a partial reflection film formed in the upper layer
of the EL layer 7 in which a part of the incident light beam is
reflected while the remaining light beam is transmitted
through the upper electrode 8. In this situation, it is preferable
that the upper electrode 8 is formed of a cathode. In this case,
the upper electrode 8 is supplied with electrons, and implants
the electrons into the EL layer 7. This is because a large
number of free electrons exist in the upper electrode 8, the
light beam that enters the upper electrode 8 is more liable to
be reflected.

[0059] Also, in general, a thickness of the EL layer 7 is
relatively close to a wavelength of the emitted light. In this
case, when the reflection layers 3 are arranged immediately
below (that s, justlower side of the lower electrodes 5) the EL
layer 7 as in a general top-emission EL display device, a
so-called microcavity effect occurs by an interference with
the reflection light, with a phenomenon that a light emission
strength in a normal direction of the EL layer 7 is improved
whereas the light emission strength in another direction is
lessened. This phenomenon is disadvantageous in obtaining a
wide viewing angle. However, in the EL display device 100
according to this embodiment, the color filters 4R, 4G, and 4B
are disposed between the EL layer 7 and the reflection layers
3, and the thicknesses of those color filters 4R, 4G, and 4B are
sufficiently larger than the wavelength of the emitted light.
Therefore, the above-mentioned microcavity effect does not
occur. For that reason, the EL display device 100 according to
this embodiment is small in a viewing angle dependency (a
change in the brightness when the EL display device 100 is
obliquely viewed is small).

[0060] Also, as compared with the general top-emission EL
display device, in the EL display device 100 according to this
embodiment, the light beam that enters the color filters 4R,
4G, and 4B is reflected by the reflection layers 3, thereby
always passing through the color filters 4R, 4G, and 4B twice.
This means that the thickness necessary for the color filters in
order to obtain the same color purity is halved as compared
with a configuration in which the light beam passes through
the color filters only once. For that reason, as compared with
the general top-emission EL display device in which the color
filters are arranged in the upper layer of the EL layer, the
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thickness of the color filters 4R, 4G, and 4B in the EL display
device 100 according to this embodiment can be thinned.

[0061] Also, the EL display device 100 according to this
embodiment is advantageous in amanufacturing facility. That
is, particularly, in the high-definition or downsized display
device in which the individual pixels are fine, because the size
of the respective pixels 10 is small, it is difficult to color-code
the EL layer 7 in correspondence with the colors of the
respective pixels 10, and a single layer of the white light
emission needs to be provided as in this embodiment. On the
contrary, because a technique of photolithography can be
used in the formation of the color filters, it is easy to color-
code the color filters for each of the pixels 10. However,
because a process of damaging the EL layer 7 is included in
the photolithography, it is difficult to form the color filters
directly on the front side of the EL layer 7. In view of this fact,
in the structure of the EL display device 100 according to this
embodiment, because it is only necessary to form the EL, layer
7 after the color filters 4R, 4G, and 4B have been formed on
the first substrate 1, the manufacture of the EL display device
100 is easy.

[0062] In the EL display device 100 according to this
embodiment, an upper surface of the sealing layer 9 serves as
an observation surface of the EL display device 100. Alter-
natively, a transparent substrate made of glass or a synthetic
resin may be further arranged in an upper layer of the sealing
layer 9.

[0063] FIG. 2 is a schematic perspective view illustrating
the EL display device 100 according to the first embodiment
of the present invention. In the EL display device 100, a
rectangular display region 21, which is a region where the
pixels 10 are arranged, is disposed on the rectangular first
substrate 1. A scanning circuit 22 is arranged adjacent to any
one of right and left sides of the display region 21, or both
sides thereof. In this embodiment, the scanning circuit 22 is
disposed on only the left side of the display region 21. A large
number of scanning signal lines 23 extend from the scanning
circuit 22 to the display region. As illustrated in the figure, the
scanning circuit 22 may be provided by directly preparing a
circuit per se on a surface of the first substrate 1 through a
technique such as a so-called SOG (system on glass), or may
be provided by implementing a semiconductor chip. Also, a
driver circuit 24 is disposed adjacent to a near side of the
display region. A large number of video signal lines 25 extend
from the driver circuit 24 toward the display region, and is
orthogonal to the scanning signal lines 23. A region sur-
rounded by the respective adjacent scanning signal lines 23
and video signal lines 25 configures one pixel 10. The driver
circuit 24 may be prepared directly on the surface of the first
substrate 1 as with the scanning circuit 22. In this embodi-
ment, the driver circuit 24 is provided by implementing a
semiconductor chip. The driver circuit 24 is connected with
an FPC (flexible printed circuit) 26, and image data is sup-
plied to the driver circuit 24 from an external device.

