S04P1048 DESCRI PTI ON ORGANI C EL DEVI CE AND DI SPLAY
Technical Field The present invention relates to an
organic EL device in which an organic |ayer including
a plurality of light emtting layers is interpogggpl048
bet ween an anode and a cathode, and a display using
the organic EL device. Background Art In recent years,
as a display to be used in place of a cathode ray
tube (CRT), flat displays light in weight and low in
power consunption have been an object of vigorous
research and devel opneigcc@Agohe flat di splays,
those di splays which use self-light-enmitting type

di spl ay devices (so-called light emtting devices)
such as organic EL (El ectrol um nescence) devices and

organie - sAvicgeanbaresber? paid attention to as a
di spl ay capabl e of being driven with | ow power
consunption. Configurations for achieving a full-color
display node with the display using the |ight

et de\W1Ges as  above-nmentioned include one in
whi ch an organi ¢ EL device 1 S04P1048 capabl e of

eni tti nueWBkbBeht Hitvdst HRid1ad W B §R! 8fganic EL
device in which an organic layer including a plurality of
light emitting layers is interposed between an anode and

a cathode, and a display using the organic EL device.

Background Art

In recent years, as a display to be used in place
of a cathode ray tube (CRT}, flat displays light in
weight and low in power coﬂsumption have been an object
of vigorous research and development. Among the flat‘
displays, those diSplays'which ﬁse self-light-emitting
type display devices (so-called light emitting devices)
such as organic EL {Electroluminescence) devices and
organic EL devices have been paid attention to as a
display capable of beiné driven ﬁith low power
consumption.

Configurations for achieving a full-color display
‘mode with the display using the light emitting devices as

‘above-mentioned include one in which an organic EL device
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filters which respectively transmt only light in the

bl ue, green or red wavelength region. In addition, as
the organic EL device for emtting white |ight, one
having a configuration in which a blue light enifii

| ayer, a green light emtting |ayer, and a rednkhag?&hs
‘emtting layer are lamnated in this order fromthe
hol e transport |ayer side and which has three

wavel ength |ight em ssion conponents has been

di scl osed (see Japanese Patent Laid- open No. He
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white light emtti'ng organ devi ce
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components has been disclosed (see Japanese Patent Laid-
open No. Hei 10-3990 (see, particularly, Fig. 1)).
However, the white light emitting organic EL device
with the above-mentioned configuration has the problem
that the emisgion spectrum_is largely varied with current
and that the iluminous efficacy and the half life of
luminance are insufficient for display use. In addition,
the organic EL device is insufficient in balance of
respective luminous intensities in_blue, green and red
wavelength regions. Therefore, it has been impossible by
use of such organic EL devices to obtain a display
comparable in color reproduction performance with a CRT.
Accordingly, it is an object of the present
invention to provide an organic EL device having light
- emission components of three colors of fed, green and

blue in a good balance suited to use for a full-color




di spl ay, having a high efficiency and bei ng capabl e of
stable light emssion "for a long tine, and a displ ay
excel l-ent in col or reproduction perfornmance and
capable of being driven for a long tine. D SC'°§H£§&048
of Invention In order to attain the above object,
according to the present invention, there is provided
an organic EL device characterized by the
configuration of an organic |ayer sandw ched between
an anode and a cathode. Specifically, light emtting
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AN g eERerbedal 190 €Mdting layer side. On the
ot her hHand, electrons injected from the cathode are
supplied into the light emtting layers fromthe
blue. light emtting |layer side. Therefore, the

BRGNS, wheke thbenbples injected fromthe anode and
the electrons injected fromthe cathode are coupl ed,
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e e deh@inde 0451048 here is provided an organic EL

device characterized by the configquration of an organic
layer sandwiched between an anocde and a cathode.
Specifically, light emitting layers constituting the

organic layer include a red light emitting layer, a green

light emitting layer, and a blue light emitting layér

laminated in this order from the anode side.

In the organic EL device configured as above, holes
(positive holes) injected from the anode is supplied into
the light emitting layers from the red light emitting
layer side. On the other hand, electrons injected from
the cathode are supplied into the iight emitting layers
from the blue light emitting layer side. Therefore, the
regions where the holes injected from the anode and the
electrons injected from the cathode are coupled, i.é.,
light emission regions are respectively in the red, green,

and blue light emitting layers, and each of the light
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emtting layers emts light with the correspondi ng

wavel ength. Particularly, the lam nation of the red

light emtting layer, the green light emtting |ayer,

and the blue light emtting layer in this order from

the anode side permits a configuration such thaf0¢hk048

injection of holes and electrons as well as the |ight

em ssion regions can be controlled and that the

em ssion efficacy is higher and the half life of

Iun1nance IS Ionger as conpared with the case where
ue light emtti gr een |I%ht emtting
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compared with the case where a blue light emitting layer,
the green light emitting layer, and a red light emitting
layer are laminated in this order from the hole transport
layer side.

In the organic EL device as above, preferably, the
red light emitting layer has a hole transporting property.
This ensures that some of the holes injected from the
anode side contribute to red light emission in the red
light emitting layer, whereas the rest of the holes are
supplied further into the green light emitting layer and
the blue light emitting layer, which are disposed on the
anode side of the red light emitting layer, to contribute
to light emission.

The hole transporting material included in the red
light emitting layer as above may generally be a hole

transporting material for constituting a hole transpoxrt




S04P1048 | ayer provi ded between the anode and the
light emtting layers, and is preferably a red |ight
emtting material having a hole transporting property

hol e transportin .red light emtting nmateri al

%his enableg a highly efficient and stable Iigh%04P1048
em ssion wiwth a high color purity. As the hole
transporting red light emtting material, for

exanpl e, a styrylarylene based material can be
utilized. Particularly, the styrylarylene based
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qqg?ssthCrlbed in Japanese Patent Laid-open Nos.
' 2001—119570 and 2002-226722 are preferably used. These
materials are high in efficiency, have a long half life
of luminance, and can be doped in a high density.
Furthermore, since these materials have a hole
'transporting broperty, they make it possible to provide
the red light emitting léyer with an appropriate hole
traﬁsporting property even where the host material of the
red light emitting layer is an electron transporting
material. Moreover, since the styrylarylene based
material mentioned above can be doped with a dopant in a
high concentration, the material can have a highest hole
transporting property, so that where this material is
used on the most anode sgide, hdles can be securely

supplied to the green light emitting layer provided on

the cathode side.




5 S04P1048 Besides, in the organic EL device as above,
preferably, the green light emtting |ayer has a
positive and negative charge transporting property
for transporting both holes and el ectrons. This
ensures that sonme of the holes injected throughStH@to48
red light emtting |ayer contribute to |ight em ssion
in the green light emtting 1 ayer, and the rest of
the holes are transported further into the blue |ight
emtting |ayer disposed on the cathode side. _
Si mul t aneg n el ectrons _are .injected through
i i E
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the cathode side. Simultaneously, when electrons are
injected through the blue light emitting layer on the
cathode gide, some of the electrons contribute to light
emission in the green light emitting layer, and the rest
oflthe electrons are transported into the red light
emitting layer. With the green light emitting layer thus
having the positive and negative charge transporting
property, it is possible to obtain sufficient emission of
- light from each of the red, greeﬁrand blue light emitting
layers.

