S04P1048 DESCRIPTION ORGANIC EL DEVICE AND DISPLAY
Technical Field The present invention relates to an organic 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 usingsther1048
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 consumption have been an object of vigorous research
and development. Among the flat displays, those displays which use
self-light-emitting type dlsplay E\él&gﬁg%(; IIed light emitting devices)
such as organic EL (Electroluminescence) devices and organic EL
devices have been paid attention to as a display capable of being driven
with low power consumption. Configurations for achieving a full-color
displayr tnade pathithe displap usiigithe light emitting devices as
above-mentioned include one in which an organic EL device 1 capable of
emitting white light is combined with color

Technical Field

The present invention relates to an organic EL
device in which an organic layer including a plurality of
light emitting layers 1s interposed between an anode and

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

Rackground 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 consumption have been an object
of vigorous research and development. Among the flat
displays, those displays which use self-light-emitting
type display devices (sco-called light emitting devices)
such as corganic EL {(Electroluminesgcence) devices and
organic EL devices have been paid attentiocn to as a
display capable of being driven with 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



filters which respectively transmit only light in the blue, green or red
wavelength region. In addition, as the organic EL device for emitting white
light, one having a configuration in which a blue light emitting layer, a
green light emitting layer, and a red light emitting layer are laminated in
this order from the hole transport layer side and which has three
wavelength light emission components has been disclosed (see
Japanese Patent Laid- open No. Hell 10-3990 (see, particularly, Fig. 1)).
However, the white light emitting organic EL device with the
abowd-mentiored canfrguration dasibatprablenvrthatthe emission lor
spectrum is largely varied with current and that the luminous efficacy and
thielhalf Bfe'6f fliminasieecarbvinsufficier fovidisplalusel dh additiomethe
organic EL device is insufficient in balance of respective luminous
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parablé’in color repro on per ormance with RT"Embadin

ebthe: present inventioppravide an prganic EL device:having light
emission components of three colors of red, green and blue in a good
balasge Lsuited touse fora fulleelpr2nd a red light emitting
layer are laminated in this order from the hole transport
layer side and which has three wavelength light emission
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 emission spectrum is largely varied with current
and that the luminous 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.
Embodiments of the present invention provide an
organic EL device having light emission components of
three colors of red, green and blue in a good balance

suilted to use for a full-color



display, having a high efficiency and being capable of stable light
emission for a long time, and a display excellent in color reproduction
performance and capable of being driven for a long time. Disclosure of
Invention According to the first aspect of invention, there is provided an
organic EL device comprising an organic layer including a plurality of light
emitting layers, said organic layer sandwiched between an anode and a
cathode, wherein said light emitting layers comprise a red light emitting
layer, a green light emitting layer, and a blue light emitting layer laminated

n thisl argereom the :andde: sider andsaid, buedight emittinglayee of
comprises a positive and negative charge transporting blue light emitting
el aAd arpbleceiohardrnsmitting bluedight témittingtayer |aménated in
this order from the anode side. In the organic EL device configured as
5566, 1les ‘{poshivethdlBBFnfittsd fony tHe aRBEE 1€ sapplicethints the
Ii%ht eemiz'gitin%!:aj}/‘_gerg frp(r}n tge Eed Iigtg:t.emitting layer side. On the other
Ran , clectrons |nJect"edr from the cathode are supplied into the light
emitting layers from the blue light emitting layer side. Therefore, the 3

Disclosure of Invention

According to the first aspect of invention, there
is provided an organic EL device comprising an crganic
layer including a plurality of light emitting lavers, said
organic layer sandwiched betwesen an anode and a cathode,
wherein sald light emitting lavers comprise a red light
emitting layer, a green light emitting layer, and a blue
light emitting layer laminated in this order from the
anode side, and saild blue light emitting layer comprises a
positive and negative charge transporting blue light
emitting layer and an electron transmitting blue light
emitting layer laminated in this order from the anode
side,

In the organic EL device configured asg 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 light 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.e., light emission regions are
respectively in the red, green, and blue light emitting layers, and each of
the light 3a S04P1048 emitting layers emits light with the corresponding
wayelengtRaticyiar, ielmination ofthe-teg Ioht Shtng ayer, fae
green light emitting layer, and the Dlue light emitting layer in this order
fom-thecanode, side permitsra eorfigiyationsueh thattheinjectionof
holes and electrons as well as the light emission regions can be
dantrdilettasd that the@emissionrefficagpischigher and therhalt-kfe ofgreen,
luminance is longer, as compared with the case where a blue light
emfttiRg tayeri 3hé grsén Tight erdtting Say e andacfedifghtiemitting: tayer
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

3a



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 transport, ,
4 S04P1048 layer provided between the anode and the light emitting
layers, and is preferably a red light emitting material having a hole
transporting property (hole transporting red light emitting material) . This
enables a highly efficient and stable light emission with a high color

purity. As the hole transporting red light emitting material, for example, a
ﬁ’f}?ﬁ ryiéhe BY8EF netsFigl ¢ e WiiZed- ParfeianyPPrRSYlarylene

rials described in Japanese Patent La,ld-opzp

based ma Nos. ,
f&sﬁgﬁﬁg% and 200> are preferably a5ea TR set%ﬁaf%?%lslé%lt
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a high density.” Furthermore, since these materials a hole
tsanspartigg ipreperty.itheymake itippssible to paavide the redligitoae

emitting layer with an appropriate hole transporting property even where
thedeogiamatierial of thewfiguration such that the injection of
holes and electrons as well as the light emission regions
can be controlled and that the emission efficacy is
higher and the half life of luminance is longer, as
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 holesg 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 ewmitting 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 transport



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 onsthepq g4g

most anode side, holes 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 emitting layer has

a positive and negative charge transporting property for transporting both

?noles and elepér%?sé)This ensures that some of the hqles injected through
ittin
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blue light emitting layer disposed on the Imultaneo

