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(7) ABSTRACT

Provided is a display device having a first pixel and a second
pixel adjacent to the first pixel. The first pixel includes a first
pixel electrode, a first EL layer over the first pixel electrode,
and a second electrode over the first EL layer. The second
pixel includes a second pixel electrode, a second EL layer
over the second pixel electrode, and the second electrode
over the second EL layer. The display device further pos-
sesses a first cap layer over the second electrode, a second
cap layer over the first cap layer and overlapping with the
first EL layer, and a third cap layer covering the second cap
layer, overlapping with the first EL layer and the second EL
layer, and in contact with the first cap layer in a region
overlapping with the second EL layer.
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims the benefit
of priority from the prior Japanese Patent Application No.
2016-210298, filed on Oct. 27, 2016, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] An embodiment of the present invention relates to
a light-emitting element, a display device including the
light-emitting element, and a manufacturing method of the
display device.

BACKGROUND

[0003] An organic EL (Flectroluminescence) display
device is represented as an example of a display device. An
organic EL display device has an organic light-emitting
element (hereinafter, referred to as a light-emitting element)
in each of a plurality of pixels formed over a substrate. A
light-emitting element has a layer (hereinafter, referred to as
an organic layer or an EL layer) including an organic
compound between a pair of electrodes (cathode and anode)
and is operated by supplying current between the pair of
electrodes. A color provided by a light-emitting element is
mainly determined by a light-emitting material in an EL
layer, and light emission with a variety of colors can be
obtained by appropriately selecting a light-emitting material.
Arrangement of a plurality of light-emitting elements giving
different colors on a substrate makes it possible to reproduce
a full-color image.

[0004] An emission color and emission intensity of a
light-emitting element can be also controlled by utilizing a
light-interference effect in and outside the light-emitting
element. For example, in Japanese patent application pub-
lications No. 2012-38555, 2008-218081, and 2006-173092,
light-emission generated in an EL layer is resonated and
amplified between a pair of electrodes and the light extracted
from the EL layer is further resonated and amplified in an
optical adjustment layer in contact with one of the pair of
electrodes, by which the emission color is adjusted and the
emission intensity is controlled.

SUMMARY

[0005] An embodiment of the present invention is a dis-
play device having a first pixel and a second pixel adjacent
to the first pixel. The first pixel includes a first pixel
electrode, a first EL layer over the first pixel electrode, and
a second electrode over the first EL layer. The second pixel
includes a second pixel electrode, a second EL layer over the
second pixel electrode, and the second electrode over the
second EL layer. The display device further possesses a first
cap layer over the second electrode, a second cap layer over
the first cap layer and overlapping with the first EL layer, and
a third cap layer covering the second cap layer, overlapping
with the first EL layer and the second EL layer, and in
contact with the first cap layer in a region overlapping with
the second EL layer.

[0006] An embodiment of the present invention is a dis-
play device having a first pixel, a second pixel adjacent to
the first pixel, and a third pixel adjacent to the second pixel.
The first pixel includes a first pixel electrode, a first EL layer
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over the first pixel electrode, and a second electrode over the
first EL layer. The second pixel includes a second pixel
electrode, a second EL layer over the second pixel electrode,
and the second electrode over the second EL layer. The third
pixel includes a third pixel electrode, a third EL layer over
the third pixel electrode, and the second electrode over the
third EL layer. The display device further possesses a first
cap layer over the second electrode, a second cap layer over
the first cap layer and overlapping with the first EL layer, and
a third cap layer covering the second cap layer, overlapping
with the first EL layer, the second EL layer, and the third EL
layer, and in contact with the first cap layer in a region
overlapping with the third EL layer.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a schematic perspective view of a display
device according to an embodiment of the present invention;

[0008] FIG. 2 is a schematic cross-sectional view of a
display device according to an embodiment of the present
invention;

[0009] FIG. 3 is a diagram showing the dependence of a
light-interference effect on an optical film thickness;

[0010] FIG. 4Ato FIG. 4C are diagrams showing emission
behavior of a display device according to an embodiment of
the present invention;

[0011] FIG. 5 is a schematic cross-sectional view of a
display device according to an embodiment of the present
invention;

[0012] FIG. 6 is a schematic cross-sectional view of a
display device according to an embodiment of the present
invention;

[0013] FIG. 7 is a schematic cross-sectional view of a
display device according to an embodiment of the present
invention;

[0014] FIG. 8A to FIG. 8C are schematic cross-sectional
views for explaining a manufacturing method of a display
device according to an embodiment of the present invention;

[0015] FIG. 9A to FIG. 9C are schematic cross-sectional
views for explaining a manufacturing method of a display
device according to an embodiment of the present invention;

[0016] FIG. 10A and FIG. 10B are schematic cross-sec-
tional views for explaining a manufacturing method of a
display device according to an embodiment of the present
invention;

[0017] FIG. 11A and FIG. 11B are schematic cross-sec-
tional views for explaining a manufacturing method of a
display device according to an embodiment of the present
invention;

[0018] FIG. 12A and FIG. 12B are schematic cross-sec-
tional views for explaining a manufacturing method of a
display device according to an embodiment of the present
invention;

[0019] FIG. 13 is a schematic cross-sectional view for
explaining a manufacturing method of a display device
according to an embodiment of the present invention;
[0020] FIG. 14 is a schematic cross-sectional view for
explaining a manufacturing method of a display device
according to an embodiment of the present invention; and
[0021] FIG. 15 is a schematic cross-sectional view for
explaining a manufacturing method of a display device
according to an embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, the embodiments of the present inven-
tion are explained with reference to the drawings. The
invention can be implemented in a variety of different modes
within its concept and should not be interpreted only within
the disclosure of the embodiments exemplified below.

[0023] The drawings may be illustrated so that the width,
thickness, shape, and the like are illustrated more schemati-
cally compared with those of the actual modes to provide a
clearer explanation. However, they are only an example, and
do not limit the interpretation of the invention. In the
specification and the drawings, the same reference number
is provided to an element that is the same as that which
appears in preceding drawings, and a detailed explanation
may be omitted as appropriate.

[0024] In the present invention, when a plurality of films
is formed by performing etching or light irradiation on one
film, the plurality of films may have functions or rules
different from each other. However, the plurality of films
originates from a film formed as the same layer in the same
process and has the same layer structure and the same
material. Therefore, the plurality of films is defined as films
existing in the same layer.

[0025] In the specification and the scope of the claims,
unless specifically stated, when a state is expressed where a
structure is arranged “over” another structure, such an
expression includes both a case where the substrate is
arranged immediately above the “other structure” to be in
contact with the “other structure” and a case where the
structure is arranged over the “other structure” with an
additional structure therebetween.

First Embodiment

1. Outline Structure

[0026] A schematic perspective view of a display device
100 according to an embodiment of the present invention is
shown in FIG. 1. The display device 100 has, over one
surface (top surface) of a substrate 110, a plurality of pixels
102 arranged in a row direction and a column direction, a
display region 104 structured by the plurality of pixels 102,
scanning-line driver circuits 106, and a data-line driver
circuit 108. A variety of signals for driving the pixels 102 is
input from an external circuit (not shown) to the scanning-
line driver circuits 106 and the data-line driver circuit 108
through a connector such as a flexible printed circuit (FPC)
connected to terminals 114 disposed over the substrate. Each
pixel 102 is controlled on the basis of these signals so that
an image is reproduced on the display region 104.