[0064] Theimage data supplied from the external device is
converted into a voltage signal indicative of the brightness of
each pixel 10, and output to the video signal lines 25 by the
driver circuit 24, and supplied to the pixel 10 corresponding to
the scanning signal line 23 selected by the scanning circuit 22.
The pixels 10 each emit a light with a brightness correspond-
ing to the supplied voltage signal by a pixel circuit disposed in
each of the pixels 10. In this way, a large number of pixels 10
disposed in the display region 21 in the lattice pattern emit the
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light with the brightness corresponding to given image data,
thereby to form an image in the display region 21.

[0065] Incidentally, as is apparent from the above descrip-
tion, in the EL display device 100 according to this embodi-
ment, when a color selection reflection layer that selectively
reflects the light beam having a specific color on the front side
is formed in each lower layer of the EL layer 7 and the lower
electrodes 5, the above function is satisfied. In the first
embodiment illustrated in F1G. 1, the color filters 4R, 4G, and
4B, and the reflection layers 3 configure a color selection
reflection layer 11 in cooperation with each other.

Second Embodiment

[0066] On thecontrary,inanEL display device 200 accord-
ing to a second embodiment of the present invention illus-
trated in FIG. 3, the color selection reflection layer 11 is
formed of a single layer. FIG. 3 is a schematic cross-sectional
view illustrating a pixel portion of the EL display device 200
according to the second embodiment of the present invention.
In this embodiment, parts common to those in the above first
embodiment are denoted by the same symbols, and a repeti-
tive description will be omitted.

[0067] Inthe EL display device 200, dichroic mirror layers
12R, 12G, and 12B are disposed as the color selection reflec-
tion layer 11. The dichroic mirror layer 12R has a property of
selectively reflecting only red color, and transmitting the
other lights. The dichroic mirror layers 12G and 12B also
reflect green light and blue light, respectively. In this embodi-
ment, the light beams that have been transmitted through the
dichroic mirror layers 12R, 12G, and 12B arrive at the circuit
layer 2, and are absorbed therein. In order to prevent the
reflection of the transmitted light, a light absorbing layer of,
for example, black, which absorbs the light, may be disposed
in a lower layer of the dichroic mirror layers 12R, 12G, and
12B.

[0068] An outer appearance of the EL display device 200
according to this embodiment is identical with that of FIG. 2
illustrated as the schematic perspective view of the EL display
device 100 according to the above first embodiment.

[0069] Incidentally, in the description of the above-men-
tioned first embodiment, the upper electrode 8 (refer to FIG.
1) functions as the partial reflection film, and has the function
of increasing the color purity of the light emission color
obtained by the EL display device 100. Further, in order to
obtain the higher color purity by obtaining the same effect by
addition, an additional partial reflection film may be further
formed in an upper layer of the upper electrode 8. This addi-
tional partial reflection film may have any structure in which
apart of the incident light beam is reflected, and the remaining
part thereof is transmitted through the partial reflection film.
That is, apart of the light beam output from the upper elec-
trode 8 to the front side may be reflected to the rear side, and
the remaining part thereof may be transmitted through the
partial reflection film. As the above film, for example, it is
conceivable that a half mirror formed of a metal thin film
made of silver or aluminum is formed on an overall front
surface of the upper electrode 8. Alternatively, a reflection
layer that covers a part of the aperture area of the pixels 10
may be newly formed.