As a methodrfor providing the green light emitting
layer with the positive and negative charge transporting
property, there may be contemplated the methods of (1)
doping a pésiﬁive and negative charge transporting host

"with a green light emitting material, (2) doping a hole

transporting host with an electron transporting green
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transporting. ~host with an electron transporting green
6 S04P1048 light emtting material (3) doping an

el ectron transporting host with a hole transporting
green light emtting material, (4) doping a m xed

‘host conposed of a hole transporting material ah@fB048
el ectron transporting material with a green |ight
emtting material, and so on. In this instance, the
hol e transporting material in the green |ight

emtting layer may be a hole transporting materi al

fsed for, foarm ng the hole transport |ayer. Besides,

y
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In the organic EL device as apove, preferably, the
PRERFIF AT ot BFRE™ AYERt HeRLEH T dategA3tr aRRPoF R i Y-
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reen light emtting, layer and further into the red
qiﬁﬁlq%ﬁ @ngor forming the hole transport layer.

Besides, the electron transporting material in the green
light emitting layer may be an electron transporting host
material used in the blue light emitting layer. Examples
of the green light emitting material include cumarin
based or gquinacridone based materials, and arylamine
based materials, but the green light emitting material is
not limited to these examples.

In the organic EL device as above, preferably, the
blue light emitting layer has an electron transporting
property. This ensures that some of the electrons
injected from the cathode side contribute to.blue light
“emission in the blue light emitting layer, and the rest
of the electrons are transported into the green light
emitting layer and further into the red light emitting
- layer, which are disposed on the anode side, to

contribute to green light emission and red light emission.
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| ayer, which are disposed on the anode side, to
.contribute to green light em ssion and red |ight

em ssion. 7 S04P1048 Particularly, the blue Iight
emtting layer may have a configuration in which a
positive and negative charge transporting bl ue $9YHto48
emtting |layer and an electron transporting bl ue

light emitting layer are lamnated in this order from
the anode side (fromthe green light emtting Iayer
side) . This ensures that the holes supplied via the

green EBQEECSPLEi nQﬂl r C ng?% ﬁ?l :i%g%faféied
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emitting layer, to permit highly efficient and stable
light emission with high color purity.

As a method for providing the blue light emitting
layer with the positive and negative charge transporting
property, there may be contemplated the methods of (1)
doping a positive and negative charge transporting host
with a blue light emitting material,  (2) doping a hole
transporting host with an electron transporting blue
‘light emitting material, (3) doping an electron
transporting host with a hole transporting blue light
emitting material, (4) doping a mixed host composed of a
hole transporting material and an electron transporting
material with a blue light emitting material, and so on.

In the ofganic EL dévice configured as above,

- preferably, the red light emitting layer has a hole

transporting property, the green light emitting layer has




In the organic EL device configured as above,
preferably, the red light emtting |ayer has a hole
transporting property, the green light emtting |ayer
has 8 S04P1048 a positive and negative charge
transporting property, and the blue |light emit5%§1048
| ayer has an electron transporting property, whereby
it is possible to obtain |[|ight em ssion having red,
green and blue light em ssion conmponents. Besides, as
for the intensity ratios between the |ight em ssion

col or, t he alance bet ween the hole {ransportin
B3 ?&y o chet it rcdm%ﬁﬁeaﬁgsaﬁp%am% R Y oRnd
E green and bl ue lors can be controlled
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above gcordl P

proPerty Or eac é% green and blue colors can be
controlled by regulating the film thickness, the mixing
ratio of materials, or the like.

In addition, according to the present invention,
‘there is provided a display characterized in that a color
filter is provided on the light take-out surface side of
the above-described organic EL device.

According to such a display, by combining a
‘plurality of the organic EL devices excellent in balance
between the light emission colors with respective color
filters, rays in the blue, green and red wavelength
regions can be taken out in a good balance.

As has been described above, according to the
organic EL device of the present invention, rays in the
wavelength regions of three colors of red, green and blue

can be stably emitted with a good balance and at a high

efficiency for a long time. Therefore, by combining the




organi ¢ EL device of the present invention, rays in
the wavel ength regions of three colors of red, green
-and blue can be stably emtted with a good bal ance
and at a high efficiency for a long tine. Therefore,
by combi ni ng the S04P1048 organic EL devices wi tif2F1048
color filters, it is possible to configure a display
excellent in color reproduction performnce and
capabl e of being driven for a long tinme. Brief
Description of Drawings Fig. 1 is a sectional diagram
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Exanple 1. Fig. 4 shows the em ssion spectrumof an
organic EL device produced in Exanple 2. Best Modde
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embodiment of the present invention.

Fig. 2 is a sectional diagram showing another
configuration of the organic EL device according to an
embodiment of the present invention.

Fig. 3 shows the emission specfrum of an organic EL
device produced in Example 1.

Fig. 4 shows the emission spectrum of an organic EL

device produced in Example 2.

Best Mode for Carrying out tﬁe Invention

Now, the configuration of an organic EL device
according to the present invention will be described in
detail below based on the drawings. Figs. 1 and 2 are
sectional diagrams schematically showing the organic EL
devices of the present invention.
| Each of the organic EL devices 1 and 1’ shown in

these drawings is provided, for example, in each pixel of

i0




Each of the organic EL devices 1 and 1' shown in

these drawi ngs is provided, for exanple, in each pixe

of 10 S04P1048 a substrate 2 constituting a display,

i ncludes an anode 3, an organic layer 4 and a ¢

5 lamnated in this order fromthe side of the §6£5§%28
substrate 2, and is covered gas-tight with a
protective film®6. Particularly, the organic EL

device 1 shown in Fig. 1 is configured to be of the
so-called top em ssion type, in which the light h
gribed- e the. HganiesEL dewlicg 1,1 s; OhAde 3,
-si de oppo%ﬁte to the sﬁgétrate g. h %%gfggﬁgg%hand§

%Igﬁ?rﬁrg@il%aggeqe%%ﬁte%ééa - lg'ega@i%at%di $n this

I gur ed t SO-Ca ottom em ssi on
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TR RREER, hom e B U R RRR IR eq M e
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and the cat ubstr at First, the su
érﬁjbt&%@%ze(ghgf P?g&hﬁé%rbsé@ﬁitéeatle’isatéli;‘;iflc ?Tﬁ' on the
substraté, a plastic substrate, _ora in fiTm
éftféq%pi)to%ri):esﬁgs\t:ﬁ@tguﬂg@f’é@ee%.W' E)H @hJFc;rther hand, the
organic EL device 1’ shown in Fig. 2 is configured to be
of the so-called bottom emission type, in which the light
h emitted by the organic EL device 1’ is taken out on the
side of the substrate 2.
Next, detailed configuratioﬁs of the component

parts of each of the organic EL devices 1 and 1’ will be
described in the order of the substrate 2, the anode 3,

the cathode 5 paired‘with the anode 3, and the organic

layer 4 sandwiched between the anode 3 and the cathode 5.

