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DISPLAY DEVICE
[0001] This applicationis a continuation of copending U.S.

application Ser. No. 13/955,568, filed on Jul. 31, 2013 which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device and
a method for manufacturing the display device. In particular,
the present invention relates to a display device utilizing
organic electroluminescence (EL) (the device is referred to as
organic EL display device) and a method for manufacturing
the display device.

[0004] The present invention relates to an organic EL dis-
play device including a high-definition display panel and a
method for manufacturing the organic EL display device. In
particular, the present invention relates to an organic EL dis-
play device in which a shape of a partition separating pixels
and a height of the partition are adjusted, and a method for
manufacturing the organic EL display device.

[0005] 2. Description of the Related Art

[0006] In recent years, color organic EL display panels
using an oxide semiconductor fora TFT have been suggested.
Varied development has been conducted. For example, in
order to keep high color reproducibility or to achieve high-
definition display by extracting light with high color purity, a
display panel in which a white organic EL element, three
color filters of red (R), green (G), and blue (B), and a micro-
cavity structure utilizing multiple reflection are combined has
been formed. When the color filter and the microcavity struc-
ture are combined, reflection of external light can be reduced,
and light emitted from the white organic EL element can be
extracted efficiently.

[0007] The microcavity structure is a technique in which
the optical path length is optimized in accordance with the
light wavelength of three colors of RGB (e.g., R: 700 nm, G:
550 nm, and B: 440 nm) to increase the intensity of light with
a desired wavelength and extract the light. For example, opti-
mization of the optical path length is conducted by changing
the thickness of a transparent conductive layer. The thickness
of a transparent conductive layer in a pixel where red light is
emitted is larger than that in a pixel where green light is
emitted.

[0008] Further, in a large-sized color organic EL display
panel, a top emission method is suggested. A top emission
method is a method in which light is extracted from a side
opposite to a substrate where a TFT is formed and thus part of
light emitted from the pixel is not blocked by a TFT, a wiring,
and the like. Accordingly, a top emission method enables the
aperture ratio to be improved as compared with a bottom
emission method in which light is extracted from a substrate
side wherea TFT is formed. One of features of a top emission
method is that a color filter can be used relatively simply.
[0009] A method in which a color filter is overlapped with
a white organic EL element enables color separation of three
colors of RGB relatively easily as compared with a separate
coloring method in which high-definition coloring is sepa-
rately performed with use of a metal mask to form light-
emitting layers emitting three colors of RGB independently.
[0010] As an example of a structure of a white organic EL
element, a tandem light-emitting element in which a plurality
of light-emitting units and an intermediate unit are stacked
between an anode and a cathode can be given. Each of the
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units is formed with a plurality of deposited layers. Light
from the whole tandem light-emitting element can be white
light by overlapping of emission colors emitted from the
plurality of light-emitting units. For example, a white organic
EL element can be formed with a stacked structure including
a B unit formed with four deposited layers, an intermediate
unit formed with four deposited layers over the B unit, and R
and G units formed with eight deposited layers over the
intermediate unit.

[0011] In Patent Document 1, a highly reliable display
device in which shape defects of a pixel electrode are pre-
vented to achieve high-definition display is disclosed. A par-
tition having a thin portion and a thick portion is formed with
a single layer. With the thin portion, poor coverage of a
light-emitting layer at a boundary between the pixel electrode
and the partition is suppressed. The thick portion of the par-
tition supports a deposition mask to suppress twist or deflec-
tion of the deposition mask, which prevents damage such as a
blemish caused by the deposition mask to be generated on a
pixel electrode surface.

REFERENCE

Patent Document

[0012] [Patent Document 1] Japanese Published Patent
Application No. 2007-141821

SUMMARY OF THE INVENTION

[0013] When a viewer sees an organic EL display panel
having a microcavity structure in a position where the view-
er’s eye is in a direction perpendicular to a panel plane, the
viewer can recognize high-intensity light of the desired color.
On the other hands, as the position of the viewer’s eye devi-
ates from the direction perpendicular to the panel plane, it
becomes difficult for the viewer to recognize light of the
desired color. This is because the optical path length of light
traveling in a transparent conductive layer is long in the case
where the light emitted from the light-emitting layer travels in
an oblique direction, as compared to the case where the light
emitted from the light-emitting layer travels in a perpendicu-
lar direction. Light shifted to a shorter wavelength side is
extracted from the light-emitting layer. Further, as the height
of a partition separating pixels becomes larger, that is, the
distance between a top surface of a reflective electrode and a
color filter becomes larger, viewing angle dependency
increases. The viewing angle dependency becomes a big
issue, particularly in a large-sized panel.

[0014] Depending on shapes of the partitions, the leakage
current from an intermediate layer included in a white organic
EL element to an adjacent pixel is likely to be generated.
When the adjacent pixel which is desired to be a non-light-
emitting pixel emits light, light is mixed, and a color purity of
the organic EL display panel is lowered.

[0015] Further, there is a case where stray light which does
nottravel in a perpendicular direction (light whose intensity is
reduced by repetition of multiple reflection, light which does
not pass through the transparent conductor layer, or the like)
is propagated to an adjacent pixel through the partition. In this
case, light comes in the adjacent pixel, and a display color of
the organic EL display panel bleeds. The light leakage to the
adjacent pixel becomes increased as the pixel size is
decreased, generally.
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[0016] The organic EL display panel is required to have
high contrast. Depending on the shape of the partition, for
example, loss of light during a period where light generated in
a light-emitting layer reaches a color filter may be increased,
or the minimum luminance in displaying black may be
increased. Accordingly, a reduction in contrast is caused in
some cases.

[0017] A variety of problems described above are caused
depending on a shape and a height of a partition which is
provided in a propagating path of light generated from a
light-emitting layer or a conduction path of current flowing
between the pixels. These problems degrade image quality of
the organic EL display panel. In addition, it is difficult to keep
high-definition display of the organic EL display panel in a
state where an unsolved problem remains.

[0018] In the case where the partition is formed with a
single layer and has a curved top surface, leakage current
from the intermediate layer to an adjacent pixel is caused, and
accordingly the adjacent pixel emits light in some cases.
[0019] In the case where the partition is formed with a
single layer and has a reverse tapered shape in cross section,
coverage with a deposition layer (light-emitting layer) is
poor, and accordingly the light-emitting element emits no
light in some cases.

[0020] In the case where the partition is formed using a
single material to have a stacked structure in which an upper
layer of the partition and a lower layer of the partition have the
same shape and the size of the lower layer is larger than that
of the upper layer, the NTSC ratio is reduced in some cases.
[0021] When the shape of the upper layer of the partition is
differentiated from that of the lower layer of the partition,
different materials with which the shapes of the upper layer
and the lower layer are easily adjusted are used. Thus, it is
difficult to form a partition using a single material.

[0022] Insome cases, contrast is reduced in the case where
a partition is formed using different materials to have a
stacked structure so that a lower layer of the partition has a
curved top surface and an upper layer of the partition has a
reverse tapered shape in a cross section. In addition, the
height ofthe partition is increased, and accordingly a distance
between a top surface of a reflective electrode and a color
filter is increased, which increases viewing angle depen-
dency.

[0023] In order to reduce the height of the partition, the
shapes of the upper layer and the lower layer of the partition
are formed to have curved top surfaces and an area of a black
matrix (light-blocking layer) formed on a counter substrate
side is increased. With such a structure, the viewing angle
dependency can be decreased. Meanwhile, generation of
leakage current from the intermediate layer to the adjacent
pixel and a reduction in an aperture ratio are caused.

[0024] Further, in orderto prevent image degradation of the
panel, it is necessary to consider light transmittance and
refraction index of a partition material and a size and a width
of the partition, and the like.

[0025] Itis extremely difficult to determine the height, the
shape, the material, and the like of the partition which enables
the above problems to be efficiently solved.

[0026] Thus, an object of one embodiment of the present
invention is to improve image quality of a full-color organic
EL display panel.

[0027] Another embodiment of the present invention is to
provide a high-definition display panel as well as achieving
an increase in a panel size.
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[0028] Adjusting the height and the shape of the partition
makes it possible to efficiently solve the problems such as an
increase in viewing angle dependency, a reduction in contrast,
generation of leakage current from the intermediate layer to
an adjacent pixel, and generation of light leakage to the adja-
cent pixel.

