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7) ABSTRACT

It is an object to provide an organic light-emitting element
having two or more light-emitting layers, wherein degrada-
tion of each constituent material for the light-emitting layer
is reduced to improve reliability of the element. The present
invention provides an organic light-emitting element having
a laminated structure with a first mixed light-emitting layer
4 composed of a hole transport material, an electron trans-
port material and a dopant which determines a color of an
emitted light, and a second mixed light-emitting layer 5
composed of a hole transport material, an electron transport
material and a dopant which determines a color of an emitted
light, and also provides an image display device which uses
the organic light-emitting element.



FIG.1

=
s
L
/5
/4
S
>4

-




FIG.2

...........................
...........................
...........................
...........................
...........................
...........................
...........................
..................................................
.......................................
......................................
.............................
''''''''''''''''''''''''''''''''''''''''''''''''''''
............................
...........................
......................................................
----------------------------




FIG.3

...........................
...........................
...........................
---------------------------
...........................
...........................
...........................
....................................................
--------------------------------------------------
........................................
...........................
...........................
...........................
---------------------------
...........................
...........................
-----------------------------

-------------------------
.............................
...........................
....................................................
---------------------------
...........................
...........................
...........................
...........................
...........................
......................................................
-----------------------------
.........................
---------------------------------------
......................................
...................
...............................

NN
JURRSESS IS




FIG.4

NSNS




FIG.5

—/10

AV

...........................

-------------------
...................................
-----------------------------------------------------
...........................
...........................
...........................
---------------------------
...........................
...........................
...........................
....................................................
---------------------------
...........................
...........................
...........................
--------------------------
NP ML IR PP

AN
\,\,ua




FIG.6

f10

NN NN




FIG.7

....................................................
......................................................
---------------------------
--------------------------
...........................
...........................
...........................
...........................
---------------------------
---------------------------
...........................
---------------------------
--------------------------
...........................
...........................
...........................
...........................

---------------------------
......

o\




FIG.8

v




FIG.9

—

N\

N\

N\

LN G

\_L

_/

k_u



FIG.10

e
MMM

...........................
...........................
...........................
...........................
............................................
....................................
...........................
....................................................
............................................
..................................
...........................
....................................................
...........................
...........................
...........................
------------------------------

\\\\\\
\\w & 25 2 93 @ o




FIG.11

/10

. >

=
e
_/

/22
/21
/3
/2

19
LN LN~

-




FIG.12

/10

\

Vs
s
|/
Vs
/4
/3
s
o

0
9

)




US 2005/0221121 A1

Oct. 6,2005 Sheet 13 of 20

Patent Application Publication

FIG.13

102

101

“efideqracionsnsneniaearnavssaennsannarannn

Y
WP VTN OV e vy vl v o v v e Ve Y e ey ey e ey
N NN NN E R I N arIrararYraras

VYV Y YY YWY T YEIN VY Y WYY YV YV Y YTV Y VYV YY Y

t
1
|
i

e e s o e e e am e e e e m Re o omn et o B m e e e e e e e e E o e o o o o o am = = = -

e O L LR R R TN O TR,

- e ew e e En e o mm EL mm e e e Em e Ge S MR W MR S e el Om m W e e et S Ge e ee m T e e mm e e e m e e e e = e

A TTT T I TI T I THITTI T T TG T TG TTIE AT TTIGELT T T AT TIE T IT AL LT TTEA AT TE LI A EIAREARE AR AMLLAALTUTU UM AR R

LR A e AR A0 S SN S0 S AL SR N SN L SRR I Sn En- - n an - a2

A0 SR UL AN SR L S Sn AN S SN A0 SN S AN SN R S S 4
AA A A e AN A A A A A AN R maAr AR AN AN A

-~ - W E e e M e M e G M M Gm M G e MR TR R M E A M SR A e e M e B B M e SR e e m W e e e = -

ARSI A SR RIS IRIE IS ICIAT I AT I I SISt ISt SEI0 S0 S0t St At A
= -~aaa AA A A AMMNrNAANNAAa A A A AL AL DNAALNAAANA AN AR AANANrNAAND A
R 3 BRI I I I I I I I L R L I e I O P L Pt

o a A A A NS A AAAAAAAMAAANAAAAAMAAARNAAMA RDAAH
I S e B e T I A i A N A A e N N R i AT U S e I R St

N Pas A A A T AT AT AT AT AT T AT A T A AT AT A A T T A AT A A T A T A T AT AT A AT W A AT AT AT
NN v C 2 I I I I I I I I R i P o i i e i
oA A A M A rAANNAL AN A AAAANAAAMNASNANASNMALAANANGCASNANAASSGCANA

v v oo VY Y eV wwY vowww C R O I I I i i

= -~ a (o] IR MR NC NN A A AAAAANANAALLANAAANAAArNNDNANANAAN
- v - e v v v e v e w v v v v v YT YT Y YTYTYTITNNPNEPYITCECRSYR Y ww v

c PSS a A A AL AL AAANDaAan AA AL LAAAAANANAAANANANDL DD Anaaa

v oww e P L e e e e e e e e e T e e T e T e e e T e T T T T T L AL AL

o A s oA~ @A A A A AN A AR AN ANA DG b AAN R mm A A A ANA D mA A m A~

-~ M B e oy e v o e v v v e v e e e e e e e e e e e T e Ty e e e T e T T e T TN e

- A n A A A A mA L adma . A e A amM A A AL A A A AAAAr A A~ A

¥ vYYvYNVYTwTVYTYTYOYTVTeYw Ve vew v rvrvrrvr v reewere e wrw v wwwww
afa a A P A AN A AAMANARNANNANRN A A AANANANAANANAMAMAAMNAANAMGAMSANAMAGMAG -

v vl L I A R o e D N N R I I IR I R e

maa T a A anaaa s aan b aaaaaa A A A A A A A A T AT AT ATATATATATATAT A

N 2\

~ 4 - — e e e e e e g — = — ==y - - - - o ae m o m m amom  m m  e ]




Patent Application Publication Oct. 6,2005 Sheet 14 of 20 US 2005/0221121 Al

FIG.14
(a)

153 152 151

N

109+11; 113 110 )09

1.7, \ I ‘

'u'a'l'»' I': 107%:2'111'11” ':|l' FLI AN N

///////I// ,/ I A IINL PP/ V[$7227772107. ! 1 t ’///ﬂ{/{ kf /{/ A /77 1 1 8 \
AP y[{.’. l SEEENTEEe A =i 07! s R T2 IS 0 WPV 2 .i 0 (2 S 27T Y I | 1 5 4
101 A"y 2 '//7 117 (
4 ‘//J/// 1 { AP/ 4 (L dd L &4
7 /////////”/ AOAASS ' Y / N \\\\\\\\\\\\\\\\\\\ 2227707 -/
IVAWRRRRNNY Y /\\5 \\\\\\\\\\\\\\\'\\\

\\\\\\\\\\*{\\\\\ "\\\\\\\\‘l \A\\\\\\\\\

SARLRRLRRALT RN PSR RAAY “\S\\\\\\\

& et 4

(b)

153 152 151

.\\\\\ RN 17 3 “\ DN

I Illlllllll u!
I'IIIILI,L'I'I|A‘I'J'LL ]L| "'

VIP77070727272272270¢707077727A1

008 TR "" ' WV Y XD ;‘;"" '.' N 74 '.; ."0'0'0"
‘a’oa. AAI-_bod Ab’b A‘A&.an¢.o¢’g’a ’ ”n
\\\\\\\\\

:I l’lll l‘l'l'l'l'l

I, Bl I Tl e S A 11
’IZI////I//I///////////II rresiesLs.
//// / // /Y

154

YIS ILLIIII2P7 7777222202200 90077.
VIIIILP47E77707707 1 02 17l
Y /121174707 777072/7 7.

SUSEERRLEREEEEE CECEECTTRCERL TR

AAARARIIAIAIAS S NINN A ALY

\\\\\\\\\\

\\\\\\S




Patent Application Publication Oct. 6,2005 Sheet 15 of 20 US 2005/0221121 Al

159
158

0
n
F
Q
ol
0
™

BLUE
SBLUES

FIG.15

152

151

GREEN

150

AN

RED

117+118

154 119

116




Patent Application Publication Oct. 6,2005 Sheet 16 of 20 US 2005/0221121 Al

159
158

156¢155

o tatty e
00t 0 el Thes
o Vs g Rt
AT R e
:‘...‘.. L_-.) ! £2

BLUE

V

PAR A AR AN A A A AR AR
552222222222252225

N
NN
[N\N
PN
[\
AN

N/
IN\Y
NN

FIG.16
152

151

GREEN
.
+|156b 15
ARRRRRRE DR N Y AR RRRRNNSN

150

Va4

RED

(o]
{g)
F

VAR A AR AN A A A A A S Y e

119160a

116 117+118

154



Patent Application Publication Oct. 6,2005 Sheet 17 of 20 US 2005/0221121 Al

159
158

156¢c155

BLUE
fa
o

BLUE

161

FIG.17
152

151

GREEN
P
o

50

RED

6
LEN
)
PO A
2%

N
A

1174118

1}
1}

116




Patent Application Publication Oct. 6,2005 Sheet 18 of 20 US 2005/0221121 Al

.=

7

.___5\5

---------------------

.....................
.....................
.....................
-----------------------
...................
.....................
.....................
---------------------
--------------------
.....................
---------------------

---------------------
.....................

.....................
---------------------------

_\5\4

-3

. o=

1/ )




FIG.19

8 ........................................................................
.......................................................................

0 ------------------------------------------------------------------------
.......................................................................
........................................................................

N b

.....

.......................................................................

/ ----------------------------------------------------------------------- -
sassaasingn A e S NS N RN AR R AL S N R AN R AR SN XN N R

.......................................................................
.......................................................................
.....

Patent Application Publication Oct. 6,2005 Sheet 19 of 20 US 2005/0221121 Al




Patent Application Publication Oct. 6,2005 Sheet 20 of 20 US 2005/0221121 Al

FIG.20

216
211
212~ ek
msili IHHTIHiinmnTTRERaRRyY - 214
208'{_} I_I /‘215
f209
206 JS 21;3”7l 205
}‘208 202

201 [~ ~20s
\ ~204 /216




US 2005/0221121 Al

ORGANIC LIGHT-EMITTING ELEMENT, IMAGE
DISPLAY DEVICE AND PRODUCTION METHOD
THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to an organic light-
emitting element of self-luminosity, image display device
using the same element, and production method thereof.

BACKGROUND OF THE INVENTION

[0002] An organic electroluminescent element emitting
white light (hereinafter referred to as organic element emit-
ting white light) has been expected to go into various
devices, e.g., thin display devices, illuminator for display
devices and illuminator.

[0003] Patent Document 1 discloses a structure of organic
element emitting white light. It has two light-emitting layers,
one emitting a blue color on the anode side and the other a
yellow to red color on the cathode side, where each layer
contains a dopant which determines color of emitted light. It
discloses a 10 nm thick layer for emitting a blue color and
40 nm thick layer for emitting a yellow to red color in
EXAMPLE 1, suggesting a low hole transport capacity of
the material for the blue-emitting layer.

[0004] A material for a light-emitting layer generally has
a high hole transport or electron transport capacity. There-
fore, electrons and holes are combined with each other at the
light-emitting end on the electrode side, in which a carrier of
low hole transport capacity is injected.

[0005] Patent Document 2 discloses an organic electrolu-
minescent element comprising a mixed layer of hole trans-
port material, electron transport material and dopant as a
light-emitting layer. In this light-emitting layer, each of
holes and electrons move in a material of high transport
capacity, to control its degradation. The document also
discloses a structure of organic element emitting white light,
where the transport layer adjacent to the light-emitting layer
is incorporated with a dopant to achieve light of white light
spectral pattern by the light-emitting layer and dopant-
containing transport layer.

[0006] Patent Document 1: JP-A 2003-272857 Patent
Document 2: JP-A 2002-043063

BRIEF SUMMARY OF THE INVENTION

[0007] The light-emitting element disclosed by Patent
Document 1 has two laminated light-emitting layers. In this
structure, carriers of low transport capacity should move
through a light-emitting layer before they are injected into
the adjacent light-emitting layer. This may cause degrada-
tion of the light-emitting layer through which carriers move
and hence problems related to element reliability. In the
element disclosed by Patent Document 2, on the other hand,
carriers of low transport capacity should move through a
transport layer of high transport capacity material, which
may also cause problems related to element reliability.

[0008] TItisan object of the present invention to provide an
organic element emitting white light of high structural
reliability. It is another object to apply the same element to
display devices. It is still another object to apply the same
element to illuminators for liquid-crystal display devices. It
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is still another object to provide a structure capable of
reducing light interference effects, which may occur as
laminated film thickness increases.

[0009] The present invention includes the following
aspects to solve the above problems.

[0010] In the present invention, a light-emitting layer
placed between an anode and cathode comprises at least two
mixed light-emitting layers, each being composed of a hole
transport material, an electron transport material, and a
dopant which determines a color of an emitted light.

[0011] The at least two mixed light-emitting layers are
laminated continuously, or via a mixed transport layer of
hole and electron transport materials.

[0012] Of the two or more mixed light-emitting layers, the
one closest to the anode is coated with the hole transport
layer on the anode side, and the one closest to the cathode
is coated with the electron transport layer on the cathode
side.

[0013] The organic light-emitting element may have the
following structure;

[0014] (1) Board/lower electrode/first injection layer/
first transport layer/light-emitting layer/second trans-
port layer/second injection layer/upper electrode/pro-
tective layer or sealing (opposed) board,

[0015] (2) Board/lower electrode/first injection layer/
first transport layer/mixed light-emitting layer/mixed
light-emitting layer/second transport layer/second
injection layer/upper electrode/protective layer or seal-
ing (opposed) board, or

[0016] (3) Board/lower electrode/first injection layer/
first transport layer/mixed light-emitting layer/mixed
transport layer/mixed light-emitting layer/second trans-
port layer/second injection layer/upper electrode/pro-
tective layer or sealing (opposed) board.

[0017] The structure (2) has two mixed light-emitting
layers laminated continuously. It may have 3 or more mixed
light-emitting layers laminated continuously. The structure
(3) has a mixed transport layer placed between mixed
light-emitting layers. It may have one or more laminated
structure of mixed transport layer/mixed light-emitting
layer.

[0018] The lower and upper electrodes constitute a pair of
electrodes with one or more light-emitting layers in-be-
tween, the former electrode being closer to the glass board,
and the latter electrode being farther to the glass board.

[0019] There are two lower electrode/upper electrode
combinations. One combination represents a structure with
the lower and upper electrodes working as an anode and
cathode, respectively. In this case, the first injection and first
transport layers work as the hole injection and hole transport
layers, respectively, and the second transport and second
injection layers work as the electron transport and electron
injection layers, respectively.

[0020] The other combination represents a structure with
the lower and upper electrodes working as a cathode and
anode, respectively. In this case, the first injection and first
transport layers work as the electron injection and electron
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transport layers, respectively, and the second transport and
second injection layers work as the hole transport and hole
injection layers, respectively.

[0021] In the above structure, the first or second injection
layer may be eliminated. Moreover, the first or second
transport layer may also work as a light-emitting layer.

