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(57) Abstract: To provide a light-emitting device which can emit bright light without increasing the projected area of a light-emit-
ting element and be manufactured with high yield. A light-emitting device of one embodiment of the present invention includes a
plurality of projections; a first electrode formed along the plurality of projections; a layer containing a light-emitting organic com-
pound formed along the plurality of projections and over the first electrode; and a second electrode formed along the plurality of
projections and over the layer containing a light-emitting organic compound. Further, the plurality of projections each have a bottom
surface having a side in contact with a bottom surface of an adjacent projection; a plurality of side surfaces each having a certain
angle greater than 0° and less than or equal to 80° with respect to the bottom surface; and a vertex having a first continuously curved
surface.
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1
DESCRIPTION
LIGHT-EMITTING DEVICE
TECHNICAL FIELD
[0001]

The present invention relates to a light-emitting device which includes a layer
containing a light-emitting organic compound (also referred to as an EL layer), between

a first electrode and a second electrode.

BACKGROUND ART
[0002]

In Patent Document 1, a light-emitting element formed over an uneven
structure is disclosed.  Specifically, an uneven structure is formed over a substrate and
a light-emitting element which includes a layer containing a light-emitting organic
compound, between a first electrode and a second electrode, is formed along the uneven
structure, whereby the area of the light-emitting element (that is, a light emission area)
can be made larger than the area of the substrate provided with the uneven structure
(that is, the projected area of the light-emitting element). Thus, the brightness of the
light-emitting element can be increased. Accordingly, even when the luminance in a
light-emitting portion of the light-emitting element is low, the effective luminance of the
light-emitting element can be kept at a practical level.

[Reference]

[Patent Document]

[0003]

[Patent Document 1] Japanese Published Patent Application No. 2003-257661
(paragraphs 0037 to 0040)

DISCLOSURE OF INVENTION
[0004]
However, when the layer containing the light-emitting organic compound is

formed over the projection of the uneven structure so that the layer has an appropriate



10

15

20

25

30

WO 2013/047713 PCT/JP2012/074999

thickness over a side surface of the projection of the uneven structure, the thickness of
the layer containing the light-emitting organic compound may be too large between the
projections (see FIG. 4C). As a result, a defect that a region between the projections
does not emit light or a defect that the emission intensity decreases occurs. Further,
electric field concentration is likely to occur at the vertex of the projection, and it is

difficult to cover the vertex of the projection with the layer containing the light-emitting

'organic compound densely; therefore, a defect that the first electrode and the second

electrode are short-circuited at the vertex during driving is likely to occur.
{0005]

' It is an object of one embodiment of the present invention to provide a
light-emitting device which can emit bright light without increasing the projected area
of a light-emitting element and can be manufactured with high yield. It is another
object of one embodiment of the present invention to provide a light-emitting device
which can emit bright light without increasing the projected area of a light-emitting
element and in which uniform light emission can be obtained.

[0006]

One embodiment of the present invention focuses on the vertex of a projection
of an uneven structure and the arrangement of a plurality of projections, specifically, an
uneven structure in which the projections are provided so that a side of the bottom
surface of the projection and a side of the bottom surface of the adjacent projection are
in contact with each other and the projections each have a vertex having a continuously
curved surface.

[0007]

One embodiment of the present invention is a light-emitting device including a
plurality of projections; a first electrode formed along the plurality of projections; a
layer containing a light-emitting organic compound which is formed along the plurality
of projections and over the first electrode; and a second electrode formed along the
plurality of projections and over the layer containing the light-emitting organic
compound. = Further, the plurality of projections each have a bottom surface having a
side in contact with a bottom surface of an adjacent projection; a plurality of side
surfaces each having a certain angle greater than 0° and less than or equal to 80° with

respect to the bottom surface; and a vertex having a first continuously curved surface.
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[0008]

According to one embodiment of the present invention, each of a plurality of
projections has a plurality of side surfaces each having a certain angle greater than 0°
and less than or équal to 80° with respect to the bottom surface, whereby a layer
containing a light-emitting organic compound can be formed over the first electrode to a
uniform thickness when the layer containing the light-emitting organic compound is
formed from the direction perpendicular to the bottom surface. Further, the projections
are provided so that sides of the bottom surfaces of the adjacent projections are in
contact with each other, and thus, the area of a region between the projections is reduced.
Accordingly, a light-emitting device in which a region which does not emit light or a
region having low emissijon intensity is reduced and in which uniform light emission is
obtained can be provided. Moreover, each of the plurality of projections has a bottom
surface having a side in contact with a bottom surface of an adjacent projection,
whereby as many side surfaces each having a certain angle as possible can be provided,
and an area which emits light with high uniformity is increased, so that a light-emitting
device which emits bright light with high uniformity can be provided. Furthermore,
when the vertex of the projection has a first continuously curved surface, the first
electrode and the second electrode are unlikely to be short-circuited, so that a highly
reliable light-emitting device can be manufactured with high yield.