[0029] One embodiment of the present invention disclosed
in this specification is an organic EL display device including
a first electrode, a first partition overlapping with an end
portion of the first electrode, a second partition over the first
partition, a light-emitting layer overlapping with the first
electrode, and a second electrode over the light-emitting
layer. The perpendicular distance between a top surface of the
first electrode and a top surface of the second partition is
greater than or equal to 0.5 pm and less than or equal to 1.3
um. An angle formed between a flat surface connecting a
lower end of a side surface with an upper end of the side
surface of the second partition and the top surface of the
second partition is less than or equal to 90°.

[0030] Oneembodiment of the present invention disclosed
in this specification is an organic EL display device including
a first substrate, a second substrate on which a color filter
layer and a black matrix are located to face the first substrate,
a first electrode on a surface of the first substrate facing the
second substrate, a first partition overlapping with an end
portion of the first electrode, a second partition over the first
partition, a light-emitting layer overlapping with the first
electrode, and a second electrode over the light-emitting
layer. The first substrate and the second substrate are disposed
so that the first partition and the black material overlap with
each other. The perpendicular distance between the a top
surface of the first electrode and a top surface of the second
partition is greater than or equal to 0.5 um and less than or
equal to 1.3 um. An angle formed between a flat surface
connecting a lower end of a side surface with an upper end of
the side surface of the second partition and the top surface of
the second partition is less than or equal to 90°.

[0031] 1In each of the above structure, the first partition
preferably has a curved top surface. With the first partition
having a curved top surface, loss of light and the minimum
luminance in black display can be comparatively reduced.
Thus, contrast of the organic EL display panel can be
improved. In addition, coverage with the light-emitting layer
can be improved, and thus, a light-emitting element can be
prevented from being brought into a non-light-emitting state
which is caused by short circuit between electrodes due to
disconnection or the like.

[0032] Ineach of the above structures, the second partition
is formed so that a cross section has a reverse tapered shape.
Thus, leakage current from the light-emitting layer, mainly
from an intermediate layer to an adjacent pixel is reduced, and
unnecessary light emission of the adjacent pixel, which is a
cause of color mixture, can be prevented. In other words,
color purity of the organic EL display panel can be increased.
[0033] In each of the above structures, the perpendicular
distance between the top surface of the first electrode and the
top surface of the second partition (difference between the
thickness of the first electrode and a total of the height of the
first partition and the height of the second partition) is greater
than or equal to 0.5 um and less than or equal to 1.3 um. By a
reduction in the height of the partition, the distance between
the top surface of the first electrode and the color filter can be
decreased. Thus, viewing angle dependency can be sup-
pressed.
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[0034] 1In each of the above structures, a transparent con-
ductive layer may be provided over and in contact with the
first electrode. In this case, the transparent conductive layer
may have a stacked structure including a plurality of trans-
parent conductive layers. Note that in this specification, this
transparent conductive layer is referred to as a microcavity
layer.

[0035] When the height of the partition (or the perpendicu-
lar distance between the top surface of the first electrode and
the top surface of the second partition) is low, shift of light to
the shorter wavelength side (a phenomenon in which a light-
emitting element emits light which is close to blue light on the
shorter wavelength side, in an oblique direction), which is
likely to occur in a light-emitting element including a micro-
cavity layer, is suppressed; thus, viewing angle dependency in
an organic EL display panel having a microcavity structure
can be suppressed.

[0036] Note that the thickness of the microcavity layer can
be adjusted in accordance with a color of light that is to be
emitted. For example, in a pixel emitting red light, the thick-
ness of a microcavity layer formed over and in contact with
the first electrode can be the largest, and in a pixel emitting
green light, the thickness of the microcavity layer can be
smaller than that in the pixel emitting red light. Further, for
example, a microcavity layer in a pixel emitting red light can
have a stacked structure of two layers.

[0037] In order to decrease the perpendicular distance
between the color filter and the top surface of the first elec-
trode, the thickness of the color filter may be increased. As the
color filter, a red color filter, a green color filter, a blue color
filter, and the like may be used, for example. Since the trans-
mittance varies depending on colors, the thicknesses of the
color filters are preferably adjusted as appropriate. It is pref-
erable that the thickness of the red color filter be less than or
equal to 2 um, the thickness of the green color filter be less
than or equal to 2 um, and the thickness of the blue color filter
be less than or equal to 1 pm.

[0038] In this case, the perpendicular distance between the
color filter (a surface thereof on the first substrate side) and
the top surface of the first electrode is preferably less than or
equal to 3 um. In particular, it is preferable that the perpen-
dicular distance between the color filter with the smallest
thickness and the top surface of the first electrode be less than
or equal to 3 um. Tt is further preferable that the perpendicular
distance between the color filter with the largest thickness and
the top surface of the first electrode be equal to the perpen-
dicular distance between the top surface of the first electrode
and the top surface of the second partition.

[0039] In each of the above structures, a black matrix may
be provided. By formation of the back matrix, the viewing
angle dependency of the viewer can be reduced. The black
matrix can be formed using a metal material with low reflec-
tance, such as titanium or chromium, an organic insulating
material impregnated with a black pigment or a black dye, or
the like.

[0040] In each of the above structures, the first partition
overlaps with two first electrodes adjacent to each otherat end
portions, and an angle formed between a top surface of one of
the first electrodes and a left upper surface of the first partition
and an angle formed between a top surface of the other first
electrode and a right upper surface of the first partition may be
different from each other.

[0041] In each of the above structures, the second partition
may be disposed only between pixels of different colors.
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[0042] 1In this case, the length in a direction of a short side
of the top surface of the second partition is preferably smaller
than or equal to the distance between a first electrode and
another first electrode adjacent to the first electrode. Further,
the length in a direction of a long side of the top surface of the
second partition may be larger than or equal to the length in a
direction of a long side of the first electrode.

[0043] In each of the above structures, one partition that is
asecond partition may be disposed between two pixels which
are adjacent to each other and emit different colors from each
other or between a plurality of pixels emitting first color light
and a plurality of pixels emitting second color light.

[0044] Ineach of the above structures, the second partition
may be disposed between the pixels of different colors and
between pixels of the same color.

[0045] In this case, the length in the direction of the short
side of the top surface of the second partition is preferably
smaller than or equal to the distance between the first elec-
trode and a first electrode adjacent to the first electrode.
Further, the length in the direction of the long side of the top
surface of the second partition is preferably smaller than or
equal to the length in the direction of the long side of the first
electrode. With such a structure, image quality of the panel
can be improved without disruption of current flow between
pixels of the same color.

[0046] The first partition can be formed using an organic
insulating material or an inorganic insulating material. In
particular, a photosensitive resin material is preferably used.
The first partition can be formed using a colored organic
insulating material. Further, the first partition can be formed
using a brown resist material (an colored insulating material
whose transmittance of light having specific wavelengths of
460 nm, 540 nm, and 620 nm is lower than or equal 50%).
[0047] The second partition can be formed using an inor-
ganic insulating material or an organic insulating material. As
the organic insulating material, for example, a negative or
positive type photosensitive resin material, a non-photosen-
sitive resin material, or the like can be used. Further, the
second partition can be formed using a colored organic insu-
lating material.

[0048] In the case where the first partition or the second
partition is formed using a colored organic insulating mate-
rial, the partition may setve as a black matrix.

[0049] In this specification, the term “height of partition”
means the perpendicular direction between a top surface of a
first electrode and a top surface of a second partition.

[0050] Note that in this specification, the term “NTSC
ratio” indicates the proportion of color reproducible range in
a situation where the range of color reproduced by an NTSC
method is defined as 100%, on the basis of a 1976 UCS
chromaticity diagram established by International Commis-
sion on Illumination (CIE). Note that the degree of color
reproducibility is proportional to a value of the NTSC ratio.
[0051] Note that in this specification, the tem). “reverse
tapered shape” indicates a shape having a side surface or atop
surface protruding in a direction parallel to a substrate,
beyond a bottom surface.

[0052] The partition has a stacked structure using different
materials. In the partition having the stacked structure, a
lower layer has a curved shape and an upper layer has a flattop
surface and a reverse tapered shape in cross section. In addi-
tion, the height of the partition is greater than or equal to 0.5
pm and less than or equal to 1.3 um. With such a partition,
generation of light leakage to the adjacent pixel is suppressed
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and the viewing angle dependency is reduced, so that the
contrast can be improved. In addition, leakage current from
an intermediate layer to the adjacent pixel can be reduced.
[0053] Further, even in the case where the position of the
viewer’s eye is largely deviated from a direction perpendicu-
lar to the panel plane, high-definition display can be kept in an
organic EL display panel in which the above-described par-
tition is provided. The present invention is not readily con-
ceived by just a mere design choice.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1 is a cross-sectional view illustrating an
organic EL display device.