[0027] One or both of the scanning-line driver circuits 106
and the data-line driver circuit 108 may not be necessarily
formed over the substrate 110 directly, and driver circuits
formed over a substrate (e.g., semiconductor substrate)
different from the substrate 110 may be arranged over the
substrate 110 or the connector and each pixel 102 may be
controlled by these driver circuits. In FIG. 1, an example is
illustrated where the display region 104 and the scanning-
line driver circuits 106 formed over the substrate 110 are
covered by an opposing substrate 112, while the data-line
driver circuit 108 prepared over another substrate is
mounted over the substrate 110.
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2. Light-Emitting Element

[0028] A schematic cross-sectional view of the display
device 100 is shown in FIG. 2. In this cross-sectional view,
three pixels 102a, 1025, and 102¢ of the plurality of pixels
102 of the display device 100 are illustrated. The pixel 1025
is adjacent to and sandwiched by the pixel 102a and the
pixel 102¢. The substrate 110 for supporting the pixels 102
and a variety of circuits for driving the pixels 102 are
omitted in FIG. 2.

[0029] A light-emitting element 120 is provided to each
pixel 102. Each light-emitting element 120 possesses a first
electrode (hereinafter, referred to as a pixel electrode) 122,
a second electrode (also called a common electrode) 124,
and an EL layer 130 sandwiched therebetween. Here, the
pixels 102a, 1025, and 102¢ have pixel electrodes 122¢,
122b, and 122¢, respectively. The pixel electrodes 1224,
1220, and 122¢ are electrically separated from one another
and independently applied with a potential on the basis of
the signals from the data-line driver circuit 108.

[0030] Edge portions of the pixel electrodes 122a, 1225,
and 122¢ are covered by a partition wall 116, and depres-
sions and projections caused by a thickness of the pixel
electrodes 122 are relieved by the partition wall 116. The
partition wall 116 is an insulating film formed over the
display region 104 so as to expose the pixel electrodes 122.
Therefore, the partition wall 116 can be regarded as one
insulating film having a plurality of opening portions, and
each opening portion overlaps with the respective pixel
electrode 122.

[0031] The second electrode 124 is disposed over the
plurality of pixels 102a, 1025, and 102¢. Therefore, the
second electrode 124 is shared by the plurality of pixels
1024, 1025, and 102¢ and supplies a common potential to
the plurality of light-emitting elements 120.

[0032] The pixel electrode 120 and the second electrode
124 are configured so that one of them transmits visible light
and the other reflects visible light. One of the pixel electrode
120 and the second electrode 124 functions as an anode, and
the other serves as a cathode. In the present embodiment, an
example is explained in which the pixel electrode 122 serves
as an anode reflecting visible light and the second electrode
124 functions as a semi-transparent and semi-reflective
cathode partly transmitting and partly reflecting visible light.
In this case, the pixel electrode 122 can be formed by using
a metal having a high reflectance, such as silver and alumi-
num, or an alloy thereof. Alternatively, a film of a conduc-
tive oxide with a light-transmitting property may be formed
over a film including the metal or the alloy. Indium-tin oxide
(ITO), indium-zinc oxide (IZ0), and the like are exemplified
as a conductive oxide. As the second electrode 124, it is
possible to use a metal thin film including a metal such as
aluminum, magnesium, and silver or an alloy thereof and
having a thickness which allows visible light to transmit
therethrough. Alternatively, a conductive oxide with a light-
transmitting property, such as ITO and 1ZO, may be used.
When the metal thin film is employed as the second elec-
trode 124, a conductive oxide with a light-transmitting
property may be stacked over the metal thin film.

[0033] A structure of the EL layer 130 may be arbitrarily
determined, and the EL layer 130 may be structured with a
plurality of layers having different functions. The EL layer
130 of the light-emitting element 120 shown in FIG. 2 has
a hole-injection layer 132, a hole-transporting layer 134, an
emission layer 136, an electron-transporting layer 138, and
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an electron-injection layer 140. Each layer may have a
single-layer structure or may be formed with stacked layers
of different materials. Alternatively, the EL layer 130 may
not include all of these layers and may further contain a layer
with another function. For example, the EL layer 130 may
include a hole-blocking layer, an electron-blocking layer, an
exciton-blocking layer, and the like. Alternatively, one layer
may have functions of two layers.

[0034] A potential difference is provided between the pixel
electrode 122 and the second electrode 124, by which holes
and electrodes are injected to the EL layer 130 from the
former and latter, respectively. Holes are transported to the
emission layer 136 through the hole-injection layer 132 and
the hole-transporting layer 134. Electrons are transported to
the emission layer 136 through the electron-injection layer
140 and the electron-transporting layer 138. Holes and
electrons are recombined in the emission layer 136, giving
an excited state of a light-emitting material included in the
emission layer 136. When the excited state is relaxed to a
ground state, light with a wavelength corresponding to an
energy difference between the excited state and the ground
state is released and observed as the light emission from the
light-emitting element 120.

[0035] Hence, a region of the pixel electrode 122 exposed
from the opening portion of the partition wall 116 contrib-
utes to the injection of holes and is an emission region of
each light-emitting element 120. In other words, the emis-
sion region of each light-emitting element 120 matches the
opening portion of the partition wall 116.

[0036] For the hole-injection layer 132, a compound to
which holes are readily injected, that is, a compound readily
oxidized (i.e., electron-donating compound) can be used. In
other words, a compound whose level of the highest occu-
pied molecular orbital (HOMO) is shallow can be used. For
example, an aromatic amine such as a benzidine derivative
and a triarylamine, a carbazole derivative, a thiophene
derivative, a phthalocyanine derivative such as copper
phthalocyanine, and the like can be used. Alternatively, a
polymer material such as a polythiophene derivative or a
polyaniline derivative may be used.

[0037] Poly(3,4-ethylenedioxydithiophene)/poly(styrene-
sulfonic acid) is represented as an example. Alternatively, a
mixture of an electron-donating compound such as the
aforementioned aromatic amine, carbazole derivative, or
aromatic hydrocarbon with an electron acceptor may be
used. As an electron acceptor, a transition-metal oxide such
as vanadium oxide and molybdenum oxide, a nitrogen-
containing heteroaromatic compound, an aromatic com-
pound having a strong electron-withdrawing group such as
a cyano group, and the like are represented.

[0038] The hole-transporting layer 134 has a function to
transport holes injected to the hole-injection layer 132 to the
emission layer 136, and a material the same as or similar to
the material usable in the hole-injection layer 132 can be
used. For example, it is possible to use a material having a
deeper HOMO level than that of the hole-injection layer 132
and having a difference in HOMO level from the hole-
injection layer 132 by approximately 0.5 eV or less.
[0039] The emission layer 136 may be formed with a
single compound or have the so-called host-guest type
structure. In the case of the host-guest type structure, a
stillbene derivative, a condensed aromatic compound such
as an anthracene derivative, a carbazole derivative, a metal
complex including a ligand having a benzoquinolinol as a
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basic skeleton, an aromatic amine, a nitrogen-containing
heteroaromatic compound such as a phenanthroline deriva-
tive, and the like can be used as a host material, for example.
A fluorescent material such as a coumarin detivative, a pyran
derivative, a quinacridone derivative, a tetracene derivative,
a pyrene derivative, and an anthracene derivative, or a
phosphorescent material such as an iridium-based ortho-
metal complex can be used as a guest. When the emission
layer 136 is configured with a single compound, the afore-
mentioned host material can be used.