Mheivelestrans are rigiegted throuohtbe live, lighi-amitting Jayer.an the
cathode side, some of the electrons contribute to light emission in the
geeen lightremiiting layermand the rest ofihe elecitions-are trargposted
into the red light emitting layer. with the green light emitting layer thus
efficient and stable light emission with a high color
purity. As the hole transporting red light emitting
material, for example, a styrylarylene based material can
be utilized. Particularly, the styrylarylene based
materials described in Japanese Patent Laid-open Nos.
2001—11QS7O 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 property, they make it possible to provide
the red light emitting layer 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
uged on the most anode gide, hdles can be securely

supplied to the green light emitting layer provided on

the cathode side.



having the positive and negative charge transporting property, it is
possible to obtain sufficient emission of light from each of the red, green
and blue light emitting layers. As a method for providing the green light
emitting layer with the positive and negative charge transporting go4pi048
property, there may be contemplated the methods of (1) doping a positive
and negative charge transporting host with a green light emitting material,
(2) doping a hole transporting host with an electron transporting green 6
S04P1048 light emitting material (3) doping an electron transporting host
with a hole transporting green light _emitting material,ﬁ%) doping a mixed
host compose o%’a ]h%lgler%n% SRRy riaterti ahttart 8l %r%\ﬁg’
ypozeeding, malpabulln 2 regn il cruiing PalRrialAnd 0.0 i ve

his instance, the holé transporting material in en light emitting

layer faay ber:hele-dtapsporting Jpataria used er-fopming-the hole
transport layer. Besides, the electron transporting material in the green
lightemiting tayaesanay belarselectroalteanspeorting husi smateriateisedriat
the blue light emitting layer. Examples of the green light emitting material
FrehgdeEuaginioles injected through the red light emitting
layer contribute to light emission in the green light
emitting layer, and the rest of the holes are transported
further intc the blue light emitting layer disposed on
the cathoede side. Simultaneously, when electrons are
injected through the blue light emitting layer on the
cathode side, gome of the electrons contribute to light
emission in the green light emitting layer, and the rest
of.the 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, green.and blue light emitting
layers.

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

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

transporting host with an electron trangporting green



based or quinacridone 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 §\e; 5+ g4
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

reen light emission and red light emission. 7 S04P1048 Particularly, the
g%%hfgh?@ﬁiﬁﬁ@la@@ﬁﬁﬁﬁav@é CFGTARIRR iR VASERFpositive and

negative charge transporting blue light emitting layer and an_electron
t%%%gﬁg r?iﬁfjlbrf%e }|1I8ﬁt§ e r‘ﬁlltglr?g Efa)ge(‘)r%ret faarﬁ%g ed in this'order frlolrﬁ }%ﬁe
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the holes supplied via the greenlight emitting layer can be effiC|ent_Iy
paTiedipimapde 1agionndhe dlue dight gmittingdayer, topespiughly

efficient and stable light emission with high color purity.

material with a green light emitting material, and so on.
In this instance, the hole transporting material in the
green light emitting layer way be a hole transporting
material used for forming the hele 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 quinacridone 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 layér and furtﬁer into the red light emitting

layer, which are disposed on the ancde side, to

contribute to green light emission and red light emission.



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 transpoding1o4s
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 organic EL device configured as above,
preferabIEyg/j%’LﬁoicelrceuJl ﬁlglﬁtye‘milé?ﬁg ;lylée? rﬁ%%ga%ﬁol%m%?%ﬁéﬁgrt%agyﬁfﬁp‘&?ﬁf/,
the.greendight:emitting lgyey hag:8 a,positys.and peaative gharge. .
transporting property, and the blue light emitting layer has anelectron
transpertingproperty: wherakykit is gassibleito-abigin dight-egiissian
having red, green and blue light emission components. Besides, as for
thieeimtewsitycradioshetvery  theukghtierhissionicalarsy the palances
between the hole transporting property and the electron transporting
hROPEERA edehtériradoyrsan angblud eoeréan bedeortivtiad biye

regulating the film thickness, the mixi,ng '
green light emitting Iayer side). This ensures that the

holes supplied via the green light emitting layer can be
efficiently carried into a wide region in the blue light
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 pesitive 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 organic EL device configured as above,
preferably, the red light emitting layer has a hole

transporting property, the green light emitting layer has



ratio of materials, or the like. In the second aspect of the invention, there
is provided 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 including 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 anode side, and said blue light emitting
fayercomprses.d pesitive anddregaiyvecchargedranisporinghiue lightand
emitting layer and an electron transmitting blue light emitting layer -
faminated in is ordarifedorinhie lancde Iside. nAederdimgto such a
display, by combining a glurality of the organic EL devices excellent in

bafhteC betlieh the fightemiSssidit elors with rEpeekivé chiorofiltersn
fay in thrgibslgg, green %%d re%c\ﬁva_tvelen th_regions can be taken ,out_,in a
go%%at—baéfance. AS had heeh destribeda ovae?cgc%%}lcﬁngjtgek%ﬁe BryaniCRL
QSMESA@&@@}”ﬁééﬁggg?”gﬁlfé¥sHk@“%ntensity ratios between
the light emission colors, the balance between the hole
Cransporting preoperty and the electron transporting
preperty for each of red, green and blue colors can be
controlled by regulating the film thickness, the mixing
ratio of materials, or the like.

In the second aspect of the inventioﬁ, there is
provided 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 including a
plurality of light emitting layers, said organic layer
interpcsed between an anode and a cathode; and said
Llight 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 anode
side, and said blue light emitting layer comprises a
positive and negative charge transporting blue light
emitting layer and an electron transmitting blue light.
emitting layer laminated in this order from the anode

side,



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 9a S04P1048 organic EL devices with color
filters, it is possible to configure a display excellent in color reproduction
performance and capable.of being griven for ajong. time: . Brigf
Description of Drawings Fig. 1 is a sectional diagram showing a
gonfigurationof amerganic El-device ageoring ig-an: embogiment ahthe
present invention. Fig. 2 is a sectional diagram showing another
cenfigumatioh of thebrganit £ device laccerding to ans pmibiadiment dbthe
present invention. Fig. 3 shows the emission spectrum of an organic EL
dévice produedd in Exahiple 1 9Hg 94 ShbwatHe Epfissiviesidctidm of an
organic EL device produced in Example 2. Best Mode for Carrying out the
frivention 16w, e Corfguration ot ah GryanicBLH&vice according to the
present invention }\évill be Cg[iescri:l:ggg_xgln a%etail below baﬁgg or]cthet%rgwings.