[0055] FIGS. 2A to 2C are cross-sectional STEM images
and a cross-sectional view of a partition.

[0056] FIGS. 3A to 3C are cross-sectional views illustrat-
ing a method for manufacturing an organic EL display device.

[0057] FIG. 4 is a plan view illustrating an organic EL
display device.
[0058] FIGS. 5A to 5C are cross-sectional views illustrat-

ing a method for manufacturing an organic EL display device.
[0059] FIGS. 6A and 6B show an example of a pixel circuit
and an example of a timing chart.

[0060] FIGS. 7A and 7B are schematic views each illus-
trating the arrangement of partitions.

[0061] FIG. 8 is a cross-sectional view illustrating an
organic EL display device.

[0062] FIGS. 9A-1, 9A-2, 9A-3, 9B-1, 9B-2, and 9B-3
show display results of organic FL display devices.

[0063] FIGS. 10A and 10B are cross-sectional STEM
images of partitions.

DETAILED DESCRIPTION OF THE INVENTION

[0064] Embodiments will be described in detail with refer-
ence to the accompanying drawings. Note that the present
invention is not limited to the following description, and it
will be easily understood by those skilled in the art that
various changes and modifications can be made without
departing from the spirit and scope of the invention. There-
fore, the invention should not be construed as being limited to
the description in the following embodiments. Note that in the
structures of the invention described below, the same portions
or portions having similar functions are denoted by the same
reference numerals in different drawings, and description of
such portions is not repeated.

Embodiment 1

[0065] In this embodiment, an organic EL display device
which achieves high-definition display will be described. In
the organic EL display device, a shape of a partition is
adjusted, and the height of the partition is controlled to be
greater than or equal to 0.5 um and less than or equal to 1.3
pm.

[0066] FIG. 1 is a cross-sectional view illustrating a spe-
cific structure of an organic EL display device 100. In the
structure illustrated in FIG. 1, a wiring layer is formed
between a light-emitting element and a transistor. Thus, even
when the number of transistors included in each pixel is
increased in accordance with high-definition display, the
pixel can be miniaturized.

[0067] As illustrated in FIG. 1, the organic EL display
device 100 includes a first substrate 110, a base layer 101 over
the first substrate 110, a transistor 102 and an insulating layer
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103 over the base layer 101, a first interlayer film 104 over the
insulating layer 103, a wiring 105 electrically connected to
the transistor 102, a second interlayer film 106 over the wiring
105 and the first interlayer film 104, a light-emitting element
107 electrically connected to the wiring 105, and a first par-
tition 114 and a second partition 115 which isolate the light-
emitting element 107. In addition, a second substrate 160 is
included to be opposite to the first substrate 110. The second
substrate 160 is provided with a base layer 162, ablack matrix
163, a red color filter 164, a green color filter 165, and a blue
color filter 166. The light-emitting element 107 includes a
reflective electrode 108, a first microcavity layer 109, a sec-
ond microcavity layer 111, a light-emitting layer 112, and a
cathode 113. The light-emitting layer 112 includes at least a
light-emitting organic compound.

[0068] Thefirst partition 114 is preferably formed to have a
curved top surface. The second partition 115 is preferably
formed to have a flat top surface and a reverse tapered shape
in cross section.

[0069] The perpendicular distance between a top surface of
the reflective electrode 108 and the top surface of the second
partition 115 (the distance obtained by subtracting the thick-
ness of the reflective electrode 108 from the total of the height
of the first partition and the height of the second partition) is
preferably greater than or equal to 0.5 pm and less than or
equal to 1.3 um.

[0070] By a reduction in the height of the partition, the
distance between the top surface of the reflective electrode
108 and the red color filter 164, the distance between the top
surface of the reflective electrode 108 and the green color
filter 165, and the distance between the top surface of the
reflective electrode 108 and the blue color filter 166 can be
decreased.

[0071] The first partition 114 can be formed using an
organic insulating material or an inorganic insulating mate-
rial. In particular, a photosensitive resin material is preferably
used. The first partition can be formed using a colored organic
insulating material.

[0072] The second partition 115 can be formed using an
inorganic insulating material or an organic insulating mate-
rial. As the organic insulating material, for example, a nega-
tive or positive type photosensitive resin material, a non-
photosensitive resin material, or the like can be used. Further,
the second partition can be formed using a colored organic
insulating material. Furthermore, in order to increase a light
transmitting property of the organic EL display device 100, a
light-transmitting material may be used.

[0073] The first microcavity layer 109 and the second
microcavity layer 111 are each formed over and in contact
with the reflective electrode 108. The first microcavity layer
109 and the second microcavity layer 111 are preferably
formed using a light-transmitting conductive material. The
first microcavity layer 109 may have a single-layer structure
or a stacked structure including a plurality of transparent
conductive layers. Further, the second microcavity layer 111
may have a single-layer structure or a stacked structure
including a plurality of transparent conductive layers.
[0074] By forming the first microcavity layer 109 and the
second microcavity layer 111 over and in contact with the
reflective electrode 108, the optical path length from the
reflective electrode 108 to the cathode 113 in each of the pixel
emitting red light, the pixel emitting green light, and a pixel
emitting blue light, can be optimized in accordance with light
wavelengths of three colors of RGB. In FIG. 1, the first
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microcavity layer 109 and the second microcavity layer 111
are formed in the pixel emitting red light, and the second
microcavity layer 111 is formed in the pixel emitting green
light. On the other hand, in the pixel emitting blue light,
neither the first microcavity layer 109 nor the second micro-
cavity layer 111 is formed. Accordingly, in the pixel emitting
red light, the distance between the electrodes can be made
longer, and in the pixel emitting blue light, the distance
between the electrodes can be made shorter. Thus, in accor-
dance with the light wavelengths of three colors of RGB,
high-intensity light can be extracted from each light-emitting
layer 112.

[0075] The thickness of the microcavity layer can be
adjusted in accordance with a color of light that is to be
emitted. For example, the thickness of the first microcavity
layer 109 may be larger than that of the second microcavity
layer 111.

[0076] Further, the following two angles may be different
from each other: an angle formed between the top surface of
the first partition 114 and a top surface of the second micro-
cavity layer 111 and an angle formed between the top surface
of the first partition 114 and the top surface of the reflective
electrode 108.

[0077] The thicknesses of the red color filter 164, the green
color filter 165, and the blue color filter 166 may be increased
to decrease the perpendicular distance between the surfaces
of the respective color filters and the top surface of the reflec-
tive electrode 108.

[0078] Note that in the case where the thickness ofthe color
filter is simply increased in order to decrease the distance
between the top surface of the reflective electrode 108 and the
color filter, a distance between the reflective electrode and the
color filter is increased in some cases. Thus, the thickness is
preferably adjusted as appropriate.

[0079] Furthermore, the light transmittance of the color
filter depends on a color; thus, the thickness is preferably
adjusted in appropriate consideration of the transmittance or
the like.

[0080] It is preferable that the thickness of the red color
filter 164 be less than or equal to 2 pm, the thickness of the
green color filter 165 be less than or equal to 2 um, and the
thickness of the blue color filter 166 be less than or equal to 1
pm.

[0081] Further, it is preferable that the perpendicular direc-
tion between the color filter with the smallest thickness (in
this specification, the green color filter 165) and the top sur-
face of the reflective electrode 108 be less than or equal to 3
pm. It is further preferable that the perpendicular direction
between the color filter with the largest thickness (in this
specification, the red color filter 164) and the top surface of
the reflective electrode 108 be equal to the height of the
partition.

[0082] Further, the black matrix 163 may be formed in
portions where any of the red color filter 164, the green color
filter 165, and the blue color filter 166 is adjacent to the other
color filters. By formation of the black matrix 163, the influ-
ence of viewing angle dependency can be alleviated.