Third Embodiment

[0070] In an EL display device 300 according to a third
embodiment of the present invention illustrated in FIG. 4, a
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reflection layer that covers a part of the aperture area of the
pixels 10 is formed in the upper layer of the upper electrode 8.
FIG. 4 is a schematic cross-sectional view illustrating a pixel
portion of the EL display device 300 according to the third
embodiment of the present invention. In this embodiment,
parts common to those in the above first embodiment are
denoted by the same symbols, and a repetitive description will
be omitted.

[0071] In the EL display device 300 according to this
embodiment, an auxiliary electrode 13 is disposed in the
upper layer of the upper electrode 8, and immediately above
the pixel separation films 6. The auxiliary electrode 13 is
formed of a conductive metal film made of silver or alumi-
num, and small in electric resistance. Therefore, the auxiliary
electrode 13 has a function of keeping a uniform potential of
the overall upper electrode 8, and supplying sufficient elec-
trons (or holes) to the EL layer 7. At the same time, the
auxiliary electrode 13 is formed with a width wider than the
width of the pixel separation films 6 so that a part of the
auxiliary electrode 13 covers the aperture area of the pixels
10. For that reason, a part of the aperture area of the pixels 10
is obscured by the auxiliary electrode 13.

[0072] In this example, since the auxiliary electrode 13 is
formed of the metal film, the auxiliary electrode 13 functions
as a reflection film that reflects the light. For that reason, the
light emitted on the rear side of the auxiliary electrode 13 is
applied to the rear surface of the auxiliary electrode 13, and
reflected therefrom as indicated by an arrow C in the figure,
and input to the color filter 4G and again reflected by the
reflection layers 3. Then, the light is output from a region in
which the auxiliary electrode 13 is not formed to the front
side. Therefore, the auxiliary electrode 13 functions as the
additional partial reflection film. In this way, the rate of the
light beam input to the color filters 4R, 4G, and 4B is more
increased, and the color purity can be enhanced.

[0073] In this embodiment, the auxiliary electrode 13 also
function as the additional partial reflection film. However, the
present invention is not limited to this configuration, but the
auxiliary electrode 13 and the additional partial reflection
film may be provided as different components, or the auxil-
iary electrode 13 may not be formed. Also, the shape and
arrangement of the opening portion of the additional partial
reflection film is not particularly limited, and as illustrated in
FIG. 4, a configuration in which the center portion of the pixel
is opened as illustrated in FIG. 4 may be applied, or a con-
figuration in which a large number of holes are arranged in the
overall region may be applied. In any case, a part of the
aperture area of the pixels 10 is covered with an additional
partial reflection film, and a remaining part is opened without
being covered with the additional partial reflection film.
Then, the light beam output from the EL layer 7 and applied
to the additional partial reflection film is reflected by the
additional partial reflection film and the reflection layers 3, in
some situations, by a plurality of times, and output from the
opening of the additional partial reflection film to the front
side.

[0074] An outer appearance of the EL display device 300
according to this embodiment is identical with that of FIG. 2
illustrated as the schematic perspective view of the EL display
device 100 according to the above first embodiment.

Fourth Embodiment

[0075] FIG. 5is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device 400 according to
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a fourth embodiment of the present invention. Similarly, in
this embodiment, parts common to those in the above first
embodiment are denoted by the same symbols, and a repeti-
tive description will be omitted. The EL display device 400
according to the fourth embodiment is provided with a pixel
10W that emits a light with white in addition to the pixels 10
that emit the light with respective colors of red, blue, and
green.

[0076] As shown in the figure, in the pixel 10W, the color
filter is not provided, and the lower electrodes 5 are formed in
the immediate upper layer of the reflection layers 3. In the
pixel 10W of the white light emission, because substantially
all of the light emission by the EL layer 7 can be extracted
from the front side, the light emission high in brightness is
obtained. With the provision of the pixel 10W of the white
light emission, an image display high in brightness and large
in contrast is obtained.

[0077] An outer appearance of the EL display device 400
according to this embodiment is identical with that of FIG. 2
illustrated as the schematic perspective view of the EL display
device 100 according to the above first embodiment.

[0078] In the EL display device according to the first to
fourth embodiments described above, the color filters are
arranged only in the lower layer of the EL layer. Further, the
color filters may be added in the upper layer of the EL layer.