Figs. 1 and Zh are ‘sec |on§ﬁ§:|}égrams scﬁgl‘enhtiacgﬁf show g the organic

gkganic 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

Sa



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 10
S04P1048 a substrate 2 constituting a display, includes an anode 3, an
organic layer 4 and a cathode 5 laminated in this order from the side pf 04ag
the 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 emission type, in which the light h emitted by the
organic EL device 1 is taken out on the side opposite to the substrate 2.

On the. ot hand, the or ic EL devi ' shown, in Fig. 2 is configured
R R e e S L BB e

paﬁ@@g;&%nig Bl dpyice Liisdakenouton the side of theysubstrate 2.

Next, detailed configurations of the component parts of each of the
pegaedElndevigas lcand Bl wilble wdgsaribediindhe asderof thessubisteate

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. <Substrate>
First, the substrate 2 is composed of a glass

Brief Description of Drawings

Fig. 1 is a sectional diagram showing a
configuration of an organic EL device according to an
embodiment of the present invention.

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

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

Fig. 4 shows the emissgion spectrum of an organic EL

device produced in Example 2.

Best Mode for Carrying out the 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

16



substrate, a silicon substrate, a plastic substrate, or a TFT (thin film
transistor) substrate provided with a TFT, or the like; particularly, in the
case of the bottom emission type organic EL device shown in Fig. 2, the
substrate 2 is composed of a light transmitting material. 11 SO4P1848pimasg
addition, where the organic EL device 1, 1'is used in combination with
other display device, the substrate may be used in common for both the
devices. <Anode> The anode 3 provided on the substrate 2 is composed
of a conductive material having a great work function. Examples of the

congualive paterial having 8 area vork, funplion nclige giekel sivglae 5,
gold, platinum, palladium, se emu?n, rho |u?n, ruthenitim, iridium, rhenium,

wnasten, melypdepum, chixamium tantalumy njohjum, allgys of thege

metals, tin oxide (SnO2), indium tin oxide (ITO), zinc oxide, and titanium
oxider <Cathoder: Qndbe otherkandidbe eathode, 5 geanesteddodhes

anode 3 through a power supply 8 is composed of a conductive material
bagingiaybmaliwdrkafupctioe.c Exampléd of the cbadudtivel materjaltdiaving
a small work

organic EL device 1 shown in Fig. 1 is configured to be
of the so-called top emission type, in which the light h
emitted by the organic EL device 1 is taken out on the
side opposite to the substrate 2. On the other hand, the
organic EL device 1’ shown in Fig. 2 isg 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 configurations 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 anocde 3 and the cathode 5.

<Substrate>

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 case of the bottom

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

substrate 2 is composed of a light transmitting material.
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function include alloys of an active metal such 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, brgume,c48
etc. or oxygen or the like is inserted in a thin form between the cathode 5
and the organic 12 SO4P1048 layer 4. Of the anode 3 and the cathode 5
as above, the one electrode disposed on the side of taking up the emitted
light h generated in the organic layer 4 is composed by appropriately

selegtng apd usi gr'@%@né%%;g@c ope Oé%bﬁgg%e-f*igg%%“a%l%% in

materials, and the thickness the IS so regulated as fo o

tansmiftancshsyitadhtothedsses Qp the other hand, the. athekelectiods. |

composed by appropriately selecting and using a material having a goo
reflactarCel in additian, the anoda Iaad dae/cathode 5 are patterned into
a suitable shape depending on the drive system of the display to be
constitutedhgdese of the organic EL devices 1 or 1'. For example, in the

case where the drive system of the display is the simple
The anode 3 provided on the substrate 2 is composed

of a conductive material having a great work function.
Examples of the conductive material having a great work
function include nickel, silver, gold, platinum,
palladium, selenium, rhodium, ruthenium, iridium, rhenium,
tungsten, molybdenum, chromium, tantalum, niobium, alloys
of these metals, tin oxide (SnO;), indium tin oxide (ITO),
zince oxide, and titanium oxide.

zCathode>

Cn 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 such 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 ig inserted

in a thin form between the cathode 5 and the organic

12



matrix type, the anode 3 and the cathode 5 are formed in the form of
stripes intersecting each other, and the intersection 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 smnoeleca g
is patterned according to each of a plurality of pixels arranged, in the

state of being connected to the TFT similarly provided for each pixel
through a contact hole (not shown) formed in a layer insulation film 13
S04P1048 covering the TFTs. On the other hand, the cathode 5 may be
ioa{meq:d w the form of a solid film formed to cover the entire surface of the
sugstrate'z, to be used as a common electrode for the pixels. It should be

noted heg thatdn sthegase afadepting.theactivesmatrix.lype.as thedrye

system of the display, it is preferable to use the top emission type organic
Eldetierld shiovwoiebigod, singes itds therebyipossginle ta eshanee the
numerical aperture of the device. <Organic layer> The organic layer 4
$apdwidheskbetweerthérardde 8rgad the tathedesd includesa hode by
transport layer 10, a red light emitting layer 11, a green light emitting layer
appropriately selecting and using a light transmitting
one of the above-mentioned materials, and the thickness
thereof is so regulated as to obtain a light
transmittance suited 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
ocrganic EL devices 1 or 1. For example, in the case
where the drive system of the display is the simple
matrix type, the anocde 3 and the cathocde 5 are formed in
the form of stripes intersecting each other, and the
intersection portions constitute the crganic 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 connected to the

TFT similarly provided for each pixel through a contact

hole (not shown) formed in a layer insulation film

13



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
configurations of these layers 10-14 will be described below, sequentially
from the side of the anode 3. <Hole transport layer> First, the holg;;p1 045
transport layer 10 provided on the anode 3 is a layer designed to

transport the holes (positive holes). The hole transport layer 10 may be
composed by laminating a plurality of hole transporting materials, for
enhancing the hole transport performance. 14 S04P1048 Examples of the
material (hole transtorting material) for forming the hole transport layer 10

MElRe hetdroRydifid Sonjudatdd insidthsr & oligdontehe afditififiers nay
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erivatives thereof, rp enylme%hane and derivatives

RorphysnAnd detivatives theregf; driazaleand desivatiyes sheredf, oumon

imidazole and derivatives thereof, oxadiazole and derivatives thereof,

palyarialkanes andrderyatives thereokphenylencediaping aBde that in
derivatives thereof, arylamines and derivatives thereof, oxazole and
the case of adopting the active matrix type as the drive
system of the display, it is preferable to use the top
emission type organic EL device 1 shown in Fig. 1, since
it is thereby possible to enhance the numerical aperture
of the device.

