13-.Cct ober 2006 DESCRI PTI ON ORGANI C ELECTROLUM NESCENCE LI GHT EM TTI NG
DEVI CE AND LI GHT EM TI TNG APPARATUS TECHNI CAL FI ELD The present invention
relates to an organic electrolumnescence |ight emtting devceBer08@ani c
EL device) including an organic |ayer having a light emtting region

bet ween an anode and a cathode, and to-a light emtting apparatus, such as
a display device, using the sanme. BACKGROUND ART Di spl ays have a nmj or
‘role in our daily living, for exanple, in the fornms of television
receivers, conmputer nonitors, and portable information termnals. Wth
advance of the Internet, displays as human interfaces have becone
increasingly inportant. These di splays have been required to have a screen
being confortable for eyes to seéP EPELP¥ng a definition high enough to
allow clear viewing, and to have a resolution and a responsiveness high
enough to allow clear, clean viewing of noving pictures wi thout delay. 1
13 Cctober 2006 O ganic EL devices using organi c conpounds as | um nescent
mat eri al s exhPBEANACWEHECYRELWIMENBSGENCE gLIGET EMITTING DEVICE AND

LIGHT EMITITNG APPARATUS

:TECHNICAL FIELD

The present invention relates to an organic
electroluminescence light emitting device (organic EL
device) including an organic layer having a light |
emitting region between an anode and a cathode, and to a
light emitting‘appératus, such as a display device, using

the same.

.BAGKGROUND ART

Displays have a major role in our daily living, for
examp}e, in the forms of teleﬁision receivers, computer
mqpi#@?s, and portable information terminals. With

a@ﬁapggzgf:the Internet, displays as human interfaces

héwb b§§§mg increasingly important. These displays have
been #equired,to have a-screen.being démfortable for eyes

to sge_énd_ensuring a definition high enocugh to allow
c%garfvieWing, and to have a resolutién.and'a
:g%?ggé%veﬁess high enough to allow-cléé:¢iclean viewing

of moving pictures without delay.
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hi gh contrast, and an excellent visibility. Another advantage of organic
‘EL devices is that since the devices emt spontaneous light, they do not
require any backlight wunlike liquid crystal, to thereby reabigs:bdignni ng
of the size and reduction in weight, and also realize reduction in power
consunption. Organic EL devices using organi c conpounds as |um nescent
materials are further advantageous in that they are operable with a | ow DC
voltage at a high response-speed, have a resistance against vibration, and
are usable in a wide range of tenperatures. Organic EL devices, therefore,
have becone a focus of attention as the next generation display devices,
and sone of them have already begun to be put into market. Organic

el ect r ol um nescen€edanght E&émdeviing sdewiings organig ebggbuadkugknescent
materials have a configuration that an organic el ectrol um nescence | ayer
cont ai ni ng amimsgaenic mamdnesice xHmdef ialvide Sardwirghedhdaet ween an  anode
and a cathode, wherein at |east one of the anode and the cathode has a

l'ight per maadit i dontddt hesri Hdevdcas,1ddOnhti 8MHi8SHYN oagHEgewhen a DC
voltage is applied betweenthe anode and the cathode. 2 13 Cctober 2006

FIGS. 10 anghvh s sxamA8 O eldfvd Ants A1ganiG £lLGiolduy;nescence
light emtting devices :
emit spontaneous light, they do not require any backlight '
~unlike liquid crystal, to thereby realize thinning of the
size and reduction in weight, and also realize reduction
in power consumption.

Organic EL devices using organic compounds as
luminescent materials are further advantageous in that
they are operable with a low DC voltage at a high
response speed, have a resistance against vibratidn, and
are usable in a wide range of temperatures. Organic EL
devices, therefore, have become a fécus of attention as
the next generation display devices, and some of them
have already begun to be put into market.

Orgapic electroluminescence light emitting devices
using organic luminescent materials have a configuration
thaf an organic electroluminescence layer containirng an-
organic luminescent material is~séndwiched-betwéen an

| anode and a cathode, wherein at least one of the anode
and the cathode haé a light_permeabilify. In these
~devices, light emission occurs when a DC voltage is -

applied between the anode and the cathode.
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(organic EL devices). FIG 10 shows a related art organic

‘el ectrol um nescence |ight emtting device having a single-hetero
structure, wherein an anode 6 nmade froma |ight perneabl e1$ ®&obdrnodsum Ti n
Oxide) or the like, an organic |ayer 15a conposed of a hole transport

| ayer 2 and an el ectron transport |ayer 4, and a-cathode 7 are
sequentially stacked on a substrate 10 made from|light perneable glass or
the like, and the stacked structure thus forned on the substrate 10 is
sealed with a protective layer 14. In this device, when a DC voltage
supplied froma power source 20 is applied between the anode 6 and the

cathode 7, light 5 having a specific wavelength is emtted from an
interface between B -hdllk ang dis gdaw [expaplzsaed tied adledcmetn transport
| ayer 4. FIG 11 shows anot her organic el ectrolum nescence |light emtting

devi ce havi agdantoudl echeebunisescencr el igvihemsi tntingd idghiti qeer neabl e anode
6, an organic |layer 15b conposed of a hole injection layer 1, a hole
transport Keyeanic ELldehicesi ssion layer 3, and an el ectron transport
| ayer 4, and a cathode 7 are sequentially stacked on a |ight perneable
substrate 10, andrtite 3013Housokerred@@ed stackegasticuct ure fornmed on the
substrate 10 is sealed w'th a protective layer 14. It is to be noted that
t he electroluminescence light emitting device having a
'single—hetero structure, wherein an anode 6 made from a
light permeable ITO (Indium Tin Oxide) or the like, an
organic layer 15a composed of a hole transport layer 2
and an electron transport layer 4, and a.cathode 7 are
sequentially stacked on a substrate 10 made from light
permeable glass or the like, and the stacked structure
thus formed on the substrate 10 is sealed with a
protective layer 14. 1In this device, when a DC voltage
supplied from a power source 20 is applied between the
anode 6 and the cathode 7, light 5 having a specific
wavelength is emitted from an interface between the hole
transport layer 2 and the electron transport layer 4.
FIG., 11 shows another organic electroluminescence
_light emitting device having a double-hetero structure,
wherein a light perﬁéable anode 6, an organic layer 15b
~ composed of a hole injection layer 1, a hole transport
layer 2, a light emission layer 3, and an electron

transport layer 4, and a cathode 7 are sequentially

stacked on a light permeable substrate 10, and the
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hol e injection |layer is not necessarily provided. In this case, when a DC
vol tage supplied froma power source 20 is applied between the anode 6 and
the cathode 7, holes injected fromthe anode 6 reach the 3 Qbbb&Esi ON

. layer 3 via the hole transport layer 2, and electrons injected fromthe

cathode 7 reach the light em ssion layer 3 via the electron transport

| ayer 4. As a result, hole- electron reconbination occurs in the |ight

em ssion layer 3, to produce single exciton, fromwhich light 5 having a

specific wavel ength is emtted. FIG 12 is a view show ng a configuration

of a flat display using the above-described organic el ectrolum nescence

light emtting device. As showmn in this figure, for a full-color display,

an organi ¢ d@y@fed Lxrib3@irel Wrmtld QM NG L W19+ 1o ghat sebikhree primary
colors of red (R}, green (G, and blue (B) is disposed between a cathode 7

and an anodg, J HgARiAlve WikeLald100¢: 7355 L6OBROREALAT LaALNORE SLIT pes

7, and the anode "6 Is conpose anode stripes wherel n the cat hode

Sional vol g PSRN 5 Mol MRt R, R oeinar (L ¢ 24
to one of Hﬂﬁﬁgagﬁqu 4 e, tpb%; 20086 . st@ es 7 an% a si ngl oltage is
sel ect i vel y appl i'ed Pr&%?a % I%&ﬁé;ﬁﬁd |ﬁ¥5bPaFEH'EOﬁPPgF C?¥CUII 25 to

is applied between the anode 6 and the cathode 7, holes

;injected from the anode 6 reach the light emission layer

3 via the hole transport layer 2, and electrons injected

from the cathode 7 reach the light emission layer 3 via

the electron transport layer 4. As a result, hole-

electron recombination occurs in the light emission layer

3, to produce single exciton, from whiéh light 5 having a

specific wavelength is emitted.

fIG. 12 is a view showing a configuration of a flat

display using the above—-described organic

electroluminescence light emitting device. As shown in

this figure, for a full-color display, an organic layer

15 (15a, 15b) allowing emission of light of three primary

colors of red (R), green (G), and blue (B) is disposed

between a cathode 7 and an anode 6. In general, the

cathbde 7 is,composed of cathgée stripes 7, and the ancde

6 is composed of anode stripes 6, wherein the cathode

stripes 7 and the anode stripés 6 are arranged to cross

each other. A signal voltage ié selectively applied from

a luminance signal circuit 24 to one of the cathode
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one of the anode stripes 6, whereby a portion (pixel) of the organic
layer, located at a position where the selected cathode stripe 7 and the
sel ected anode stripe 6 cross each other, emts |ight. The3Dcighdr 2608 ssi on
| ayer can be nmade fromone kind or two or nore kinds of materials selected
fromvarious materials. As one exanple of a device structure, for

exanpl e, of a type shown in FIG 10, characterized by including a |ight

em ssion |l ayer made fromtwo or nore kinds of naterials, a two-I|ayer
structure having an electron transport |ayer 4 containing a |um nescent
material so as to serve as a light emssion |ayer and a hole transport

| ayer 2 has been reported by C. W Tang, S. A VanSlyke, and C. H Chen in
J. of Appl.sPhypes6b-hnd B6I0zE3ON6r4IHOBHY Thi se ke i1t rapgilireat has been

al so disclosed in Japanese Patent Laid-open No. Sho 63-264692. This known

t echni que i srbmt engedrt orffBiidle Bitedtfedd Qb NESCENGRiild giY wyritting
. device capable of obtaining an.-optical output in a w der wavel ength range

at a lover gpplbedinNel4aae: and- gy g tince 2l oh patakid iqp}’ixélr) td¥ s

device, as a nean for realizing such characteristics, a |'ight em ssion
layer is copResey®fs @M Aver - Tocated "4t 4 ‘pdsition X! qhgr 2006 organic
host material capable of "sustalining Injectiion o

_éelected cathode stripe 7 and the selected anode stripe 6

'.cross each other, emits light.

The light emission layer can be made from one kind
or two or more kinds of materials selected from various
materials. As one example of a device structure, for
example, of a type showﬁ in FIG. 10, characterized by
including a light emission layer made from two or more
kinds §f materiais, é two~layér structure having an
electroh transport layer 4 containing a luminescent

" material so as to éerve as a light emission layer and a
hole transport layer 2 has been reported by C. W. Tang, S.
A. VanSlyke, and C. H. Chen iﬁ J. of Appl. Phys. 65-9,
3610-3616 {(1989). This device structure has been also
‘disclosed in Japanese Patent Laid-open No. Sho 63-264692.

This known technigue is intended to provide an
electroluminescence. light emitting device capable of
obtaining an optical output in a wider wavelength ra@ge
at a lower'appiiedZVOltage-and exhibiting a high
'stabi;ity. In.this device, as a mean for realizing such

characteristics, a light emission layer is composed of an
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both holes and el ectrons, and a fluorescent material capable of emtting
Tight'in response to hole-electron reconbination. The hue of light emtted
fromthe light emssion layer is nodified by doping a slighbcierwongs of
such a fluorescent material in the light em ssion |ayer. The m ninum
anount, being enough to achieve the above- described effect, of the
fluorescent material varies depending on specific selection of the host
material and the fluorescent material; however, according to the
above-descri bed known technique, it is described in the specification of

t he patent docunent that in any case, it is not required to use the
fluorescent material in an anopunt of about 10 nole percent or nore on the

basis of thegawle wowbeaiaviride dasibitsr isls A0 dPris; <RGN bgal 1y, it
is seldomrequired to use the fluorescent material in an anount of 1 nole

percent or Lbéves eroldl ARy SPRSE G | hPla thedRlLL dQEERALy @ hue as a
function of a concentration of a quorescent naterlal Is shown in Table I

whi ch sunnagé§§§1ék3% éﬁﬁ%ﬂf of 3 f*%ﬁ r@ 13 Eﬁgobbtls shown

that assumng that a Iunlnous ef C|ency evi ce ober 2006

including a.light;.emssion layer containing no
The hue of light emitted from the light emission
 layer is modified by doping a slight amount of such a
fluorescent material in the light emission layer. The
minimum amount, being enough to achieve the above-
described effect, of the fluorescent material varies
depending on specific selection of the host material and
the fluorescent material; however, according to the
above-described known technique, it is described in the
specifiéation of the patent document that in any case, 1t
is not required to use the fluorescent material in an
amount of about 10 mole percent or more on the basis of
the mole number of the host material, and more
épecifically, it is seldom required to use the
fluorescept material in an amount of 1 mole percent or
more. |
In the specification of the patent document, a hue
as a function of a concentration of a fluorescent
haterial is shown in Table II which summarizes the
results of Examples 7-13. In this table, it is shown that

assuming that a luminous efficiency of an EL device




fluorescent material is taken as 1.0, a lumnous efficiency of the same EL
device as that described above except that the light em ssion |ayer
containing 4.4 nole percent of a fluorescent material exenpbcfb&adoby 4-

(di cyanonet hyl ene) - 2-nmet hyl -6-[2-(9-jul olidyl)ethenyl]- 4Hthiopyran is
reduced to 0.14. It is also shown that the em ssion wavel ength (535 nn) of
the EL device including the |ight em ssion | ayer containing no

fluorescent material beconmes |Ionger with the increase in concentration of
the fluorescent material, and the em ssion wavel ength of the EL device
reaches 690 nm when the concentration of the fluorescent material is 4
nol e percent. As conpared with an EL device including a |ight em ssion

layer made {4OmMu@isgng! &igaai ORSEEMn MBI LS Abont 416 ) HpVi ce produced by
t he above-described cited technique has sone advantages. One of the

advant ages #BuoldsEast | ¥atOANIP 1hecamleslon Vel enfifyodeor the EL - device

including the light em ssion |ayer made froma * si ng um nescent

material, Ié‘bfp_{(gféné]g g?ap%g %Qg ﬁndsés‘%oge Cé)s| otr}?at |Cfsc[rr g’%ﬁ 5&:}(3) t o change

a chem cal structur um nescent” nateri a

to |ntroduc§x$%;gt%yggt£ﬁgtjr% %%lousp for chan a7lnll%g00t_ober 2006 the

en ssi on wave

percent of a fluorescent material exemplified by 4-
(dicyanomethylene) -2-methyl-6-[2- (9-julolidyl) ethenyl]-
4H-thiopyran is reduced to 0.14. It is also shown that
the emission wavelength (535 nm) of the EL device
including the light emission layer containing no
fluorescent material becomes longer with the increase in
concentration of the fluorescent material, and the
emission wavelength of the EL device reaches‘690 nm when
the concentration of the fluorescent material is 4 mole
percent.

