US 20110260206A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2011/0260206 A1

SAITO et al. 43) Pub. Date: Oct. 27, 2011
(54) LIGHT EMITTING ELEMENT AND 30) Foreign Application Priority Data
MANUFACTURING METHOD THEREOF,
AND LIGHT EMITTING DEVICE USING THE Oct. 3,2003  (IP) oo 2003-345579

LIGHT EMITTING ELEMENT
Publication Classification

(75) Inventors: Keiko SAITO, Atsugi (JP); Hisao 51) Int.Cl

IKEDA, Atsugi (JP) i

HOIL 33/40 (2010.01)

(73)  Assignee: SEMICONDUCTOR ENERGY (52) US.Cl oo 257/99; 257/E33.063

LABORATORY CO., LTD.,

Atsugi-shi (JP

sugi-shi (I1) (57) ABSTRACT
(21)  Appl. No.: 13/176,948 A light-emitting element has a layer including an organic
(22) Filed: Ju. 6. 2011 material between a first electrode and a second electrode, and
: .6,

further has a layer including a metal oxide between the second
s electrode and the layer including the organic material, where
Related US. Application Data these electrodes anzll layers are 1(lgaminat%:d so that the second

(60) Continuation of application No. 12/081,962, filed on electrode is formed later than the first electrode. The light-
Apr. 24, 2008, now Pat. No. 7,994,496, which is a emitting element is suppressed damage caused to a layer
division of application No. 10/951,966, filed on Sep. including an organic material during deposition by sputtering

29, 2004, now Pat. No. 7,387,904. and a phenomenon such as short circuit between electrodes.

18 15 12

“' 3
Cod i \\\\\\V’%/JX\ q /‘ /'\\\\\\\ vy \ < —1/1 6
\ Nllllfll/ S ’/11111111\ \ .1111/1 \\‘\““\\\’Illﬂlll
el R 55 SRS RS A

L7 7T

y
[
N\

o

N

|

d 0
RAN

;

t

I

|
\m\

1

[}

1

1

[

1
'u'/

|

|

L

)]
W



Patent Application Publication  Oct. 27,2011 Sheet 1 of 16 US 2011/0260206 A1

100000 E
10000 f-----eeee e SN N,
E Embodiment 1 .
& 1000 E----------- - - ...........
= E . :
> C
—c 1 ]
3 [ : : ;
= 100 E T Y SR """ Comparative &
" example
10 fooenene e SR
-I 2 1 1 L Ly 1
0 5 10 15 20

Fig. 1



Patent Application Publication

Fig. 2A

Fig. 2B

Fig. 2C

Oct. 27, 2011

]

Sheet 2 of 16

207

.- 206

- 205

204
203
202

201

1§

DN

- 200

- 207

- 206

- 205

204
203
- 202

AN

- 201

- 200

~. 207

L 206

- 205

- 204
203
- 202

AN

- 201

i(

LN,

- 200

US 2011/0260206 A1

L21O

r 210

- 210




Patent Application Publication  Oct. 27,2011 Sheet 3 of 16 US 2011/0260206 A1

////////////“%7
//// 4 306

////////////////////////////////// . 1-305

'¢¢¢49¢ s ¢¢foé¢&¢f"¢'¢ SR ',,4\ "Lz
I O N S s S s Y ¢¢ff¢¢ e ' AN 304
%&,&,’,,,&‘O%ﬁﬁ, et ,,, , o , ,f o S

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\@303

DI - 302
\\\\\\\\\\\\ q 301

1% 300

Fig. 3



Patent Application Publication  Oct. 27,2011 Sheet 4 of 16 US 2011/0260206 A1

100 g
N TSR SN TR’ JNS SU SO
L R Y R TR Ty SRR ORPE P
< :
£ - - : :
01 gro---vmi---ff-miememmm - K- Lo s mmmeee--
c : : . Comparative
N . . : example
001 proveoni e
0001 el =
0 20 25 30

V(V)

Fig. 4



Patent Application Publication  Oct. 27,2011 Sheet S of 16 US 2011/0260206 A1

n(cd/A)

. Comparative
. example

LB LI

0 [ Lt ¢ 2 aygl Fl it 1 xiidl i 1t g il [ [ ERE)

41 10 100 1000 10000
L{cd/m2)

Fig. 5



Patent Application Publication  Oct. 27,2011 Sheet 6 of 16 US 2011/0260206 A1

100000 g .
F O Embodiment 2—-1
~ @ Embodiment 1
10000 k- O Embodiment 2-2 === 7=~ - - o g - g oy - - - -
& 1000 f----------- R T Rk L
= 3 . > '
AS -
> "
8 - ' '
TV ) SR eeees - PR .
10 g----------- B - Rk G
i
1
0 5 10 15 20

Fig. 6



Patent Application Publication  Oct. 27,2011 Sheet 7 of 16 US 2011/0260206 A1

100

E @) Embodiment 2-1
10 | ® Embodiment1 .
= 0 Embodiment 2-2 "
. @ Embodiment 2-3
1 proememeemmme e
< 5
£ i ¥ ' ‘
0.1 F-------mee-- e S
o b
0.001 Lt 107




Patent Application Publication  Oct. 27,2011 Sheet 8 of 16 US 2011/0260206 A1

6
[ O Embodiment 2-1 :

5 [.® Embodiment1 .._.__. e
T 0 Embodiment 2-2 : '
T B Embodiment 2-3 . .

4

ncd/A)
w

0 L i L4 4 313 : i 1 1 Lt Af1 I. L L L4 1111 ; ) 1 1. 2. 1 21
1 10 100 1000 10000
L{cd/m?)

Fig. 8



Patent Application Publication  Oct. 27,2011 Sheet 9 of 16 US 2011/0260206 A1

Fig. 9A 5 Light emitting
18 12 14

§
N
a3

AR
o
:
—
N
o

N oy

ITroson | 1AW N \ll-:—
A e A
\Q <
10 i . 1
" Light emitting
Fig. 9B ‘
Light emlttlng
18
15
AT J L,_19b
"""""""""" 1-19a
7
.-n16b
A1 :
B2 TR, LI
A .
N
10
Fig. 9C 15
g 18 14

R

= \lllllilll\'\'\

|I
Ix..‘.}‘.‘.‘.‘.‘.}‘.‘.‘.‘}.}}‘..a"

: J-16b

¢

: &
10
:

ight emitting



Patent Application Publication  Oct. 27,2011 Sheet 10 of 16 US 2011/0260206 A1

Fig. 10A
18 15 ﬁ 12
N , U o

16

A

)

N
i
1

N PH

iz ¢
1] &
\J\L
:
1
1
|
/\/i
|
'
i
i
]
b
«

N3 ES
oty 1/,\
>, /1/.\\‘.\\\1 Gy
w:/ll‘//‘\‘\‘\‘\‘“\\”>””m‘ \
IS N SRS

/'1/1 6

I
"‘ ‘aﬁ\\\\\\?ﬁlA
7 ” 9

(

e’
N
N

|

1

N
aa!