[0040] The electron-transporting layer 138 has a function
to transport electrons injected from the second electrode 124
through the electron-injection layer 140 to the emission
layer 136. For the electron-transporting layer 138, a com-
pound readily reduced (i.e., electron-accepting compound)
can be used. In other words, a compound whose level of the
lowest unoccupied molecular orbital (LUMO) is deep can be
used. For example, a metal complex including a ligand
having a benzoquinolinol as a basic skeleton, such as
tris(8-quinolinolato)aluminum and tris(4-methyl-8-quino-
linolato)aluminum, a metal complex including a ligand
having an oxathiazole or thiazole as a basic skeleton, and the
like are represented. In addition to these metal complexes, a
compound with an electron-deficient heteroaromatic ring,
such as an oxadiazole derivative, a thiazole derivative, a
triazole derivative, and a phenanthroline derivative, can be
used.

[0041] For the electron-injection layer 140, a compound
which promotes electron injection to the electron-transport-
ing layer 138 from the second electrode 124 can be used. For
example, a mixture of a compound usable in the electron-
transporting layer 138 with an electron-donating material
such as lithium or magnesium can be used. Alternatively, an
inorganic compound such as lithium fluoride and calcium
fluoride may be used.

[0042] Each layer included in the EL layer 130 may be
formed by applying a wet-type film-forming method such as
an ink-jet method, a spin-coating method, and a printing
method or a dry-type film-forming method such as an
evaporation method.

[0043] In FIG. 2, the layers other than the emission layer
136 of the EL layer 130, that is, the hole-injection layer 132,
the hole-transporting layer 134, the electron-transporting
layer 138, and the electron-injection layer 140 are continu-
ously formed through the pixels 102q, 1025, and 102¢ and
shared by the pixels 1024, 1025, and 102¢. On the other
hand, the emission layer 136 is formed pixel-by-pixel in the
pixels 102q, 1025, and 102¢. The use of such a structure
allows the pixels 102a, 1025, and 102¢ to have the emission
layers (1364, 136b, and 136¢) having light-emitting mate-
rials different from one another, by which emission colors
different from one another can be produced. For example,
when the emission layers 1364, 1364, and 136¢ include
light-emitting materials respectively giving blue, green, and
red emissions, full-color display can be achieved by extract-
ing three primary colors from the pixels 102a, 1025, and
102¢. In the example shown in FIG. 2, the emission layers
1364, 1365, and 136¢ are not in contact with one another,
and the hole-transporting layer 134 and the electron-trans-
porting layer 138 are in contact with each other over the
partition wall 116. However, the emission layers 1364, 1365,
and 136¢ may be formed so as to overlap with one another
over the partition wall 116.
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[0044] The layers other than the emission layer 136 may
have different structures or the same structure between the
pixels 102q, 1025, and 102¢. For example, as shown in FIG.
2, the display device 100 may be configured so that a
thickness of the hole-transporting layer 134 is different
between the pixels 102q, 1025, and 102¢. Alternatively,
although not shown, a thickness or a stacking structure of the
hole-injection layer 132 and the electron-transporting layer
138 may be different between the pixels.

3. Resonance in Light-Emitting Element

[0045] As described above, the EL layers 130 may have
different structures between the pixels 102a, 1025, and 102¢.
Thus, an appropriate resonance structure can be provided to
each light-emitting element 120 by controlling a thickness of
the EL layer 130. This resonance structure is also called a
microcavity. The light-emission from the EL layer 130 is
reflected by the pixel electrode 122, and simultaneously
partly passes through and is partly reflected by the second
electrode 124. The light reflected by the second electrode
124 is reflected again by the pixel electrode 122. The
reflected light interferes with each other between the pixel
electrode 122 and the second electrode 124, and is then
extracted through the second electrode 124.

[0046] In this case, light with a wavelength consistent with
an optical distance of the light-emitting element 120 is
amplified while repeating the reflection, whereas light with
a wavelength inconsistent with the optical distance is attenu-
ated. For example, in the case of the light directed perpen-
dicularly to the pixel electrode 122, the optical distance
depends on a distance between a reflection surface of the
pixel electrode 122 and a reflection surface of the second
electrode 124. When the former is a top surface of the pixel
electrode 122 and the latter is a bottom surface of the second
electrode 124, the optical distance corresponds to L shown
in FIG. 2, and L is a summation of a product of a refractive
index by a thickness of each layer of the EL layer 130
because the interference takes place in the EL layer 130.
When an odd multiple of one fourth of A (A/4) is the same
as or close to the optical distance L where A is a wavelength
of the light, the light having this wavelength A is consistent
with the optical distance L and amplified. On the other hand,
when an integral multiple of one second of A (A/2), that is,
an integral multiple of a half wavelength is the same as or
close to the optical distance L, the light having this wave-
length A is inconsistent with the optical distance L and
attenuated. Accordingly, when the light emitted from the
emission layer 136 is centered at a wavelength A (e.g., in the
case where an emission peak wavelength is A), the thickness
of the EL layer 130 is controlled so that the optical distance
L is an odd multiple of A/4, by which a full-width half-
maximum of the emitted light is decreased, color purity is
improved, and luminance in a front direction of the light-
emitting element 120 is increased.

[0047] Hence, the structure of each of the EL layers 130 is
adjusted in each of the pixels 102a, 1025, and 102¢ so as to
be consistent with the emission wavelengths of the emission
layers 1364, 1365, and 136¢, which enables an improvement
of color purity of the emitted light and an increase of
luminance. For example, as shown in FIG. 2, the optical
distance can be adjusted by varying the thickness of the
hole-transporting layer 134 between the pixels 102. The
display device 100 having the light-emitting element 120
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with high color purity of emitted light and increased inten-
sity of front luminance can be obtained by this method.

4. Optical Adjustment Layer

[0048] The display device 100 may further possess an
optical adjustment layer 150 over the second electrode 124.
The optical adjustment layer 150 has a first cap layer 152, a
second cap layer 154 over the first cap layer 152, and a third
cap layer 156 over the second cap layer 154. The first cap
layer 152 may be formed so as to be in contact with the
second electrode 124. The third cap layer 156 covers the first
cap layer 152 and the second cap layer 154.

[0049] Here, the second cap layer 154 is provided so as to
overlap with a part of the plurality of pixels 102. In other
words, a part of the pixels 102 does not overlap with the
second cap layer 154. For example, as shown in FIG. 2, the
second cap layer 154 overlaps with the EL layer 130 of the
pixel 102a¢ or the emission region thereof, but does not
overlap with the EL layers 130 of the pixels 1025 and 102¢
nor the emission regions thereof. Therefore, the first cap
layer 152 is spaced from the third cap layer 156 with the
second cap layer 154 sandwiched therebetween over the
emission region in the pixel 102a. On the other hand, the
first cap layer 152 and the third cap layer 156 may be in
contact with each other in the emission regions of the pixels
10256 and 102c.