[0022] A combination of the upper and lower electrodes is
preferably structured to have one electrode transmitting
emitted light and the other reflecting emitted light. In the
above structure, light is emitted from the light-transmitting
electrode, and this electrode is referred to as a light-emitting
electrode. The other electrode is referred to as a light-
reflecting electrode.

[0023] The structure is of a top emission type when the
upper electrode emits light, and a bottom emission type
when the lower electrode emits light.

[0024] The board in the above structure may be made of
a material selected from a wide range, so long as it is
insulating. More specifically, they include inorganic mate-
rials, e.g., glass and sintered alumina; and various insulating
plastics, e.g., polyimide, polyester, polyethylene, polyphe-
nylene sulfide and polyparaxylene formed into a film.

[0025] Even a metallic material may be used without
causing any problem, when it is coated with an insulating
material described above. More specifically, the metallic
materials useful for the present invention include, but not
limited to, stainless steel, aluminum, copper, and an alloy
thereof.

[0026] The board for the present invention is portable,
light and capable of being formed into a thin film, and hence
is preferably flexible. More specifically, the materials useful
for the present invention include, but not limited to, thin
glass (thickness: 0.5 mm or less) coated with an insulating
plastic, insulating plastics described above, and metals also
described above.

[0027] The anode for the present invention is preferably of
an electroconductive film of high work function, which can
enhance hole injection efficiency. More specifically, the
materials useful for the present invention include, but not
limited to, gold and platinum.

[0028] The anode may be a two-element system, e.g.,
indium tin oxide (ITO), indium zinc oxide (IZO) or indium
germanium oxide; or three-element system, ¢.g., indium tin
zinc oxide. Moreover, it may have a composition mainly
composed of tin oxide, zinc oxide or the like other than
indium oxide. When ITO is used, a more commonly used
composition contains tin oxide at 5 to 10% by weight on
indium oxide. An oxide semiconductor can be produced by
sputtering, EB vapor deposition, ion plating or the like.

[0029] A transparent, electroconductive film based on
In 0;—Sn0, or In,0;—ZnO0 has a work function of 4.6 ¢V,
which can be increased to 5.2 ¢V or so, when the film is
treated with ultraviolet ray, ozone or oxygen plasma, etc.

[0030] A transparent, electroconductive film based on
In O5—SnO, will be polycrystalline, when produced by
sputtering with the board heated to around 200° C. The
polycrystalline film may have irregularities on the surface
due to the grains, and is preferably ground. Alternately, the
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film is preferably produced in an amorphous state, and
heated into a polycrystalline state.

[0031] The anode may be of a common electroconductive
film, when the above-described hole injection layer is pro-
vided, because it no longer needs a material of high work
function.

[0032] More specifically, the materials useful for the
anode include metals, e.g., aluminum, indium, molybdenum,
nickel and an alloy thereof; and inorganic materials, €.g.,
polysilicon, amorphous silicon, tin oxide, indium oxide and,
indium tin oxide (ITO).

[0033] The other useful materials include organic materi-
als, e.g., polyaniline and polythiophene, and an electrocon-
ductive ink, which can be formed into a film by a simple
coating method. It is needless to say that the useful materials
are not limited to the above. Moreover, they may be used
either individually or in combination.

[0034] The material for the hole injection layer preferably
has an adequate level of ionization potential to decrease an
injection barrier with the anode and hole transport layer, and
also preferably works to smoothen rough surfaces of an
undercoat layer. More specifically, the useful materials
include, but not limited to, copper phthalocyanine, starburst
amine compound, polyaniline, polythiophene, vanadium
oxide, molybdenum oxide, ruthenium oxide and aluminum
oxide.

[0035] The hole transport layer works to transport holes
and inject them into the light-emitting layer. Therefore, the
hole transport layer is preferably made of a hole transport
material of high hole mobility. The other characteristics
which the material preferably has include high chemical
stability, low ionization potential, low affinity for electrons
and high glass transition temperature. More specifically, the
useful materials include N,N'-bis(3-methylphenyl)-N,N'-
diphenyl{1,1'-biphenyl]-4,4'-diamine (TPD), 4,4'-4,4'4"-
bis[N-(1-naphthyl)-N-phenylamino Jbiphenyl (a-NPD),
tri(N-carbozolyltriphenylamine (TCTA), 1,3,5-tris]N-(4-
diphenylaminophenyl)phenylamino Jbenzene (p-DPA-
TDAB), 4,4',4"-tris(N-carbozole)iriphenylamine (TCTA),
1,3,5-tris] N,N-bis(2-methylphenyl)-amino Jbenzene
(0-MTDAB),  1,3,5-tris|N,N-bis(3-methylphenyl)-amino]
benzene (m-MTDAB), 1,3,5-tris[N,N-bis(4-methylphenyl)-
amino]benzene (p-MTDAB), 4,4',4"-tris[ 1-naphthyl(pheny-
Damino Jtriphenylamine (1-TNATA), 4,4' 4" -tris[ 2-
naphthyl(phenyl)amino]triphenylamine (2-TNATA), 4.4/,
4"-tris biphen-4-y1]<(3-methylphenyl)amino]
triphenylamine (p-PMTDATA), 4,4 A"-trig[ 9,9-
dimethylfluoren-2-yl(phenyl)amino Jtriphenylamine
(TEATA), 4,4' 4" -tris(N-carbozolyl)triphenylamine (TCTA),
1,3,5-tris{4-[ methylphenyl(phenyl)amino Jphenyl} benzene
(MTDAPB), N,N'-di(biphen-4-y1)-N,N'-diphenyl][1,1'-bi-
phenyl]-4,4'-diamine (p-BPD), N,N'-bis(9,9-dimethylfluo-
ren-2-y1)-N,N'-diphenylfiuorene-2,7-diamine (PFFA), N,N,
N',N'-tetrakis(9,9-dimethylfluoren-2-y1)-[ 1,1-biphenyl]4,4"-
diamine (FFD), (NDA)PP, and 4,4'-bis[N,N'-(3-tolyl)amino]
3,3"-dimethylbiphenyl (HMTPD). It is needless to say that
the useful materials are not limited to the above. Moreover,
they may be used either individually or in combination.

[0036] The hole transport material for the hole transport
layer is preferably incorporated with an oxidant to decrease
a barrier with the anode or increase electroconductivity.
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More specifically, the oxidants useful for the present inven-
tion include Lewis acid compounds, e¢.g., ferric chloride,
ammonium chloride, gallium chloride, indium chloride and
antimony pentachloride; and electron acceptor compounds,
e.g., trinitrofluorene. It is needless to say that the useful
materials are not limited to the above. Moreover, they may
be used either individually or in combination.

[0037] The light-emitting layer provides the site in which
the injected holes and electrons are recombined with each
other to emit light whose wavelength is peculiar to the
material used. Light may be emitted from the host material
itself for the light-emitting layer or a trace quantity of dopant
incorporated in the host material. More specifically, the
useful host materials include a distyrylarylene derivative
(DPVBI), silol derivative with benzene ring as the skeleton
(2PSP), oxodiazole derivative with triphenylamine struc-
tures at both ends (EM2), perinone derivative with phenan-
thlene group (P1), oligothiophene derivative with tripheny-
lamine structures at both ends (BMA-3T), perylene
derivative (tBu-PTC), tris(8-quinolinol) aluminum, polypar-
aphenylene vinylene derivative, polythiophene derivative,
polyparaphenylene derivative, polysilane derivative and
polyacetylene derivative. It is needless to say that the useful
materials are not limited to the above. Moreover, they may
be used either individually or in combination.

[0038] The dopants useful for the present invention spe-
cifically include quinacridone, coumarine 6, Nile Red,
rubrene, 4-(dicyanomethylene)-2-methyl-6-(para-dimethy-
laminostyryl)-4H-pyran (DCM), a dicarbazole derivative,
porphyrin-platinum complex (PtOEP) and iridium complex
(Ir(ppy)3). It is needless to say that the useful materials are
not limited to the above. Moreover, they materials may be
used either individually or in combination.

[0039] The electron transport layer works to transport
electrons and inject them into the light-emitting layer. More
specifically, the useful materials for the layer include tris(8-
quinolinol) aluminum, an oxodiazole derivative, silol
derivative, zinc benzothiazole derivative and basocuproin
(BCP).

[0040] The electron transport material for the electron
transport layer is preferably incorporated with a reductant to
decrease a barrier with the anode or increase electroconduc-
tivity. The reductants useful for the present invention spe-
cifically include an alkali metal, alkali-earth metal, alkali
metal oxide, alkali-carth oxide, rare-earth oxide, alkali metal
halide, alkali-earth halide, rare-earth halide, and complex of
an alkali metal and aromatic compound. The particularly
preferable alkali metals are Cs, Li, Na and K. It is needless
to say that the useful materials are not limited to the above.
Moreover, they may be used either individually or in com-
bination.

[0041] The mixed light-emitting layer is composed of a
hole and electron transport materials and dopant. The hole
and electron transport materials and dopant useful for the
present invention are specifically described earlier.

[0042] The hole and electron transport materials and
dopant which constitute the mixed light-emitting layer pref-
erably satisfy the following relationship:

Laop<Ienrmre <lenmeTL (Formula 1)
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[0043] wherein,
[0044]

[0045] Iy gy ionization potential of the hole trans-
port material

[0046] I.,; .. ionization potential of the electron
transport material

[0047]
ship:

Iy, ionization potential of the dopant

They also preferably satisty the following relation-

i)
Agop<ArMHTL<AEMETL (Formula 2)

[0048]

[0049] Agppgr electron-affinity of the hole transport
material

Ay, clectron-affinity of the dopant

[0050] Agp; gy electron-affinity of the electron trans-
port material

[0051] When the relationship of Formula 1 is satisfied,
rate of the holes injected into the mixed light-emitting layer
is governed by the step of trapping them by the dopant and
step of propagating them in the hole transport material.

[0052] When the relationship of Formula 2 is satisfied,
rate of the electrons injected into the mixed light-emitting
layer is governed by the step of trapping them by the dopant
and step of propagating them in the electron transport
material.

[0053] As a result, the dopant is excited by the holes and
electrons it traps to release light having a light-emitting
energy of 1y,,-A,,, and then returns back to the ground
state.

[0054] Tonization potential means energy needed for tak-
ing one electron out of a substance. It is defined as work
function, when the substance is a metal. It is determined by
atmospheric or ultraviolet photoelectron spectroscopy.

[0055] Affinity for electrons means energy needed for
donating one electron to a substance. It is determined by
adding ionization potential to an energy gap found from the
band end of an absorption spectral pattern, or inverse
photoelectron spectroscopy.

[0056] Thickness of the mixed light-emitting layer can be
within a range from 1 to 100 nm. It should be noted,
however, that the carrier is trapped by the dopant in the
mixed light-emitting layer, and increasing layer thickness
decreases carrier transport capacity of the layer. Therefore,
its thickness is preferably in a range from 1 to 10 nm.

[0057] The mixed light-emitting layer can be composed of
1 to 99% by weight of a hole transport material, 99 to 1%
by weight of an electron transport material and 0.01 to 33%
by weight of a dopant. It is preferably composed of 30 to
70% by weight of a hole transport material, 70 to 30% by
weight of an electron transport material and 0.01 to 33% by
weight of a dopant.

[0058] The methods for producing the mixed light-emit-
ting layer include, but not limited to, vacuum deposition,
spin coating, casting, printing and carrier gas transportation.

[0059] In the mixed light-emitting layer, holes and elec-
trons move in a respective hole transport material and
electron transport material of high transport capacity, and
hence are injected into an adjacent mixed light-emitting
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layer, or adjacent mixed transport layer described later,
while controlling degradation of each material.

[0060] The mixed transport layer described above is com-
posed of a mixture of a hole transport and electron transport
materials. The specific hole transport and electron transport
materials are already described earlier.

[0061] The hole and electron transport materials which
constitute the mixed transport layer preferably satisfy the

following relationship:
lp i <lyere (Formula 3)

[0062]

[0063] I, sy lonization potential of the hole transport
material

[0064] I, pry: lonization potential of the electron trans-
port material

[0065] They also preferably satisfy the following rela-
tionship:

wherein,

AyviaTL<AnETL (Formula 4)

[0066] A, electron-affinity of the hole transport
material
[0067] AM-ETL: electron-affinity of the electron trans-

port material

[0068] When the relationship of Formula 3 is satisfied,
rate of the holes injected into the mixed transport layer is
governed by the step of propagating them in the hole
transport material.

[0069] When the relationship of Formula 4 is satisfied,
rate of the electrons injected into the mixed transport layer
is governed by the step of propagating them in the electron
transport material.

[0070] As aresult, the holes and electrons propagate in the
mixed transport layer through the respective hole transport
and electron transport materials, and the carriers are injected
into the adjacent mixed light-emitting layer while control-
ling degradation of each material.

[0071] The mixed light-emitting layer can be 1 to 1000 nm
thick, and the thickness is preferably in a range from 1 to 50
om.

[0072] The mixed transport layer can be composed of 1 to
99% by weight of a hole transport material and 99 to 1% by
weight of an electron transport material. The preferable
composition is 10 to 90% by weight of a hole transport
material and 90 to 10% by weight of an electron transport
material.

[0073] The methods for producing the mixed transport
layer include, but not limited to, vacuum deposition, spin
coating, casting, printing and carrier gas transportation.

[0074] One embodiment of the organic light-emitting ele-
ment of the present invention comprises 2 or more mixed
light-emitting layers (hereinafter referred to as laminated
type mixed light-emitting layer). First, the laminated type
light-emitting layer comprising 2 mixed light-emitting lay-
ers is described, the one on the anode side being referred to
as the first mixed light-emitting layer and the other on the
cathode side to the second mixed light-emitting layer.
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[0075] First, it is preferable that there is no energy barrier
for hole injection in the interface between the first and
second mixed light-emitting layers.

[0076] More specifically, the hole transport material for
the first mixed light-emitting layer and that for the second
mixed light-emitting layer preferably satisfy the following
relationship:

[em1-BTL 2 EMoHTL (Formula 5)

[0077]
[0078] 1

for the first mixed light-emitting layer

[0079] Igpp g Iomization potential of the hole trans-
port material for the second mixed light-emitting layer

[0080] Next, it is preferable that there is no energy barrier
for electron injection in the interface between the first and
second mixed light-emitting layers.

[0081] More specifically, the electron transport material
for the first mixed light-emitting layer and that for the
second mixed light-emilting layer preferably satisfy the
following relationship:

wherein,

EM1-HTL ionization potential of the hole transport material

Apm1-aTL ZAEM2-HTL (Formula 6)
[0082] wherein,
[0083] Ay prr: electron-affinity of the electron trans-

port material for the first mixed light-emitting layer

[0084] Agppo.prr: electron-affinity of the electron trans-
port material for the second mixed light-emitting layer

[0085] (Formula 6) The layer for a laminated type mixed
light-emitting layer composed of 3 or more layers preferably
satisfies the relationships similar to those for a laminated
structure composed of 2 layers. More specifically, the hole
transport material for the mixed light-emitting layer has an
ionization potential kept constant or decreasing as it goes
from the anode to the cathode side. Similarly, the electron
transport material for the mixed light-emitting layer has an
affinity for electrons kept constant or decreasing as it goes
from the anode to the cathode side.