!

t

]

¥
alt

1

l

1

[

1
’\.—:r

|

|
L

N

3




US 2011/0260206 A1

Oct. 27,2011 Sheet 11 of 16

Patent Application Publication

7007 7004

7006

7005

Fig. 11



Patent Application Publication  Oct. 27,2011 Sheet 12 0of 16 US 2011/0260206 A1

/3}05 -;199 7108
\ NNN N
N ; N _%gz
S 7
L
il 2 | \ @
N LAREESN
e N '
i s I
I chn I 1N
}/’/’ : ; %ﬁbﬂjg : i
! 7101 e ) 1
1’!’/ ;’IIWH ; EI{’!
Iy ' P 1
N Phitn e e
L N HINRE | 15
Iy IR | 1T
RN e 1
P l’/l’/fii N
o T /
iy L N ol
TN N 17104] .1 N [
N hWa N SN
| I [’l{ l;‘ asia S N {;’
N I
,1 I;II SN I’]l
I, Ay Nk 1
[ ; 1y N\ il
) N ! N L
\ _ _éQk\ 7106
N IR X %
N N N e
\ \ 7107
7102 7403

Fig. 12



Patent Application Publication  Oct. 27,2011 Sheet 13 0of 16 US 2011/0260206 A1

Fig. 13A 04 7007

7006 'I
7003 I

7005
__I_. __f—____.

iJ_L—O‘ 7001
7002

7008
7009 -
Fig. 138 7105 7108 7109
7107 , —
7106
7103
|
7102
b 1
[ 1 !
7101 7104
7110
7111




Patent Application Publication  Oct. 27,2011 Sheet 14 0of 16 US 2011/0260206 A1

o
s g
G| ©
-
~
o
(0]
#
™
RS
b
~—
o}
[p] o
@ 10
©O




US 2011/0260206 A1

Oct. 27,2011 Sheet 150f 16

Patent Application Publication

™
—
H
(o]

(] R,

PR
LR
Mﬂ vo \X

s Tl T N

S S 6510

Noreer I
W
RN

6511
Fig. 15

7

6519 6520




Patent Application Publication  Oct. 27,2011 Sheet 16 of 16 US 2011/0260206 A1

Fig. 16



US 2011/0260206 Al

LIGHT EMITTING ELEMENT AND
MANUFACTURING METHOD THEREOF,
AND LIGHT EMITTING DEVICE USING THE
LIGHT EMITTING ELEMENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a light-emitting ele-
ment that has a structure interposing a plurality of layers
between a pair of electrodes, in particular, relates to a struc-
ture of the layers.

[0003] 2. Description of the Related Art

[0004] A light-emitting device utilizing a light emission
from an electroluminescent element (a light-emitting ele-
ment) has been attracting attention as a device, for example,
for displaying or for lighting.

[0005] As the light-emitting element that is used for the
light-emitting device, an element that has a structure inter-
posing a plurality of layers, each including a material such as
a luminescent or carrier transporting material, between a pair
of electrodes is well known.

[0006] Inthe case of this light-emitting element, one of the
electrodes functions as an anode while the other electrode
functions as a cathode, ahole injected from the anode side and
an electron injected from the cathode side are recombined to
form a molecule in a excited state, and light is emitted when
the molecule returns to the ground state. The emitted light is
extracted outside through one or both of the pair of electrodes.
[0007] As for a manufacturing process of the light-emitting
element above, it is commonly known to form one of the
electrodes, form the plurality of layers thereon, and form the
other electrode further thereon.

[0008] In the case of manufacturing the light-emitting ele-
ment in this way, the layers are sometimes so damaged in the
process of forming the electrode after forming the plurality of
layers that favorable characteristics cannot be obtained. This
phenomenon is frequently observed particularly in the case of
using sputtering to form the electrode. This is believed to be
because high-energy atoms damage the layers in the process
of using sputtering to form the electrode.

[0009] Consequently, a light-emitting element comprising
a structure that is less subjected to damage even in the case of
using sputtering to form the electrode and a manufacturing
method thereof have been developed.

[0010] For example, Patent Document 1 or Patent Docu-
ment 2 shows that damage to an organic layer, which is caused
during deposition by sputtering, can be suppressed by pro-
viding a layer including phthalocyanine. In addition, Patent
Document 3 also reports that damage to an organic layer,
which is caused during deposition by sputtering, can be sup-
pressed by providing a layer including Agl i.

[0011] However, the method shown in Patent Document 1
or Patent Document 2 may have problems that, for example,
aprocess is increased for providing the layer including phtha-
locyanine between an electron transporting layer and an elec-
tron injecting electrode and the luminous efficiency in a red
light emission is decreased due to phthalocyanine that
absorbs light in a long wavelength range easily. In addition,
the method shown in Patent Document 3 may have problems
that, for example, as the film thickness of Agl.i becomes
thicker, the transmissivity of light becomes lower to decrease
the external extraction efficiency of emitted light.

[0012] [Patent Document 1] Japanese Patent Laid-Open
No. 2002-75658
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[0013] [Patent Document 2| Japanese Patent Laid-Open
No. 2002-359086
[0014] [Patent Document 3] Japanese Patent Laid-Open
No. 2003-249357

SUMMARY OF THE INVENTION

[0015] It is an object of the present invention to provide a
light-emitting element formed to suppress damage, which is
caused to a layer including an organic material during depo-
sition by sputtering. In addition, it is an object of the present
invention to provide a light-emitting element formed to sup-
press damage, which is caused to a layer including an organic
material during deposition by sputtering, and also to suppress
a phenomenon such as short circuit between electrodes.
[0016] A light-emitting element according to the present
invention is provided with a layer including a metal oxide
between a pair of electrodes in order to suppress damage to a
layer including an organic material, which is likely to be
caused during deposition by sputtering.

[0017] A light-emitting element according to the present
invention has a layer including an organic material between a
first electrode and a second electrode, and further has a layer
including a metal oxide between the second electrode and the
layer including the organic material, where these electrodes
and layers are laminated so that the second electrode is
formed later than the first electrode.

[0018] The layer including the organic material may be a
single layer or a multilayer. Preferably, a material such as a
highly carrier (electron or hole) transporting material and a
highly carrier injecting material are combined to form the
layer including the organic material so that a light-emitting
region is formed in a portion that is away from the first
electrode and the second electrode. Further, the layer includ-
ing the organic material may include a metal element such as
lithium or magnesium or another metal element in a portion
thereof.

[0019] In addition, specific examples of the metal oxide
include molybdenum oxide (MoOx), vanadium oxide (VOXx),
ruthenium oxide (RuOx), tungsten oxide (WOx), manganese
oxide (MnOx), and the like and it is preferred that these are
formed by evaporation.

[0020] In the case of the light-emitting element according
to the present invention, as described above, which has the
structure in which the layer including the metal oxide is
provided between the second electrode and the layer includ-
ing the organic material, the second electrode can be formed
by sputtering.

[0021] Therefore, as the second electrode, it becomes
easier to use a material that is easier to deposit by sputtering
than evaporation, for example, indium tin oxide (ITO),
indium tin oxide containing silicon (ITSO), or IZO (Indium
Zinc Oxide) of indium oxide mixed with zinc oxide (ZnO) at
2 to 20%, and then, the material for forming the second
electrode has a wide range of choice.