[0050] The color provided by the pixel 102 (exemplified
by the pixel 1024 in the present embodiment) whose emis-
sion region is covered by the second cap layer 154 may be
different from the colors provided by the pixels 102 (exem-
plified by the pixels 1025 and 102¢ in the present embodi-
ment) whose emission regions are not covered by the second
cap layer 154. For example, the emission color of the
emission layer 1364 of the pixel 1024 may be different from
those of the emission layers 1365 and 136¢ of the pixels
1025 and 102¢. The emission wavelength of the emission
layer 136a may be longer than those of the emission layers
1365 and 136¢. In other words, an emission peak wave-
length of the emission layer 136a may be longer than those
of the emission layers 1365 and 136¢. For example, the
display device 100 may be configured so that the emission
layer 1364 provides red emission while the emission layers
1365 and 136¢ provide green and blue emissions.

[0051] A refractive index and a thickness of the first cap
layer 152 can be selected so that both or one of the light
emissions of the light-emitting elements 120 of the pixels
1025 and 102¢ is amplified between a top surface and a
bottom surface of the first cap layer 152. That is, the
refractive index and the thickness of the first cap layer 152
can be selected so that a product (hereinafter, referred to as
an optical film thickness) of the refractive index by the
thickness is an odd multiple of one fourth of both or one of
the emission wavelengths (e.g., emission peak wavelengths)
of the light-emitting elements 120 of the pixels 1026 and
102c¢.

[0052] For example, the film thickness of the first cap
layer 152 is equal to or more than 10 nm and equal to or less
than 200 nm. It is preferred that the film thickness of the first
cap layer 152 be selected according to individual cases
because the optimal value thereof depends on a material of
the first cap layer 152, a material and a film thickness of the
third cap layer 156, an optical film thickness of the EL layer
130, an emission wavelength of a light-emitting material,
and objective color purity of the emission.
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[0053] The first cap layer 152 may have a high transmis-
sivity and a high refractive index in a visual region. For
example, the first cap layer 152 may have a refractive index
of 1.7 or 2 or more.

[0054] On the other hand, the third cap layer 156 may
include a material with a refractive index smaller than that
of the first cap layer 152. With this structure, it is possible
to increase reflectance at an interface between the first cap
layer 152 and the third cap layer 156 for the light directed
from the first cap layer 152 to the third cap layer 156. As a
result, a microcavity can be formed between the top surface
and the bottom surface of the first cap layer 152 to amplify
the light in the pixels 1025 and 102¢.

[0055] For example, the film thickness of the third cap
layer 156 is equal to or more than 10 nm and equal to or less
than 200 nm. It is preferred that the film thickness of the
third cap layer 156 be selected according to individual cases
because the optimal value thereof depends on a material and
a film thickness of the first cap layer 152, a material of the
third cap layer 156, an optical film thickness of the EL layer
130, an emission wavelength of a light-emitting material,
and objective color purity of the emission.

[0056] As a material with a high refractive index, a
polymer material with a high refractive index is represented.
As a polymer material with a high refractive index, a
polymer material including sulfur, halogen, or phosphorus is
given, for example. As a polymer including sulfur, a polymer
having a substituent such as a thioether, a sulfone, and a
thiophene in a main chain or side chain is represented. As a
polymer material including phosphorus, a polymer including
a phosphorous acid group or a phosphoric acid group in a
side chain, a polyphosphazene, and the like are represented.
As a polymer material including halogen, a polymer mate-
rial having bromine or iodine as a substituent. The afore-
mentioned polymer material may be intermolecularly or
intramolecularly cross-linked.

[0057] An inorganic material may be also used as a
material having a high refractive index, and titanium oxide,
zirconium oxide, chromium oxide, aluminum oxide, indium
oxide, ITO, 170, lead sulfide, zinc sulfide, silicon nitride,
and the like are exemplified. Alternatively, a simple sub-
strate of a Group 14 element such as amorphous silicon may
be used.

[0058] A mixture of the inorganic material and a polymer
material may be used. In this case, the aforementioned
polymer may be utilized.

[0059] As a material with a low refractive index, a poly-
mer material including fluorine is exemplified. As a polymer
material including fluorine, polytetrafluoroethylene, poly
(vinylidene fluoride), a polymer having these structures as a
basic skeleton, a poly(vinyl ether), a polyimide, a poly
(methacrylic ester), a poly(acrylic ester), a polysiloxane
having fluorine in a side chain, and the like are given. These
polymers may be intermolecularly or intramolecularly
cross-linked.

[0060] As an inorganic compound with a low refractive
index, a metal fluoride such as lithium fluoride, magnesium
fluoride, and calcium fluoride, silicon oxide including boron
oxide or phosphorus oxide, and the like are represented.
[0061] The second cap layer 154 is arranged between the
first cap layer 152 and the third cap layer 156 and is
preferred to have a film thickness of 2 pm or more which is
a sufficient film thickness to inhibit the light-interference
effect. As demonstrated by the calculation result of FIG. 3,
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it has been known that the light intensity after the interfer-
ence depends on a gap (optical film thickness) of the
microcavity, and the interference effect decreases as the gap
becomes larger to eventually inhibit observation of the
interference effect. Furthermore, since a film located over
the second cap layer 154, e.g., the third cap layer 156, is
arranged to extend over the second cap 154, there is a
possibility that the third cap layer 156 or a film located over
the third cap layer 156 is disconnected due to a step caused
by the films located thereunder. Thus, it is preferred that the
second cap layer 154 does not have an unnecessarily large
film thickness. For example, the film thickness of the second
cap layer 154 is preferred to be equal to or less than 10 um.
[0062] A refractive index of the second cap layer 154 may
be the same as or less than that of the first cap layer 152. This
configuration reduces reflectance at an interface between the
first cap layer 152 and the second cap layer 154 for the light
directed from the first cap layer 152 to the second cap layer
154 and prevents the resonance in the first cap layer 152. In
other words, the light directed from the first cap layer 152 to
the second cap layer 154 can be effectively introduced into
the second cap layer 154.

[0063] More specifically, the second cap layer 154 may
contain the material usable in the first cap layer 152.
Alternatively, the second cap layer 154 may include a
polymer material or an inorganic material having the same
or substantially the same refraction index as the first cap
layer 152. The polymer material may be a thermoplastic
resin or a resin which is crosslinked and cured by heating or
light irradiation. As a resin, an acrylic resin, an epoxy resin,
a resin having a polyimide, a polyamide, a polyester, a
polycarbonate, or a polysiloxane as a basic skeleton, and the
like are represented. The use of the aforementioned mate-
rials and the selection of the film thickness of the second cap
layer 154 from the aforementioned range prevents the reso-
nance in the first cap layer 152 and the second cap layer 154,
by which the light radiated from the light-emitting element
120 can be supplied outside while maintaining the spectrum
shape and the intensity thereof.

5. Control of Emission by Optical Adjustment Layer

[0064] The use of the optical adjustment layer 150 with
the aforementioned structure allows production of the dis-
play device 100 with excellent color purity and high effi-
ciency. For example, when the pixels 1024, 1025, and 102¢
have the red-, green-, and blue-emissive emission layers
136a, 136b, and 136¢, respectively, the emission layers
1364, 1365, and 136¢ give emission spectra (142a, 1425,
and 142¢) in a red region (e.g., 610 nm to 750 nm), a green
region (e.g., 500 nm to 600 nm), and a blue region (e.g., 400
nm to 480 nm), respectively, as shown in FIG. 4A. The
emission peak wavelengths are also located in the afore-
mentioned regions, respectively.