[0009]

According to one embodiment of the present invention, a total area of the
plurality of side surfaces and second continuously curved surfaces in the projection is
larger than the area of the side surface of a circular cone which is provided on an inner
side than the bottom surface of the projection and whose bottom surface has a shape of a
circle in contact with sides of the bottom surface of the projection. Thus, the
projections can be arranged without any space in a limited projected area, and an effect
of increasing the light emission area can be large as compared to a light-emitting device

having circular cones. Here, “a circular cone” means a solid surrounded by the bottom

surface and lines (generatrices) each connecting a point on the circumference of a circle

(the bottom surface) on a plane to one point which does not exist on the plane.

[0010]
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Further, in one embodiment of the present invention, the projection is
preferably a pyramid. Here, “a pyramid” means a polyhedron surrounded by the
bottom surface and lines (generatrices) each connecting a point on sides of a polygon
(the bottom .surface) on a plane to one point which does not exist on the plane.

[0011]

Moreover, in one embodiment of the present invention, the bottom surface
preferably has a hexagonal shape. When the bottom surface has a hexagonal shape,
the projections can be arranged without any space in a limited projected area, so that
more projections can be arranged.  Further, the projection has a structure in which two
side surfaces are in contact with each other on a ridge of the projection at an obtuse
angle, so that a light-emitting device in which the first electrode and the second
electrode are unlikely to be short-circuited on the ridge can be provided.

[0012]

Furthermore, in one embodiment of the present invention, the plurality of side
surfaces are preferably connected to each other with the second continuously curved
surface. Thus, the projection has a structure in which two side surfaces are in contact
with each other with the second continuously curved surface on a ridge of the projection,
so that a light-emitting device in which the first electrode and the second electrode are
unlikely to be short-circuited on the ridge can be provided.

[0013]

Further, in one embodiment of the present invention, a light-emitting device
may include an auxiliary electrode which is formed at the feet of the plurality of
projections and electrically connected to the first electrode. Thus, even when the
surface area of the first electrode provided over the projections is increased and the
electric resistance of the first electrode is high, the effective electric resistance of the
first electrode can be reduced by the auxiliary electrode, so that uniform light emission
can be obtained.

[0014]

Furthermore, in one embodiment of the present invention, an end of the
auxiliary electrode is preferably covered with the projection. When the end of the
auxiliary electrode is covered with the projection, a defect of a short circuit between the

first electrode and the second electrode which may be caused by a step at the end of the
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auxiliary electrode in the case where the auxiliary electrode is provided between the
projection and the first electrode can be prevented.
[0015]

According to one embodiment of the present invention, a light-emitting device
which can emit bright light without increasing the projected area of a light-emitting
element and can be manufactured with high yield can be provided. Further, according
to one embodiment of the present invention, a light-emitting device which can emit
bright light without increasing the projected area of a light-emitting element and in

which uniform light emission can be obtained can be provided.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

In the accompanying drawings:

FIG. 1A is a plan view illustrating a light-emitting device of one embodiment of
the present invention, FIG. 1B is a cross-sectional view taken along line A-B and line
C-D of FIG. 1A, and FIG. 1C is a cross-sectional view taken along line E-F of FIG. 1A;

FIG. 2A is a plan view illustrating a light-emitting device of one embodiment of
the present invention, and FIG. 2B is a cross-sectional view taken along line A-B and
line C-D of FIG. 2A;

FIG. 3A is a perspective view and a plan view illustrating some of projections
13 and part of a first substrate 12 which are illustrated in FIGS. 1A to 1C, FIG. 3B is a
perspective view and a plan view illustrating some of projections 20 and part of a first
substrate 12 which are illustrated in FIGS. 2A and 2B, and FIG. 3C is a perspective view
and a plan view illustrating some of projections and part of a first substrate as a
comparative example;

FIG. 4A is a plan view illustrating a light-emitting device of the comparative
example in which the area of a region between the projections is large, FIG. 4B is a
cross-sectidnal view taken along line A-B and line C-D of FIG. 4A, and FIG. 4C is a
cross-sectional view taken along line E-F of FIG. 4A,;

FIG. 5A is a cross-sectional view taken along line A-B and line C-D of FIG. 1A
illustrating a light-emitting device of one embodiment of the present invention, and FIG.