«Organic layers

The organic layer 4 sandwiched between the anode 3
and the cathode 5 includes a hole transport layer 10, a
red light 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 configurations of these lavyers
10-14 will be described below, seguentially from the side
of the anode 3.

<Hole transport layers

First, the hole transport layer 10 provided on the
anode 3 1s a layer designed to transport the holes
(positive holes}. The hole transport 1ay@f 10 may be

composed by laminating a plurality of hole transporting

materials, for enhancing the hole transport performance.
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derivatives thereof, anthracene and derivatives thereof, fluorenone and
derivatives thereof, hydrazine and derivatives thereof, stilbene and
derivatives thereof, phthanocyanine and derivatives thereof, polysilane
based compounds, vinylcarbazole based compounds, thiophenesbasedss
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-methylph henylamino)triphenylamine (m- MTDATA),
NN NG R R LY Lo ARzt g

DN N Tietraphenyl-ddrdiaminabinhenyl N2 30401048 16 incluge

phenylcarbazole, 4-di-p-tolylaminostylbene, poly(paraphenylenevinylene),
pehythiophanevinyiene)spely(Z2nthiemypysole)ceter sRasklight wpmitting
layer> In the next place, the red light emitting layer 11 provided on the
hotel vansgon day erllyisqsetdrdbhesardesignad thatsame oé threholes
injected through the hole transport layer 10 are re-coupled in the red light
BhttintARYBE 1218 dire fedfidiieemisafiit @hd thied triphenylmethane

and derivatives thereof but also porphyrin and
derivatives thereof, triazole and derivatives thereof,
imidazole and derivatives thereof, oxadiazole and
derivatives thereof, polyarylalkanes and derivatives
thereof, phenylienediamine and derivatives thereof,
arylamines and derivatives thereof, oxazole and
derivatives therecof, anthracene and derivatives thereof,
fluorencne and derivatives thereof, hydrazine and
derivatives therecf, stilbene and derivatives thereof,
phthanocyanine and derivatives thereof, polysilane based
compounds, vinylcarbazole based compounds, thiophene
based compounds, aniline based compounds, etec.

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

N,N,N’ N’ -tetraphenyl-4,4' ~-diaminobiphenyl, N-
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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 maigtalsgs g
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 with a single or a

E#lfra"t of rgaée@riaels afpégpriqtglf}/ls%lg%ted from.among the following

Ny1carba . = 1nostyloene? .
diena caﬁegorles, as requn%d, securing ﬁ’é’h emission performance

and Pale ir ﬁBBEIPe%E@F’iT}%”fgnQ‘? material faisgoriesjaglude, o,

cyclopentadiene 16 S04P1048 derivatives, tetraphenylbutadiene
denvatives: tiphenylamine-dedvatives, oxadiazole derivatives,
bathophenanthroline derivatives, pyrazoloquinoline derivatives,
styrylbenzrad derpiatives,istyiviaryleng=derivatives, aminostyryl
derivatives, silole derivatives, thiophene ring derivatives, pyridine ring
compounds, therinsre-dedvativest peryiede degbatiges,tting layer 11

provided on the hole transport layer 10 is preferably so
designed that some of the holes injected through the hole
transport layer 10 are re-coupled in the red light
emitting layer 11 to give red light emission, and the
rest of the hcles not contributing to the light emission
in the red light emitting layer are trangported into the
green light emitting layer 12, for contributing to green
light emission and bklue 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
electren transporting material and {(d) a positive and
negative charge transporting material. Each of these
materials is used together with a single or a plurality
cf materials appropriately selected from among the
following material categories, as required, for securing
light emission performance and hole transport performance.

The material categories include cyclopentadiene
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oligothiophene derivatives, cumarin derivatives, rubrene derivatives,
quinacridone derivatives, squalium derivatives, porphyrin derivatives,

styryl based coloring matter, tetracene derivatives, pyrazoline derivatives,
trifumanylamine derivatives, anthracene derivatives, diphenylanttyaeene , .
derivatives, pyrene derivatives, carbazole derivatives, oxadiazole dimer,
pyrazoline dimer, aluminum-quinolinol 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

SGH Hakdtdras AleFRaBRePY IPUES e Sy GsE1H8 i¢@Rer metal and

havmﬂ fxadlazoclie thiadiazole, phe pyr|d| e, Lﬁﬁ)henylbenzmmldazole
or q inoline Structt ureeo]?]tﬁetflkvess a%ganoaﬁ%rﬁc 3?1)’7 eciic !

examplas-of @) red fight. 1459481048 Sewgg@gya%ts Lial include

bis(aminostyryl)naphthalene (BSN) represented by the tfollowing ?ormula
dorwhichiisea styilarytenerdeniatiye- SUsh A styrylandena hased ne

material, examples of which are described in Japanese Patent Laid-open
Ner2081it86658zaandre-ysed taldopea: ives, silole derivatives,
thiophene ring derivatives, pyridine ring compounds,
perinone derivatives, perylene derivatives,

cligothiophene devrivatives, cumarin derivatives, rubrene
derivatives, guinacridone derivatives, sgualium
derivatives, porphyrin derivatives, styryl based coloring
matter, tetracene derivatives, pvrazcline derivatives,
trifumanylamine derivatives, anthracene derivatives,
diphenylanthracene derivatives, pyrene derivatives,
carbazole derivatives, oxadiazocle dimer, pyrazoline dimer,
aluminum-guinolinol complex, benzoquinolinol-beryliium
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, 2Zn,

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

as a ligand.