[0083] Inthe case where the black matrix 163 is not formed,
aviewerwho is at a portion directly in front of a pixel emitting
green light recognizes light which is emitted from a pixel
emitting red light and shifted to the shorter wavelength side
through the green color filter 165 (that is, recognizes green
light) and, in some cases, recognizes yellow light which is
generated by mixing a red color and a green color from an
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adjacent portion of the red color filter 164 and the green color
filter 165. Further, a viewer who is at a portion directly in front
of apixel emitting blue light recognizes light which is emitted
from a pixel emitting red light and shifted to the shorter
wavelength side through the blue color filter 166 (that is,
recognizes blue light) and, in some cases, recognizes purple
light which is generated by mixing a red color and a green
color from an adjacent portion of the red color filter 164 and
the blue color filter 166. When the first partition 114 and the
second partition 115 are formed using a colored photosensi-
tive resin or the like, they can serve as the black matrix 163.
[0084] In the case where the black matrix 163 is formed to
have a very large area, the aperture ratio of the organic EL
display device 100 is decreased. Thus, in formation of the
black matrix 163 on the second substrate 160, the width ofthe
black matrix 163 is preferably adjusted as appropriate in
consideration of a balance of the viewing angle dependency,
the aperture ratio, and the like.

[0085] The black matrix 163 can be formed using a metal
material with low reflectance, such as titanium or chromium,
an organic insulating material impregnated with a black pig-
ment or a black dye, or the like.

[0086] A partition which was actually formed is described
withreference to FIGS. 2A to 2C. FIG. 2A is a cross-sectional
STEM image of the partition, FIG. 2B is a schematic diagram
of the STEM image of FIG. 2A, and FIG. 2C is an enlarged
STEM image of a portion X shown in FIG. 2A. Note that a
cross-sectional view taken along solid line A1-A2 in FIG. 4
corresponds to the cross-sectional STEM image of FIG. 2A.
[0087] Theorganic EL display device 100 includes the first
partition 114 and the second partition 115 shown in FIG. 2A.

[0088] The perpendicular direction between the top surface
of the reflective electrode 108 and the top surface of the
second partition 115, that is, the height of the partition, is 1.3
pm.

[0089] When the height of the partition is greater than 1.3
m, light which is generated from the light-emitting layer and
shifted to the shorter wavelength side is likely to pass through
acolor filter in an adjacent pixel. In the case where a position
of the viewer’s eye deviates from the direction perpendicular
to a panel plane, the viewer recognizes a color which is a
mixed color of a given color filter and a color of a color filter
of an adjacent pixel. As the position of the viewer’s eye
largely deviates from the perpendicular direction, the viewing
angle dependency is increased.

[0090] When the height of the partition is less than or equal
to 1.3 um, light which is generated from the light-emitting
layer and shifted to the shorter wavelength side is less likely
to reach a color filter in an adjacent pixel and is easily
absorbed in a color filter of a desired color. Even when a
position of the viewer’s eye deviates from the direction per-
pendicular to the panel plane, the viewer easily recognizes the
desired color. This effect appears noticeably in the organic EL
display device 100 including the microcavity structure.
[0091] Accordingly, it is important that the height of the
partition be less than or equal to 1.3 um. A value which is less
than or equal to 1.3 um enables the problems such as light
leakage to an adjacent pixel, an increase in viewing angle
dependency, and a reduction in contrast to be solved effi-
ciently and can also lead to a synergistic effect.

[0092] Further, as illustrated in FIG. 2A, the first partition
114 is formed to have a curved top surface. With such a shape,
loss of light can be reduced and the minimum luminance in
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black display can be reduced, which leads to an improvement
in contrast of the organic EL display device 100.

[0093] When the first partition 114 has the above-described
shape, the light-emitting layer 112 can cover an end portion of
the first partition 114 more adequately, as shown in a portion
Y in FIG. 2C. Accordingly, the light-emitting element 107
can be prevented from being brought into a non-light-emit-
ting state due to disconnection of the light-emitting layer 112
or the like. Note that FIG. 2C is an enlarged portion of part in
FIG. 2A.

[0094] Further, as shown in a portion Z in FIG. 2B, the
second partition 115 is formed to have a flat top surface and a
reverse tapered shape in cross section. With the above shape,
the leakage current from the light-emitting layer 112, mainly
an intermediate layer in the light-emitting layer 112, to an
adjacent pixel is reduced, and unnecessary light emission of
the adjacent pixel, which is a cause of color mixture, can be
prevented. The above effect leads to an improvement in color
purity of the organic EL display device 100.

[0095] Thus, even when the pixels are miniaturized and the
panel has a larger size, in the organic EL display device 100
including the first partition 114 and the second partition 115,
high-definition display and an improvement in image quality
can be achieved.

[0096] FIGS. 7A and 7B each illustrate arrangement of
partitions.
[0097] As illustrated in FIG. 7A, the second partitions 115

which separate a pixel 201 emitting red light, a pixel 202
emitting green light, and a pixel 203 emitting blue light may
be disposed only between pixels which emit different colors
from each other. For example, the second partitions 115 may
be disposed between the pixel 201 emitting red light and the
pixel 202 emitting green light, between the pixel 202 emitting
green light and the pixel 203 emitting blue light, and between
the pixel 203 emitting blue light and the pixel 201 emitting
red light.

[0098] In this case, a length 12 of the top surface of second
partition 115, which corresponds to a length between the
pixel 201 emitting red light and the pixel 202 emitting green
light, is preferably smaller than or equal to a distance between
the reflective electrode 108 of the pixel 201 emitting red light
and the reflective electrode 108 of the pixel 202 emitting
green light. A length 12 which corresponds to a length
between the pixel 202 emitting green light and the pixel 203
emitting blue light is preferably smaller than or equal to a
distance between the reflective electrode 108 of the pixel 202
emitting green light and the reflective electrode 108 of the
pixel 203 emitting blue light. A length 12 which corresponds
to a length between the pixel 203 emitting blue light and the
pixel 201 emitting red light is preferably smaller than or equal
to a distance between the reflective electrode 108 of the pixel
203 emitting blue light and the reflective electrode 108 of the
pixel 201 emitting red light.

[0099] Alength 1 of the top surface of the second partition
115 may be larger than or equal to alength L1 of the pixel (for
example, the length in a direction of a long side of the reflec-
tive electrode 108).

[0100] As illustrated in FIG. 7B, the second partitions 115
which separate the pixel 201 emitting red light, the pixel 202
emitting green light, and the pixel 203 emitting blue light may
be disposed between pixels of different colors and between
pixels of the same colors. For example, the second partitions
115 may be disposed between the pixel 201 emitting red light
and the pixel 202 emitting green light, between the pixel 202
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emitting green light and the pixel 203 emitting blue light,
between the pixel 203 emitting blue light and another pixel
201 emitting red light, between the pixel 201 emitting red
light and the pixel 201 emitting red light, between the pixel
202 emitting green light and another pixel 202 emitting green
light, between the pixel 203 emitting blue light and another
pixel 203 emitting blue light, and the like.

[0101] In this case, the length 12 of the top surface of the
second partition 115 disposed between the pixels of different
colors, which corresponds to a length between the pixel 201
emitting red light and the pixel 202 emitting green light, is
preferably smaller than or equal to a distance between the
reflective electrode 108 of the pixel 201 emitting red light and
the reflective electrode 108 of the pixel 202 emitting green
light. The length 12 which corresponds to a length between the
pixel 202 emitting green light and the pixel 203 emitting blue
light is preferably smaller than or equal to a distance between
the reflective electrode 108 of the pixel 202 emitting green
light and the reflective electrode 108 of the pixel 203 emitting
blue light. The length 12 which corresponds to a length
between the pixel 203 emitting blue light and the pixel 201
emitting red light is preferably smaller than or equal to a
distance between the reflective electrode 108 of the pixel 203
emitting blue light and the reflective electrode 108 of the pixel
201 emitting red light.

[0102] Alengths2 ofthe top surface of the second partition
115 disposed between pixels of the same colors, which cor-
responds to a length between two pixels 201 emitting red
light, is preferably smaller than or equal to a distance between
the reflective electrode 108 of one pixel 201 emitting red light
and the reflective electrode 108 of the other pixel 201 emitting
red light. A length s2 which corresponds to a length between
two pixels 202 emitting green light is preferably smaller than
or equal to a distance between the reflective electrode 108 of
the pixel 202 emitting green light and the reflective electrode
108 of the pixel 202 emitting green light. A length s2 which
corresponds to a length between two pixels 203 emitting blue
light is preferably smaller than or equal to a distance between
the reflective electrode 108 of one pixel 203 emitting blue
light and the reflective electrode 108 of the other pixel 203
emitting blue light.

[0103] Further, a length s1 of the top surface of the second
partition 115 is preferably smaller than or equal to a length 1.2
of the pixel (for example, the length of the short side of the
reflective electrode 108).