<Substrates>

First, the substrate 2 is composed of a glass
substrate, a silicon substrate, a plastic substrate, or a
TFT.(thin film transistor) substrate provided with a TFT,
or the like; particularly, in the éase of the bottom

emission type organic EL device shown in Fig. 2, the

substrate 2 is composed of a light transmitting material.
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or the like; particularly, in the case of the bottom

em ssion type organic EL device shown in Fig. 2, the
substrate 2 is conposed of a light transmtting
material. 11 SO4P1048 In addition, where the orgg?£81048
EL device 1, 11 is used in conbination with oth

di spl ay device, the substrate may be used in common
for both the devices. <Anode> The anode 3 provi ded on
the substrate 2 is conposed of a conductive nateri al
having a gre at work function. Exanples of t he

fﬂqﬁﬂ§ ﬁfgh'nwﬂ@feakhgagkgngcgﬁ?ﬂ%@&ﬂﬁy ncgloﬂsed in

I nc e ni ckel, “silver i num “pal - um

SERST MM o mp@glumthw Bgegfggd SLLdiim, 1] h%%ho%}rate may

tungst en, denum ¢ m tantalun] N1 oDbi

Bllgusy of fitees B abaent L. OFL e S02) ndi um tin

oxXi TO, zinc oxl and titani um oxide.
<Cat hodgz g the other hand, the cathode 5 connected
to the ano e 3 through a power supply 8 is conposed

Tunct ahe HERED: TS dna WY T BB Rar TR e e
& Sc:{mt.J:cln I?Lvef HQQ%QQP H&Jﬁﬁ‘?{ & Vér{%ﬁ: 9;0'1{ f@lﬁ%‘:?ﬁgg 5

net al SU as L met a

lﬁ%dupﬁ%es 4% t%‘ecconéﬂgtllré‘rﬂlé‘@éﬁsalo na183E a2 QYE - whik

a structure
function include nickel, 51lver, gold, platinum,

paliadium, selenium, rhodium, ruthenium, iridium, rhenium,
tungsten, molybdenum, chromium, tantalum, nicbium, alloys
of these metals, tin oxide (Sn0,), indium tin oxide (ITO),
zinc oxide, and titanium oxide.

<Cathode>

on the other hand, the cathode 5 connected to the

anode 3 through a power supply 8 is composed of a

conductive material having a small work function.

Examples of the conductive material having a small work
function include alloys of an active metal sucﬁ as Li, Mg,
Ca, etc. with such a metal as Ag, Al, In, etc., and
laminates of these alloys. In addition, a structure may
be adopted in which a layer of a compound of an active
metal such as Li, Mg, Ca, etc. with a-halogen such as
fluorine, bromine, etc. or oxygen or the like is inserted

in a thin form between the cathode 5 and the organic
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be adopted in which a | ayer of a conpound of an active
metal such as Li, My, Ca, etc. with a hal ogen such as
fluorine, bromne, etc. or oxygen or the like is
inserted. in a thin form between the cathode 5 Q%ﬁkgfgzg
organic 12 S04P1048 | ayer 4. O the anode 3 and e
cat hode 5 as above, the one electrode disposed on the
side of taking up the enmtted Ilight h generated in
the organic |layer 4 is conposed by appropriately
selecting and using a light transmtting one of the
; -srentioned materials, and the thickness thereof
'S so regul ated as to obtain a light transnittance
sul tedO otflgeallfége pc}\ ciq“?:h%t 'EQEhBQ dF gge?b&FQ,erthe one
el ectrode 1S conposed by appropriately selecti'ng "an
' at.erial -havi . fl ance..Ln_ .

b e R b R A Y
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' evi r .k X v el e
b ey SR8 bl o iy TRIOE, et ST
Rt p e at e ;
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int.er sect | i C i.tute-t organi ¢ EL
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Vi ces e case ere the Ive system of
EJE%éMf%E%ﬁ%elﬁuited to the use. On the other hand, the
other electrode is composed by appropriately selecting
and using a material having a good reflectance.

In addition, the anode 3 and the cathode 5 are

patterned into a suitable shape depending on the drive

system of the display to be constituted by use of the

‘organic EL devices 1 or 1’. For example, in the case

where the drive system of the display is the simple

matrix type, the anode 3 and the cathode 5 are formed in
the form of stripes intersecting each other, and the
intersectibn portions constitute the organic EL devices 1,
1. In the case where the drive system of the display is
the active matrix type having a TFT for each pixel, the
:anode 3 is patterned according to each of a plurality of
pixels arranged, in the state of being éonnected to the
TFT similarly provided for each pixel through a contact

hole {not shown) formed in a layer insulation film
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the active matrix type having a TFT for each pixel
the anode 3 is patterned according to each of a
plurality of pixels arranged, in the state of being
~connected to the TFT simlarly provided for each
- pixel through a contact hole (not shown) fornedSPAPH048
| ayer insulation film 13 S04P1048 covering the TFTs.

On the other hand, the cathode 5 may be fornmed in the
formof a solid filmforned to cover the entire
surface of the substrate 2, to be used as a common

el ectrode for_the pixels. It shquld be noted here that
FRVEFHBY chise T SadofBRi W t Al thand mibei RaE)pee o e
gri¥e sgsten1of the display, it _|s preferable to use
Rel PEECC et St ApeToPgaRt LAt L Hevi@ed SRoAVER the
Fig, 1, since it is thereb ossi bl e to enhance the
ﬁﬁﬁﬁ? ca rgéb%ert%' é;heoFuPﬁEr%E i te. txdgy e Paydr SOTHeD
oaganic | ayer 4 sandwi ched_ between the anode 3 .and
EhECEEPHOdERS e Pddedsa hot ShIHsks p6r PoFagehend that in
Fed Iight rﬁéﬁi|1 Iaﬁer 11, a green light emtting,

B erasq £ 290RtdN0i GRe BRTLYE AR tyPs, agnghgndrive
el ectron. transport |ayer, 14 |am nated in this order
PYONTT Hf itk d15P1eNe gﬁoi‘d% Rrefgrablh&Oc HREI e akPPns

of .these layers 10-14 wil |, 6 be descri bed bel ow,

SBYTRHT AYHP (FERPEAESi d8V16E 1 Ufbde §ig- 1. since

"~ it is thereby possible to enhance the numerical aperture

of the device.

<Organic layers

The organic layer 4 sandwiched between the ancde 3
and the cathode 5 includes a hole transport 1éyer 10, &
redrlight emitting layer 11, a green light emitting layer

12, a blue light emitting layer 13, and an electron

transport layer 14 laminated in this order from the side
of the anode 3. Now, the coﬁfigurations of these layers
10-14 will be described below, sequentially from the side
of the anode 3.