Particularly, specific examples of (a) red light
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host material therewith in a high concentration, and has a hole
transporting property due to its triphenylamine skeleton. 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 reas
why it is preferable to form the red light emitting layer 11 in contact wit
the hole transport layer 10. Formula (1): eFi N-O CN BSN Specific, but
not limitative, examples of (b) hole transporting material include a-NPD,
and specific, but not limitative, examples of (c) electron transporting
material include 4,4'-bis(2,2-dphenyl-ethen-I-yl) 18 S04P1048 diphenyl
PV BH e prEsetied by Re BAswintEorERe ey WHitRa® Atdtinfarglene
erivative. Formula (2): <Green light emitfing layer> The green light
j oﬁl’iﬁegfje{d% g gfa

fiftting TRVS s Brovided RHESt TG Rr 1 pre h%WS/ h&s

%Fﬁ%ﬁy§f§¥§1ene derivative. Such a styrylarylene based

048

material, examples of which are described in Japanese
Patent Laid-open No. 2001-106658, can be uged to dope a
host material therewith in a high concentration, and has
a hole transporting property due to its triphenylamine
skel@tgnd Therefore, when such a red light emwitting
material is used, efficient red light emission and a high
hole tramnsporting 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) :

CHLC

5

[

@.

ree (1)
OCH,

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

transporting material include «-NPD, and specific, but
not limitative, examples of (¢} electron transporting

material include 4,4’—bis(2,2—dph@nyl—ethen;l—yl)—
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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 the green light emitting layer 12, whereas the rest of the hole 01048
transported into the blue light emitting layer 13, and that some of the
electrons injected from the side of the blue light emitting layer 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
fedhserh dRP Bt lighersismiyryeky 1ty il howdogp fosguidsa(2)
method for providing the green light emitting layer 12 with the positive :
AR Fightive charde tAREhERMGSTobERy: Hiere may be contemplated the
mggggﬁlog (Jc)zﬂgping a positive and negative charge transporting host
with a green light emitting material, (2) doping a hole transporting host
with an electron transporting green light emitting material, (3) doping an
electron transporting host with a hole transporting green light emitting
material, (£)goping a mixed host composed

{2}

DPVEI

<Green light emitting layers

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
the green light emitting layer 12, whereas the rest of
the holes are transported intc the blue light emitting
layer 13, and that éome of the electrons injected from
the side of the blue light emitting layer 13 contribute
- to light emission in the green light emitting layer 12,
whereas the rest of the electrons are trangported 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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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. In addjtian; theg
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 be described below. As the material(s) for constituting
the green light emitting layer 12, a single material or a plurality of
materials are appropriately selected from among the aboyve-mentioned
i

material Cat&yories. FrBFe Tt BraiTic Bit dBvicd T 5 cE8kirg 50
PAIEL0AS 10 the present inyengion.in w ?ﬂ&%&tﬂ%}%d gﬁggg%@itting layer 11

IS present on the side of the hole transport Tayer 10, t een light

emittingJayen 12 is-preferably providedhhetmeenthesgdhlight emitfing
layer 11 and the blue light emitting layer 13. This is because of the
peablems that (1)) indbe taseavhere theve ddight remiting dayeialigand the
blue light emitting layer 13
transporting host with a green light emitting material,
(2) doping a hole transperting host with an electron
transperting green light emitting material, (3) doping an
electron transporting 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 tc form the
hole transport layer. In addiﬁion, the electron
transperting material in the green light emitting layer
i2 may be the electron transporting host material
constituting the blue light emitting layer 13 which will
be described below. |

As the material(s) for constituting 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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are adjacent to each other, the energy of the excitons generated in the
blue light emitting layer 13 would easily move into the red light emitting
layer 11. As a result, a sufficient blue light intensity would not easily be
obtained, and that (2) in the case where the blue light emitting layer43 ts: s
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. 1. £lestan,yagsparting host s doped wih.a hole, transporting
green lighit emitting material, each of the Tayers constituting the Organic

layse 4 Gan be farraed by binagy, cozdeposifion, yhigh promjses.a fynction

as a white device and eliminates the need for such a complicated

maprtfaqturingroeess:as thafifor ety 66 21.504P 1048 «depesition.y1
<Blue light emitting layer> In the next place, the blue light emitting layer
p3oproidedohwheyréeée lightiemitthg |ayertd2ihgs dayelectronand the
transporting property. This ensures that some of

blue light emitting layer 13. This is because of the
problems that (1) in the case where the red light
emitting layer 11 and the blue light emitting layer 13
are adjacent to each other, the energy of the excitons
generated in the blue light emitting layer 13 would
easily move into the red light emitting layer 11. As a
result, a sufficient blue light intensity would not
easily be obtained, and that (2) in the case where the
biue 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. Begides, in the
cage of the configuration in which, for example, an
electron transporting host is doped with a hole
transporting green light emitting material, each of the
layers constituting the organic layer 4 can be formed by
binary co-depcsition, which promises a function as a

white device and eliminates the need for such a

complicated manufacturing process as that for ternary co-
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the electrons injected through the electron transport layer 14 into the blue
light emitting layer 13 contribute 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 1t#Qp1048
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
glgcérSO{] t£%r£lsporting material, and (d) a positive and negative charge
raﬁsportfing material. As each of these materials, a single material or a

plurality Qémteiig&%rgqu@\gmgte% glected from among the
Ies,

above-mentioned material categories, as required, so as to secure light

emissionipergrnarce-apd hole transpert eerfargmancas farticdailyyer 13
specific examples of (a) blue light 22 S04P1048 emitting material include

perylene.speacifit:examptas ofi dnchele transperting aratedalinsluge
a-NPD, and specific examples of (c) include DPVBI of the above
electron transporting property. This ensures that some of
the electrons injected through the electron transport
layer 14 intc the blue light emitting layer 13 contribute
to blue light emission in the blue light emitting layer
12, 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 emissicn.

The blue light emitting layer 13 is configured by
combiﬁing the required materials appropriately selected
from among (a) a blue light emitting material
(fluorescent or phosphorescent), (b) a hole transporting
material, (¢} 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, sc as
to secure light emission performance and hole transport

performance.