[0104] Next, an improvement in image quality of the dis-
play panel when the height of the partition is less than or equal
to 1.3 um is described with reference to FIGS. 9A-1, 9A-2,
and 9A-3 and FIGS. 9B-1, 9B-2, and 9B-3.

[0105] FIGS.9A-1,9A-2, and 9A-3 show display results of
a display panel of the organic EL display device 100 illus-
trated in FIG. 1. In the case of FIGS. 9A-1, 9A-2, and 9A-3,
the height of a partitionis 1.3 um. FIGS. 9B-1,9B-2, and 9B-3
show display results of a display panel of an organic EL
display device different from the organic EL display device
100. In the case of FIGS. 9B-1, 9B-2, and 9B-3, the height of
a partition is 2.4 um.

[0106] The partition used in FIGS. 9A-1,9A-2, and 9A-3 is
shown in FIG. 10A. The partition used in FIGS. 9B-1, 9B-2,
and 9B-3 is shown in FIG. 10B. As shown in FIG. 10A, a
lower partition is formed to have a curved top surface, and an
upper partition is formed to have a flat surface and a reverse
tapered shape in cross section. Similarly, as shown in FIG.
10B, a lower partition is formed to have a curved top surface,
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and an upper partition is formed to have a flat top surface and
a reverse tapered shape in cross section.

[0107] In other words, the partition used in FIGS. 9A-1,
9A-2, and 9A-3 and the partition used in FIGS. 9B-1, 9B-2,
and 9B-3 have the same shape and different heights. The
difference in the heights of the partition is 1.1 um.

[0108] FIGS.9A-1 and FIG. 9B-1 show the display results
when the position of eye is deviated to the left side by 60°
from the direction perpendicular to the display panel. FIGS.
9A-2 and FIG. 9B-2 show the display results when the posi-
tion of eye is aligned in the direction perpendicular to the
display panel. FIGS. 9A-3 and FIG. 9B-3 show the display
results when the position of eye is deviated to the right side by
60° from the direction perpendicular to the display panel.
[0109] By comparison of display results between FIGS.
9A-2 and FIG. 9B-2, it is found that there 1s almost no differ-
ence in the display results in the case where the position of the
eye is aligned in the direction perpendicular to the display
panel.

[0110] As shown in each of FIGS. 9A-2 and FIG. 9B-2,
seven vertical lines are arranged from the central portion of
the panel toward to the right edge of the panel. In order from
the left side, the displayed colors are blue, red, pink, green,
light blue, yellow, and white. The displayed colors are
arranged from left to right so as to be gradually pale. Simi-
larly, seven vertical lines are arranged from the left edge to the
central portion of the panel. In order from the left side, the
displayed colors are blue, red, pink, green, light blue, yellow,
and white. The displayed colors are arranged from left to right
so as to be gradually pale.

[0111] However, it is found by comparison between FIGS.
9A-3 and FIG. 9B-3 that there is a clear difference in the
display results in the case where the position of eyeis deviated
from the direction perpendicular to the display panel. It is
found that the display result shown in FIG. 9A-3 is superior to
that shown in FIG. 9B-3.

[0112] In a portion I in FIG. 9A-3, the displayed colors
arranged from the central portion to the right edge of the panel
are blue, red, pink, green, light blue, yellow, and white. Seven
vertical lines with the same colors and the same arrangement
as those in FIG. 9A-2 are clearly displayed. In addition, there
is almost no color unevenness.

[0113] Onthe other hand, in a portion Jin FIG. 9B-3, colors
adjacent to each other are mixed, and the displayed colors
arranged from the central portion to the right edge of the panel
are purple, ocher, pink, light green, light blue, gray, and white.
Seven vertical lines with different colors and different
arrangement from those in FIG. 9B-2 are displayed. In addi-
tion, there is color unevenness. The color purity is reduced,
and color mixture occurs; thus, image quality of the display
panel is degraded.

[0114] Accordingly, by optimizing the shape of the upper
partition and the shape of lower partition, the difference in the
height of the partition, which is 1.1 um, is generated. This
difference in the height causes a great difference in image
quality of the display panel.

[0115] Therefore, according to the display results in FIGS.
9A-1,9A-2, and 9A-3 and FIGS. 9B-1, 9B-2. and 9B-3, with
the partition whose height is less than or equal to 1.3 pm,
high-definition display of an organic EL color display panel
can be achieved.

[0116] Next, a method for manufacturing the organic EL,
display device 100 illustrated in FIG. 1 is described in detail
withreference to FIGS.3A to 3C, FIG. 4, and FIGS. 5A to 5C.
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[0117] First, a method for forming the transistor 102 and
the light-emitting element 107 over the first substrate 110 is
described with reference to FIGS. 3A to 3C and F1G. 4.
[0118] As illustrated in FIG. 3A, the base layer 101 is
formed over the first substrate 110 by a plasma CVD method,
a sputtering method, or the like.

[0119] Although there is no particular limitation on a sub-
strate which can be used as the substrate 110, it is necessary
that the substrate have at least heat resistance high enough to
withstand heat treatment that is performed later. For example,
a glass substrate of barium borosilicate glass, aluminoboro-
silicate glass, or the like, a ceramic substrate, a quartz sub-
strate, a sapphire substrate, or the like can be used. A single
crystal semiconductor substrate or a polycrystalline semicon-
ductor substrate of silicon, silicon carbide, or the like; a
compound semiconductor substrate of silicon germanium or
the like; an SOI substrate; or the like can be used as the
substrate 110, or the substrate provided with a semiconductor
element can be used as the substrate 110. Alternatively, a
plastic substrate having heat resistance high enough to with-
stand heat treatment that is performed later may be used.
[0120] The base layer 101 can be formed using silicon
oxide, silicon oxynitride, aluminum oxide, aluminum oxyni-
tride, hafnium oxide, gallium oxide, gallium zinc oxide, zinc
oxide, or amixed material thereof. The base layer 101 may be
either a single layer or a stack of layers.

[0121] In this embodiment, a 100-nm-thick silicon nitride
film and a 150-nm-thick silicon oxynitride film are stacked.
[0122] Inthe case where a glass substrate is used as the first
substrate 110, the base layer 101 has a function of preventing
contamination from the glass substrate.

[0123] Next, aconductive film is formed over the base layer
101 by a sputtering method, an evaporation method, or the
like and is etched to form a conductive layer 131.

[0124] The conductive layer 131 can be formed using a
metal material such as molybdenum, titanium, tantalum,
tungsten, aluminum, copper, chromium, neodymium, or
scandium or an alloy material which contains any of these
materials as its main component. Alternatively, the conduc-
tive layer 131 can be formed using a metal nitride film includ-
ing any of the metal materials or the alloy materials (a tita-
nium nitride film, a tantalum nitride film, a molybdenum
nitride film, a tungsten nitride film, or the like). The conduc-
tive layer 131 may be either a single layer or a stacked layer.
[0125] The conductive layer 131 can also be formed using
a conductive material such as indium oxide-tin oxide, indium
oxide containing tungsten oxide, indium zinc oxide contain-
ing tungsten oxide, indium oxide containing titanium oxide,
indium tin oxide containing titanium oxide, indium oxide-
zinc oxide, or indium tin oxide to which silicon oxide is
added. It is also possible that the conductive layer 131 has a
stacked structure of the above conductive material and the
above metal material.

[0126] Inthis embodiment, a 50-nm-thick tantalum nitride
film, a 200-nm-thick copper film, and a 30-nm-thick tungsten
film are stacked.

[0127] Next, a gate insulating layer 132 is formed by a
plasma CVD method, a sputtering method, or the like over the
conductive layer 131.

[0128] The gate insulating layer 132 can be formed using
silicon oxide, silicon nitride, silicon oxynitride, silicon
nitride oxide, aluminum oxide, aluminum oxynitride,
hafnium oxide, gallium oxide, gallium oxide zinc, or zinc
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oxide, or a mixed material of any of these materials. Further,
the gate insulating layer 132 may be either a single layer or a
stacked layer.

[0129] In this embodiment, a 50-nm-thick silicon nitride
film and a 270-nm-thick silicon oxynitride film are stacked.

[0130] Next, a semiconductor layer is formed over the gate
insulating layer 132 by a sputtering method or the like and
then subjected to photolithography to form an island-shaped
semiconductor layer 133.