[0086] When the above relationships are satisfied, there
are no energy barriers for hole and electron injection in the
interface between the light-emitting layers in the absence of
voltage, and light can be emitted at a lower voltage, when it
is applied.

[0087] The organic light-emitting element of the present
invention has a laminated structure with a mixed transport
layer placed between 2 mixed light-emitting layers. These
layers are the first mixed light-emitting layer, first mixed
transport layer and second mixed light-emitting layer, in this
order, from the anode to the cathode.

[0088]
tionship:

These layers preferably satisfy the following rela-

> > 7
IEMl—HTL: IMIXl—HTL = IEM2—HTL (Formula ! )

[0089] wherein,

[0090] Ippg.pros Ionization potential of the hole trans-
port material for the first mixed light-emitting layer

[0091] Ty prry ionization potential of the hole trans-
port material for the first mixed transport layer
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[0092] Iy g Ionization potential of the hole trans-
port material for the second mixed light-emitting layer

[0093] These layers also preferably satisfy the following
relationship:

=
Agpmi ETLz AMIX1ETLZAEND ETL (Formula 8)

[0094]

[0095]  Apy gro electron-affinity of the electron trans-
port material for the first mixed light-emitting layer

[0096] Ayixciprr: clectron-affinity of the electron
transport material for the first transport layer

[0097] Agyp.pr: electron-affinity of the electron trans-
port material for the second mixed light-emitting layer

[0098] Another embodiment of the organic light-emitting
element of the present invention is a laminated structure
comprising at least one layer of mixed transport/light-
emitting layer incorporated in the above-described embodi-
ment having a mixed transport layer placed between 2 mixed
light-emitting layers (hereinafter referred to as laminated
type mixed light-emitting/transport layer). It is preferable,
also in this embodiment, that the laminated structure satis-
fies the similar relationships. More specifically, the mixed
light-emitting layer or mixed transport layer has an ioniza-
tion potential kept constant or decreasing as it goes from the
anode to the cathode side, and similarly has an affinity for
electrons kept constant or decreasing as it goes from the
anode to the cathode side.

[0099] When the above relationships are satisfied, there
are no energy barriers for hole and electron injection in the
interface between the mixed light-emitting layer and mixed
transport layer in the absence of voltage, and light can be
emitted at a lower voltage, when it is applied.

wherein,

[0100] In order to emit white light as one of the objects of
the present invention, it is preferable to incorporate the
light-emitting element in a 3-color system in which a
mixture of wavelengths for red, green and blue colors is
emitted, or in a complementary color system in which a
mixture of wavelengths for blue and yellow colors or blue
green and orange colors is emitted.

[0101] The laminated type light-emitting layer preferably
satisfies the relationships of Formulae 5 and 6. The light-
emitting energy of emitted light is represented by L;,,-Ay,-
Based on these relationships coupled with the relationships
of Formulae 1 and 2, a mixed light-emitting layer emitting
light of higher light-emitting energy, e.g., blue color, is
preferably located closer to the anode side than that emitting
light of lower light-emitting energy, e.g., yellow to red color.

[0102] In the organic light-emitting element of the lami-
nated structure of the present invention comprising 2 mixed
light-emitting layers or a mixed transport layer placed
between 2 mixed light-emitting layers, the first mixed light-
emitting layer located on the anode side or second mixed
light-emitting layer on the cathode side preferably has a
higher dopant content than the other, whichever has a higher
mobility with respect to holes in the hole transport layer for
the first layer or to electrons in the electron transport layer
for the second layer.

[0103] The mobility is a property which represents mobil-
ity of carriers being conducted between organic molecules.
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It may be determined by the Time-of-Flight (TOF) method,
in which a sample to which a voltage is applied is irradiated
with pulsed light to determine mobility by measuring pho-
toelectric current resulting from movement of the carriers.

[0104] The mixed light-emitting layer for the present
invention traps carriers by the dopant contained therein.
Consequently, increasing a dopant content of the light-
emitting layer, which comprises a transport material of high
mobility, enhances a charge balance in the layer and hence
its light-emitting efficiency.

[0105] Tt is preferable that the electrons running through
the light-emitting layer and the hole transport layer are
blocked in the interface between them. More specifically,
these layers preferably satisfy the following relationship:

Agm HTLSAHTL (Formula 9)

[0106] wherein,

[0107] Agppgr: electron-affinity of the mixed light-
emitting layer

[0108] Ay clectron-affinity of the hole transport
layer

[0109] Tt is also preferable that the holes running through
the light-emitting layer and hole transport layer are blocked
in the interface between them. More specifically, these

layers preferably satisfy the following relationship:
(Formula 10)

Lenepr <lere

[0110]

[0111] Iy ppry: ionization potential of the mixed light-
emitting layer

[0112]
layer

wherein,

I o lonization potential of the hole transport

[0113] The electron injection layer is provided to enhance
electron injection efficiency from the cathode into the elec-
tron transport layer. The preferable materials for the electron
injection layer include lithium fluoride, magnesium fluoride,
calcium fluoride, strontium fluoride, barium fluoride, mag-
nesium oxide and aluminum oxide. However, it is needless
to say that the preferable materials are not limited to the
above. Moreover, they may be used either individually or in
combination.

[0114] The cathode is preferably in the form of electro-
conductive film of low work function to enhance electron
injection efficiency. More specifically, the preferable mate-
rials for the cathode include, but not limited to, magnesium/
silver alloy, aluminum/lithium alloy, aluminum;/calcium
alloy, aluminum/magnesium alloy and metallic calcium.

[0115] The cathode may not be necessarily of a material of
low work function, when the electron injection layer is
provided, and may be of a common metallic material. More
specifically, the preferable materials in the above case
include metals, e.g., aluminum, indium, molybdenum and
nickel; alloys thereof; and polysilicon and amorphous sili-
con.

[0116] The protective layer is provided on the second
electrode, to prevent H,O and O, in air from entering the
second electrode or organic layer below the second elec-
trode.
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[0117] The preferable materials for the protective layer
include, but not limited to, inorganic materials, e.g., SiO,,
SiNx and Al,Oj; and organic materials, e.g., chloropyrene,
polyethylene terephthalate, polyoxymethylene, polyvinyl
chloride, polyvinylidene fluoride, cyanethyl pullulan, poly-
methyl methacrylate, polysulfone, polycarbonate and poly-
imide.

[0118] The organic light-emitting element of the present
invention is provided with the light-reflecting electrode.
Consequently, light emitted from the mixed light-emitting
layer shows interference by light directly emitted from the
light-emitting electrode and light reflected by the light-
reflecting electrode before being emitted from the light-
emitting electrode.

[0119] The light interference is discussed first by taking as
an example the laminated laver of 2 mixed light-emitting
layers. When the first mixed light-emitting layer satisfies the
following relationship, then the positive interference condi-
tion is realized to increase intensity of light emitted from the
light-emitting electrode:

Ly=(m+%)x},
[0120]

[0121] L;: length twice as long as the light path length
from the light-emitting point in the first mixed light-
emitting layer to the light-reflecting layer, where the
light path length is defined as the sum of thickness of
each layer involved in the light path length multiplied
by its refractive index

[0122] A;: central wavelength of light emitted from the
mixed light-emitting layer on the light-reflecting elec-
trode side, i.e., the first mixed light-emitting layer

[0123]

(Formula 11)

wherein,

m: integer

[0124] Next, when the second mixed light-emitting layer
satisfies the following relationship, then the positive inter-
ference condition is realized to increase intensity of light
emitted from the light-emitting electrode:

L=(n+V2)xh,
[0125]

(Formula 12)

wherein,

[0126] L,: length twice as long as the light path length
from the light-emitting point in the second mixed
light-emitting layer to the light-reflecting layer,

[0127] &, central wavelength of light emitted from the
second mixed light-emitting layer

[0128] A relationship A<k, preferably holds when m=n,
knowing that L, is shorter than L,. In other words, the color
emitted from the mixed light-emitting layer closer to the
light-emitting electrode has a longer central wavelength than
that closer to the light-reflecting electrode.

[0129] In the above explanation, only the interference
effect by light reflected by the light-reflecting electrode is
considered. In actuality, however, the interface between the
light-emitting electrode or protective layer and inert gas or
air layer above reflects light. It is therefore necessary to take
into consideration the interference effect by the interface. It
is preferable, also in the above case, that light emitted from
the mixed light-emitting layer closer to the light-emitting
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electrode has a longer central wavelength than that emitted
from the mixed light-emitting layer closer to the light-
reflecting electrode.

[0130] The organic light-emitting element of the present
invention preferably comprises an anode and cathode each
in the form of light-transmittable, electroconductive film,
and also has a structure with one of the above electrodes
working as a light-emitting electrode and the other as a
light-transmitting electrode, wherein a diffuse reflection
layer is provided on the outside of the light-transmitting
layer, and light which is emitted from at least one organic
layer placed between the anode and cathode and is trans-
mitted by the light-transmitting electrode is reflected by the
diffuse reflection layer towards the light-emitting electrode.

[0131] The diffuse reflection layer has a structure with
micron-order surface irregularities, which are preferably
coated with a metal of high reflectance. The organic light-
emitting element is formed on the diffuse reflection layer,
and a transparent flattening layer is preferably provided
between the diffuse reflection layer and organic light-emit-
ting element.

[0132] The at least one organic layer has one of the
above-described structures (1), (2) and (3), and preferably
has additional 2 or more laminated light-emitting layers.

[0133] The organic light-emitting display device of the
present invention preferably uses the above organic light-
emitting element as the pixel. It also preferably uses a
color-converting layer.

[0134] The organic light-emitting display device means a
device which uses the organic light-emitting element as the
pixel. The organic light-emitting dispylay device falls into
two types, one being a simple matrix type and the other
active matrix type.

[0135] The simple matrix type device has organic light-
emitting layers, e.g., hole transport, light-emitting and elec-
tron transport layers, positioned at the intersections of anode
lines with cathode lines, and each pixel is on only for a
selected time in one frame period. Selected time is a time
span of one frame period divided by number of the anode
lines.

[0136] In an active matrix type device, on the other hand,
2 to 4 driving elements, each composed of a switching
element of thin-film transistor and capacitor, are connected
to the organic EL (light-emitting) element which constitutes
a pixel. As a result, all pixels can be on in a frame period to
extend service life of the organic light-emitting element,
because necessity for increasing brightness is removed.

[0137] A number of pixels are positioned on the display
device screen, each serving as the smallest unit responsible
for displaying letters and graphics on the display region. The
pixel is divided into the sub-pixels, each serving as the
smallest unit for a color display device, which generally has
a structure with the sub-pixels for green, red and blue colors.
The display region means a region on which images are
displayed in a display device.

[0138] The color-converting layer means a layer which
convers light emitting from an organic light-emitting ele-
ment serving as a pixel or sub-pixel into light of another
color.
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[0139] The color-converting layer structure falls into two
types, one being provided on the organic light-emitting
element and the other on the opposed board.

[0140] In the former structure, the color-converting layer
is provided on the organic light-emitting element serving as
a pixel or sub-pixel directly or via a protective layer. Ablack
matrix is provided between the pixels or sub-pixels, to
prevent the color-converting layer from emitting light when
irradiated with light from the adjacent pixel or sub-pixel.
Order of forming the black matrix and color-converting
layer is not specified. A protective layer is provided, as
required.

[0141] In the latter structure, the black matrix, color-
converting layer and protective layer are provided on the
opposed board, and the resulting laminate is put on an
organic EL board in such a way to position the given
color-converting layer on the pixel or sub-pixel.

[0142] The color-converting layer broadly falls into two
types, one being a color filter layer and the other being
color-converting layer.

[0143] The color filter layer emits part of the spectra of
light entering thereinto. It contains a colorant and binder
resin, and the colorant may be a red, blue or green one,
among others.

[0144] The specific red colorants include pigments based
on perylene, lake, azo, quinacridone, anthracene, isoindoline
and isoinodolinone. It is needless to say that the useful
colorants are not limited to the above. Moreover, they may
be used either individually or in combination.

[0145] The specific blue colorants include pigments based
on copper phthalocyanine, indanthrone, indophenol, cyanine
and dioxazin. It is needless to say that the useful colorants
are not limited to the above. Moreover, they may be used
either individually or in combination.

[0146] The specific green colorants include a coumarine-
based pigment.
[0147] The preferable material for the binder resin is

transparent and has a transmittance of 50% or more in the
visible region. More specifically, the preferable materials
include polymethyl methacrylate, polyacrylate, polycarbon-
ate, polyvinyl alcohol, polyvinyl pyrrolidone, hydroxyethyl
cellulose and carboxyethyl cellulose. It is needless to say
that the useful materials are not limited to the above.
Moreover, they may be used either individually or in com-
bination.

[0148] The methods for producing the color filter include,
but not limited to, dyeing, pigment dispesion, printing and
electrodeposition.

[0149] The color-converting layer comprises a color-con-
verting fluorescent layer which is excited by incident light to
emit fluorescent light, and correcting color filter which
corrects spectra of light to be emitted.

[0150] The color-converting fluorescent layer contains a
fluorescent colorant and binder resin. The useful fluorescent
colorants include red and green ones.

[0151] The specific red fluorescent colorants include cya-
nine-based ones, e.g., 4-dicyanomethylene-2-methyl-6-(p-
dimethylaminostyryl)-4H-pyran; pyridine-based ones, ¢.g.,
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1-ethyl-2-[4-(p-dimethylaminophenyl)-1,3-butadienyl]-py-
ridium-perchlorate; rhodamine-based ones, e.g., rhodamine
B and rhodamine 6G; and oxazin-based ones. It is needless
to say that the useful colorants are not limited to the above.
Moreover, they may be used either individually or in com-
bination.

[0152] The specific green fluorescent colorants include
coumarine-based colorants, e.g., 2,3,5,6-1H,4H-tetrahydro-
8-trifluoromethylquinolidino(9,9a,1-gh)coumarine,  3-(2'-
benzothiazolyl)-7-dimethylaminocoumarine and 3-(2'-benz-
imidazolyl)-7-N,N-diethylaminocoumarine; and coumarine
colorant-based dyes, e.g., basic yellow. It is needless to say
that the useful colorants are not limited to the above.
Moreover, they may be used either individually or in com-
bination.

[0153] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0154] FIG. 1 illustrates one embodiment of the organic
light-emitting element (prepared in EXAMPLE 1).

[0155] FIG. 2 illustrates another embodiment of the
organic light-emitting element (prepared in EXAMPLE 2).

[0156] FIG. 3 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 3).

[0157] FIG. 4 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 4).

[0158] FIG. 5 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 5).

[0159] FIG. 6 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 6).

[0160] FIG. 7 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 7).

[0161] FIG. 8 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 8).

[0162] FIG. 9 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 9).

[0163] FIG. 10 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 10).

[0164] FIG. 11 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 11).

[0165] FIG. 12 illustrates still another embodiment of the
organic light-emitting element (prepared in EXAMPLE 12).