5B is a cross-sectional view taken along line A-B and line C-D of FIG. 1A illustrating a
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light-emitting device of one embodiment of the present invention; and
FIGS. 6A to 6E are views illustrating light-emitting elements that can be used

for a light-emitting device of one embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0017]

Hereinafter, embodiments of the present invention will be described in detail
with reference to the accompanying drawings. However, the present invention is not
limited to the following description and it is easily understood by those skilled in the art
that the mode and details can be variously changed without departing from the scope
and spirit of the present invention. Therefore, the present invention should not be
construed as being limited to the description in the following embodiments.

[0018]
[Embodiment 1]

A light-emitting device of one embodiment of the present invention will be
described with reference to FIGS. 1A to 1C and FIG. 3A.  As illustrated in FIGS. 1A to
1C, a light-emitting device 11 includes the first substrate 12.

[0019] |

As the first substrate 12, a transparent or translucent substrate can be used. In

_the case where light of a light-emitting element is extracted from a surface on a side

opposite to the first substrate 12, an opaque substrate can be used.
[0020]

A material of a substrate can be selected from glass, plastic, ceramic, a
semiconductor material, a metal material whose surface is subjected to insulating
treatment, and the like as appropriate. A stacked-layer substrate in which a plurality of
materials for the substrate are stacked can also be used. Further, a circuit which drives
the light-emitting element and includes a resistor, a capacitor, an inductor, a diode, a
transistor, and the like, may be formed over a substrate surface or in the substrate.

[0021]

An uneven structure having the plurality of projections 13 is formed over the

first substrate 12.  Each of the plurality of projections 13 may include a bottom surface

having a side in contact with the bottom surface of an adjacent projection; a plurality of
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side surfaces each having a certain angle greater than 0° and less than or equal to 80°
with respect to the bottom surface; and a vertex 13b having a continuously curved
surface (see FIG. 3A). In one embodiment of the present invention, each of the
plurality of projections 13 has a three-dimensional shape like a quadrangular pyramid,
the vertex 13b of each of the plurality of quadrangular pyramids has a continuously
curved surface, a side surface of each of the plurality of quadrangular pyramids has an
angle greater than 0° and less than or equal to 80° with respect to the bottom surface of
each of the plurality of quadrangular pyramids, the bottom surface is positioned over the
upper surface of the first substrate 12, and sides of quadrangles of the adjacent bottom
surfaces are in contact with each other, so that the projections 13 are arranged densely
without any space. The angle is formed by the side surface and the bottom surface of a
quadrangular pyramid, which is the projection 13. An angle 6, in FIG. 1B is, for
example, about 60°, and an angle 6, in FIG. 1C is, for example, about 45°,

[0022]

Note that the plurality of side surfaces of the projection have a certain angle
with respect to the bottom surface, whereby a film (an electrode or an EL layer) can be
formed over the projection to a uniform thickness. The angle is preferably larger
because a light emission area can be increased. Note that in order to secure high yield
in manufacturing the uneven structure, the plurality of side surfaces of the projection
each preferably have a certain angle greater than 0° and less than or equal to 80° with
respect to the bottom surface.

[0023]

The height from the bottom surface to the vertex 13b of the projection 13
means a length of the perpendicular from the vertex 13b to the bottom surface. The
height is preferably within a range of 1 um to 100 um, for example. In this
embodiment, the height is about 30 um. In particular, when the height is within a
range of 10 um to 100 pm, there is an adlvantage that the projection 13 can be formed
easily. Further, the area of the bottom surface of the projection 13 is preferably within
a range of 0.1 um” to 0.3 mm®. In particular, it is preferable that the area be within a
range of 30 um’ to 10000 um” because the projection 13 can be formed easily and the

above-described angle can be sufficiently large. Further, it is preferable that the vertex
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13b have a curved surface with a radius of curvature of 15 um to 450 um because it can
be formed easily.
[0024]

The projection 13 is formed using, for example, a transparent thermoplastic
resin, a transparent photocurable resin, a transparent thermosetting resin, or the like.
The projection 13 can be formed by a nanoimprinting technique, for example.