[0131] The following materials can be used for the semi-
conductor layer 133 as appropriate: single crystal silicon;
polycrystalline silicon; a two-component metal oxide such as
an In—7n-based oxide, an In—Mg-based oxide, or an
In—Ga-based oxide; a three-component metal oxide such as
an In—Ga—Z7n-based oxide (also referred to as IGZ0), an
In—Sn—7n-based oxide, an In—Hf—7n-based oxide, an
In—La—Z7n-based oxide, an In—Ce—Zn-based oxide, an
In—Pr—Zn-based oxide, an In—Nd—Zn-based oxide, an
In—Sm-—7n-based oxide, an In—Eu—~Zn-based oxide, an
In—Gd—Zn-based oxide, an In—Tb—Zn-based oxide, an
In—Dy—Zn-based oxide, an In—Ho—Z7n-based oxide, an
In—FEr—7n-based oxide, an In—Tm—Z7n-based oxide, an
In—Yb—Zn-based oxide, or an In—Lu—Zn-based oxide; a
four-component metal oxide such as an In—Sn—Ga—7n-
based oxide, an In—Hf—Ga—Zn-based oxide, or an
In—Sn—Hf—Z7n-based oxide; or the like.

[0132] Inthisembodiment, as a target for forming the semi-
conductor layer 133 by a sputtering method, an oxide target
containing In, Ga, and Zn in an atomic ratio of In:Ga:Zn=3:
1:2 is used to form an In—Ga—7n-based oxide film (IGZO
film) having a thickness of 25 nm.

[0133] Next, a conductive film is formed over the gate
insulating layer 132 and the semiconductor layer 133 by a
sputtering method, an evaporation method, or the like and
then subjected to photolithography to form a source electrode
layer 134a and a drain electrode layer 1345. With use of the
source electrode layer 134a and the drain electrode layer
134b, the transistor is connected to another transistor or
another element, which can lead to formation of a variety of
circuits.

[0134] The source electrode layer 134a and the drain elec-
trode layer 1345 are formed using, for example, a metal film
containing an element selected from Al, Cr, Cu, Ta, Ti, Mo,
and W, or a metal nitride film containing any of the above
elements as a component (a titanium nitride film, a molybde-
num nitride film, or a tungsten nitride film) can be used. A
metal film having a high melting point such as Ti, Mo, W, or
the like or a metal nitride film of any of these elements (a
titanium nitride film, a molybdenum nitride film, and a tung-
sten nitride film) may be stacked on one or both of a lower side
or an upper side of a metal film of Al, Cu, or the like. Further
alternatively, a conductive metal oxide or the like can be used.
As the conductive metal oxide, indium oxide (In,O; or the
like), tin oxide (SnO, or the like), zinc oxide (ZnO), indium
tin oxide (ITO), indium oxide-zinc oxide (In,0,—7ZnO or the
like), or any of these metal oxide materials in which silicon
oxide is contained can be used.

[0135] In this embodiment, a 50-nm-thick titanium film, a
400-nm-thick aluminum film, and a 100-nm-thick titanjum
film are stacked.

[0136] Asillustrated in FIG. 3B, the insulating layer 103 is
formed over the semiconductor layer 133, the source elec-
trode layer 134a, and the drain electrode layer 1345 by a
plasma CVD, a sputtering method, or the like.
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[0137] Theinsulating layer 103 can be formed using silicon
oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,
aluminum oxide, aluminum oxynitride, hafnium oxide, gal-
lium oxide, zinc gallium oxide, zinc oxide, or a mixed mate-
rial thereof. Further, the insulating layer 103 may be either a
single layer or a stacked layer.

[0138] In this embodiment, a 400-nm-thick silicon oxide
film and a 200-nm-thick silicon oxynitride film are stacked.
[0139] Next, the first interlayer film 104 is formed over the
insulating layer 103. As the first interlayer film 104, an insu-
lating film with a planarization function is preferably selected
in order to reduce surface unevenness due to the transistor.
Forexample, an organic material such as a polyimide resin, an
acrylic resin, or a benzocyclobutene resin can be used as a
material of the first interlayer film 104. Other than such
organic materials, it is also possible to use a low-dielectric
constant material (a low-k material) or the like. Alternatively,
the first interlayer film 104 may be formed by stacking a
plurality of insulating films Rained using any of these mate-
rials.

[0140] Inthis embodiment, a polyimide single layer with a
thickness of 1500 nm is formed.

[0141] Next, an opening 135 reaching the source electrode
layer 134a is formed in the insulating layer 103 and the first
interlayer film 104 by a photolithography step. As a method
for forming the opening, a dry etching method, a wet etching
method, or the like may be selected as appropriate.

[0142] Next, a conductive film is formed over the first inter-
layer film 104 by a sputtering method, an evaporation
method, or the like and then subjected to photolithography to
form wirings 1364 to 136e.

[0143] For example, a metal film containing an element
selected from Al, Cr, Cu, Ta, Ti, Mo, and W, or a metal nitride
film containing any of the elements as a component (a tita-
nium nitride film, a molybdenum nitride film, or a tungsten
nitride film) can be used as a material of the wirings 136a to
136¢. The wirings 1364 to 136¢ may be either a single layer or
a stacked layer.

[0144] Inthis embodiment, a 100-nm-thick titanium film, a
400-nm-thick aluminum film, and a 100-nm-thick titanium
film are stacked.

[0145] Next, the second interlayer film 106 is formed over
the wirings 136a to 136e. As the second interlayer film 106,
an insulating film with a planarization function is preferably
selected in order to reduce surface unevenness due to the
wirings 1364 to 136¢. For example, an organic material such
as a polyimide resin, an acrylic resin, or a benzocyclobutene
resin can be used as a material of the second interlayer film
106. Other than such organic materials, it is also possible to
use a low-dielectric constant material (a low-k material) or
the like. Alternatively, the second interlayer film 106 may be
formed by stacking a plurality of insulating films formed
using any of these materials.

[0146] Inthis embodiment, a polyimide single layer with a
thickness of 1500 nm is formed.

[0147] Next, an opening 137 reaching the wiring 1364 is
formed in the second interlayer film 106 by a photolithogra-
phy step. As a method for forming the opening, a dry etching
method, a wet etching method, or the like may be selected as
appropriate.

[0148] Next, a conductive film is formed over the second
interlayer film 106 by a sputtering method, an evaporation
method, or the like and then subjected to photolithography to
form the reflective electrode 108.
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[0149] A material which efficiently reflects light generated
from the light-emitting layer 112 is preferably used as a
material of the reflective electrode 108. For example, a con-
ductive film of a metal oxide, a titanium film, or the like can
be formed thin on the side of the light-emitting layer 112, and
a metal film (film of aluminum, an alloy containing alumi-
num, silver, or the like) which has high reflectance can be
formed on the other side. Such a stacked structure is prefer-
able because formation of an insulating film between the
light-emitting layer 112 and the metal film with high reflec-
tance (film of aluminum, an alloy containing aluminum, sil-
ver, or the like) can be suppressed.

[0150] In this embodiment, a 50-nm-thick titanium film, a
200-nm-thick aluminum film, and a 8-nm-thick titanium film
are stacked.

[0151] Next, a transparent conductive layer is formed over
the reflective electrode 108 by a sputtering method or the like
and then subjected to photolithography to form the first
microcavity layer 109. The first microcavity layer 109 is
preferably formed over a pixel emitting red color. As a mate-
rial of the first microcavity layer 109, a light-transmitting
conductive material is preferably used. Note that in one
embodiment of the present invention, instead of providing a
microcavity layer that is a transparent conductive layer, opti-
cal adjustment may be performed by varying the thickness of
the electrode or the light-emitting layer included in the light-
emitting element between pixels.

[0152] In this embodiment, a 40-nm-thick single layer of
ITO containing silicon is formed.

[0153] Next, a transparent conductive layer is formed over
the reflective electrode 108 by a sputtering method or the like
and then subjected to photolithography to form the second
microcavity layer 111. The second microcavity layer 111 is
preferably formed over a pixel emitting red light and a pixel
emitting green. As a material of the second microcavity layer
111, a light-transmitting conductive material is preferably
used.

[0154] In this embodiment, a 40-nm-thick single layer of
ITO containing silicon is formed.

[0155] Next, as illustrated in FIG. 3C, the first partition 114
is formed over the reflective electrode 108, the first microcav-
ity layer 109, and the second microcavity layer 111.

[0156] As a material of the first partition 114, an organic
insulating material or an inorganic insulating material can be
used. In particular, a photosensitive resin material is prefer-
ably used. Alternatively, a colored organic insulating material
or the like can be used.