[0022] Inaddition, even in the case of a light-emitting ele-
ment of a structure that has a film formed by sputtering
between the second electrode and the layer including the
metal oxide, damage to a layer including an organic material
due to deposition by sputtering can be suppressed in the same
way as described above. In this case, it is not always necessary
to form the second electrode by sputtering. The advantage of
the present invention can be obtained as long as a light-
emitting element has a structure in which a layer including an
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organic material, a layer including a metal oxide, and a layer
formed by sputtering are laminated in order.

[0023] According to the present invention, it is possible to
obtain a light-emitting element where a defect due to depo-
sition by sputtering is suppressed. In addition, it is possible to
obtain a light-emitting element where a defect due to depo-
sition by sputtering is suppressed and short circuit between
electrodes is also suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the accompanying drawings:

[0025] FIG. 1 is a diagram showing voltage-luminance
characteristics of a light-emitting element according to the
present invention and a light-emitting element according to a
comparative example;

[0026] FIGS.2A to 2C are diagrams illustrating a structure
of layers of a light-emitting element according to the present
invention;

[0027] FIG. 3 is a diagram illustrating a structure of layers
of'alight-emitting element according to the present invention;
[0028] FIG. 4 is a diagram showing voltage-current char-
acteristics of a light-emitting element according to the present
invention and a light-emitting element according to a com-
parative example;

[0029] FIG.5is a diagram showing luminance-current effi-
ciency characteristics of a light-emitting element according
to the present invention;

[0030] FIG. 6 is a diagram showing voltage-luminance
characteristics of light-emitting elements according to the
present invention;

[0031] FIG. 7 is a diagram showing voltage-current char-
acteristics of light-emitting elements according to the present
invention;

[0032] FIG. 8is a diagram showing luminance-current effi-
ciency characteristics of light-emitting elements according to
the present invention;

[0033] FIGS. 9A to 9C are diagrams illustrating cross-
section structures of light-emitting devices according to the
present invention;

[0034] FIGS. 10A and 10B are diagrams illustrating cross-
section structures of light-emitting devices according to the
present invention;

[0035] FIG. 11 is a top view of a pixel portion of a light-
emitting device according to the present invention;

[0036] FIG. 12 is a top view of a pixel portion of a light-
emitting device according to the present invention;

[0037] FIGS. 13A and 13B are circuit diagrams of pixel
portions of light-emitting devices according to the present
invention;

[0038] FIG. 14 is a diagram illustrating a cross-section
structure of a light-emitting device according to the present
invention;

[0039] FIG. 15 is a view showing a frame format of a
light-emitting device according to the present invention; and
[0040] FIG. 16 is a diagram of an electronic device
mounted with a light-emitting device according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION
Embodiment Mode

[0041] A light-emitting element according to the present
invention has a layer including an organic material between a
pair of electrodes. The layer including the organic material
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has a single layer or a plurality of layers. Preferably, a layer
including a highly carrier injecting material and a layer
including a highly carrier transporting material are combined
to form the layer including the organic material so that a
light-emitting region is formed away from the electrodes, that
is, so that carriers are recombined in a portion that is away
from the electrodes.

[0042] One mode of the light-emitting element according
to the present invention will be described below with refer-
ence to FIGS. 2A to 2C.

[0043] In the present embodiment mode, a light-emitting
element 210 is provided over a substrate 200 for supporting
the light-emitting element 210, and has a first electrode 201,
first to fifth layers 202 to 206 laminated on the first electrode
201 in order, and a second electrode 207 further provided
thereon so that the first electrode 201 functions as a cathode
and the second electrode 207 functions as an anode.

[0044] As the substrate 200, for example, glass or plastic
can be used. Another material other than these may be used as
long as the material functions as a support in a manufacturing
process of a light-emitting element.

[0045] It is preferable that the first electrode 201 is formed
to include a material that has a small work function (a work
function of 3.8 eV or less) such as a metal, an alloy, an
electrically conductive compound, or a mixture of these,
which specifically include elements belonging to Group 1 or
Group 2 of the periodic table of the elements, that is, an alkali
metal such as lithium (Li) or cesium (Cs) and an alkali earth
metal such as magnesium (Mg), calcium (Ca), or strontium
(Sr), and an alloy including the element, for example, an
aluminum alloy (Al:Li) or a silver alloy (Mg:Ag). However,
by providing a layer that has a function of promoting electron
injections in contact with the first electrode 201 between the
first electrode 201 and the second electrode 207, various
conductive materials such as Al, Ag, indium tin oxide (ITO),
and ITO containing silicon (Si) can be used as the first elec-
trode 201 regardless of magnitude of work function. In this
regard, however, another materials other than the materials
mentioned in the present embodiment mode may be used.
[0046] The first layer 202 is a layer including a highly
electron injecting material, for example, a compound of an
alkali metal or alkali earth metal such as lithium fluoride
(LiF), cesium fluoride (CsF), or calcium fluoride (CaF,). In
addition, the first layer 202 may be a layer including a highly
electron transporting material and either an alkali metal or an
alkali earth metal, for example, a layer including Alq, and
magnesium (Mg).

[0047] The second layer 203 is a layer including a highly
electron transporting material, for example, a metal complex
that has a quinoline moiety or a benzoquinoline moiety such
as tris(8-quinolinolato)aluminum (abbreviation: Alq;), tris
(5-methyl-8-quinolinolato)aluminum (abbreviation: Almqs,),
bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbrevia-
tion: BeBq,), or bis(2-methyl-8-quinolinolato)-4-phenylphe-
nolato-aluminum (abbreviation: BAlq). In addition, a metal
complex that has a ligand such as an oxazole or a thiazole, for
example, bis[2-(2-hydroxyphenyl)-benzoxazolato]zinc (ab-
breviation: Zn(BOX),) or bis[2-(2-hydroxyphenyl)-ben-
zothiazolato|zinc (abbreviation: Zn(BTZ),), can be used.
Further, in addition to the metal complexes, 2-(4-biphenylyl)-
5-(4-tert-butylphenyl)-1,3.4-oxadiazole (abbreviation:
PBD), 1,3- bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl|
benzene (abbreviation: OXD-7), 3-(4-tert-butylphenyl)-4-
phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation: TAZ),
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3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-
1,2,4-triazole (abbreviation: p-EtTAZ), bathophenanthroline
(abbreviation: BPhen), and bathocuproin (abbreviation:
BCP) can also be used. In this regard, however, another mate-
rials other than the materials mentioned in the present
embodiment mode may be used.

[0048] The third layer 204 is a layer including a highly
luminescent material. For example, a highly luminescent
material such as N, N'-dimethyl quinacridone (abbreviation:
DMQd) or 2H-chromen-2-one (abbreviation: coumarin) and
a highly carrier transporting material such as tris (8-quinoli-
nolato)aluminum (abbreviation: Alq3) or 9,10-di (2-naph-
thyl)anthracene (abbreviation: DNA) are freely combined to
form the third layer 204. However, since Alg, and DNA are
also highly luminescent materials, these materials may be
used singularly as the third layer 204.

