wo 2015/181678 A1 [N N0 00O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

3 December 2015 (03.12.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/181678 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification:
HO5B 33/12 (2006.01) HO1L 51/50 (2006.01)

International Application Number:
PCT/IB2015/053664

International Filing Date:
19 May 2015 (19.05.2015)

Filing Language: English
Publication Language: English
Priority Data:

2014-112796 30 May 2014 (30.05.2014) JP
2014-112849 30 May 2014 (30.05.2014) JP

Applicant: SEMICONDUCTOR ENERGY LABORAT-
ORY CO., LTD. [JP/IP]; 398, Hase, Atsugi-shi,
Kanagawa 2430036 (JP).

Inventors: SEQO, Satoshi; c/o SEMICONDUCTOR EN-
ERGY LABORATORY CO., LTD., 398, Hase, Atsugi-shi,
Kanagawa 2430036 (JP). OHSAWA, Nobuharu.

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: LIGHT-EMITTING DEVICE, DISPLAY DEVICE, AND ELECTRONIC DEVICE

FIG. 1A

107B

107G

106R

105
104

103c
103b

102B

102G

102R

(57) Abstract: A light-emitting device, an electronic device, and a display device each consume less power are provided. The light-
emitting device includes a first light-emitting element, a second light-emitting element, and a third light-emitting element that share
an FL layer. The EL layer includes a layer containing a light-emitting material that emits blue fluorescence and a layer containing a
light-emitting material that emits yellow or green phosphorescence. Light emitted from the second light-emitting element enters a
color filter layer or a second color conversion layer, and light emitted from the third light-emitting element enters a first color con-
version layer.



10

15

20

25

30

35

WO 2015/181678 PCT/IB2015/053664
DESCRIPTION

LIGHT-EMITTING DEVICE, DISPLAY DEVICE, AND ELECTRONIC DEVICE

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to a light-emitting device, a display
device, a display module, a lighting module, an electronic device, and a lighting device. Note
that one embodiment of the present invention is not limited to the above technical field. The
technical field of one embodiment of the invention disclosed in this specification and the like
relates to an object, a method, or a manufacturing method. In addition, one embodiment of the
present invention relates to a process, a machine, manufacture, or a composition of matter.
Specifically, examples of the technical field of one embodiment of the present invention
disclosed in this specification include a semiconductor device, a display device, a liquid crystal
display device, a light-emitting device, a lighting device, a power storage device, a storage

device, a method for driving any of them, and a method for manufacturing any of them.

BACKGROUND ART
[0002]

As next-generation lighting devices or display devices, devices using light-emitting
elements (organic EL elements) in which organic compounds are used as light-emitting
substances have been developed and commercialized because of their potential for thinness,
lightness, high speed response to input signals, low power consumption, and the like.

[0003]

In an organic EL element, voltage application between electrodes, between which a
light-emitting layer is interposed, causes recombination of electrons and holes injected from the
electrodes, which brings a light-emitting substance (an organic compound) into an excited state,
and the return from the excited state to the ground state is accompanied by light emission.
Since the spectrum of light emitted from a light-emitting substance depends on the light-emitting
substance, use of different types of organic compounds as light-emitting substances makes it
possible to obtain light-emitting elements that exhibit various colors.

[0004]

For display devices that are expected to display images, such as displays, at least

three-color light, i.e., red light, green light, and blue light are necessary to reproduce full-color

images. For higher color reproducibility and higher quality of the display images, the color
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purity of emitted light is increased with the use of a microcavity structure or a color filter.
[0005]

Furthermore, a variety of measures, such as changing molecular structures of
light-emitting materials to be used and adjusting the materials or the compositions of materials of
a light-emitting element and the structure of a light-emitting element, are taken to reduce power
consumption.

[Reference]

[Patent Document]

[0006]

[Patent Document 1] Japanese Published Patent Application No. 2009-129586

DISCLOSURE OF INVENTION
[0007]

An object of one embodiment of the present invention is to provide a novel
light-emitting device. Another object of one embodiment of the present invention is to provide
a light-emitting device with low power consumption. Another object of one embodiment of the
present invention is to provide an electronic device and a display device each with low power
consumption.

[0008]

It is only necessary that at least one of the above-described objects be achieved in one
embodiment of the present invention.
[0009]

In one embodiment of the present invention, the object can be achieved by obtaining a
desired emission color with the use of a color conversion layer in a light-emitting device using
an organic compound as a light-emitting material.

[0010]

One embodiment of the present invention is a light-emitting device with light-emitting
elements using an organic compound. The light-emitting device includes at least a first
light-emitting element, a second light-emitting element, and a third light-emitting element. The
first light-emitting element, the second light-emitting element, and the third light-emitting
element share an EL layer. The EL layer includes a layer containing a light-emitting material
that emits blue fluorescence and a layer containing a light-emitting material that emits green
phosphorescence. Light emitted from the third light-emitting element enters a first color
conversion layer.

[0011]
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Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which light emitted from the first light-emitting element is
extracted from the light-emitting device through a color filter that transmits blue light.

[0012]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which light emitted from the second light-emitting element is
extracted from the light-emitting device through a color filter that transmits green light.

[0013]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which light emitted from the second light-emitting element enters a
second color conversion layer that emits green light.

[0014]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the first light-emitting element, the second light-emitting
element, and the third light-emitting element are tandem light-emitting elements.

[0015]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits green
phosphorescence are adjacent to each other in the first light-emitting element, the second
light-emitting element, and the third light-emitting element.

[0016]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL quantum yield of at least one of the first color
conversion layer and the second color conversion layer is higher than 40 %.

[0017]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL quantum yield of at least one of the first color
conversion layer and the second color conversion layer is higher than 53.3 %.

[0018]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL quantum yield of at least one of the first color
conversion layer and the second color conversion layer is higher than 66 %.

[0019]
Another embodiment of the present invention is a light-emitting device with a
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light-emitting element using an organic compound, which has the following characteristics.
The light-emitting device includes at least a first light-emitting element, a second light-emitting
element, and a third light-emitting element. The first light-emitting element includes an EL
layer with a first structure. The second light-emitting element and the third light-emitting
element include an EL layer with a second structure. The EL layer with the first structure
includes a layer containing a light-emitting material that emits blue fluorescence and a layer
containing a light-emitting material that emits green phosphorescence. The EL layer with the
second structure includes the layer containing the light-emitting material that emits green
phosphorescence. Light emitted from the third light-emitting element enters a first color
conversion layer.

[0020]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to an anode than the layer containing the light-emitting material that
emits green phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits green
phosphorescence each have an electron-transport property higher than a hole-transport property.
[0021]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to a cathode than the layer containing the light-emitting material that
emits green phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits green
phosphorescence each have a hole-transport property higher than an electron-transport property.
[0022]

Another embodiment of the present invention is a light-emitting device with a
light-emitting element using an organic compound, which has the following characteristics.
The light-emitting device includes at least a first light-emitting element, a second light-emitting
element, and a third light-emitting element. The first light-emitting element includes an EL
layer with a third structure. The second light-emitting element and the third light-emitting
element include an EL layer with a fourth structure. The EL layer with the fourth structure
includes a layer containing a light-emitting material that emits blue fluorescence and a layer
containing a light-emitting material that emits green phosphorescence. The EL layer with the
third structure includes the layer containing the light-emitting material that emits blue

fluorescence. Light emitted from the third light-emitting element enters a first color conversion
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layer.
[0023]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to an anode than the layer containing the light-emitting material that
emits green phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits green
phosphorescence each have a hole-transport property higher than an electron-transport property.
[0024]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to a cathode than the layer containing the light-emitting material that
emits green phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits green
phosphorescence each have an electron-transport property higher than a hole-transport property.
[0025]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL. quantum yield of the first color conversion layer is
higher than 50 %.

[0026]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
green phosphorescence further contains a first organic compound and a second organic
compound, and the first organic compound and the second organic compound form an exciplex.
[0027]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which an emission spectrum of the exciplex overlaps with an
absorption band on the longest wavelength side of the light-emitting material that emits green
phosphorescence.

[0028]

Another embodiment of the present invention is a light-emitting device with a
light-emitting element using an organic compound, which has the following characteristics.
The light-emitting device includes at least a first light-emitting element, a second light-emitting
element, and a third light-emitting element. The first light-emitting element, the second

light-emitting element, and the third light-emitting element share an EL layer. The EL layer
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includes a light-emitting material that emits blue fluorescence and a light emitting material that
emits yellow phosphorescence. Light emitted from the second light-emitting element enters a
second color conversion layer, and light emitted from the third light-emitting element enters a
first color conversion layer.

[0029]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which light emitted from the first light-emitting element is
extracted from the light-emitting device through a color filter that transmits blue light.

[0030]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the second light-emitting element includes a microcavity
structure that amplifies blue light.

[0031]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the first light-emitting element, the second light-emitting
element, and the third light-emitting element are tandem light-emitting elements.

[0032]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits yellow
phosphorescence are adjacent to each other in the first light-emitting element, the second
light-emitting element, and the third light-emitting element.

[0033]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL. quantum yield of the first color conversion layer is
higher than 40 %.

[0034]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL. quantum yield of the first color conversion layer is
higher than 50 %.

[0035]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL. quantum yield of the first color conversion layer is
higher than 53.3 %.

[0036]
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Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the PL. quantum yield of the first color conversion layer is
higher than 66 %.

[0037]

Another embodiment of the present invention is a light-emitting device with a
light-emitting element using an organic compound, which has the following characteristics.
The light-emitting device includes at least a first light-emitting element, a second light-emitting
element, and a third light-emitting element. The first light-emitting element and the second
light-emitting element include an EL layer with a fifth structure. The third light-emitting
element includes an EL layer with a sixth structure. The EL layer with the fifth structure
includes a layer containing a light-emitting material that emits blue fluorescence and a layer
containing a light-emitting material that emits yellow phosphorescence. The EL layer with the
sixth structure includes the layer containing the light-emitting material that emits yellow
phosphorescence. Light emitted from the second light-emitting element enters a second color
conversion layer, and light emitted from the third light-emitting element enters a first color
conversion layer.

[0038]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to an anode than the layer containing the light-emitting material that
emits yellow phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits yellow
phosphorescence each have an electron-transport property higher than a hole-transport property.
[0039]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to a cathode than the layer containing the light-emitting material that
emits yellow phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits yellow
phosphorescence each have a hole-transport property higher than an electron-transport property.
[0040]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, further including a fourth light-emitting element, in which light
emitted from the fourth light-emitting element is extracted from the light-emitting device

through a color filter that transmits yellow light.
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[0041]

Another embodiment of the present invention is a light-emitting device with a
light-emitting element using an organic compound, which has the following characteristics.
The light-emitting device includes at least a first light-emitting element, a second light-emitting
element, and a third light-emitting element. The first light-emitting element and the second
light-emitting element include an EL layer with a seventh structure, and the third light-emitting
element includes an EL layer with an eighth structure. The EL layer with the eighth structure
includes a layer containing a light-emitting material that emits blue fluorescence and a layer
containing a light-emitting material that emits yellow phosphorescence. The EL layer with the
seventh structure includes the layer containing the light-emitting material that emits blue
fluorescence. Light emitted from the second light-emitting element enters a second color
conversion layer, and light emitted from the third light-emitting element enters a first color
conversion layer.

[0042]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to an anode than the layer containing the light-emitting material that
emits yellow phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits yellow
phosphorescence each have a hole-transport property higher than an electron-transport property.
[0043]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
blue fluorescence is closer to a cathode than the layer containing the light-emitting material that
emits yellow phosphorescence is, and the layer containing the light-emitting material that emits
blue fluorescence and the layer containing the light-emitting material that emits yellow
phosphorescence each have an electron-transport property higher than a hole-transport property.
[0044]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, further including a fourth light-emitting element including the EL
layer with the fourth structure, in which light emitted from the fourth light-emitting element is
extracted from the light-emitting device through a color filter that transmits yellow light.

[0045]
Another embodiment of the present invention is the light-emitting device having the

above-described structure, in which the PL. quantum yield of the first color conversion layer is
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greater than or equal to 50 %.
[0046]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the second color conversion layer emits green light.
[0047]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the layer containing the light-emitting material that emits
yellow phosphorescence further contains a first organic compound and a second organic
compound, and the first organic compound and the second organic compound form an exciplex.
[0048]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which an emission spectrum of the exciplex overlaps with an
absorption band on the longest wavelength side of the light-emitting material that emits yellow
phosphorescence.

[0049]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the first color conversion layer emits red light.
[0050]

Another embodiment of the present invention is the light-emitting device having the
above-described structure further including a fourth light-emitting element, in which light
emitted from the fourth light-emitting element enters a third color conversion layer, and the third
color conversion layer emits yellow light.

[0051]

Another embodiment of the present invention is the light-emitting device having the
above-described structure, in which the first color conversion layer includes quantum dots.
[0052]

Another embodiment of the present invention is an electronic device including the
light-emitting device having the above-described structure and at least one of a sensor, an
operation button, a speaker, and a microphone.

[0053]

According to one embodiment of the present invention, a novel light-emitting device
can be provided. According to one embodiment of the present invention, a light-emitting
device with low power consumption can be provided. According to another embodiment of the
present invention, a display device and an electronic device each with low power consumption

can be provided.
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[0054]

It is only necessary that at least one of the effects from the above objects be achieved in

one embodiment of the present invention.

BRIEF DESCRIPTION OF DRAWINGS
[0055]
In the accompanying drawings:
FIGS. 1A to 1D are conceptual diagrams of light-emitting devices;
FIGS. 2A to 2D are conceptual diagrams of light-emitting devices;
FIGS. 3A to 3D are conceptual diagrams of light-emitting devices;
FIGS. 4A to 4D are conceptual diagrams of light-emitting devices;
FIGS. 5A to 5C are conceptual diagrams of light-emitting elements;
FIGS. 6A and 6B are conceptual diagrams of an active matrix light-emitting device;
FIGS. 7A and 7B are conceptual diagrams of active matrix light-emitting devices;
FIG. 8 is a conceptual diagram of an active matrix light-emitting device;
FIGS. 9A and 9B are conceptual diagrams of a passive matrix light-emitting device;
FIGS. 10A, 10B1, 10B2, 10C, and 10D illustrate electronic devices;
FIG. 11 illustrates in-vehicle display devices and lighting devices; and

FIGS. 12A to 12C illustrate an electronic device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0056]

Embodiments of the present invention will be explained in detail below with reference
to the drawings. Note that the present invention is not limited to the description below, and it is
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 present invention. Accordingly, the present
invention should not be interpreted as being limited to the content of the embodiments below.
Drawings for illustrating embodiments of the present invention are shown in FIGS. 1A to 1D,
FIGS. 2A to 2D, FIGS. 3A to 3D, and FIGS. 4A to 4D.

[0057]
<Conversion from tandem element utilizing blue fluorescence and green phosphorescence>

FIG. 1A shows a light-emitting device of one embodiment of the present invention
using a tandem element utilizing blue fluorescence and green phosphorescence. The
light-emitting device includes at least a first light-emitting element, a second light-emitting

element, and a third light-emitting element that are provided over a substrate 100. The first to
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third light-emitting elements share an EL layer 103 and a second electrode 104, and each have a
different first electrode. The first light-emitting element, the second light-emitting element, and
the third light-emitting element include a first electrode 102B, a first electrode 102G, and a first
electrode 102R, respectively. A sealing substrate 101 is provided with a black matrix 105, a
color filter 107B, a color filter 107G, and a color conversion layer 106R.  The color filter 107B
transmits blue light, and the color filter 107G transmits green light. The color conversion layer
106R contains a color conversion substance that emits red light.

[0058]

In FIG. 1A, the EL layer 103 has a tandem structure, a typical example of which is
shown in FIG. SA. The tandem structure refers to a structure in which a first light-emitting unit
103b and a second light-emitting unit 103c are stacked with an intermediate layer 109 that is a
charge generation layer positioned therebetween. Supposing a first electrode 102 is an anode
and the second electrode 104 is a cathode, each light-emitting unit typically has a structure where
a hole-injection layer 114, a hole-transport layer 115, a light-emitting layer 116, an
electron-transport layer 117, an electron-injection layer 118, and the like are stacked in this order
from the first electrode 102 (here, an anode) side. With such a structure, a light-emitting
material is contained in the light-emitting layer 116. In the case where the first electrode 102 is
the cathode and the second electrode 104 is the anode, the above-described order of stack in the
EL layer is reversed. Note that the EL layer 103 is shared by the first to third light-emitting
elements.

[0059]

One of the first light-emitting unit 103b and the second light-emitting unit 103¢ emits
blue fluorescence, and the other emits green phosphorescence. Light in which blue
fluorescence and green phosphorescence are synthesized is obtained from the EL layer 103.
The light-emitting layer included in each of the light-emitting units contains a first organic
compound as a host material, in addition to the light-emitting material. Furthermore, the
light-emitting layer also contains a second organic compound and it is preferable that the first
organic compound and the second organic compound form an exciplex and energy transfer occur
from the exciplex to the light-emitting material. In addition, the emission spectrum of the
exciplex and the absorption band of the light-emitting material on the longest wavelength side
preferably overlap with each other, which enables energy transfer with favorable efficiency.
[0060]

Light emitted from the first light-emitting element is extracted outside the light-emitting
device through the color filter 107B. Light emitted from the second light-emitting element is
extracted outside the light-emitting device through the color filter 107G. Light emitted from
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the third light-emitting element enters the color conversion layer 106R, and the color conversion
layer 106R is excited by the entering light and emits red light.
[0061]

Here, the external quantum efficiency of each pixel (a light-emitting element with
components such as a color filter, a color conversion layer, and a substrate, which affect the
extraction efficiency is referred to as a pixel, in this specification) in the light-emitting device
having the above structure and the external quantum efficiency of each pixel in a light-emitting
device having a structure different from the above will be considered. Note that the carrier
balance, exciton generation probability, and the like in light-emitting elements used in the
light-emitting devices are assumed to be similar.

[0062]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure different from the above will be calculated. In order to efficiently obtain red, green,
and blue colors with a light-emitting device using a tandem element, in general, the use of
light-emitting materials having respective light emission wavelengths is effective. In view of
the practicality and efficiency, a blue fluorescent material, a red phosphorescent material, and a
green phosphorescent material are often used. A double tandem structure having two
light-emitting units, which is the same as FIG. 5A, is employed. The light-emitting layer of one
of the light-emitting units is a fluorescent layer using a blue fluorescent material, and the
light-emitting layer of the other light-emitting unit is a phosphorescent layer using a red
phosphorescent material and a green phosphorescent material.