[0157] Inthis embodiment, the first partition 114 is formed
to have a curved top surface.

[0158] Next, the second partition 115 is formed over the
first partition 114.

[0159] As a material of the second partition, an inorganic
insulating material or an organic insulating material can be
used. As the organic insulating material, for example, a nega-
tive or positive type photosensitive resin material, a non-
photosensitive resin material, or the like can be used. Further,
a colored organic insulating material or the like can be used.
[0160] In this embodiment, the second partition 115 is
formed to have a flat top surface and a reverse tapered shape
in cross section.

[0161] FIG.4isaplan view of a state where steps up to and
including formation of the second partition 115 are con-
ducted. A cross-sectional view taken along solid line B1-B2
in FIG. 4 corresponds to FIG. 3C.
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[0162] Next, the light-emitting layer 112 is formed over the
reflective electrode 108, the first microcavity layer 109, the
second microcavity layer 111, the first partition 114, and the
second partition 115.

[0163] The light-emitting layer 112 can be formed by an
evaporation method (including a vacuum evaporation
method), or the like. The light-emitting layer 112 includes a
plurality of light-emitting units and at least one intermediate
unit. For example, the light-emitting layer 112 can include a
B unit including a blue light-emitting layer. R and G units
including a red light-emitting layer and a green light-emitting
layer, an intermediate unit connecting these units, and the
like. A color of light emitted from the light-emitting layer 112
is preferably white.

[0164] The light-emitting layer 112 is isolated by the first
partition 114 and the second partition 115. The light-emitting
layer 112 may be left on part of the top surface and the side
surface of the second partition 115.

[0165] Next, the cathode 113 is formed over the light-emit-
ting layer 112.
[0166] As a material of the cathode 113, a light-transmit-

ting metal oxide or the like can be used. As the light-trans-
mitting metal oxide, indium oxide (In,O; or the like), tin
oxide (SnQ, or the like), zinc oxide (Zn0), indium oxide-tin
oxide (In,0,—SnO, or the like, which is abbreviated to ITO),
indium oxide-zine oxide (In,O,—7ZnO or the like), any of
these metal oxide materials in which silicon oxide is con-
tained, or the like can be used. In this specification, the case
where the reflective electrode 108 is an anode is described;
however, the reflective electrode 108 may be a cathode and a
conductive layer functioning as an anode may be used instead
of the cathode 113.

[0167] The light-emitting element 107 is formed with the
reflective electrode 108, the first microcavity layer 109, the
second microcavity layer 111, the light-emitting layer 112,
and the cathode 113.

[0168] Through the above steps, the transistor 102 and the
light-emitting element 107 are formed over the first substrate
110.

[0169] Next, a method for forming the base layer 162, the
black matrix 163, the red color filter 164, the green color filter
165, and the blue color filter 166 on the second substrate 160
is described with reference to FIGS. 5A to 5C.

[0170] As illustrated in FIG. SA, the base layer 162 is
formed over the second substrate 160.

[0171] Thebase layer 162 is formed using a material and a
method similar to those of the base layer 101.

[0172] Inthisembodiment, the baselayer 162 has a stacked
structure of a 100-nm-thick silicon nitride film and a 150-nm-
thick silicon oxynitride film.

[0173] Next, as illustrated in FIG. 5B, a light-blocking film
is formed over the base layer 162 and subjected to photoli-
thography to form the black matrixes 163. The black matrixes
163 are disposed between the red color filter 164 and the
green color filter 165, between the green color filter 165 and
the blue color filter 166, and between the blue color filter 166
and the red color filter 164.

[0174] As a material of the black matrix 163, a metal layer
having low reflectance, such as titanium or chromium, an
organic resin film which is impregnated with black pigment
or black dye, or the like can be used.

[0175] In this embodiment, the black matrix 163 is formed
with a single layer of a 500-nm-thick organic resin layer
which is impregnated with black pigment or black dye.
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[0176] Next, as illustrated in FIG. 5C, the red color filter
164, the green color filter 165, and the blue color filter 166 are
formed between the black matrixes 163 which are provided
over the base layer 162. The color filters are colored layers of
RGB. Note that end portions of the black matrixes may be
covered with the color filters.

[0177] The red color filter 164, the green color filter 165,
and the blue color filter 166 can be formed using a known
material by a printing method, an inkjet method, an etching
method using a photolithography step, or the like.

[0178] The color filter transmits light with a specific wave-
length. When light generated from the light-emitting layer
passes through the color filters, color separation of three
colors of RGB occurs. For example, the red color filter 164
selectively transmits light with a red wavelength band. The
green color filter 165 selectively transmits light with a green
wavelength band. The blue color filter 166 selectively trans-
mits light with a blue wavelength band.

[0179] The color filters are not particularly limited to three
colors of RGB. Color filters of four colors may be employed
by adding a yellow color filter or the like to RGB, or color
filters of five or more colors may be employed.

[0180] In this embodiment, the red color filter 164 is
formed with a single layer of a 2000-nm-thick organic resin
layer. The green color filter 165 is formed with a single layer
of a 1600-nm-thick organic resin layer. The blue color filter
166 is formed with a single layer of a 1200-nm-thick organic
resin layer.

[0181] Through the above steps, the second substrate 160
provided with the base layer 162, the black matrix 163, the red
color filter 164, the green color filter 165, and the blue color
filter 166 is formed.

[0182] The first substrate 110 and the second substrate 160
which are formed by the above methods are disposed so that
the partition overlaps with the black matrix 163, whereby the
organic EL display device 100 illustrated in FIG. 1 can be
manufactured.

[0183] Next, a pixel circuit including the organic EL dis-
play device 100 is described with reference to FIGS. 6A and
6B. F1G. 6A illustrates an example of a circuit diagram of a
pixel. FIG. 6B is an example of a timing chart of the pixel
circuit shown in FIG. 6A.

[0184] The pixel circuit shown in FIG. 6A includes a light-
emitting element 950, transistors 951 to 955, and a capacitor
956. Note that a capacitor 957 is shown as a capacitance of the
light-emitting element 950.

[0185] The light-emitting element 950 has a function of
emitting light in accordance with the amount of current which
flows between an anode and a cathode. A cathode potential
(also referred to as CATHODE in this diagram) is supplied to
the cathode of the light-emitting element 950.

[0186] An anode potential (also referred to as ANODE in
this diagram) is supplied to a drain of the transistor 951. The
transistor 951 functions as a driving transistor.

[0187] A data signal data is input into a source of the tran-
sistor 952, and a gate signal G1 is input into a gate of the
transistor 952.

[0188] In the transistor 953, one of a source and a drain is
supplied with a potential V0, and the other of the source and
the drain is electrically connected to a gate of the transistor
951. Further, the gate signal G1 is input into a gate of the
transistor 953.
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[0189] One of a source and a drain of the transistor 954 is
electrically connected to the gate of the transistor 951, and a
gate signal G2 is input into a gate of the transistor 954.
[0190] In the transistor 955, one of a source and a drain is
electrically connected to a source of the transistor 951, and
the other of the source and the drain is electrically connected
to the anode of the light-emitting element 950. Further, a gate
signal G3 is input into a gate of the transistor 955.

[0191] In the capacitor 956, one of a pair of electrodes is
electrically connected to the other of the source and the drain
of the transistor 952 and the other of the source and the drain
of the transistor 954, and the other of the pair of electrodes is
electrically connected to the source of the transistor 951.
[0192] Next, the example of a method for driving the pixel
circuit shown in FIG. 6A is described with reference to a
timing chart in FIG. 6B.

[0193] A periodT1in FIG. 6B is an initialization period. In
the period T1, the transistor 955 is turned on and the transis-
tors 952, 953, and 954 are turned off.

[0194] At this time, the level of the source potential of the
transistor 951 is lower than the level of the potential V0.
[0195] A period T2 is a threshold detection period. In the
period T2, the transistors 952 and 953 are turned on and the
transistors 954 and 955 are turned off.

[0196] At this time, when the gate potential of the transistor
951 is equivalent to the potential V0 and the level of a voltage
between the gate and the source of the transistor 951 (the
voltage is also referred to as Vgs 951) is equivalent to the level
of a threshold voltage of the transistor 951 (the threshold
voltage is also referred to as Vth 951), the transistor 951 is
turned off. Here, the source potential of the transistor 951 can
be obtained from the formula V0-Vth 951. Moreover, the
level of the potential of the one of the pair of electrodes of the
capacitor 956 is equivalent to the level of the potential Vdata
of the data signal data.