[0025]

A first electrode 14 is formed over the plurality of projections 13 and along the
side surfaces and the vertexes 13b of the projections 13. A first terminal 14a and a
second terminal 14b are formed over the first substrate 12. The first terminal 14a is
provided on one outer side than the plurality of projections 13, and the second terminal
14b is provided on the other outer side than the plurality of projections 13. The first
terminal 14a is connected to theifirst electrode 14, and the second terminal 14b is
separated from the first electrode 14 by a partition wall 15. The first terminal 14a is
formed in the same layer as the second terminal 14b.

[0026]

The partition wall 15 is formed in a periphery of the first electrode 14 so as to
surround the plurality of projections 13. A layer 16 containing a light-emitting organic
compound is formed over the partition wall 15 and the first electrode 14 and along the
side surfaces and the vertexes 13b of the plurality of projections 13.

[0027]

A second electrode 17 is formed over the layer 16 containing a light-emitting
organic compound, the second terminal 14b, and the partition wall 15 and along the side
surfaces and the vertexes 13b of the plurality of projections 13. The second electrode
17 is electrically connected to the second terminal 14b and electrically isolated from the
first terminal 14a by the partition wall 15. The layer 16 containing a light-emitting
organic compound is positioned between the first electrode 14 and the second electrode
17.

[0028]

The adjacent side surfaces of a quadrangular pyramid of the projection 13 are

connected to each other by the continuously curved surface, as illustrated in FIG. 3A.

The curved surface is positioned on a ridge 13a of the quadrangular pyramid. In other
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words, a structure in which two side surfaces of the quadrangular pyramid are in contact
with each other with the ridge (a side surface of the continuously curved surface which
connects the two side surfaces of the quadrangular pyramid) 13a by the continuously
curved surface can be obtained, so that a short circuit between the first electrode 14 and
the second electrode 17 on the ridge 13a can be prevented.

[0029]

A structure of a light-emitting element (the first electrode 14, the second
electrode 17, and the layer 16 containing a light-emitting organic compound) that can be
used for a light-emitting device according to one embodiment of the present invention
will be described in detail in Embodiment 5.

[0030]

As a material for the partition wall 15, for example, a polyimide resin, an
acrylic resin, or the like can be used. ~As a formation method of the partition wall 15, a
screen printing method, a slit coating method, or the like can be employed.  Further, an
inorganic insulating material such as silicon oxide (SiOy) can be used.

[0031] |

A second substrate 18 is provided above the first substrate 12. The
projections 13, the first electrode 14, the partition wall 15, the layer 16 containing a
light-emitting organic compound, and the second electrode 17, which are positioned
between the first substrate 12 and the second substrate 18, are sealed with a sealant 19.
The sealant 19 is positioned over the first terminal 14a and the second terminal 14b.
One end of the first terminal 14a and one end of the second terminal 14b are positioned
on the outer side than the sealant 19.

[0032]

For the sealant 19, for example, a photocurable resinv (e.g., an ultraviolet (UV)
curable resin such as an epoxy resin) or a glass frit material can be used. As a
formation method of the sealant 19, for example, a dispensing method, a screen printing
method, or a slit coating method can be employed.

[0033]

In the case where an opaque substrate is used as the first substrate 12, a

transparent or translucent substrate can be used as the second substrate 18.

[0034]
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According to this embodiment, each of the quadrangular pyramids, which are
the plurality of projections 13, has a plurality of side surfaces each having a certain
angle greater than 0° and less than or equal to 80° with respect to the bottom surface,
whereby the layer 16 containing a light-emitting organic compound, which is formed
from the direction perpendicular to the bottom surface, can be formed over the fi;st
electrode 14 to a uniform thickness. Further, each of the plurality of quadrangular
pyramids has a bottom surface having a side in contact with the bottom surface of an
adjacent quadrangular pyramia, whereby as many quadrangular pyramids as possible
can be provided, and as many side surfaces of the quadrangular ’pyramids as possible
can be provided, so that an area from which light is emitted uniformly can be increased.
Further, the area of a region between the projections which is a region from which light
is not emitted or a region having low emission intensity is reduced, whereby a
light-emitting device which emits bright light uniformly can be provided. Further, the
vertex 13b of the quadrangular pyramid has a continuously curved surface, so that a
highly reliable light-emitting device in which a short circuit between the first electrode
14 and the second electrode 17 is unlikely to occur can be manufactured with high yield.
[0035]