<Hole transport layers

First, the hole transporﬁ layer 10 provided on the
anode 3 is a layer designed to transport the holes
(pqsitive holes). The hole transport 1aye£ 10 may be
. composed by laminating a plurality of hole transporting

materials, for enhancing the hole transport performance.
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<Hol e transport layer> First, the hole transport |ayer
10 provided on the anode 3 is a |layer designed to
transport the holes (positive holes) . The hole
transport layer 10 may be conposed by lam nating a
plurality of hole transporting naterials, for SV4P1048
enhanci ng the hole transport performnce. 14 S04P1048
Exanpl es of the material (hole transporting material)
for formng the hole transport |ayer io include

het er ocycl i ¢ conjugated nononers, oligonmers and

o eyl 5481 0% A BT URIEL 08 i, o
sty 300 LopIRPATELIAe o angter YRR, Ligisl
BN 55 LSS o 0228 Bpl S Ao
igrﬁég"ny i}éI :blggnmgﬁ%?ﬁ%ﬁ%g&ri?’@eta'ta?ﬁ\%ge%Eg%g%%s A% nes
B S HE, S DB S0 RS 20 LA YRR chane
lronsaoge;ang dgLiosl wes B gl apie and
bavantan ey Serabivssatigtesls ool e
{IARBIACan 8RS AARA 4, 80E, | D2 Q265 £ AIRPUNS,
derivatives thereof, polyarylalkanes and derivatives
thereof, phenylenediamine and derivatives thereof,
arylamines and derivatives thereof, oxazole and
~derivatives thereof, anthracene and derivatives thereof,
flﬁorenone and derivatives thereof, hydrazine and
derivatiyes thereof, stilbene and derivatives thereof,
phthanocyanine and derivatives thereof, polysilane based
compounds, vinylcarbazole based compounds, thiophene
~based compounds, aniline based compounds, etc.

Specific, but not limitative, examples of the hole
-transport materials include.a—naphthylphenyldiamine (a-
NPD) , porphyrin, metallotetraphenylporphrin,
.metallonaphthalocyanine, 4,4 ,4”-trimethyltriphenylamine,
4,4’,4”-tris(3—methylphenylphenylamino)tripheﬁylamine {m-
MTDATA), N,N,N’,N’-tetrakis(p-tolyl)p-phenylenediamine,

N,N,N’,N’-tetraphenyl-4, 4’ -diaminobiphenyl, N-
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Specific, but not |limtative, exanples of the hole
transport materials include a-naphthyl phenyl di am ne
(a- NPD), porphyrin, mnetall otetraphenyl porphrin,
nmet al | onapht hal ocyani ne,

4, Af , Aff-trimethyltriphenyl anine, S04P1048
4,41, 4"-tris(3-nmethyl phenyl phenyl am no) tri phenyl am ne
(m MIDATA),

N, N, N ,N -tetraki s(p-tolyl)p-phenyl enedi an ne,

N, N, N ", N -tetraphenyl -4, 4" -di am nobi phenyl, N 15

TSGR BER CATEES) Eony TGRSR Reney: 1y ene)
PR TRV LS S SRS eR e,
iy 950 Rablehols, igarseort faver 10 1

o coupfen | FOPnETE TIGAEYERTt L1 ng | ayer 11 1o gi ve
-red light _emssion,. and the rest.of the holes._not
cont r1 BTt FRG 25 - TAyn(-DenFed; bHEhT PEHE Y60 1Pt 22
em t.tjng layer are transported into_the green |ight
Errtdaig iy Br Bofer GHRBRTS Daveig Povs  BERCTTERN =
SR R B kO Sasl ShcReeh RSl ore
LEAEET, TRUEH, Fh o BRPEORERoEly sRCLBE o8 11 (@) @
emitting layer 11 to give red light emission, and the
rest of the holes not contributing to the light emission
.in the red light emitting layer are transported into the
green light emitting layer 12, for contributing to green
light emission and blue light emission.

Such a red light emitting layer 11 is configured by
combining the required materials appropriately selected
from {a} a red light emitting material (fluorescent or
phosphorescent), (b) a hole transporting material, (c¢) an
electron transporting material and {(d) a positive and
negative charge transporting material. Each of these
materials is used together wiﬁh a single or a plurality
of materials appropriétely selected from among the
following material categéries, as required, for securing
‘light emission performance and hole transport performance.

The material categories include cyclopentadiene
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phosphorescent), (b) a hole transporting material, (c)
an electron transporting material and (d) a positive
and negative charge transporting material. Each of
these materials is used together with a single or a
plurality of materials appropriately selected fFR1048
anong the followng material categories, as required,
for securing |ight em ssion performance and hole
transport performance. The material categories include
cycl opent adi ene 16 SO4P1048 derivati ves,

‘%%f Wfﬁﬁe‘f%sbfs%ap Sof %%?4#&9%5%51%@?323' a": e
B R R el B P ErTes e il 3r§ 5#@‘?%%3&%
deer tlve a d.erlvatlves
Prog'ﬁﬂspﬁ%ﬂ%"?fﬁn‘fgesde B aeol BIU RS HAE ne
’ .
‘%E‘elillq(?gtﬁ o‘—%ﬁn Sty Behiain e ARG v Yrﬁmwe
SRHeEs A e P T i D T, B nars i acives,
SRR S no TR r P R e AR 2 TR, EP R ne

derlvatlves thracene deriv

t
iy AR AR A SRk Ameer f vat i ves,

B B S BaRR e

enzo U|noI|noI bery& rH .
erlva ives, quinacy one erlvatlves, squallum

- derivatives, porphyrin derivatives, styryl based coloring
matter, tetF¥acene derivatives, pyrazoline derivatives,
trifumanylamine derivatives, anthracene derivatives,
diphenylanthracene derivatives, pyrene derivatives;
carbazole derivatives, oxadiazdle dimer, pyrazoline dimer,
aluminum-gquinolineol complex, benzoquinolinol-beryllium
complex, benzoxazole-zinc complex, benzothiazole-zinc
complex, azomethyl-zinc complex, porphyrin-zinc complex,
europium complexes, iridium complexes, platinum complexes,
etc. and metal complexes having such a metal as Al, Zn,

Be, Pt, Ir, Tb, Eu, Dy, etc. as a center metal and having
an oxadiazole, thiadiazole,.phenylpyridine,
phenylbenzoimidazole or quinoline structure or the like
-as a ligand.

Particularly, specific examples of (a) red light
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conpl ex, benzoxazol e-zi nc conpl ex, benzot hi azol e-zi nc
conpl ex, azonethyl -zinc conpl ex, porphyrin-zinc

conpl ex, europi um conpl exes, iridium conpl exes,

pl ati num conpl exes, etc. and netal conpl exes having
such a netal as Al, Zn, Be, Pt, Tr, Th, Eu, Dy, ®§4£1048
as a center netal and having an oxadi azol e,

t hi adi azol e, phenyl pyri di ne, phenyl benzoi m dazol e or
qui noline structure or the like as a |ligand.
Particularly, specific exanples of (a)- red light 17
504P1048 em tting material  include

BRLE b @SN dpRL HAF ehés (FpisNgs tvapild 8erbERabene he
follow ng fornul a (1% which is a styrylarylene )
§BFN) st sRAEseaed RYstheyfat{reing mlawéﬂiriah%ch is
- exanpl es of. which are described in Japanese Patent

P ORI NGRS 0671 T866%8; SHfhhée §EraYIrghe dagesst
materjal therewith in a_hjgh concentration, and has a
PRFRF 13 an S5EPILRS BEopRiey 2R desgrided; iphdaprnagsse
skel eton., Therefore, when such a red light emtting
Rt drafids apsBgNoer 2981 eh?6 6% 1985hicelredi bR APRE &
high hole transporting, property can be obtai ned,
%%q"cﬁ“&}tse’%lﬁé Chegshtini i@ higlpcomsenpratiens ornd thas
red light emtting layer 11 in contact with the hole
3 (BN G N SPRFEA NI OPT PPN fyel)te its triphenylamine

skeletqn. Therefore, when such a red light emitting
material is used, efficient red light emission and a high
hole transporting property can be obtained, which is the
reason why it is preferable to form the red light
emitting layer 11 in contact with the hole transport
layer 10.