As compared with an EL device including a light
emission layer made from a single luminescent maferial,
the EL device produced by the above-described cited
technique has some advantages. One of the advantages is
to easily change the emission wavelength. For the EL
device including the'light emissibn 15yer made from a
single luminescent material, in order to change the
emission color, it is required to change a chemical
structure of the lumineécent material, and theréfofe, in

order to introduce each substitutional group.for'Changing

9n order




new material. On the contrary, according to the known technique, the

em ssi on wavel ength can be changed by doping a slight anmount of a
fluorescent material in the host material. Another advant agecioberi?Ded a
fluorescent material having neither filmformability nor charge transport
characteristic can be used. The known techni que, however, has i nportant
probl enms fromthe viewpoint of practical use. One of the problens is that
since the hue and the lumnous efficiency are greatly varied dependi ng on
a variation in concentration of the fluorescent material as described in
the specification of the patent docunment, it is difficult to perform
quality control for keeping the characteristics in the production process.

Anot her  probb efhi Ssidatystaeendhg, hug is f’é}fdi%cfj%e@}jrﬁgle@}z%na appl i ed

voltage or current, it is difficult to stably control “the hue in the case

where the deyGRaisr APP! 1 @f B2 BRIt A0Lo3adhaPkY cnbNihbgn devi ce

havi ng the structure shown in and e rons are

concent ot etk inie | WAL S IRISH NS QIO ARISBE AR 00 LIS
3 and its Wighnidy, or, an toterface 13 Cotober, 2000 helugen fhe organic
host material. Another advantage is that a fluorescent
material having neither film formability nor charge
.transport characteristic can be used.

The known technique, however, has important
problems from the viewpoint of practical use. One of the
problems is that since the hue and the luminous
efficiency are greatly varied depending on a variation in

~concentration of the fluorescent material as described in
the speéification of the patent document, it is difficult
to perform quality control for keeping the
characteristics in the productibn process. Another
problem is that since the hue is varied depending on an
applied voltage or current, it is difficult to stably
control the hue in the case where the device is applied
as an element of a display.

In the device‘having the structure shown in FIG. 10
or 11, holes and electrons are concentrated at an
interface between the organic layers 2 and 4 or its
vicinity, or concentrated at an interface'betwéen the.

rquganiq:layers 2 and -3 and its vicinity, or an interface

8




consequently, light em ssion occurs at the interface or its vicinity,
causi ng deterioration of the device, thereby shortening the service |ife of
the device. In other words, the device having the above stip@ciobsr@odss poor
inreliability. To be nore specific, for the device having the structure
shown in FIG 11, if the light emssion layer 3 is nmade froma single
material having an electron transport characteristic, as shown in FIG 13
illustrating energy levels of the |layers constituting the device, a region
(l'ight em ssion region) in which hole- electron reconbination efficiently
occurs is concentrated in the vicinity of an interface,' adjacent to a

hole transport layer, of the |light emssion layer; and if the [|ight
em ssi on | apetwBensthaderfanitalsiyagsel nahér4 adnd hhwvs ngiaimote, tarmhspor t
characteristic, as showmn in FIG 14 illustrating energy levels of |ayers

~ constitutingohbequdevige, 1aghtgbhiesissi SActegi #8 tise CORESRti@d sk i n the
vicinity of an interface, adjacent to an electron transport |ayer, of the

light enissies Layenityakedgsingoqacepibtateh abpvendessyibed technical
background, the present invention..has been made, and an object of the

present invepbkeByi ShéPreh NG denansOF98a C1 5 AL &5E rohindeseence ! i ght
emtting device capable of 9 13 Cctober 2006 preventing a color (hue) of

light and aotyglneysaef figd e&Vice having the above structure is
poor in reliability. To be more specific, for thé device
having the structure shown in FIG. 11, if the light
.emission layer 3 is made from a single material having an
electron transport characteristic, as shown in FIG. 13
- illustrating energy levels of the layers constituting the
device, a region (light emission region) in which hoie—
electron recombination efficiently occurs is concentrated
in the vicinity of an interface, adjacent to a hole
transport layer, of the light emission layer; and if the
light gmission layer 3 is made from a single material
having a hole transport characteristic, as shown in FIG.
14 illustrating energy levels of layers constituting the
device, a light emiésion region is concentrated in the
vicinity of an ihterfacg, adjacent to an electron
transport layer, éf the light emission layer.
Taking into account the above-described technical
background, the present invention has been made, and an
object of the present invention is to provide an organic

electroluminescence light emitting device capable of

9




from being vari ed depending on a concentration of a |umnous nmateri al
contained in a light em ssion |ayer and an operational condition such as
an applied voltage, thereby exhibiting a high |um nance, B duigr2006
performance, and a stable, high reliability. DI SCLOSURE OF | NVENTI ON
Enbodi ments of present invention provide a new, effective configuration of
a |light emesshoingayeroldm (huk)ref hbgectaraf 4 hemphesendffimientiyon, there
is provided an organic el ectro] um nescence light emttin device, in
asrert

whi ch an f6PBaRPE™Y affer HadlPRENAIIG gft 2 ERPSSPErRT e of PolFOWRA bet ween
an anode yaRd 851 Cathodthe£Nar acwghgeaniggitéﬂgpaggr! gAgtarne of |ayers

constituting said organic |ayer 1S conpose m X ayer made from a
| um nesceperphienshlcantitdoohange as mredpmncaccelleagd ) ngharatberi al , wherein
said lumn material exhibits, in a state held as a single thin film

ent
bet ween §§g§1 éﬁbﬂ% AT EnildME2EHG e, @ dHett RetdRIReRERN@ Y 13 ght e ssi on

when a vakbgge, igigPridiedptihereto and has a charge transport
characteristic, and said charge injection accelerating material has a

charge transport characteristic capable of accelerating injection of
charges in said |um nescent material; and said at |east one of |ayers
consti t uDIISGISSHURD QAN VENYBIN has a |ight em ssion regi on existing not
On.l y at an inEtrﬁerda:'L?n%nt\gi E)? SPesa.e(jrj;taCi%rx]}enl‘cai%%r géoxir:{c?e Vai (r:*liervlfi ty but also over
a ’
effective configuration of a light emission layer.
In a first aspect of the present invention, there is
provided an organic electroluminescence light emitting
device, in which an organic layer having a light
emission region is provided between an anode and a
cathode, characterized in that at least one of layers
constituting said organic layer is composed of a mixed
layer made from a luminescent material and a charge
injection accelerating material, wherein said luminescent
material exhibits, in a state held as a single thin film
between said anode and said cathede, electroluminescence
light emission when a voltage is applied thereto and has a
charge transport characteristic, and said charge injection
accelerating material has a charge transport
- characteristic capable of accelerating injection of
charges'in sald luminescent material; and said at least
one of layers constituting said organic layer has a
light emission region existing not oniy at an interface

‘with an adjacent layer or its vicinity but also over a

specific thickness region from said interface or its

10




specific thickness region fromsaid interface or its 10 13 Cctober 2006
vicinity so that, on the basis of an intensity of light emtted from each
or both of an interface between said mxed |ayer and an ej®otbkpadgsansport
| ayer adjacent thereto and an interface between said m xed |ayer and a

hol e transport |ayer adjacent thereto, an intensity of light emtted from
a positiohcheing squilthtst ant tflreomasdisd ofbahhinhbessiagesti Bigh: a range of
25% or nore, In a second aspect of the present invention, there is

provi ded*BhTbrgaht & etasct 1l dHthesdernte iritghEachi PEFrigendedide, in which an
organi c hayey Péyéﬁgbéﬁ'ééﬂgﬁféggéﬁ?ﬂ¥£ﬁéﬁyf%”1b§e9r8¥5?8Qn@et“Be” an anode

and a cathode, tharacteri ze at at "l east one o ayers constituting
sai d or ganécetayeid ish dorpesedcobegwhcxedaitiayeredulgydF ogma 4uni nescent
material_and a charge .injection accelerating material, wherein said

| uni nesclefte nhf 2R PRPTexit Bt s2digrentthereiedd s Mmtensgdity ofhin film

bet ween i ' i trol.um e ] em ssi on
when a vortage e v RbreR 4, BRLLPES: HELEE R UTLREREPEES ol
char act evoist i imtenfthceal dschar geramgecdf ataeeekerating material has a
charge transport characteristic capable of apcele[ating i njection of
charges ‘i n sat® 3 dRSeeecempechetflerting prasantaieretticsasthere b | ayers

constit Wifdided an organic electroluminescence light emitting

device, in which an organic layer having a light
emission region is provided between an anode and a
cathode, characterized in that at least one of layers
~constituting said organic layer is composed of a mixed
layer made from a luminescent material and a charge

. injection accelerating material, wherein said
luminescent material exhibits, in a state held as a single
thin film between said anode and said cathode,
electroluminescence light emission when a voltage is
applied thereto and has a charge transport
characteristic, and said charge injection accelerating
material has a charge transport characteristic capable
of accelerating injection of charges in said luminescent
material; and said at least one of layers constituting
said organic layer has a light emission region existing
not only at an interface with an adjacent layer or its
vicinity but also over a specific thickness region from
said interface or its vicinity in the layer thickness
direction, wherein an energy level of a highest occupied
molecular orbital of said charge injection accelerating
material is equal to or deeper than that of said luminous

- material, and/or an energy level of a lowest unoccupied

10a




said organic |ayer has a light em ssion region existing not only at an
interface with an adjacent layer or its vicinity but also over aspecific
thi ckness region from said interface or its vicinity in theolsyeboos

thi ckness direction, wherein an energy |level of a highest occupied

nol ecul ar orbital of said charge injection accelerating material is equal
to or dewmpétecthan ¢taitadf shishidimhmouws imgeetiah, aandleraaimgnergy | evel
of a Iomest unoccupi ed | 0a 13 oher 2006, nol ecul ar orbital of said
charge i#f ‘?:’f’r%ﬁ Jagceeq‘barjatq%é’rrréﬁ’é‘nllglwetrstBﬁﬁaTh%% r KA | ower than that
of said jlMHmAoeusgmierhal . 10b 13 October 2006 Enbodi ments of the present
invention also provide a light emtting apparatus using the above organic
el ectrol um nescence light emtting device. The organic el ectrol um nescence
light emtting device according to enbodinents of the present invention
typically include an anode, a hole transport layer, a |light em ssion

| ayer, an-electron transport |ayer, or includes an anode, a hole transport
| ayer, and a |ight em ssion | ayer serving as an electron transport |ayer.
A light em ssion region of the device is formed by a m xed | ayer made from
a lum nescent material and a charge injection accelerating material. The

10b




| um nescent material exhibits, in a state held as a single thin film

bet ween the anode and the cat hode, el ectrolum nescence |ight em ssion when

a DC voltage is applied thereto and has a charge transpor{z ghaseaddgeri Ssti c.
The charge injection accelerating material is different fromthe | um nous

material and has a charge transport characteristic capable of accelerating
injection of 11 13 Cctober 2006 charges in the |um nescent material. The

i ght em ssion region exists not only at an interface with an adjacent
layer or its YREPRIESNEBUCTLING BrescatspRERREEOR Al eLoVidegRon in the

| ayer thijckpnessydifecti Agcar di Y, i Lpswhich light is emtted
is not |i mﬁt ed Itno theé acatgjgve- gesc%l b dtq%tag%%%cgggéﬂ%ys] vicinity but can be
spread keheatwbenirerxgenck heht iqghit temigssleohicéayer. This means that even
if the performance of a portion |located in the |ayer  thickness direction

i s deteriorated " QBN §SPGhOLEUREICCSET tGRT BBV 161 VRSt he
det er | Or 44 25k O 10N onBOl Ak s |4 GNincER-SSLAR. 9RGULS SHSEARLIALl Y over a

specific thickness region in the |ight em ssion l[ayer. aresult, it is
possi bl eindlaudsi gmi Bnodrt | § hoje cvmrnishersedwyee, | af Bigft dafiesdewni ce. The
| um nous, materi al ysed for the abgove-described known techni gue (Japanese

Patent LHAY¥ETOpéR RoECEhEN 65LaeAig) 2Rk bPEs IR HC 2 A SPGRSr e8ul ti ng from

fluor esq@NGe transport layer, and a light emission layer serving as
an electron transport layer. A light emission region of the
device is formed by a mixed layer made from a luminescent
material and a charge injection accelerating material. The
luminescent material exhibits, in a state held as a single
thin film between the anode and the cathode,
electroluminescence light emission when a DC voltage is
applied thereto and has a charge transport characteristic.
The charge injection accelerating material is different
from the luminous material and has a charge transport

characteristic capable of accelerating injection of
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On the other hand, the lum nous material used for enbodi nents of the
present invention exhibit, in a state held as a single thin film between

an anode and a cat hode, el ect rol uni nescence | i ght em ssi o BYobdr 3@®lsT When
a DC voltage is applied thereto. In other words, the lum nous nateri al

used for enbodi nents of the present invention has not only
el ect r ol whnargsesencethe ghiniersssnbmmateariadt.er Thti tightuteniizsidnOct ober 2006
al so a charge trans ort characteristic, and therefore, does not require a

mat eri al TEGuPPafdht “°t&qthé)nl]ré’sf"tnﬁPe:f’il‘é?r?aljéee&’ltPna?h% JGfSH t echni que) for
keepi ng injyeet ben; of ﬂ%@ﬁt@nguteg@%r&;& i g Fgglkighﬁhféﬁlr%éson layer, and

further thé lumnous material does not emt Fight 1n response to hol e-
el ect r on negdonbiinathenldygr dmitckreisghtdilbgcpeof or rﬁcrtgaﬂtblr@-lyel actron

reconbi nati on by itself. ,Accordingly, hue and a, | um noys efficiency of

t he devi 53%880%&‘?@“@0 léw‘?%gdilﬁeﬁﬁégt%‘f k&b g%@i’ﬂ:e n%ntt e'on is not varied
SO nuch dep¢adiagcPihed 1$@BEEALEALL Ol Hiv i@ ik YThRPUSa Bl LdfleadM th a
result that the device of the present inventidon can obtain a stable hue.