Fifth Embodiment

[0079] In an EL display device 500 according to a fifth
embodiment of the present invention illustrated in FIG. 6,
upper color filters 14R, 14G, and 14B are further added in the
upper layer of the EL layer 7. FIG. 6 is a schematic cross-
sectional view illustrating a pixel portion of the EL display
device 500 according to the fifth embodiment of the present
invention. Similarly, in this embodiment, parts common to
those in the above first embodiment are denoted by the same
symbols, and a repetitive description will be omitted.

[0080] In the EL display device 500 according to this
embodiment, a second substrate 15, which is a transparent
substrate made of glass or synthetic resin, is arranged on the
front side of the sealing layer 9. The upper color filters 14R,
14G, and 14B of the colors corresponding to the light emis-
sion colors of the respective pixels 10 are formed at positions
corresponding to the respective pixels 10 on the rear surface
of the second substrate 15. The upper color filter 14R is
colored with red, and the upper color filters 14G and 14B are
colored with green and blue, respectively. Also, black
matrixes 16 are formed in portions which are boundaries of
the pixels 10 on the rear surface of the second substrate 15, but
the black matrixes 16 are not always required, and may be
omitted if unnecessary.

[0081] In the above structure, the light beam that travels
from the EL layer 7 toward the rear side passes through the
color filter 4G before and after being reflected by the reflec-
tion layers 3 twice as indicated by an arrow D in the figure.
The light beam further passes through the upper color filter
14G. Therefore, the light beam passes through the color filter
at least three times in total. For that reason, in the EL display
device 500 according to this embodiment, the thickness ofthe
color filters can be further thinned as compared with the
above-mentioned embodiments. Also, as indicated by an
arrow E in the figure, since the light beam that travels from the
EL layer 7 toward the front side passes through at least the
upper color filter 14G, the color purity can be further
enhanced.
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[0082] In this structure, the white light that travels from the
EL layer 7 toward the front side enters the upper color filter of
the adjacent pixel 10 to cause the possibility of the color
mixture. However, the rate of the white light contributing to
the color mixture is small as compared with the general top-
emission EL display device, and its influence is limited.

[0083] Also, because the upper color filters 14R, 14G, and
14B of this structure are formed on the second substrate 15,
the EL layer 7 is not damaged in the manufacture process.

[0084] FIG. 7 is a schematic exploded perspective view
illustrating the EL display device 500 according to the fifth
embodiment of the present invention. As in the EL display
device 100 according to the above first embodiment, in the
first substrate 1 of the EL display device 500 are arranged the
display region 21 in which a large number of pixels 10 are
arranged, a large number of scanning signal lines 23 and
video signal lines 25 which extend within the display region
21, and section the pixels 10, the scanning circuit 22 con-
nected with the scanning signal lines 23, the driver circuit 24
connected with the video signal lines 25, and the FPC 26.

[0085] Further, the second substrate 15 is arranged on the
front surface side of the first substrate 1. Onthe rear surface of
the second substrate, the upper color filters 14R, 14G, and
14B are formed at positions corresponding to the respective
pixels 10 of the display region 21 (indicated by dashed lines).
Also, the second substrate 15 is smaller in dimension than the
first substrate 1, and the driver circuit 24 and the FPC 26 are
exposed without being covered with the second substrate 15.
In this embodiment, a dimension of the second substrate 15 in
adepth direction in the figure is smaller than the dimension of
the first substrate 1 in the depth direction. The dimension of
the second substrate 15 in the width direction in the figure is
identical with the dimension of the first substrate 1 in the
width direction.

Sixth Embodiment

[0086] In an EL display device 600 according to a sixth
embodiment of the present invention illustrated in FIG. 8, a
protective layer is added to the EL display device 500 of the
above fifth embodiment. FIG. 8 is a schematic cross-sectional
view illustrating a pixel portion of the EL display device 600
according to a sixth embodiment of the present invention.
Similarly, in this embodiment, parts common to those in the
above first embodiment are denoted by the same symbols, and
a repetitive description will be omitted.