Formula {1):

weef1)

Specific, but not limitative, examples of (b) hole

transporting material include @-NPD, and specific, but
not limitative, examples of (c¢) electron transporting

material include_4,4’—bis(2,2~dphenyl—ethen¥1—yl)—
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Specific,.but not limtative, exanples of (b) hole
transporting material include a-NPD, and specific, but
not limtative, exanples of (c) electron transporting
material include 4,4'-bis(2,2-dphenyl-ethen-1-yl) 18
S04P1048 di phenyl (DPVBi) represented by the fol3&iligs
formula (2), which is a styrylarylene derivative.
Formula (2): ... (2) <Green light emitting | ayers The
green light emtting |ayer 12 provided on the red
light emtting |layer 11 preferably has a positive and
negative charge transporting. property for transporting
BN (ORI cIEPERGRBECFIPY Bhar GOLLPYIRT ¢ qrmper ()
ensures that some of the_hol es injected through the .
Yiebrh |Ggyft sty LpRYLERG edenivaldiia-i bute to |ight

em ssion in the green light emtting |ayer 12,
wierasdat hd) i est of the holes are transported into

the blue light emtting layer 13, and that sone of

the electrons injected from the side of the blue

light emtting |ayer 13 contribute to |ight em ssion
in the en light emtting layer 12, whereas the

reg e electrons are transported into the red
| i‘ghy ey yyer 11. This makes it possible to
achi eve r L U em ssions fromthe red, green

ne(2)

BEVEB

<Green light emitting layer:

The green light emitting layer 12 provided on the
red light emitting layer 11 preferably has a positive and
negative charge transporting property for transporting

both holes and electrons. This characteristic property

 ensures that some of the holes injected through the red

- light emitting layer 11 contribute to light emission in
‘thé green light emitting 1éyer 12, whereas the rest of
the holes are transported into the blue light emitting
layer 13, and that éome of the eiectrons injected from
'the side of the blue light emitting iayer 13 contribute

- to light emission in the green light emitting layer 12,
whereas the rest of the electrons are transported into
the red light emitting layer 11. This makes it possible
to achieve respective light emissions from the red, green

and blue light emitting layers 11, 12, 13.
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and blue light emtting layers 11, 12, 13. 19 S04P1048
As a nethod for providing the green light emtting

| ayer 12 with the positive and negative charge
transporting property, there may be contenplated the
.nmethods of (1) doping a positive and negative ctififgé4s8
transporting host with a green light emtting

material, (2) doping a hole transporting host with an
el ectron transporting green light emtting material,
(3) doping an electron transporting host with a hole

L arRg e S ol LA L0, TS Bl i
e B e HPer PRG: Ehie A eeatd vEOcRES T n this
i nstance,, the hole .transporting material _in the green
PIIECEHIEE RECPESEY 45 TheyP o HenEOREPEPLRERR gt | ng
AL TS BPBLET oh BTF oo PPN SHAL BFF A 9784 he
RGO o RBGt Nk o | Fieort 0Pk BB hG PRGN AL
! tHg t Bl Sttt B ?%é?%ﬁ?ﬁ%

IEAC RN e
e B LI YL, 2 2 Snl e TRt e 2 008 o
Jfégpf%goggakggorting host with a hole transporting green
light emitting material, (4) doping a mixed host composed
of a hole transporting material and an electron
transporting material with a green light emitting
material, and so on. In this instance, the hole
. transporting material in the green light emitting layer
12 may be the hole transporting material used to form the
hole transport layer. 1In addition, the electron
transporting material in the green light emitting layer
12 may be the electron transporting host material
constituting the blue light emitting layer 13 which will
5e deécribed below. :

As the material (s) for comstituting the green light
emitting layer 12, a single material or a plurality of
materials are appropriately selected from among the

above-mentioned material categories.

Furthermore, in the organic EL device 1 according
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above-nentioned material categories. Furthernore, in
the organic EL device | according 20 S04P1048 to the
present invention in which the red light emtting

| ayer 11 is present on the side of the hole transg£§£048
| ayer 10, the green light emtting layer 12 is
preferably provided between the red light emtting

| ayer 11 and the blue light emtting |ayer 13. This

is because of the problens that (1) in the 'case

where the red light emtting |ayer 11 and t he bl ue

Lhophe gqggéﬁgtlﬁe%%ruég 187 AL AGENT 1013860 OLDEL ng

excirtons genera

| r eg&%i § t Se?ﬁéernlg’hg\o%l g%gé%qgglq ;ée tg%gpég;
e

ayer
B %:rrﬂe st PR L, (S5 P
{iaiioansiing. e 45 L (R LT
LANET e, LBEIRGPLL LI, 451003 19 GG L
il 10 B AR S A, .
P BRI B, 1o
ﬁ[&zéer ?mnetaqig g%thcgt%%/rayeg 1S, Gons! st | t u | Qgetg}gzcorcg]am c
generated in the blue light emitting layer 13 would
‘easily move into the red light emitting layer 11. As a
:esult, a sufficient blue light intensity would not
easily be obtained, and that (2) in the case where the
_ blue light emitting laYer 13 is provided between the red
light emitting layer 11 and the green light emitting
layer 12, the energy of the excitons would be deprived by
both the red light emitting layer 11 and the green light
emitting layer 12, and the like problems. Besides, in the
case of the configuration in which, for example, an
electron transporting host is doped with a hole
transporting green light emitting material, each of the -
layerg constituting the organic layer 4 can be formed by
binary co-deposition, which promises a function asKa

white device and eliminates the need for such a

complicated manufacturing process as that for ternary co-
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‘bi nary co-deposition, which prom ses a function as a
white device and elimnates the need for such a
conpl i cated manufacturing process as that for ternary
C.0 21 S04P1048 deposition. <Blue light emttin
| ayers In the next place, the blue |ight enittiré%4p1°48
| ayer 13 provided on the green light emtting |ayer
12 has an electron transporting property. This
ensures that sonme of the electrons injected through
the el ectron transport layer 14 into the blue Iight
g1tti@quayer 13 contribute to blue light em ssion
P T e bitue light emtting |layer 13, whereas the rest
of t he ect are, transported into the green |ight
BLfg) L5y

emittin ng i T e Pght enitting layer 11
e ESP?H' #‘ﬁg SR Ha R By La)er St o 1aYer 12
f nbi th d t | '

SERFAE Helpe 35?8%'?2%”90’1?? LT (4y°R BFBAE i

nate L fluorescent og}ghos hor es nt%omg )

ST FARESBPEE S RPeTIG, byamhareA
TR, VSR R0 ) AORLLLYE B0

A R E N R N R A TG
to blue light emission ‘in the blue light emitting layer
13, whereas the rest of the electrons are transported
into the green light emitting layer 12 and the red light
‘emitting layer 11 to contribute to green light emission
and red light emission.

The blue light emitting layer 13 is configured by
combining the required materials appropriately selected
from among (a) a blue light emitting material
{fluorescent or phosphorescent), (b) a hole transporting
material, (c¢) an electron transporting material, and (d)
a positive and negative charge transporting material. As
each of these materials, a single material or a plurality
of materials are appropriately selected from among the
above-mentioned material categories, as required, so as
- to secure light emission perférmance and hole transport
performance.