[0049] The fourth layer 205 is a layer including a highly
hole transporting material, for example, an aromatic amine
compound (that is, a compound that has a benzene ring-
nitrogen bond) such as 4,4'- bis [N-(1-naphthyl)-N-phenyl-
amino|-biphenyl (abbreviation: a-NPD), 4,4'-bis [N-(3-me-
thylphenyl)-N-phenyl-amino]-biphenyl (abbreviation:
TPD), 4,4',4"-tris(N,N-diphenyl-amino)-triphenylamine (ab-
breviation: TDATA), or 4,4'4"-tris [N-(3-methylphenyl)-N-
phenyl-amino]-triphenylamine (abbreviation: MTDATA). In
this regard, however, another materials other than the mate-
rials mentioned in the present embodiment mode may be
used.

[0050] The fifth layer 206 is a layer including a metal oxide
such as molybdenum oxide (MoOx), vanadium oxide (VOx),
ruthenium oxide (RuOx), tungsten oxide (WOx), or manga-
nese oxide (MnOx). By providing the layer including the
metal oxide in this way, it is possible to suppress damage to
the layers respectively including organic compounds (the first
to fourth layers in the present embodiment mode), which is
caused in the case of using sputtering in the process of form-
ing the second electrode 207. In the present embodiment
mode, it is preferable that the layer including the metal oxide
is formed by evaporation. In addition, it is preferable that the
layer including the metal oxide has a film thickness of 10 nm
or more. In order to suppress damage due to sputtering, it is
effective to form the layer including the metal oxide to have
the film thickness as mentioned above. As the layer including
the metal oxide, another materials other than the materials
mentioned in the present embodiment mode may be used.
[0051] For example, the fifth layer 206 may be a layer
including a metal oxide and a highly hole transporting mate-
rial. Materials such as o.-NPD and TPD described above are
cited as the highly hole transporting material. By including
the highly transporting material in this manner, it becomes
easier for the fifth layer 206 to generate holes. Additionally,
by changing the thickness of the fifth layer 206 including the
highly hole transporting material to adjust a distance between
a layer including a highly light emitting material (the third
layer 204 in this embodiment) and the second electrode 207,
it becomes easier to extract light emission showing a prefer-
able spectrum to the outside. This is because a increase of
driving voltage that may be generated by making the thick-
ness of the fifth layer 206 thicker can be reduced by including
the highly hole transporting material.

[0052] Further, in the case of forming the layer including
the metal oxide to have a film thickness of 100 nm or more, it
is possible to suppress short circuit between the first electrode
201 and the second electrode 207, which is caused due to a
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factor such as a projection formed at a film surface of the first
electrode 201 or the second electrode 207 or due to a foreign
object mixed between these electrodes. Since the metal oxide
has a high light-transmitting property, emitted light can be
extracted sufficiently even when the film thickness becomes
thicker.

[0053] It is preferable that the second electrode 207 is
formed to include a material that has a large work function (a
work function of 4.0 eV or more) such as a metal, an alloy, an
electrically conductive compound, or a mixture of these. Spe-
cifically, materials such as gold (Au), platinum (Pt), nickel
(N1), tungsten (W), chromium (Cr), molybdenum (Mo), iron
(Fe), cobalt (Co), copper (Cu), palladium (Pd), and a nitride
of'a metal (such as TiN) can be used in addition to indium tin
oxide (ITO), indium tin oxide containing silicon, and 1ZO
(Indium Zinc Oxide) of indium oxide mixed with zinc oxide
(Zn0O) at 2 to 20%. In this way, a conductive material that can
be deposited by sputtering is used to form the second elec-
trode 207. In this regard, however, another materials other
than the materials mentioned in the present embodiment
mode may be used.

[0054] In the light-emitting element according to the
present invention, which has the structure described above, a
current flows due to a potential difference generated between
the first electrode 201 and the second electrode 207, a hole
and an electron are recombined in the third layer 204 that is
the layer including the highly luminescent material, and then,
light is emitted. In other words, the light-emitting element has
the structure so that a light-emitting region is formed in the
third layer 204. However, it is not necessary that the third
layer 204 wholly function as a light-emitting region, and for
example, a light-emitting region may be formed only at a side
of'the second layer 203 or at a side of the fourth layer 205 in
the third layer 204.

[0055] Emitted light is extracted outside through one or
both of the first electrode 201 and the second electrode 207.
Therefore, one or both of the first electrode 201 and the
second electrode 207 are formed to include a light-transmit-
ting material.

[0056] Inthe case where both the first electrode 201 and the
second electrode 207 are formed to include a light-transmit-
ting material, as shown in FIG. 2A, emitted light is extracted
from both the substrate side and the side opposite to the
substrate through the first electrode 201 and the second elec-
trode 207. In the case where only the second electrode 207 is
formed to include a light-transmitting material and in the case
where the first electrode 201 and the second electrode 207 are
formed to include a light-transmitting material and a reflec-
tive film is provided at the first electrode 201 side, as shown in
FIG. 2B, emitted light is extracted from the side opposite to
the substrate through the second electrode 207. In the case
where only the first electrode 201 is formed to include a
light-transmitting material and in the case where the first
electrode 201 and the second electrode 207 are formed to
include a light-transmitting material and a reflective film is
provided at the second electrode 207 side, as shown in FIG.
2C, emitted light is extracted from the substrate side through
the first electrode 201.

[0057] The layered structure provided between the first
electrode 201 and the second electrode 207 is not limited to
the structure described above. A structure other than the struc-
ture described above may be used as long as a region where a
hole and an electron are recombined is provided in a portion
that is away from the first electrode 201 and the second
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electrode 207 in the structure in order to suppress quenching
caused by making a light-emitting region and a metal come
close to each other and the structure has a layer including a
metal oxide. In other words, the laminated structure is not
particularly limited, and layers respectively including mate-
rials such as a highly electron transporting material, a highly
hole transporting material, a highly electron injecting mate-
rial, a highly hole injecting material, and a bipolar material (a
highly electron and hole transporting material) may be freely
combined with the layer including the metal oxide to make
the laminated structure. Further, the recombination region of
carriers may be controlled by providing a layer including, for
example, an extremely thin silicon oxide film.

[0058] The light-emitting eclement described above is
manufactured by forming the first electrode 201 over the
substrate 200, laminating the first to fifth layers 202 to 206
thereon in order, and forming the second electrode 207 further
thereon. Although a method of forming each layer is not
particularly limited, it is preferable that any of evaporation,
inkjet, and spin coating is used to form the layer.

[0059] FIG. 3 shows a specific example of a light-emitting
element according to the present invention, which has a dif-
ferent structure from the structure described above. A first
electrode 301 is provided on a substrate 300, and first to fifth
layers 302 to 306 are provided on the first electrode 301 by
laminating in order. Further, a second electrode 307 is pro-
vided on the fifth layer 306.