Further, the total area of four side surfaces of the quadrangular pyramid whicvh
is the projection 13, and the continuously curved surfaces positioned on the ridges 13a
is larger than the area of the side surface of a circular cone which is provided on an
inner side than the bottom surface of the quadrangular pyramid and whose bottom
surface is a circle in contact with the sides of the bottom surface of the quadrangular
pyramid (i.e., a circular cone of a projection having a circular bottom surface, which is
illustrated in FIG. 3C). Thus, the quadrangular pytamids can be arranged without any
space in a limited projected area (i.e., the area of the first substrate 12 provided with the
plurality of quadrangular pyramids), and the light emission area of the quadrangular
pyramids can be larger than that of the circular cones.

[0036]
[Embodiment 2]

A light-emitting device according to one embodiment of the present invention

will be described with reference to FIGS. 2A and 2B and FIG. 3B. Note that the same

portions as those in FIGS. 1A to 1C are denoted by the same reference numerals and the
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description thereof is omitted.
[0037]

The light-emitting device illustrated in FIGS. 2A and 2B is different from the
light-emitting device illustrated in FIGS. 1A to 1C in that it has a projection 20 of a
hexagonal pyramid instead of the projection 13 of the quadrangular pyramid in FIGS.
1A to 1C; however, the other components are similar to the light-emitting device
illustrated in FIGS. 1A to 1C.

[0038]

Specifically, as illustrated in FIGS. 2A and 2B, each of the plurality of
projections 20 has a three-dimensional shape like a hexagonal pyramid, a vertex 20b of
each of the plurality of hexagonal pyramids (see FIG. 3B) has a continuously curved
surface, a side surface of each of the plurality of hexagonal pyramids has an angle
greater than 0° and less than or equal to 80° with respect to the bottom surface of each
of the plurality of hexagonal pyramids, the bottom surface is positioned over the upper
surface of the first substrate 12 and, sides of hexagons of the adjacent bottom surfaces
are in contact with each other, so that the projections 20 are arranged densely without

any space. The angle is formed by the side surface and the bottom surface of the

- hexagonal pyramid which is the projection 20. The angle 8, in FIG. 2B is, for example,

about 60°.
[0039]

The height from the bottom surface to the vertex 20b of the projection 20 is
preferably in a range of 1 um to 100 um, for example. In this embodiment, the height
is about 30 um.

[0040]

Advantageous effects similar to those of Embodiment 1 can also be obtained in
this embodiment.
[0041]

Further, according to this embodiment, the bottom surface of the projection 20
has a hexagonal shape; therefore, the hexagonal pyramids can be provided in a limited
projected area (i.e., the area of the first substrate 12 provided with the plurality of

hexagonal pyramids) without any space, so that more hexagonal pyramids can be
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provided. Further, a structure in which two side surfaces of the hexagonal pyramid are
in contact with each other on the ridge 20a of the hexagonal pyramid (a side surface of
the continuously curved surface which connects the two side surfaces of the hexagonal
pyramid) at an obtuse angle can be obtained, so that a light-emitting device in which a
short circuit between the first electrode 14 and the second electrode 17 on the ridge 20a
is unlikely to occur can be provided.

[0042]

(Embodiment 3)

A light-emitting device according to one embodiment of the present invention
will be described with reference to FIG. SA. The same portions as those in FIGS. 1A
to 1C are denoted by the same reference numerals and the déscription thereof is omitted.
[0043]

The light-emitting device illustrated in FIG. SA is different from the
light-emitting device illustrated in FIG. 1B in that an auxiliary electrode 22 is formed in
addition to the components of the light-emitting device illustrated in FIG. 1B; however,
the other components in FIG. SA are the same as the components in FIG. 1B.