BRI EF DESCREPTI @GN :@moBRAN NG&S Flght Emissaodi bﬁg,reecm s bk Nge zms eﬂeatgy | evel
of each er.a hani sm o I ight .em ssion for a organi
el ectrol &%eﬁe% %&% Eieingtcl?trmélﬁ‘f:?t? A TS o OFRESPr B et} éntl on;
thickness direction is deteriorated, light emission occurs a
portion above or below the deteriorated portion, so that
‘light emission occurs substantially over a specific
- thickness region in the light emission layer. As a result,
it is possible to significantly improve the service life of
the device.
The luminous material used for the above-described
known technique (Japanese Patent Laid-open No. Sho 63-
264692) exhibits light emission resulting from fluorescence.
- On the other hand, the luminous material used for
embodiments of the present invention exhibit, in a state
held as a single thin film between an anode and a cathode,
electroluminescence light emission by itself when a DC
- voltage is applied thereto. In other words, the luminous
material used for embodiments of the present invention has

not only electroluminescence light emission characteristic

but

12




FIG 2 is a schematic diagram showi ng an energy |evel of each |ayer and a
mechani sm of |ight em ssion for another organic el ectrolum nescence |ight
emtting device of the present invention; FIG 3 is a schem®iibker dbgar am
showi ng an energy |level of each |layer and a nmechani smof |ight em ssion
for 13 - ---------- 13 Cctober 2006 a further organic el ectrolum nescence
i ght enaise g dmrngee tobnsherprasertctienyent ¢ prgnd-ltBeréfogen &adremati c

di agram showi ng .an ener vel of each |ayer and a nechani smof |ight

.| [
eni ssi on™Pbrr eI aamﬁg%ffﬁ@ BEYLFR I &0t FBF uRPHedtEmEd ali gHPSdeni tti ng
devi ce ofntHes NERHBNELAN BN O Eor kGepPnd Si P éﬂﬂt%%aekSH?).ﬂé Q@) em ssion

spectrum of a conparative organic electrolum nescence [1ght emtting
devi ce; Fl&t®ris ia dhaglaght hewi sgican levessi and shecdthrarmtafe an or gani c

el ectrol umi nescence li.ght emtting device of , the present invention; FIG 7
is a schglﬂrlﬁ}ri‘%ussél@t%leﬁg& grew it geﬁm&'r gaAht 1B BRIRYIFnRedCRce |i ght

eni ttingedevi £ URIbOhat MBASHEE NGnid o ilgghtemsﬁé%fnﬁgfgoﬂblgj-e 8 is a

spectral diagram showing a relationship etween an actual ly neasured

em ssi onespeictarumeandbanation by itself. Accordingly, a hue and a

luminous efficiency of the device according to embodiments
of the present invention is not varied so much depending on
a concentration of the luminous material, with a result that

the device of the present invention can obtain a stable hue.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an energy level of each
layer and a mechanism of light emission for an organic
electroluminescence light emitting device of the present
invention; |

FIG. 2 is a schematic diagram showing an energy level
of each layer and a mechanism of light emission for another
organic electroluminescence light emitting device of the
present invention;

FIG. 3 is a schematic diagram showing an energy level

of each layer and a mechanism of light emission for

13




em ssion spectrumestimated froma light emssion distribution in a |ight
em ssion layer; FIG 9 is a spectral diagramshowng a |ight em ssion
distribution in a light emssion layer; FIG 10 is a schengigdobsehibsonal
view of an essential portion of a related art organic electrolum nescence
light emtting device; 14 13 Cctober 2006 FIG 11 is a schematic
sectional view of an essential portion of another related art organic

el ectrol um nescence light emtting device; FIG 12 is a view showing a
configuration of a full-color flat display using related art organic

el ectrol um nescence light emtting devices; FIG 13 is a schematic di agram
showi ng an energy |evel of each layer and a nechanismof |ight em ssion
for a rel asefuatheor gaghoiel etecokobimescesescki ghghendhiifhgdevi ce; and
FIG 14 is a schematic diagram show ng an energy |evel of ea.% | ayer and a

mechani sm oflekriigbt o€nithei ppekeht aRGERAEEioh €l ated art organic
el ectrol um nescence light emtting device. BEST MODE FOR CARRYI. NG QUT THE

| NVENTI ON Accor di ngr¢ 0 4 hes py e&ﬁ{'&mdﬂ\@rﬁiéﬁbaﬂ heh ARANE wrdesehied

t hi ckness region is preferably specified such
level of each layer and a mechanism of light emission for

still a further organic electroluminescence light
emitting device of the present invention:

FIG. 5 is a diagram showing an emission spectrum of
a comparative organic electroluminescence light emitting
device;

FIG. 6 is a diagram showing an emission spectrum of
an qrganic electroluminescence light emitting device of
the present invention;

FIG. 7 is a schematic sectional view of an organic
electrqluminescence light emitting device used for
measuring a light emission region;

FIG. 8 is a spectral diagram showing a relationship
between an actually measured emission spectrum and an
emission spectrum estimated from a light emission
distribution in a light emission layer;

FIG. 9 is a spectral diagram showing a light

emission distribution in a light emission layer;

FIG. 10 is a schematic sectional view of an

‘essential portion of a related art ofganic

electroluminescence light emitting device;

14




that on the basis of an intensity of light emtted from each or both of an
interface between the m xed | ayer and an electron transport |ayer adjacent
thereto and an interface between the m xed | ayer and a holig gctaaS00¢ t

| ayer adjacent thereto, an intensity of light emtted froma position
bei ng equi di stant fromthe both 15 13 October 2006 interfaces is in a
range of 25% or nore. A concentration range of the | um nous material on

the basis of a nole nunber of the charge injection accelerating nateri al
having a charge transport characteristic capable of accelerating injection
of charges in the lumnous material in the Iight emssion layer-is
preferably in a range of 5 to 90 nole percent (about 5 to 90 wt%, nore

preferably, in a mame 1of ik0 & GcHRGhatale RRAGOM1( 33wt 0cF0aho 90 W% . On
the contrary, according to the above-described known technique (Japanese

Patent Lai deopemcNol 061 26468 hed trd SaideS il bed-dhat. the nini num

ratio of the fluorescent material is varied depending on the specific

sel ecti on o6 Sberdioski S SEhal Pt ey LALPSERNL. rater il hovever, i

any case, it is not required to-use the orescent” material in an anmpunt
of about 10 nole cqnt ;Qr jmre o asi f..the_nmole nunber of the
1 af.l%w %P%.?ngégsnggﬁguratlon o% &

host material, and nore specificall i

full-color flat display using related art organic
electroluminescence light emitting devices:

FIG. 13 is a schematic diagram showing an energy
level of each layer and a mechanism of light emission for
a related art organic electroluminescence light emitting
device; and

FIG. 14 is a schematic diagram showing an energy
level of each layer and a mechanism of light emission for

another related art organic electroluminescence light

‘emitting device.

BEST MODE FOR CARRYING OUT THE INVENTION

According to the present invention, the above-

described thickness region is preferably specified such

that on the basis of an intensity of light emitted from

- each or both of an'ihtérface between the mixed layer and
an electron transport'layer adjacent thereto and an
interface between the mixed layer and a hole transport
layer adjacent thereto, an intensity of light emitted

from a position being equidistant from the both
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required to use the fluorescent material in an anount of 1 nole percent or
nore. Therefore, the ratio of the fluorescent material is substantially

not overlapped to the preferred concentration range of thag3lodaouss
material used for the present invention. Further, according to the present
invention, a hue of light is not 16 13 Cctober 2006 varied depending on a
change in the applicable concentration of the |um nous material. This is
basically different fromthe known technique intended to positively

change a hue of light by changing the concentration of the fluorescent

material. The charge injection accelerating material having a charge
transport charsiciefdsdd G Lapall 6 9f a¢6elanating injection of charges in
st Od‘”hgnoéﬁﬁ'ssi on due to

the |ight emission layer for accelerationi
hol e-el ectron recombiBatkaR LR;EAe,Lunm nous material is preferably
specified as follows: (1) anren:é%gyrﬁré%l Obt the) bBépougnBatepial amwl ecul ar

orbital (LUMRheOthslshe ¢harg i,njection accelerating material is equal to
or smaller (shallower) tﬁaﬁ'otlﬁaltr’ug\ajetrhé’fl Ghen6ha rast énijjgktion an energy

| evel of a highest, 9 i mol.ecul ar .orbital (HOMO of the charge
i nj ection acceler ati %%g%aﬁertiegllaﬁs a¥4ndl 2t shargeatgenspdeeper) than that
of the I um neysoFBSLR . 9Lo(B)(Dg Snergy level of the | oues:

.charges in the luminous material in the light emission
layer is preferably in a range of 5 to 90 mole percent
{about 5 to 90 wt%), more preferably, in a range of 10 to

90 mole percent (about 10 to 90 wt%) . |

On the contrary, according to the above-described

'known technique (Japanese Patent Laid-open No. Sho 63-
264692y, it is described that the minimum ratio of the
fluorescent material is varied depending on the specific
selection of the host material and the fluorescent
material; however, in any case, it is not required to use
the fluorescent material in an amount of about 10 mole
percent or more on the basis of the mole number of the
host material, and more specifically, it is seldom
required to use the fluorescent mate:ial_in an amount of
1 mole percent or more. Therefore; the ratio of the

- fluorescent material is substantially not overlapped to
the preferred concentration range of the luminous

material used for the Present invention.‘ Further

according to the present iﬁvention, a hue of light is not
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unoccupi ed nol ecul ar orbital (LUMD of the charge injection accelerating
material is equal to or smaller (shallower) than that of the | um nous
material, and the energy level of the highest occupi ed noligeil.gé 206di t al
(HOMD) of the charge injection accelerating material is equal to or |arger
(deeper) than that of the lum nous 17 13 Cctober 2006 material. If the
above energy .condition (1) is satisfied, the sane material as a materi al
formng the electron transport |ayer can be used as a material having the
charge transport characteristic capable of accelerating injection of
charges in the lumnous material, and the sanme material as a materi al
formng the hole transport |ayer can be used as a material having the
charge travsppet dhpendiegichis coPaddeimftid]g4iimdfe charges in the

| um nous material. If the above energy condition (2) is satisfied, both

the sane nmatentahtastoNBéerime 15RIAGNE e el Lctrenitransp ggacgﬁxgr and

the same material as a material formng the hole transport ayer an be
used as theamreréat hahnhd Nendher S ANSPONT o ‘iﬁﬁ:{ac%t qgpabl e of
accelerating injection of charges in the nlnous erl f% ,

Tontport I SRS DASER WL SR B b iR et
the fluorescent material.

The charge injection accelerating material having a
charge transport characteristic capable of accelerating |
injection of charges in the light emission layer for
acceleration light emission due to hole-electron
recombination in the luminous material is preferably
specified as follows: (1) an energy level ;f a lowest
unoccupled molecular orbital (LUMO) of the charge
injection accelerating material is equal to or smaller
(shalliower) than that of the luminous material, or an
energy level of a highest occupied molecular orbital
(HOMO) of the charge injection accelerating material is

‘equal to or larger (deeper) than that of the luminous
material; or (2} the energy level of the lowest
unoccupied molecular orbital (LUMO) of the_charge
injection accelerating material is equal to or smaller
(shallower) than that of the luminous material, and the
energy level of the highest occupied molecular orbital
(HOMO} of the charge injection accelerating material is

equal to or larger (deeper) than that of the luminous
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may be shall ower than that of each of the |um nous material and the charge
injection accelerating material. The organic el ectrol um nescence |ight
emtting device of the present invention does not make usq:3@cidher XBEHaNi sm
that either or both of electrons injected from the cathode and hol es
injected fromthe anode are 18 -- - -------- ------------- 13 Cctober 2006
concentrated at the interface between the organic |ayers, to cause
hol e-el ectron reconbination, resulting in light emssion, but nmake use of
a mechanismthat the lumnous material efficiently acts as a trap for
el ectrons and- holes in the material having the charge transport
characteristic in the light em ssion |ayer, to cause hole-electron
reconbi nati B4 REhe | umi nous material, resulting in |ight emssion. The
organic el ectrolum nescence light emtting device of the present
invention is thus thatetavsvecierghatondietidrghtl) e switdre fiegl orthies not
concentrated in the vicinity of the interface between the organic |ayers
but can exi §emeopereniai-desrangetenishefbrghbgethssédactayer, so that as
conpared with the case where a lum nous-material singly exists in a |light
eni ssi on | ayernsportslppssi bhe be usegnibi sanityrisprioyeitdecrel i ability of
the device. This neans that according to the light emtting device of the

charge transport characteristic capable of accelerating

injection of charges in the luminous material, and the

same material as a material forming the hole transport

layer can be used as a material having the charge

transport characteristic capable of injection of charges

in the luminous material. If the above energy condition

(2) is satisfied, both the same material as a material

forming the electron transport layer and the same

material as a material forming the hole transport layer

can be used as the material having the charge transport

characteristic capable of accelerating injection of

charges in the 1uminous material. Further, an energy

level of the lowest unoccupied molecular orbital (LUMO)

of the hole transport layer adjacent to the mixed layer

may be shallower than that of each of the luminous

material and the charge-injectidn accelerating material.