Particularly, specific examples of (a) blue light
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formula (2), which is a styrylarylene derivative, the examples being not
limitative. In addition, the blue light emitting layer 13 may have a positive
and negative charge transporting blue light emitting layer and an electron
transporting blue light emitting layer laminated in this order from the, sidg;
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 stable light emission with a high color purity. As a
method for providing the blue light emitting layer 13 with the positive and

A v h3RTE Tk pbrtTig prope Y HRate may B dote riptiRtRfRieCt
thods of (1) dopi iti d ti t ting host
i B Rt SRt HABHAE "7 Houti & MEle Ao AR host v

doping a IetFé\TnE)s%brl host with

gp@é%ts’gn dransparting, plug-ight.emitting magesial, £3).daping an.

ectron transporting host with a hole transporting blue light emitting
materialk (Azdopwgia-mixed hostrcampased Hfa beleiarspartinghe

material and an electron 23 S04P1048 transporting material with a blue
fightrgrhgtngeiaterimbt limitative.

In addition, the blue light emitting layer 13 may
have a positive and negative charge transporting blue
light emitting layer and an electron transporting blue
light emitting layer laminated in this order from the
gide of the green light emitting layer 1Z2. With the blue
light emititing layer 13 having such a laminate structure,
holes can be efficiently transported to the whole region
ingide the blue light emitting lavyer 13, which enables a
highly efficient and stable 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 heole transporting blue
light emitting material, (4) doping a mixed host composed

of a hole transporting material and an electron

23



and so on. The blue light emitting layer 13 according to the present
invention is so configured that the energy of excitons generated through
re-coupling of positive and negative charges in the blue light emitting

layer 13 is made to contribute to the light emission in the blue light ;5145
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_
& ERNGde BYs B&FE 8 dedighed aRitBSrahspbit &RtHbABITREteTial,
gle{gtron transport layer 14 may be configured by laminating a plurality of
alection ?r%hsport materials, for enhancing the electron transport

performapce. Nopslinitgiive 89@%@1%%9&%@6%0%&%%}%%{%]n@o the

material as above include 8-hydroxyquinoline aluminum (Alg3),

Brivgkaxymetuiguineling adumingne.i aothraceng Jnaphthaledesy of
phenanthrene, pyrene, chrysene, 24
excitons generated through re-coupling of positive and
negative charges in the blue light emitting layer 13 is
made to contribute to the light emission in the blue
light emitting layer 13 while minimizing the movement of
the energy intc 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 layers

In addition, the electron transport layer 14
provided between the blue light emitting layer 13 and the
cathode 5 is a layer so designed as to transport
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), &-hydroxymethylguinoline aluminum,

anthracene, naphthalene, phenanthrene, pyrene, chrysene,
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S04P1048 perylene, butadiene, cumarin, acridine, stilbene, and
derivatives thereof. Besides, the organic layer 4 composed of the

laminate structure as above-mentioned can be formed by applying a
known method such as vacuum evaporation and spin coating, whilesusing s
the organic materials synthesized by known methods. 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

roperty, and.the blue light emitting layer 13 having the. electron
AR s el R o e ki A

- aRode 3+ ;whereby.emitted light having red, green and blue light emission
components can be taken out. Particularly, the arrangement of the red

light emittiag 1ayer, 1k ne the gmestanage 3 side ensyresithat byhe
configuring the red light emitting layer by use of a hole transporting red
ightiemitting hatetialeapable b depimgptherewith ima  bighfcomeshtistion,
it is possible to achieve a configuration in which holes can be easily
ﬁgﬁgprérrﬂ@d Ante e g feeRirtht ehthirtslayec v arevieBias ight and

spin coating, while usgsing the organic materials
synthesized by known methods.

Accerding 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 cf the anode 3,
whereby emitted light having red, green and blue light
emission components can be taken out. Particularly, the
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 transporting 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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emitting layer 13 which are disposed on the side of the 25 S04P1048
cathode S relative to the red light emitting layer 11. Therefore, respective
color light emissions can be obtained with good balance-and at high
efficiency in the light emitting layers 11, 12 and 13, and the light gpigsigns
can be conducted stably for a long time. As a result, by combining the
organic EL devices 1 or 1' with color filters, it is possible to provide a
display capable of full-color display with excellent color reproduction
characteristics for a long time. Incidentally, in the case of combining the

ic, EL devices.1 or 1' with color filters § titute a full-col
RO Boor THER 8 pectvely” A i or R i 1Y% HPARETDIBG,

gren.and ted wayelengifLregions tarellirougl at provideg aphe light

take-out surface side of a plurality of the organic eviceslorl. Asa
EsAt HReirayscin 198 dAUS-018eRe aQHdeQﬁN@l\&‘?;%n@Pﬂﬁg e akee
rfa

out with good balance on the light take-out surface side of each organic
Ei gtevieenitarihighroughrtieicolonfiteradon the sespeativeicojens, and
full-color display with good reproduction characteristics can be achieved.
emission can be conducted stably for a long time.

As a result, by combining the organic EL devices 1
or 1Y with color filters, it is possible to provide a
display capable of full-color display with excellent
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 blue, green and red
wavelength regions therethrough are provided on the light
take-out surface side of a plurality of the organic EL
devices 1 or 1. As a result, the rays in the blue, green
and red wavelength regicns are taken out with good
balance on the light take-out surface side of each
organic BL 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 devicesg 1 and 1’ in

which the anode 3 is provided on the substrate 2, and the
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In the embodiments described above, the configurations of the organic