[0044]

Specifically, the auxiliary electrode 22 is formed over the first substrate 12, and
quadrangular pyramids, which are the plurality of projections 13, are formed over the
auxiliary electrode 22 and the first substrate 12. The auxiliary electrode 22 is formed
at the feet of the plurality of quadrangular pyramids. In other words, the auxiliary
electrode 22 is provided along the perimeter of a quadrangle of the bottom surface of
the quadrangular pyramid. Both ends of the auxiliary electrode 22 are covered with
the quadrangular pyramids. A center portion of the auxiliary electrode 22 is not
overlapped with the quadrangular pyramid. The exposed portion of the auxiliary
electrode 22 is electrically connected to the first electrode 14.

[0045]

Advantageous effects similar to those of Embodiment 1 can also be obtained in

this embodiment.
[0046]
Further, according to this embodiment, even when the surface area of the first

clectrode 14 provided over the projections 13 is increased and the electric resistance of
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the first electrode 14 is high, the effective electric resistance of the first electrode 14 can
be reduced by the auxiliary electrode 22, so that uniform light emission can be obtained.
[0047]

Further, the both ends of the auxiliary electrode 22 are covered with the
projections 13, whereby a step at the end of the auxiliary electrode 22 can be reduced,
so that a defect of a short circuit between the first electrode 14 and the second electrode
17 which is caused by the step can be prevented.

[0048]

Note that in the light-emitting device described in this embodiment, the
auxiliary electrode 22 is formed in addition to the components of the light-emitting
device illustrated in FIG. 1B; however, the auxiliary electrode may be formed in
addition to the components of the light-emitting device illustrated in FIGS. 2A and 2B.
[0049]

[Embodiment 4]

A light-emitting device of one embodiment of the present invention will be
described with reference to FIG. 5B.  The same portions as those in FIGS. 1A to 1C are
denoted by the same reference numerals and the description thereof is omitted.

[0050]

The light-emitting device illustrated in FIG. 5B is different from the
light-emitting device illustrated in FIG. 1B in that an auxiliary electrode 23 is formed in
addition to the components of the light-emitting device illustrated in FIG. 1B; however,
the other components in FIG. 5B are the same as the components of the light-emitting
device in FIG. 1B.

[0051]

Specifically, the auxiliary electrode 23 is formed over quadrarigular pyramids

. which are the plurality of projections 13, and the first electrode 14 is formed over the

auxiliary electrode 23 and the projections 13. The auxiliary electrode 23 is formed at
the feet of the plurality of quadrangular pyramids and electrically connected to the first
electrode 14. '
[0052]

Advantageous effects similar to those of Embodiment 1 can also be obtained in

this embodiment.
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[0053]

Further, according to this embodiment, even when the surface area of the first
electrode 14 provided over the projections 13 is increased and the electric resistance of
the first electrode 14 is high, the effective electric resistance of the first electrode 14 can
be reduced by the auxiliary electrode 23, so that uniform light emission can be obtained.
[0054]

Note that in the light-emitting device described in this embodiment, the
auxiliary electrode 23 is formed in addition to the components of the light-emitting
device illustrated in FIG. 1B; however, the auxiliary electrode may be formed in
addition to the components of the light-emitting device illustrated in FIGS. 2A and 2B.
[0055] '

[Embodiment 5]

In this embodiment, an example of a light-emitting element that can be used for

‘a light-emitting device according to one embodiment of the present invention will be

described with reference to FIGS. 6A and 6E.
[0056]

The light-emitting element described in this embodiment as an example
includes a layer containing a light-emitting organic compound (hereinafter referred to as
an EL layer), between a first electrode and a second electrode. One of the first
electrode and the second electrode serves as an anode and the other serves as a cathode.
[0057]
<Structure Example 1 of Light-Emitting Element>

A structure example of the light-emitting element is illustrated in FIG. 6A. In
the light-emitting element illustrated in FIG. 6A, an EL layer is provided between an
anode 1101 and a cathode 1102.

[0058]

When voltage higher than the threshold voltage of the light-emitting element is
applied between the anode 1101 and the cathode 1102, holes are injected to the EL layer
from the anode 1101 side and electrons are injected to the EL layer from the cathode
1102 side. The injected electrons and holes are recombined in the EL layer, so that a
light-emitting substance contained in the EL layer emits light.