The organic electroluminescence light emitting
device of the preseht invention does not make use of a

mechanism that either or both of electrons injected from

the cathode and holes injected from the anode are
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present invention, it is possible to prevent occurrence of an
“inconveni ence that the concentrated charge density in a |light emnm ssion
| ayer of a device accelerates deterioration of the device.;slidbleosgase (A

where a light emssion layer 3 is nade froma single material and the
material has an electron transport characteristic as shown in FIG 13, a
19 13 Cctober 2006 region (light em ssion region) in which reconbination 8
of holes and electrons efficiently occurs is concentrated in the vicinity
of an interface of a portion in the light emssion layer 3 with a hole

transport |ayer 2. Meanwhile, in the case (B) where a light em ssion |ayer
3is made f i_.nal terial and the material has a hole transport
characterisf%%ﬂggﬁé%ﬁ%ﬁﬁﬁgaﬁsé.lf&?r%aF?gH?twéﬁPS§P6nOF§§Fbﬁ layers,
concentrated in_the X&ﬁjni y of an interface of a portion in the |ight

em ssi on | ayer BT NOL8EN SeFEELPBnTEFaMBpBAE PRy eredul Dhng hin chiwhtr y,
according to the present invention, in the case (C) where a |light em ssion
layer is foffedsBy nPRitngakel uaeneisanneehpnishathay tine elestmons t r ansport
characteristic in a charge injection accelerating material 18 having an
el ectron tr $A<serelcREfactertdyi actasashawhrap FO6 eleatbi® 4de case (D)
where a light emssion layer is forned by mxing a | um nous materi al

holes in the material having the charge transport

§haracteristic in the light emission layer, to cause
hole-electron recombination in the luminous material,
resulting in light emission. The organic
electroluminescence light emitting device of the présent
invention is thus characterized in that the light
emission region is not concentrated in the vicinity of
the interface between the organic layers but can exist
over a wide range in the light.emission layer, so that as
compared with the case where a luminous material singly
exists in a light emission layer, it is possible to
significantly improve the reliability of the device. This
means thaﬁ according to the light emitting device of the
present invention, it is possible to prevent occurrence
of an inqonvenigpce that the concentrated charge density
in a light emission layer of a device accelerates.

' deterioration of the device.

;n the case (A) where a light emission layer 3 is

_made frpm a single material and the material has an

electron transport characteristic as shown in FIG. 13, a
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having a hole transport characteristic in a charge injection accelerating
material 18 having a hole transport characteristic as shown in FIG 2, a
region (light em ssion region) in which reconbination 19 qf oclagé@soand

el ectrons efficiently occurs is sonewhat spread inwardly fromthe
interface into the light emssion layer (within a specific thickness
region in the layer 20 13 October 2006 thickness direction) Further, in
the case (E) where a light em ssion layer is formed by m xing a | um nous
materi al having a hole transport characteristic in a charge injection
accelerating material 18 having an electron transport characteristic as
shown in FIG 3 and_in the case (F) where a light em ssion layer is fornmed
by nixing &eP&RPnObsghht eniasidaviagion) elecihioch tremsportatohardict eri stic
in a charge injection accelerating material 18 having a hole transport

char act er i spifchadesshndnel acEr @ s 4ef f heieetby tycofrel ectecansemnchthal es i s
not concentrated only in the vicinity of an interface between the organic
| ayers but is whdebvycihspersedan nitberraéghds edimEsioiod ayertian 1t a
further enlarged thickness region), so that reconbination 19 of holes and
el ectrons emtsssohnlaper s deitiangendi sperseshort theydi gt emEssiQne | ayer.

Accordingly, deterioration of the device does not occur at a concentrated
portion in ihethegbhs€M$Siwhere a light emission layer 3 is made

from a single material and the material has a hole

transport characteristic as shown in FIG. 14, a light

emission region is concentrated in the vicinity of an

interface of a portion in the light emission layer 3 with

an electron transport layer 4.

On the contrary, according to the present invention,
in the case (C}) where a light emission layer is formed by
mixing a luminous material having an electron transport
characteristic in a charge injection accelerating:
material 18 having an electron transport characteristic
as shown in FIG. 1 and in the case (D) where a light
emission layer is formed by mixing a luminous material
having a hole transport characteristic in a charge
injection accelerating materié; 18 having a hole
transpbrt éharacteristic as shoﬁ£ in FIG. 2, a region
(1ight emission region) in which recombination 19 of
holes and'electroné efficiently occurs is somewhat spread
inwardly from the interface into the light.emission-layer

- (within a specific thickness region in the léyer
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| ayer but occurs in a wide range in the light emssion layer, with a
result that the service life of the device is prolonged and thereby the
reliability of the device i's enhanced. The distribution ofi3aclbghbos

em ssion region in the light emssion |ayer is varied depending on a
voltage and" a current applied to the device and a | um nance; however, 21
13 COctober 2006 at an effective-avail able |um nance necessary for a
display or the like using the device, the light em ssion region in the
light em ssion |layer is preferably specified such that on the basis of an
intensity of light emtted fromeach or both of an interface between the
m xed | ayer apnd an el e¢ctron transport |ayer adjacent thereto and an

a . :
interface bEPWEERCEhedhFREHLPRY er FARANET hdme theawaser (ED ayberadpacent
thereto, an intensity of light emtted froma position being equidistant
fromthe bbit®FneBi$ates, laver is, formsrd Penirialg poriumiments t he | i ght
em ssion layer is in a range of 25%or nore. By naking effective use of
the whol e régroriat haeing ghthokei simgpdmy ethasmdteer dstght ieniassi on regi on
as described above, the reliability of the device can be significantly
i nproved. Tohdyge o edieior| aabiletatiofg tvetedeidice hhawitng @@ncentrati ng
the light em ssion region only in the
electron transport characteristic as shown in FIG. 3 and
in the case (F) where a light emission layer is formed by
mixing a luminous material having an electron transport
characteristic in a charge injection accelerating
material 18 having a hole transport characteristic as
shown in FIG. 4, the density of electrons and holes is
not concentrated only in the vicinity of an interface
between the organic layers but is widely dispersed in the
light emission layer (within a further enlarged thickness
region), so that recombination 19 of holes and electrons
occurs in the wide range dispersed in the light emission
layer. Accordingly, deterioration of the device does not
occur at a concéntrated portion in the light emission
layer but occurs in a wide range in the light emission
layer, with a result that the service life of the device
is prolonged and thereby the reliability of-the device is
- enhanced.
The distribution of a light emission region in the

light emission layer is wvaried depending on a voltage and'

a current applied to the device and a luminance; however,
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vicinity of the interface but widely dispersing the light emssion region
in the light em ssion |ayer as described above, in the above-described

case (E), the charge injection accelerating material may havegpabosn! y the
el ectron transport characteristic but also the hole transport
characteristic, and the lumnous nmaterial may have not only the hole
transport characteristic but also 22 13 Cctober 2006 the el ectron
transport characteristic. Further, in the above-described case (F), the
charge injecting accelerating material nmay have not only the hole
transport characteristic but also the electron transport characteristic,
and the lum nous material may have not only the electron transport
charact eri stFc@bueffSbivReavablable ahepbrancharectsga st ifor lan additi on,
the organic el ectrolum nescence light emtting device of the present
i nvention ndysbbavised tke hik¢ easingarhe ofeenod, ofheilXejts efnissdicspl ay.
Hereinafter, preferred enbodi nents of the present invention will be
descri bed irvegikemiinwthd Iifler esciesd oon t heyshr avd ngssfduarstly, exanpl es of
device structures to each of = which the organic el ectrol um nescence |ight
emitting denvéckfbédthecpresenton nentbas s Sopp i8tkerdziGy 5¢ 3hons the
above-descri bed device structure including the anode
emitted from each or both of an interface between the
mixed layer and an electron transport layer adjacent
thereto and an interface between the mixed layer and a
hole transport laver adjacent thereto, an intensity of
light emitted from a position being equidistant from the
both interfaces, that is, from a central portiomn of the
1ight emission layer is in a range of 25% or more. By
making effective use of the whole region of the light
emission layer as the light emission region as described
above, the reliability of the device can be significantly
improved.
To improve the reliability of the device by not
concentrating the light emission region only in the
vicinity of the interface but widely dispersing the light -
emission region in the light emission layer as described
above, in the above-described cise (E), the charge
~injection accelerating material may have not only the
electron transport characteristic but also the hole

transport characteristic, and the luminous material may

have not only the hole transport characteristic but also
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6, the hole transport layer 2, the light em ssion layer 4 serving as an

el ectron transport layer, and the cathode 7, and FIG 11 shows the
above-descri bed device structure including the anode 6, thedigbs 2oty ection
| ayer 1 (provided as needed), the hole transport layer 2, the |ight

em ssion layer 3, the electron transport |ayer 4, and the cathode 7. The
organi c el ectrolum nescence |ight 23 13 October 2006 emtting device of
the present invention is applicable to each of these device structures;
however, as shown in FIGS. 1 to 4, according to the present invention, a
charge (electron or hole) injection accelerating material is mxed in the
light em ssion | ayer. Wien a voltage is applied between the anode 6 and

t he cat hode™€oflEfRErORetFRRSRAVE Nghehachboyetlevi dairdtiramct ume the current
flows therebetween, to allow light em ssion fromthe |ight emssion |ayer
of the devi 88°VA-4apsrihee ¢as¢ofFsuppoet chgrgdeint ganing

el ectrol um nescence light emtting device is in contact w th the anode 6
or the cathadee¥eraAtinghbhaperiebhbhay babstnat ecombgeths ap Dt ass, quartz, or
plastic, a substrate having no |ight perneability in a visible |ight
regi on suchtasnspbitochavichesidsic abet il shetisard BeC&n WitdpA:d hin film
transistor circuit is formed is used in accordance wth an application of
t he devi ce.characteristic, and the luminous material may have not
only the electron transport characteristic but also the
hole transport characteristic.
"In addition, the organic electroluminescence light
emitting device of the present invention may be used as
at least part of each of pixels of a display.
Hereinafter, preferred embodiments of the present
invention will be described in detail ﬁith reference to
the drawings.
First, examples of device structures to each of
which the organic electroluminescence light emitting
device of the present invention is applied. FIG. 10 shows
the above-described device structure including the anode
6, the hole transport layer 2, the light emission layer 4
serving as an_eleétton transport layer, and the cathode 7,
and FIG. 11 shows-thé‘above—described device structure
~ including the anode 6, the hole injection layer 1
(provided as needed), the hole transport layer 2, the

light emission layer 3, the electron transport layer 4,

and the cathode 7. The organic electroluminescence light
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Light emtted fromthe light em ssion layer 4 serving as an el ectron
transport layer or the light enission |layer 3 can be energed to the
outside by giving light permeability tout |east one of thgiarets Hoand the
cathode 7. The anode -6 nmay be made fromITO (IndiumTin Oxide), a netal
such as SnQ(err), C, Pd, In, Au, W or NI, or an alloy containing one of
the nmetals. The cathode 7 nay 24 13 COctober 2006 be nade from an active
metal such as Li, My or Ca, or an alloy containing Ag, A, or In and one
of the active netals. In addition, the cathode 7 may be of a stacked
structure of these netal or alloy layers. It is to be noted that the above

material s for.%he anqde .6 and the cathode 7 are only for illustrative
pur poses onftaAgY; Hevige @ipdhgnaerseBbdintantépheisnapet iadlsleao be used

in accordance wi th an application of the device. Further, to inprove the
service |if&36F PhetBr§anrevierestrarinrasschavevkighteseshown ngndevi ce, the
device may be provided with a neans for cutting off perneation of water
or oxygen fFéfitextetmall, Fheondlingi hpethéopréaget infenthssel®rating
injection of holes may be provided between the anode 6 and the hole
transport |&herge. (Fhechobs bumj bolébnihpyetiod sayebersviiey fuorerfor
exanpl e, a porphyrin conpound described in U S. Patent No. 4,720,432. To
facilitate is mixed in the light emission layer. When a voltage is

applied between the anode 6 and the cathode 7 of the

device having the above device structure, a current flows

therebetween, to allow light emission from the light

emission layer of the device.

A substrate 10 for supporting the organic

electroluminescence light emitting device is in contact

with the anode 6 or the cathode 7. A light permeable

substrate made from glass, quartz, or plastic, a

substrate having no light permeability in a visible light

region such as silicon, or a substrate on the surface of

which a thin film transistor circuit is formed is used in

accordance with an application of the device.

Light emitted from the light emission layer 4
serving as an electron transport layer or the light
.emission layer 3 can be emerged to the outside by giving.
- light permeability to at least one of the anode 6 and the
cathode 7. The anode 6 may be made from ITO (Indium Tin

Oxide), a metal such as Sn0O;, Cr, Pd, In, Au, W, or Ni, or

an alloy containing one of the metals. The cathode 7 may
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injection of holes to the Iight em ssion |ayer serving as an electron
transport layer or the |ight enission |layer, the hole transport may be of
not a single layer but a stacked structure. Each of the elig@fsBa Fop@nsport
| ayer and the hole transport |ayer may be made froma nmaterial - suitably
selected fromknown materials. To facilitate injection of electrons from
the cathode 7 to the light 25 13 October 2006 em ssion |ayer serving as an
el ectron transport |layer and the electron transport layer, a thin film
made fromLiF or Li0O2 nmay be inserted. Further, a hole block |ayer for
preventing injection of holes fromthe light em ssion |ayer to the

el ectron transport Layer may be provided. As a useful exanple of a | um nous

material contATRed TANtHe FFhYe R 53T ofFlayet Lt haf® 9% GdhowrE & mat eri al

having, in %if nol ecul ar_skel eton, a styryl or distyryl structure
descri bed i I¥pariede? Patent A9 ai M opeh INoznd Hgie 1f 309y30stided 11- 329731,
2000-91076, 2000- 173773, 2000-12224, 2000-12225, 2000-12226, 2000-12227,
2000- 12228, 26003 91G73,292600-°00,0 e 200%0GE) 75mag0d@- of737 4¢ackeadl- 110570,
and 2001-110571. Such a material can satisfy the prerequisite of the
present i nvErfueHIthaf ithedmgndtorivabi |ak3ooflareanor plhotis thi Befi | m and
exhibits, 1in a state held as a single thin filmbetween the anode and the
cat hode, el®xted|minadoerd®te ghitenisld dfongie anode 6 and the

cathode 7 are only for illustrative purposes only, and it

is to be understood that other materials may be used in

accordance with an application of the device. Further, to

improve the service life of the organic

electroluminescence light emitting device, the device may

be provided with a means for cutting off permeation of

water or oxygen from external.