[0166] FIG.13is a plan view illustrating one embodiment
of the organic light-emitting image display device,(prepared
in EXAMPLE 13).

[0167] FIG. 14 is a cross-sectional view illustrating one
embodiment of the organic light-emitting image display
device (prepared in EXAMPLE 13).

[0168] FIG. 15 is another cross-sectional view illustrating
one embodiment of the organic light-emitting image display
device (prepared in EXAMPLE 13).
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[0169] FIG. 16 illustrates anther embodiment of the
organic light-emitting image display device (prepared in
EXAMPLE 14).

[0170] FIG. 17 illustrates still another embodiment of the
organic light-emitting image display device (prepared in
EXAMPLE 15).

[0171] FIG. 18 is a cross-sectional view illustrating one
embodiment of the liquid-crystal image display device (pre-
pared in EXAMPLE 16).

[0172] FIG. 19 is a plan view illustrating one embodiment
of the liquid-crystal image display device (prepared in
EXAMPLE 16).

[0173] FIG. 20 is another cross-sectional view illustrating
one embodiment of the liquid-crystal image display device
(prepared in EXAMPLE 16).

DESCRIPTION OF REFERENCE NUMERALS
[0174] 1, 116, 201: Glass board
[0175] 2, 150: Lower electrode
[0176
[0177
[0178
[0179]
[0180]
[0181] 8: Upper electrode
[0182] 9: Organic EL board
[0183] 10: Sealing board
[0184] 11: Mixed transport layer
[0185] 12: First mixed transport layer

]
] 3, 15: Hole transport layer

] 4: First mixed light-emitting layer

] 5: Second mixed light-emitting layer
6, 18: Electron transport layer

7. Electron injection layer

[0186] 13: Second mixed transport layer
[0187] 14: Third mixed transport layer
[0188] 16: First block layer

[0189] 17: Second block layer

[0190] 19: Diffuse reflection layer
[0191] 20: Interlayer insulation layer
[0192] 21: First light-emitting layer

[0193] 22: Second light-emitting layer

[0194] 101: First transistor

[0195] 102: Second transistor

[0196] 103: Active layer for the first transistor 101
[0197] 103': Active layer for the second transistor 102
[0198] 104: Capacitor

[0199] 105: Lower electrode for the capacitor

[0200] 106: Scanning line

[0201] 107, 107" Gate electrode

[0202] 108: Upper electrode for the capacitor

[0203] 109: Signal line
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[0204] 110: First current supply line

[0205] 112: Source electrode for the first transistor 101

[0206] 112" Source electrode for the second transistor
102

[0207] 113: Drain electrode for the first transistor 101

[0208] 113" Drain electrode for the second transistor
102

[0209] 117, 205: Gate insulation film

[0210] 118: First interlayer insulation film

[0211] 119: Second interlayer insulation film

[0212] 151: Third interlayer insulation film

[0213] 152: Organic layer

[0214] 153: Upper electrode

[0215] 154: TFT board

[0216] 161: Opposed board

[0217] 162, 252: Black matrix (BM) layer

[0218] 163a: Red-coloring layer

[0219] 163b: Green-coloring layer

[0220] 163c: Blue-coloring layer

[0221
[0222
[0223
[0224
[0225
[0226
[0227
[0228
[0229
[0230
[0231
[0232
[0233
[0234
[0235
[0236
[0237
[0238
[0239
[0240
[0241

164: Protective layer

165: Inert gas atmosphere

166: Sealant

167a: Color-converting layer for red
167b: Color-converting layer for green
168: Diffuse reflection section

202: Common electrode

203: Scanning signal electrode

204: Alumina film

207: Amorphous Si film

207: N-type a-Si film

208: Image signal electrode

209: Pixel electrode

210: Protective film

211, 255: Oriented film

251: Opposed board

253: Color filter layer

254: Protective layer for the color filter
256: Liquid-crystal layer

300: Iluminator

301: Light diffuse sheet
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DETAILED DESCRIPTION OF THE
INVENTION

[0242] The preferred embodiments of the present inven-
tion are described below.



US 2005/0221121 Al

EXAMPLE 1

[0243] First, one embodiment of the laminated layer com-
prising 2 mixed light-emitting layers is described by refer-
ring to FIG. 1, wherein 1: glass board, 2: lower electrode, 3:
hole transport layer, 4: first mixed light-emitting layer, 5:
second mixed light-emitting layer, 6: electron transport
layer, 7: electron injection layer, 8: upper electrode, 9:
organic EL board, and 10: sealing board.

[0244] A 150 om thick ITO film was formed on the glass
board 1 by sputtering, and was treated by photolithography
to form the lower electrode 2.

[0245] Next, the lower electrode 2 was coated with a 50
nm thick film of 4,4-bis[N-(1-naphthyl)-N-phenylamino]
biphenyl (hereinafter referred to as a-NPD) by vacuum
deposition.

[0246] A starting material for o-NPD, put in a sublimation
boat of molybdenum, was deposited on the lower electrode
2, where the deposition rate was controlled at 0.15+0.01
nm/second. The a-NPD film worked as the hole transport
layer 3.

[0247] Next, the hole transport layer 3 was coated with a
5 nm thick film of 4,4-bis]N,N'<(3-tolyl)amino]-3-3'-dim-
ethylbipheny! (hereinafter referred to as HMTPD), basocu-
proin (hereinafter referred to as BCP) and 1,4'-bis[N-(3-
methylphenyl)-N'-phenyl-4-aminophenylvinylene]-2,5-
dimethoxybenzene (hercinafter referred to as DSA) as a
styrylamine compound, codeposited under a vacuum.

[0248] Starting materials for HMTPD, BCP and DSA,
each put in a sublimation board of molybdenum, were
codeposited under a vacuum, where the deposition rates
were controlled at 0.20£0.01, 0.20+0.01 and 0.01+0.005
nmy/second, respectively. The codeposited film worked as the
first mixed light-emitting layer 4. Moreover, DSA worked as
a dopant which determined emitted light color in the layer 4.

[0249] Next, the first mixed light-emitting layer 4 was
coated with a 5 nm thick film of a-NPD, tris(8-quinolino-
Daluminum (hereinafter referred to as Alq3) and rubrene,
codeposited under a vacuum.

[0250] Starting materials for a-NPD, Alg3 and rubrene,
each put in a sublimation board of molybdenum, were
codeposited under a vacuum, where the deposition rates
were controlled at 0.20£0.01, 0.20+0.01 and 0.01+0.005
nm/second, respectively. The codeposited film worked as the
second mixed light-emitting layer 5. Moreover, rubrene
worked as a dopant which determined emitted light color in
the layer 3.

[0251] Next, the second mixed light-emitting layer 5 was
coated with a 20 nm thick Alg3 film by vacuum deposition,
where a starting material for Alg3, put in a sublimation boat
of molybdenum, was deposited and the deposition rate was
controlled at 0.15+0.01 nm/second. The Alg3 film worked as
the electron transport layer 6.

[0252] Next, a LiF film was formed to a thickness of 0.5
nm as the electron injection layer 7 on the electron transport
layer 6 by vacuum deposition, where the deposition rate was
controlled at 0.05+0.01 nm/second.

[0253] Next, an Al film was formed to a thickness of 150
nm as the upper electrode 8 on the electron injection layer
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7 by vacuum deposition, where the deposition rate was
controlled at 1+0.05 nm/second.

[0254] Next, the board (organic EL board) 9 on which the
organic light-emitting layer was formed was transferred into
a sealing chamber kept at a dew point of -90° C. or less,
while it was held in a flow of circulating dry nitrogen gas to
prevent exposure to air.

[0255] Next, a glass board to work as the sealing board
(opposed board) 10 was transferred into the sealing cham-
ber, and a photocurable resin was drawn on the glass board
(sealing board) edges by a seal dispenser (not shown).

[0256] The scaling width of the photocurable resin was
kept at 200 um. The resin was incorporated with glass beads
(diameter: 10 um) at 1% by weight. The sealing board was
pressed to the organic EL board 9 under a load of 0.5 kg/cm®
in the sealing chamber. The photocurable resin was cured
with UV directed onto the sealing board 10 after a light-
shielding plate was placed on the outer surface of the board
10 to prevent exposure of the whole light-emitting element
body to UV not shown).

[0257] The process of light emission by the organic light-
emitting element of this embodiment is described. A voltage
of light emission initiation level or higher was applied to
between the lower electrode 2 and upper electrode 8.

[0258] First, the hole transport process is described. Holes
are injected from the ITO electrode as the lower electrode 2
into the first mixed light-emitting layer 4 via the hole
transport layer 3. HMTPD and BCP as the materials con-
stituting the first mixed light-emitting layer 4 have an
ionization potential of 5.6 and 6.4 €V, respectively. Conse-
quently, the holes injected into the hole transport layer 3
preferentially run through HMTPD as the hole transport
material. At the same time, part of the holes are trapped by
DSA as the dopant in the first mixed light-emitting layer 4.

[0259] Next, the holes running through the HMTPD are
injected into the second mixed light-emitting layer 5.
a-NPD and Alg3 as the materials constituting the second
mixed light-emitting layer 5 have an ionization potential of
5.3 and 5.7 €V, respectively. Consequently, the holes pref-
erentially run through a-NPD. Moreover, HMTPD has a
higher ionization potential than o-NPD, and there is no
energy barrier for hole injection from the first mixed light-
emitting layer 4 into the second mixed light-emitting layer
5 in the absence of voltage between the electrodes. Still
more, Alg3 constituting the electron transport layer 6 has a
higher ionization potential than a-NPD, and consequently
the holes remain in the second mixed light-emitting layer 5.

[0260] Next, the clectron transport process is described.
Electrons are injected from the upper electrode 8 to the
electron injection layer 7 and electron transport layer 6, in
this order. The electrons run through the electron transport
layer 6 into the second mixed light-emitting layer 5. a-NPD
and Alg3 as the materials constituting the second mixed
light-emitting layer 5 have an affinity for electron of 2.5 and
2.9 eV, respectively. Consequently, the electrons preferen-
tially run through Alq3 as the electron transport material. At
the same time, part of the electrons are trapped by rubrene
working as a dopant in the second mixed light-emitting layer
5.

[0261] The electrons running through Alg3 are injected
into the first mixed light-emitting layer 4. HMTPD and BCP
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as the materials constituting the first mixed light-emitting
layer 4 have an affinity for electron of 2.3 and 2.9 eV,
respectively. Consequently, the injected electrons preferen-
tially run through BCP as the electron transport material.
Alg3 and BCP have the same affinity for electron, and
consequently there is no energy barrier for electron injection
from the second mixed light-emitting layer 5 into the first
mixed light-emitting layer 4 in the absence of voltage
between the electrodes. Moreover, a-NPD as the material
constituting the hole transport layer 3 has a higher affinity
for electron than BCP, and consequently the holes are not
injected into the hole transport layer 3 but remain in the first
mixed light-emitting layer 4.

[0262] Next, the light-emitting process is described. In the
first mixed light-emitting layer 4, the electrons running
through BCP are trapped by DSA as the dopant, which has
already trapped the holes, with the result that DSA is excited.
Then, it emits light of a wavelength which corresponds to
the differential energy between the first excited state and
ground state to return back to the ground state. There are
other light-emitting mechanisms by DSA, when it is excited
by holes after it traps electrons, and by holes and electrons
simultaneously trapped, to emit light and return back from
the excited state to the ground state.

[0263] In the second mixed light-emitting layer 5, on the
other hand, the holes running through ¢-NPD are trapped by
rubrene as the dopant, which has already trapped the elec-
trons, with the result that rubrene is excited. Then, it emits
light of a wavelength which corresponds to the differential
energy between the first excited state and ground state to
return back to the ground state. There are other light-
emitting mechanisms by rubrene, when it is excited by
electrons after it traps holes, and by holes and electrons
simulataneously trapped, to emit light.

[0264] To summarize, holes run through HMTPD and
a-NPD as the hole transport materials, and electrons run
through Alg3 and BCP as the electron transport materials.
Consequently, degradation of each transport material for the
mixed light-emitting layer is controlled to improve reliabil-
ity of the element.

[0265] The organic element of this embodiment of the
present invention emitted white light with light having a
central wavelength of 480 nm and light having a central
wavelength of 560 nm overlapping each other. It attained a
brightness of 1000 cd/m?, when a voltage of 8 V was applied
thereto. The element having an initial brightness of 1000
cd/m also showed a good service life of around 3000 hours
as half-life, when driven at a constant current.

[0266] Inthisembodiment, the mixed light-emitting layers
4 and 5 are designed to have a thickness of 6 nm. No
problem is anticipated when the thickness is increased. It
should be noted, however, that increasing the thickness
expands the dopant-containing region responsible for trap-
ping carries, which is accompanied by reduced capacity of
transporting carriers to the adjacent mixed light-emitting
layer.

[0267] Moreover, the element of this embodiment was
designed to have no energy barrier for both hole and electron
injection in the interface between the mixed light-emitting
layers 4 and 5 in the absence of voltage between the
electrodes. However, no problem is anticipated when an
energy barrier is provided for holes or electrons to have
balanced carrier injection.
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EXAMPLE 2

[0268] Next, another embodiment of the laminated layer
with a mixed transport layer placed between 2 mixed
light-emitting layers is described by referring to FIG. 2,
wherein 11: mixed transport layer.

[0269] A 150 nm thick Cr film was formed on the glass
board 1 by sputtering, and was treated by photolithography
to form the lower electrode 2.

[0270] The lower electrode 2 was coated with the hole
transport layer 3 and first mixed light-emitting layer 4 in the
same manner as in EXAMPLE 1.

[0271] Next, the first mixed light-emitting layer 4 was
coated with a 15 nm thick codeposited film of HMTPD and
BCP by vacuum deposition on. Starting materials for
HMTPD and BCP, each put in a sublimation boat of molyb-
denum, were codeposited, where the deposition rate was
controlled at 0.20£0.01 nm/second for these materials. The
codeposited film worked as the mixed transport layer 11.

[0272] Next, the mixed transport layer 11 was coated with
the second mixed light-emitting layer § in the same manner
as in EXAMPLE 1.

[0273] The mixed transport layer 11 was then coated with
a 5 nm thick codeposited film of a-NPD, Alq3 and rubrene
in the same manner as in EXAMPLE 1. The codeposited
film worked as the second mixed light-emitting layer 5.

[0274] Next, the second mixed light-emitting layer 5 was
coated with the electron transport layer 6 in the same manner
as in EXAMPLE 1.

[0275] Next, the electron transport layer 6 was coated with
a 10 nm thick mixed Mg/Ag layer by vacuum deposition
(2-element simultaneous deposition), where the deposition
rates were controlled at 0.14+0.01 and 0.01£0.005 nm/sec-
ond, respectively. The mixed Mg/Ag layer worked as the
electron injection layer 7.

[0276] Next, the electron injection layer 7 was coated with
an 80 nm thick In—Zn—O (hereinafter referred to as 1Z0)
film by sputtering. This film worked as the upper electrode
8 and was amorphous. The sputtering was carried out under
conditions of atmosphere: Ar/O, mixed gas, degree of
vacuum: 0.2 Pa and sputtering output: 2 Wjem?, with
In/(In+Zn) (=0.83) as the target. The resulting Mg/Ag/In—
Zn—O laminated film had a transmittance of 65%.