[0059]
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In this specification, a layer or a stacked body which includes one region where
electrons and holes injected from both ends are recombined is referred to as a
light-emitting unit. Structure Example 1 of the light-emitting element includes one
light-emitting unit. |
[0060]

A light-emitting unit 1103 may include at least a light-emitting layer containing
a light-emitting substance, and may have a structure in which the light-emitting layer
and a layer other than the light-emitting layer are stacked. Examples of the layer other
than the light-emitting layer are layers containing a substance having a high
hole-injection property, a substance having a high hole-transport property, a substance
having a poor carrier-transport property (substance which blocks carriers), a substance
having a high electron-transport property, a substance having a high electron-injection
property, and a substance having a bipolar property (substance having high electron-
and hole-transport properties).

[0061]

An example of a specific structure of the light-emitting unit 1103 is illustrated
in FIG. 6B. In the light-emitting unit 1103 illustrated in FIG. 6B, a hole-injection layer
1113, a hole-transport layer 1114, a light-emitting layer 1115, an electron-transport layer
1116, and an electron-injection layer 1117 are stacked iﬁ this order from the anode 1101
side.

[0062]
<Structure Example 2 of Light-Emitting Element>

Another structure example of the light-emitting element is illustrated in FIG.
6C. In the light-emitting element illustrated in FIG. 6C, an EL layer including the
light-emitting unit 1103 is provided between the anode 1101 and the cathode 1102.
Further, an intermediate layer 1104 is provided between the cathode 1102 and the
light-emitting unit 1103. Note that a structure similar to that of the light-emitting unit
included in Structure Example 1 of the light-emitting element, which is described above,
can be applied to the light-emitting unit 1103 in Structure Example 2 of the
light-emitting element and that the description of Structure Example 1 of the
light-emitting element can be referred to for the details.

[0063]
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The intermediate layer 1104 may be formed to include at least a charge
generation region, and may have a structure in which the charge generation region and a
layer other than the charge generation region are stacked. For example, a structure can
be employed in which a first charge generation region 1104c, an electron-relay layer
1104b, and an electron-injection buffer 1104a are stacked in that order from the cathode
1102 side.

[0064]
The range of choices of materials that can be used for the cathode in Structure

Example 2 of the light-emitting element is wider than that of materials that can be used

“for the cathode in Structure Example 1 of the light-emitting element. This is because

the cathode in Structure Example 2 may receive holes generated by the intermediate
layer and a material having a relatively high work function can be used.

[0065]

<Structure Example 3 of Light-Emitting Element>

Another structure exafnple of the light-emitting element is illustrated in FIG.
6D. In the light-emitting element illustrated in FIG. 6D, an EL layer including two
light-emitting units is provided between the anode 1101 and the cathode 1102.
Furthermore, the intermediate layer 1104 is provided between a first light-emitting unit
1103a and a second light-emitting unit 1103b.

[0066]

Note that the number of the light-emitting units provided between the anode
and the cathode is not limited to two. A light-emitting element illustrated in FIG. 6E
has a structure in which a plurality of light-emitting units 1103 are stacked, that is, a
so-called tandem structure. Note that in the case where n (r is a natural number
greater than or equal to 2) light-emitting units 1103 are provided between the anode and
the cathode, for example, the intermediate layer 1104 is provided between an m-th (m is
a natural number greater than or equal to 1 and less than or equal to n-1) light-emitting
unit and an (m+1)-th light-emitting unit. In general, the thickness of an EL layer in a
tandem light-emitting element is large; therefore, a defect that a region befween the
projections does not emit light or a defect that the emission intensity decreases is likely

to occur. However, according to one embodiment of the present invention, even when
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a tandem light-emitting element is used, a light-emitting device which emits light highly
uniformly and has few regions which do not emit light or has low emission intensity can
be realized.

[0067)

Note that a structure similar to that in Structure Example 1 of the light-emitting
element can be applied to the light-emitting units 1103 in Structure Example 3 of the
light-emitting element; a structure similar to that in Structure Example 2 of the
light-emitting element can be applied to the intermediate layer 1104 in Structure
Example 3 of the light-emitting element. Thus, for the details, the description of the
structure example 1 of the light-emitting element or the structure example 2 of the
light-emitting element can be referred to.