[0087] As shown in the figure, an insulating first protective
layer 17 is formed between the lower electrodes 5 and the
color filters 4R, 4G, and 4B. Also, a second protective layer 18
is formed on the surface of the upper color filters 14R, 14G,
and 14B formed on the rear surface of the second substrate 15.

[0088] In this way, with an arrangement of the protective
layers, an influence on the EL layer 7 is more surely blocked,
and the reliability of the EL display device 600 is improved.
The material of the first protective layer 17 and the second
protective layer 18 may be made of silicon nitride or an
appropriate organic insulating film. Also, both of those two
protective films are not always required, and only one protec-
tive film may be formed.

[0089] An outer appearance of the EL display device 600
according to this embodiment is identical with that of FIG. 7
illustrated as the schematic perspective view of the EL display
device 500 according to the above fifth embodiment.
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Seventh Embodiment

[0090] FIG. 9 is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device 700 according to
a seventh embodiment of the present invention. Similarly, in
this embodiment, parts common to those in the above first
embodiment are denoted by the same symbols, and a repeti-
tive description will be omitted.

[0091] As shown in the figure, the adjacent color filters in
this embodiment, a boundary between the color filter 4R and
the color filter 4G, and a boundary between the color filter 4G
and the color filter 4B in this example, are inclined with
respect to the surface of the first substrate 1, and tapered. In
this structure, in a process of photolithography in forming the
color filters 4R, 4G, and 4B, the above configuration is
obtained by adjusting an exposure condition and an etching
condition with the use of a half tone mask. With the above
structure, an unevenness formed by allowing the adjacent
color filters to overlap with each other, or gaps to be formed
between the adjacent color filters is reduced to obtain a flatter
surface. As a result, because the structure of the upper layers,
that is, the lower electrodes 5, the pixel separation films 6, the
EL layer7, and the upper electrode 8 can be stably formed, the
reliability of the EL display device 700 is further enhanced.

[0092] An outer appearance of the EL display device 700
according to this embodiment is identical with that of FIG. 2
illustrated as the schematic perspective view of the EL display
device 100 according to the above first embodiment.

Eighth Embodiment

[0093] FIG. 10 is a schematic cross-sectional view illustrat-
ing a pixel portion of an EL display device 800 according to
an eighth embodiment of the present invention. Similarly, in
this embodiment, parts common to those in the above first
embodiment are denoted by the same symbols, and a repeti-
tive description will be omitted.

[0094] In the EL display device 800, a region 19 in which
the reflection layers 3 and the color filters 4R, 4G, and 4B are
not formed in the display region which is the region in which
the pixels are arranged, that is, the color selection reflection
layer is not formed is disposed on the first substrate 1. Then,
athrough-hole 20 is formed in the region 19 so that the upper
electrode 81s short-circuited to the line within the circuit layer
2, and provides a common potential (the figure illustrates that
the upper electrode 8 and the circuit layer 2 come into contact
with each other). In this embodiment, the common potential
is a ground potential. A plurality of regions 19 and through-
holes 20 are formed in the display region. With this configu-
ration, the potential of the overall upper electrode 8 is kept
uniform, and sufficient electrons (or holes) are supplied to the
EL layer 7.

[0095] The reason that the reflection layers 3 and the color
filters 4R, 4G, and 4B are not formed in the region 19 is
because a possibility that a process of peeling off those layers
in order to form the through-holes 20 damages the EL layer 7
is high. When those layers can be peeled off without any
influence on the EL layer 7, the region 19 is not required, and
the arrangement of the through-hole 20 is arbitrary.

[0096] An outer appearance of the EL display device 800
according to this embodiment is identical with that of FIG. 2
illustrated as the schematic perspective view of the EL display
device 100 according to the above first embodiment.

[0097] The configurations illustrated in the respective
embodiments described above may be combined with each
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other. For example, the configuration having the white pixel
10W (refer to FIG. 5) illustrated in the fourth embodiment
may be combined with the upper color filters 14R, 14G, and
14B (refer to FIG. 6)illustrated in the fifth embodiment. Also,
the specific shapes, arrangements, and numbers of the respec-
tive members illustrated in the respective embodiments
described above are exemplary, and the present invention is
not limited to those configurations. An ordinary skilled pet-
son may arbitrarily design and change the shapes of those
respective members according to the embodiments when
implementing the present invention.