Particularly, specific examples of (a) blue light
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above-nentioned material categories, as required, so

as to secure light em ssion performnce and hol e
transport performance. Particularly, specific

exanples of (a) blue light 22 S04P1048 em tting

mat erial include perylene, specific exanples of Sq45L048
hol e transporting material include a-NPD, and

speci fic exanples of (c) include DPVBi of the above
formula (2), which is a styrylarylene derivative, the
exanpl es being not limtative. In addition, the blue

light, emttin ayer_13 ma have a positive an
?ﬁéﬁﬁ%ﬂﬂeméﬁﬁF ékt¥ﬁﬁéﬁﬂﬁtﬁ$ﬁy%ﬂq§e SPPﬁﬁﬁlsn?¥?T§iFS of
| ayer .and an el ectron transporting blue 1ight
@ﬁiﬁFﬂﬁgtFé?éP°F5ﬁ¥ﬁaW%%F#%ﬁ%Iﬁﬂ§1§@&eﬂ"ﬁﬁ3h1Fﬁ@- si de
of the green light emttjng |ayer 12. Wth the bl ue
?E’egﬁtfléﬁief‘?i‘lﬁéega%r (9% h%fg]i‘iﬂf HFVR1aOF ahf'RatRove
tructure hol es can be efficiently transported to
?i‘é“%l(@re@?lbﬁh +Rs dREFRE- VISR GRELERTITE ngeayer
13, which enables a, highly efficient and stable |ight
SIS PR EH ﬁoﬁibﬂmlE%%%ﬁé'purity. As a nethod for
providing the blue ligh em,tfing |ayer 13 with_the
positi V8 %éﬂ#?kﬁﬂni?ﬂ? HﬁgélgPFd%Eb% g PEdpert fay
there may be contenplated the nethods of (1) doping a
DS @ POSIRdVReYRE i VeI Hary S Ign S pBREPAEEHIE PR h a

bl yue 11 ht,enitting mat eri al_, )
light emitting layer and an electron transporting blue

light emitting layer laminated in this order from the
side of the green light emitting layer 12. With the blue
light emitting layer 13 having such a laminate structure,
holes can be efficiently transported to the whole region
inside the blue light emitting layer 13, which enables a
highly efficient and stablé light emission with a high
color purity. As a method for providing the blue light
emitting layer 13 with the positive and negative charge
transporting property, there may be contemplated the
methods of (1) doping a positive and negative charge
transporting host with a blue light emitting material,
(2) doping a hole transporting host with an electron
transporting blue light emitting material, (3) doping_an
electron transporting host with a hole transporting blue
light emitting material, ({(4) doping a mixed host composed

of a hole transporting material and an electron
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(2) doping a hole transporting host wwth an el ectron
transporting blue light emtting material, (3) doping
an electron transporting host with a hole
transporting blue |light emtting material, (4) qgflng
a m xed host conposed of a hole transportlnglnﬁ Hlfd8
and an el ectron 23 S04PI 048 transporting material with
a blue light emtting material., and so on. The bl ue
light emtting |ayer 13 accordlng to the present
invention is so configured that the energy of

exciton ner t ed hrou h re-cou of , positive and
NCCEGRY &rﬂﬁ t K&t |ﬁebhlahf %W? tETHg g iz teg 1al,
i S nade to contrlbute to the |ight en1SS|on in the
Bl Fght emitting layer 13 while m nim zing the

s AL T TG ERTLRERTE LS Lt
Do s o e Bue Lt
S8e8he, S SEADRR I SIETA RLT
rge@%%ég?;“ﬁ@arg W B0 e ot 815 e

E?%éng?Y%y%%tﬁéﬁgﬁéxiiéﬁ nflgggggnbgnléﬂgrgﬁnepg a
1ight emitting layer 13 while minimizing the movement of
the energy into the red light emitting layer 11 and the
green light emitting layer 12. Therefore, it is
preferable for the blue light emitting layer 13 to be
provided on the most cathode 5 side.

<Electron transport layer:

In addition, the electron transport layer 14
provided between the blue light'emitting layer 13 and the
cathode 5 is a iayer so designed as to tran5port
electrons. The electron transport layer 14 may be
configured by laminating a plurality of electron
transport materials, for enhancing the electron transport
performance.

Non-limitative examples of the electron
transporting material as above include 8-hydroxyquinoline

aluminum (Alg3), 8-hydroxymethylguinocline aluminum,

anthracene, naphthalene, phenanthrene, pyrene, chrysene,
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transport materials, for enhancing the electron
transport perf ormance. Non-limtative exanpl es of
the electron transporting material as above incl ude

8- hydr oxyqui noline al um num (Al g3),

8- hydr oxynet hyl qui nol i ne al um num  ant hracene, S94FP1048
napht hal ene, ~phenant hr ene, pyrene, chrysene, 24
S04P1048 peryl ene, butadi ene, cumarin, acridine,

stil bene, and derivatives thereof. Besides, the
organi c | ayer 4 conposed of the Ianinate structure as

RO R S50, oo BB e R SeilkBba o,

Qr:gani ¢ material s syntheS|zed by
' ﬁg%%iééﬁg lﬂﬁfkgordlng to the organic EL device 1,

o (1 .”??'g%#g%%r e R Ch ol ec%p“ﬁﬁsﬁ%r?#g%

?%e p(r)"ls‘%/tsltvtrél cé:nree(negﬁgl |9/‘éecrﬁear%gglcl’nn§%r r?%‘p%’fetl %ﬁgg‘gl
BB o RO RReBolT, tRrapeno e %gﬁﬁﬁ%%”%ﬁ
ot g ayEratHg Bl SoRNE Brlemirlit
SRS LOMORNS Fam AR aleen out; Prticu arly,
the According to the organic EL device 1, 1’ configured
as above-described, the red light emitting layer 11
having the hole transporting property, the green light
emitting layer 12 having the positive and negative charge
transporting property, and the blue light emitting layer
13 having the electron transportiﬁg property are
laminated in this order from the side of the anode 3,
whereby emitted light having red, green and blue light
emission components can be taken out. Particularly, the 3
arrangement of the red light emitting layer 11 on the
most anode 3 side ensures that by configuring the red
light emitting layer by use of a hole trangporting red
light emitting material capable of doping therewith in a
high concentration, it is possible to achieve a
configuration in which holes can be easily transported
into the.green light emitting layer 12 and the blue light

“emitting layer 13 which are disposed on the side of the
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nost anode 3 side ensures that by configuring the red
light emtting |ayer by use of a hole transporting red
.light emtting material capable of doping therewith

in a high concentration, it is possible to achieve a
configuration in which holes can be easily transp®tfedss
into the green light emtting |ayer 12 and the bl ue
light . emtting layer 13 which are disposed on the

side of the 25 S04P1048 cathode 5 relative to the red
light emtting |layer 11. Therefore, respective color

| i ght 1 SSi b bt ai ith d I d
BRSNS B enoltd, D3R JaR0°n
%% aqe 13, and the Ihghi e_'%iion,can be conducted
TP or ST ENEC T RE A RS L SPPISoBinPRg t he
i c. EL [ I 11 with col filters, it i
SR EaTL pe T soraE=4eRte phdy A CAbaR! € Gt RATEY o of e
i spl Wi t.h | 1 ent I duct i .
B e AR5 ot oty 7 T maier T8 E§9hFn ¢ he
case of conbinin% t.he _organic %%Tdevices l.or 1' with
TBHBI 9 1998 £ GOROHSERR L RRLY 1At A drPBE GiERt ay,

~col or iItegg riquéki%ggﬁ_,tra@gnitting_pg%gc{ha r%y%
in the®8 Ger®gPebn Bhd &Ve -EfigPhIfRYT evice
thg#ﬁthr ugplare Egovideq,on,the.IGgﬁI take-ou%iPe
Ur¥ade ™ §&16F S1HFEFSN ity O RIRFISHGaRPcPERVIdRVA ces
.&igprlalyl'ca%%bier g%u!‘fallEgglcg:?yc%isiprlatyh%ig ugi{c {leeeITt
color reproduction characteristics for a long time.