[0068)]

The behavior of electrons and holes in the intermediate layer 1104 provided
between the light-emitting units will be described. When voltage higher than the
threshold voltage of the light-emitting element is applied between the anode 1101 and
the-cathode 1102, holes and electrons are generated in the intermediate layer 1104, and
the holes move into the light-emitting unit provided on the cathode 1102 side and the
electrons move into the light-emitting unit provided on the anode side. The holes
injected into the light-emitting unit provided on the cathode side are recombined with
the electrons injected from the cathode side, and the electrons injected into the
light-emitting unit provided on the anode side are recombined with the holes injected
from the anode side. Thus, the holes and electrons generated in the intermediate layer
1104 cause light emission in the respective light-emitting units.

[0069]

Note that the light-emitting units can be provided in contact with each other
when these light-emitting units allow the same structure as the intermediate layer to be
formed therebetween.

[0070]

Structure Examples 1 to 3 of the light-emitting element can be implemented in
combination. For example, an intermediate layer may be provided between the
cathode and the light-emitting unit in Structure Example 3 of the light-emitting element.

[0071]
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<Method for Manufacturing Light-Emitting Element>

One embodiment of a method for manufacturing a light-emitting element will
be described. Over the first electrode, the layers described above are combined as
appropriate to form an EL layer. Any of a variety of methods (e.g., a dry process or a
wet process) can be used to form the EL layer depending on the material for the EL
layer. Note that a different formation method may be employed for each layer. The
second electrode is formed over the EL layer. Thus, the light-emitting eleiment is
manufactured.

[0072]

The light-emitting element described in this embodiment can be fabricated by
combination of the above-described materials. Light emission from the
above-described light-emitting substance can be obtained with this light-emitting
element, and the emission color can be selected by changing the type of the
light-emitting substance.

[0073] »

Further, a plurality of light-emitting substances which emit light of different
colors can be used, whereby, for example, white light emission can also be obtained by
expanding the width of the emission spectrum. Note that in order to obtain white light
emission, for example, a structure may be employed in which at least two light-emitting
layers are provided so that light of complementary colors is emitted from the
light-emitting layers. Specific examples of complementary colors include “blue and
yellow”, “blue-green and red”, and the like.

[0074]

Further, in 6rder to obtain white light emission with an excellent color
rendering property, an emission spectrum preferably spreads through the entire visible
light region. For example, a light-emitting element may include layers emitting light
of blue, green, and red.

[0075]
This embodiment can be combined with any of the other embodiments

described in this specification as appropriate.

REFERENCE NUMERALS
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[0076]

11: light-emitting device, 12: first substrate, 13: projection, 13a: ridge (side surface of
the continuously curved surface which connects the two side surfaces of the
quadrangular pyramid), 13b: vertex having continuously curved surface, 14: first
electrode, 14a: first terminal, 14b: second terminal, 15: partition wall, 16: layer
containing light-emitting organic compound, 17: second electrode, 18: second substrate,
19: sealant, 20: projection, 20a: ridge (side surface of the continuously curved surface
which connects the two side surfaces of the hexagonal pyramid), 20b: vertex having
continuously curved surface, 21: projection, 22: auxiliary electrode, and 23: auxiliary

electrode

This application .is based on Japanese Patent Application Serial No.
2011-214826 filed with Japan Patent Office on September 29, 2011, the entire contents

of which are hereby incorporated by reference.
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CLAIMS
1. A light-emitting device comprising:
a plurality of projections;
a first electrode formed along the plurality of projections;
a layer comprising a light-emitting organic compound, the layer being formed
along the plurality of projections and over the first electrode; and
a second electrode formed along the plurality of projections and over the layer
comprising a light-emitting organic compound,
wherein the plurality of projections each comprise:
a bottom surface having a side in contact with a bottom surface of an
adjacent projection; |
a plurality of side surfaces; and

a vertex having a first continuously curved surface.

2. The light-emitting device according to claim 1, wherein the projection is a

pyramid.

3. The light-emitting device according to claim 1, wherein the bottom surface

has a quadrangular shape or a hexagonal shape.

4. The light-emitting device according to claim 1, wherein the plurality of side

surfaces are connected to each other with a second continuously curved surface.

5. The light-emitting device according to claim 1, comprising an auxiliary
electrode which is formed at the feet of the plurality of projections and electrically

connected to the first electrode.

6. The light-emitting device according to claim 5, wherein ends of the auxiliary

electrode are covered with the projections.

7. The light-emitting device according to claim 1, wherein the plurality of side

surfaces each have a certain angle greater than 0° and less than or equal to 80° with
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respect to the bottom surface.
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