The hole injection layer 1 for accelerating

injection of holes may be provided between the anbde 6

and the hole transport layer 2. The hole injection layer

1 may be made from, for example, a porphyrin compound

described in U.S. Patent No. 4,720,432. To facilitate

injection of holes to the light emission layer serving as

an electron transport layer or the light emission layer,

the hole transport may be of ﬁof a single laYér but a-

stacked structure. Each of the electron transport layer

and the hole transport layer may be made from a material

suitably selected from known materials. To facilitate

injection of electrons from the cathode 7 to the light
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a DC voltage is applied thereto. As a material having a charge transport
characteristic (charge injection accelerating material) capable of
accelerating injection of charges in the |um nous materiali3dcloeéreonmy be
used a material suitably selected fromknown el ectron transport materials
and hole transport materials, 26 13 October 2006 The present invention

W Il be hereinafter described in detail by way of, while not Iimted
thereto, the foll owi ng exanples. Exanple 1 (Concentration of Conpound 1 and
Lum nous Efficiency) In this exanple, organic el ectrol um nescence |ight
emtting devices, each using, as a light em ssion |layer having an el ectron

repr oent ed By 5 T honpbthd T HoSar bt Bl sl T ARAAY oA aRBor
material re S d b a (trijs, (8-quinalinol) _ alun nu descri bed
bel ow, are gégdﬁi;%%t%%gsér‘n%fseé?r 0 %erq'r é athtighJHiip B&%éﬁ?ogl L4fi nance of

light emtted $r§f1 eaip sanple and a | um nous efficiency of the sanple is
exam ned. Sahpte® JRYoPGarE e &t r of URFheEcemdirl s ghtockndarengiarevi ces

were prepared as follows; nanely, as a
preventing injection ‘of holes from the light emission

layer to the electron transport layer may be provided.

As a useful example of a luminous material
contained in the light emission layer, there is known a
material having, in its molecular skeleton, a styryl or
distyryl structure described in Japanese Patent Laid;open

. Nos. Hei 11-329730, Hei 11-329731, 2000-91076, 2000-
173773, 2000-12224, 2000-12225, 2000-12226, 2000-12227,
2000-12228, 2000-91073, 2000-91074, 2000-91075, 2000-
173774, 2001-110570, and 2001-110571. Such a material can
satisfy the prerequisite of the present invention that it
has formability of an amorphous thin film and exhibits,
in a state held as a single thin film between the anode
and the cathode, electroluminescence light emission when
a DC vpltage is applied thereto.

As a material having a charge transport
characteristic (charge injecfibn accelerating material)

- capable of accelerating injection of charges in the
luminous material, there may be used a material suitably
selected from known electron transport materials and hole

transport materials.
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| i ght em ssion |ayer of each organic el ectrolum nescence |ight emtting
device, a nixed |layer made froma styryl conpound 1 expressed by the

foll owi ng chem cal forrmula, and an electron transport mataricetob& 2086
expressed by the follow ng chem cal formula was formed by a vacuum vapor -
deposition process; and as the other conponents of this 27 13 COct ober 2006
light emtting device, a glass sheet was used as a substrate, and an anode
made from I TO, a hole transport |ayer nade from a- NPD expressed by the
followi ng chem cal fornula, and a cathode nade from My- Ag were each forned
by a known process. Device structures of the sanples thus prepared are
shown below. It i to be noted. that jn each .device structure, a value in

t he parenthesis e%r%s%’é%s%ntfnrmfﬁwﬁ%‘kﬁ’@sjsl @I HART CeSGTioR8E | at er

exanpl es H3CO \ / - CNNHCNC/-\ rCH\ / N OCH3
[Algg] L \1kcgngeé?prhwaﬁ pf, while not limited thereto, the

following examples.

Example 1 (Concentration of Compound 1 and Luminous
Efficiency)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer
having an electron transport characteristic, a mixed
layer made from a styryl compound represented by a
compound 1 described below and an electron transport
‘material represented by Algs (fris (8—gquineclinol)
aluminum) described below, are produced as samples, and a
relationship between a luminance of light emitted from
each sample and a luminous efficiency of the sample is
examined. |

Samples of organic electroluminescence light
emitting devices were prepared ao foilows: namely, as a
light emission layer of each organic electroluminescence
light emitting dévice, a mixed layer made from a styryl
compound 1 expressed by the following chemical formula,
and an electron transport material Algs expressed by the
following chemical formula was formed by a vacuum vapor-

deposition process;.and as the other components of this
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O[ a-NPD] 28 13 October 2006 N\ / \ / N [Device Structure]: Device
(1-1): I'TOa-NPD [30 nnj/conpound 1: AlIg3 = 1:9 [30 nmM/A g3 [30 nnj/M: Ag
[ 200 nm] Device (1-2): I1TAQ (err) -NPD [30 nn]/conpound 1: Al3afdeste) 20863: 7
[30 nmj/Alg(err) [30 nni/Mp:Ag [200 nnj Device (1-3) : [TQa -NPD [30

nm /conmpound 1: Alg3 = 5:5 [30 nnj/AIg3 [30 nm/M:Ag [200 nm] Device
(1-4): ITAO a -NPD [30 nm/conmpound 1: AIg3 = 8:2 [30 nm/A g3 [30

nm /My: Ag [200 nni Device (1-5): ITQ a -NPD [30 nnj/conpound 1: Alg3 = 9:1
[30 nm{ /A g3 [30 nm/My:Ag [200 nm{ A relationship between a | um nance and
a lumnous efficiency of each of the sarrpl e Nos Devi ce (1-1), Device

(1-2), Dewc(# ?E%nhtfﬁt c%e(V gl is_shown in Table 1.
It is to be noted dm r‘io&s |c|s fic ?’@Sc‘é?‘éﬁlﬁ?eﬁ as a rate of
| um nance
substrate, and an anode made from ITO, a hole transport
layer made from «-NPD expressed by the following chemical
formula, and a cathode made from Mg-Ag were each formed
- by a known process. Device structures of the samples thus
prepared are shown below. It is to be noted that in each

device structure, a value in the parenthesis expresses a

film thickness (the same applies in the later examples) .

[Compound 1]:

HaCO

Q CN
d'OCHzcs—hCH—@-bg

OCH3

z’

P
O/"'
Cc%"

[ x—-NPD]:
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29 13 Cctober 2006 to a current value. Table 1 (Rel ationship between
Concentration of Conpound 1 in Light Emi ssion Layer and Lum nous
Efficiency) Concentration of Conpound 1 in 1 cd/n2 10 cd/ n8 ck@fecber? 1000
cd/n2 Light Em ssion Layer Device (1-1) 10 wt% 2.35 cd/ A 2.36 cd/ A 2.30
cd/A 2.24 cd/A Device (1-2) 30 wt% 2.33 cd/A 2.34 cd/A 2.23 cd/A 2.09 cd/ A
Device (1-3) 50 wt% 2.33 cd/A 2.33 cd/A 2.32 cd/A 2.12 cd/A Device (1-4)
80 WMt % 2.32 cd/A 2.33 cd/A 2.31 cd/A 2.11 cd/A Device (1-5) 90 wt % 2. 31
cd/ 2.33 cd/A 2.30 cd/A 2.12 cd/ A The results show that the | um nous
efficiency of each of the sanple Nos. Device (1-1), Device (1-2), Device
(1-3), Device (1-4), and Device (1-5) is high and stable irrespective of

t he concent i on of<%E2% | um nescent material in a practical |um nance
regi on from-—1 fﬁ 1@30 /2, and that each of the sanples has no problem
associ at ed wid 0 M.cati on- dependent quenching caused when a high
concentratiggtgf t he | nous material is contained in the light emtting
devi ce. Exanp 2 (Concentration of Compound 1 and Lumi nous Efficiency) In

this exanple, organic electrolumnm nescence |ight
[Device Structurel:

Device (1-1):

I
=
o

ITO/ @-NPD [30 nm)/compound 1l:Algs [{30 nm] /Algs [30
nm] /Mg:Ag [200 nm]
Device (1-2):
ITO/ «~-NPD [30 nm]/compound 1:Algs = 3:7 [30 nm]/Al§3 [30
nm} /Mg:Ag [200 nm]
Device (1-3):
ITO/cx—NPD [30 nm]/compound 1:Alg; = 5:5 [30 nm]/Algs [30
nm] /Mg:Ag [200 nm}
Device (1-4):
ITO/ @-NPD [30 nm]/compound 1:Alqgs = 8:2 [30 nml/Algs [30
nm] /Mg:Ag {200 nm]
Device (1-5):
- ITO/a-~-NPD [30 nm]/compound 1:Alqgs = 9:1 [30 nm]/Algs [30
ﬁm]/Mg:Ag {200 nm]
A relatiohship between a luminance dnd a luminous
~efficiency of each of the sample Nos. Device (1-1),
Device (1-2), Device (1-3), Device {1-4), and Device (1-
5} is shown in Table 1. It is to be noted that the

luminous efficiency is calculated as a rate of luminance
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emtting devices, each using, as a light em ssion |ayer having a hole
transport characteristic, a mxed |layer nade fromthe sane styryl conpound
1 as that described in- Exanple | and the sane hol e transpagtocrtenbal
a-NPD as that described in Exanple 1, are produced as sanples, and 30 13
Oct ober 2006 —a relationship between a |um nance of light emtted from
each sanple and a |um nous efficiency of the sanple is exam ned. Sanples
of organic el ectrolum nescence light emtting devices were prepared in the
sanme manner as that described in Exanple 1, except that a m xed | ayer nade
fromthe sanme styryl conpound 1 as that described in Exanple 1 and the
sane hol e t£ansport material a -NPD as that described in Exanple 1 was
formed as a Pi@h?uréﬁPESY%ﬂu?ayer by a vacuum vapor - deposi ti on process.

[ Device Structure]: Device (2-1): ITQ a -NPD [30 nm/conpound 1:(err)-NPD
= 1:9 [30 nnj%&rlq% 1 S iaiimpide [roorann Daderd qatizn of TObmgouNeD [ 30
nm /conmpound 1l:a-NPD = 3:7 [30 nnm/A g3 [30 nm/M:Ag [200 rin Device
(2-3): |1 TO L INPBLEBD Fnigs compoarelr lard NRDningus § B0 awdrdtqg3

Concentration of -
fﬁgﬁfﬁﬂﬂiééﬁ - Lodhm? 10cd/m? | 100cd/m? | 1000 cd/m?
Layer
Device (1-1) 10 wt% 2.35 ed/A 2.36 cd/A 2.30 cd/A 2.24 cd/A
Device (1-2) 30 wi% 2.33 ed/A 2.34 cd/A 2.23 ed/A 2.09 ed/A
Device (1-3) 50 wi% 2.33 ed/A 2.33 cd/A 2.32 cd/A 2.12 cd/A
Device (1-4) 80 wi% 2.32 cd/A 2.33 cd/A 2.81 ed/A 2.11 ed/A
Device (1-5) 90 wit% 2.31 cd/A 2.33 cd/A 2.30 cd/A 2.12 cd/A

The results show that the luminous efficiency of
each of the sample Nos. Device (1~1), Device {(1-2),
Device (1-3), Device (1-4), and Device (1-5) is high and
stable irrespective of the concentration of the
luminescent material in a practical luminance region from
1 to 1000 cd/m?, and that each of the samples has no
problem associated with concentration-dependent quenching
caused when a high concentration of the luminous material

is contained in the light emitting device.

Example 2 (Concentration of Compound 1 and Luminous
Efficiency)
In this example, organic elecfroluminescenee light
. emitting devices, each using, as a light emission layer
having a hole tren5port characteristic, a mixed layer
made from the same styryl compound 1 as that described in
Example 1 and the same hole transport material «-NPD as

that described in Example 1, are produced as samples, and
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[[30 nnj/My: Ag [200 rinj Device (2-4) : [ITO'a -NPD [30 rinj /conpound 1:a
-NPD = 8;2 [30 nn{/A g3 [30 nm/M:Ag [200 rin] Device (2-5): 31 13

Oct ober 2006 1 TOQ'a -NPD [30 nm/conmpound 1:a-NPD = 9:1 [ 3Q3w#dbh&dwds [ 30
nm /Mj: Ag [200 nml A relationship between a | um nance and a | um nous
efficiency of each of the sanple Nos. Device (2-1), Device (2-2), Device
(2-3), Device (2-4), and Device (2- 5) is shown in Table 2. It is to be
noted that the lum nous efficiency is calculated as a rate of |um nance
to a current value. Table 2 (Rel ationship between Concentration of Conpound
1 in Light Em ssion Layer and Lum nous Efficiency) Concentration of

Compoune L temeth il g P S0 Bl S e |
20 0% ol ety SR AR Gy B0 Sl 4
2.08 cd/ A 23§§mf§gd%
Samples of organic electroluminescence light
emitting devices were prepared in the same manner as thaﬁ
Vdescribed in Example l,_except that a mixed layer made
. from the same styryl compound 1 as that described in

Example 1 and the same hole transport material «-NPD as

that described in Example 1 was formed as a light

emission layer by a vacuum vapor-~deposition process.