[0098] In other words, 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.

1. An EL display device comprising:

a substrate;

a first pixel including a first lower electrode on the sub-
strate;

a second pixel including a second lower electrode on the
substrate and being adjacent to the first pixel in a first
direction;

a pixel separation film on the substrate having a first part
which is located on a boundary between the first pixel
and the second pixel;

an upper electrode located above the first lower electrode
and the second lower electrode; and

an auxiliary electrode on the upper electrode having a
second part which is located on the boundary,

wherein the first pixel has an area which does not overlap
the auxiliary electrode,

the second pixel has an area which does not overlap the
auxiliary electrode,

the second part covers the first part in a planer view, and

the second part is wider than the first part in the first
direction.

2. The EL display device according to claim 1, wherein the
second part has a first region, a second region, and a third
region,

the first region overlaps the first lower electrode, and does
not overlap the second lower electrode and the first part,

the second region overlaps the second lower electrode, and
does not overlap the first lower electrode and the first
part, and

the third region overlaps the first part, and does not overlap
the first lower electrode and the second lower electrode.

3. The EL display device according to claim 1, wherein an
electro luminescence layer is located between the first lower
electrode and the upper electrode, and

the second part has a region which overlaps the first lower
electrode and the electro luminescence layer, and does
not overlap the first part in a planer view.

4. The EL display device according to claim 1, wherein the

auxiliary electrode is formed of a conductive metal film.

5. The EL display device according to claim 4, wherein the
conductive metal film is made of silver or aluminum.

6. The EL display device according to claim 1, wherein a
material of the auxiliary electrode is different from a material
of the upper electrode.

7. The EL display device according to claim 1, wherein the
auxiliary electrode has a surface facing the upper electrode,
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an electro luminescence layer is located between the first

lower electrode and the upper electrode,

the electro luminescence layer emits a light, and

the surface reflects the light toward the first lower elec-

trode.

8. The EL display device according to claim 7, further
comprising a reflection layer between the first lower electrode
and the substrate,

wherein the reflection layer reflects the light toward the

upper electrode.

9. The EL display device according to claim 1, wherein the
pixel separation film has a first aperture area and a second
aperture area,

the first aperture area exposes the first lower electrode,

the second aperture area exposes the second lower elec-

trode, and

the auxiliary electrode overlaps a part of the first aperture

area and a part of the second aperture area in a planer
View.

10. An EL display device comprising:

a substrate;

a lower electrode on the substrate;

an upper electrode on the substrate;

an electro luminescence layer between the lower electrode

and the upper electrode;

apixel separation film having an aperture area, the aperture

area exposing a part of the lower electrode; and

an auxiliary electrode on the upper electrode,

wherein the auxiliary electrode has a first region and a

second region,

the first region overlaps a part of the aperture area in a

planer view,

the second region overlaps the pixel separation film in a

planer view, and

the auxiliary electrode does not overlap an entirety of the

aperture area.

11. The EL display device according to claim 10, wherein
the second region does not overlap the aperture area in a
planer view.

12. The EL display device according to claim 10, wherein
the auxiliary electrode is formed of a conductive metal film.

13. The EL display device according to claim 10, wherein
amaterial of the auxiliary electrode is different from a mate-
rial of the upper electrode.

14. The EL display device according to claim 10, wherein
the auxiliary electrode has a surface facing the upper elec-
trode,

the electro luminescence layer emits a light, and

the surface reflects the light toward the lower electrode.

15. The EL display device according to claim 10, wherein
the pixel separation film has a first width which extends in a
first direction,

the auxiliary electrode has a second width which extends in

the first direction, and

the second width is wider than the first width.

16. The EL display device according to claim 15, further
comprising:

a first pixel including the lower electrode;

a second pixel adjacent to the first pixel in the first direc-

tion,
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wherein the pixel separation film has an area correspond-
ing to the first width,

the area extend from the first pixel to the second pixel
continuously.
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