EL devices 1 and 1'in which the anode 3 is provided on the substrate 2,
and the 26 S04P1048 organic layer 4 and the cathode 5 are laminated on
the anode 3 have been described. However, the present inventiofjgp; 045
applicable also to an organic device in which a cathode is provided on the
substrate 2, and an organic layer and an anode are laminated in this

order on the cathode. In that case, it is essential that the light emitting
layers constituting the organic layer include a blue light emitting layer, a

reen light.emitting layer. d a red light emitting layer laminated in this
%rz arlnflrg(():m]"@éelgwﬁtl—:'s %@e%spco%gﬂo%?tﬁe @éftﬁogigr%ﬂ‘@%dtr@c%’@of

suchya confighration, alse. the matgrials and. film thicknesses of the
{ fe ysbotﬁ atop

cathode and the anode are appropriately selectg’d, whe : .
emiesien &pe £oafigunation and adkotiom emission,type gepfiguration

can be obtained, and the same effects as those of the above-described
eigaric ELcdavicei1 andot'cadee ebiaines. fxasyde delreExamplend,
the bottom emission type organic EL

organic layer and an ancde are laminated in this order on
the cathode. 1In that case, it is essential that the light
emitting layers constituting the organic layer include a
blue light emitting layer, a green light emitting layer,
and a red light emitting layer laminated in this order
from the lowest layer disposed on the cathode side. In
the case of such a configuration, also, the materials and
£ilm thicknesses of the cathode and the anode are
appropriately selected, whereby both a top emission type
configuration and a bottom emission type configuration
can be obtained, and the same effects ag thoge 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 referring to Fig. 2 was manufactured

as follows.
First, a cell for an organic EL device was produced

in which a film of ITO {about 100 nm thick) ag an anocde 3

was formed on a substrate 2 composed of a 30 mm X 30 mm
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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 of ITO (about
100 nm thick) as an anode 3 was formed on a substrate 2 composed of a
30 mm X 30 mm 27 S04P1048 glass plate, and other region thansg 4p1042
central 2 mm X 2 mm light emission region of the anode 3 was masked
with an insulation film (omitted in the figure) by use of a photosensitive
organic insulation material. Next, a metallic mask having an opening was
disposed on the upper side of and in proximity to the substrate 2 in the
condition where the opening was matched to the exposed %ortion of the

d188E PATO5 to BRLAH TGhtSHSSRN-Padion, SRd Hr& folbwifl Srdarke!
ql%l nder

; q ti th
lysts were -sqquentially formed by a th%%ng?ev‘ggg r%gosrlf%“c? w%o, L AR

a vacuum of 10-4 Pa or below. First, as e transport layer

oheu MEDAT A (44 4 oiiis(3aethyinhanyiphanylamine)ikiphepylamine)
represented by the following formula (3) was formed in a thickness of 20
phy anekthehta filn of aa ARD {anaphthyldiamine)BisiN-(-repathyh)-N-
phenyl]benzidine represented by the following formula (4)

metallic mask having an opening was disposed on the upper
gide of and in proximity to the substrate 2 'in the
condition where the opening was matched to the exposed
portion of the anode 3 (ITC) to be each light emission
region, and the fellowing 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-methylphenyliphenylamino) -
triphenylamine) represented by the following formula (3)
wags formed in a thicknesgss of 20 nm, and then a film of a-
NPD (@ -naphthyldiamine)Bis [N-(l-nephthyl) -N-
phenyllibenzidine 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. The vapor deposition rate was set to
0.1 nm/sec. 28 SO4P1048 Formula (3), Formula (4): .f3) V -611
m-MTD'ATA trtNPD Next, as the red light emitting layer 11, a co-
deposition film composed of DPVBI of the following formula (5) agsaf©st4s
doped with 300 of BSN of the following formula (6) as a red light emitting
material was formed in a thickness of 5 nm. The vapor deposition rate
was set to 0.2 nm/sec. 29 S04P1048 Formula (5), Formula (6): 1 4 f (s)
DPVBI CHcar (61 KC BSH qH3

Formula {(3), Formula (4):

“ee(3)

sUsavlel
Be

m~MTDATA
%D

a=HPD

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} as a red light emitting material
was formed in a thickness of 5 nm. The vapor deposition

rate was set to 0.2 nm/sec.

28



Thereafter, as the green light emitting layer 12, a co-deposition film
composed of a mixture of DPVBIi and a- 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 Vvapetigas
deposition rate was set to 0.2 nm/sec. Formula (7): (7) Coumarin 6
Further, as the blue light emitting layer 13, a co- deposition layer
composed of DPVBI as a host doped with 30 S04P1048 30-. of
4,4'-(Bis(9-ethyl-3-carbazovinylene)-1,11-biphenyl (BCzVBI) of the
following formula (8 g‘ﬂlfs a blue I ht emitting material was formed in a
thickhE8E-8f 36 hm @W}aapof eposition rate was set to 0.2 nm/sec.
Formula (8): (g) Et /Et Then, as the electron transport layer 14, a film of
Alga represented Byithe following formula (9) was formed in a thickness
of 20 nm. T; \ r-deposition rate was set to 0.2 nm/sec.

BPVEIi

BSN inns

Theréafter, as the green light emitting layer 12, a

co-deposition film composed of a mixture of DPVBLI 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
@mitting material was formed in a thickness of 10 nm. The
vapcr deposition rate was set to 0.2 nm/sec.

Formula {(7):

=+ {7)

Goumarin 8

Further, as the blue 1light emitting layer 13, a co-

deposition layer composed of DPVBi as a host doped with
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Formula (9): .9 AIfl3 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 31 S04P1048 0.5 nm/sec. The emission spectrumgeiithegs g
organic EL device in Example 1 manufactured as above-described is
shown in Fig. 3. 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 1. In addition, light emission with a

minance of 1311 cd/m2 and CIE chromaticity (0.392, 0.390) at.a current
g8 L o5 A i DhiainGat LR Ut IRETGRL e edo e
sudacs Example 2 In 5xamplg 2. A0.orgenic Bl device 3, was o ; o
manufactured in the same manrier as above, except that the bluegilg t

emmitiograyer=t2 in Example tovasrenlaced by i atwedayelrstsuctire of fhe
positive and negative charge
vapor deposition rate was set to 0.2 nm/sec.

Formula (8):

BCzvVBi

Then, ag the electron transport layer 14, a film of
Alg3 represented by the following formula (9) was formed
in a thickness of 20 nm. The vapor deposition rate was
set to 0.2 nm/sec.