[0197] A period T3 is a light-emitting period. In the period
T3, the transistors 954 and 955 are turned on and the transis-
tors 952 and 953 are turned off.

[0198] At this time, the level of the gate potential of the
transistor 951 is equivalent to the level of the potential Vdata
of the data signal data, and Vgs 951 can be obtained from the
formula Vdata-Vth 951+V0. Accordingly, current that flows
between the source and the drain of the transistor 951 in a
saturation region (the current is also referred to as Ids 951)
does not depend on Vth 951 but depends on Vdata; thus, the
influence of the fluctuation of Vth 951 can be suppressed.
[0199] Further, the light-emitting element 950 emits light
in accordance with Ids 951.

[0200] Intheabove manner, the pixel circuit shown in FIG.
6A can operate.
[0201] The organic EL display device 100 described in this

embodiment includes a partition having characteristics in the
shape and the height. Specifically, the partition has a stacked
structure formed using different materials. A lower partition
has a curved top surface. An upper partition has a flat top
surface and a reverse tapered shape in cross section. The
height s less than or equal to 1.3 pm. With the partition having
such characteristics, a variety of problems such as a reduction
in viewing angle dependency, an improvement in contrast,
suppression of leakage current from an intermediate layer to
an adjacent pixel, or suppression of light leakage to the adja-
cent pixel can be efficiently solved. Thus, high-definition
display of the organic EL, display device 100 can be achieved.
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[0202] This embodiment can be freely combined with the
other embodiment in this specification.

Embodiment 2

[0203] In this embodiment, an organic EL display device
200 which enables high-definition display will be described.
In the organic EL display device 200, a shape of a partition is
adjusted, and the height of the partition is controlled to be
higher than orequal to 0.5 m and less than or equal to 1.3 pm.
[0204] Note that except that a wiring layer is not formed
between a light-emitting layer and a transistor, the organic EL
display device 200 described in this embodiment can have a
structure similar to that of the organic EL display device 100
described in Embodiment 1. Thus, Embodiment 1 can be
referred to for the detailed description.
[0205] As illustrated in FIG. 8, the organic EL display
device 200 includes a first substrate 240, a base layer 204 over
the first substrate 240, a transistor 250 over the base layer 204,
an insulating layer 214, a first interlayer film 216 over the
insulating layer 214, a light-emitting element 230 electrically
connected to the transistor 250, and a first partition 224 and a
second partition 226 which isolate the light-emitting element
230. In addition, a second substrate 260 is included to be
opposite to the first substrate 240. The second substrate 260 is
provided with a base layer 262, a black matrix 264, a red color
filter 267, a green color filter 266, and a blue color filter 265.
The transistor 250 includes a gate electrode 206, a semicon-
ductor layer 210, a source electrode 212a, a drain electrode
212b, and a gate insulating layer 208. The light-emitting
element 230 includes a reflective electrode 218, a first micro-
cavity layer 233, a second microcavity layer 234, a light-
emitting layer 220, and a cathode 222.
[0206] The first partition 224 preferably has a curved top
surface. The second partition 226 preferably has a flat top
surface and a reverse tapered shape in cross section.
[0207] The vertical distance between the top surface of the
reflective electrode 218 and the top surface of the second
partition 226 is greater than or equal to 0.5 um and less than
or equal to 1.3 um.
[0208] Thus, even in the case where a panel has a large size,
the organic EL display device 200 including the first partition
224 and the second partition 226 can achieve high-definition
display and an improvement in image quality.
[0209] This embodiment can be freely combined with the
other embodiment in this specification.
[0210] This application is based on Japanese Patent Appli-
cation serial no. 2012-171410 filed with Japan Patent Office
on Aug. 1, 2012, the entire contents of which are hereby
incorporated by reference.
What is claimed is:
1. (canceled)
2. A display device comprising:
a first electrode;
a first partition overlapping with an end portion of the first
electrode;
a second partition over and in contact with the first parti-
tion;
a light-emitting layer over the first electrode and a part of
the first partition; and
a second electrode over the light-emitting layer,
wherein a perpendicular distance between a top surface of
the first electrode and a top surface of the second parti-
tion is greater than or equal to 0.5 pm and less than or
equal to 1.3 um,

Jul. 2,2015

wherein the first partition includes a photosensitive resin
matetial, and

wherein the second partition includes a photosensitive
resin material.

3. The display device according to claim 2, further com-

prising:

a first substrate having a first surface;

a second substrate having a second surface facing the first
surface;

a color filter layer over the second surface; and

a black matrix over the second surface,

wherein the first electrode is located over the first surface of
the first substrate, and

wherein the first partition overlaps with the black matrix.

4. The display device according to claim 3, wherein a
perpendicular distance between a surface of the color filter
layer on the first substrate side and the top surface of the first
electrode is less than or equal to 3 pm.

5. The display device according to claim 2, wherein the first
partition has a curved top surface.

6. The display device according to claim 2, further com-
prising a transparent conductive layer over and in contact with
the first electrode.

7. The display device according to claim 6, wherein the
transparent conductive layer has a stacked structure.

8. The display device according to claim 2, wherein a
length in a direction of a long side of the top surface of the
second partition is larger than or equal to a length in a direc-
tion of a long side of the first electrode.

9. The display device according to claim 2, wherein the
second partition has a reverse tapered shape.

10. The display device according to claim 2, further com-
prising a transistor electrically connected to the first elec-
trode, wherein the transistorincludes an oxide semiconductor
in a channel formation region.

11. The display device according to claim 2, wherein the
second partition is located only between pixels of different
colors.

12. The display device according to claim 2, further com-
prising a third partition between pixels of the same color,

wherein the second partition is located between pixels of
different colors, and

wherein a material of the third partition is same as a mate-
rial of the second partition.

13. A display device comprising:

a first pixel and a second pixel adjacent to the first pixel,
each of the first pixel and the second pixel comprising:
a first electrode; and
a light-emitting layer over the first electrode;

a first partition overlapping with an end portion of the first
electrode of the first pixel and an end portion of the first
electrode of the second pixel; and

a second partition being over and in contact with the first
partition, and between the first electrode of the first pixel
and the first electrode of the second pixel,

wherein a perpendicular distance between a top surface of
the first electrode and a top surface of the second parti-
tion is greater than or equal to 0.5 pm and less than or
equal to 1.3 pum,

wherein the first partition includes a photosensitive resin
material, and

wherein the second partition includes a photosensitive
resin material.



US 2015/0187852 A1

14. The display device according to claim 13, further com-
prising:

a first substrate having a first surface:

a second substrate having a second surface facing the first

surface;

a color filter layer over the second surface; and

a black matrix over the second surface,

wherein the first electrode of the first pixel and the first

electrode of the second pixel are located over the first
surface, and

wherein the first partition overlaps with the black matrix.

15. The display device according to claim 14, wherein a
perpendicular distance between a surface of the color filter
layer on the first substrate side and the top surface of the first
electrode is less than or equal to 3 pm.

16. The display device according to claim 13, wherein the
first partition has a curved top surface.

17. The display device according to claim 13, further com-
prising a transparent conductive layer over and in contact with
the first electrode.

18. The display device according to claim 17, wherein the
transparent conductive layer has a stacked structure.

19. The display device according to claim 13, wherein a
length in a direction of a short side of the top surface of the
second partition is smaller than or equal to a distance between
the first electrode of the first pixel and the first electrode of the
second pixel.

12
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20. The display device according to claim 13, wherein a
length in a direction of a long side of the top surface of the
second partition is larger than or equal to a length in a direc-
tion of a long side of the first electrode.

21. The display device according to claim 13, wherein the
second partition has a reverse tapered shape.

22. The display device according to claim 13, further com-
prising a transistor electrically connected to the first elec-
trode, wherein the transistorincludes an oxide semiconductor
in a channel formation region.

23. The display device according to claim 13, wherein a
color of the first pixel is different from a color of the second
pixel.

24. The display device according to claim 13, further com-
prising:

a third pixel adjacent to the first pixel, the third pixel
including the first electrode and the light-emitting layer;
and

a third partition between the first pixel and the third pixel,

wherein a material of the third partition is same as a mate-
rial of the second partition,

wherein the second partition is located between the first
pixel and the second pixel,

wherein a color of the first pixel is different from a color of
the second pixel, and

wherein a color of the third pixel is same as the color of the
first pixel.
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