[0277] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0278] In the organic element prepared in EXAMPLE 2,
like that prepared in EXAMPLE 1, holes run through
HMTPD and a-NPD as the hole transport materials, and
electrons run through Alg3 and BCP as the electron transport
materials. It involves, also like that prepared in EXAMPLE
1, the light-emitting process in which carriers are trapped by
rubrene as the dopant in the first mixed light-emitting layer
4. Degradation of each transport material for the mixed
light-emitting layer is controlled to improve reliability of the
element.

[0279] Moreover, the organic element was designed to
have no energy barrier for both hole and electron injection
in the interface between the mixed light-emitting layer 4 and
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mixed transport layer 11 in the absence of voltage between
the electrodes. Consequently, it can emit light at a lower
voltage.

[0280] The organic light-emitting element of this embodi-
ment emits white light, which is a mixture of blue light
emitted from the first mixed light-emitting layer 4 and
yellow light emitted from the second mixed light-emitting
layer 5. Blue light emitted from the first mixed light-emitting
layer 4 is emitted from the element after following one of the
routes described below. Light interference occurs in each
route to change central wavelength and intensity of emitted
light.

[0281] First mixed light-emitting layer—mixed transport
layer—=second mixed light-emitting layer—electron trans-
port layer—electron injection layer—upper electrode

[0282] First mixed light-emitting layer—hole transport
layer—(reflected by the lower electrode)—hole transport
layer—first mixed light-emitting layer—mixed transport
layer—second mixed light-emitting layer—-electron trans-
port layer—electron injection layer—upper electrode

[0283] First mixed light-emitting layer—mixed transport
layer—second mixed light-emitting layer—electron trans-
port layer—electron injection layer—upper electrode—(re-
flected by the sealing atmosphere)—supper electrode—>elec-
tron injection layer—electron transport layer—=second
mixed light-emitting layer—mixed transport layer—first
mixed light-emitting layer—hole transport layer—(reflected
by the lower electrode)—hole transport layer—first mixed
light-emitting layer—mixed transport layer—>second mixed
light-emitting layer—electron transport layer—electron
injection layer—upper electrode

[0284] Yellow light emitted from the second mixed light-
emitting layer 5 is emitted from the element also after
following one of the routes described below, and light
interference occurs in each route to change central wave-
length and intensity of emitted light.

[0285] Second mixed light-emitting layer—electron trans-
port layer—e¢lectron injection layer—upper electrode

[0286] Second mixed light-emitting layer—mixed trans-
port layer—first mixed light-emitting layer—hole transport
layer—(reflected by the lower electrode)—hole transport
layer—first mixed light-emitting layer—=mixed transport
layer—second mixed light-emitting layer—electron trans-
port layer—electron injection layer—upper electrode

[0287] Second mixed light-emitting layer—electron trans-
port layer—electron injection layer—upper electrode—(re-
flected by the sealing atmosphere)—upper electrode—elec-
tron injection layer—selectron transport layer—=second
mixed light-emitting layer—mixed transport layer—first
mixed light-emitting layer—hole transport layer—(reflected
by the lower electrode)—hole transport layer—first mixed
light-emitting layer—=mixed transport layer—>second mixed
light-emitting layer—electron transport layer—electron
injection layer—upper electrode

[0288] The layered structure and thickness of each layer in
the organic light-emitting element of this embodiment pro-
vide a positive condition for interference of blue light
emitted from the first mixed light-emitting layer 4. More-
over, the 15 nm thick mixed transport layer 11 formed
between the first mixed light-emitting layer 4 and second

Oct. 6, 2005

mixed light-emitting layer 5 also provides a positive con-
dition for interference of yellow light emitted from the
second mixed light-emitting layer 5, to increase light inten-
sity. In the layered structure with the first mixed light-
emitting layer 4 and second mixed light-emitting layer 5
positioned adjacent to each other, the former emitting blue
light and the latter yellow light, yellow light emitting from
the second mixed light-emitting layer 5 comes close to a
negative light interference condition to damp light intensity
to around 0.88.

[0289] The organic element of this embodiment of the
present invention emitted white light with light having a
central wavelength of 480 nm and light having a central
wavelength of 560 nm overlapping each other. It attained a
brightness of 1000 cd/m?, when a voltage of 7 V was applied
thereto. The element having an initial brightness of 1000
cd/m also showed a good service life of around 3000 hours
as half-life, when driven at a constant current.

[0290] Moreover, the organic element of this embodiment
of the present invention is characterized by the mixed
transport layer which separates the light-emitting region and
transport region from each other. This allows the whole
organic layer to have an increased thickness without increas-
ing thickness of the first or second mixed light-emitting
layer 4 or 5 working as the light-emitting region, and
prevents short-circuit between the anode and cathode to
improve reliability of the element.

[0291] Moreover, this embodiment formed the first mixed
light-emitting layer 4 emitting a blue color at a position close
to the lower electrode 2 working as the light-reflecting
electrode, and the second mixed light-emitting layer S5
emitting a yellow color at a position close to the upper
electrode 2 working as the light-emitting electrode. How-
ever, the mixed layer emitting a blue color and that emitting
a yellow color may be positionally reversed in an element
structure etc. which is not affected by light interference,
described later.

[0292] Moreover, the element of this embodiment was
designed to have no energy barrier for both hole and electron
injection in the interface between the first mixed light-
emitting layers 4 and mixed transport layer 11 and between
the mixed transport layer 11 and second mixed light-emit-
ting layer 5 in the absence of voltage between the electrodes.
Consequently, it can emit light at a lower voltage. It should
be noted, however, that presence of an energy barrier in the
above interface is advantageous in some cases when balance
between hole and electron injection is collapsed.

EXAMPLE 3

[0293] Next, still another embodiment of the laminated
layer having 3 mixed light-emitting layers with 2 mixed
transport layers each placed between the mixed light-emit-
ting layers is described by referring to FIG. 3, wherein 12:
first mixed transport layer, 13: second mixed light-emitting
layer and 14: third mixed light-emitting layer.

[0294] The glass board 1 was coated with the lower
electrode 2, hole transport layer 3 and the first mixed
light-emitting layer 4 in the same manner as in EXAMPLE
1.

[0295] Next, the first mixed light-emitting layer 4 was
coated with a 15 nm thick codeposited film of HMTPD and
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BCP by vacuum deposition. Starting materials for HMTPD
and BCP, each put in a sublimation boat of molybdenum,
were codeposited, where the deposition rate was controlled
at 0.20+0.01 nm/second for these materials. The codeposited
film worked as the first mixed transport layer 12.

[0296] Next, the first mixed transport layer 12 was coated
with a 5 nm thick codeposited film of a-NPD, Alq3 and
coumarine 6 by vacuum deposition. Starting materials for
a-NPD, Alg3 and coumarine 6, each put in a sublimation
board of molybdenum, were deposited where the deposition
rates were controlled at 0.20+0.01, 0.2020.01 and
0.01+0.005 nm/second, respectively. The codeposited film
worked as the second mixed light-emitting layer 5.

[0297] Next, the second mixed light-emitting layer 5 was
coated with a 15 nm thick codeposited film of a-NPD and
Alg3 by vacuum deposition. Starting materials for a-NPD
and Alqg3, each put in a sublimation boat of molybdenum,
were deposited, where the deposition rate was controlled at
0.20+0.01 nm/second for these materials. The codeposited
film worked as the second mixed transport layer 13.

[0298] Next, the second mixed transport layer 13 was
coated with a 5 nm thick codeposited film of a-NPD, Alg3
and DCM2. Starting materials for a-NPD, Alg3 and DCM2,
each put in a sublimation boat of molybdenum, were depos-
ited, where the deposition rates were controlled at
0.20+0.01, 0.20+0.01 and 0.008+0.002 nm/second, respec-
tively. The codeposited film worked as the third mixed
light-emitting layer 14.

[0299] Next, the third mixed light-emitting layer 14 was
coated with the electron transport layer 6, electron injection
layer 7 and upper electrode 8 in the same manner as in
EXAMPLE 1.

[0300] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0301] In the organic light-emitting element of this
embodiment, the first mixed light-emitting layer 4, second
mixed light-emitting layer 5 and third mixed light-emitting
layer 14 emits light by the dopant in each layer after it traps
holes and electrons.

[0302] Each of the mixed light-emitting layers containing
the dopant which traps carriers was made thinner to 5 nm.
Moreover, the first mixed transport layer 12 was placed
between the first mixed light-emitting layer 4 and second
mixed light-emitting layer 5, and the second hole transport
layer 13 between the second mixed light-emitting layer 5
and third mixed light-emitting layer 13. The carriers are
injected into the adjacent mixed light-emitting layer without
being trapped by the mixed transport layer, which contains
no dopant.

[0303] The organic element of this embodiment of the
present invention emitted white light with light having a
central wavelength of 480 nm, light having a central wave-
length of 520 nm and light having a central wavelength of
620 nm overlapping each other. The emitted light had
spectra due to the red, green and blue colors emitted from the
sub-pixels in the light-emitting display device. Therefore,
the element is suitable for light-emitting display devices. It
attained a brightness of 1000 cd/m?, when a voltage of 9 V
was applied thereto.
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[0304] The organic light-emitting element of this embodi-
ment comprised the first mixed light-emitting layer 4
responsible for emitting a blue color, second mixed light-
emitting layer § for a green color and third mixed light-
emitting layer 14 for a red color in this order from the lower
electrode side. However, no problem is anticipated when the
order is changed. In this case, an energy barrier for hole or
electron injection is produced in the absence of voltage
between the electrodes. Presence of an energy barrier is
advantageous in some cases when balance between hole and
electron injection is collapsed.

[0305] The first mixed light-emitting layer 4 and first
mixed transport layer 12 contained the common hole trans-
port material of HMTPD and electron transport material of
BCP. 1t is preferable for the deposition system to have a
structure with an on-off shutter in the injection section in the
evaporation source for each material, or with the evaporation
and injection sections separated by a valve, so that a given
deposition rate and 0 deposition rate can be switched from
each other.

[0306] In the above case, HMTPD, BCP and DSA are
deposited each at a given rate for the first mixed light-
emitting layer 4, and then the first mixed transport layer 12
is formed by evaporation after deposition of DSA is stopped.

[0307] The above system allows continuous formation of
the first mixed light-emitting layer 4 and first mixed trans-
port layer 12.

[0308] The second mixed light-emitting layer 5, second
mixed transport layer 13 and third mixed light-emitting layer
14 contained the common hole transport material of a-NPD
and electron transport material of Algq3. Therefore, the
second mixed light-emitting layer 5, second mixed transport
layer 13 and third mixed light-emitting layer 14 can be
continuously formed, when the deposition system having
a-NPD, Alg3, rubrene and DCM2 deposition sources is
designed in such a way that a given deposition rate and 0
deposition rate can be switched from each other at each
deposition source.

EXAMPLE 4

[0309] EXAMPLE 4 discusses a dopant concentration of
each of two types of mixed light-emitting layers, corre-
sponding to mobility of a hole and electron transport mate-
rials for these layers by referring to FIG. 4.

[0310] The glass board 1 was coated with the lower
electrode 2 and hole transport layer 3 in the same manner as
in EXAMPLE 1.

[0311] Next, the hole transport layer 3 was coated with a
5 nm thick codeposited film of a.-NPD, basophenanthroline
(hereinafter referred to as Bphen) and rubrene by vacuum
deposition. Starting materials for o-NPD, Bphen and
rubrene, each put in a sublimation boat of molybdenum,
were codeposited, where the deposition rates were con-
trolled at 0.20+0.01, 0.20+0.01 and 0.08+0.002 nm/second,
respectively. The codeposited film worked as the first mixed
transport layer 4.

[0312] Next, the first mixed light-emitting layer 4 was
coated with a 5 nm thick codeposited film of a-NPD, Alg3
and DCM2 by vacuum deposition. Starting materials for
a-NPD, Alq3 and DCM2, each put in a sublimation board of
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molybdenum, were deposited, where the deposition rates
were controlled at 0.2020.01, 0.20£0.01 and 0.008+0.002
nm/second, respectively. The codeposited film worked as the
second mixed light-emitting layer 5.

[0313] The second mixed light-emitting layer 5 was
coated with the electron transport layer 6, electron injection
layer 7 and upper electrode 8 in the same manner as in
EXAMPLE 1. Next, the organic EL board 9 was sealed by
the sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0314] The organic light-emitting element of this embodi-
ment emits light, which is a mixture of yellow light emitted
from the first mixed light-emitting layer 4 and red light
emitted from the second mixed light-emitting layer 5.
0-NPD had a hole mobility (hereinafter referred to as ;) of
9x10™* cm?/V/second at an electric field intensity of 5.5x10°
V/em, and Biphen had an electron mobility (hereinafter
referred to as p,) of 5.2x107* cm?/V/second at an electrical
field intensity of 5.5x10° V/cm. Alg3 had a 4, of 0.02x107*
cm?*/V/second at an electrical ficld intensity of 5.5x10°
V/em. Mobility of each material depends on electric field
intensity to only a limited extent, and each mobility level
described above can be used as a standard in a range of
voltage applied to the organic light-emitting element of this
embodiment.

[0315] Of the above-described constituent materials, Alq3
had an at least 2 digits lower u, level than the others.
Consequently, charge balance between the holes injected
from the hole transport layer 3 and electrons injected from
the electron transport layer 6 is deteriorated in the first
light-emitting layer 4 and also in the second mixed light-
emitting layer 5 to decrease light-emitting efficiency. The
organic light-emitting element of this embodiment trapped
carriers by the dopant. In order to improve charge balance in
the first mixed light-emitting layer 4 and second mixed
light-emitting layer 5, concentration of rubrene as the dopant
in the first mixed light-emitting layer 4 was kept 10 times
higher than that of DCM2 as the dopant in the second mixed
light-emitting layer 5 to decrease hole transport capacity of
the first mixed light-emitting layer 4.

[0316] The organic element of this embodiment of the
present invention emitted light of spectra with light having
a central wavelength of 520 nm and light having a central
wavelength of 620 nm overlapping each other. It attained a
brightness of 1000 cd/m®, when a voltage of 6.5 V was
applied thereto. For comparison, the same element except
that concentration of rubrene as the dopant in the first mixed
light-emitting layer 4 was set at 2% attained a brightness of
1000 cd/m*, when a voltage of 7.5 V was applied thereto. Its
lowered characteristics conceivably resulted from deterio-
rated charge balance.

EXAMPLE 5

[0317] EXAMPLE 5 provided an embodiment different
from that of EXAMPLE 4 to discuss a dopant concentration
of each of two types of mixed light-emitting layers, corre-
sponding to mobility of a hole and electron transport mate-
rials for these layers by referring to FIG. 5.

[0318] The glass board 1 was coated with the lower
electrode 2, hole transport layer 3 and first mixed light-
emitting layer 4 in the same manner as in EXAMPLE 1.
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[0319] Next, the first mixed light-emitting layer 4 was
coated with a 15 nm thick codeposited film of ¢.-NPD and
Alg3 by vacuum deposition. Starting materials for a-NPD
and Alg3, each put in a sublimation boat of molybdenum,
were codeposited, where the deposition rate was controlled
at 0.15+0.01 nm/second for these materials. The codeposited
film worked as the first mixed transport layer 11.