[Device Structure]:

Device ({2-1):

ITO/_a-—NPD [30 nm]/compound 1:a-NPD = 1:9 [30 nm]/Alqgs
{30 nm}/Mg:Ag [200 nm]
Device (2-2}:

ITO/ ¢-NPD [30 nm]/compound 1:a-NPD

3:7 [30 nm}/Alqgs
[30 nm]/Mg:Ag [200 nm]

Device (2-3):

(]

ITO/cxjNEp [30 nm]/compound 1: @~NPD 5:5 [30 nm]/Alqgs
[30 nm]/Mg:Ag [200 nm]
Device (2-4):

8:2 [30 nm]/Alqgs

ITO/ a-NPD [30 nm]/compound 1: a-NPD
[30 nm}/Mg:Ag [200 nm]

Device (2-5):
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Device (2-5) 90 wt% 2.1 cd/A 2.1 cd/A 2.07 cd/A 2.03 cd/ A The results show
that the lum nous efficiency of each of the sanple Nos. Device (2-1),
Device (2-2), Device (2-3), Device (2-4), and Device (2-5)3 0stobdirgioeand
stable irrespective of the concentration of the |umnescent material in a
practical |lum nance region from 1 to 1000 cd/n2, and that each of the
sanpl es has no 32 13 COctober 2006 problem associated with

concentrati on-dependent quenching caused when a high concentration of the

| um nous material is contained in the light emtting device. Exanple 3
(Concentration of Conpound 2 and Luminous Effici ency) In this exanple,
organi c el ecty@f g Q@gcqggen}nq gggmpggh&t i 0g devl cesy ]r}gqus a light
em ssion |layer having an electron transport char act er| stl C, | ayer

made from apsé YA} /@@@?u%@% gsented by a conpound 2 descri bed bel ow
and the sane el ectron ransport” material Alga (tris (8-quinolinol)

aluminum as . thaty descidiRedysn Brawle S‘m %%mgpgg\%gugga 2 13RTRLER, and a

rel ati onshi p between a | um nancCe I"i rom -eac€ sanpﬁe and a

"] um nous ef(_f_,}__-flg GV f heeacﬁgr%)% ethe amp ees% é{’)%?e f .qrganic

el ectrol um nescence 1 i g t ing devite t he sane

nmanner as that. .
S evice (2-2), Device (2-3), Device {(2-4), and Device (2-

5) is shown in Table 2. It is to be noted that the
luminous efficiency is calculated as a rate of luminance

to a current value.

Table 2 (Relationship between Concentration of Compound

l in Light Emission Layer and Luminous Efficiency)

Concentration of :
o i | 1cdim? | 10cam® | 100cam? | 1000 cd/m®
Layer

Device (2-1) 10 wi% 2.22 ed/A 2.24 c¢d/A 2.30 cd/A 2.13 cd/A
Device (2-2) 30 wi% 2.12 cd/A. 2,15 ed/A. 2.11 ed/A 2.07 cd/A
Device {2-3) 50 wit% 21led/A | 2.12cd/A 2.1 ed/A 2.05 ed/A
Device (2-4) 80 wt% 2.09cd/A | 2.1cd/A 2.08 cd/A 2.01 cd/A
Device (2-5) 90 wit% 2.1 cd/A 2.1 cd/A 2.07 cd/A 2.03 cd/A

The results show that the luminous efficiency of
. each of the sample Nos. Device (241), Devicé {(2=-2),
Device (2—3),'Device (2-4), and Device (2-5) is high and
stable irrespective of the concentration of the
luminescent material in a practical luminance region from

1 to 1000 cd/mz, and that each of the‘samples has no
- ' 32 :




described in Exanple 1, except that a m xed |ayer made froma styryl
conpound represented by a conpound 2 expressed by the follow ng chenical
formula and the sane electron transport material Al ga as tlhaktodg00d bed in

Exanple 1 was fornmed as a |ight em ssion |ayer by a vacuum
vapor - deposition process. 33 13 COctober 2006 [Conmpound 2] H3C CN N CH=CH
CN H3C [Device Structure]: Device (3-1): ITOa -NPD [30 nm/conpound 2:
Alg3 = 1:9 [30 nm/A g3 [30 nnj/M:Ag [200 nnj Device (3-2): I1TO a-NPD [ 30
nm /conmpound 2: Alga = 3:7 [30 nm/A1g3 [30 nnj/My: Ag [200 nm Device
(3-3): ITOa-NPD [30 nnj/conpound 2: Alga = 5:5 [30 nnf/AI g3 [30 nnl/Mj: Ag

200 PBroBEehadloch IELd MR Bn0Bhe LOIPSNG endtd? quiidhing

caused when a high concentration of the luminous material

is contained in the light emitting device.

Example 3 (Concentration of Compound 2 and Luminous
- Efficiency)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer
having an electron transport characteristic, a mixed
layer made from a styryl compound represented.by a
compound 2 described below and the same electron
transport material Algs; (tris (8-quinclinol) aluminum)} as
that described in Example 1, are produced as samples, and
a relationship between a luminance of light emitted from
each-samplé and a luminous efficiency of the sample is
examined.

Samples of organic electroluminescence light
.emitting devices were prepared in the same manner as that
described in Example 1, except.thaﬁ a mixed layer made
.from a styryl cbmpound represented by a éompound 2

- expressed by the following chemical formula and the same
electron transport material_Alqg as that described in
Example 1 was formed as a light emissioﬁ layer by a.

vacuum vapor—deposition process.
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[30 nm/My: Ag [200 nn] Device (3-5): ITQ a -NPD [30 nm/conpound 2:. Alga
= 9:1[30 nnj/Ag3 [30 nni/My:Ag [200 nn] A relationship between a

| um nance and a lum nous efficiency of each of the sanpl elNOstobdd@0lcce
(3-1), Device (3-2), Device (3-3), Device (3-4), and Device (3 34 13

Oct ober 2006 5) is shown in Table 3. It is to be noted that the | um nous
efficiency is calculated as a rate of lumnance to a current value. Table
3 (Rel ationshi p between Concentration of Conpound 1 in Light Em ssion
Layer and Lum nous Efficiency) Concentration of Conmpound 2 in Light

Em ssion 1 cd/n2 10 cd/n2 100 cd/n2 1000 cd/n2 Layer Device (3-1) 10 vt %
2.18 cd/A 2.&@ ﬁgé@né%’{ cd/A 2.03 cd/A Device (3-2) 30 w% 2.14 cd/A 2.13
cd/A 2.1 ed/ 3 cd/ Device (3-3) 50 wt% 2. 13 cd/ A 2.12 cd/A 2.12 cd/ A
2.08 cd/A Device (3-4) 80 % 2.11 ed/A 2.12 cd/A 2.11 cd/A 2.1 cd/A
Device (3-5§%0 wt % 2.13 cd/A 2.11 cd/A 2.13 cd/A 2.1 cd/ A The results show
that the |lum ‘@> efficiency of each of the sanple Nos. Device (3-1),

Device (3-2), eHESH @é* ice (3-4), and Device (3-5) is high and
CN
§

HsC

[Device Structuretl:
Device (3-1}:

ITO/ @ -NPD [30 nm]/compound 2: Algs = 1:9 [30 nm)/Alqgs
[30 nm]/Mg:Ag [200 nm] |
Device (3-2):

ITO/ a-NPD [30 nm]/compound 2: Algs = 3:7 [30 mm]/Alqgs
[30 nm] /Mg:Ag [200 nm]

Device (3-3):

ITO/ «-NPD [30 nm]/compound 2: Algsz = 5:5 [30 nm]/Alqgs
[30 nm}/Mg:Ag [200 nm]

Device (3-4):

ITO/ @ -NPD [30 nm]/compound 2: Algs = 8:2 [30 nm} /Alqgs
[30 nm] /Mg:Ag [200 nm]

Device (3-5):

ITO/ @ -NPD [30 nm}/compound-2: Algs = 9:1 [30 nm}/Alqgs
[30 nm]/Mg:Ag [200 nm]

A relationship betwegn alluminance and a luminous
efficiency of each of the sample Nos. Device (3-1), .

Device (3-2), Device (3-3), Device (3-4), andADeviCe (3— .
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stabl e irrespective of the concentration of the |umnescent material in a
practical |um nance region from 1 to 1000 cd/n(err), and that each of the
sanpl es has no problem associated with concentrati on- depebhil®cabbegd@schi ng
caused when a high concentration of the lumnous material 1is contained in
the light emtting device. Exanple 4 (Concentration of Conpound 2 and
Lum nous Efficiency) In this exanple, organic el ectrolum nescence |ight
emtting devices, each using, as a light em ssion |layer having a hole
transport characteristic, a mxed |ayer nade fromthe sanme styryl conpound
2 as that described in 35 13 Cctober 2006 Exanple 2 and the sane hole
transport ma?kridlskewpPHmsTakbhat3 deddr ilbedoi BeExampliethatatgeproduced as
sanples, and a relationship between a |um nance of light emtted from
each sanpl e hwdizotun Miisiatidy cieney ofidther Sl @4its gXaRkRgd,.Sanpl es
of organic electrolum nescence light emtting devices were prepared in the
same manner & a hatrraescrdlhed i n Exanple 1, except that a m xed | ayer nade
fromthe same styryl conpound 2 as that described in Exanple 2 and the
sanme hol e tramspaet 3ngReLb&k oashP t ' : | e 1 was

B 8atwkba cQﬁé&ﬁtP%%%S%f‘%&gm%?%&&

formed as a light emssion |ayer by a vacuum vapor -
1 in Light Emission Layer and Luminous Efficiency)

Concentration of
Compound 2 in
Light Emission 1 ed/m?2 10 ed/m? 100 cd/m? 1000 cd/m?
i Layer '

Deroe (3-1) 10 wt% 2.18 cd/A 2.16 cd/A 2.12 cd/A 2.03 cd/A
Dev%ce {3-2) 30 wit% 2.14 cdfA 2.13 cd/A 2.1 ed/A 2.05 cd/A
Dev?ce (3-3) 50 wit% 2.13 cd/A 2.12 cd/A 2.12 ed/A 2.08 cd/A
Dev?ce (3-4) 80 wi% 2.11 ed/A 2.12 cd/A 2.11 ed/A 2.1 cd/A
Device (3-5) 90 wt% 2.13 cd/A 2.11 cd/A 2.13 cd/A 2.1 ed/A

The results show that the luminous efficiency of

each of the sample Nos. Device (3-1), Device (3-2),
Device (3-3), Device (3-4), and Device {3-5) is high and
stable irrespective of the concentration of the
luminescent material in a practical luminance region from
1 to 1000 cd/m®, and that each of the saﬁples has no
problem assqéiated with conceﬁtration—dependent quenching
caused when a high concentration of the luminous material

is contained in the light emitting device.

Example 4 (Concentration of Compound 2 and Luminous
Efficiency)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer |
having a hole transport characteristic, a mixed layer

made from the same styryl compound 2 as that described in
. . . 35 ) : .




[ Device Structure]: Device (4-1): 1TO a-NPD [30 nnmj/conpound 2:a -NPD = 1: 9
[30 nmM /A g3 [30 nm{/My:Ag [200 rim Device (4-2): ITO a-NPD [ 30
nni / conmpound 2:a-NPD = 3:7 [30 nni/Al g3 [30 nnj/My: Ag [ 2003 Oitoler DEOSI Ce
(4-3): ITOa-NPD [30 rinj/conpound 2:a-NPD = 5:5 [30 nm{/A g3 [30
nm/My:Ag [200 rin] Device (4-4): 1TQ a -NPD [30 nm/conmpound 2:a-NPD =
8:2 [30 nmM /A g3 36 13 Cctober 2006 [30 nm/My: Ag [200 nm Device (4-5):
| TOQ a-NPD [ 30 nn]/conmpound 2:a-NPD = 9:1 [30 nnj/Alg3 [30 nm/M: Ag [200
nm A relationship between a | um nance and a | um nous efficiency of each
of the sanple Nos. Device (4-1), Device (4-2), Device (4-3), Device (4-4),
and Device £famPle i5 $0@Wha Ns RO }?OJ?e lﬂfaﬂ 40 b ated th@#PltJ h?s lum nous
val ue

efficiency is calculated as a rate o um nance to a curren . Table

4 (Relati ongiip Reaveaseoneentiabion ofa LRUNLe? 44" ddnfile £M-9% ON
Layer and Lum nous Effi ciency)
a relationship between a luminance of light emitted from
each sample and a luminous efficiency of the sample is
examined.

Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
described in Example 1, except that a mixed layer made
from the same styryl éompound 2 as that described in
Example 2 and the same hole transport material «-NPD as
that described in Example 1 was formed as a light
emission layer by a vacuum vapor—deposition process.