[0065] As described above, the optical adjustment in each
light-emitting element 120 allows each spectrum to be
narrowed and emission luminance in the front direction of
the display device 100 to be increased. For example, as
shown in FIG. 4B, the full-width half-maximum and inten-
sity of the spectra 142a, 1425, and 142¢ are decreased and
the intensity thereof is increased. As a result, the light-
emitting elements 120a, 1205, and 120c¢ provide the light
emission with the spectra 144a, 1445, and 144c, respec-
tively. Note that the optical adjustment in each light-emitting
element 120 is arbitrarily conducted.
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[0066] Here, as shown in FIG. 2, when the emission
regions of the pixels 1025 and 102¢ are not covered by the
second cap layer 154, the light emission of the light-emitting
elements 120 in the pixels 1026 and 102¢ can be further
optically adjusted with the first cap layer 152. Accordingly,
as demonstrated by the middle and right diagrams of FIG.
4C, the emission spectra of the light-emitting elements 1205
and 120c¢ are further narrowed, and the intensity thereof is
increased (spectra 1465 and 146c¢).

[0067] Current efficiency is generally the lowest in a
light-emitting element giving blue color. Additionally, since
a phosphorescent material giving blue emission with high
color purity is extremely limited, a light-emitting element
giving blue color exhibits the lowest quantum efficiency.
Therefore, an optical adjustment layer arranged outside a
light-emitting element is usually designed so that blue light
is amplified in order to reinforce the low efficiency. In this
case, an optical film thickness of the optical adjustment layer
will be 120 nm, 360 nm, 600 nm, or the like if a wavelength
of light to be amplified is 480 nm. However, red light (e.g.,
720 nm) is attenuated when the optical film thickness of the
optical adjustment layer is 360 nm, and intensity thereof is
significantly decreased. Thus, when the optical adjustment
layer is designed so that light emission with a short wave-
length is amplified, light emission with a long wavelength
may be significantly reduced. Therefore, the first cap layer
152 is not always capable of amplifying the light emission
from the light-emitting element 120 in the pixel 120a
covered by the second cap layer 154. Additionally, when the
second cap layer 154 is not provided in the pixel 1024, the
light emission is attenuated, and the spectrum thereof
becomes broad, resulting in a tendency to decrease the
intensity (spectrum 1454).

[0068] However, in the display device 100, the second cap
layer 154 is disposed over the light-emitting element 120a
giving the light emission with a long wavelength so that the
resonance is inhibited in the first cap layer 152 and the
second cap layer 154. Hence, it is possible to extract the light
emission from the light-emitting element 120a while main-
taining the spectrum shape and the intensity thereof (spec-
trum 146a). Accordingly, the color purity of the light radi-
ated by the light-emitting element 120¢ is maintained, and
the efficiency does not decrease.

[0069] Therefore, application of the present embodiment
allows each pixel 102 to provide light emission with excel-
lent color purity and high efficiency. As a result, a display
device capable of displaying an image with high display
quality can be provided.

6. Other Structures

[0070] As shown in FIG. 2, the display device 100 may
further have a sealing film (hereinafter, referred to as a
passivation film) 160 over the optical adjustment layer 150.
The passivation film 160 has a function to prevent impurities
such as water and oxygen from entering the light-emitting
element 120 from outside, thereby improving reliability of
the light-emitting element 120. The structure of the passi-
vation film 160 can be arbitrarily determined, and the
passivation film 160 may have a three-layer structure as
shown in FIG. 2, for example. In this case, the passivation
film 160 may have a first layer 162, a second layer 164, and
a third layer 166. The first layer 162 and the third layer 166
may include an inorganic compound, and the second layer
164 may contain an organic compound, for example. Silicon
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nitride and silicon oxide can be used for the first layer 162
and the third layer 166, for example. The second layer 164
can be formed at a thickness so that depressions and pro-
jections caused by the partition wall 116 and the like are
absorbed and a flat surface is provided.

[0071] The opposing substrate 112 may be provided over
the passivation film 160 via a filler 170. Thus, the filler 170
also functions as an adhesive. The display device 100
including the light-emitting element 120 is physically pro-
tected by the opposing substrate 112. Although not illus-
trated, the opposing substrate 112 may be provided with a
color filter, a light-shielding film, an overcoat protecting the
color filter and the light-shielding film, and the like. The
opposing substrate 112 may be a flexible resin film or a
circularly polarizing plate.

Second Embodiment

[0072] In the present embodiment, a display device 200
having a structure different from that of the display device
100 is explained. Explanation of the structures the same as
those of the First Embodiment may be omitted.

[0073] A schematic cross-sectional view of the display
device 200 is shown in FIG. 5. Three pixels 102a, 1025, and
102¢ are illustrated in FIG. 5. The pixel 1025 is adjacent to
the pixels 102a and 102¢ and sandwiched therebetween. The
pixels 1024, 1025, and 102¢ may have the emission layers
136a, 1364, and 136¢ giving emission colors different from
one another. As shown in FIG. 5, the display device 200 is
different from the display device 100 in that the EL layers
130 or their emission regions of two pixels with different
emission colors (pixels 102a and 1024 in FIG. 5) are
covered by the first cap layer 152, the second cap layer 154,
and the third cap layer 156 and that the first cap layer 152
and the third cap layer 156 are in contact with each other
over the EL layer 130 or its emission region of the pixel
(pixel 102¢ in FIG. 5) giving an emission color different
from those of the pixels 1024 and 1024. In this case, the
pixels 102a and 1025 whose emission regions are covered
by the first cap layer 152, the second cap layer 154, and the
third cap layer 156 may be adjacent to each other as shown
in FIG. 5.

[0074] For example, when the first cap layer 152 is able to
amplify the light emission from the light-emitting element
120 of one pixel 102¢ but unable to amplify the light
emission from the light-emitting elements 120 of the other
two pixels 1024 and 1025, the use of the structure of the
display device 200 makes it possible to prevent a decrease
in color purity and intensity of the light emission from the
pixels 1024 and 1025. As a result, the light emission with
excellent color purity is efficiently attained from each pixel
102, and a display device capable of displaying an image
with high display quality can be provided.

Third Embodiment

[0075] In the present embodiment. a display device 300
having a structure different from those of the display devices
100 and 200 is explained. Explanation of the structures the
same as those of the First and Second Embodiments may be
omitted.

[0076] A schematic cross-sectional view of the display
device 300 is shown in FIG. 6. The display device 300 is
different from the display devices 100 and 200 in the vertical
relationship between the first cap layer 152 and the second
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cap layer 154. Specifically, the optical adjustment layer 150
of the display device 300 possesses the second cap layer 154
over the second electrode 124, the first cap layer 152 over
the second cap layer 154, and the third cap layer 156 over
the first cap layer 152. Similar to the display device 100, the
second cap layer 154 overlaps with the EL layers 130 or their
emission regions of a part of the pixels 102 (pixel 102q in
FIG. 6) but does not overlap with the EL layers 130 or their
emission regions of another part of the pixels 102 (pixels
1025 and 102¢ in FIG. 6). Therefore, the first cap layer 152
and the second electrode 124 are not in contact with each
other over the emission region in the pixel in which the EL
layer 130 or its emission region overlaps with the second cap
layer 154. Moreover, the first cap layer 152 is spaced from
the third cap layer 156 with the second cap layer 154
therebetween. On the other hand, the first cap layer 152 and
the third cap layer 156 are in contact with each other over the
emission regions of all of the pixels 102.