[0063]

In the light-emitting element having such a structure, the internal quantum efficiency of
the fluorescent layer and that of the phosphorescent layer are assumed to be 25 % and 100 %,
respectively. Then, the external quantum efficiency of a blue pixel is 25 x xcr % (note that ycr
is the light extraction efficiency with a color filter used, and ycr is assumed to be the maximum
value of the transmittance of the used color filter multiplied by ya; and x4 is the light extraction
efficiency from which the transmittance of a color filter or the PL. quantum efficiency of a color
conversion layer is removed, and assumed to be common to all the pixels in the light-emitting
device). The external quantum efficiency of a green pixel and that of a red pixel are each 50 x
xcr % (it is because excitons are divided between green and red; for simplicity, excitons are
assumed to be divided half and half).

[0064]
Next, for the light-emitting device having the structure shown in FIG. 1A, the external

quantum efficiency of a blue pixel is 25 x xcr %, the external quantum efficiency of a green
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pixel is 100 x ycr % (the phosphorescent layer is a single layer of green; in the case where a
color filter is not provided, it is 100 x ya %), and the external quantum efficiency of a red pixel
is 125 x ycc (note that ycc is the light extraction efficiency with a color conversion layer used,
and ycc 1s assumed to be the PL quantum yield of the used color conversion layer multiplied by
%A, and 125 x ycc % is obtained because green phosphorescence with the internal quantum
efficiency of 100 % and blue fluorescence with the internal quantum efficiency of 25 % are
color-converted).

[0065]

Here, the external quantum efficiency of the green pixel with the structure of this
embodiment is 100 x xcr %, whereas that with the conventional structure is 50 x ycr %, which
means that the green pixel with the structure of this embodiment is expected to double the
external quantum efficiency. Furthermore, the external quantum efficiency of the red pixel with
the structure of this embodiment is 125 x xcc %, whereas that with the conventional structure is
50 x xcr %, which means that the external quantum efficiency of the red pixel with the structure
of this embodiment is expected to be 2.5 times that with the conventional structure, in the case
where the transmittance of the color filter and the PL quantum yield of the color conversion layer
are the same. Accordingly, as long as the PL quantum yield of the color conversion layer is
greater than or equal to 40 % of the transmittance of the color filter, a red pixel with the external
quantum efficiency higher than that of the conventional red pixel can be obtained, and power
consumption of the light-emitting device can be reduced. Note that the color filter 107G that
transmits green light may be replaced by a color conversion layer 106G. In that case, the
external quantum efficiency of the green pixel is 125 x ycc % as that of the red pixel is, and as
long as the PL quantum yield ycc of the color conversion layer is greater than or equal to 40 %
of the transmittance xcr of the color filter, the green pixel with higher external quantum
efficiency than that of the conventional green pixel can be obtained and power consumption of
the light-emitting device can be reduced.

[0066]

As shown in FIG. 2A, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 1A. The fourth light-emitting element includes
the EL layer including the first light-emitting unit 103b and the second light-emitting unit 103c
between a first electrode 102Y and the second electrode 104. Light emitted from the fourth
light-emitting element enters a color conversion layer 106Y, and the color conversion layer 106Y
emits yellow light. The external quantum efficiency of the yellow pixel is 125 x ycc % because

the yellow light is obtained by color-converting blue fluorescence with the internal quantum
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efficiency of 25 % and green phosphorescence with the internal quantum efficiency of 100 %.
[0067]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0068]
<Conversion from single element utilizing blue fluorescence and green phosphorescence>

FIG. 1B shows a light-emitting device of one embodiment of the present invention
using a single element utilizing blue fluorescence and green phosphorescence. As with the
light-emitting device shown in FIG. 1A, the light-emitting device includes at least a first
light-emitting element, a second light-emitting element, and a third light-emitting element. A
substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second electrode
104, a black matrix 105, a color conversion layer 106R, a color filter 107G, and a color filter
107B are also similar to those of the light-emitting device shown in FIG. 1A; therefore, the
description is omitted here.

[0069]

In FIG. 1B, an EL layer 103d has a single structure in which two light-emitting layers (a
first light-emitting layer 116d-1 and a second light-emitting layer 116d-2) are adjacent to each
other in one light-emitting unit, a typical example of which is shown in FIG. 5B. The first
light-emitting layer 116d-1 and the second light-emitting layer 116d-2 may be formed in contact
with each other, or a separation layer with a thickness of less than or equal to 20 nm may be
provided therebetween. The thickness of the separation layer is preferably greater than or equal
to 1 nm and less than or equal to 10 nm. Note that the EL layer 103d is shared by the first to
third light-emitting elements.

[0070]

In this structure, one of the first light-emitting layer 116d-1 and the second
light-emitting layer 116d-2 in FIG. 5B emits blue fluorescence, and the other emits green
phosphorescence. Light in which blue fluorescence and green phosphorescence are synthesized
is obtained from the EL layer 103d. The first light-emitting layer 116d-1 and the second
light-emitting layer 116d-2 each contain a first organic compound as a host material, in addition
to a light-emitting material. Furthermore, the first light-emitting layer 116d-1 and the second
light-emitting layer 116d-2 each contain a second organic compound as well, and it is preferable
that the first organic compound and the second organic compound form an exciplex and energy
transfer occur from the exciplex to the light-emitting materials. In addition, the emission

spectrum of the exciplex and the absorption band of the light-emitting material on the longest
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wavelength side preferably overlap with each other, which enables energy transfer with favorable
efficiency.
[0071]

Light emitted from the first light-emitting element is extracted outside the light-emitting
device through the blue color filter 107B. Light emitted from the second light-emitting element
is extracted outside the light-emitting device through the green color filter 107G. Light emitted
from the third light-emitting element enters the color conversion layer 106R, and the color
conversion layer 106R is excited by the entering light and emits red light.

[0072]

Here, the external quantum efficiency of each pixel in the light-emitting device having
the above structure and the external quantum efficiency of each pixel in a light-emitting device
having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0073]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure different from the above will be calculated. In order to obtain red, green, and blue
colors with the light-emitting device using light-emitting elements having a single-structure EL
layer in which two light-emitting layers are adjacent to each other in one light-emitting unit,
without the use of a color conversion layer, light-emitting materials that emit light with intensity
at the wavelengths corresponding to the colors are required. If a blue fluorescent material, a red
phosphorescent material, and a green phosphorescent material are used in view of the practicality
and efficiency; it is preferable that the blue fluorescent material be used for one of the first
light-emitting layer 116d-1 and the second light-emitting layer 116d-2, and that the red
phosphorescent material and the green phosphorescent material be used for the other.
Assuming that the internal quantum efficiency of a fluorescent layer in the light-emitting element
is 25 %, the internal quantum efficiency of a phosphorescent layer in the light-emitting element
is 100 %, and excitons are divided equally between blue, green, and red; the external quantum
efficiency of a blue pixel is 8.3 x xcr %, and the external quantum efficiency of a green pixel and
that of a red pixel are each 33.3 x ycr %.

[0074]

Next, the light-emitting device having the structure shown in FIG. 1B will be considered.
In addition to the assumption similar to the above, it is assumed that excitons are divided equally
between blue and green; thus, the external quantum efficiency of the blue pixel is 12.5 x ycr %,

the external quantum efficiency of the green pixel is 50 x ycr %, and the external quantum
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efficiency of the red pixel is 62.5 x yxcc %. In this way, the use of the structure of one
embodiment of the present invention provides a light-emitting element with much higher
efficiency than that of the conventional element. Note that the color filter 107G that transmits
green light can be replaced by a color conversion layer 106G. In that case, the external
quantum efficiency of the green pixel is 62.5 x xcc % as that of the red pixel is.

[0075]

Here, the external quantum efficiency of each pixel with the conventional structure and
each pixel with the structure of this embodiment will be compared. The external quantum
efficiency of the blue pixel with the structure of this embodiment is 12.5 x ycr % whereas that
with the conventional structure is 8.3 x ycr %, which means that the external quantum efficiency
of the blue pixel with the structure of this embodiment is expected to be approximately 1.5 times
that with the conventional structure. The external quantum efficiency of the green pixel with
the structure of this embodiment is 50 x ycr % whereas that with the conventional structure is 33
x ycr %, which means that the external quantum efficiency of the green pixel with the structure
of this embodiment is expected to be also approximately 1.5 times that with the conventional
structure. The external quantum efficiency of the red pixel with the structure of this
embodiment is 62.5 x ycc % whereas that with the conventional structure is 33 x ycg %, which
means that the external quantum efficiency of the red pixel with the structure of this embodiment
is expected to be approximately 1.88 times that with the conventional structure in the case where
the transmittance of the color filter and the PL quantum yield of the color conversion layer are
the same. Accordingly, as long as the PL quantum yield of the color conversion layer is greater
than or equal to 53.3 % of the transmittance of the color filter, a red pixel with the external
quantum efficiency higher than that of the conventional red pixel can be obtained, and power
consumption of the light-emitting device can be reduced.

[0076]

As shown in FIG. 2B, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 1B.  The fourth light-emitting element includes the
EL layer with a single structure in which two light-emitting layers (the first light-emitting layer
116d-1 and the second light-emitting layer 116d-2) are adjacent to each other, between a first
electrode 102Y and the second electrode 104. Light emitted from the fourth light-emitting
element enters a color conversion layer 106Y, and the color conversion layer 106Y emits yellow
light. The external quantum efficiency of the yellow pixel is 62.5 x xcc % because the yellow

light is obtained by color-converting blue fluorescence and green phosphorescence.

[0077]
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The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0078]
<Conversion from single element of blue fluorescence and single element of green
phosphorescence (one selective deposition step using mask) 1>

FIG. 1C shows a light-emitting device of one embodiment of the present invention
using a single element of blue fluorescence and a single element of green phosphorescence. As
with the light-emitting device shown in FIG. 1A, the light-emitting device includes at least a first
light-emitting element, a second light-emitting element, and a third light-emitting element. A
substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second electrode
104, a black matrix 105, and a color conversion layer 106R are also similar to those of the
light-emitting device shown in FIG. 1A; therefore, the description is omitted here.

[0079]

In the light-emitting device shown in FIG. 1C, the first light-emitting element includes
an EL layer with a first structure, and the second light-emitting element and the third
light-emitting element include an EL layer with a second structure.

[0080]

The EL layer with the first structure is a stack including a first EL layer 103e, a second
EL layer 103f, a third EL layer 103g, and a fourth EL layer 103h. The EL layer with the second
structure is a stack including the first EL layer 103e, the third EL layer 103g, and the fourth EL
layer 103h.

[0081]

In the case where the first electrodes are anodes and the second electrode is a cathode,
the first EL layer 103e corresponds to a hole-injection layer 114 and a hole-transport layer 115 in
FIG. 5B, the second EL layer 103f corresponds to the first light-emitting layer 116d-1 in FIG. 5B,
the third EL layer 103g corresponds to the second light-emitting layer 116d-2 in FIG. 5B, and the
fourth EL layer 103h corresponds to an electron-transport layer 117 and an electron-injection
layer 118 in FIG. 5B. That is, the EL layer with the first structure has a structure similar to that
of the EL layer 103d in FIG. 5B, and the EL layer with the second structure has a structure
similar to that of an EL layer 103a in FIG. 5C.

[0082]

Formation of the EL layer with the first structure and the EL layer with the second

structure requires only one selective deposition step that uses a mask. That is, only one

selective deposition step that uses a mask leads to much higher efficiency of light emission than
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that of a usual light-emitting element with a single structure in which a fluorescent layer and a
phosphorescent layer are stacked.
[0083]

The second EL layer 103f contains an organic compound that emits blue fluorescence as
a light-emitting material, and the third EL layer 103g contains an organic compound that emits
green phosphorescence as a light-emitting material. The second EL layer 103f and the third EL
layer 103g each contain a first organic compound as a host material, in addition to their
respective light-emitting materials. Furthermore, the second EL layer 103f and the third EL
layer 103g each contain a second organic compound as well, and it is preferable that the first
organic compound and the second organic compound form an exciplex and energy transfer occur
from the exciplex to the light-emitting materials. In addition, the emission spectrum of the
exciplex and the absorption band of the light-emitting material on the longest wavelength side
preferably overlap with each other, which enables energy transfer with favorable efficiency.
[0084]

In the light-emitting device with this structure, it is preferable that the second EL layer
103f and the third EL layer 103g be each a layer in which the electron-transport property is
higher than the hole-transport property. With such a structure, only blue fluorescence can be
obtained from the first light-emitting element, and only green phosphorescence can be obtained
from the second light-emitting element and the third light-emitting element. Note that in the
case where the first electrodes are cathodes and the second electrode is an anode, the first EL
layer 103e corresponds to the electron-transport layer 117 and the electron-injection layer 118 in
FIG. 5B, the fourth EL layer 103h corresponds to the hole-injection layer 114 and the
hole-transport layer 115 in FIG. 5B, and it is preferable that the second EL layer 103f and the
third EL layer 103g be each a layer in which the hole-transport property is higher than the
electron-transport property.

[0085]

Although the second EL layer 103f in FIG. 1C is formed before the third EL layer 103g
is formed, the third EL layer 103g may be formed before the second EL layer 103f is formed.
In that case, it is preferable that the second EL layer 103f and the third EL layer 103g be each a
layer in which the hole-transport property is higher than the electron-transport property. In the
case where the first electrode is a cathode and the second electrode is an anode, it is preferable
that the second EL layer 103f and the third EL layer 103g be each a layer in which the
electron-transport property is higher than the hole-transport property.

[0086]

When light emitted from the third light-emitting element enters the color conversion
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layer 106R, red light can be obtained from the color conversion layer 106R. Note that light

emitted from the first light-emitting element and light emitted from the second light-emitting
element may be extracted outside the light-emitting device through color filters. Without color
filters, light can be obtained with high efficiency. Emitted through color filters, light can be
obtained with high color purity.

[0087]

Here, the external quantum efficiency of each pixel in the light-emitting device having
the above structure and the external quantum efficiency of each pixel in a light-emitting device
having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0088]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure without a color conversion layer, which is different from the above, will be calculated.
The structures of the light-emitting elements in the light-emitting device are similar to the
structures of the light-emitting elements in the light-emitting device shown in FIG. 1C. In order
to efficiently obtain red, green, and blue colors with the light-emitting device, in general,
light-emitting materials that emit light having intensity at the wavelengths corresponding to the
colors are required. In the case where a blue fluorescent material, a red phosphorescent
material, and a green phosphorescent material are used in view of practicality and efficiency, the
blue fluorescent material is used for the second EL layer 103f, and the red phosphorescent
material and the green phosphorescent material are used for the third EL layer 103g. Light in
which red light and green light are synthesized is obtained from the second light-emitting
element and the third light-emitting element. Therefore, light from the second light-emitting
element is extracted outside the light-emitting device through a green color filter, whereby green
light emission can be obtained, and light from the third light-emitting element is extracted
outside the light-emitting device through a red color filter, whereby red light emission can be
obtained.

[0089]

In the light-emitting element having such a structure, the internal quantum efficiency of
the fluorescent layer and that of the phosphorescent layer are assumed to be 25 % and 100 %,
respectively. Then, the external quantum efficiency of a blue pixel is 25 x y 5 % (when a color
filter is not used; it is 25 x xcr % when a color filter is used), and the external quantum
efficiency of a green pixel and that of a red pixel are each 50 x ycr %.

[0090]
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Next, for the light-emitting device having the structure shown in FIG. 1C, the external
quantum efficiency of a blue pixel is 25 x x4 % (when a color filter is not used; it 1s 25 x ¥ cr %
when a color filter is used), the external quantum efficiency of a green pixel is 100 x xa % (when
a color filter is not used; it 1s 100 x ycr % when a color filter is used), and the external quantum
efficiency of a red pixel is 100 x %xcc %. In this way, the use of the structure of one
embodiment of the present invention can provide a light-emitting device with very high light
emission efficiency.

[0091]

Here, the external quantum efficiency of the green pixel with the structure of this
embodiment is 100 x xa %, whereas that with the conventional structure is 50 x ycr %, which
means that the external quantum efficiency of the green pixel with the structure of this
embodiment is expected to be twice or more that with the conventional structure. Furthermore,
the external quantum efficiency of the red pixel with the structure of this embodiment is 100 x
¥ cc %, whereas that with the conventional structure is 50 x xcr %, which means that the external
quantum efficiency of the red pixel with the structure of this embodiment is expected to be twice
that with the conventional structure, in the case where the transmittance of the color filter and the
PL quantum yield of the color conversion layer are the same. Accordingly, as long as the PL
quantum yield of the color conversion layer is greater than or equal to 50 % of the transmittance
of the color filter, a red pixel with the external quantum efficiency higher than that of the
conventional red pixel can be obtained, and power consumption of the light-emitting device can
be reduced.

[0092]

As shown in FIG. 2C, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 1C.  The fourth light-emitting element includes the
EL layer with the second structure between a first electrode 102Y and the second electrode 104.
Light emitted from the fourth light-emitting element enters a color conversion layer 106Y, and
the color conversion layer 106Y emits yellow light. The external quantum efficiency of the
yellow pixel is 100 x yxcc % because the yellow light is obtained by color-converting green
phosphorescence.

[0093]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0094]
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<Conversion from single element of blue fluorescence and single element of green
phosphorescence (one selective deposition step using mask) 2>

FIG. 1D shows a light-emitting device of one embodiment of the present invention
using a single element of blue fluorescence and a single element of green phosphorescence. As
with the light-emitting device shown in FIG. 1A, the light-emitting device includes at least a first
light-emitting element, a second light-emitting element, and a third light-emitting element. A
substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second electrode
104, a black matrix 105, and a color conversion layer 106R are also similar to those of the
light-emitting device shown in FIG. 1A; therefore, the description is omitted here.

[0095]

In the light-emitting device shown in FIG. 1D, the first light-emitting element includes
an EL layer with a third structure, and the second light-emitting element and the third
light-emitting element include an EL layer with a fourth structure.

[0096]

The EL layer with the third structure is a stack including a first EL layer 1031, a second
EL layer 103j, and a fourth EL layer 103m. The EL layer with the fourth structure is a stack
including the first EL layer 1031, the second EL layer 103, a third EL layer 103k, and the fourth
EL layer 103m.

[0097]

In the case where the first electrodes are anodes and the second electrode is a cathode,
the first EL layer 1031 corresponds to the hole-injection layer 114 and the hole-transport layer
115 in FIG. 5B, the second EL layer 103j corresponds to the first light-emitting layer 116d-1 in
FIG. 5B, the third EL layer 103k corresponds to the second light-emitting layer 116d-2 in FIG.
5B, and the fourth EL layer 103m corresponds to the electron-transport layer 117 and the
electron-injection layer 118 in FIG. 5B. That is, the EL layer with the fourth structure has a
structure similar to that of the EL layer 103d in FIG. 5B, and the EL layer with the third structure
has a structure similar to that of the EL layer 103a in FIG. 5C.