[Device Structure]:

Device (4-1):

ITO/ ¢ —-NPD [30 nm]/compound 2:a~NPD = 1:9 {30 nmj /Algs
[30 nm] /Mg:Ag [200 nm] |

Device (4-2):

ITO/ @ -NPD [30 ﬁm]/compound 2:a-NPD = 3:7 [30 nm]/Alqgs

[30 nm}/Mg:Ag [200 nm]

Device (4-3):

ITO/ ¢ ~NPD [30 nm]/compound 2:a<-NPD = 5:5 [30 nm] /Alqgs
[30 nm]/Mg:Ag [200 nm]

_Device (4-4) :

i
w0
™

 ITO/@-NPD [30 nm]/compound 2: a-NPD [30 nm]/Algs
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Concentration of Compound 2 in 1 cd/n2 10 cd/n2 100 cd/n2 1000 cd/n2 Light
Em ssion Layer Device (4-1) 10 wt% 2.15 cd/A 2.12 cd/A 2.09 cd/A 2.04 cd/A
Device (4-2) 30 % 2.1 cd/A 2.09 cd/A 2.07 cd/ A 2.05 cd/ A13 Qawbeg0064- 3) 50
wt% 2.09 cd/A 2.07 cd/A 2.06 cd/A 2.03 cd/A Device (4-4) 80 wt% 2.08 cd/ A
2.09 cd/A 2.07 cd/A 2.02 cd/A Device (4-5) 90 wt% 2.09 cd/A 2.08 cd/ A 2.06
cd/A 2.00 cd/ A The results show that the |lum nous efficiency of each of
the sanple Nos. Device (4-1), Device (4-2), Device (4-3), Device (4-4),
and Device (4-5) is high and stable irrespective of the concentration of
the |lumnescent material in a practical |um nance region from 1 to 1000
cd/n2, and {batnRpmlg gt Gaip| es has no 37 13 Cctober 2006 problem
associ at ed vvlth concentra i on-dependent quenching caused when a high
concentrati qﬂ? 144 nous material is contained in the light emtting
devi ce. anpl e 5 ( ncentration of Conmpound 1 and Hue) In this exanple,

organi c eI ect I emtting devices, each usin as a light
em'gssi on | aye]{T%ﬂh%vﬂﬁé gﬁ P@i?FBWP?PEﬂS%O%t N racdtdr i lsY @m) a{% Aked | ager
made fromtgﬁ% rﬂ]e/ %ﬁ% |i’foodrpou]nd 1 as that described in Exanple 1 and

0

t he sane el

A relationship between a luminance and a luminous
efficiency of each of the sample Nos. Device {4-1),
Device (4-2), Device (4-3}, Device (4-4), and Device (4-
3) is shown in Table 4. It is té be noted that the
luminous efficiency is calculated as a rate of luminénce

to a current value.

Table 4 (Relationship between Concentration of Compound

2 in Light Emission layer and Luminous EfflClency)

Concentration of
g‘gﬁf %‘g‘ggéﬂ 1 cd/m? 10 cd/m?® | 100 cd/m? 1000 cd/m?
Layer
Device (4-1) 10 wi% 2.15 cd/A 2.12 ed/A 2.09 cd/A 2.04 cd/A
Device (4-2) 30 wi% 21 cd/A 2.09 cd/A 2.07 cd/A 2.05 cd/A
ngioe (4-3) 50 wit% 2.09 cd/A 2.07 ed/A 2.06 cd/A 2.03 cd/A
Device (4-4) 80 wt% 2,08 cd/A " 2.00 ed/A 2.07 cd/A 2.02 cd/A
~ Device (4-5) 90 wt% 2.09 cd/A 2.08 cd/A 2.06 cd/A 2.00 cd/A

.»The results show that the luminous efficiency of
_ each of the sample Nos. Device (4-1), Device (4-2),
Device (4-3), Device (4-4), and Device (4-5) is high and
~stable irrespective of the concentration of the |
luminescent material in a practical luminance region from

1 to 1000 cd/m?, and that each of the samples has no
37




material Alga as that described in Exanple 1, are produced as sanples, and
a relationship between a luminance of light emitted fromeach sanple and a
hue of the light emtted fromthe sanple is exam ned. Sanph estobér 20063ani c
el ectrol um nescence light emtting devices were prepared in the sane
manner as that described in Exanple 1. Nanely, |ike Exanple 1, a m xed

| ayer nmade fromthe sanme styryl conpound 1 as that described in Exanple 1
and the sane electron transport material Al ga as that described in Exanple
1 was forned as a light em ssion |layer by a vacuum vapor-deposition
process. The sane sanple Nos. Device (1-1) , Device (1-2), Device (1-3),
Devi ce (1-4broamde3E56@ié%e5)w@ﬁhtB@ﬁ@en@fggﬁéﬁddéﬁbﬁgéﬂPl&uén@ﬁ{ t hus
prepared. 38 13 Cctober 2006 A relationship between a [um fiance and a hue

of each of thessamphes Esh§q9WBO£EeH€p£@i§n.J?b£ﬁe5hﬁ§ﬁ%§h%gﬁ§€%9i§ftmeen

Concentration of Conpound in Light Em ssion Layer ncentration
cd/n2 10 ed/ pBniQ9,cd/ 58 10Q90; ¢ nd 1 Device (1-1) 10 wt%

634, 0.365 0.633. 0355 0 630, gﬂggﬁmgfc%%gﬂgg - Device (1-2) 30 w %

. 643, 0.355 0.640, 0.359 0.638,.0:-359 0.633, 0.366 Device (1-3) 50 Wt %

. 642, 0.356 0.641, 0.358'0.637, 0.360 0.631, 0.368 Device (1-4) 80 wt%

. 644, 0. 35ﬁx9m8f§’ 50(§ggcgﬁ1§§a7‘tigﬁ 3(:?} gérgggﬁn ']:L36a7nd Hue)

In this example, organic electroluminescence light

oleoloNaN

emitting deviges, each using, as a light emission layer
having an electron transport characteristic, a mixed
layer made from the same styryl compound 1 as that
described in Example 1 and the same electron transport
material Algs; as that described in Example 1, are produced
~as samples, and a relationship between a luminance of
light emitted from each sample and a hue of the light
emitted from the sample is examined.

Samples of organic electroluminescence lighf
emitting devices were prepared in the same manner as that
described in Example 1.. Namely, like Example 1, a mixed
layer made from the same styryl compound 1 as that
described in Example 1 and the same electron transport

'material'Alq3 aé that described in Example 1 was formed as
a light emission layer by a vacuum vapor-deposition
process. The same sample Nos. Device (1-1), Device (1~2),
Device {(1-3), Devi;e (1—4),-and Device-(l—S) as those

prepared in Example 1 were thus prepared.
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Device (1-5) 90 wt % 0. 643, 0.357 0.642, 0.358 0.637, 0.362 0.632, 0.367 The
results show that the hues of the sanple Nos. Device (1-1), Device (1-2),

Device (1-3), Device (1-4), and Device (1-5) are nearly eq@s@éktobs 28@ECh
other irrespective of the concentration of the |um nescent material in a
practical |lum nance region from1 to 1000 cd/me, and that each of the

sanpl es has no problem associated with a change in hue upon high
| um nance, which problemis liable to be caused for a usual red color
light emtting device in which a pigment is doped in Alg3 or the like in a
concentration as lowas 2 to 3 w%or |less. Exanple 6 (Concentration of
Conpound 1 and Hued el ddtcn X eswadgani GmBlrReidoOlHd nesranes | i ght
emtting devices, each using, as a light em ssion |layer having a hole
transport chaeacbertBbi samp18kxed Lpysh 39 dd,{Xtober 2006 -made fromthe

sanme styryl conpound 1 as that described in Exanple 2 and the sane hole
transport material a-NPD as that described in Exanple 2, are produced as
sanples, and a relationship between a |um nance of light emtted from

each sanpl e apg,p hyeQf 4 E‘orls!r&gﬁ

Sanmpl es of organic el ectrol um nescence

prepar ed inltmﬁ E%&’ﬁt”ﬁﬁi‘%l&? f‘&fl]}@ér and Hue)

b%@#ﬁteﬁug hc{()rn%gr%tt{}:%t%%qlp Ioef. ic%m%c?glgéln ed.

ting devices

100 cd/m?

Concentration 1 cd/m? 10 ed/m? 1000 cd/m?
of Compound 1
Device (1-1) 10 wt% 0.634, 0.365 | 0.633, 0.355 | 0.630,0.368 | 0.624, 0.375
Device (1-2) 30 wi% 0.643, 0.355 | 0.640, 0.359 | 0.638, 0.359 | 0.633, 0.366
Device (1-3) 50 wi% 0.642, 0.356 | 0.641, 0.358 | 0.637,0.360 | 0.631,0.368
Device (1-4) 80 wit% 0.644, 0.354 | 0.642, 0.357 | 0.637,0.361 | 0.632, 0.367
Device (1-5) 90 wt% 0.643, 0.357 | 0.642,0.358 | 0.637,0.362 | 0.632, 0.367

The results show that the hues of the sample Nos.
Device (1-1), Device (1-2), Device (1-3), Device {1-4),
and Device (1-5) are nearly equal to each other
irrespective of the concentration of the luminescent
material in a practical luminance region from 1 to 1000
cd/m?, and that each of the samples has no problem
associated with a change in hue upon high luminance,
which problem is liable to be caused for a usual red
coleor light emitting device in which a pigment is doped
in Algs; or the like in a concentration as low as 2 to 3
wt% or less.

. Example 6 (Concentration of Compound 1 and Hue)
In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer

having a hole transport characteristic, a mixed layer
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described in Exanple 2. Nanely, |ike Exanple 2, a mxed |ayer nade from
the sanme styryl conpound 1 as that described in Exanple 2 and the sane hol e
a-NPD as that described in Exanple 2 wasCibeaados as a

transport rmateri al
| ight em ssion |ayer by a vacuum vapor-deposition process. The sane sanple
Nos. Device (2-1) , Device (2-2) Device (2-3), Device (2-4), and Device

prepared in Exanple 2 were thus prepared. A relationship
bet ween a | um nance and a hue of each of the sanples is shown in Table 6.
Table 6 (Rel ati onship between Concentration of Conmpound 1 in Light
Em ssion Layer and. Hue) Concentration 1 cd/nR2 10 cd/n2 100 cd/ n2 1000 cd/ nR
of Conpound TBdSe\ii X (the) )samge \ettory. 16 2Dmpd Bt 10 2622ha®. 3é%cRi624, 0. 378
0-620,0.i-7-9 Device (2-2) 30 wt% 0.632, 0.368 0.631, 0.369 0.629, 0.370
0.627, 0.37ExaDelice (rB)tHE) sahtd AoA35,tAn3eD 8 Ga2eradbsd -Qibi3d, s 0. 366
0.631, 0.368 Device (2-4) 80 w % 0.635, 0.364 0.634, 0.365 0.634, 0.366
0.632, 0.36Thaleviccex(ides) 190 Pl 634, a@e36500ub34, aQ. 36Rp0e634,,9. 366
0.631, 0.368 The results show that the hues of the sanpl.e s. 40 13
Qctober 2006 x@ditden(s2iil) bolvicse of 2udlnahRW 62 (208): oRRYLCE E2od)  and
Device (2-5) are nearly equal to each other irrespéctive of the
concentrat @achf sbiipllelBhaesChll oFfkRE 2hght BuRtaghi §2bn! HiLNANCE region
roml to :

sample is examined.

(2-5) as those

Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
described in Example 2. Namely, like Example 2, a mixed
1ayer.made from the same styryl compound 1 as that
described in Example 2 and the same hole transport
material @ -NPD as that deécribed in Example 2 was formed
as a light emission laver by a vacuum vapor—deposition
process. The same sample Nos. Device (2~-1), Device (2-2),
Device (2-3), Device (2-4), and Device (2-5) as those
prepared in Example 2 were thus brepared. A relationship
between a luminance and a hue of each of the samples is
shown in Table 6.

Table 6 (Relationship between Concentration of Compound

1 in-Light Emission Layer and.Hue)

Concentration 1 ed/m?2 10 cd/m?2 100 cd/m? 1000 ed/m?

of Compound 1
Device (2_-1) 10 wt% 0.623, 0.376 | 0.622, 0.377 0.621, 0.378 | 0.620, 0.379
Device (2-2) 30 wt% 0.632, 0.368 | 0.631,0.369 | 0.629, 0.370 | 0.627, 0.372
_ ngice (2-3) 50 wi% 0.635, 0.365 | 0.635,0.364 | 0.633, 0.366 | 0.631, 0.368
Device (2-4) 80 wi% 0.635, 0.364 | 0.634, 0.365 | 0.634, 0.366 | 0.632, 0.367
1. Device (2-5) 90 wt% 0.634, 0.365 | 0.634, 0.365 | 0.634,0.366 | 0.631, 0.368

The results show that the hues of the
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cd/ n2,, and that each of the sanples has no problem associated with a
change in hue upon high |Ium nance, which problemis |iable to be caused for
a usual red color light enmtting device in which a pigment3ostwdapess in
Alga or the like in a concentration as lowas 2 to 3 w%or |ess. Exanple
7 (Concentration of Conpound 2 and Hue) In this exanple, organic

el ectrol um nescence light emtting devices, each using, as a |light

em ssion |ayer having an electron transport characteristic, a mxed |ayer
made fromthe sanme styryl conmpound 2 as that described in Exanple 3 and
the sane electron transport material Alg3 as that described in Exanple 3,
are produceBevasesddpl ks, Dantca (22X ] dnshipe betvipen mediod ngnoeg of |ight
emtted fromeach sanple and a hue of-the light emtted fromthe sanple is
exami ned. Sangl Bevbée of Zrah) cart acda0l wrdqestense=ddighitheani tting devi ces
were prepared in the same nmanner as that described in Exanple 3. Nanely,

li ke Exanpl erBespesitxed ofltHS éniaberr2006, dayeie MAe ddmdthe same
styryl compound 2 as that described in Exanple 3 and the sane el ectron

transport material M oR @Sadhadadesgiiadd AP 6ok vasd argmrd as  a

| i ght emission |ayer by a vacuum vapor-deposition process. The same sanple
Nos. Devi cecd Ani) ardee\na® 3B of the samples has no problem

associated with a change in hue upon high luminance,
which problem is liable to be caused for a usual red
color light emitting device in which a pigment is doped
in Algs or the like in a concentration as low as 2 to 3

wt% or less.

Example 7 (Concentration of Compound 2 and Hue)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer
having an electron transport characteristic, a mixed
layer made from the same styryl compound 2 as that
described in Example 3 and the same electron transport
matefial Algs as that described in Example 3, are produced
.as samples, and a relationship between a luminance of
light emitted from each sample and a hue of.thé - light
emitted from the sample is examined.