Formula {9) :

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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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 procedure as that in Example 1; gxeepl g
that the blue light emitting layer 13 was formed by the following

procedure. First, a co- deposition film composed of a mixture of DPVBI

and a-NPD 32 S04P1048 in a mixing ratio of 1:1 as a host doped with 3%
of BCzVBIi as a blue light emitting material was formed in a thickness of

10 nm. Thereafter, a co-deposition layer composed of DPVBI as a host
BopedWifit5% of BCzVBi as a blue light emitting material was formed in

a thickn of L0 ahtain the blue light emitting.layer. 13 having a
eff?e G%QQ%OIH S gg?t‘ém?m B% gﬁ% I‘%agl% %r_ée\ucg in

. Q "
laminate structure. The emission spectrum o the rganic evice In

Example 21manufactiredasabovesis ShOWEIDFign 44 A s SROWRIN the rig.
figure, it was confirmed that blue, green and red light emission
gompenesliswanibe ebtairadifrom therorgasic-bh demieeiaceerdingl it ,
Example 2. In addition, light emission with a luminance of 1126 cd/m2
angdeiFand red light emigsion components can be ohtained
from the organic EL device according to Example 1. In
addition, light emission with a luminance of 1311 cd/m?
and CIE chromaticity (0.392, ©.390) at a current density
of 25 mA/cm® was obtained evenly over the light emission
surface.
Example 2

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

In Example 2, the organic EL device 1’ was
manufactured following the =zame procedure as that in
Example 1, except that the blue light emitting layer 13

was formed by the following procedure. First, a co-

depogition film composed of a mixture of DPVBL and «-NPD
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chromaticity (0.372, 0.334) at a current density of 25 mA/cm2 was
obtained evenly over the light emission surface. From a comparison of the
emission spectrum shown in Fig. 3 with the emission spectrum shown in
Fig. 4, it was confirmed that the organic EL device in Example 2 whgtein ; ¢
the blue light emitting 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. 33 CLAIMS 1. An
organic EL device comprising an organic layer including a plurality of light

ehhifting14y&i3, B4 Srgdnit 1dyésghdifiched BRRFedH BR dfodetand a

E@tzt\?gg, a"%h%rekiﬁ%%idlli%}ﬁ emitting layers, g%m%riS(f a red I%%ht emitfing
ayer, a green light emiti gtf ¥ ﬁg

ayer}ané ablue ]taemlsft?nsg ayrer??amlnatg“d

imthiscqeder from the gpodenpide, and.said blue light emitting layer, .-

comprises a positive and negative charge transporting blue light emitting
leyep asdanelestropitransmittieg bluglight emitling dayser laminateddn a

this order from the anode side. 2. The organic EL device as set forth in
‘bl 1, iwhereinsaid ned fighteerhitlingdayef diassgihdle a thickness of
20 nm, to obtain the blue light emitting layer 13 having
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
mA/cm® was obtained evenly over the light emission surface.

From a comparison of the emission spectrum 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 emitting 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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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 claim 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
Cpraperty. 34 6. The organic EL device as set forth in claim 1, wherein said

red light emitting, ayer has & hole. [ransporting property. said areen laht;
emitting layer has a po§tlve and negative charge rgnsporﬂﬁg property;
+andrsaiddbluelligiat emittingrlayetlasdn élegiron ¢rahsportingl property. Faid
o Adisplay eomprising acalar filker provided on, the, light takesaut surfags, .
side of an organic EL device for emitting white light, wherein said organic
WKt "GeviceTotfiprisé§ Ah oRFaric ldyer hiclading & plivalityof Fghtémittingaht
clayerssaid organic layeriaterpasedbetwgen ananode and a cathode; 1n1ue
l?&gt emitting layer laminated in this order from the anode
side, and said blue light emitting layer comprises a
positive and negative charge <transporting blue light
emitting layer and an electron transmitting blue 1light

emitting layer laminated in this order from the anode side.

2. The organic EL device as set forth in claim 1,
wherein salid 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 claim 1,
wherein said green light emitting layer has a positive and

negative charge transporiing property.
5. The organic EL device as set forth in c<laim 1,

wherein said bplue Ilight emitting layer has an electron

transporting property.
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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 anode side, and said blue light emitting layer comprises a positive
and negative charge transporting blue light emitting layer and an electron
transmitting blue light emitting layer laminated in this order from the
anode side. 35 SO4P1048 ABSTRACT An organic EL device which has
light emissionecopppnents inithraecolers gkredegreen and blue in@aim 1,
ood. balance s&uted to.use for al full- colo dlsg ay and which i Js capable f
hlgnneiy efficient and sta%le Ingh(g emission for a?ong e n the organlc EL
t devigeo@) 1meludingran brganic: laye () shavingdight enmtungnkayérzsyer has
a Spdwichid beween aanode (&) anda caipds (9), g light rait
layers include a red light emitting layer (11), a green | |tt|ng
5¢12), ‘ahda blugh fighremitting layer €13)lamindted ﬁrﬁm@@rdewmmpmét ing
pSide.etthe anode (3) The red light emitting layer (11) contains a hole
transporting light emitting material and has a hole transporting property.
In addition, the
7. A display comprising a color filter provided on

ole

the light take-out surface side of an organic REL device for
emlitting white light, wherein

said organic EL device comprises an organic layer
including a plurality of light emitting lavers, said
organic layer interposed bketwesen an ancds and a cathode;
and

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

said klue 1light emitting laver comprises a positive
and negative charge transporting blue light emitting laver
and an electron transmitting blue light emitfing layer

laminated in this order from the ancde side.
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green light emitting layer has a positive and negative charge transporting
property. Furthermore, the blue light emitting layer has an electron
transporting property, and includes a positive and negative charge
transporting blue light emitting layer and an electron transporting B%JE 048
light emitting layer laminated in this order from the side of the anode (%}

36

ABSTRACT

An organic EL device which has light emission
components in three colors of red, green and blue in a
good balance suited to use for a full-color display and
which is capable of highly efficient and stable light
emigsion for a long time. In the organic EL device {1)
including an organic layer {(4) having light emitting
layers sandwiched between an anode (3} and a cathode (5),
the light emitting layers include a red light emitting
layer (11), & green light emitting layer (1i2), and a blue
light emitting layer (13} laminated in this order from
the side of the anode (3). The red light emitting layer
(11) contains a hole transporting light emitting material
and has a hole transporting property. In addition, the
green light emitting layer has a positive and negative
charge transporting property. Furthermore, the blue light
emitting layer has an electron transporting property, and
includes a positive and negative charge transporting blue
light emitting layer and an electron transporting blue
light emitting layer laminated in this order from the

side of the anode (3).
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