[0320] Next, the mixed transport layer 11 was coated with
the second mixed light-emitting layer § in the same manner
as in EXAMPLE 4.

[0321] The second mixed light-emitting layer 5 was
coated with the electron transport layer 6, electron injection
layer 7 and upper electrode 8 in the same manner as in
EXAMPLE 1.

[0322] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0323] The organic light-emitting element of this embodi-
ment had the first light-emitting element 4 and second
light-emitting element § of improved charge balance, like
the one prepared in EXAMPLE 4.

[0324] Moreover, the carrier transport into the light-emit-
ting region is separated from that into the adjacent light-
emitting region with the mixed light-emitting layer respon-
sible for the former and the mixed transport layer for the
latter. This allows the total thickness to increase while
keeping the carrier-trapping mixed light-emitting layer thin.
Increasing the total thickness prevents short circuit between
the lower electrode 2 and upper electrode 8.

[0325] The organic light-emitting element of this embodi-
ment of the present invention emitted light of spectra with
light having a central wavelength of 560 nm and light having
a central wavelength of 620 nm overlapping each other. It
attained a brightness of 1000 cd/m*, when a voltage of 7 V
was applied thereto. For comparison, the same element
except that concentration of rubrene as the dopant in the first
mixed light-emitting layer 4 was set at 2% attained a
brightness of 1000 cd/m*, when a voltage of 8 V was applied
thereto. Its lowered characteristics conceivably resulted
from deteriorated charge balance.

EXAMPLE 6

[0326] Still another embodiment of the laminated layer
with two types of light-emitting layers having a common

electron transport material is described by referring to FIG.
6.

[0327] The glass board 1 was coated with the lower
electrode 2, hole transport layer 3 and first mixed light-
emitting layer 4 in the same manner as in EXAMPLE 1.

[0328] Next, the first mixed light-emitting layer 4 was
coated with a 5 nm thick codeposited film of a-NPD, BCP
and rubrene by vacuum deposition. Starting materials for
a-NPD, BCP and rubrene, each put in a sublimation boat of
molybdenum, were codeposited, where the deposition rates
were controlled at 0.20£0.01, 0.20+0.01 and 0.01+0.005
nmy/second, respectively. The codeposited film worked as the
second light-emitting layer 5.

[0329] The second mixed light-emitting layer 5 was
coated with the electron transport layer 6, electron injection
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layer 7 and upper electrode 8 in the same manner as in
EXAMPLE 1. Next, the organic EL board 9 was sealed by
the sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0330] The organic light-emitting element of this embodi-
ment had the first light-emitting element 4 and second
light-emitting element 5 containing a common electron
transport material of BCP. This simplifies constituent mate-
rial designs. In particular, there are not many available
electron transport materials, and it is difficult to secure 2 or
more types of electron transport materials having an ioniza-
tion potential higher than that of a hole transport material.

[0331] The organic light-emitting element of this embodi-
ment of the present invention emitted white light with light
having a central wavelength of 480 nm and light having a
central wavelength of 560 nm overlapping each other. It
attained a brightness of 1000 cd/m>, when a voliage of 8.5
V was applied thereto.

EXAMPLE 7

[0332] EXAMPLE 7 provided still another embodiment of
the laminated layer with a mixed transport layer placed
between two types of light-emitting layers, wherein a com-
mon electron transport material was used. This is described
by referring to FIG. 7.

[0333] The glass board 1 was coated with the lower
electrode 2, hole transport layer 3 and first mixed light-
emitting layer 4 in the same manner as in EXAMPLE 1.

[0334] Next, a 15 nm thick codeposited film of HMTPD
and BCP was formed by vacuum deposition, Starting mate-
rials for HMTPD and BCP, each put in a sublimation boat of
molybdenum, were codeposited, where the deposition rate
was controlled at 0.20+£0.01 nm/second for these materials.
The codeposited film worked as the mixed transport layer
11. Next, the mixed transport layer 11 was coated with the
second light-emitting layer 5, electron transport layer 6,
electron injection layer 7 and upper electrode 8 in the same
manner as in EXAMPLE 1. Next, the organic EL board 9
was sealed by the sealing board 10 under the same condi-
tions as used in EXAMPLE 1.

[0335] The organic light-emitting element of this embodi-
ment of the present invention emitted white light with light
having a central wavelength of 480 nm and light having a
central wavelength of 560 nm overlapping each other. It
attained a brightness of 1000 cd/m®, when a voltage of 8.0
V was applied thereto.

EXAMPLE 8

[0336] Still another embodiment of the laminated layer
with two types of mixed transport layers placed between two
types of light-emitting layers is described by referring to
FIG. 8.

[0337] The glass board 1 was coated with the lower
electrode 2, hole transport layer 3 and first mixed light-
emitting layer 4 in the same manner as in EXAMPLE 1.

[0338] Next, the first mixed light-emitting layer 4 was
coated with the first mixed transport layer 12, second mixed
transport layer 13, the second mixed light-emitting layer 5,
electron transport layer 6, electron injection layer 7 and
upper electrode 8 in the same manner as in EXAMPLE 3.
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[0339] The first mixed light-emitting layer 4 and first
mixed transport layer 12 comprised the common hole trans-
port and electron transport materials. Therefore, these layers
can be continuously formed, when the deposition system
having the hole transport material, electron transport mate-
rial and dopant deposition sources is designed in such a way
that a given deposition rate and 0 deposition rate can be
switched from each other at each deposition source.

[0340] Moreover, the second mixed transport layer 13 and
second mixed light-emitting layer 5 comprised the common
hole transport and electron transport materials. Therefore,
these layers can be continuously formed, when the deposi-
tion system having the hole transport material, electron
transport material and dopant deposition sources is designed
in such a way that a given deposition rate and 0 deposition
rate can be switched from each other at each deposition
source.

[0341] In the organic light-emitting element of this
embodiment, the laminated layer comprising the first mixed
light-emitting layer 4 and first mixed transport layer 12 had
the same thickness as the laminated layer comprising the
second mixed transport layer 13 and second mixed light-
emitting layer 5. This design enhances through-put, because
these laminated layers can be produced in the same depo-
sition time, i.e., tact time.

[0342] The organic light-emitting element of this embodi-
ment of the present invention emitted white light with light
having a central wavelength of 480 nm and light having a
central wavelength of 560 nm overlapping each other. It
attained a brightness of 1000 cd/m* when a voltage of 9.0 V
was applied thereto.

EXAMPLE 9

[0343] Still another embodiment of the laminated layer
with two types of mixed light-emitting layers and doped
mixed transport layers is described by referring to FIG. 9,
where 15: hole transport layer, 16: first block layer, 17:
second block layer and 18: electron transport layer.

[0344] The glass board 1 was coated with the lower
electrode 2 in the same manner as in EXAMPLE 1. Next, the
lower electrode 2 was coated by vacuum deposition with a
100 nm thick codeposited film of 4,4',4"-tris-[N-(m-tolyl)-
N-phenylamino]triphenylamine (hereinafter referred to as
m-MTDATA) and tetra-2,3,5,6-tetrafluoro-7,7,8,8-cyano-
quinodimethane (hereinafter referred to as F4-TCNQ). Start-
ing materials for m-MTDATA and F4-TCNQ, each put in a
sublimation boat of molybdenum, were codeposited, where
the deposition rates were controlled at 0.40+0.05 and
0.008+0.002 nm/second, respectively. The codeposited film
worked as the hole transport layer 185.

[0345] Next, the hole transport layer 15 was coated by
vacuum deposition with a 5 nm thick film of N,N-diphenyl-
N,N-bis(4-methylphenyl)-4,4-diamine (hereinafter referred
to as TPD). A starting material for TPD, put in a sublimation
boat of molybdenum, was deposited, where the deposition
rate was controlled at 0.15+0.01 nm/second. The deposited
film worked as the first block layer 16.

[0346] Next, the first block layer 16 was coated with the
first mixed light-emitting layer 4 and second mixed light-
emitting layer 5 in the same manner as in EXAMPLE 1.
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[0347] Next, the second mixed light-emitting layer 5 was
coated with a 5 nm thick film of Bphen by vacuum depo-
sition. A starting material for Bphen, put in a sublimation
boat of molybdenum, was deposited, where the deposition
rate was controlled at 0.20+0.01 nm/second. The deposited
film worked as the second block layer 17.

[0348] Next, the second block layer 17 was coated with a
30 nm thick codeposited film of Bphen and Li by vacuum
deposition by vacuum deposition. Starting materials for
Bphen and Li, each put in a sublimation boat of molybde-
num, were codeposited using a Li dispenser (SAES Getters),
where the deposition rate was controlled at 0.20+0.01
nmy/second for these materials. The codeposited film worked
as the electron transport layer 18.

[0349] Next, the electron transport layer 18 was coated
with the upper electrode in the same manner as in
EXAMPLE 1.

[0350] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0351] The organic light-emitting element of this embodi-
ment of the present invention comprised the hole transport
layer 15 doped with F4-TCNQ. The doping decreased
volumetric resistance of the hole transport layer 15 from 10°
Qcm or more to 106 Qcm. On the other hand, volumetric
resistance of the electron transport layer 18, which was also
doped with Li, decreased from 10° Qcm or more to 10*
Qcm. The decreased resistance of these layers increased
electric field intensity at the same voltage, and the element
attained a brightness of 1000 cd/m?, when a voltage of 4 V
was applied thereto. It was on a level with that prepared in
EXAMPLE 1 in spectra of emitted light and service life.

[0352] The organic light-emitting element structure is not
limited to the above. For example, the structure disclosed by
EXAMPLE 4 or 6 may be used.

EXAMPLE 10

[0353] EXAMPLE 10 provided an embodiment different
from that prepared in EXAMPLE 9 to describe the lami-
nated layer with two types of mixed light-emitting layers
and doped mixed transport layers by referring to FIG. 10.

[0354] The glass board 1 was coated with the lower
electrode 2, hole transport layer 15, first block layer 16 and
first mixed light-emitting layer 4 in the same manner as in
EXAMPLE 9. Next, the first mixed light-emitting layer 4
was coated with a 15 nm thick codeposited film of HMTPD
and BCP by vacuum deposition. Starting materials for
HMTPD and BCP, each put in a sublimation boat of molyb-
denum, were codeposited, where the deposition rate was
controlled at 0.2+0.01 nm/second for these materials. The
codeposited film worked as the mixed transport layer 11.

[0355] Next, the mixed transport layer 11 was coated with
the second mixed light-emitting layer 5, second block layer
17, electron transport layer 18 and upper electrode 8 in the
same manner as in EXAMPLE 9. Next, the organic EL board
9 was sealed by the sealing board 10 under the same
conditions as used in EXAMPLE 1.

[0356] The organic light-emitting element of this embodi-
ment of the present invention comprised the hole transport
layer 15 and electron transport layer 16 both decreased in
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volumetric resistance, like the one prepared in EXAMPLE
7. Consequently, it attained a brightness of 1000 cd/m?,
when a voltage of 3.5 V was applied thereto. It was on a level
with that prepared in EXAMPLE 1 in spectra of emitted
light and service life.

[0357] The organic light-emitting element structure is not
limited to the above. For example, the structure disclosed by
EXAMPLE 2, 3, 5, 7 or 8 may be used.

EXAMPLE 11

[0358] Still another embodiment of the laminated layer
provided with a diffuse reflection layer to reduce the light
interference effect is described by referring to FIG. 11,
where 19: diffuse reflection layer, 20: interlayer insulation
film, 21: first light-emitting layer and 22: second light-
emitting layer.

[0359] A melt flow resist as a projection-forming material
was spread over the glass board 1 by spin coating to a
thickness of 0.8 um. It was pre-baked at 80° C. for 30
minutes, and exposed to light after it was covered with a
photomask with randomly arranged circular openings,
placed in parallel to the glass board.

[0360] When it was developed by a developer, the portions
light-shielded by the photomask were removed to leave fine,
columnar projections of the resist on the surface.

[0361] Next, the projections were cured by an adequate
method, e.g., natural cooling, and were coated with a thin
metallic film of a material of high reflectance, e.g., alumi-
num or silver, by an adequate method, e.g., vacuum depo-
sition.

[0362] Then, the thin metallic film was treated by expo-
sure, development or the like into an island shape to form the
diffuse reflection layer 19.

[0363] Next, the diffuse reflection layer 19 was coated
with a positive, photosensitive protective film (JSR, PC452)
by spin coating, where PC452 was spread at 1000 rpm for
30 seconds, pre-baked at 90° C. for 2 minutes after the
coated glass board 1 was placed on a hot plate, and then
post-baked in a clean oven at 220° C. for 1 hour. The film
worked as the interlayer insulation film 20.

[0364] The interlayer insulation film 20 was coated with

the lower electrode 2 and hole transport layer 3 in the same
manner as in EXAMPLE 1.

[0365] Next, the hole transport layer 3 was coated with a
20 nm thick film of a distyryl arylene derivative (hereinafter
referred to as DPVBI). A starting materials for DPVRI, put
in a sublimation boat of molybdenum, was deposited, where
the deposition rate was controlled at 0.20£0.01 nm/second.
The deposited film worked as the first light-emitting layer
21.

[0366] Next, the first light-emitting layer 21 was coated
with a 40 nm thick codeposited film of Alq3 and rubrene by
vacuum deposition. Starting materials for Alg3 and rubrene,
each put in a sublimation boat of molybdenum, were code-
posited, where the deposition rates were controlled at
0.40£0.05 and 0.01x0.005 nm/second, respectively. The
codeposited film worked as the second light-emitting layer
22,
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[0367] Next, the second light-emitting layer 22 was coated
with the electron transport layer 6 in the same manner as in
EXAMPLE 1.

[0368] Next, the electron transport layer 6 was coated with
the electron injection layer 7 and upper electrode 8 in the
same manner as in EXAMPLE 2.

[0369] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0370] The lower electrode 2 for the organic light-emitting
element of this embodiment of the present invention was
transparent. Consequently, light emitted by the first light-
emitting layer 21 and second light-emitting layer 22 towards
the lower electrode 2 was transmitted by the lower electrode
2 and reflected by the diffuse reflection layer 19. No inter-
ference occurred between the above reflected light and light
emitted by the first light-emitting layer 21 and second
light-emitting layer 22 towards the upper electrode 8. There-
fore, light transmitted by the upper electrode 8 received no
influence from interference caused by layered structure or
thickness of each layer, with the result that no emitted light
spectra or light intensity change occurred with respect to
viewing angle.

[0371] The organic light-emitting element of this embodi-
ment of the present invention emitted white light with light
having a central wavelength of 450 nm and light having a
central wavelength of 560 nm overlapping each other. It
attained a brightness of 1000 ed/m*, when a voltage of 10 V
was applied thereto.

[0372] The organic light-emitting element of this embodi-
ment comprised the first light emitting layer 21 and second
light-emitting layer 22. However, no problem is anticipated
when it comprises one light-emitting layer instead of two.