[0060] Here, the firstlayer 302 is formed to include a highly
hole injecting material, the second layer 303 is formed to
include a highly hole transporting material, the third layer 304
is formed to include a highly carrier transporting material
including a light emitter, and the fourth layer 305 is formed to
include a highly electron transporting material. The fifth layer
306 is a layer including a metal oxide, and in addition, may
include a highly electron injecting material such as an alkali
metal or an alkali earth metal such as lithium or magnesium.
Also in the case of the light-emitting element that has this
structure, it is possible to suppress damage to a layer includ-
ing an organic compound due to deposition by sputtering, as
described above. When the light-emitting element has this
structure, the first electrode 301 and the second electrode 307
function as an anode and a cathode, respectively. The light-
emitting element shown in FIG. 3 is also one mode of the
light-emitting element according to the present invention, and
the structure of the light-emitting element according to the
present invention is not limited to this.

[0061] Inthe thus described light-emitting element accord-
ing to the present invention, damage to a layer including an
organic material due to sputtering can be suppressed. In addi-
tion, short circuit between the electrodes can be suppressed
by controlling the film thickness of the layer including the
metal oxide. Furthermore, in a light-emitting device to which
the light-emitting element according to the present invention
is applied, a defect of the light-emitting element due to sput-
tering or short circuit between the electrodes is suppressed,
and for example, in a display device, favorable display images
can be obtained.

[0062] Inthe present embodiment mode, a case of forming
an electrode by sputtering is described. However, for
example, even in the case of a light-emitting element of a
structure that has a film formed by sputtering between an
electrode and a layer including a metal oxide, it is possible to
obtain the advantage that damage to a layer including an
organic material due to sputtering can be suppressed in the
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same way as in the present embodiment mode. In either case,
as long as a light-emitting element has a structure in which a
layer including an organic material, a layer including a metal
oxide, and a layer formed by sputtering are laminated in order
and the layer including the organic material is formed before
the layer formed by sputtering is formed, the advantage of
providing the layer including the metal oxide can be obtained.

Embodiment 1

[0063] A manufacturing method of a light-emitting ele-
ment according to the present invention and characteristics of
the light-emitting element will be described. The structure or
manufacturing process of the light-emitting element accord-
ing to the present invention is not limited to the present
embodiment, and a film thickness or a material, for example,
may be changed appropriately.

[0064] On a glass substrate, indium tin oxide (ITO) is
deposited by sputtering to form a first electrode, where ITO in
the deposition contains an amorphous component as its main
component. Next, after etching ITO to be separated into ele-
ments, a heat treatment is performed at 200° C. for 1 hour.
Further, after applying an acrylic that is a positive type pho-
toresist, exposure and development are performed to form a
partition layer. After that, a heat treatment is performed at
220° C. for 1 hour.

[0065] Next, after wet cleaning, the glass substrate with
ITO deposited is processed at 150° C. for 30 minutes in an
atmosphere of vacuum of 1x107° Pa after UV-ozone treat-
ment.

[0066] Next, 4,4'-bis (5-methylbenzoxazol-2-yl)stilbene
(abbreviation: BzOs) and lithium (Li) are co-deposited to
form a first layer on the first electrode. The weight ratio of
BzOs to Li is controlled to be 1:0.02. In addition, the film
thickness of the first layer is controlled to be 20 nm.

[0067] Next, Alg, is deposited to form a second layer on the
first layer. The film thickness of the second layer is controlled
to be 20 nm.

[0068] Next, Alg, and DMQD are co-deposited to form a
third layer on the second layer. The weight ratio of Alg; to
DMQD is controlled to be 1:0.01. In addition, the film thick-
ness of the third layer is controlled to be 40 nm.

[0069] Next, a-NPD is deposited to form a fourth layer on
the third layer. The film thickness of the fourth layer is con-
trolled to be 40 nm.

[0070] In this way, the layers respectively including the
organic materials (the first to fourth layers) are formed on the
first electrode. The materials included in the respective layers
are not limited to the materials mentioned in the present
embodiment, and another materials may be used.

[0071] Next, molybdenum oxide that is a metal oxide is
deposited to form a fifth layer on the fourth layer. The film
thickness of the fifth layer is controlled to be 50 nm.

[0072] Next, ITO is deposited by sputtering to form a sec-
ond electrode on the fifth layer. The substrate temperature
during deposition (during plasma generation) is 40° C. to 50°
C. The deposited ITO contains an amorphous component as
its main component. The film thickness of the second elec-
trode is controlled to be 110 nm.

[0073] Characteristics of the thus manufactured light-emit-
ting element according to the present invention are shown by
circle points in FIG. 1. FIG. 1 shows voltage-luminance char-
acteristics, where a horizontal axis indicates a voltage (V) and
a vertical axis indicates a luminance (cd/m?). FIG. 1 indicates
that a driving voltage (a voltage at which a light emission of
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1 cd/m® or more is started is regarded as the driving voltage)
is approximately 5.5 V. FIG. 4 shows voltage-current charac-
teristics, where a horizontal axis indicates a voltage (V) and a
vertical axis indicates a current (mA). FIG. 5 shows lumi-
nance (cd/m*)—current efficiency (cd/A) characteristics,
where a horizontal axis indicates a luminance and a vertical
axis indicates a current efficiency.

Comparative Example 1

[0074] A comparative example with respect to the light-
emitting element according to the present invention, shown in
Embodiment 1, will be described.

[0075] A light-emitting element of the present comparative
example has a structure in which a mixed layer including
BzOs and Li (20 nm), a layer including Alq; (20 nm), a mixed
layer including DMQD and Alq, (40 nm), a layer including
a-NPD (40 nm), and a layer including CuPc (20 nm) are
laminated in order on a first electrode including ITO, and a
second electrode including ITO is further laminated thereon.
In each case, ITO for the electrode is formed by sputtering in
the same way as described above. In addition, the weight ratio
ot BzOs to Liis 1:0.02, and the weight ratio of Alg, to DMQD
is 1:0.01.

[0076] Characteristics of the light-emitting element of the
present comparative example are shown by trigonal points in
FIG. 1. FIG. 1 shows voltage-luminance characteristics,
where a horizontal axis indicates a voltage (V) and a vertical
axis indicates a luminance (cd/m?). FIG. 1 indicates that a
driving voltage (a voltage at which a light emission of 1 cd/m?>
or more is started is regarded as the driving voltage) is
approximately 13 V. FIG. 4 shows voltage-current character-
istics, where a horizontal axis indicates a voltage (V) and a
vertical axis indicates a current (mA). FIG. 5 shows lumi-
nance (cd/m*)—current efficiency (cd/A) characteristics,
where a horizontal axis indicates a luminance and a vertical
axis indicates a current efficiency. The characteristics of the
light-emitting element are obtained from light emissions
extracted from the second electrode side.

[0077] The characteristics of the light-emitting elements of
Embodiment 1 and Comparative Example 1, as shown above,
indicate the following. In the case of the light-emitting ele-
ment of the comparative example using CuPc, the driving
voltage of the light-emitting element is high (13 V) due to
damage to a portion of the element (a layer including an
organic material) in the process of depositing ITO by sput-
tering while the light-emitting element according to the
present invention has no such a tendency. In other words, in
the case of the light-emitting element according to the present
invention, the defect of the light-emitting element due to
sputtering can be more suppressed than in the case of the
light-emitting element of the comparative example.