[0098]

Formation of the EL layer with the third structure and the EL layer with the fourth
structure requires only one selective deposition step that uses a mask. That is, only one
selective deposition step that uses a mask leads to much higher efficiency of light emission than
that of a usual light-emitting element with a single structure in which a fluorescent layer and a
phosphorescent layer are stacked.

[0099]

The second EL layer 103j contains an organic compound that emits blue fluorescence as
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a light-emitting material, and the third EL layer 103k contains an organic compound that emits
green phosphorescence as a light-emitting material. The second EL layer 103j and the third EL
layer 103k each contain a first organic compound as a host material, in addition to the
light-emitting material. Furthermore, the second EL layer 103j and the third EL layer 103k
each contain a second organic compound as well, and it is preferable that the first organic
compound and the second organic compound form an exciplex and energy transfer occur from
the exciplex to the light-emitting material. In addition, the emission spectrum of the exciplex
and the absorption band of the light-emitting material on the longest wavelength side preferably
overlap with each other, which enables energy transfer with favorable efficiency.

[0100]

In the light-emitting device with this structure, it is preferable that the second EL layer
103j and the third EL layer 103k be each a layer in which the hole-transport property is higher
than the electron-transport property. With such a structure, only blue fluorescence can be
obtained from the first light-emitting element, and only green phosphorescence can be obtained
from the second light-emitting element and the third light-emitting element. Note that in the
case where the first electrodes are cathodes and the second electrode is an anode, the first EL
layer 1031 corresponds to the electron-transport layer 117 and the electron-injection layer 118 in
FIG. 5B, the fourth EL layer 103m corresponds to the hole-injection layer 114 and the
hole-transport layer 115 in FIG. 5B, and it is preferable that the second EL layer 103 and the
third EL layer 103k be each a layer in which the electron-transport property is higher than the
hole-transport property.

[0101]

Although the second EL layer 103j in FIG. 1D is formed before the third EL layer 103k
is formed, the third EL layer 103k may be formed before the second EL layer 103j is formed.
In that case, it is preferable that the second EL layer 103j and the third EL layer 103k be each a
layer in which the hole-transport property is higher than the electron-transport property. In the
case where the first electrode is a cathode and the second electrode is an anode, it is preferable
that the second EL layer 103j and the third EL layer 103k be each a layer in which the
electron-transport property is higher than the hole-transport property.

[0102]

When light emitted from the third light-emitting element enters the color conversion
layer 106R, red light can be obtained from the color conversion layer 106R. Note that light
emitted from the first light-emitting element and light emitted from the second light-emitting
element may be extracted outside the light-emitting device through color filters. Without color

filters, light can be obtained with high efficiency. Emitted through color filters, light can be
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obtained with high color purity.

[0103]

Here, the external quantum efficiency of each pixel in the light-emitting device having
the above structure and the external quantum efficiency of each pixel in a light-emitting device
having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0104]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure without a color conversion layer, which is different from the above, will be calculated.
The structures of the light-emitting elements in the light-emitting device are similar to the
structures of the light-emitting elements in the light-emitting device shown in FIG. 1D. In
order to efficiently obtain red, green, and blue colors with the light-emitting device, in general,
light-emitting materials that emit light having intensity at the wavelengths corresponding to the
colors are required. In the case where a blue fluorescent material, a red phosphorescent
material, and a green phosphorescent material are used in view of practicality and efficiency, it is
preferable that the blue fluorescent material be used for the second EL layer 103j, and the red
phosphorescent material and the green phosphorescent material be used for the third EL layer
103k. Light in which red light and green light are synthesized is obtained from the second
light-emitting element and the third light-emitting element. Therefore, light from the second
light-emitting element is extracted outside the light-emitting device through a green color filter,
whereby green light emission can be obtained, and light from the third light-emitting element is
extracted outside the light-emitting device through a red color filter, whereby red light emission
can be obtained.

[0105]

In the light-emitting element having such a structure, the internal quantum efficiency of
the fluorescent layer and that of the phosphorescent layer are assumed to be 25 % and 100 %,
respectively. Then, the external quantum efficiency of a blue pixel is 25 x g4 % (when a color
filter is not used; it is 25 x xcr % when a color filter is used), and the external quantum
efficiency of a green pixel and that of a red pixel are each 50 x ycr %.

[0106]

Next, for the light-emitting device having the structure shown in FIG. 1D, the external
quantum efficiency of a blue pixel is 25 x x4 % (when a color filter is not used; it 1s 25 x ¥ cr %
when a color filter is used), the external quantum efficiency of a green pixel is 100 x x % (when

a color filter is not used; it 1s 100 x ycr % when a color filter is used), and the external quantum
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efficiency of a red pixel is 100 x %xcc %. In this way, the use of the structure of one
embodiment of the present invention can provide a light-emitting device with very high light
emission efficiency.

[0107]

Here, the external quantum efficiency of the green pixel with the structure of this
embodiment is 100 x xa %, whereas that with the conventional structure is 50 x ycr %, which
means that the external quantum efficiency of the green pixel with the structure of this
embodiment is expected to be twice or more that with the conventional structure. Furthermore,
the external quantum efficiency of the red pixel with the structure of this embodiment is 100 x
¥ cc %, whereas that with the conventional structure is 50 x xcr %, which means that the external
quantum efficiency of the red pixel with the structure of this embodiment is expected to be twice
that with the conventional structure, in the case where the transmittance of the color filter and the
PL quantum yield of the color conversion layer are the same. Accordingly, as long as the PL
quantum yield of the color conversion layer is greater than or equal to 50 % of the transmittance
of the color filter, a red pixel with the external quantum efficiency higher than that of the
conventional red pixel can be obtained, and power consumption of the light-emitting device can
be reduced.

[0108]

As shown in FIG. 2D, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 1D. The fourth light-emitting element includes
the EL layer with the fourth structure between a first electrode 102Y and the second electrode
104. Light emitted from the fourth light-emitting element enters a color conversion layer 106Y,
and the color conversion layer 106Y emits yellow light. The external quantum efficiency of the
yellow pixel is 100 x yxcc % because the yellow light is obtained by color-converting green
phosphorescence.

[0109]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0110]
<Conversion from tandem element of blue fluorescence and yellow phosphorescence>

FIG. 3A shows a light-emitting device of one embodiment of the present invention
using a tandem element of blue fluorescence and yellow phosphorescence. The light-emitting
device includes at least a first light-emitting element, a second light-emitting element, and a third

light-emitting element provided over a substrate 100. The first to third light-emitting elements
24



10

15

20

25

30

35

WO 2015/181678 PCT/IB2015/053664

share an EL layer 103 and a second electrode 104, and each have a different first electrode. The
first light-emitting element, the second light-emitting element, and the third light-emitting
element have a first electrode 102B, a first electrode 102G, and a first electrode 102R,
respectively. A sealing substrate 101 is provided with a black matrix 105, a color filter 107B, a
color conversion layer 106G, and a color conversion layer 106R. The color filter 107B
transmits blue light. The color conversion layer 106G contains a color conversion substance
that emits green light, and the color conversion layer 106R contains a color conversion substance
that emits red light.

[0111]

In FIG. 3A, the EL layer 103 has a tandem structure, a typical example of which is
shown in FIG. SA. The tandem structure refers to a structure in which a first light-emitting unit
103b and a second light-emitting unit 103c are stacked with an intermediate layer 109 that is a
charge generation layer positioned therebetween. Supposing a first electrode 102 is an anode
and the second electrode 104 is a cathode, each light-emitting unit typically has a structure where
a hole-injection layer 114, a hole-transport layer 115, a light-emitting layer 116, an
electron-transport layer 117, an electron-injection layer 118, and the like are stacked in this order
from the first electrode 102 (here, an anode) side. With such a structure, a light-emitting
material is contained in the light-emitting layer 116. In the case where the first electrode 102 is
the cathode and the second electrode 104 is the anode, the above-described order of stack in the
EL layer is reversed. Note that the EL layer 103 is shared by the first to third light-emitting
elements.

[0112]

One of the first light-emitting unit 103b and the second light-emitting unit 103¢ emits
blue fluorescence, and the other emits yellow phosphorescence. Light in which blue
fluorescence and yellow phosphorescence are synthesized is obtained from the EL layer 103.
The light-emitting layer included in each of the light-emitting unit contains a first organic
compound as a host material, in addition to the light-emitting material. Furthermore, the
light-emitting layer also contains a second organic compound, and it is preferable that the first
organic compound and the second organic compound form an exciplex and energy transfer occur
from the exciplex to the light-emitting material. In addition, the emission spectrum of the
exciplex and the absorption band of the light-emitting material on the longest wavelength side
preferably overlap with each other, which enables energy transfer with favorable efficiency.
[0113]

Light emitted from the first light-emitting element is extracted outside the light-emitting
device through the color filter 107B. Light emitted from the second light-emitting element
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enters the color conversion layer 106G, and the color conversion layer 106G is excited by the
entering light and emits green light. Light emitted from the third light-emitting element enters
the color conversion layer 106R, and the color conversion layer 106R emits red light.

[0114]

Note that in this light-emitting device, light in which blue fluorescence and yellow
phosphorescence are synthesized is emitted from the EL layer 103; however, the color
conversion layer 106G cannot absorb yellow light. Thus, it is preferable that yellow light that
enters the color conversion layer 106G be removed with the use of a resonant structure or a color
filter. When the resonant structure is formed, it is formed such that blue light is amplified.
The resonant structures can be provided by forming transparent conductive films (ie., a
transparent conductive film 102Bt, a transparent conductive film 102Gt, and a transparent
conductive film 102Rt) with desired thicknesses over the first electrodes, as shown in FIG. 3A.
Note that the resonant structures need not be formed in the first light-emitting element and the
third light-emitting element for the purpose of removing light that cannot be absorbed. 1In the
case where the resonant structures are formed for the other purpose, the transparent conductive
film 102Bt may be formed such that blue light is amplified in the first light-emitting element,
and the transparent conductive film 102Rt may be formed such that yellow light is amplified in
the third light-emitting element.

[0115]

Here, the external quantum efficiency of each pixel in the light-emitting device having
the above structure and the external quantum efficiency of each pixel in a light-emitting device
having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0116]

First, the external quantum efficiency of each color pixel in the light-emitting device
having a structure different from the above will be calculated. In order to efficiently obtain red,
green, and blue colors with a light-emitting device using a tandem element, in general, the use of
light-emitting materials having respective light emission wavelengths is effective. In view of
the practicality and efficiency, a blue fluorescent material, a red phosphorescent material, and a
green phosphorescent material are often used. A double tandem structure, which is the same as
FIG. SA, is employed. The light-emitting layer of one of the light-emitting units is a
fluorescent layer using a blue fluorescent material, and the light-emitting layer of the other
light-emitting unit is a phosphorescent layer using a red phosphorescent material and a green

phosphorescent material.
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[0117]

In the light-emitting element having such a structure, the internal quantum efficiency of
the fluorescent layer and that of the phosphorescent layer are assumed to be 25 % and 100 %,
respectively. Then, the external quantum efficiency of a blue pixel is 25 x ycr %, and the
external quantum efficiency of a green pixel and that of a red pixel are each 50 x ycr % (It is
because excitons are divided between the red phosphorescent material and the green
phosphorescent material in the phosphorescent layer. For simplicity, excitons are assumed to be
divided half and half).

[0118]

Next, the light-emitting device having the above structure (the structure shown in FIG.
3A) will be considered. The external quantum efficiency of the blue pixel, that of the green
pixel, and that of the red pixel are 25 x ycr %, 25 X xcc %, and 125 x xcc % (in the case where a
resonant structure is not formed; it is 100 x ycc % in the case where a resonant structure is
formed, because blue light attenuates), respectively. In this way, the use of the light-emitting
elements of one embodiment of the present invention can greatly increase the efficiency of red
light emission.

[0119]

Here, the external quantum efficiency of the red pixel with the structure of this
embodiment is 125 x ycc %, whereas that with the conventional structure is 50 x ycr %, which
means that the external quantum efficiency of the red pixel with the structure of this embodiment
is expected to be 2.5 times that with the conventional structure, in the case where the
transmittance of the color filter and the PL. quantum yield of the color conversion layer are the
same. Accordingly, as long as the PL quantum yield of the color conversion layer is greater
than or equal to 40 % of the transmittance of the color filter, a red pixel with the external
quantum efficiency higher than that of the conventional red pixel can be obtained.

[0120]

As shown in FIG. 4A, a fourth light-emitting element as a yellow pixel may be added to
the structure shown in FIG. 3A. The fourth light-emitting element includes the EL layer
including the first light-emitting unit 103b and the second light-emitting unit 103c between a
first electrode 102Y and the second electrode 104. A resonant structure corresponding to
yellow light emission may be provided, in which case a transparent conductive film 102Yt may
be formed. Since light emitted from the fourth light-emitting element is extracted outside the
light-emitting device through a color filter 107Y, the external quantum efficiency of the yellow

pixel is 100 x ycr %. The color filter 107Y may be replaced by a yellow color conversion layer
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106Y, in which case the external quantum efficiency of the yellow pixel is 125 x ycc %.
[0121]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0122]

Note that in the case where the structure shown in FIG. 4A is employed, white light can
be expressed only with red, blue, and yellow light, and thus the efficiency of green light hardly
affects the power consumption. Accordingly, in view of the efficiency of the yellow pixel being
100 %, a light-emitting device with higher efficiency than that of a conventional light-emitting
device can be obtained as long as the PL quantum yield of the color conversion layer 106R,
which is a first color conversion layer provided in the red pixel, is higher than 40 %. In the
case where the resonant structure is formed, the light-emitting device can have higher efficiency
than that of a conventional light-emitting device as long as the PL quantum yield of the color
conversion layer 106R is higher than 50 %.

[0123]
<Conversion from single element of blue fluorescence and yellow phosphorescence>

FIG. 3B shows a light-emitting device of one embodiment of the present invention
using a single element utilizing blue fluorescence and yellow phosphorescence. As with the
light-emitting device shown in FIG. 3A, the light-emitting device includes at least a first
light-emitting element, a second light-emitting element, and a third light-emitting element. A
substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second electrode
104, a black matrix 105, a color conversion layer 106R, a color conversion layer 106G, and a
color filter 107B are also similar to those of the light-emitting device shown in FIG. 3A;
therefore, the description is omitted here.

[0124]

In FIG. 3B, an EL layer 103d has a single structure, a typical example of which is
shown in FIG. 5B. The first light-emitting layer 116d-1 and the second light-emitting layer
116d-2 may be formed in contact with each other, or a separation layer with a thickness of less
than or equal to 20 nm may be provided therebetween. The thickness of the separation layer is
preferably greater than or equal to 1 nm and less than or equal to 10 nm. Note that the EL layer
103d is shared by the first to third light-emitting elements.

[0125]
In this structure, one of the first light-emitting layer 116d-1 and the second

light-emitting layer 116d-2 in FIG. 5B emits blue fluorescence, and the other emits yellow
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phosphorescence.  Light in which blue fluorescence and yellow phosphorescence are
synthesized is obtained from the EL layer 103d. The first light-emitting layer 116d-1 and the
second light-emitting layer 116d-2 each contain a first organic compound as a host material, in
addition to a light-emitting material. Furthermore, the first light-emitting layer 116d-1 and the
second light-emitting layer 116d-2 each contain a second organic compound as well, and it is
preferable that the first organic compound and the second organic compound form an exciplex
and energy transfer occur from the exciplex to the light-emitting materials. In addition, the
emission spectrum of the exciplex and the absorption band of the light-emitting material on the
longest wavelength side preferably overlap with each other, which enables energy transfer with
favorable efficiency.

[0126]

Light emitted from the first light-emitting element is extracted outside the light-emitting
device through the blue color filter 107B. Light emitted from the second light-emitting element
enters the color conversion layer 106G, and the color conversion layer 106G is excited by the
entering light and emits green light. Similarly, light emitted from the third light-emitting
element enters the color conversion layer 106R, and the color conversion layer 106R emits red
light.

[0127]

Note that in this light-emitting device, light in which blue fluorescence and yellow
phosphorescence are synthesized is emitted from the EL layer 103, As with FIG. 3A; however,
the color conversion layer 106G cannot absorb yellow light. Thus, it is preferable that yellow
light that enters the color conversion layer 106G be removed with the use of a resonant structure
or a color filterr When the resonant structure is formed, it is formed such that blue light is
amplified. The resonant structures can be provided by forming transparent conductive films (a
transparent conductive film 102Bt, a transparent conductive film 102Gt, and a transparent
conductive film 102Rt) with desired thicknesses over the first electrodes, as shown in FIG. 3B.
Note that the resonant structures need not be formed in the first light-emitting element and the
third light-emitting element for the purpose of removing light that cannot be absorbed. In the
case where the resonant structures are formed for the other purpose, the transparent conductive
film 102Bt may be formed such that blue light is amplified in the first light-emitting element,
and the transparent conductive film 102Rt may be formed such that yellow light is amplified in
the third light-emitting element.

[0128]
Here, the external quantum efficiency of each pixel in the light-emitting device having

the above structure and the external quantum efficiency of each pixel in a light-emitting device

29



10

15

20

25

30

35

WO 2015/181678 PCT/IB2015/053664

having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0129]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure different from the above will be calculated. The light-emitting elements have a
single-structure EL layer in which two light-emitting layers are adjacent to each other in one
light-emitting unit as shown in FIG. 5B. In order to obtain red, green, and blue colors with the
light-emitting elements having such a structure, without the use of a color conversion layer, the
use of light-emitting materials having respective light emission wavelengths is effective. In
view of practicality and efficiency, a blue fluorescent material, a red phosphorescent material,
and a green phosphorescent material are often used. When one of the first light-emitting layer
116d-1 and the second light-emitting layer 116d-2 is a fluorescent layer and the other is a
phosphorescent layer, the blue fluorescent material is contained in one of the light-emitting
layers, and the red phosphorescent material and the green phosphorescent material are contained
in the other light-emitting layer. Assuming that the internal quantum efficiency of the
fluorescent layer is 25 % and that of the phosphorescent layer is 100 %, and that excitons are
divided equally between blue, green, and red (i.e., 1:1:1); the external quantum efficiency of a
blue pixel is 8.3 x ycr %, and that of a green pixel and that of a red pixel are each 33 x xcr %.
[0130]

Next, the light-emitting device having a structure shown in FIG. 3B will be considered.
In addition to the assumption similar to the above, it is assumed that excitons are divided
between blue and yellow half and half (1:1) and that the PL. quantum yield of color conversion
layers is 100 %; thus, the external quantum efficiency of a blue pixel, that of a green pixel, and
that of a red pixel are 12.5 x yxcr %, 12.5 x xcc %, and 62.5 x ycc % (in the case where a
resonant structure is not used; it is 50 x xcc % in the case where a resonant structure is used,
because blue light attenuates), respectively. In this way, the use of the light-emitting elements
of one embodiment of the present invention can greatly increase the external quantum efficiency
of the red pixel.