EXAMPLE 12

[0373] EXAMPLE 12 provided an embodiment different
from that prepared in EXAMPLE 11 to describe the lami-
nated layer provided with a diffuse reflection layer to reduce
the light interference effect by referring to FIG. 12.

[0374] The glass board 1 was coated with the diffuse
reflection layer 19, interlayer insulation film 20, lower
electrode 2 and hole transport layer 3 in the same manner as
in EXAMPLE 11.

[0375] Next, the hole transport layer 3 was coated with the
first mixed light-emitting layer 4, second mixed light-emit-
ting layer 5 and electron transport layer 6 in the same
manner as in EXAMPLE 1.

[0376] Next, the electron transport layer 6 was coated with
the electron injection layer 7 and upper electrode 8 in the
same manner as in EXAMPLE 11.

[0377] Next, the organic EL board 9 was sealed by the
sealing board 10 under the same conditions as used in
EXAMPLE 1.

[0378] The organic light-emitting element of this embodi-
ment of the present invention showed no spectra or light
intensity change of emitted light with respect to viewing
angle, like the one prepared in EXAMPLE 11.
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[0379] The organic light-emitting element of this embodi-
ment of the present invention emitted white light with light
having a central wavelength of 480 nm and light having a
central wavelength of 560 nm overlapping each other. It
attained a brightness of 1000 cd/m?, when a voltage of 10 V
was applied thereto. The element having an initial brightness
of 1000 cd/m* also showed a good service life of around
2000 hours, when driven at a constant current.

EXAMPLE 13

[0380] Next, an embodiment of the image display device
of the present invention is described by referring to the
drawings. FIG. 13 is a plan view of the image display
device. FIG. 14(a) and (b) are cross-sectional views of the
device shown in FIG. 13, cut along the line A-A' and B-B/,
and FIG. 15 is the cross-sectional view of the device cut
along the line C-C'. The glass board 116, shown in each of
FIGS. 13 to 15, supports scanning lines 106 arranged at
constant intervals, and signal lines 109 for transmitting
image information also arranged at constant intervals. These
scanning lines 106 and signal lines 109 run at a right angle
to each other to form a reticular pattern, where each region
defined by the scanning lines 106 and signal lines 109
represents a pixel or sub-pixel. The glass board 116 also
supports first current supply lines 110 connected to a power
source, which run in parallel to the signal lines 109. Each of
the scanning lines 106, signal lines 109 and first current
supply lines 110 is placed as an interconnect in an intercon-
nection layer on the glass board 116 via an interlayer
insulation film.

[0381] Organic light-emitting elements which constitute a
pixel as the minimum color image unit are arranged on the
interconnection layer. Each organic light-emitting element,
working as a sub-pixel, comprises the organic layer 152
placed between the lower electrode 150 and upper electrode
153, the organic layer 152 containing a hole transport layer,
light-emitting layer, electron transport layer and electron
injection layer. The lower electrode 150 for the organic
light-emitting element in each pixel is connected to the first
current supply line 110 via a transistor working as a driving
element, and the upper electrode 153 for the organic light-
emitting element in each pixel is connected to the second
current supply line connected to a power source (not shown).

[0382] The glass board 116 also supports a driving layer
which drives the organic layer in each pixel. The driving
layer comprises the first transistor 101, second transistor 102
and capacitor 104 working as the driving elements. The first
transistor 101 has a gate, source and drain connected to the
scanning line 106, signal line 109, and the second transistor
gate and upper electrode 108 for the capacitor 104, respec-
tively. The second transistor 102 has a drain and source
connected to the lower electrode 105 for the capacitor 104
and first current supply line 110, and lower electrode 150,
respectively.

[0383] Next, the method for producing the organic light-
emitting image display device of the above structure is
described. First, the glass board 116 is coated with a 50 nm
thick amorphous silicon (a-Si) film by low-pressure chemi-
cal vapor deposition (LPCVD), where SiO,H, serves as a
starting material and the board is kept at 450° C. in this
embodiment. Next, the film is totally treated by laser-aided
annealing using a XeCl excimer laser in two stages, at an
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irradiation energy of 188 mJ/cm? in the first stage and 290
mJ/cm?® in the second stage. This crystallizes amorphous
silicon into polycrystalline silicon (p-Si). Next, the poly-
crystalline silicon is patterned by dry etching with CF,, to
form the active layer 103 for the first transistor 101, active
layer 103" for the second transistor 102 and lower electrode
105 for the capacitor.

[0384] Next, a 100 nm thick SiO, film is formed as the
gate insulation film 117. It is formed by plasma-enhanced
chemical vapor deposition (PECVD) using tetracthoxysilane
(TEOS) as a starting material.

[0385] Next, a 50 nm thick TiW film is formed by sput-
tering as the gate electrodes 107 and 107, and patterned. The
scanning lines 106 and upper electrode 108 for the capacitor
are also patterned simultaneously.

[0386] The phosphorus (P) ions are injected by ion
implantation from the upper side of the gate insulation film
117 into the patterned polycrystalline silicon layer at a rate
of 4x10" jons/em? and energy of 80 keV. In this step, no P
ion is injected into the regions covered by the gate electrode
107 or 107'. These regions become the active layers 103 and
103'.

[0387] Next, the coated glass board 116 is heated at 300°
C. for 3 hours in an inert N, atmosphere, to activate the ions
and thereby to facilitate doping. The polycrystalline silicon
(p-Si) regions into which the ions are implanted have an
areal resistivity of 2 kQ. These regions are coated with a 200
nm thick silicon nitride (SiNx) film as the first interlayer
insulation film 118.

[0388] Next, contact holes (not shown) are formed in the
gate insulation film 117 and first interlayer insulation film
118 on both ends of the active layers 103 and 103', and also
in the first interlayer insulation film 118 on the gate electrode
107" for the second transistor 102.

[0389] AS500nm thick Al film is formed on these layers by
sputtering. The signal line 109 and first current supply line
110 are formed by photolithography. Then, the source elec-
trode 112 and drain electrode 113 for the first transistor 101,
and source electrode 112' and drain electrode 113' for the
second transistor 102 are formed.

[0390] Next, lower electrode 105 for the capacitor is
connected to the drain electrode 113 for the first transistor
101, and so are the source electrode 112 for the first
transistor 101 to the signal line 109, the drain electrode 113
for the first transistor 101 to the gate electrode 107" for the
second transistor 102, the drain electrode 113' for the second
transistor 102 to the first current supply line 110, and the
upper electrode 108 for the capacitor 104 to the first current
supply line 110.

[0391] Next, a 500 nm thick silicon nitride (SiNx) film is
formed as the second interlayer insulation film 119. Contact
holes (not shown) are formed on the drain electrode 113' for
the second transistor 102. The drain electrode 113" is then
coated with a 150 nm thick Cr film by sputtering, and treated
by photolithography to form the lower electrode 150.

[0392] Next, a positive, photosensitive protective film
(JSR, PC452) is formed as the third interlayer insulation film
151 by spin coating, where PC452 is spread at 1000 rpm for
30 seconds, pre-baked at 90° C. for 2 minutes after the
coated glass board 116 is placed on a hot plate.
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[0393] Next, it is exposed to mixed ghi ray after being
covered with a phostomask to form stripe-shaped contact
holes 114. It is then developed by a developer (JSR, PD-523)
at room temperature for 40 seconds, and rinsed in a flow of
pure water at room temperature for 60 seconds. It is then
post-exposed to light having a wavelength of 365 nm at an
intensity of 300 mJ/cm?, and post-baked in a clean oven at
220° C. for 1 hour.

[0394] The third interlayer insulation film 151 of PC452 is
2 um thick, and used to cover the lower electrode 150 to 3
um from the edges. The contact holes connecting the drain
electrode 113' to the lower electrode 150 are also covered, to
prevent short circuit between the lower electrode 150 and
upper electrode 133, described later.

[0395] Next, an organic light-emitting element structure
working as a pixel is described by referring to FIG. 14. The
glass board 116, coated with layers up to the lower electrode
150, is washed ultrasonically with acetone and then pure
water each for 3 minutes, and dried by spinning and then at
120° C. for 30 minutes in an oven.

[0396] Next, it is treated by O, plasma cleaning in a
plasma cleaning chamber kept at a vacuum of 3 Pa under
conditions of O, flow rate: 22 mI./minute, RF power: 200 W
and cleaning time: 3 minutes. Then, the treated glass board
116 is transferred into a vacuum deposition chamber without
being exposed to air.

[0397] Next, the lower electrode 150 is coated with the
organic layer 152 comprising a hole transport layer, first
mixed light-emitting layer, second mixed light-emitting
layer and electron transport layer in the same manner as in
EXAMPLE 1.

[0398] Next, the organic layer 152 is coated with a 10 nm
thick mixed Mg/Ag layer by vacuum deposition (2-clement
simultaneous deposition), where the deposition rates are
controlled at 0.14+0.01 and 0.01+0.005 nm/second, respec-
tively. The mixed Mg/Ag layer works as the electron injec-
tion layer.

[0399] Next, the electron injection layer is coated with a
50 nm thick In—Zn—O (hereinafter referred to as IZO) film
by sputtering. This film works as the second electrode 125
and is amorphous. The sputtering is carried out under
conditions of atmosphere: Ar/O, mixed gas, degree of
vacuum: 0.2 Pa and sputtering output: 2 Wjem®, with
In/(In+Zn) (=0.83) as the target. The resulting Mg/Ag/In—
Zn—O0 laminated film works as the upper electrode 153 and
has a transmittance of 65%.

[0400] The TFT board 154 is produced by the above
procedure.
[0401] Next, the method for producing the opposed board

161 is described. A 150 nm thick Cr film is formed on a glass
board by sputtering, and is treated by photolithography to
form a reticular pattern by removing the Cr film in the
regions each corresponding to the region immediately above
the opening in the lower electrode 150 for each sub-pixel,
i.e., portion not covered with the third interlayer insulation
film 151, where the region from which the Cr film is
removed is larger than the opening by alignment accuracy
needed when the opposed board 161 is put on the TFT board
154. This film works as the black matrix (hereinafter
referred to as BM) layer 162.
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[0402] Next, a 1.5 um thick polyimide film dispersed with
a blue pigment, e.g., copper phthalocyanine is formed on the
glass board on which the BM layer 162 is formed, and is
treated by photolithography to form the blue-coloring layer
163c. The similar procedure is repeated twice, to form the
green-coloring layer 163b and red-coloring layer 163a.

[0403] Next, a 2 um thick acryl resin film is formed by
spin coating, and coated with a 150 nm thick SiNx film by
thermal CVD. The laminated film works as the protective
layer 164.

[0404] Next, the method for attaching the TFT board 154
supporting the organic light-emitting elements as pixels to
the opposed board 161 supporting a color filter is described.

[0405] The opposed board 161 which converts color by
the color filter is produced by this method.

[0406] The TFT board 154 and opposed board 161 are
transferred into a sealing chamber kept at a dew point of
-90° C. or less as is the board in EXAMPLE 1, and a sealant
is applied to the opposed board edges in the same manner as
in EXAMPLE 1. Then, the opposed board 161 is attached to
the TFT board 154 in such a way that the coloring layer is
aligned with the sub-pixels on the TFT board 154 using the
alignment marks provided on these boards. The sealant 166
is cured with light while the TFT board 154 and opposed
board 161 are pressed to each other in the same manner as
in EXAMPLE 1.

[0407] Avwoltage of 15 V is applied from the power source
to between the devices of the first current supply line, source
and drain in the second transistor, organic light-emitting
element as the sub-pixel, and second current supply line.
Voltage at the second transistor gate is determined by the
charges transferred by the signal line into the capacitor via
the first transistor. It determines voltage applied to between
the source and drain, and, in turn, determines voltage applied
to the organic light-emitting element. The organic light-
emitting element constituting the sub-pixel emits white
light, which is converted into a blue, green or red color by
the color-converting layer provided above.

[0408] EXAMPLE 13 has described the method for struc-
turing and producing the color-emitting image display
device which converts a white color into a blue, green or red
color at each sub-pixel by the color filter using the organic
white-color-emitting element comprising the 2-layered
mixed light-emitting layer. However, it is to be understood
that the present invention is not limited to the above struc-
ture. For example, the organic light-emitting element dis-
closed in one of EXAMPLES 2 to 12 may be used.

EXAMPLE 14

[0409] Next, another embodiment of the image display
device of the present invention is described by referring to
FIG. 16, which is a cross-sectional view of the device cut
along the line corresponding to C-C' shown in FIG. 13.

[0410] This embodiment provides substantially the same
device as that prepared in EXAMPLE 13, except that the
color-converting layers 167a and 167b are used in the
sections where white color emitted from the organic white-
color-emitting element is converted into a red and green
color by sub-pixels, respectively. A color filter is used in
each of sub-pixels for blue color as is the case with
EXAMPLE 13.
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[0411] More specifically, it comprises the glass substrate
116 which supports the first transistor 101, capacitor 104,
second transistor 102, signal lines 109, 109' and 109",
scanning lines 106 and 106', first current supply lines 110,
110" and 110", first interlayer insulation film 118, second
interlayer insulation film 119, lower electrode 150, third
interlayer insulation film 151, organic layer 152, and upper
electrode 153, formed in the same manner as in EXAMPLE
15.

[0412] Next, the method for producing the opposed board
161 is described. The BM layer 162 and coloring layer 163
are formed on a glass board in the same manner as in
EXAMPLE 13.

[0413] Next, a 5 um thick polyvinyl chloride resin film
dispersed with coumarine 6 is formed on the glass board
which supports the BM layer 162, and is treated by photo-
lithography to form the green-coloring layer 167b. The
similar procedure is repeated, to form the 5 um thick
red-coloring layer 1674 of polyvinyl chloride resin dispersed
with thodamine 6G.

[0414] Next, a 10 gm thick acryl resin film is formed by
spin coating. The film works as a flattening film. It is then
coated with a 150 nm thick SiNx film by thermal CVD. The
laminated film works as the protective layer 164.

[0415] Next, the TFT board 154 is attached to the opposed
board 161 in the same manner as in EXAMPLE 13.

[0416] The driving method for determining brightness at
each sub-pixel by the data signal transmitted by the signal
line, and emission of light from each sub-pixel are the same
as those in EXAMPLE 13.

[0417] EXAMPLE 14 has described the method for struc-
turing and producing the color-emitting image display
device which converts a white color into a blue, green or red
color at each sub-pixel by the color filter using the organic
white-color-emitting element comprising the 2-layered
mixed light-emitting layer. However, it is to be understood
that the present invention is not limited to the above struc-
ture. For example, the organic light-emitting element dis-
closed in one of EXAMPLES 2 to 12 may be used.

EXAMPLE 15

[0418] Next, still another embodiment of the image dis-
play device of the present invention is described by referring
to FIG. 17, which is a cross-sectional view of the device cut
along the line corresponding to C-C' shown in FIG. 13.

[0419] This embodiment provides substantially the same
device as that prepared in EXAMPLE 13, except that white
color emitted from the organic white-color-emitting element
is not reflected by the lower electrode but by the diffuse
reflection section 168 provided below the lower electrode.