Embodiment 2

[0078] Inthe present embodiment, a light-emitting element
that has the same structure as that shown in Embodiment 1
except that the fifth layer including molybdenum oxide has a
different film thickness form that in Embodiment 1 will be
described. A manufacturing method of the light-emitting ele-
ment shown in the present embodiment is also the same as
that in Embodiment 1. Therefore, descriptions of the manu-
facturing method are omitted.

[0079] As for the light-emitting element of the present
embodiment, the fifth layer including molybdenum oxide has
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film thicknesses of 10 nm (Embodiment 2-1), 100 nm (Em-
bodiment 2-2), and 200 nm (Embodiment 2-3).

[0080] Characteristics of the light-emitting elements of the
present embodiment are shown in FIG. 6. FIG. 6 shows volt-
age-luminance characteristics, where a horizontal axis indi-
cates a voltage (V) and a vertical axis indicates a luminance
(cd/m?). FIG. 6 indicates that a driving voltage (a voltage at
which a light emission of 1 cd/m® or more is started is
regarded as the driving voltage) is approximately 5V in each
case of light-emitting elements represented by Embodiments
2-1, 2-2, and 2-3. FIG. 7 shows voltage-current characteris-
tics, where a horizontal axis indicates a voltage (V) and a
vertical axis indicates a current (mA). FIG. 8 shows lumi-
nance (cd/m*)—current efficiency (cd/A) characteristics,
where a horizontal axis indicates a luminance and a vertical
axis indicates a current efficiency. FIGS. 6 to 8 indicate that
the characteristics of the light-emitting elements are compa-
rable to each other regardless of the film thickness of the fifth
layer when a lower voltage is applied, and that the light-
emitting element that has the fifth layer with the thicker film
thickness has a tendency to show a higher luminance when a
higher voltage is applied. From here onwards, it is believed
that damage due to sputtering can be more suppressed in the
case of the light-emitting element that has the fifth layer with
the thicker film thickness. The characteristics of the light-
emitting elements are obtained from light emissions extracted
from the second electrode sides.

[0081] As described above, as for the light-emitting ele-
ment shown in the present embodiment, it is determined that
favorable characteristics can be obtained even when the film
thickness of the layer including the metal oxide is made
thicker. Therefore, short circuit between the electrodes can be
suppressed by thickening the film thickness of the layer
including the metal oxide. Further, as for the light-emitting
element shown in the present embodiment, it is determined
that emitted light can be extracted outside efficiently even
when the film thickness of the layer including the metal oxide
is thicker.

Embodiment 3

[0082] In the present embodiment, a structure of a light-
emitting device according to the present invention will be
described.

[0083] Ineach of FIGS. 9A to 9C, a portion surrounded by
a dotted line is a transistor 11 provided for driving a light-
emitting element 12. The light-emitting element 12 is formed
to include a first electrode 13, a second electrode 14, and a
light-emitting layer 15 interposed between these electrodes.
The first electrode 13 and a drain of the transistor 11 are
electrically connected to each other by a wiring 17 running
through a first interlayer insulating film 16a to 16¢. In addi-
tion, the light-emitting element 12 is separated by a partition
layer 18 from another light-emitting element provided adja-
cently. A light-emitting device that has this structure accord-
ing to the present invention is provided over substrate 10.
[0084] In the light-emitting device that has the structure
described above, the light-emitting element 12 is a light-
emitting element according to the present invention, and par-
ticularly, the light-emitting layer 15 includes the above-men-
tioned layer including the metal oxide as a component.
[0085] The transistor 11 is included in a top-gate type.
However, the structure of the transistor 11 is not particularly
limited. For example, an inversely staggered TFT as shown in
FIG. 10A may be used. In the case of an inversely staggered
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TFT, a TFT where a protective film is formed on a semicon-
ductor layer that forms a channel (a channel-protection TFT)
may be used as shown in FIG. 10B, or a TFT where a portion
of a semiconductor layer that forms a channel is concave (a
channel-etch) may be used. Here, reference numerals 21, 22,
23, 24, 25, and 26 denote a gate electrode, a gate insulating
film, a semiconductor layer, an n-type semiconductor layer,
an electrode, and a protective film, respectively.

[0086] Inaddition, a semiconductor layer forming the tran-
sistor 11 may be either crystalline or amorphous, or alterna-
tively, may be semi-amorphous.

[0087] The following will describe a semi-amorphous
semiconductor. The semi-amorphous semiconductor is a
semiconductor that has an intermediate structure between
amorphous and crystalline (such as single-crystal or poly-
crystalline) structures and has a third state that is stable in
terms of free energy, which includes a crystalline region that
has short range order and lattice strain. Further, a crystal grain
from 0.5 to 20 nm is included in at least a region in a film of
the semi-amorphous semiconductor. A raman spectrum of the
semi-amorphous semiconductor has a shift to a lower wave-
number side than 520 cm™. In X-ray diffraction, diffraction
peaks of (111) and (220) due to a Si crystal lattice are
observed. Hydrogen or halogen is included at 1 atom % or
more in the semi-amorphous semiconductor to terminate a
dangling bond. Therefore, the semi-amorphous semiconduc-
tor is also referred to as a micro-crystalline semiconductor. A
nitride gas is decomposed by glow discharge (plasma CVD)
to form the semi-amorphous semiconductor. As the nitride
gas, in addition to SiH,,, a gas such as Si,Hg, SiH,Cl,, SiHCl;,
SiCl,, or SiF, can be used. This nitride gas may be diluted
with H, or with H, and one kind or plural kinds of rare gas
elements selected from He, Ar, Kr, and Ne, where the dilution
ratio is in the range 0f 2:1 to 1000: 1. The pressure during glow
discharge is approximately in the range of 0.1 Pa to 133 Pa,
and the power supply frequency is in the range of 1 MHz to
120 MHz, preferably 13 MHz to 60 MHz. The substrate
heating temperature may be 300° C. or less, preferably 100 to
250° C. It is desirable to control an impurity of an atmo-
spheric constituent such as oxygen, nitrogen, or carbon to
have a concentration of 1x10**/cm® or less as an impurity
element in the film, in particular, the oxygen concentration is
controlled to be 5x10'%/cm® or less, preferably 1x10'°/cm? or
less. In addition, a TFT (thin film transistor) using the semi-
amorphous semiconductor has a mobility of approximately 1
to 10 m*/Vsec.

[0088] Further, specific examples of crystalline semicon-
ductors for the semiconductor layer include single-crystal or
polycrystalline silicon and silicon-germanium, which may be
formed by laser crystallization or may be formed by crystal-
lization with solid-phase growth using an element such as
nickel.

[0089] In the case of using an amorphous material, for
example, amorphous silicon to form the semiconductor layer,
it is preferable that the light-emitting device has a circuit in
which the transistor 11 and the other transistor (a transistor
forming the circuit for driving the light-emitting element) are
all n-channel transistors. Other than that case, the light-emit-
ting device may have a circuit including one of an n-channel
transistor and a p-channel transistor or may have a circuit
including both an n-channel transistor and a p-channel tran-
sistor.