Incidentally, in the case of combining the organic
EL devices 1 or 1’ with color filters to constitute a
full-color display, color filters respectively
transmitting only the rays in the‘blug, green and red
| wavelength regioﬁs therethrough are provided on the light
take-out surface side of a plurality of the organic EL
devices 1 or.l’. Ag a result, the rays in the blue, green
and red wavelength regions are taken out with good
balance on the light take-out surface side of each
organic EL device 1 or 1’ through the color filters for
the respective colors, and full-color display with good
reproduction characteristics can be achieved.

In the embodiments described above, the

configurations of the organic EL deviceg 1 and 1’ in

which the anode 3 is provided on the substrate 2, and the
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and red wavel ength regions are taken out with good
bal ance on the |ight take-out surface side of each
organic EL device 1 or 1' through the color filters
for the respective colors, and full-color displa
wi th good reproduction characteristics can be
achieved. In the enbodi nents descri bed above, the
configurations of the organic EL devices 1 and 11 in
whi ch the anode 3 is provided on the substrate 2, and
the 26 S04P1048 organic | ayer 4 and the cathode 5 are

PGS °2 Br SBShERe, RobAPTor | S B NOASE aPsbhPo
PRSI s 2 akdenh e%?‘g Ry or e B aR A ode
are_ | nlnated er on _the catho [ n that
%%g%n it &8 gﬁfﬁgi tﬁ POt R ?QQﬂﬁganéﬁi%Fvﬁﬁelé?ers
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and a red light emitting layer laminated in this order

¥4P1048

from the lowest layer disposed on the cathode side. In
the case of such a configuration, alsoc, the materials and
film thicknesses of the cathode and the anode are
.éppropriately selected, whereby both a top emission type
configuration and a bottom emission type-configuration
can be obtained, and the same effects as those of the
above-described organic EL devices 1 and 1’ can be
obtained.
. Example 1

In Example 1, the bottom emission type organic EL
device 1’ described réferring to Fig. 2 was manufactured
as follows.

First, a cell for an organiq EL device was produced

in which a film of ITO (about 100 nm thick) as an anode 3

was formed on a substrate 2 composed of a 30 mm X 30 mm
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above-described organic EL devices 1 and 1' can be -
obtai ned. Exanple 1 In Exanple 1, the bottom em ssion
type organic EL device 1' described referring to Fig.
2 was manufactured as follows. First, a cell for an
organic EL device was produced in which a film oP4iHss
(about 100 nmthick) as an anode 3 was forned on a
substrate 2 conposed of a 30 mMm X 30 nm 27 S04P1048
~glass plate, and other region than a central 2 nm X 2
mm | ight em ssion region of the anode 3 was nasked
omtted in the figure)

%%%Sh ?Prﬁaaéegﬁg{‘%ts E‘F%: l g]g ‘P@atrﬁ‘%n i ST PIn 2 nBfef él mm

tall k_.h di d
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ev.anp( r.at hod under a, -vacuu

TR P S#"%aglfﬁefﬂo?%eﬂ%sw 1|SR§’§Fd16n g yper
eI St A ety am o)
éoﬁdltlon where the opening was matched to the exposed
portion of the anode 3 (ITO) to be each light emission
region, and the following organic layers were
sequentially formed by a vacuum evaporation method under
a vacuum of 10™* Pa or below.

First, as the hole transport layer 10, a film of m-
MTDATA (4,4 ,4”-tris (3-methylphenylphenylamino) -
triphenylamine) represented by the following formula (3)
was formed in a thickness of 20 nm, and then a film of a-
NPD (a—naphthyldiamine)Bist—(1-néphthy1)-N-
phenyl]benzidine represented by the following formula (4)
was formed in a thickness of 20 nm. The vapor deposition

rate was set to 0.1 nm/sec.
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was formed in a thickness of 20 nm and then a fil m of
a- NPD (a-napht hyl di am ne)Bi s[ N- (I - nepht hyl ) - N

phenyl | benzi di ne represented by the foll owi ng formul a
(4) .was formed in a thickness of 20 nm The vapor
deposition rate was set to 0.1 nm sec. 28 S04P183§F1048
Formula (3), Formula (4): ... (a) .. ~(4) (r - NP D
Next, as the red light emtting |ayer 11, a co-
deposition filmconposed of DPVBi of the foll ow ng
formula (5) as a host doped with 30'-. of DSN of the

Ao o HoPm b nEEof 5 nm The vapor ©

deposition rate was set to 0.2 nnsec. 29 S04P1048
Formula (5), Formula (6): ..(5) Thereafter, as the
green liglft emtting layer 12, a co-deposition film
corrposed @xture of DPVBIi and ca- NPD in a m Xxing
rati o of %, a host doped with la of cunmarin 6 of
the fol | owi u formula (7). &S @ green l'i ght

%,@” “"\

m~MTRATA

aen (43}

a~NPQ

Next, as the red light emitting layer 11, a co-
deposition film composed'of DPVBi of the following
- formula (5) as a host doped with 30% of BSN of the
following formula (6) aé a red light emitting material
was formed in a thickness of 5 nm. The vapor deposition

rate was set to 0.2 nm/sec.
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emtting material was forned in a thickness of 10 nm
The vapor deposition rate was set to 0.2 nnl sec.
Forrmula (7) : Coumar i n 6 Further, as the blue |ight
emtting layer 13, a co deposition |ayer conposed of

- DPVBi as a host doped with 30 S04P1048 3'-. of S04P1048
4, 41-(Bi s(9-ethyl -3-carbazovi nyl ene) -1, 11- bi phenyl
(BCzVBi ) of the following fornula (8) as a blue Iight
emtting material was forned in a thickness of 30 nm
The vapor deposition rate was set to 0.2 nm sec.
Far mul (ﬁ% : Then, as the electron transport |ayer
1£°ote) [5hy FRFE4l? eftlesent ed by the fol | owi ng
formula (9) was forned in a thickness of 20 nm The
vapor depositj rate was set to 0.2 nnisec. Formula

(9 : Al d xt, as the cathode 5, a thin film of
My and AL i a_co-deposition ratio of 10:1 was
formed ia=4 ' g ! gy and . a filmof Ag was
formed in a ¢neSs2of Y15 ..{Eye vapor deposition

BSN ?bc Hg

Theréafter, as the green light emitting layer 12, a

co—deposition film composed of a mixture of DPVBi and -
NPD in a mixing ratio of 1:1 as a host doped with 1% of
~cumarin 6 of the following formula (7) as a green light
emitting material was formed in a thickness of 10 nm. The
vapor deposition rate was set to 0.2 nm/sec.