[0131]

Here, the external quantum efficiency of the blue pixel with the structure of this
embodiment is 12.5 x ycr %, whereas that with the conventional structure is 8.3 x ycr %, which
means that the external quantum efficiency of the blue pixel with the structure of this
embodiment is expected to be approximately 1.5 times that with the conventional structure.

Furthermore, the external quantum efficiency of the red pixel with the structure of this
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embodiment is 62.5 x xcc %, whereas that with the conventional structure is 33 x xcr %, which
means that the external quantum efficiency of the red pixel with the structure of this embodiment
is expected to be approximately 1.88 times that with the conventional structure, in the case where
the transmittance of the color filter and the PL quantum yield of the color conversion layer are
the same. Accordingly, as long as the PL quantum yield of the color conversion layer in the red
pixel is greater than or equal to 53.3 % of the transmittance of the color filter, a red pixel with the
external quantum efficiency higher than that of the conventional red pixel can be obtained
[0132]

As shown in FIG. 4B, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 3B.  The fourth light-emitting element includes the
EL layer 103d between a first electrode 102Y and the second electrode 104. Light emitted from
the fourth light-emitting element is extracted outside the light-emitting device through a color
filter 107Y, so that the external quantum efficiency of the yellow pixel is 50 x xcr %. When a
resonant structure is formed, it is formed such that yellow light is amplified. The resonant
structure can be provided by forming a transparent conductive film 102Yt with a desired
thickness over the first electrode, as shown in FIG. 4B. Furthermore, the color filter 107Y may
be replaced by a yellow color conversion layer 106Y, in which case the external quantum
efficiency of the yellow pixel is 62.5 x ycc %.

[0133]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0134]

Note that in the case where the structure shown in FIG. 4B is employed, white light can
be expressed only with red, blue, and yellow light, and thus the efficiency of green light hardly
affects the power consumption. Accordingly, in view of the external quantum efficiency of the
yellow pixel being 50 x ycr %, a light-emitting device with higher efficiency than that of a
conventional light-emitting device can be obtained as long as the PL. quantum yield of the color
conversion layer 106R, which is a first color conversion layer provided in the red pixel, is greater
than 53.3 % of the transmittance (%) of the red color filter. In the case where the resonant
structure is formed, the light-emitting device can have a higher efficiency than that of a
conventional light-emitting device as long as the PL. quantum yield of the color conversion layer
106R is greater than 66 % of the transmittance (%) of the red color filter.

[0135]

<Conversion from single element of blue fluorescence and single element of yellow
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phosphorescence (one selective deposition step using mask) 1>

FIG. 3C shows a light-emitting device of one embodiment of the present invention
using a single element of blue fluorescence and a single element of yellow phosphorescence.
As with the light-emitting device shown in FIG. 3A, the light-emitting device includes at least a
first light-emitting element, a second light-emitting element, and a third light-emitting element.
A substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second
electrode 104, a black matrix 105, and color conversion layers 106G and 106R are also similar to
those of the light-emitting device shown in FIG. 3A; therefore, the description is omitted here.
[0136]

In the light-emitting device shown in FIG. 3C, the first light-emitting element and the
second light-emitting element include an EL layer with a fifth structure, and the third
light-emitting element includes an EL layer with a sixth structure.

[0137]

The EL layer with the fifth structure is a stack including a first EL layer 103e, a second
EL layer 103f, a third EL layer 103g, and a fourth EL layer 103h. The EL layer with the sixth
structure is a stack including the first EL layer 103e, the third EL layer 103g, and the fourth EL
layer 103h.

[0138]

In the case where the first electrodes are anodes and the second electrode is a cathode,
the first EL layer 103e corresponds to the hole-injection layer 114 and the hole-transport layer
115 in FIG. 5B, the second EL layer 103f corresponds to the first light-emitting layer 116d-1 in
FIG. 5B, the third EL layer 103g corresponds to the second light-emitting layer 116d-2 in FIG.
5B, and the fourth EL layer 103h corresponds to the electron-transport layer 117 and the
electron-injection layer 118 in FIG. 5SB. That is, the EL layer with the fifth structure has a
structure similar to that of the EL layer 103d in FIG. 5B, and the EL layer with the sixth structure
has a structure similar to that of the EL layer 103a in FIG. 5C.

[0139]

The second EL layer 103f contains an organic compound that emits blue fluorescence as
a light-emitting material, and the third EL layer 103g contains an organic compound that emits
yellow phosphorescence as a light-emitting material. The second EL layer 103f and the third
EL layer 103g each contain a first organic compound as a host material, in addition to their
respective light-emitting materials. Furthermore, the second EL layer 103f and the third EL
layer 103g each contain a second organic compound as well, and it is preferable that the first
organic compound and the second organic compound form an exciplex and energy transfer occur

from the exciplex to the light-emitting materials. In addition, the emission spectrum of the
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exciplex and the absorption band of the light-emitting material on the longest wavelength side
preferably overlap with each other, which enables energy transfer with favorable efficiency.
[0140]

In the light-emitting device with this structure, it is preferable that the second EL layer
103f and the third EL layer 103g be each a layer in which the electron-transport property is
higher than the hole-transport property. With such a structure, only blue fluorescence can be
obtained from the first light-emitting element and the second light-emitting element, and only
yellow phosphorescence can be obtained from the third light-emitting element. Note that in the
case where the first electrodes are cathodes and the second electrode is an anode, the first EL
layer 103e corresponds to the electron-transport layer 117 and the electron-injection layer 118 in
FIG. 5B, the fourth EL layer 103h corresponds to the hole-injection layer 114 and the
hole-transport layer 115 in FIG. 5B, and it is preferable that the second EL layer 103f and the
third EL layer 103g be each a layer in which the hole-transport property is higher than the
electron-transport property because of the reason similar to the above.

[0141]

Although the second EL layer 103f in FIG. 3C is formed before the third EL layer 103g
is formed, the third EL layer 103g may be formed before the second EL layer 103f is formed.
In that case, it is preferable that the second EL layer 103f and the third EL layer 103g be each a
layer in which the hole-transport property is higher than the electron-transport property. In the
case where the first electrode is the cathode and the second electrode is the anode, it is preferable
that the second EL layer 103f and the third EL layer 103g be each a layer in which the
electron-transport property is higher than the hole-transport property.

[0142]

Blue light can be obtained from the first light-emitting element. When light emitted
from the second light-emitting element enters the color conversion layer 106G, green light can
be obtained from the color conversion layer 106G. When light emitted from the third
light-emitting element enters the color conversion layer 106R, red light can be obtained from the
color conversion layer 106R. Note that light emitted from the first light-emitting element may
be extracted outside the light-emitting device through a color filter. Without a color filter, light
can be obtained with high efficiency. Emitted through a color filter, light can be obtained with
high color purity.

[0143]

Here, the external quantum efficiency of each pixel in the light-emitting device having

the above structure and the external quantum efficiency of each pixel in a light-emitting device

having a structure different from the above will be considered. Note that the carrier balance,
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exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.
[0144]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure different from the above will be calculated. The structures of the first and third
light-emitting elements in the light-emitting device are similar to the structures of the
light-emitting elements in the light-emitting device shown in FIG. 3C. Although the second
light-emitting element in FIG. 3C has the EL layer with the fifth structure, the second
light-emitting element in this light-emitting device has the EL layer with the sixth structure.
[0145]

In order to efficiently obtain red, green, and blue colors with the light-emitting elements
having such structures, in general, the use of light-emitting materials that emit light having
intensity at the wavelengths corresponding to the colors is effective. In view of practicality and
efficiency, a blue fluorescent material, a red phosphorescent material, and a green
phosphorescent material are often used. It is preferable that the blue fluorescent material be
used for the second EL layer 103f, and the red phosphorescent material and the green
phosphorescent material be used for the third EL layer 103g. With such a structure, light in
which red light and green light are synthesized is obtained from the second light-emitting
element and the third light-emitting element. In the second pixel, light is extracted outside the
light-emitting device through a green color filter, whereby green light emission can be obtained.
In the third pixel, light is extracted outside the light-emitting device through a red color filter,
whereby red light emission can be obtained.

[0146]

Here, supposing that excitons are divided between the red phosphorescent material and
the green phosphorescent material half and half (1:1) in the third EL layer, the external quantum
efficiency of the blue pixel is 25 x x4 % (in the case where a color filter is not used; it is 25 x ycF
% 1in the case where a color filter is used), and the external quantum efficiency of the green pixel
and that of the red pixel are each 50 x ycr % (with color filters).

[0147]

Next, the light-emitting device having the structure shown in FIG. 3C will be considered.
The external quantum efficiency of the blue pixel is 25 x x4 % (in the case where a color filter is
not used; it is 25 x ycr % in the case where a color filter is used), the external quantum efficiency
of the green pixel is 25 x xcc %, and the external quantum efficiency of the red pixel is 100 x
xcc %. In this way, the use of the structure of one embodiment of the present invention can

provide a light-emitting device with the external quantum efficiency of the red pixel higher than
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the external quantum efficiency of the red pixel in the conventional light-emitting device.
[0148]

Here, the external quantum efficiency of the red pixel with the structure of this
embodiment is 100 x ycc %, whereas that with the conventional structure is 50 x ycr %, which
means that the external quantum efficiency of the red pixel with the structure of this embodiment
is expected to be twice that with the conventional structure, in the case where the transmittance
of the color filter and the PL quantum yield of the color conversion layer are the same.
Accordingly, as long as the PL quantum yield of the color conversion layer is greater than or
equal to 50 % of the transmittance of the color filter, a red pixel with the external quantum
efficiency higher than that of the conventional red pixel can be obtained, and power consumption
of the light-emitting device can be reduced.

[0149]

As shown in FIG. 4C, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 3C.  The fourth light-emitting element includes the
EL layer with the sixth structure between a first electrode 102Y and the second electrode 104.
The external quantum efficiency of the yellow pixel is 100 x ycr % in the case where light
emitted from the fourth light-emitting element is extracted outside the light-emitting device
through a color filter 107Y, or 100 x xa % in the case where a color filter is not provided.

[0150]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0151]

Note that in the case where the structure shown in FIG. 4C is employed, white light can
be expressed only with red, blue, and yellow light, and thus the efficiency of green light hardly
affects the power consumption. Accordingly, even when the efficiency of the green pixel is
reduced, red light emission is comparable to that of a conventional light-emitting element and a
highly efficient light-emitting device can be obtained as long as the PL quantum yield of the
color conversion layer 106R, which is a first color conversion layer provided in the red pixel, is
greater than or equal to 50 % of the transmittance of a red color filter.

[0152]

Only one selective deposition step that uses a mask can bring these effects to the
light-emitting device with the structure of this embodiment.
[0153]

<Conversion from single element of blue fluorescence and single element of yellow
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phosphorescence (one selective deposition step using mask) 2>

FIG. 3D shows a light-emitting device of one embodiment of the present invention
using a single element of blue fluorescence and a single element of yellow phosphorescence.
As with the light-emitting device shown in FIG. 3A, the light-emitting device includes at least a
first light-emitting element, a second light-emitting element, and a third light-emitting element.
A substrate 100, a sealing substrate 101, first electrodes 102B, 102G, and 102R, a second
electrode 104, a black matrix 105, a color conversion layer 106G, and a color conversion layer
106R are also similar to those of the light-emitting device shown in FIG. 3A; therefore, the
description is omitted here.

[0154]

In the light-emitting device shown in FIG. 3D, the first light-emitting element and the
second light-emitting element include an EL layer with a seventh structure, and the third
light-emitting element includes an EL layer with an eighth structure.

[0155]

The EL layer with the seventh structure is a stack including a first EL layer 1031, a
second EL layer 103j, and a fourth EL layer 103m. The EL layer with the eighth structure is a
stack including the first EL layer 1031, the second EL layer 103j, a third EL layer 103k, and the
fourth EL layer 103m.

[0156]

In the case where the first electrodes are anodes and the second electrode is a cathode,
the first EL layer 1031 corresponds to the hole-injection layer 114 and the hole-transport layer
115 in FIG. 5B, the second EL layer 103j corresponds to the first light-emitting layer 116d-1 in
FIG. 5B, the third EL layer 103k corresponds to the second light-emitting layer 116d-2 in FIG.
5B, and the fourth EL layer 103m corresponds to the electron-transport layer 117 and the
electron-injection layer 118 in FIG. 5B. That is, the EL layer with the seventh structure has a
structure similar to that of the EL layer 103a in FIG. 5C, and the EL layer with the eighth
structure has a structure similar to that of the EL layer 103d in FIG. 5B.

[0157]

The second EL layer 103j contains an organic compound that emits blue fluorescence as
a light-emitting material, and the third EL layer 103k contains an organic compound that emits
yellow phosphorescence as a light-emitting material. The second EL layer 103j and the third
EL layer 103k each contain a first organic compound as a host material, in addition to the
light-emitting material. Furthermore, the second EL layer 103j and the third EL layer 103k
each contain a second organic compound as well, and it is preferable that the first organic

compound and the second organic compound form an exciplex and energy transfer occur from
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the exciplex to the light-emitting material. In addition, the emission spectrum of the exciplex
and the absorption band of the light-emitting material on the longest wavelength side preferably
overlap with each other, which enables energy transfer with favorable efficiency.

[0158]

In the light-emitting device with this structure, it is preferable that the second EL layer
103j and the third EL layer 103k be each a layer in which the hole-transport property is higher
than the electron-transport property. With such a structure, only blue fluorescence can be
obtained from the first light-emitting element and the second light-emitting element, and only
yellow phosphorescence can be obtained from the third light-emitting element. Note that in the
case where the first electrodes are cathodes and the second electrode is an anode, the first EL
layer 1031 corresponds to the electron-transport layer 117 and the electron-injection layer 118 in
FIG. 5B, the fourth EL layer 103m corresponds to the hole-injection layer 114 and the
hole-transport layer 115 in FIG. 5B, and it is preferable that the second EL layer 103 and the
third EL layer 103k be each a layer in which the electron-transport property is higher than the
hole-transport property because of the reason similar to the above.

[0159]

Although the second EL layer 103j in FIG. 3D is formed before the third EL layer 103k
is formed, the third EL layer 103k may be formed before the second EL layer 103j is formed.
In that case, it is preferable that the second EL layer 103j and the third EL layer 103k be each a
layer in which the hole-transport property is higher than the electron-transport property. In the
case where the first electrode is the cathode and the second electrode is the anode, it is preferable
that the second EL layer 103j and the third EL layer 103k be each a layer in which the
electron-transport property is higher than the hole-transport property.

[0160]

Blue light can be obtained from the first light-emitting element. When light emitted
from the second light-emitting element enters the color conversion layer 106G, green light can
be obtained from the color conversion layer 106G. When light emitted from the third
light-emitting element enters the color conversion layer 106R, red light can be obtained from the
color conversion layer 106R. Light emitted from the first light-emitting element may be
extracted outside the light-emitting device through a color filter. Without a color filter, light
can be obtained with high efficiency. Emitted through a color filter, light can be obtained with
high color purity.

[0161]
Here, the external quantum efficiency of each pixel in the light-emitting device having

the above structure and the external quantum efficiency of each pixel in a light-emitting device
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having a structure different from the above will be considered. Note that the carrier balance,
exciton generation probability, and the like in light-emitting elements used in the light-emitting
devices are assumed to be similar.

[0162]

First, the external quantum efficiency of each pixel in the light-emitting device having a
structure different from the above will be calculated. The structures of the first and third
light-emitting elements in the light-emitting device are similar to the structures of the
light-emitting elements in the light-emitting device shown in FIG. 3D. Although the second
light-emitting element in FIG. 3D has the EL layer with the seventh structure, the second
light-emitting element in this light-emitting device has the EL layer with the eighth structure.
[0163]

In order to efficiently obtain red, green, and blue colors with the light-emitting device
having such a structure, in general, the use of light-emitting materials having respective light
emission wavelengths is effective. In view of the practicality and efficiency, a blue fluorescent
material, a red phosphorescent material, and a green phosphorescent material are often used. In
the light-emitting device here, a blue fluorescent material is used for the second EL layer 103j,
and a red phosphorescent material and a green phosphorescent material are used for the third EL
layer 103k.

[0164]

Since the third EL layer 103k in the EL layer with the eighth structure contains the red
and green phosphorescent materials, light in which red light and green light are synthesized is
obtained from the second and third light-emitting elements. Therefore, light from the second
light-emitting element is extracted outside the light-emitting device through a green color filter,
whereby green light emission can be obtained, and light from the third light-emitting element is
extracted outside the light-emitting device through a red color filter, whereby red light emission
can be obtained.

[0165]

In the light-emitting device having such a structure, supposing that excitons are divided
between the red phosphorescent material and the green phosphorescent material half and half
(1:1) in the third EL layer 103k, the external quantum efficiency of the blue pixel is 25 x x4 %
(in the case where a color filter is not used; it is 25 x ycr % in the case where a color filter is
used), and the external quantum efficiency of the green pixel and that of the red pixel are each 50
X xcr %o.

[0166]
Next, the light-emitting device having the structure shown in FIG. 3D will be
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considered. The external quantum efficiency of the blue pixel is 25 x x4 % (in the case where a
color filter is not used; it is 25 x xcr % in the case where a color filter is used), the external
quantum efficiency of the green pixel is 25 x ycc %, and the external quantum efficiency of the
red pixel is 100 x xcc %. In this way, the use of the structure of one embodiment of the present
invention can provide a light-emitting device with favorable external quantum efficiency of the
red pixel.

[0167]

Here, the external quantum efficiency of the red pixel with the structure of this
embodiment is 100 x ycc %, whereas that with the conventional structure is 50 x ycg %, which
means that the external quantum efficiency of the red pixel with the structure of this embodiment
e 1s expected to be twice that with the conventional structure, in the case where the transmittance
of the color filter and the PL quantum yield of the color conversion layer are the same.
Accordingly, as long as the PL quantum yield of the color conversion layer is greater than or
equal to 50 % of the transmittance of the color filter, a red pixel with the external quantum
efficiency higher than that of the conventional red pixel can be obtained, and power consumption
of the light-emitting device can be reduced.