[0077] As described above, the second cap layer 154 may
contain a material whose refractive index is the same as or
close to that of the first cap layer 152. Therefore, the
reflection at the interface between the second cap layer 154
and the first cap layer 152 is suppressed. As a result, the light
interference is inhibited in the first cap layer 152 over the
pixel 102q in which the emission region overlaps with the
second cap layer 154, and the spectrum shape and intensity
of the light emission from the light-emitting element 120 are
substantially maintained. On the other hand, in the pixels
1025 and 102¢ in which the emission regions do not overlap
with the second cap layer 154, the light emission is amplified
in the first cap layer 152, leading to an improvement of the
color purity and intensity. Hence, the light emission with
excellent color purity is efficiently attained from each pixel
102, and a display device capable of displaying an image
with high display quality can be provided.

Fourth Embodiment

[0078] In the present embodiment, a manufacturing
method of the display device 100 according to the present
invention is explained. Explanation of the structures the
same as those of the First to Third Embodiments may be
omitted.

[0079] FIG. 7 shows a schematic cross-sectional view of
the display device 100 including three continuously
arranged pixels 102a, 1025, and 102c. Here, an example is
demonstrated where the emission region of the pixel 1025
overlaps with the second cap layer 154, and the first cap
layer 152 and the third cap layer 156 are in contact with each
other over the emission regions of the pixels 102q and 102¢.

[0080] The pixels 102 including the plurality of pixels
1024, 1025, and 102¢ each possess, over the substrate 110,
elements such as a transistor 224, the light-emitting element
120 electrically connected to the transistor 224, and a
supplementary capacitor 248 through a base film 210. FIG.
7 shows an example in which one transistor 224 and one
supplementary capacitor 248 are disposed in each pixel 102.
However, each pixel 102 may have a plurality of transistors
and a plurality of capacitor elements. The structure of the
light-emitting element 120 is the same as that described in
the First Embodiment. Hereinafter, a manufacturing method
of the display device 100 is explained with reference to the
schematic cross-sectional views thereof.
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1. Transistor

[0081] First, as shown in FIG. 8A, the base film 210 is
formed over the substrate 110. The substrate 110 has a
function to support semiconductor elements included in the
display region 104, such as the transistor 224, the light-
emitting element 120, and the like. Therefore, a material
having heat resistance to a process temperature of a variety
of elements formed thereover and chemical stability to
chemicals used in the process may be used for the substrate
110. Specifically, the substrate 110 may include glass,
quartz, plastics, a metal, ceramics, and the like.

[0082] When flexibility is provided to the display device
100, a base material is formed over the substrate 110. In this
case, the substrate 110 may be called a supporting substrate.
The base material is an insulating film with flexibility and
may include a material selected from a polymer material
exemplified by a polyimide, a polyamide, a polyester, and a
polycarbonate. The base material can be formed by applying
a wet-type film-forming method such as a printing method,
an ink-jet method, a spin-coating method, and a dip-coating
method or a lamination method.

[0083] The base film 210 is a film having a function to
prevent impurities such as an alkaline metal from diffusing
to the transistor 224 and the like from the substrate 110 (and
the base material) and may include an inorganic insulator
such as silicon nitride, silicon oxide, silicon nitride oxide,
and silicon oxynitride. The base film 210 can be formed to
have a single-layer or stacked-layer structure by applying a
chemical vapor deposition method (CVD method), a sput-
tering method, or the like. When an impurity concentration
in the substrate 110 is low, the base film 210 may not be
provided or may be formed to cover a part of the substrate
110.

[0084] Next, a semiconductor film 212 is formed (FIG.
8A). The semiconductor film 212 may contain Group 14
elements such as silicon. Alternatively, the semiconductor
film 212 may include an oxide semiconductor. As an oxide
semiconductor, Group 13 elements such as indium and
gallium are represented. For example, a mixed oxide of
indium and gallivm (IGO) may be used. When an oxide
semiconductor is used, the semiconductor film 212 may
further contain a Group 12 element, and a mixed oxide of
indium, gallium, and zinc (IGZO) is exemplified. Crystal-
linity of the semiconductor film 212 is not limited, and the
semiconductor film 212 may include a crystal state of a
single crystalline, polycrystalline, microcrystalline, or amor-
phous state.

[0085] When the semiconductor film 212 includes silicon,
the semiconductor film 212 may be prepared with a CVD
method by using silane gas and the like as a raw material. A
heat treatment or application of light such as a laser may be
performed on amorphous silicon obtained to conduct crys-
tallization. When the semiconductor film 212 includes an
oxide semiconductor, the semiconductor film 212 can be
formed by utilizing a sputtering method or the like.

[0086] Next, a gate insulating film 214 is prepared so as to
cover the semiconductor film 212 (FIG. 8A). The gate
insulating film 214 can also be prepared with an inorganic
compound containing silicon, such as silicon oxide and
silicon nitride, by using the same method as the base film
210. The gate insulating film 214 may have a single-layer
structure or a stacked-layer structure.

[0087] Next, a gate electrode 216 is formed over the gate
insulating film 214 with a sputtering method or a CVD
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method (FIG. 8B). The gate electrode 216 may be formed
with a metal such as titanium, aluminum, copper, molybde-
num, tungsten, tantalum or an alloy thereof so as to have a
single-layer or stacked-layer structure. For example, a struc-
ture in which a highly conductive metal such as aluminum
and copper is sandwiched by a metal with a relatively high
melting point, such as titanium, tungsten, and molybdenum,
can be employed.

[0088] Next, an interlayer film 218 is formed over the gate
electrode 216 (FIG. 8B). The interlayer film 218 may have
a single-layer or stacked layer structure, may include an
inorganic insulator such as silicon nitride, silicon oxide,
silicon nitride oxide, and silicon oxynitride, and may be
prepared with the same method as that of the base film 210.
When the interlayer film 218 has a stacked structure, a layer
including an inorganic compound may be stacked after
forming a layer including an organic compound, for
example. After that, doping may be conducted on the
semiconductor film 212 to form source/drain regions.
[0089] Next, etching is performed on the interlayer film
218 and the gate insulating film 214 to form openings 220
reaching the semiconductor film 212 (FIG. 8C). The open-
ings 220 can be prepared, for example, by conducting
plasma etching in a gas including a fluorine-containing
hydrocarbon.

[0090] Next, a metal film is formed to cover the openings
220 and processed with etching to form source/drain elec-
trodes 222 (FIG. 9A). Similar to the gate electrode 216, the
metal film may include a metal such as titanium, aluminum,
copper, molybdenum, and tantalum or an alloy thereof and
may have a single-layer or stacked layer structure. The metal
film can be formed with a method similar to that of the gate
electrode 216. Through the aforementioned processes, the
transistor 224 is fabricated. In the present embodiment, the
transistor 224 is illustrated as a top-gate type transistor.
However, there is no limitation to the structure of the
transistor 224, and the transistor 224 may be a bottom-gate
type transistor, a multi-gate type transistor having a plurality
of gate electrodes 216, or a dual-gate type transistor having
a structure in which the semiconductor film 212 is sand-
wiched by two gate electrodes 216. Moreover, there is no
limitation to a vertical relationship between the source/drain
electrodes 222 and the semiconductor film 212.