[0090] Further, the first interlayer insulating film 164 to 16¢
may be a multilayer as shown in FIG. 9A and 9C, or may be
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a single layer. The first interlayer insulating film 164 includes
an inorganic material such as silicon oxide or silicon nitride,
and the first interlayer insulating film 165 includes a material
with self-flatness such as acrylic, siloxane (a material that has
a framework structure formed of a bond between silicon (Si)
and oxygen (O) and includes at least hydrogen as a substitu-
ent), silicon oxide that can be used in coating for deposition.
In addition, the first interlayer insulating film 16¢ has a silicon
nitride film including argon (Ar). The materials included in
the respective layers are not particularly limited, and there-
fore materials other than the materials mentioned here may be
used. Further, a layer including a material other than these
materials may be combined. In this way, both of an inorganic
material and an organic material, or one of an inorganic
material and an organic material may be used to form the first
interlayer insulating film 16.

[0091] As for the partition layer 18, it is preferable that an
edge portion has a shape varying continuously in curvature
radius. In addition, a material such as acrylic, siloxane, resist,
or silicon oxide is used to form the partition layer 18. One or
both of an inorganic material and an organic material may be
used to form the partition layer 18.

[0092] Ineach of FIG. 9A and 9C, only the first interlayer
insulating film 16 is provided between the transistor 11 and
the light-emitting element 12. However, as shown in FIG. 9B,
a second interlayer insulating film 19 (19a and 196) may be
provided in addition to the first interlayer insulating film 16
(16a and 165). In the light-emitting device shown in FIG. 9B,
the first electrode 13 is connected to the wiring 17 through the
second interlayer insulating film 19.

[0093] The second interlayer insulating film 19 may be a
multilayer or a single layer in the same way as the first
interlayer insulating film 16. The second interlayer insulating
film 194 includes a material with self-flatness such as acrylic,
siloxane (a material that has a framework structure formed of
a bond between silicon (Si) and oxygen (O) and includes at
least hydrogen as a substituent), silicon oxide that can be used
in coating for deposition. In addition, the second interlayer
insulating film 195 has a silicon nitride film including argon
(Ar). The materials included in the respective layers are not
particularly limited, and therefore materials other than the
materials mentioned here may be used. Further, a layer
including a material other than these materials may be com-
bined. In this way, both of an inorganic material and an
organic material, or one of an inorganic material and an
organic material may be used to form the second interlayer
insulating film 19.

[0094] In the light-emitting element 12, in the case where
both the first electrode 13 and the second electrode 14 are
formed to include a light-transmitting material, emitted light
can be extracted from both the first electrode 13 side and the
second electrode 14 side as indicated by outline arrows of
FIG. 9A. In the case where only the second electrode 14 is
formed to include a light-transmitting material, emitted light
can be extracted from only the second electrode 14 side as
indicated by an outline arrow of FIG. 9B. In this case, it is
preferable that the first electrode 13 includes a highly reflec-
tive material or that a film including a highly reflective mate-
rial (a reflective film) is provided below the first electrode 13.
In the case where only the first electrode 13 is formed to
include a light-transmitting material, emitted light can be
extracted from only the first electrode 13 side as indicated by
an outline arrow of FIG. 9C. In this case, it is preferable that



US 2011/0260206 Al

the second electrode 14 includes a highly reflective material
or that a reflective film is provided above the second electrode
14.

[0095] In addition, in the case of the light-emitting element
12, the first electrode 13 may function as an anode while the
second electrode 14 functions as a cathode, or alternatively,
the first electrode 13 may function as a cathode while the
second electrode 14 functions as an anode. However, the
transistor 11 is a p-channel transistor in the former case, and
the transistor 11 is an n-channel transistor in the latter case.
[0096] The light-emitting device of the present embodi-
ment has a plurality of light-emitting elements (however, not
shown in the figures). In the case where the emission wave-
length of each light-emitting element is the same as the emis-
sion wavelength of the light-emitting element 12, the light-
emitting device emits monochromatic light. In the case where
the emission wavelength of each light-emitting element is
different, the light-emitting device is able to emit light of a
plurality of colors such as red (R), green (G), and a blue (B).
[0097] In the case of the above-mentioned light-emitting
device, a light-emitting or non light-emitting state is con-
trolled by a transistor electrically connected to each light-
emitting element. By controlling a light-emitting or non light-
emitting state of each light-emitting element, image display
and the like are possible. In the light-emitting device, by
applying the present invention, a defect due to a factor such as
sputtering or short circuit between electrodes, which is likely
to be caused in a manufacturing process of the light-emitting
element, is suppressed, and favorable images can be dis-
played.

Embodiment 4

[0098] In the present embodiment, light-emitting devices
according to the present invention will be described with
reference to top views of FIGS. 11 and 12 and circuit dia-
grams of FIGS. 13A and 13B.

[0099] FIG. 11 shows a top view of a pixel portion of a
light-emitting device that has a function of displaying. In the
pixel portion, a light-emitting element, a driving transistor
7001 that determines a light-emitting or non light-emitting
state of the light-emitting element in accordance with an
image signal, a switching transistor 7002 that controls an
input of the image signal, an erasing transistor 7003 that
controls the light-emitting element to be a non light-emitting
state regardless of the image signal, a source signal line 7004,
a first scan line 7005, a second scan line 7006, and a current
supply line 7007 are provided. The light-emitting element
according to the present invention is formed in a region 7008.
Inaddition, FIG. 13 A shows a driver circuit diagram of a pixel
portion of a light-emitting device that has the pixel structure
shown in FIG. 11.

[0100] When the first scan line 7005 is selected in a writing
period, the switching transistor 7002 that has a gate connected
to the first scan line 7005 is turned on. Then, when a video
signal input to the source signal line 7004 is input to a gate of
the driving transistor 7001 through the switching transistor
7002, a current flows from the current supply line 7007 to the
light-emitting element to emit light. In a retention period, the
switching transistor 7002 is turned off by controlling the
electric potential of the first scan line 7005 to retain the
electric potential of the video signal written in the writing
period. In an erasing period, since the second scan line 7006
is selected to turn on the erasing transistor 7003 to turn off the
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driving transistor 7001, a state in which no current is supplied
to the light-emitting element can be produced compellingly.
[0101] FIG. 12 shows a top view of a pixel portion of a
light-emitting device that has a function of displaying, which
has a different circuit structure from FIG. 11. In the pixel
portion, a driving transistor 7101 that has a fixed gate poten-
tial, a switching transistor 7102 that controls an input of the
image signal, an erasing transistor 7103 that controls the
light-emitting element to be a non light-emitting state regard-
less of the image signal, a current controlling transistor 7104
that controls a current supply to the light-emitting element, a
source signal line 7105, a first scan line 7106, a second scan
line 7107, a current supply line 7108, and a power line 7109
are provided. The light-emitting element according to the
present invention is formed ina region 7110. In addition, F1G.
13B shows a driver circuit diagram of a pixel portion of a
light-emitting device that has the pixel structure shown in
FIG. 12.