[0168]

As shown in FIG. 4D, a fourth light-emitting element that constitutes a yellow pixel
may be added to the structure shown in FIG. 3D. The fourth light-emitting element includes
the EL layer with the eighth structure between a first electrode 102Y and the second electrode
104. The external quantum efficiency of the yellow pixel is 100 x ycr % in the case where light
emitted from the fourth light-emitting element is extracted outside the light-emitting device
through a color filter 107Y, or 100 x xa % in the case where a color filter is not provided.

[0169]

The light-emitting device having such a structure can express an image with four colors,
i.e, red, green, blue, and yellow, and is excellent in color reproducibility. In addition, since
yellow light has a high luminosity factor, power consumption can be reduced.

[0170]

Note that in the case where the structure shown in FIG. 4D is employed, white light can
be expressed only with red, blue, and yellow light, and thus the efficiency of green light hardly
affects the power consumption. Accordingly, even when the efficiency of the green pixel is
reduced, blue light emission and red light emission are comparable to those of a conventional
light-emitting element and a highly efficient light-emitting device can be obtained as long as the

PL quantum vyield of the color conversion layer 106R, which is a first color conversion layer
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provided in the red pixel, is greater than or equal to 50 % of the transmittance of a red color
filter.

[0171]

Only one selective deposition step that uses a mask can bring these effects to the
light-emitting device with the structure of this embodiment.
[0172]

For each of the color conversion layers 106R, 106G, and 106Y used in the
above-described light-emitting devices, any color conversion layer may be used as long as it can
convert light with a desired wavelength into light with a desired wavelength with desired
efficiency. The typical examples include a color conversion layer using a fluorescent pigment
and a color conversion layer using quantum dots. A color conversion layer using quantum dots
is easily used because it can convert light with a wide range of wavelength. In addition, the
spectrum of the light converted by a color conversion layer using quantum dots is sharp;
therefore, light with high color purity can be obtained and a light-emitting device with excellent
color reproducibility can be provided.

[0173]
<Light-emitting element>

Next, an example of a light-emitting element which is one embodiment of the present
invention will be described in detail below with reference to FIGS. 5A to 5C.
[0174]

In this embodiment, the light-emitting element includes a pair of electrodes, i.e., a first
electrode 102 and a second electrode 104, and an EL layer 103 (or an EL layer 103d or an EL
layer 103a) provided between the first electrode 102 and the second electrode 104. Note that
the first electrode 102 functions as an anode and that the second electrode 104 functions as a
cathode.

[0175]

Since the first electrode 102 functions as the anode, the first electrode 102 is preferably
formed using any of metals, alloys, electrically conductive compounds with a high work function
(specifically, a work function of 4.0 eV or more), mixtures thereof, and the like. Specific
examples include indium oxide-tin oxide (ITO: indium tin oxide), indium oxide-tin oxide
containing silicon or silicon oxide, indium oxide-zinc oxide, and indium oxide containing
tungsten oxide and zinc oxide (IWZQO). Such conductive metal oxide films are usually formed
by a sputtering method, but may be formed by application of a sol-gel method or the like. In an
example of the formation method, indium oxide-zinc oxide is deposited by a sputtering method

using a target obtained by adding 1 wt% to 20 wt% of zinc oxide to indium oxide. Further, a
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film of indium oxide containing tungsten oxide and zinc oxide (IWZO) can be formed by a
sputtering method using a target in which tungsten oxide and zinc oxide are added to indium
oxide at 0.5 wt% to 5 wt% and 0.1 wt% to 1 wt%, respectively. Alternatively, gold (Au),
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt
(Co), copper (Cu), palladium (Pd), nitride of a metal material (e.g., titanium nitride), or the like
can be used. Graphene can also be used. Note that when a composite material described later
is used for a layer which is in contact with the first electrode 102 in the EL layer 103, an
electrode material can be selected regardless of its work function.

[0176]

The EL layer 103 (or the EL layer 103d or the EL layer 103a) has a stacked layer
structure, and the combination of a hole-injection layer, a hole-transport layer, a light-emitting
layer, an electron-transport layer, an electron-injection layer, a carrier-blocking layer, an
intermediate layer, and the like can be included therein as appropriate. In this embodiment, the
basic structure of the EL layer 103 (or the EL layer 103d or the EL layer 103a) in which the
hole-injection layer 114, the hole-transport layer 115, the light-emitting layer 116, the
electron-transport layer 117, and the electron-injection layer 118 are stacked in this order over
the first electrode 102 will be described.  Specific examples of the materials forming the layers
are given below.

[0177]

The hole-injection layer 114 is a layer that contains a substance having a high
hole-injection property. As the substance having a high hole-injection property, for example,
molybdenum oxide, vanadium oxide, ruthenium oxide, tungsten oxide, manganese oxide, or the
like can be used. Alternatively, the hole-injection layer 114 can be formed using a
phthalocyanine-based compound such as phthalocyanine (abbreviation: H,Pc) or copper
phthalocyanine  (abbreviation: CuPc), an aromatic amine compound such as
4,4’-bis[N-(4-diphenylaminophenyl)-N-phenylamino]biphenyl ~ (abbreviation: = DPAB) or
N,N’-bis{4-[bis(3-methylphenyl)amino]phenyl }-N,N’-diphenyl-(1,1’-biphenyl)-4,4’-diamine
(abbreviation: DNTPD), a high molecular compound such as
poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonic acid) (abbreviation: PEDOT/PSS), or the
like.

[0178]

Alternatively, a composite material in which a substance having a hole-transport
property contains a substance having an acceptor property can be used for the hole-injection
layer 114. Note that the use of such a substance having a hole-transport property which
contains a substance having an acceptor property enables selection of a material used to form an
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electrode regardless of its work function. In other words, besides a material having a high work
function, a material having a low work function can also be used for the first electrode 102.  As
the substance having an acceptor property, 7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane
(abbreviation: F4~-TCNQ), chloranil, and the like can be given. In addition, transition metal
oxides can be given. Moreover, an oxide of metals belonging to Groups 4 to 8 of the periodic
table can be used. Specifically, it is preferable to use vanadium oxide, niobium oxide, tantalum
oxide, chromium oxide, molybdenum oxide, tungsten oxide, manganese oxide, and rhenium
oxide because of their high electron accepting properties. In particular, molybdenum oxide is
more preferable because of its stability in the atmosphere, low hygroscopic property, and
easiness of handling.

[0179]

As the substance having a hole-transport property that is used for the composite material,
any of a variety of organic compounds such as aromatic amine compounds, carbazole derivatives,
aromatic hydrocarbons, and high molecular compounds (e.g., oligomers, dendrimers, or
polymers) can be used. The organic compound used for the composite material is preferably an
organic compound having a high hole-transport property. Specifically, use of a substance
having a hole mobility of greater than or equal to 10° cm?®/(V-s) is preferable. Organic
compounds that can be used as the substance having a hole-transport property in the composite

material are specifically given below.

[0180]

As the aromatic amine compound, for example, there are
N, N'-di(p-tolyl)-N,N'-diphenyl-p-phenylenediamine (abbreviation: DTDPPA);
4,4'-bis[ N-(4-diphenylaminophenyl)-N-phenylamino|biphenyl (abbreviation: DPAB);

N,N'-bis{4-[bis(3-methylphenyl)amino]phenyl }-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-diamine
(abbreviation: DNTPD); 1,3,5-tris[ N-(4-diphenylaminophenyl)-N-phenylamino]benzene
(abbreviation: DPA3B); and the like.

[0181]

The carbazole derivative that can be used for the composite material is specifically
3-[N-(9-phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole  (abbreviation:. PCzPCAl),
3,6-bis[ N-(9-phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole (abbreviation: PCzPCA2),
3-[N-(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole (abbreviation:
PCzPCN1), or the like.

[0182]

Other examples of the carbazole derivatives which can be used for the composite

material include 4,4'-di(N-carbazolyl)biphenyl (abbreviation: CBP),
42



10

15

20

25

30

35

WO 2015/181678 PCT/IB2015/053664

1,3,5-tris[4-(N-carbazolyl)phenyl]benzene (abbreviation: TCPB),
9-[4-(10-phenyl-9-anthryl)phenyl]-9H-carbazole (abbreviation: CzPA), and
1,4-bis[4-(N-carbazolyl)phenyl]-2,3,5,6-tetraphenylbenzene.

[0183]

Examples of the aromatic hydrocarbons each of which can be used for the composite
material  include  2-fert-butyl-9,10-di(2-naphthyl)anthracene  (abbreviation: t-BuDNA),
2-tert-butyl-9,10-di(1-naphthyl)anthracene, 9,10-bis(3,5-diphenylphenyl)anthracene
(abbreviation: DPPA), 2-fert-butyl-9,10-bis(4-phenylphenyl)anthracene (abbreviation: t-BuDBA),
9,10-di(2-naphthyl)anthracene (abbreviation: DNA), 9,10-diphenylanthracene (abbreviation:
DPAnth), 2-tert-butylanthracene (abbreviation: t-BuAnth),
9,10-bis(4-methyl-1-naphthyl)anthracene (abbreviation: DMNA),
2-tert-butyl-9,10-bis[2-(1-naphthyl)phenyl]anthracene,
9,10-bis[2-(1-naphthyl)phenyl]anthracene,  2,3,6,7-tetramethyl-9,10-di(1-naphthyl)anthracene,
2,3,6,7-tetramethyl-9,10-di(2-naphthyl)anthracene, 9,9'-bianthryl, 10,10’-diphenyl-9,9’-bianthryl,
10,10"-bis(2-phenylphenyl)-9,9’-bianthryl,
10,10"-bis[(2,3,4,5,6-pentaphenyl)phenyl]-9,9"-bianthryl,  anthracene, tetracene, rubrene,
perylene, 2,5,8,11-tetra(fert-butyl)perylene, and the like. Besides, pentacene, coronene, or the
like can also be used. As these aromatic hydrocarbons given here, it is preferable that an
aromatic hydrocarbon having a hole mobility of 1 x 10® ¢cm?/Vs or more and having 14 to 42
carbon atoms be used.

[0184]

The aromatic hydrocarbons each of which can be used for the composite material may
have a vinyl skeleton. As aromatic hydrocarbon having a vinyl group, the following is given,
for example: 4,4’ -bis(2,2-diphenylvinyl)biphenyl (abbreviation: DPVBI);
9,10-bis[4-(2,2-diphenylvinyl)phenyl]anthracene (abbreviation: DPVPA); and the like.

[0185]

Moreover, a high molecular compound such as poly(N-vinylcarbazole) (abbreviation:
PVK), poly(4-vinyltriphenylamine) (abbreviation: PVTPA),
poly[N-(4-{N'-[4-(4-diphenylamino)phenyl|phenyl-V'-phenylamino }phenyl)methacrylamide]
(abbreviation: ~ PTPDMA), or  poly[N,N-bis(4-butylphenyl)-N,N'-bis(phenyl)benzidine
(abbreviation: Poly-TPD) can also be used.

[0186]

By providing a hole-injection layer, a high hole-injection property can be achieved to

allow a light-emitting element to be driven at a low voltage.

[0187]
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The hole-transport layer 115 is a layer that contains a substance having a hole-transport
property. Examples of the substance having a hole-transport property are aromatic amine
compounds such as 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (abbreviation: NPB),
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1’-biphenyl]-4,4’-diamine ~ (abbreviation: = TPD),
4,4' 4" -tris(N,N-diphenylamino)triphenylamine (abbreviation: TDATA),
4,4' 4" -tris| N-(3-methylphenyl)-N-phenylamino]triphenylamine ~ (abbreviation:  MTDATA),
4,4'-bis[N-(spiro-9,9’-bifluoren-2-yl)-N-phenylamino]biphenyl (abbreviation: BSPB),
4-phenyl-4'-(9-phenylfluoren-9-yl)triphenylamine (abbreviation: BPAFLP), and the like. The
substances mentioned here have high hole-transport properties and are mainly ones that have a
hole mobility of 107 ¢cm?/Vs or more. An organic compound given as an example of the
substance having a hole-transport property in the composite material described above can also be
used for the hole-transport layer 115. Moreover, a high molecular compound such as
poly(N-vinylcarbazole) (abbreviation: PVK) and poly(4-vinyltriphenylamine) (abbreviation:
PVTPA) can also be used. Note that the layer that contains a substance having a hole-transport
property is not limited to a single layer, and may be a stack of two or more layers including any
of the above substances.

[0188]

The electron-transport layer 117 is a layer containing a substance having an
electron-transport property. The materials having an electron-transport property or having an
anthracene skeleton, which are described above as materials for the host material, can be used.
[0189]

Between the electron-transport layer and the light-emitting layer, a layer that controls
transport of electron carriers may be provided. This is a layer formed by addition of a small
amount of a substance having a high electron-trapping property to a material having a high
electron-transport property described above, and the layer is capable of adjusting carrier balance
by suppressing transfer of electron carriers. Such a structure is very effective in preventing a
problem (such as a reduction in element lifetime) caused when electrons pass through the
light-emitting layer.

[0190]

In addition, an electron-injection layer 118 may be provided between the
electron-transport layer 117 and the second electrode 104, in contact with the second electrode
104.  For the electron-injection layer 118, an alkali metal, an alkaline earth metal, or a
compound thereof such as lithium fluoride (LiF), cesium fluoride (CsF), or calcium fluoride
(CaF;) can be used. For example, a layer that is formed using a substance having an

electron-transport property and contains an alkali metal, an alkaline earth metal, or a compound
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thereof can be used. An electride may also be used for the electron-injection layer 118.
Examples of the electride include a substance in which electrons are added at high concentration
to calcium oxide-aluminum oxide. Note that it is preferable to use the layer formed of a
substance having an electron-transport property in which an alkali metal or an alkaline earth
metal is mixed as the electron injection layer 118 because electrons can be efficiently injected
from the second electrode 104.

[0191]

For the second electrode 104, any of metals, alloys, electrically conductive compounds,
and mixtures thereof which have a low work function (specifically, a work function of 3.8 eV or
less) or the like can be used. Specific examples of such a cathode material are elements
belonging to Groups 1 and 2 of the periodic table, such as alkali metals (e.g., lithtum (L1) and
cesium (Cs)), magnesium (Mg), calcium (Ca), and strontium (Sr), alloys thereof (e.g., MgAg and
AlL1), rare earth metals such as europium (Eu) and ytterbium (YD), alloys thereof, and the like.
However, when the electron-injection layer is provided between the second electrode 104 and the
electron-transport layer, for the second electrode 104, any of a variety of conductive materials
such as Al, Ag, ITO, or indium oxide-tin oxide containing silicon or silicon oxide can be used
regardless of the work function. These conductive materials can be deposited by a sputtering
method, an ink-jet method, a spin coating method, or the like.

[0192]

Any of various methods can be employed for forming the EL layer 103 (or the EL layer
103d or the EL layer 103a) regardless of whether it is a dry method or a wet method. For
example, a vacuum evaporation method, an ink-jet method, or a spin coating method may be
employed. Further, a different deposition method can be employed for each electrode or each
layer.

[0193]

The electrodes may be formed by a wet method using a sol-gel method, or by a wet
method using paste of a metal material. Alternatively, the electrodes may be formed by a dry
method such as a sputtering method or a vacuum evaporation method.

[0194]

Light emission from the light-emitting element is extracted outside through one or both
of the first electrode 102 and the second electrode 104. Therefore, one or both of the first
electrode 102 and the second electrode 104 are formed as light-transmitting electrodes.

[0195]
<Tandem element>

Next, an embodiment of a light-emitting element with a structure in which a plurality of
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light-emitting units are stacked (hereinafter this type of light-emitting element is also referred to
as a tandem light-emitting element) will be described with reference to FIG. SA. This
light-emitting element includes a plurality of light-emitting units between a pair of electrodes (a
first electrode 102 and a second electrode 104). One light-emitting unit has the same structure
as the EL layer 103a shown in FIG. 5C. In other words, the light-emitting element shown in
FIG. 5C includes one light-emitting unit while the light-emitting element shown in FIG. 5A
includes a plurality of light-emitting units.

[0196]

In FIG. 5A, the EL layer 103 including a stack of the first light-emitting unit 103b, the
intermediate layer 109 that corresponds to a charge generation layer, and the second
light-emitting unit 103c¢ is formed between the first electrode 102 and the second electrode 104.
One of the first light-emitting unit 103b and the second light-emitting unit 103¢ is a unit that
emits blue fluorescence, and the other is a unit that emits green or yellow phosphorescence.
Light in which blue fluorescence and green or yellow phosphorescence are synthesized is
obtained from the EL layer 103.

[0197]

The tandem element has a structure in which light-emitting units each corresponding to
the EL layer 103a are connected in series with the intermediate layer 109 positioned
therebetween. Thus, a fluorescent layer and a phosphorescent layer can be separated from each
other, and both fluorescence and phosphorescence can be obtained easily from one light-emitting
element.

[0198]

The intermediate layer 109 includes a composite material of an organic compound and a
metal oxide. As this composite material of an organic compound and a metal oxide, the
composite material that can be used for the hole-injection layer 114 can be used. Since the
composite material of an organic compound and a metal oxide is superior in carrier-injecting
property and carrier-transporting property, low-voltage driving or low-current driving can be
achieved. Note that when a surface of a light-emitting unit on the anode side is in contact with
the intermediate layer, the intermediate layer can also serve as a hole-injection layer of the
light-emitting unit; thus, a hole-injection layer does not need to be formed in the light-emitting
unit.

[0199]

Note that the intermediate layer 109 may be formed by stacking a layer containing the

above composite material and a layer containing another material. For example, a layer

containing the above composite material and a layer containing a compound with a high
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electron-transport property and a compound selected from the compounds with an electron
donating property may be stacked. Alternatively, a layer containing a composite material of an
organic compound and a metal oxide and a transparent conductive film may be stacked.

[0200]

An electron-injection buffer layer may be provided between the intermediate layer 109
and the light-emitting unit on the anode side of the intermediate layer. The electron-injection
buffer layer is a stack of a very thin film of an alkali metal and an electron-relay layer containing
a substance having an electron-transport property. The very thin film of the alkali metal
corresponds to the electron-injection layer 118 and has a function of lowering an
electron-injection barrier. The electron-relay layer has a function of preventing an interaction
between the film of the alkali metal and the intermediate layer and smoothly transferring
electrons. The LUMO level of the substance having an electron-transport property which is
contained in the electron-relay layer is set to be between the LUMO level of a substance having
an acceptor property in the intermediate layer 109 and the LUMO level of a substance contained
in a layer in contact with the electron-injection buffer layer in the light-emitting unit on the
anode side. As a specific value of the energy level, the LUMO level of the substance having an
electron-transport property that is contained in the electron-relay layer is preferably greater than
or equal to —5.0 eV, more preferably greater than or equal to —5.0 eV and less than or equal to
—3.0 eV. Note that as the substance having an electron-transport property that is contained in
the electron-relay layer, a metal complex having a metal-oxygen bond and an aromatic ligand or
a phthalocyanine-based material is preferably used. In that case, the film of the alkali metal of
the electron-injection buffer layer serves as the electron-injection layer in the light-emitting unit
on the anode side; thus, the electron-injection layer does not need to be formed over the
light-emitting unit.