2. Supplementary Capacitor and Light-Emitting Element

[0091] Next, a leveling film 230 is formed so as to cover
the transistor 224 (FIG. 9A). The leveling film 230 has a
function to absorb depressions, projections, and inclinations
caused by the transistor 224 and the like and provide a flat
surface. The leveling film 230 can be prepared with an
organic insulator. As an organic insulator, a polymer mate-
rial such as an epoxy resin, an acrylic resin, a polyimide, a
polyamide, a polyester, a polycarbonate, and a polysiloxane
1s represented. The leveling film 230 can be formed with the
aforementioned wet-type film-forming method and the like.
[0092]  After that, etching is performed on the leveling film
230 to form an opening 232 exposing one of the source/drain
electrodes 222 (FIG. 9B). After that, a connection electrode
234 is prepared so as to cover this opening 232 and be in
contact with one of the source/drain electrodes 222 of the
transistor 224 (FI1G. 9C). The connection electrode 234 may
be formed by using a conductive oxide transmitting visible
light, such as indium-tin oxide (ITO) and indium-zinc oxide
(1Z0), with a sputtering method or the like. Note that
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formation of the connection electrode 234 is optional. Dete-
rioration of a surface of the source/drain electrode 222 can
be avoided in the following processes by forming the
connection electrode 234, by which generation of contact
resistance between the source/drain electrode 222 and the
pixel electrode 122 can be suppressed.

[0093] Next, a metal film is formed over the leveling film
230 and processed with etching to form one of electrodes
240 of the supplementary capacitor 248 (FIG. 10A). Similar
to the conductive film used for the formation of the source/
drain electrodes 222, the metal film used here may have a
single layer structure or a stacked layer structure, and a
three-layer structure of molybdenum/aluminum/molybde-
num may be employed, for example.

[0094] Next, an insulating film 242 is formed over the
leveling film 230 and the electrode 240 (FIG. 10A). The
insulating film 242 not only functions as a protection film for
the transistor 224 but also serves as a dielectric in the
supplementary capacitor 248. Therefore, it is preferred to
use a material with relatively high permittivity. For example,
the insulating film 242 can be formed with silicon nitride,
silicon nitride oxide, silicon oxynitride, or the like by
applying a CVD method or a sputtering method. Openings
244 and 246 are provided in the insulating film 242 (FIG.
10A). The former is provided for electrical connection
between the pixel electrode 122 formed later and the con-
nection electrode 234. The latter is an opening to abstract,
through the partition wall 116, water and gas eliminated
from the leveling film 230 in a heating process and the like
performed after the formation of the partition wall 116.
[0095] Next, as shown in FIG. 10B, the pixel electrode
122 is prepared so as to cover the opening 244. The
supplementary capacitor 248 is formed by the pixel elec-
trode 122, the insulating film 242, and the electrode 240. A
potential of the gate electrode 216 of the transistor 224 can
be maintained for a longer time by forming the supplemen-
tary capacitor 248.

[0096] The structure of the pixel electrode 122 is the same
as that described in the First Embodiment, and the pixel
electrode 122 can be formed by using a sputtering method,
a CVD method, or the like.

[0097] Next, the partition wall 116 is formed so as to cover
the edge portion of the pixel electrode 122 (FIG. 10B). The
formation of the partition wall 116 allows steps caused by
the pixel electrode 122 and the like to be absorbed and the
pixel electrodes 122 of the adjacent pixels 102 to be elec-
trically insulated from each other. The partition wall 116
may be prepared with a wet-type film-forming method by
using an epoxy resin, an acrylic resin, or the like.

[0098] Next, the EL layer 130 and the second electrode
124 of the light-emitting element 120 are formed so as to
cover the pixel electrode 122 and the partition wall 116. The
structures of these elements are the same as those described
in the First Embodiment. Specifically, the hole-injection
layer 132 is first formed to cover the pixel electrode 122 and
the partition wall 116, and then the hole-transporting layer
134 is prepared over the hole-injection layer 132 (FIG. 11A).
As described above, the hole-injection layer 132 and the
hole-transporting layer 134 each may have a single-layer
structure or a stacked-layer structure. For example, when the
thickness of the hole-transporting layer 134 is changed in
every pixel 102 as shown in FIG. 2, the hole-transporting
layer 134 in which a plurality of compounds is stacked may
be provided in the pixel 102a having the hole-transporting
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layer 134 with a large thickness, while the hole-transporting
layer 134 may have a single-layer structure in the pixel 1025
or 102¢ having the hole-transporting layer 134 with a small
thickness.

[0099] Next, the emission layer 136 is formed over the
hole-transporting layer 134 (FIG. 11B). In the present
embodiment, the emission layers 136a, 1365, and 136¢
which are different in structure or include different materials
between the continuously arranged pixels 102a, 1025, and
102¢ are fabricated. In this case, materials to be included in
the respective emission layers 1364, 1365, and 136c¢ are
respectively deposited in the pixels 1024, 1025, and 102¢ by
using metal masks. Alternatively, the emission layers 136a,
1365, and 136¢ may be formed with an ink-jet method.
[0100] The electron-transporting layer 138 and the elec-
tron-injection layer 140 are successively formed over the
emission layer 136, and the second electrode 124 is formed
over the electron-injection layer 140 (FIG. 12A). Each layer
structuring the EL layer 130 may be formed by applying a
wet-type film-forming method or a dry-type film-forming
method such as an evaporation method. The second elec-
trode 124 is also prepared by using a sputtering method or
an evaporation method. Through these processes, the
supplementary capacitor 248 and the light-emitting element
120 are fabricated.

3. Optical Adjustment Layer

[0101] Next, the optical adjustment layer 150 is formed
over the second electrode 124. Specifically, the first cap
layer 152, the second cap layer 154, and the third cap layer
156 are successively formed (FIG. 12B, FIG. 13, and FIG.
14). These layers may be formed with a wet-type film-
forming method or a dry-type film-forming method. Alter-
natively, an epitaxial growth method or an atomic layer
deposition (ALD) method may be applied. The first cap
layer 152 and the third cap layer 156 may be formed over all
the pixels 102. On the other hand, the second cap layer 154
is selectively formed over the pixels 102 (here, pixel 1025)
in which the optical adjustment is not performed on the light
extracted from the light-emitting elements 120. The thick-
ness of the second cap layer 154 is larger than those of the
first cap layer 152 and the third cap layer 156. Therefore,
application of an ink-jet method, a printing method, or the
like allows the efficient formation of the second cap layer
154.