[0102] When the first scan line 7106 is selected in a writing
period, the switching transistor 7102 that has a gate connected
to the first scan line 7106 is turned on. Then, when a video
signal input to the source signal line 7105 is input to a gate of
the current controlling transistor 7104 through the switching
transistor 7102, a current flows from the current supply line
7108 to the light-emitting element through the driving tran-
sistor 7101 to emit light. The driving transistor 7101 has a
gate electrode connected to the power line 7109. In aretention
period, the switching transistor 7102 is turned off by control-
ling the electric potential of the first scan line 7106 to retain
the electric potential of the video signal written in the writing
period. In an erasing period, since the second scan line 7107
is selected to turn on the erasing transistor 7103 to turned off
the current controlling transistor 7104, a state in which no
current is supplied to the light-emitting element can be pro-
duced compellingly.

[0103] In the above-mentioned light-emitting devices, the
structure of each transistor is not particularly limited. A
single-gate structure or a multi-gate structure may be used. In
addition, an LDD structure may be used, or a gate-overlap
LDD structure in which an LDD portion is overlapped with a
gate electrode may be used.

[0104] In the light-emitting devices shown in the present
embodiment, by applying the present invention, a defect due
to a factor such as sputtering or short circuit between elec-
trodes is suppressed so that favorable images can be dis-
played.

Embodiment 5

[0105] The light-emitting devices according to the present
invention, which are shown in Embodiments 3 and 4, are
mounted in various electronic devices after attaching an
external input terminal and sealing.

[0106] In these electronic devices according to the present
invention, a defect in displaying due to a defect of a light-
emitting element (damage to a light-emitting element) is sup-
pressed, and favorable images can be displayed.

[0107] In the present embodiment, a light-emitting device
according to the present invention and an electronic device
mounted with the light-emitting device will be described with
reference to FIGS. 14, 15, and 16. However, the light-emitting
device and electronic device shown in FIGS. 14, 15, and 16
are just one example, and the structure of the light-emitting
device is not to be considered limited to the present embodi-
ment.
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[0108] FIG. 14 is a cross-section view of a light-emitting
device after sealing. A substrate 6500 and a sealing substrate
6501 are bonded with a sealing agent 6502 to sandwich a
transistor and a light-emitting element according to the
present invention in between. An FPC (Flexible Printed Cir-
cuit) 6503 that serves as an external input terminal is attached
to an edge of the substrate 6500. In addition, a region sand-
wiched between the substrate 6500 and the sealing substrate
6501 is filled with an inert gas such as nitrogen or a resin
material.

[0109] FIG. 15 is an overhead view of showing a frame
format of the light-emitting device according to the present
invention. In FIG. 15, portions 6510, 6511, and 6512 shown
by dashed lines are a driver circuit portion (a source side
driver circuit), a pixel portion, and a driver circuit portion (a
gate side driver circuit). In the pixel portion 6511, the light-
emitting element according to the present invention is pro-
vided. The driver circuit portions 6510 and 6512 are con-
nected through the FPC 6503 that serves as an external input
terminal and a group of wiring formed on the substrate 6500.
By receiving signals such as a video signal, a clock signal, a
start signal, and a reset signal from the FPC (Flexible Printed
Circuit) 6503, the signals are input to the source side driver
circuit 6510 or the gate side driver circuit 6512. Further, a
printed wiring board (PWB) 6513 is attached to the FPC
6503. In the driver circuit portion 6510, a shift resister 6515,
a switch 6516, and memories (latches) 6517 and 6518 are
provided. In the driver circuit portion 6512, a shift resister
6519 and a buffer 6520 are provided. In addition to these,
another function may be provided.

[0110] FIG. 16 shows an example of an electronic device
mounted with the light-emitting device according to the
present invention.

[0111] FIG. 16 shows a laptop personal computer manu-
factured according to the present invention, which includes a
main body 5521, a frame body 5522, a display portion 5523,
and a keyboard 5524. A display device can be completed by
incorporating a light-emitting device that has a light-emitting
element according to the present invention into a personal
computer.

[0112] In the present embodiment, the laptop personal
computer is described. However, in addition, a light-emitting
device that has a light-emitting element according to the
present invention may be mounted in a device such as a
cellular phone, a television, a car navigation system, or a
lighting apparatus.

[0113] This application is based on Japanese Patent Appli-
cation serial no. 2003-345579 filed in Japan Patent Office on
3 Oct. 2003, the contents of which are hereby incorporated by
reference.

[0114] Although the present invention has been fully
described by way of example with reference to the accompa-
nying drawings, it is to be understood that various changes
and modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention hereinafter defined,
they should be construed as being included therein.

What is claimed is:

1. A light-emitting element comprising:

an anode;

a cathode;

afirst layer comprising a first organic material between the
anode and the cathode; and
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a second layer comprising a metal oxide and a second
organic material between the anode and the first layer,

wherein the second layer is in contact with the anode, and

wherein the first layer is in contact with the second layer.

2. The light-emitting element according to claim 1, further
comprising a substrate,

wherein the cathode is provided over the substrate, and

wherein the anode is provided over the cathode.

3. The light-emitting element according to claim 1,
wherein the metal oxide is one of molybdenum oxide, vana-
dium oxide, ruthenium oxide, tungsten oxide, and manganese
oxide.

4. The light-emitting element according to claim 1,
wherein the first organic material and the second organic
material have hole transporting property.

5. The light-emitting element according to claim 1,
wherein the light emitting element is incorporated into at least
one selected from the group consisting of a laptop personal
computer, a cellular phone, a television, a car navigation
system, and a lighting apparatus.

6. A light-emitting device comprising the light emitting
element according to claim 1.

7. A light-emitting element comprising:

an anode;

a cathode; and

a layer comprising a metal oxide and an organic material

between the anode and the cathode;

wherein the layer is in contact with the anode.

8. The light-emitting element according to claim 7, further
comprising a substrate,

wherein the cathode is provided over the substrate, and

wherein the anode is provided over the cathode.

9. The light-emitting element according to claim 7,
wherein the metal oxide is one of molybdenum oxide, vana-
dium oxide, ruthenium oxide, tungsten oxide, and manganese
oxide.

10. The light-emitting element according to claim 7,
wherein the organic material has hole transporting property.

11. The light-emitting element according to claim 7,
wherein the light emitting element is incorporated into at least
one selected from the group consisting of a laptop personal
computer, a cellular phone, a television, a car navigation
system, and a lighting apparatus.

12. A light-emitting device comprising the light emitting
element according to claim 7.

13. A light-emitting element comprising:

an anode;

a cathode; and

a first layer comprising a metal oxide and an organic mate-

rial between the anode and the cathode;

a second layer between the first layer and the anode;

wherein the second layer is formed by spattering, and

wherein the first layer is in contact with the second layer.

14. The light-emitting element according to claim 13, fur-
ther comprising a substrate,

wherein the cathode is provided over the substrate, and

wherein the anode is provided over the cathode.

15. The light-emitting element according to claim 13,
wherein the metal oxide is one of molybdenum oxide, vana-
dium oxide, ruthenium oxide, tungsten oxide, and manganese
oxide.
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16. The light-emitting element according to claim 13,
wherein the organic material and have hole transporting prop-
erty.

17. The light-emitting element according to claim 13,
wherein the light emitting element is incorporated into at least
one selected from the group consisting of a laptop personal
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computer, a cellular phone, a television, a car navigation
system, and a lighting apparatus.

18. A light-emitting device comprising the light emitting
element according to claim 13.
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