[0201]

In any event, the intermediate layer 109 interposed between the first light-emitting unit
103b and the second light-emitting unit 103c is acceptable as long as it injects electrons to one of
the light-emitting units and injects holes to the other light-emitting unit when a voltage is applied
to the first electrode 102 and the second electrode 104.

[0202]
<Fluorescent/phosphorescent single element>

Next, a fluorescent/phosphorescent single element with one light-emitting unit including
both a fluorescent layer and a phosphorescent layer will be described with reference to FIG. 5B.
A light-emitting element shown in FIG. 5B has a structure in which two light-emitting layers (a
first light-emitting layer 116d-1 and a second light-emitting layer 116d-2) are adjacent to each
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other in the EL layer 103d.

[0203]

One of the first light-emitting layer 116d-1 and the second light-emitting layer 116d-2
emits blue fluorescence and the other emits green or yellow phosphorescence. Light in which
blue fluorescence and green or yellow phosphorescence are synthesized is obtained from the EL
layer 103d.

[0204]

The first light-emitting layer 116d-1 or the second light-emitting layer 116d-2, which is
a phosphorescent layer, contains a first organic compound, a second organic compound, and a
phosphorescent material, and it is preferable that the first organic compound and the second
organic compound form an exciplex and energy transfer occur from the exciplex to the
phosphorescent material. With such a structure, phosphorescence is not quenched even when
the fluorescent layer and the phosphorescent layer are adjacent to each other, and fluorescence
and phosphorescence can be obtained efficiently at the same time.

[0205]

When a fluorescent layer and a phosphorescent layer are included in the same EL layer
to emit light, the triplet excitation energy of the phosphorescent layer is generally transferred to a
host material occupying a large part of the fluorescent layer. This causes a significant reduction
in emission efficiency. The reason is as follows: since a substance having a condensed aromatic
ring (especially, a condensed aromatic hydrocarbon ring) skeleton, which is typified by
anthracene that has a low triplet level, is generally used as a host material, triplet excitation
energy generated in the phosphorescent layer is transferred to the host material in the fluorescent
layer, which results in non-radiative decay. At present, it is difficult to obtain a desired
emission wavelength and favorable element characteristics or reliability without using a
substance having a condensed aromatic ring skeleton in the fluorescent layer; thus, the structure
in which the fluorescent layer and the phosphorescent layer are included in the same EL layer
mabkes it difficult to obtain a light-emitting element having favorable characteristics.

[0206]

Since a triplet excited state has a long relaxation time, the diffusion length of an exciton
is long, many of the excitons generated in the phosphorescent layer are transferred to the
fluorescent layer because of diffusion, and non-radiative decay of the excitons is caused. This
further reduces the emission efficiency of the phosphorescent layer.

[0207]
In a light-emitting element of this embodiment, the first organic compound and the

second organic compound form an exciplex in the phosphorescent layer, and the triplet excitation
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energy is transferred from the exciplex to the phosphorescent substance, so that light emission
can be obtained. This structure can solve the above-described problems.
[0208]

An exciplex is an excited state formed from two kinds of substances. The two kinds of
substances that have formed the exciplex return to a ground state by emitting light and serve as
the original two kinds of substances. In other words, an exciplex itself does not have a ground
state, and energy transfer between exciplexes or energy transfer to an exciplex from another
substance is unlikely to occur accordingly in principle.

[0209]

Most excitons in the phosphorescent layer exist as exciplexes. Furthermore, the
singlet-excitation energy of the exciplex is smaller than that of the first organic compound and
that of the second organic compound. When the first organic compound and the second organic
compound are selected such that the triplet-excitation energy of the exciplex is smaller than that
of the first organic compound or that of the second organic compound, energy transfer hardly
occurs from the exciplex to the first organic compound and the second organic compound. In
addition, since energy transfer among exciplex hardly occurs as described above, almost all of
excitation energy of the exciplex is transferred to the phosphorescent substance and converted
into light emission. Accordingly, diffusion of excitons in the phosphorescent layer hardly
occurs. As a result, both fluorescence and phosphorescence can be obtained from one EL layer.
[0210]

Here, in the case where the fluorescent layer and the phosphorescent layer are formed in
contact with each other, energy transfer (in particular, triplet energy transfer) can occur from the
exciplex to the host material in the fluorescent layer at the interface. However, diffusion of the
excitons in the phosphorescent layer hardly occurs as described above; thus, energy transfer from
the exciplex to the host material in the fluorescent layer occurs in a very limited area (i.e., the
interface between the fluorescent layer and the phosphorescent layer), and large loss of the
excitation energy does not occur. Therefore, the fluorescent layer and the phosphorescent layer
need not necessarily be in contact with each other, and even if they are contact with each other,
both fluorescence and phosphorescence can be obtained with high efficiency. Note that a
separation layer with a thickness of less than or equal to 20 nm may be provided between the
fluorescent layer and the phosphorescent layer. The provision of the separation layer can
suppress energy transfer at the interface between the fluorescent layer and the phosphorescent
layer, whereby light emission can be obtained with higher efficiency. It is preferable that the
separation layer be greater than or equal to 1 nm and less than or equal to 10 nm in thickness.

In addition, it is preferable that the separation layer include the first organic compound and the
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second organic compound that are also included in the phosphorescent layer, in which case the
effect of suppressing the transfer of excitation energy is increased.
[0211]

The materials included in the light-emitting layer 116, the first light-emitting layer
116d-1, and the second light-emitting layer 116d-2 will be described below.
[0212]

Examples of the fluorescent substances include substances which exhibit blue light
emission (emission wavelength: 400 nm to 480 nm) such as
N,N'-bis[4-(9H-carbazol-9-yl)phenyl]-N,N'-diphenylstilbene-4,4'-diamine (abbreviation:
YGA2S), 4-(9H-carbazol-9-yl)-4'-(10-phenyl-9-anthryl)triphenylamine (abbreviation: YGAPA),
4-(9H-carbazol-9-y1)-4'-(9,10-diphenyl-2-anthryl)triphenylamine  (abbreviation: 2YGAPPA),
N, 9-diphenyl-N-[4-(10-phenyl-9-anthryl)phenyl]-9H-carbazol-3-amine (abbreviation. PCAPA),
4-(10-phenyl-9-anthryl)-4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBAPA),
4-[4-(10-phenyl-9-anthryl)phenyl]-4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation:
PCBAPBA), perylene, 2,5,8,11-tetra(tert-butyl)perylene (abbreviation: TBP),
N,N'-bis[4-(9-phenyl-9H-fluoren-9-yl)phenyl]-V,N'-diphenylpyrene-1,6-diamine  (abbreviation:
1,6FLPAPrn), and
N,N’-bis(3-methylphenyl)-N, N’ -bis[3-(9-phenyl-9H-fluoren-9-yl)phenylpyrene-1,6-diamine
(abbreviation: 1,6mMemFLPAPrn). Condensed aromatic diamine compounds typified by
pyrenediamine compounds such as 1,6FLPAPrn and 1,6mMemFLPAPrn are particularly
preferable because of their high hole-trapping properties, high emission efficiency, and high
reliability.

[0213]
Examples of materials that can be used as the phosphorescent substance are as follows.
[0214]

Examples of the compound that mainly emits green phosphorescence include

organometallic  iridium  complexes  having  pyrimidine  skeletons, such  as
tris(4-methyl-6-phenylpyrimidinato)iridium(III) (abbreviation: Ir(mppm)s),
tris(4-t-butyl-6-phenylpyrimidinato)iridium(III) (abbreviation: Ir(tBuppm)s),
(acetylacetonato)bis(6-methyl-4-phenylpyrimidinato)iridium(I1I) (abbreviation:
Ir(mppm),(acac)), (acetylacetonato)bis(6-fert-butyl-4-phenylpyrimidinato)iridium(III)
(abbreviation: Ir(tBuppm),(acac)), and
(acetylacetonato)bis[6-(2-norbornyl)-4-phenylpyrimidinato]iridium(III) (abbreviation:

Ir(nbppm),(acac)); organometallic iridium complexes having pyridine skeletons, such as

tris(2-phenylpyridinato-N,C? )iridium(III) (abbreviation: Ir(ppy)3), and
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bis(2-phenylpyridinato-N,C*)iridium(IIl) acetylacetonate (abbreviation: Ir(ppy).(acac)); and a
rare earth metal complex such as tris(acetylacetonato) (monophenanthroline)terbium(III)
(abbreviation: Tb(acac);(Phen)). Note that an organometallic iridium complex having a
pyrimidine skeleton has distinctively high reliability and emission efficiency and thus is
especially preferable.

[0215]

Examples of the compound that mainly emits yellow phosphorescence include
organometallic  iridium  complexes  having  pyrimidine  skeletons, such  as
(acetylacetonato)bis[5-methyl-6-(2-methylphenyl)-4-phenylpyrimidinato]iridium(III)
(abbreviation: Ir(mpmppm),(acac)),

(acetylacetonato)bis{4,6-dimethyl-2-[6-(2,6-dimethylphenyl)-4-pyrimidinyl-k N3 phenyl-k C'}irid

tum(IIT) (abbreviation: Ir(dmppm-dmp),(acac)), and
(acetylacetonato)bis(4,6-diphenylpyrimidinato)iridium(Ill)  (abbreviation:  Ir(dppm);(acac));
organometallic iridium complexes having pyrazine skeletons, such as
(acetylacetonato)bis(3,5-dimethyl-2-phenylpyrazinato)iridium(IIT) (abbreviation:
Ir(mppr-Me),(acac)) and
(acetylacetonato)bis(5-isopropyl-3-methyl-2-phenylpyrazinato)iridium(III) (abbreviation:

Ir(mppr-iPr),(acac)), organometallic iridium complexes having pyridine skeletons, such as
tris(2-phenylquinolinato-N,C? )iridium(IIT) (abbreviation: Ir(pq)s3),
bis(2-phenylquinolinato-V,C?)iridium(IIl)  acetylacetonate  (abbreviation:  Ir(pq)(acac)),
bis(benzo[/]quinolinato)iridium(II) acetylacetonate (abbreviation: [Ir(bzq),(acac)]), and
bis{2-[4'-(perfluorophenyl)phenyl]pyridinato-V,C? }iridium(IIl) acetylacetonate (abbreviation:
Ir(p-PF-ph)y(acac)); and  bis(2-phenylbenzothiazolato-V,C)iridium(III)  acetylacetonate
(abbreviation: Ir(bt),(acac)). Note that an organometallic iridium complex having a pyrimidine
skeleton has distinctively high reliability and emission efficiency and thus is especially
preferable.

[0216]

As a host material, various carrier-transport materials, such as a material having an
electron-transport property or a material having a hole-transport property can be used. The host
material in the phosphorescent layer preferably includes two kinds of substances, i.e., a first
organic compound and a second organic compound. Furthermore, a combination of the first
organic compound and the second organic compound preferably forms an exciplex. In addition,
it is preferable that one of the first organic compound and the second organic compound have an
electron-transport property and the other have a hole-transport property, because such a structure
is advantageous when forming an exciplex.
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[0217]

Furthermore, when a combination of these materials is selected so as to form an
exciplex that exhibits light emission whose wavelength overlaps the wavelength of a
lowest-energy-side absorption band of the fluorescent substance or the phosphorescent substance,
energy is transferred smoothly and light emission can be obtained efficiently. Such a
combination is preferable in that drive voltage can be reduced.

[0218]

Examples of the material having an electron-transport property are a metal complex
such as bis(10-hydroxybenzo[/A]quinolinato)beryllium(Il) (abbreviation: BeBqp),
bis(2-methyl-8-quinolinolato)(4-phenylphenolato)aluminum(III) (abbreviation: BAlq),
bis(8-quinolinolato)zinc(Il)  (abbreviation: Znq), bis[2-(2-benzoxazolyl)phenolato]zinc(Il)
(abbreviation: ZnPBO), or bis[2-(2-benzothiazolyl)phenolato]zinc(I) (abbreviation: ZnBTZ); a

heterocyclic compound having a polyazole skeleton such as
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD),
3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole (abbreviation: TAZ),
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazol-2-yl|benzene (abbreviation: OXD-7),
9-[4-(5-phenyl-1,3,4-oxadiazol-2-yl)phenyl|-9H-carbazole (abbreviation: COl11),

2,2'2"-(1,3,5-benzenetriyl)tris(1-phenyl-1/-benzimidazole) (abbreviation: TPBI), or
2-[3-(dibenzothiophen-4-yl)phenyl]-1-phenyl-1H-benzimidazole (abbreviation: mDBTBIm-II); a
heterocyclic compound having a diazine skeleton, such as
2-[3-(dibenzothiophen-4-yl)phenyl]dibenzo[f,/]quinoxaline (abbreviation: 2mDBTPDBq-II),
2-[3'-(dibenzothiophen-4-yl)biphenyl-3-yl]dibenzo[f,7]quinoxaline (abbreviation:
2mDBTBPDBg-II), 2-[3'<(9H-carbazol-9-yl)biphenyl-3-yl]dibenzo[f,/]quinoxaline
(abbreviation: 2mCzBPDBq), 4,6-bis[3-(phenanthren-9-yl)phenyl]pyrimidine (abbreviation:
4,6mPnP2Pm), or 4,6-bis[3-(4-dibenzothienyl)phenyl Jpyrimidine (abbreviation:
4,6mDBTP2Pm-II); and a heterocyclic compound having a pyridine skeleton such as
3,5-bis[3-(9H-carbazol-9-yl)phenyl|pyridine (abbreviation: 35DCzPPy) or
1,3,5-tri[3-(3-pyridyl)-phenyl]benzene (abbreviation: TmPyPB). Among the above materials, a
heterocyclic compound having a diazine skeleton and a heterocyclic compound having a
pyridine skeleton have high reliability and are thus preferable. Specifically, a heterocyclic
compound having a diazine (pyrimidine or pyrazine) skeleton has a high electron-transport
property and contributes to a reduction in drive voltage.
[0219]

Examples of the material having a hole-transport property include a compound having

an aromatic amine skeleton, such as 4,4"-bis[N-(1-naphthyl)-N-phenylamino]biphenyl
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(abbreviation:  NPB), N,N'-bis(3-methylphenyl)-N, N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(abbreviation: TPD), 4.,4'-bis[ N-(spiro-9,9'-bifluoren-2-yl)-N-phenylamino]biphenyl
(abbreviation:  BSPB),  4-phenyl-4'-(9-phenylfluoren-9-yl)triphenylamine  (abbreviation:
BPAFLP), 4-phenyl-3'-(9-phenylfluoren-9-yl)triphenylamine  (abbreviation: = mBPAFLP),
4-phenyl-4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBAI1BP),
4,4'-diphenyl-4"-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBBIi1BP),
4-(1-naphthyl)-4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBANB),
4,4'-di(1-naphthyl)-4"-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBNBB),
9,9-dimethyl-N-phenyl-N-[4-(9-phenyl-9H-carbazol-3-yl)phenyl]fluoren-2-amine (abbreviation:
PCBAF), or N-phenyl-N-[4-(9-phenyl-9H-carbazol-3-yl)phenyl]spiro-9,9'-bifluoren-2-amine
(abbreviation: PCBASF); a compound having a carbazole skeleton, such as
1,3-bis(N-carbazolyl)benzene (abbreviation: mCP), 4,4'-di(N-carbazolyl)biphenyl (abbreviation:
CBP), 3,6-bis(3,5-diphenylphenyl)-9-phenylcarbazole (abbreviation: CzTP), or
3,3'-bis(9-phenyl-9H-carbazole) (abbreviation: PCCP); a compound having a thiophene skeleton
such as  4,4'4"-(benzene-1,3,5-triyl)tri(dibenzothiophene)  (abbreviation: = DBT3P-II),
2,8-diphenyl-4-[4-(9-phenyl-9H-fluoren-9-yl)phenyl]dibenzothiophene (abbreviation:
DBTFLP-III), or 4-[4-(9-phenyl-9H-fluoren-9-yl)phenyl]-6-phenyldibenzothiophene
(abbreviation: DBTFLP-1V); and a compound having a furan skeleton, such as
4,4' 4"-(benzene-1,3,5-triyl)tri(dibenzofuran) (abbreviation: DBF3P-II) or
4-{3-[3-(9-phenyl-9H-fluoren-9-yl)phenyl |phenyl }dibenzofuran (abbreviation: mmDBFFLBi-II).
Among the above materials, a compound having an aromatic amine skeleton and a compound
having a carbazole skeleton are preferable because these compounds are highly reliable, have
high hole-transport properties, and contribute to a reduction in drive voltage. Hole-transport
materials can be selected from a variety of substances as well as from the hole-transport
materials given above.

[0220]

Note that the host material may be a mixture of a plurality of kinds of substances, and in
the case of using a mixed host material, it is preferable to mix a material having an
electron-transport property with a material having a hole-transport property. By mixing the
material having an electron-transport property with the material with a hole-transport property,
the transport property of the light-emitting layer 116, the first light-emitting layer 116d-1, and the
second light-emitting layer 116d-2 can be easily adjusted and a recombination region can be
easily controlled. The ratio of the content of the material having a hole-transport property to
the content of the material having an electron-transport property may be 1:9 to 9:1.

[0221]
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As the host material in the fluorescent layer, materials having an anthracene skeleton
such as 9-phenyl-3-[4-(10-phenyl-9-anthryl)phenyl]-9H-carbazole (abbreviation: PCzPA),
3-[4-(1-naphthyl)-phenyl]-9-phenyl-9H-carbazole (abbreviation: PCPN),
9-[4-(10-phenyl-9-anthracenyl)phenyl]-9H-carbazole (abbreviation: CzPA),
7-[4-(10-phenyl-9-anthryl)phenyl]-7H-dibenzo[c,g]carbazole ~ (abbreviation: cgDBCzPA),
6-[3-(9,10-diphenyl-2-anthryl)phenyl]-benzo[b]naphtho[1,2-d|furan (abbreviation: 2mBnfPPA),
and 9-phenyl-10-{4-(9-phenyl-9H-fluoren-9-yl)biphenyl-4'-yl }anthracene (abbreviation: FLPPA)
are particularly preferable. The use of a substance having an anthracene skeleton as the host
material makes it possible to obtain a light-emitting layer with high emission efficiency and high
durability. In particular, CzPA, cgDBCzPA, 2mBnfPPA, and PCzPA are preferable choices
because of their excellent characteristics.