Formula (7):

{7}

Gounarin &

Further, as the blue light emitting layer 13, a co-

deposition layer composed of DPVBi as a host doped with
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0.5 nnisec. The em ssion spectrum of the organic EL
device in Exanple 1 manufactured as above-descri bed

is showmn in Fig. 3. As shown in the figure, it was
confirmed that blue, green and red |light em ssion
conponents can be obtained fromthe organic EL TR%7t¥t8
according to Exanple 1. In addition, light emission
with a |um nance of 1311 cd/n2 and CIE chromaticity
(0.392, 0.390) at a current density of 25 mA/cn2 was
obt ai ned evenly over the Iight em ssion surface.
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V%gﬁ% éﬁgglgp %ﬁ ew?lg?ﬁtq%ﬁﬁ% i Exanpl e 2,

t@% %EQQ” EL device 1' was nanufactured follomﬁng
‘saine 6 Cedure as that in Exanple 1, except that
the blue light emtting |ayer 13 was formed by the
follow ng procedure. First, a co- deposition film
'co:a.,ed of a m xture of DPVBHE?nd a- NPD 32

Then, as the electron transport layer 14, a film of
Alg3 represented by the following formula (2) was formed
in a thickness of 20 nm. The vapor deposition raﬁe was
set to 0.2 nm/sec.

Formula (9) :

"ﬁmg-

Alqd

Next, as the cathode 5, a thin film of Mg and'Ag
~with a co-deposition ratio of 10:1 was formed in a
thickness of 50 nm, and a film of Ag was formed in a

thickness of 150 nm. The vapor deposition rate was set to
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S04P1048 in a mixing ratio of 1:1 as a host doped with
3% of BCzVBi as a blue light emtting material was
formed in a thickness of 10 nm Thereafter, a
co-deposition | ayer conposed of DPV13i as a host
doped with 3% of BCzVBi as a blue |ight enittingl4P1l048
material was fornmed in a thickness of 20 nm to
obtain the blue light emtting layer 13 having a

| am nate structure. The em ssion spectrum of the
organic EL device in Exanple 2 manufactured as above
65 sho in Fig. 4. As shown in the figure, it was
ConfiMsd 't hat blue, green and red light em ssion
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S | n g & }Mgg::gglag E’F ng u k(g %3 %h.tB 9%5” t«:—l';ci 09 cur <-3eI[1t 1§erpsaisty
of 25 mA/cm® was obtained evenly over the light emission
sﬁrface.

Example 2

In Example 2, an organic EL device 1’ was
manufactured in the same manner as above, except that the
blue light emitting layer 13 in Example 1 waé replaced by
a two-layer structure of a positive and negativé‘charge
'.transporting blue light emitting layer and an electron
transporting light emitting layer which will be described
below, for obtaining.a'good balance of white light
emission.

In Example 2, the organic EL device 1/ was
manufactured following the same procedﬁre as that in
Example 1, except that the blue light emifting layer 13
was.formed by the following procedure. First, a co-

deposition film composed of a mixture of DPVBi and @-NPD
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- S04P1048 CLAIMS 1. An organic EL device conprising an
organic layer including a plurality of light emtting

" layers, -said organic |layer sandw ched between an

anode and a cathode, wherein said |ight en1tt|n

| ayers conprise a red light emtting |ayer, g eeplo48
light emtting layer, and a blue |ight enittlng | ayer
lam nated in this order fromthe anode side. 2. The
organic EL device as set forth in claiml, wherein
said red Iight'enitting | ayer has a hole transporting

properiy. 'E e ic EL eV|ce as set Eorﬁ
crllal rﬂuiy %@ré n FA rdd 3 SRS
AN 3] ggn?%i%z%gez&%a;@e%&e ST
L R e
St LYo 56 VA0S e o
RSP PR SRS" eoBro n E S it i

%réﬁépg%?F%%%E%ughﬁlailtlvel%?%m@%%%%bviagggrg3 hav1ng
a laminate structure. |

The emission spectrum of the organic EL device in
Example 2 manufactured as above is shown in Fig. 4. As
shown in the figure, it was confirmed that blue, green
and red light emission components can be obtained from
the organic EL device according to Example 2. In addition,
light emission with a luminance of 1126 cd/m? and CIE
chromaticity (0.372, 0.334) at a current density of 25
rﬁA/cm2 was obtained evenly over the light emission surface.

From a comparison of the emission sgpectrum shown in
Fig. 3 with the emission spectrum shown in Fig. 4; it was
confirmed that the organic EL device in Example 2 wherein
the blue light emittiﬁg layer 13 has a two-layer
structure showed light emission with a greater blue
component and a better balance of white light emission,

as compared with the organic EL device wherein the blue

light emitting layer 13 has a single-layer structure.
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S04P1048 em tting | ayer and an electron transmtting
blue light emtting layer lamnated in this order
fromthe anode side. 7. The organic EL device as set
forth in claiml, wherein saidred light emtting
l'ayer has a hole transporting property, said gr%%ﬁP1048
light emtting |ayer has a positive and negative
charge transporting property, and said blue |ight
emtting layer has an electron transporting property.
8. A display conprising a color filter provided on

the light take-out surface side of an organic EL
device for emtting white™®ht, wherein said organic
EL device conprises an organic |layer including a
plurality of light emtting layers, said organic

| ayer |nte osed between an anode and, a cat hode; . and

said |i ght m%w Ly 8F¥1EEnPPREL S 1B T jogHRNiC

mtting | reen light emtting |layer, and a
W Tgmieg acp Yrehiey P 1t e P Ca RS L Y EES

fr9y1the g@e side. .35
said organic layer sandwiched between an anode and a

cathode, wherein said light emitting layers comprise a

red light emitting layer, a green light emittihg 1ayér,
and a blue light emitting layer laminated in this order
from the anode side.

2. The organic EL device as set forth in claim 1,
wherein said red light emitting layer has a hole
transporting property.

3. The organic EL device as set forth in claim 2,
wherein said red light emitting layer includes a hole
transporting light-emitting material.

4. The organic EL device as set forth in c¢laim 1,
wherein said green light emitting layer has a positive
and negative charge transporting property.

5. The organic EL device as set forth in claim 1,
wherein said blue light emitting layer has an electron
transporting property.

6. The orgaﬁic EL éevice as set forth in claim 1,
wherein said blue light emitting layer comprises a

positive and negative charge transporting blue light
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504P1048

emitting layer and an electron tfansmitting blue light
emitting layer laminated in this order from the anode
side.

7. The organic EL device as set forth in c¢laim 1,
wherein said red light emitting layer has a hole
transporting property, said green light emitting layer
has a positive and negative charge transporting property;
and said blue light emitting layer has an electron
transporting property.

8. A display comprising a color filter provided on
the light take-out surface side of an organic EL device
for emitting white light, wherein

said organic EL device comprises an organic layer
iﬁcluding a plurality of light emitting layers, said.
organic layer interposed between an anode and a cathode;
-and

said light emitting layers comprise a red light
emitting layer, a green light emitting layer, and a blue
light emitting layer laminated in this order from the

anocde sgide.
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