[0420] More specifically, it comprises the glass substrate
116 which supports the active layer 103 for the first tran-
sistor 101, active layer 103' for the second transistor 102,
lower electrode 105 for the capacitor, gate insulation layer
117, gate electrodes 107 and 107, scanning line 106, upper
electrode 108 for the capacitor, first interlayer insulation film
118, contact holes (not shown) in the first interlayer insula-
tion film 118, and contact holes (not shown) to the first
interlayer insulation film 181 above the gate electrode 117,
formed in the same manner as in EXAMPLE 13.
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[0421] Next, the first interlayer insulation film 118 is
provided with fine, randomly arranged columnar projections
of resist on the surface in the same manner as in EXAMPLE
11. These projections are positioned immediately below the
lower electrode 150.

[0422] A 500 nm thick Al film is formed on the first
interlayer insulation film 118 by sputtering, and then treated
by photolithography to form the signal lines 109 and first
current supply lines 110; and also to form the source
electrode 112 and drain electrode 113 for the first transistor
101, and source electrode 112' and drain electrode 113' for
the second transistor 102.

[0423] The projections are also coated with the Al film,
which is treated by photolithography to form the diffuse
reflection section 168 scattered like islands.

[0424] Next, a positive, photosensitive protective film
(JSR, PC452) is formed by spin coating, where PC452 is
spread at 1000 rpm for 30 seconds and pre-baked at 90° C.
for 2 minutes on a hot plate.

[0425] Next, it is exposed to mixed ghi ray after being
covered with a phostomask to form contact holes (not
shown) above the drain electrode 113" for the second tran-
sistor 102. It is then developed by a developer (JSR,
PD-523) at room temperature for 40 seconds, and rinsed in
a flow of pure water at room temperature for 60 seconds. It
is then post-exposed to light having a wavelength of 365 nm
at an intensity of 300 mJ/em?, and post-baked in a clean
oven at 220° C. for 1 hour.

[0426] Next,a 150 nm thick I'TO film is formed thereon by
sputtering, and is treated by photolithography to form the
lower electrode 150.

[0427] Next, a 300 nm thick SiNx film is formed as the
third interlayer insulation film 151 to cover the lower
electrode 150 to 3 um from the edges.

[0428] It is then coated with the organic layer 152 and
upper electrode 153 in the same manner as in EXAMPLE
13.

[0429] The conditions under which the opposed board 161
is formed, and method for sealing the TFT board 154 and
opposed board 161 are the same as those used in EXAMPLE
13.

[0430] The driving method for determining brightness at
each sub-pixel by the data signal transmitted by the signal
line, and emission of light from each sub-pixel are the same
as those in EXAMPLE 13.

[0431] In the organic light-emitting image display device
of the present invention, part of light emitted from the mixed
light-emitting layer for the organic light-emitting element
which constitutes the sub-pixel passes through the upper
electrode before being emitted from the device (Pathway A),
and the remainder passes through the lower electrode of a
transparent, electroconductive film, is reflected by the dif-
fuse reflection layer and then passes through the upper
electrode before being emitted from the device (Pathway B).

[0432] No interference occurs between light passing
through Pathway A and that passing through Pathway B.
Therefore, the organic light-emitting element of the present
invention is advantageous in that the layered structure can be
considered only to improve its characteristics.
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[0433] EXAMPLE 15 has described the method for struc-
turing and producing the color-emitting image display
device which converts a white color into a blue, green or red
color at each sub-pixel by the color filter using the organic
white-color-emitting element comprising the 2-layered
mixed light-emitting layer. However, it is to be understood
that the present invention is not limited to the above struc-
ture. For example, the organic light-emitting element dis-
closed in one of EXAMPLES 2 to 8 may be used.

EXAMPLE 16

[0434] Next, an embodiment of a liquid-crystal image
display device which uses the organic light-emitting element
of the present invention as an illuminator is described by
referring to the drawings. FIG. 18 is a cross-sectional view
of the liquid-crystal image display device, FIG. 19 is a plan
view of a pixel for the liquid-crystal image display device,
and FIG. 20 is a cross-sectional view of the pixel cut along
the line A-A' shown in FIG. 19.

[0435] First, the liquid-crystal display section 200 struc-
ture is described. The common electrode 202 of Al and
scanning signal electrode 203 are formed on the glass board
201, and each of these electrodes is coated with the alumina
film 204. The gate insulation film 205 of SiNx is formed
over these electrodes. Formed above the film 203 are the
amorphous Si (a-Si) film 206, n-type a-Si film 207, image
signal electrode 208 of Al/Cr and thin film transistor (TFT)
of the image electrode 209. Moreover, the above structure is
coated with the protective layer 230 of SiN and oriented film
231, in this order. Each pixel is divided into 4 regions by the
image signal electrode 228, common electrode 222 and pixel
electrode 229. The image electrode 229 and common elec-
trode 222 partly overlap each other to secure holding capac-
ity. On the glass board 151 on the color filter side, i.c.,
opposed board to the board 201, the black matrix layer 252
and color filter 253 are formed in this order. Further, the
protective layer 254 for the color filter and oriented film 255
are formed, in this order, on the above structure. The
liquid-crystal layer 256 is formed between the upper and
lower oriented films. Each of the glass board 201 and
opposed glass board 251 is coated with the polarizing plate
216.

[0436] The light transmitting axis of the polarizing plate
on one board runs in parallel to the major axis of the
liquid-crystal, and that of the other polarizing plate runs at
a right angle to the major axis. This arrangement brings the
so-called normally closed characteristics.

[0437] Next, the illuminator 300 of the organic light-
emitting element is provided immediately below the liquid-
crystal display section 200. The glass board 1 is coated with
the hole transport layer 3, first mixed light-emitting layer 4,
mixed transport layer 11, second mixed light-emitting layer
5, electron transport layer 6, electron injection layer 7 and
upper electrode 8 in the same manner as in EXAMPLE 2.

[0438] Next, the organic EL board 9 was scaled by the
sealing board 10 under the same conditions as used in
EXAMPLE 2. The light-diffusing sheet 301 is attached to
the sealing board 10 to complete the illuminator 300.

[0439] White light emitted from the organic light-emitting
element for the illuminator 300 enters the liquid-crystal
display section 200. When the image signal is off, the
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incident white light is polarized by the polarization plate 216
and cut by the liquid-crystal display section 200. As a result,
it is displayed black. When the image signal is on, a voltage
is applied to between the image electrode and common
electrode to change the liquid-crystal sequence in such a
way that the incident white light is transmitted by the
liquid-crystal display section 200 and displayed white. It is
then converted into a given color by the color filter layer
253.

[0440] In EXAMPLE 16, the image is displayed by the
transverse electric field method, which by no means limits
the present invention. For example, the image can be simi-
larly displayed by the multidomain vertical alignment
(MVA) or optically compensated bend cell (OCB) mode.

[0441] Tt should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

Industrial applicability

[0442] The light-emitting layer for the organic light-emit-
ting element of the present invention comprises at least two
mixed light-emitting layers, each being composed of a hole
and electron transport materials and dopant. This structure
can reduce degradation of each constitute material for the
mixed light-emitting layer and makes the white-light-emit-
ting OLED, in which it is used, highly reliable. As such, the
light-emitting layer is applicable to display devices and
illuminators for various purposes, including display devices.

Advantages of the Invention

[0443] The light-emitting element of the present invention
uses laminated mixed layers containing materials having a
high carrier transport capacity for electrons or holes. This
structure can reduce degradation of constitute materials for
each light-emitting layer and makes the device in which it is
used highly reliable.

1. An organic light-emitting element comprising an
anode, a cathode and a light-emitting layer placed between
the anode and cathode, the light-emitting layer comprising at
least two mixed light-emitting layers,

wherein each of the mixed light-emitting layers is com-
posed of a hole transport material, an electron transport
material, and a dopant which determines a color of an
emitted light.

2. The organic light-emitting element according to claim
1, wherein the mixed light-emitting layers are laminated
continuously.

3. An organic light-emitting element comprising an
anode, a cathode and a light-emitting layer placed between
the anode and cathode, the light-emitting layer comprising at
least two mixed light-emitting layers laminated via a mixed
transport layer, wherein

each of the mixed light-emitting layers is composed of a
hole transport material, an electron transport material,
and a dopant which determines a color of an emitted
light.

4. The organic light-emitting element according to claim

1, wherein
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one of the two or more mixed light-emitting layers closest
to the anode is coated with the hole transport layer on
the anode side, and one of the mixed light-emitting
layers closest to the cathode is coated with the electron
transport layer on the cathode side.
5. The organic light-emitting element according to claim
1, wherein

the hole and electron transport materials and dopant for
the mixed light-emitting layer satisfy the following
relationship:

Laop<lemarre <IEmETL

wherein,

Ipaemrs Ionization potential of the hole transport mate-
rial

Ipaprr: Ionization potential of the electron transport
material

Iyp: lonization potential of the dopant, and

Adop<AEMuTLAEMETL

Ay electron-affinity of the hole transport material

Agpypr: electron-affinity of the electron transport mate-
rial

Ayep: electron-affinity of the dopant.
6. The organic light-emitting element according to claim
4, wherein

the electron transport material for the electron transport
layer and hole transport material for the adjacent mixed
light-emitting layer satisfy the following relationship:

Inrro<lvere

wherein,

I, .prrr: 1onization potential of the hole transport material
for the adjacent mixed light-emitting layer

I ;. pr: Tonization potential of the electron transport mate-
rial for the electron transport layer, and

ApmTL<AnETL

wherein,
Ay pry electron-affinity of the hole transport material

Ayrers clectron-affinity of the electron transport mate-
rial for the mixed light-emitting layer.
7. The organic light-emitting element according to claim
1, wherein

the hole transport material for the mixed light-emitting
layer has an ionization potential kept constant or
decreasing as it goes from the anode to the cathode
side, or

the electron transport material for the mixed light-emit-
ting layer has an affinity for electrons kept constant or
decreasing as it goes from the anode to the cathode
side.
8. The organic light-emitting element according to claim
3, wherein

the hole transport material for the mixed light-emitting
layer and mixed transport layer has an ionization poten-
tial kept constant or decreasing as it goes from the
anode to the cathode side, or
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the electron transport material for the mixed light-emit-
ting layer and mixed transport material has an affinity
for electrons kept constant or decreasing as it goes from
the anode to the cathode side.
9. The organic light-emitting element according to claim
1, wherein a thickness of each of the mixed light-emitting
layer from 1 nm to 100 nm.
10. The organic light-emitting element according to claim
1, wherein one of the mixed light-emitting layers emits a
blue color and one of the other light-emitting layers emits a
yellow to red color.
11. The organic light-emitting element according to claim
1, wherein

one of the anode and cathode works as a light-emitting
electrode which transmits emitted light and the other
works as a light-reflecting electrode which reflects
emitted light, and the mixed light-emitting layer closer
to the light-emitting electrode emits light which has a
longer central wavelength than that of light emitted
from the mixed light-emitting layer closer to the light-
reflecting electrode.
12. The organic light-emitting element according to claim
1 which has a structure with the two mixed light-emitting
layers laminated on each other or with the mixed transport
layer placed between these mixed light-emitting layers,
wherein

one of the mixed light-emitting layers closest to the anode
side is referred to as a first mixed light-emitting layer
and one of the mixed light-emitting layers closest to the
cathode side is referred to as a second mixed light-
emitting layer,

the first mixed light-emitting layer or second mixed
light-emitting layer, whichever has a higher mobility
with respect to holes in the hole transport layer for the
first layer or to electrons in the electron transport layer
for the second layer, has a higher dopant content than
the other.

13. The organic light-emitting element according to claim

1, wherein

one of the hole transport material and electron-transport
material is common for the two or more mixed light-
emitting layers.
14. The organic light-emitting element according to claim
3, wherein

one of the hole transport material and electron-transport
material is common for the two or more mixed light-
emitting layers and mixed transport layer.

15. The organic light-emitting element according to claim
13, wherein the common transport material is an electron
transport material,

16. The organic light-emitting element according to claim
3, wherein

the hole transport material which constitutes the mixed

light-emitting layer and mixed transport layer adjacent

to each other shares a common material with the
electron transport material.

17. The organic light-emitting element according to claim

3 which comprises two layers, one being composed of the

hole transport and electron transport materials constituting

the mixed light-emitting layer adjacent to the mixed trans-

port layer, and the other being composed of the hole trans-
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port and electron transport materials constituting the other
adjacent mixed light-emitting layer.

18. The organic light-emitting element according to claim
1, wherein

the hole transport material contains an oxidizing agent
and the electron-transport material contains a reducing
agent.
19. The organic light-emitting element according to claim
18, wherein

the hole transport layer is composed of at least a layer of
hole transport material containing an oxidizing agent
and another layer of hole transport material, and

the electron transport layer is composed of at least a layer

of electron transport material containing a reducing

agent and another layer of electron transport material,

the layer of electron transport material containing a

reducing agent being positioned closer to the cathode.

20. An organic light-emitting element comprising an

anode and cathode, each in the form of light-transmittable

electroconductive film, and a light-emitting layer placed
between the anode and cathode, wherein

one of the anode and cathode works as a light-emitting
electrode and the other as a light-transmitting electrode,
a diffuse reflection layer being provided on the outside
of the light-transmitting layer, and

light which is emitted from the light-emitting layer and
transmitted by the light-transmitting electrode is
reflected by the diffuse reflection layer towards the
light-emitting electrode.

21. The organic light-emitting element according to claim
20 which comprises at least two light-emitting layers.

22. The organic light-emitting element according to claim
1 whose anode and cathode can transmit emitted light,
wherein one of the anode and cathode works as a light-
emitting electrode and the other as a light-transmitting
electrode, a diffuse reflection layer being provided on the
outside of the light-transmitting layer, and light which is
emitted from the light-emitting layer and transmitted by the
light-transmitting electrode is reflected by the diftuse reflec-
tion layer towards the light-emitting electrode.

23. An organic light-emitting image display device which
uses the organic light-emitting element according to claim 1
as the pixel.

24. The organic light-emitting image display device
according to claim 23 which uses a color-converting layer.

25. An organic light-emitting image display device com-
posed of a light-modulating element and illuminator emit-
ting light towards the light-modulating element, wherein

the illuminator uses the organic light-emitting element
according to claim 1.

26. An illuminator which uses the organic light-emitting
element according to claim 1 with a flexible material serving
as a board.

27. A method for producing the organic light-emitting
element according to claim 1 and an organic light-emitting
image display device, comprising at least a step for lami-
nating two or more mixed light-emitting layers each com-
posed of a hole transport material, an electron transport
material and a dopant which determines a color of an emitted
light.
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28. A method for producing the organic light-emitting
element according to claim 1 and an organic light-emitting
image display device, comprising at least a step for lami-
nating two or more mixed light-emitting layers each com-
posed of a hole transport material, an electron transport
material and a dopant which determines a color of an emitted
light, wherein the mixed light-emitting lavers are laminated
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via a mixed transport layer composed of the hole transport
material and the electron transport material.

29. The method according to claim 27 for producing the
organic light-emitting element according to claim 1 and an
organic light-emitting image display device, comprising at
least a step for continuously forming a laminate composed
of the mixed light-emitting layer and mixed transport layer.

L S S T
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