[0222]

The light-emitting layer 116, the first light-emitting layer 116d-1, and the second
light-emitting layer 116d-2 having the above-described structure can be formed by
co-evaporation by a vacuum evaporation method, or an inkjet method, a spin coating method, a
dip coating method, or the like using a mixed solution.

[0223]
<Micro optical resonator (microcavity) structure>

A light-emitting element with a microcavity structure is formed with the use of a
reflective electrode and a semi-transmissive and semi-reflective electrode as the pair of
electrodes. The reflective electrode and the semi-transmissive and semi-reflective electrode
correspond to the first electrode and the second electrode. At least an EL layer is provided
between the reflective electrode and the semi-transmissive and semi-reflective electrode, and the
EL layer includes at least a light-emitting layer serving as a light-emitting region.

[0224]

Note that such a structure can be effectively used particularly when obtaining green
light emission with a light-emitting device using blue fluorescence and yellow phosphorescence.
[0225]

In order to obtain green light emission with the light-emitting device using blue
fluorescence and yellow phosphorescence, which is one embodiment of the present invention,
blue fluorescence needs to be converted into green light with a color conversion layer. At that
time, the color purity of green light may deteriorate if yellow light is mixed. Although yellow
light emission may be cut with the use of a color filter, amplifying blue light emission and
attenuating yellow light emission with the use of a resonant structure is preferable because

energy loss is relatively small.
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[0226]

Light emitted in all directions from the light-emitting layer included in the EL layer is
reflected and resonated by the reflective electrode and the semi-transmissive and semi-reflective
electrode. Note that the reflective electrode is formed using a conductive material having
reflectivity, and a film whose visible light reflectivity is 40 % to 100 %, preferably 70 % to 100
%, and whose resistivity is 1 x 102 Qcm or lower is used. In addition, the semi-transmissive
and semi-reflective electrode is formed using a conductive material having reflectivity and a
light-transmitting property, and a film whose visible light reflectivity is 20 % to 80 %, preferably
40 % to 70 %, and whose resistivity is 1 x 10 Qcm or lower is used.

[0227]

In the light-emitting element, by changing thicknesses of the transparent conductive
film, the composite material, the carrier-transport material, and the like, the optical path length
between the reflective electrode and the semi-transmissive and semi-reflective electrode can be
changed. Thus, light with a wavelength that is resonated between the reflective electrode and
the semi-transmissive and semi-reflective electrode can be intensified while light with a
wavelength that is not resonated therebetween can be attenuated.

[0228]

Note that light that is reflected back by the reflective electrode (first reflected light)
considerably interferes with light that directly enters the semi-transmissive and semi-reflective
electrode from the light-emitting layer (first incident light). For this reason, the optical path
length between the reflective electrode and the light-emitting layer is preferably adjusted to
(2n-1)M/4 (n is a natural number of 1 or larger and A is a wavelength of light to be amplified).
By adjusting the optical path length, the phases of the first reflected light and the first incident
light can be aligned with each other and the light emitted from the light-emitting layer can be
further amplified.

[0229]

Note that in the above structure, the EL layer may be formed of light-emitting layers or
may be a single light-emitting layer. The tandem light-emitting element described above may
be combined with the EL layers; for example, a light-emitting element may have a structure in
which a plurality of EL layers is provided, a charge-generation layer is provided between the EL
layers, and each EL layer is formed of light-emitting layers or a single light-emitting layer.
[0230]

With the microcavity structure, emission intensity with a specific wavelength in the
front direction can be increased, whereby power consumption can be reduced. In particular, a

light-emitting element that uses the 1,6-bis(diphenylamino)pyrene derivative, which has a
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narrow half width of an emission spectrum and a sharp spectrum, as an emission center
substance can have excellent emission efficiency because the microcavity structure brings a
significant light emission amplification effect.

[0231]

<Light-emitting device>

A light-emitting device of one embodiment of the present invention will be described
with reference to FIGS. 6A and 6B. Note that FIG. 6A is a top view of the light-emitting device
and FIG. 6B is a cross-sectional view taken along the lines A-B and C-D in FIG. 6A. This
light-emitting device includes a driver circuit portion (source line driver circuit) 601, a pixel
portion 602, and a driver circuit portion (gate line driver circuit) 603, which are to control light
emission of a light-emitting element and illustrated with dotted lines. A reference numeral 604
denotes a sealing substrate; 605, a sealant; and a portion surrounded by the sealant 605 is a space
607.

[0232]

A reference numeral 608 denotes a wiring for transmitting signals to be input to the
source line driver circuit 601 and the gate line driver circuit 603 and receiving signals such as a
video signal, a clock signal, a start signal, and a reset signal from a flexible printed circuit (FPC)
609 serving as an external input terminal.  Although only the FPC is shown here, the FPC may
be provided with a printed wiring board (PWB). The light emitting device in this specification
includes not only a main body of the light emitting device but also the light emitting device with
an FPC or a PWB attached.

[0233]

Next, a cross-sectional structure is described with reference to FIG. 6B. The driver
circuit portion and the pixel portion are formed over an element substrate 610; FIG. 6B shows
the source line driver circuit 601, which is a driver circuit portion, and one of the pixels in the
pixel portion 602.

[0234]

As the source line driver circuit 601, a CMOS circuit in which an n-channel FET 623
and a p-channel FET 624 are combined is formed. The driver circuit may be formed with
various types of circuits, such as CMOS circuits, PMOS circuits, or NMOS circuits. A driver
integration type in which a driver circuit is formed over a substrate is described in this
embodiment, but it is not necessarily required and a driver circuit can be formed outside a
substrate, not over the substrate.

[0235]
The pixel portion 602 includes a plurality of pixels including a switching FET 611, a
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current controlling FET 612, and a first electrode 613 electrically connected to a drain of the
current controlling FET 612. One embodiment of the present invention is not limited to the
structure. The pixel portion 602 may include three or more FETs and a capacitor in
combination.

[0236]

The kind and crystallinity of a semiconductor used for the FETs is not particularly
limited; an amorphous semiconductor or a crystalline semiconductor may be used. Examples
of the semiconductor used for the FETs include Group 13 semiconductors (e.g., gallium), Group
14 semiconductors (e.g., silicon), compound semiconductors, oxide semiconductors, and organic
semiconductors materials. Oxide semiconductors are particularly preferable. Examples of the
oxide semiconductor include an In-Ga oxide and an In-M-Zn oxide (M is Al, Ga, Y, Zr, La, Ce,
or Nd). Note that an oxide semiconductor that has an energy gap of 2 eV or more, preferably
2.5 eV or more, further preferably 3 eV or more is preferably used for a transistor, in which case
the off-state current of the transistors can be reduced.

[0237]

An insulator 614 is formed to cover an edge of the first electrode 613. In this
embodiment, the insulator 614 can be formed using a positive photosensitive acrylic resin film
[0238]

The insulator 614 is formed to have a curved surface with curvature at an upper edge or
a lower edge thereof in order to obtain favorable coverage. For example, in the case where
positive photosensitive acrylic is used for a material of the insulator 614, only the upper end
portion of the insulator 614 preferably has a curved surface with a curvature radius (0.2 um to 3
um). As the insulator 614, either a negative photosensitive resin or a positive photosensitive
resin can be used.

[0239]

An EL layer 616 and a second electrode 617 are formed over the first electrode 613.
The first electrode 613, the EL layer 616, and the second electrode 617 correspond to the first
electrode 102, the EL layer 103 (or the EL layer 103d or the EL layer 103a), and the second
electrode 104, which are described with reference to FIGS. SA to 5C, respectively.

[0240]

By attaching the sealing substrate 604 to the element substrate 610 with the sealant 605,
a light emitting element 618 is provided in the space 607 surrounded by the element substrate
610, the sealing substrate 604, and the sealant 605. The space 607 is filled with a filler, there is
a case where the space 607 is filled with the sealant 605 or filled with an inert gas (nitrogen,
argon, or the like). It is preferable that the sealing substrate be provided with a recessed portion
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and a drying agent 625 be provided in the recessed portion, in which case deterioration due to
influence of moisture can be suppressed.
[0241]

An epoxy-based resin or glass frit is preferably used for the sealant 605. The material
preferably allows as little moisture and oxygen as possible to penetrate. As the element
substrate 610 and the sealing substrate 604, a glass substrate, a quartz substrate, or a plastic
substrate formed of fiber reinforced plastic (FRP), poly(vinyl fluoride) (PVF), polyester, or
acrylic can be used.

[0242]

Note that in this specification and the like, a transistor or a light-emitting element can be
formed using any of a variety of substrates, for example. The type of a substrate is not limited
to a certain type. As the substrate, a semiconductor substrate (e.g., a single crystal substrate or
a silicon substrate), an SOI substrate, a glass substrate, a quartz substrate, a plastic substrate, a
metal substrate, a stainless steel substrate, a substrate including stainless steel foil, a tungsten
substrate, a substrate including tungsten foil, a flexible substrate, an attachment film, paper
including a fibrous material, a base material film, or the like can be used, for example. As an
example of a glass substrate, a barium borosilicate glass substrate, an aluminoborosilicate glass
substrate, a soda lime glass substrate, or the like can be given. Examples of the flexible
substrate, the attachment film, the base film, and the like are substrates of plastics typified by
polyethylene terephthalate (PET), polyethylene naphthalate (PEN), and polyether sulfone (PES).
Other examples are substrates of synthetic resins such as acrylic. Other examples are
polypropylene, polyester, polyvinyl fluoride, polyvinyl chloride, and the like. Other examples
are polyamide, polyimide, aramid, epoxy, an inorganic vapor deposition film, paper, and the like.
Specifically, the use of semiconductor substrates, single crystal substrates, SOI substrates, or the
like enables the manufacture of small-sized transistors with a small variation in characteristics,
size, shape, or the like and with high current capability. A circuit using such transistors
achieves lower power consumption of the circuit or higher integration of the circuit.

[0243]

Alternatively, a flexible substrate may be used as the substrate such that the transistor
and the light-emitting element may be provided directly on the flexible substrate. Still
alternatively, a separation layer may be provided between the substrate and the transistor and
between the substrate and the light-emitting element. The separation layer can be used when
part or the whole of a semiconductor device formed over the separation layer is separated from
the substrate and transferred onto another substrate. In such a case, the transistor can be

transferred to a substrate having low heat resistance or a flexible substrate as well. For the
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above separation layer, a stack including inorganic films, which are a tungsten film and a silicon
oxide film, or an organic resin film of polyimide or the like formed over a substrate can be used,
for example.

[0244]

In other words, after the transistor and the light-emitting element is formed using a
substrate, the transistor and the light-emitting element may be transferred to another substrate.
Examples of a substrate to which a transistor or a light-emitting element is transferred include, in
addition to the above-described substrates over which transistors can be formed, a paper
substrate, a cellophane substrate, an aramid film substrate, a polyimide film substrate, a stone
substrate, a wood substrate, a cloth substrate (including a natural fiber (e.g., silk, cotton, or
hemp), a synthetic fiber (e.g., nylon, polyurethane, or polyester), a regenerated fiber (e.g., acetate,
cupra, rayon, or regenerated polyester), or the like), a leather substrate, and a rubber substrate.
When such a substrate is used, a transistor with excellent properties or a transistor with low
power consumption can be formed, a device with high durability, high heat resistance can be
provided, or reduction in weight or thickness can be achieved.

[0245]

FIGS. 7A and 7B show examples of a light-emitting device of one embodiment of the
invention. In FIG. 7A, a substrate 1001, a base insulating film 1002, a gate insulating film
1003, gate electrodes 1006, 1007, and 1008, a first interlayer insulating film 1020, a second
interlayer insulating film 1021, a peripheral portion 1042, a pixel portion 1040, a driver circuit
portion 1041, first electrodes 1024Y, 1024R, 1024G, and 1024B of light-emitting elements, a
partition wall 1025, an EL layer 1028, a second electrode 1029 of the light-emitting elements, a
sealing substrate 1031, a sealant 1032, and the like are shown. A structure that emits light in
which blue fluorescence and green or yellow phosphorescence are synthesized is assumed as the
EL layer, but one embodiment of the present invention is not limited thereto.

[0246]

In FIG. 7A, a red color conversion layer 1034R, a green color conversion layer 1034G,
a blue color filter layer 1034B, and a yellow color conversion layer (in the case where blue
fluorescence and green phosphorescence are used) or a yellow color filter layer (in the case
where blue fluorescence and yellow phosphorescence are used) 1034Y are provided on a
transparent base material 1033. Further, a black layer (black matrix) 1035 may be provided.
The transparent base material 1033 provided with the color filter layer, color conversion layers,
and the black layer is positioned and fixed to the substrate 1001. Note that the color filter layer,
the color conversion layers, and the black layer may be covered with an overcoat layer 1036.

[0247]
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FIG. 7B shows an example in which the color filter layer and the color conversion
layers are formed between the gate insulating film 1003 and the first interlayer insulating film
1020. As in the structure, the color filter layer and the color conversion layers may be provided
between the substrate 1001 and the sealing substrate 1031.

[0248]

The above-described light-emitting device is a light-emitting device having a structure
in which light is extracted from the substrate 1001 side where the FETs are formed (a bottom
emission structure), but may be a light-emitting device having a structure in which light is
extracted from the sealing substrate 1031 side (a top emission structure). FIG. 8 is a
cross-sectional view of a light-emitting device having a top emission structure. In this case, as
the substrate 1001, a substrate that does not transmit light can be used. The process up to the
step of forming a connection electrode which connects the FET and the anode of the
light-emitting element is performed in a manner similar to that of the light-emitting device
having a bottom emission structure. Then, a third interlayer insulating film 1037 is formed to
cover an electrode 1022. This insulating film may function for planarization. The third
interlayer insulating film 1037 can be formed by using a material similar to that of the second
interlayer insulating film, or can be formed by using any other known materials.

[0249]

The first electrodes 1024Y, 1024R, 1024G, and 1024B of the light-emitting elements
each serve as an anode here, but may serve as a cathode. Further, in the case of a light-emitting
device having a top emission structure as shown in FIG. 8, the first electrodes are preferably
reflective electrodes. The EL layer 1028 is formed to have a structure similar to the structure of
the EL layer 103, the EL layer 103d, and the EL layer 103a in FIGS. 5A, 5B, and 5C,
respectively, and an element structure with which white light emission can be obtained is
employed.

[0250]

For the top emission structure as shown in FIG. 8, sealing with the sealing substrate
1031 provided with the color conversion layers and the color filter layers is possible. The black
layer (black matrix) 1035 may be provided on the sealing substrate 1031 so as to be located
between the pixels. The color filter layers, the color conversion layers, and black layers (black
matrix) may be covered with an overcoat layer 1036. Note that a light-transmitting substrate is
used as the sealing substrate 1031.

[0251]
Although an example in which full color display is performed using four colors of red,

green, blue, and yellow is shown here, there is no particular limitation and full color display
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using three colors of red, green, and blue or four colors of red, green, blue, and white may be
performed.
[0252]

FIGS. 9A and 9B illustrate a passive matrix light-emitting device which is one
embodiment of the present invention. FIG. 9A is a perspective view showing the light-emitting
device, and FIG. 9B is a cross-sectional view of FIG. 9A taken along a line X-Y. In FIGS. 9A
and 9B, an EL layer 955 is provided between an electrode 952 and an electrode 956 over a
substrate 951. End portions of the electrode 952 are covered by an insulating layer 953. In
addition, a partition layer 954 is provided over the insulating layer 953. A side wall of the
partition layer 954 slopes so that a distance between one side wall and the other side wall
becomes narrow toward a substrate surface. In other words, a cross section in the minor axis of
the partition layer 954 is a trapezoidal shape of which the lower base (the side which is in the
same direction as the plane direction of the insulating layer 953 and in contact with the insulating
layer 953) is shorter than the upper base (the side which is in the same direction as the plane
direction of the insulating layer 953 and not in contact with the insulating layer 953). The
provision of the partition layer 954 in this manner can prevent the light-emitting element from
being defective due to static electricity or the like.

[0253]

Since many minute light-emitting elements arranged in a matrix can each be controlled
with the FETs formed in the pixel portion, the above-described light-emitting device can be
suitably used as a display device for displaying images.

[0254]
<Electronic device>

Examples of an electronic device that is one embodiment of the present invention will
be described. Examples of the electronic devices are a television device (also referred to as a
television or a television receiver), a monitor of a computer or the like, a camera such as a digital
camera or a digital video camera, a digital photo frame, a mobile phone (also referred to as a
mobile telephone or a mobile phone device), a portable game console, a portable information
terminal, an audio reproducing device, a large-sized game machine such as a pachinko machine,
and the like.  Specific examples of these electronic devices will be given below.

[0255]

FIG. 10A shows an example of a television set. In the television device, a display
portion 7103 is incorporated in a housing 7101. In addition, here, the housing 7101 is
supported by a stand 7105. Images can be displayed on the display portion 7103, and in the

display portion 7103, light-emitting elements are arranged in a matrix.
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[0256]

The television device can be operated with an operation switch of the housing 7101 or a
separate remote controller 7110. With operation keys 7109 of the remote controller 7110,
channels and volume can be controlled and images displayed on the display portion 7103 can be
controlled. Furthermore, the remote controller 7110 may be provided with a display portion
7107 for displaying data output from the remote controller 7110.

[0257]

Note that the television set is provided with a receiver, a modem, and the like. With
the use of the receiver, general television broadcasting can be received. Moreover, when the
television set is connected to a communication network with or without wires via the modem,
one-way (from a sender to a receiver) or two-way (between a sender and a receiver or between
receivers) information communication can be performed.

[0258]

FIG. 10B1 shows a computer, which includes a main body 7201, a housing 7202, a
display portion 7203, a keyboard 7204, an external connection port 7205, a pointing device 7206,
and the like. Note that this computer is manufactured by using light-emitting elements arranged
in a matrix in the display portion 7203. The computer shown in FIG. 10B1 may have a
structure shown in FIG. 10B2. The computer shown in FIG. 10B2 is provided with a second
display portion 7210 instead of the keyboard 7204 and the pointing device 7206. The second
display portion 7210 is a touch screen, and input can be performed by operation of display for
input on the second display portion 7210 with a finger or a dedicated pen. The second display
portion 7210 can also display images other than the display for input. The display portion 7203
may be also a touch screen. Connecting the two screens with a hinge can prevent troubles; for
example, the screens can be prevented from being cracked or broken while the computer is being
stored or carried.