4. Passivation Film and Other Structures

[0102] After forming the optical adjustment layer 150, the
passivation film 160 is prepared. Specifically, as shown in
FIG. 15, the first layer 162 is first formed over the optical
adjustment layer 150. The first layer 162 may include an
inorganic material such as silicon nitride, silicon oxide,
silicon nitride oxide, and silicon oxynitride and may be
prepared with a method similar 1o that of the base film 210.
[0103] Next, the second layer 164 is formed. The second
layer 164 may contain an organic resin including an acrylic
resin, a polysiloxane, a polyimide, a polyester, and the like.
As shown in FIG. 15, the second layer 164 may be formed
at a thickness so that depressions and projections caused by
the partition wall 116 are absorbed and a flat surface is
provided. The second layer 164 may be formed by a
wet-type film-forming method such as an ink-jet method.
Alternatively, the second layer 164 may be prepared by
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atomizing or vaporizing oligomers serving as a raw material
of the aforementioned polymer material at a reduced pres-
sure, spraying the first layer 162 with the oligomers, and
then polymerizing the oligomers.

[0104] After that, the third layer 166 is formed. The third
layer 166 may have the same structure as the first layer 162
and can be formed with the same method as that of the first
layer 162. Through these processes, the passivation film 160
is fabricated.

[0105] After that, the opposing substrate 112 is fixed
through the filler 170 (FIG. 7). The filler 170 may contain a
polymer material such as a polyester, an epoxy resin, and an
acrylic resin and may be formed by applying a printing
method, a lamination method or the like. A desiccant may be
included in the filler 170. The opposing substrate 112 may
include the same material as the substrate 110. When flex-
ibility is provided to the display device 100, a polymer
material such as a polyolefin and a polyimide can be applied
for the opposing substrate 112 in addition to the aforemen-
tioned polymer materials. In this case, the base material is
formed over the substrate 110 as described above, and then
the elements such as the transistor 224 and the light-emitting
element 120 are fabricated thereover. After that, an interface
between the substrate 110 and the base material is irradiated
with light such as a laser to reduce adhesion between the
substrate 110 and the base material, and then the substrate
110 is physically peeled off, leading to the formation of the
flexible display device 100.

[0106] Although not shown, a polarizing plate (circularly
polarizing plate) may be formed without using the opposing
substrate 112. Alternatively, a polarizing plate may be
arranged over or under the opposing substrate 112.

[0107] The aforementioned modes described as the
embodiments of the present invention can be implemented
by appropriately combining with each other as long as no
contradiction is caused. Furthermore, any mode which is
realized by persons ordinarily skilled in the art through the
appropriate addition, deletion, or design change of elements
or through the addition, deletion, or condition change of a
process is included in the scope of the present invention as
long as they possess the concept of the present invention.

[0108] In the specification, although the cases of the
organic EL display device are exemplified, the embodiments
can be applied to any kind of display devices of the flat panel
type such as other self-emission type display devices, liquid
crystal display devices, and electronic paper type display
device having electrophoretic elements and the like. In
addition, it is apparent that the size of the display device is
not limited, and the embodiment can be applied to display
devices having any size from medium to large.

[0109] It is properly understood that another effect differ-
ent from that provided by the modes of the aforementioned
embodiments is achieved by the present invention if the
effect is obvious from the description in the specification or
readily conceived by persons ordinarily skilled in the art.
What is claimed is:
1. A display device comprising:
a first pixel including:
a first pixel electrode;
a first EL layer over the first pixel electrode; and

a second electrode over the first EL layer;
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a second pixel adjacent to the first pixel, the second pixel
including:
a second pixel electrode;
a second EL layer over the second pixel electrode; and
the second electrode over the second EL layer;

a first cap layer over the second electrode;

asecond cap layer over the first cap layer and overlapping

with the first EL layer; and

a third cap layer covering the second cap layer, overlap-

ping with the first EL layer and the second EL layer, and
in contact with the first cap layer in a region overlap-
ping with the second EL layer.
2. The display device according to claim 1, wherein a
thickness of the second cap layer is equal to or more than 2
um and equal to or less than 10 um.
3. The display device according to claim 1, wherein the
second cap layer includes a resin.
4. The display device according to claim 1,
wherein the third cap layer is spaced from the first cap
layer with the second cap layer sandwiched therebe-
tween over an emission region of the first pixel, and

the third cap layer is in contact with the first cap layer over
an emission region of the second pixel

5. The display device according to claim 1, wherein an
emission peak wavelength of the first EL layer is different
from an emission peak wavelength of the second EL layer.

6. The display device according to claim 1, wherein an
emission peak wavelength of the first EL layer is longer than
an emission peak wavelength of the second EL layer.

7. The display device according to claim 1, wherein a
refractive index of the second cap layer is equal to or less
than a refractive index of the first cap layer.

8. The display device according to claim 1,

wherein a sealing film covering a plurality of pixels

including the first pixel and the second pixel is arranged
over the third cap layer, and

the sealing film includes silicon nitride or silicon oxide.

9. The display device according to claim 8,

wherein the third cap layer includes fluorine, and

the sealing film includes:

an inorganic film in direct contact with the third cap
layer; and

an organic film on an opposite side of the inorganic film
from the third cap layer and in direct contact with the
inorganic film.

10. A display device comprising:

a first pixel comprising:

a first pixel electrode;
a first EL layer over the first pixel electrode; and
a second electrode over the first EL layer;
a second pixel adjacent to the first pixel, the second pixel
including;
a second pixel electrode;
a second EL layer over the second pixel electrode; and
the second electrode over the second EL layer;

10
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a third pixel adjacent to the second pixel, the third pixel
including:
a third pixel electrode;
a third EL layer over the third pixel electrode; and
the second electrode over the third EL layer;

a first cap layer over the second electrode;

a second cap layer over the first cap layer and overlapping

with the first EL layer; and

a third cap layer covering the second cap layer, overlap-

ping with the first EL layer, the second EL layer, and the
third EL layer, and in contact with the first cap layer in
a region overlapping with the third EL layer.
11. The display device according to claim 10, wherein a
thickness of the second cap layer is equal to or more than 2
pm and equal to or less than 10 pm.
12. The display device according to claim 10, wherein the
second cap layer includes a resin.
13. The display device according to claim 10,
wherein the third cap layer is spaced from the first cap
layer with the second cap layer sandwiched therebe-
tween over an emission region of the first pixel, and

the third cap layer is in contact with the first cap layer over
an emission region of the third pixel.

14. The display device according to claim 13, wherein the
third cap layer is in contact with the first cap layer over an
emission region of the second pixel.

15. The display device according to claim 13, wherein the
second cap layer overlaps with the second EL layer.

16. The display device according to claim 15, wherein the
third cap layer is spaced from the first cap layer with the
second cap layer sandwiched therebetween over the emis-
sion region of the second pixel.

17. The display device according to claim 10, wherein an
emission peak wavelength of the first EL layer is different
from an emission peak wavelength of the second EL layer
and an emission peak wavelength of the third EL layer.

18. The display device according to claim 10, wherein an
emission peak wavelength of the first EL layer is longer than
an emission peak wavelength of the second EL layer and an
emission peak wavelength of the third EL layer.

19. The display device according to claim 18, wherein the
emission peak wavelength of the second EL layer is longer
than the emission peak wavelength of the third EL layer.

20. The display device according to claim 10,

wherein a sealing film covering a plurality of pixels

including the first pixel and the second pixel is arranged
over the third cap layer,

the third cap layer includes fluorine, and

the sealing film includes:

an inorganic film in direct contact with the third cap
layer; and

an organic film on an opposite side of the inorganic film
from the third cap layer and in direct contact with the
inorganic film.
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