[0259]

FIGS. 10C and 10D show an example of a portable information terminal. The portable
information terminal is provided with a display portion 7402 incorporated in a housing 7401, an
operation button 7403, an external connection port 7404, a speaker 7405, a microphone 7400,
and the like. Note that the portable information terminal has the display portion 7402 including
light-emitting elements arranged in a matrix.

[0260]

Information can be input to the portable information terminal shown in FIGS. 10C and

10D by touching the display portion 7402 with a finger or the like. In this case, operations such

as making a call and creating an e-mail can be performed by touching the display portion 7402
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with a finger or the like.

[0261]

There are mainly three screen modes of the display portion 7402.  The first mode is a
display mode mainly for displaying an image. The second mode is an input mode mainly for
inputting data such as characters. The third mode is a display-and-input mode in which two
modes of the display mode and the input mode are combined.

[0262]

For example, in the case of making a call or creating e-mail, a character input mode
mainly for inputting characters is selected for the display portion 7402 so that characters
displayed on the screen can be input. In this case, it is preferable to display a keyboard or
number buttons on almost the entire screen of the display portion 7402.

[0263]

When a detection device including a sensor for sensing inclination, such as a gyroscope
or an acceleration sensor, is provided inside the portable information terminal, display on the
screen of the display portion 7402 can be automatically changed by determining the orientation
of the portable information terminal (whether the portable information terminal is placed
horizontally or vertically for a landscape mode or a portrait mode).

[0264]

The screen modes are changed by touch on the display portion 7402 or operation with
the operation button 7403 of the housing 7401. The screen modes can be switched depending
on the kind of images displayed on the display portion 7402. For example, when a signal of an
image displayed on the display portion is a signal of moving image data, the screen mode is
switched to the display mode. When the signal is a signal of text data, the screen mode is
switched to the input mode.

[0265]

Moreover, in the input mode, if a signal detected by an optical sensor in the display
portion 7402 is detected and the input by touch on the display portion 7402 is not performed for
a certain period, the screen mode may be controlled so as to be changed from the input mode to
the display mode.

[0266]

The display portion 7402 may function as an image sensor. For example, an image of
a palm print, a fingerprint, or the like is taken by touch on the display portion 7402 with the palm
or the finger, whereby personal authentication can be performed. Further, by providing a
backlight or a sensing light source that emits near-infrared light in the display portion, an image

of a finger vein, a palm vein, or the like can be taken.
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[0267]

Note that in the above electronic devices, any of the structures described in this
specification can be combined as appropriate.
[0268]

The display portion preferably includes a light-emitting element including an organic
compound of one embodiment of the present invention.  Since the light-emitting element can be
a light-emitting element with high emission efficiency, the electronic device with low power
consumption can be obtained. In addition, the light-emitting element can easily have high heat
resistance.

[0269]

An automobile which is one embodiment of the present invention is shown in FIG. 11.
In the automobile, light-emitting elements are used for a windshield and a dashboard. Display
regions 5000 to 5005 are provided by using the light-emitting elements. The light-emitting
elements preferably include the organic compound of one embodiment of the present invention,
and can have low power consumption. This also suppresses power consumption of the display
regions 5000 to 5005, showing suitability for use in an automobile.

[0270]

The display regions 5000 and 5001 are provided in the automobile windshield including
the light-emitting elements. When a first electrode and a second electrode are formed of
electrodes having light-transmitting properties in these light-emitting elements, what is called a
see-through display device, through which the opposite side can be seen, can be obtained. Such
see-through light-emitting devices can be provided even in the automobile windshield without
hindering the vision. Further, for example, in the case where a transistor for driving the
light-emitting element is provided, it is preferable to use a transistor having a light-transmitting
property, such as an organic transistor using an organic semiconductor material or a transistor
using an oxide semiconductor.

[0271]

The display region 5002 is provided in a pillar portion using a light-emitting element.
The display region 5002 can compensate for the view hindered by the pillar portion by showing
an image taken by an imaging unit provided in the car body. Similarly, the display region 5003
provided in the dashboard can compensate for the view hindered by the car body by showing an
image taken by an imaging unit provided on the outside of the car body, which leads to
elimination of blind areas and enhancement of safety. Showing an image so as to compensate
for the area which a driver cannot see makes it possible for the driver to confirm safety easily

and comfortably.
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[0272]

The display region 5004 and the display region 5005 can provide a variety of kinds of
information such as navigation information, a speedometer, a tachometer, a mileage, a fuel meter,
a gearshift indicator, and air-condition setting. The contents or layout of the display can be
changed by a user as appropriate. Note that such information can also be shown by the display
regions 5000 to 5003. The display regions 5000 to 5005 can also be used as lighting devices.
[0273]

FIGS. 12A to 12C show a foldable portable information terminal 9310. FIG. 12A
shows the portable information terminal 9310 that is opened. FIG. 12B shows the portable
information terminal 9310 that is being opened or being folded. FIG. 12C illustrates the
portable information terminal 9310 that is folded. The portable information terminal 9310 is
highly portable when folded. When the portable information terminal 9310 is opened, a
seamless large display region is highly browsable.

[0274]

A display panel 9311 is supported by three housings 9315 joined together by hinges
9313. By folding the portable information terminal 9310 at a connection portion between two
housings 9315 with the hinges 9313, the portable information terminal 9310 can be reversibly
changed in shape from an opened state to a folded state. A light-emitting device of one
embodiment of the present invention can be used for the display panel 9311. A display region
9312 is a display region that is positioned at a side surface of the portable information terminal
9310 that is folded. On the display region 9312, information icons, frequently-used
applications, file shortcuts to programs, and the like can be displayed, and confirmation of
information and start of application can be smoothly performed.

[0275]

As described above, the electronic devices can be obtained by application of the
light-emitting device according to one embodiment of the present invention. Note that the
light-emitting device can be used for electronic devices in a variety of fields without being
limited to the electronic devices described in this embodiment.

[0276]
Note that the structure described in this embodiment can be combined as appropriate

with any of the structures described in the other embodiments.

EXPLANATION OF REFERENCE
[0277]
100: substrate, 101: sealing substrate, 102: first electrode, 102R: first electrode, 102G: first
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electrode, 102B: first electrode, 102Y: first electrode, 102Rt: transparent conductive film, 102Gt:

transparent conductive film, 102Bt: transparent conductive film, 102Yt: transparent conductive
film, 103: EL layer, 103a: EL layer, 103b: first light-emitting unit, 103c: second light-emitting
unit, 103d: EL layer, 103e: first EL layer, 103f: second EL layer, 103g: third EL layer, 103h:
fourth EL layer, 103i: first EL layer, 103j: second EL layer, 103k: third EL layer, 103m: fourth
EL layer, 104: second electrode, 105: black matrix, 106R: color conversion layer, 106G: color
conversion layer, 106Y: color conversion layer, 107G: color filter, 107B: color filter, 107Y: color
filter, 109: intermediate layer, 114: hole-injection layer, 115: hole-transport layer, 116:
light-emitting layer, 116d-1: first light-emitting layer, 116d-2: second light-emitting layer, 117:
electron-transport layer, 118: electron-injection layer, 601: driver circuit portion (source line
driver circuit), 602: pixel portion, 603: driver circuit portion (gate line driver circuit), 604:
sealing substrate, 605: sealant, 607: space, 608: wiring, 609: FPC (flexible printed circuit), 610:
element substrate, 611: switching FET, 612: current controlling FET, 613: first electrode, 614:
insulator, 616: EL layer, 617: second electrode, 618: light-emitting element, 623: n-channel FET,
624: p-channel FET, 625: drying agent, 915: substrate, 952: electrode, 953: insulating layer, 954:
partition layer, 955: EL layer, 956: electrode, 1001: substrate, 1002: base insulating film, 1003:
gate insulating film, 1006: gate electrode, 1007: gate electrode, 1008: gate electrode, 1020: first
interlayer insulating film, 1021: second interlayer insulating film, 1022: electrode, 1024Y: first
electrode of light-emitting element, 1024R: first electrode of light-emitting element, 1024G: first
electrode of light-emitting element, 1024B: first electrode of light-emitting element, 1025:
partition wall, 1028: EL layer, 1029: second electrode of light-emitting element, 1031: sealing
substrate, 1032: sealant, 1033: transparent base material, 1034R: red color conversion layer,
1034G: green color conversion layer, 1034B: blue color filter layer, 1034Y: yellow color
conversion layer, 1035: black layer (black matrix), 1037: third interlayer insulating film, 1040:
pixel portion, 1041: driver circuit portion, 1042: peripheral portion, 5000: display region, 5001:
display region, 5002: display region, 5003: display region, 5004: display region, 5005: display
region, 7101: housing, 7103: display portion, 7105: stand, 7107: display portion, 7109: operation
key, 7110: remote controller, 7201: main body, 7202: housing, 7203: display portion, 7204:
keyboard, 7205: external connection port, 7206: pointing device, 7210: second display portion,
7301: housing, 7302: housing, 7303: connection portion, 7304: display portion, 7305: display
portion, 7306: speaker portion, 7307: recording medium insertion portion, 7308: LED lamp,
7309: operation key, 7310: connection terminal, 7311: sensor, 7401: housing, 7402: display
portion, 7403: operation button, 7404: external connection port, 7405: speaker, 7406:
microphone, 9310: portable information terminal, 9311: display panel, 9312: display region,
9313: hinge, 9315: housing
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This application is based on Japanese Patent Application serial no. 2014-112796 filed
with Japan Patent Office on May 30, 2014 and Japanese Patent Application serial no.
2014-112849 filed with Japan Patent Office on May 30, 2014, the entire contents of which are

5  hereby incorporated by reference.
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CLAIMS

1. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element, the second light-emitting element, and the third
light-emitting element share an EL layer,

wherein the EL layer includes a layer comprising a light-emitting material that emits
blue fluorescence and a layer comprising a light-emitting material that emits green
phosphorescence, and

wherein light emitted from the third light-emitting element enters a first color

conversion layer.

2. The light-emitting device according to claim 1, wherein light emitted from the second
light-emitting element is extracted from the light-emitting device through a color filter that

transmits green light.

3. The light-emitting device according to claim 1, wherein light emitted from the second

light-emitting element enters a second color conversion layer that emits green light.

4. The light-emitting device according to claim 1, wherein the first light-emitting
element, the second light-emitting element, and the third light-emitting element are tandem

light-emitting elements.

5. The light-emitting device according to claim 1, wherein the layer comprising the
light-emitting material that emits blue fluorescence and the layer comprising the light-emitting
material that emits green phosphorescence are adjacent to each other in the first light-emitting

element, the second light-emitting element, and the third light-emitting element.

6. The light-emitting device according to claim 3, wherein a PL quantum yield of at
least one of the first color conversion layer and the second color conversion layer is higher than

40 %.

7. The light-emitting device according to claim 3, wherein a PL quantum yield of at
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least one of the first color conversion layer and the second color conversion layer is higher than

53.3 %.

8. The light-emitting device according to claim 3, wherein a PL quantum yield of at
least one of the first color conversion layer and the second color conversion layer is higher than

66 %.

9. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element includes an EL layer with a first structure,

wherein the second light-emitting element and the third light-emitting element include
an EL layer with a second structure,

wherein the EL layer with the first structure includes a layer comprising a light-emitting
material that emits blue fluorescence and a layer comprising a light-emitting material that emits
green phosphorescence,

wherein the EL layer with the second structure includes the layer comprising the
light-emitting material that emits green phosphorescence, and

wherein light emitted from the third light-emitting element enters a first color

conversion layer.

10. The light-emitting device according to claim 9,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to an anode than the layer comprising the light-emitting material that emits green
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits green phosphorescence each have

an electron-transport property higher than a hole-transport property.

11. The light-emitting device according to claim 9,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to a cathode than the layer comprising the light-emitting material that emits green
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
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and the layer comprising the light-emitting material that emits green phosphorescence each have

a hole-transport property higher than an electron-transport property.

12. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element includes an EL layer with a third structure,

wherein the second light-emitting element and the third light-emitting element include
an EL layer with a fourth structure,

wherein the EL layer with the fourth structure includes a layer comprising a
light-emitting material that emits blue fluorescence and a layer comprising a light-emitting
material that emits green phosphorescence,

wherein the EL layer with the third structure includes the layer comprising the
light-emitting material that emits blue fluorescence, and

wherein light emitted from the third light-emitting element enters a first color

conversion layer.

13. The light-emitting device according to claim 12,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to an anode than the layer comprising the light-emitting material that emits green
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits green phosphorescence each have

a hole-transport property higher than an electron-transport property.

14. The light-emitting device according to claim 12,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to a cathode than the layer comprising the light-emitting material that emits green
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits green phosphorescence each have

an electron-transport property higher than a hole-transport property.

15. The light-emitting device according to claim 9, wherein a PL quantum yield of the
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first color conversion layer is higher than 50 %.

16. The light-emitting device according to claim 12, wherein a PL quantum yield of the

first color conversion layer is higher than 50 %.

17. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element, the second light-emitting element, and the third
light-emitting element share an EL layer,

wherein the EL layer includes a layer comprising a light-emitting material that emits
blue fluorescence and a layer comprising a light-emitting material that emits yellow
phosphorescence,

wherein light emitted from the second light-emitting element enters a second color
conversion layer, and

wherein light emitted from the third light-emitting element enters a first color

conversion layer.

18. The light-emitting device according to claim 17, wherein the second light-emitting

element includes a microcavity structure that amplifies blue light.

19. The light-emitting device according to claim 17, wherein the first light-emitting
element, the second light-emitting element, and the third light-emitting element are tandem

light-emitting elements.

20. The light-emitting device according to claim 17, wherein the layer comprising the
light-emitting material that emits blue fluorescence and the layer comprising the light-emitting
material that emits yellow phosphorescence are adjacent to each other in the first light-emitting

element, the second light-emitting element, and the third light-emitting element.

21. The light-emitting device according to claim 19, wherein a PL quantum yield of the

first color conversion layer is higher than 40 %.

22. The light-emitting device according to claim 19, wherein a PL quantum yield of the
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first color conversion layer is higher than 50 %.

23. The light-emitting device according to claim 19, wherein a PL quantum yield of the

first color conversion layer is higher than 52.8 %.

24. The light-emitting device according to claim 19, wherein a PL quantum yield of the

first color conversion layer is higher than 66 %.

25. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element and the second light-emitting element include an
EL layer with a fifth structure,

wherein the third light-emitting element includes an EL layer with a sixth structure,

wherein the EL layer with the fifth structure includes a layer comprising a light-emitting
material that emits blue fluorescence and a layer comprising a light-emitting material that emits
yellow phosphorescence,

wherein the EL layer with the sixth structure includes the layer comprising the
light-emitting material that emits yellow phosphorescence, and

wherein light emitted from the second light-emitting element enters a second color
conversion layer and light emitted from the third light-emitting element enters a first color

conversion layer.

26. The light-emitting device according to claim 25,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to an anode than the layer comprising the light-emitting material that emits yellow
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits yellow phosphorescence each

have an electron-transport property higher than a hole-transport property.

27. The light-emitting device according to claim 25,
wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to a cathode than the layer comprising the light-emitting material that emits yellow
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phosphorescence is, and
wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits yellow phosphorescence each

have a hole-transport property higher than an electron-transport property.

28. The light-emitting device according to claim 17, further comprising a fourth
light-emitting element,
wherein light emitted from the fourth light-emitting element is extracted from the

light-emitting device through a color filter that transmits yellow light.

29. The light-emitting device according to claim 25, further comprising a fourth
light-emitting element,

wherein light emitted from the fourth light-emitting element is extracted from the
light-emitting device through a color filter that transmits yellow light.

30. A light-emitting device comprising:

a first light-emitting element;

a second light-emitting element; and

a third light-emitting element,

wherein the first light-emitting element and the second light-emitting element include an
EL layer with a seventh structure,

wherein the third light-emitting element includes an EL layer with an eighth structure,

wherein the EL layer with the eighth structure includes a layer comprising a
light-emitting material that emits blue fluorescence and a layer comprising a light-emitting
material that emits yellow phosphorescence,

wherein the EL layer with the seventh structure includes the layer comprising the
light-emitting material that emits blue fluorescence, and

wherein light emitted from the second light-emitting element enters a second color
conversion layer and light emitted from the third light-emitting element enters a first color

conversion layer.

31. The light-emitting device according to claim 30,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to an anode than the layer comprising the light-emitting material that emits yellow
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
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and the layer comprising the light-emitting material that emits yellow phosphorescence each

have a hole-transport property higher than an electron-transport property.

32. The light-emitting device according to claim 30,

wherein the layer comprising the light-emitting material that emits blue fluorescence is
closer to a cathode than the layer comprising the light-emitting material that emits yellow
phosphorescence is, and

wherein the layer comprising the light-emitting material that emits blue fluorescence
and the layer comprising the light-emitting material that emits yellow phosphorescence each

have an electron-transport property higher than a hole-transport property.

33. The light-emitting device according to claim 30, further comprising a fourth light
emitting element including the EL layer with the eighth structure,
wherein light emitted from the fourth light-emitting element is extracted from the

light-emitting device through a color filter that transmits yellow light.

34. The light-emitting device according to claim 25, wherein a PL quantum yield of the

first color conversion layer is higher than or equal to 50 %.

35. The light-emitting device according to claim 30, wherein a PL quantum yield of the
first color conversion layer is higher than or equal to 50 %.

36. The light-emitting device according to claim 1, wherein the first color conversion

layer includes quantum dots.

37. The light-emitting device according to claim 9, wherein the first color conversion

layer includes quantum dots.

38. The light-emitting device according to claim 12, wherein the first color conversion

layer includes quantum dots.

39. The light-emitting device according to claim 17, wherein the first color conversion

layer includes quantum dots.

40. The light-emitting device according to claim 25, wherein the first color conversion

layer includes quantum dots.
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41. The light-emitting device according to claim 30, wherein the first color conversion

layer includes quantum dots.

42. An electronic device comprising:
the light-emitting device according to claim 1, and

at least one of a sensor, an operation button, a speaker, and a microphone.

43. An electronic device comprising:
the light-emitting device according to claim 9, and

at least one of a sensor, an operation button, a speaker, and a microphone.

44. An electronic device comprising:
the light-emitting device according to claim 12, and

at least one of a sensor, an operation button, a speaker, and a microphone.

45. An electronic device comprising:
the light-emitting device according to claim 17, and

at least one of a sensor, an operation button, a speaker, and a microphone.

46. An electronic device comprising:
the light-emitting device according to claim 25, and

at least one of a sensor, an operation button, a speaker, and a microphone.
47. An electronic device comprising:

the light-emitting device according to claim 30, and

at least one of a sensor, an operation button, a speaker, and a microphone.
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