Samples”of organic electroluminescence light
emitting devices were prepared in the same manner as that

described in Example 3. Namely, like Example 3, a mixed
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Device (3-3), Device (3-4), and Device (3-5) as those prepared in Exanple
3 were thus prepared. A relationship between a |um nance and a hue of each
of the sanples is shown in Table 7. Table 7 (Rel ati onshi pl1betwes2006 -
Concentration of Conmpound 2 in Light Em ssion Layer and Hue) Concentration
1 cd/n2 10 cd/n2 100 cd/n2 1000 cd/n2 of Conpound 2 Device (3-1) 10 wt %
0. 645, 0.354 0.644, 0.355 0.643, 0.356 0.640, 0.359 Device(3-2) 30 mt %

0. 651, 0.348 0.650, 0.349 0.648, 0.351 0.645, 0.354 Device (3-3) 50 wt%

0. 652, 0.348 0.651, 0.350 0.650, 0.349 0.645, 0.354 Device(3-4) 80 wm %

0. 652, 0.347 0.653, 0.347 0.651, 0.348 0.647, 0.352 Device (3-5) 90 wt%

0. 652, 0.34T7afeb5Radl. sﬂgmotﬁg1saﬁesggy9¥§4g®mg®@§§ dhes rgsyul ts show t hat
the hues of the sanpl e Nos Device (3-1 Device (3-2), Device (3-3),

Devi ce (3-4fescaifeBeYhCEximp P @r§n@e@ﬁéysgﬂgaéléékfgﬂﬂkfgﬁéﬁort

irrespective of the concentration of the | umnescent nmateri

practical |ygipange A¢ %f{m Jdé Q00 sgd/ d 4t ch of the
sanpl es has no probl em(gg 5921:11 %@E%’mggﬂé %gglg% afed with
V\h\lracgu rEObl emi I | a.bl to be caused
deviee i Wi ¢ %’rfght i s doped

as | ow as
De&gce (%—

Roorange | naPWEHEOBDLONLL U papcey

in Al ga or ;Brgcéégfa 0,2 concentra_Ltl

same” samp , Dev1ce {3-2),

Device (3-3), Device (3-4), and Device (3-5) as those

preparéd in Example 3 were thus prepared. A relationship

between a luminance and a hue of each of the samples is

shown in Table 7.

Table 7 (Relationship between Concentration of Compound

2 in Light Emission Layer and Hue)

Concentration 1 cd/m? 10 cd/m? 100 cd/m? 1000 cd/m?

of Compound 2 . .
Device (3-1) 10 wi% 0.645, 0.354 | 0.644, 0.355 | 0.643,0.356 | 0.640, 0.359
Device (3-2) 30 wit% 0.651, 0.348 | 0.650, 0.349 | 0.648, 0.351 | 0.645, 0.354
Device (3-3) 50 wi% 0.6562, 0.348 § 0.651, 0.350 | 0.650,0.349 | 0.645, 0.354
Device (3-4) 80 wi% 0.6562, 0.347 | 0.653,0.347 | 0.651,0.348 | 0.647, 0.352
Device (3-5) 90 wit% 0.652, 0.347 | 0.652,0.347 | 0.651,0.348 | 0.646, 0.353

The results show that the hues of the

Device (3-1),

Device (3-2),

Device (3-3),

sample Nos.

Device (3-4),

. and Device (3-5) are nearly egual to each other

irrespective of the concentration of the luminescent

material in a practical luminance region from 1 to 1000

cd/m?,
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and that each -of the samples has no problem




w % or | ess. Exanple 8 (Concentration of Conpound 2 and Hue) In this
exanpl e, organic el ectrolum nescence light emtting devices, each using,
as a light emssion |layer having a hole transport charact @8i0stober20@6 m xed
| ayer made fromthe sane styryl conpound 2 as that described in Exanple 4
and the sane hole transport material a-NPD as that described in Exanple 4,
are produced as sanples, and a relationship between a | um nance of |ight
emtted from each sanple and a hue of the light emtted fromthe sanple

i s exam ned. Sanpl es of organic el ectrolum nescence light emtting devices
were prepared in the same manner as that described in Exanple 4. Nanely,

like Exanpl gsdocBatexefithayetnd®ge ik ad NSl Vinieereound 2 as t hat
described in Exanple.4 and the sane hole transport™ nmaterial a-NPD as that

described iy XA Spetss f OLAB 85 e |dGMe LRSS ON:d AVel Ry @ vacuum
vapor -deposition ™ process. The sane sanple Nos. Device (4-1), Device (4-2),

43 13 Cct obsalgpq[ﬁieg}%vgﬁftéﬁfﬁg)dé&lvé&eij %X@cerf;g{diggf%@ﬁ (igé-et%)o ag those

prepared i n Exanp 4 were t pr epar ed. en a

| um nance an hue of .each .of .the sanples _i.s. shown.,in Table,8. ,Table 8
(Rel at i onsfllllﬂgoi }gleqavéé:nt encciélneranl Sn 6 C&E%?%ﬁé‘ﬁ‘%&’n W1 187208 5

wt% or less.

Example 8 (Concentraticn of Compound 2 and Hue)

In this example, organic electroluminescenqe light
emitting devices, each using, as a light emission laYer
having a hole transport characteristic, a mixed layer
made from the same styryl compound 2 as that described in
Example 4 and the same hole transport material o-NPD as
that described in Example 4, are produced as samples, and
a relationship between a luminance of light emitted from
each sample and a hue of the light emitted from the
sample is examined.

Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
described in Example 4. Namely, like Example 4, a mixed
layer made from the same styryl compound 2 as that

- described in Example 4 and the same hole transport
material «—-NPD as that described in Example 4 was formed
és a light emission layer by a vacuum vapor-deposition

process. The same sample Nos. Device (4-1), Device (4-2),
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2 in Light Em ssion Layer and Hue) Concentration 1 cd/n2 10 cd/n2 100 cd/ nR

1000 cd/ n2 of Conmpound 2 Device (4-1) 10 wt % 0. 635, 0.364 0.634, 0.365
0.633, 0.366 0.630, 0.369 Device (4-2) 30 wt % 0. 643, 0.3573QcoBe,2005 356
0.641, 0.358 0.638, 0.361 Device (4-3) 50 wt % 0. 645, 0.355 0.644, 0.355
0.643, 0.356 0.641, 0.358 Device (4-4) 80 wt % 0. 645, 0.355 0.645, 0.354

0. 644, 0.355 0.640, 0.359 Device (4-5) 90 wt % 0. 645, 0.354 0.644, 0.355
0.643, 0.356 0.641, 0.358 The results show that the hues of the sanple Nos.

Device (4-1), Device (4-2), Device (4-3), Device (4-4), and Device (4-5)
are nearly equal to each other irrespective of the concentration of the
| um nescentpev@der {£l3) N @eﬁ@&timd) | WHDENGE L L£9105%)f hamehoka 1000

cd/n2, and that each of the sanples has no probl em associated with a
change in P08y N Ohe AR Nane 6 e r J{é& @{ dS ki EQigtan&ﬁaused
Vi

l'i ght emttlng |cha pi gent doped

t S S %_0r. I ess.
rgw cer%ﬂ’ldaé %heia I{he:gSC%efgfnﬁ%e, Sgﬁlm%reaarlnsc
4l 1 October 2006 light emtting device using, as a

avi ng an el ectron transport characteristic, a m xed
conpound 1 as that

for a usual red color
in Al g3 or gQgE eal
Exanple 9 (Sta éﬁ(ty 0
el ectrol um e

i ght em SSI on ayer

| ayer nade fromthe sanme styryl

Table 8 (Relationship between Concentration of Compound

2 in Light Emission Layer and Hue)

Concentration 1 cd/m? 10 ed/m? 100 cd/m? | 1000 cd/m?
of Compound 2
Deviee (4-1) 10 wt% 0.635, 0.364 | 0.634, 0.365 | 0.633, 0.366 | 0.630, 0.369
Device (4-2) 30 wt% 0.643, 0.357 | 0.642, 0.356 | 0.641,0.358 | 0.638, 0.361
Device (4-3) 50 wt% 0.645, 0.355 | 0.644, 0.355 | 0.643,0.356 | 0.641, 0.358
Device (4-4) 80 wit% 0.645, 0.355 | 0.645,0.354 | 0.644, 0.355 | 0.640, 0.359
Device (4-5) 90 wit% 0.645, 0.354 | 0.644, 0.355 | 0.643, 0.356 | 0.641, 0.358

The results show that the hues of the sample Nos.

.Device (4-1), Device (4-2), Device {4-3), Device (4-4),
and Device (4-5) are nearly equal to each other
irrespective of the concentration of the luminescent
material in a practical luminance region from 1 to 1000
cd/m?, and that each of the samples has no problem
associated with a change in hue upon high luminance,
which problem is liable to be caused for a usual red
zcolor light emitting device in which a pigment is doped
in Algs or the like in a concentration as low as-2 to 3
. Wt% or less.

Example 9 (Stability of Device (1-3))

In this example, an organic. electroluminescence
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descri.bed in Exanple 1 and the sanme electron transport material Al ga as
that described in Exanple 1 is produced as a sanple, and a reliability of
the sanple is exam ned. A sanple of an organic el ectrol um ngscebgaodd ght
emtting device was prepared in the same manner as that described in
Exanple 1. Nanely, like Exanple 1, a m xed |ayer nmade fromthe sane styryl
conpound 1 as that described in Exanple 1 and the sane el ectron transport
material Al ga as that described in Exanple 1 was formed as a light

em ssion | ayer by a vacuum vapor-deposition process. The sane sanpl e No.

Devi ce (1-3é_a§éthat Erepared in Exanple 1 was thus prepared. The sanple
t hus prepar 6d90asTFEIPH deNiCPoYEANTat ABSPhELBNE oPMERRL OB EYSE he resul t

of which showed that no deterioration of the sanple was observed. The
sanpl e was!aViBaf BRcPbrytyenetranrapeatbghebactaubsly, apphized a constant
current thereto with an initial |um nance set to 1,000 cd/n2 so as to
conti nuous| ya¥ATt Mpdghfromheheesaine sbfrwhi compsdronddl thatthde hal f val ue
period of lum nance was 1,000 hours. 45 13 Cctober 2006 Exanple 10
(Stability 6espei¥bed {B-Bxymphet hi snéxanpl eamanebsgandt etacip@ttini nescence
light emtting device using, as a light em ssion |ayer having an electron
transport chatacialislgs,as thadedescribed in Example 1 is produced
- as a sample, and a reliability of the sample is examined.
A sample of an organic electroluminescence light
emitting device was prepared in the same manner as that
described in Example 1. Namely, like Example 1, a mixed
layer made from the same styryl compound 1 as that
described in Example 1 and the same electron transport
material Alg; as that described in Example 1 was formed as
a light emission layer by a vacuum vapor-deposition
process. The same sample No. Device (1-3) as that
prepared in Example 1 was thus prepared.
The sample thus prepared was left in a nitrogen
atmosphere for one month, the result of which showed that
no deterioration of the sample was observed. The sample
was also forcibly deteriorated by continuocusly applying a
constant current thereto with an inifial luminance set to
1,000 cd/m®* so as to continuously emit light, the result

of which showed that the half value period of luminance

was 1,000 hours.
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| ayer..made fromthe same styryl conpound 2 as that described in Exanple 3
and the sane electron transport material Al ga as that described in Exanple
3 is produced as a sanple, and a reliability of the sanpl a3istobxaniged. A
sanpl e of an organic el ectrolum nescence light emtting device was
prepared in the sane manner as that described in Exanple 3. Namely, |ike
Exanpl'e 3, a m xed |ayer nmade fromthe sane styryl conpound 2 as that
described in Exanple 3 and the sanme electron transport naterial Al ga as
that described in Exanple 3 was forned as a light em ssion |ayer by a
vacuun1vapo&-de si&ion gro ess. The sanme sanple No. Device (3-3) as that
prepared i n EXBRpFeld WE5PRILtYr epaPEBIcaThES sl e thus prepared was |eft
in anitrogen atnmpsphere for one nonth, the result of which showed that
no deterioration of?tHelmErifs ¥bseigrsdc Peardlumingssealcso forci bly
deteriorated by continuously applying a constant current thereto with an
“initial |unitAghtecsétting depdoecusimyscaasa t bigiont émussisdy lgdr | i ght, the
result of which showed that .the half value period of |umnance 46 13
Cct ober 2008aving 4ngelehbues. tExaspbet 1dhd Pevieei 4isi g Mmeced ayer Made of
Conpound 3 and Al ga as Light Em ssion Layer Having El ectron Transport
Char act eri sthgyr made from the same styryl compound 2 as that
described in Example 3 and the same electron transport
material Algs; as that described in Example 3 is produced
as a sample, and a reliability of the sample is examined.
A sample of an organic electroluminescence light
emitting device was prepared in the same manner as that
described in Example 3. Namely, like Example 3, a mixed
layer made from the same styryl compound 2 as that
described in Example 3 and the same electron transport
material Algs as that described in Example'3 was formed as
a light emission layer by a vacuum vapor-deposition
process. The same sample No. Device (3-3)} as that
prepared in Example 3 was thus prepared.
The sample thus prepared was left in a nitregen
atmosphere for one month, the result of which showed that
no deterioration of the sample was observed. The sample
- was also forcibly deteriorated by continuously applying a
constant current thereto with an initial luminance set to

1,000 cd/m* so as to continuously emit light, the result

of which showed that the half value period of luminance
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In this exanple, organic electrolumnescence |ight emtting devices, each
using, as a light emission layer having an electron transport
characteristic, a mxed |ayer made froma styryl conpoundisephbsended by a
conmpound 3 expressed by the follow ng chemcal fornmula and the sane

el ectron transport material Al q3 as that described in Exanple 1, are
produced as sanples, and device characteristics of each sanple are

exam ned. [Conpound 3]: H3C _ CN N-QCHCHCH3 Cb NC\ \ Sanples of
organi c el ectrolum nescence light emtting devices were prepared in the
same manner as that for preparing the sanple Nos. Device (1-1) to Device
(1- 5) in EwaspkBeB820 broept that a nixed |layer made froma styryl conpound
represented by a conmpound 3 having the above chem cal formula and the sane
el ectron transport material Alga as that described in Exanple 1 was forned
as 47 13 Cctober 2006 a light em ssion |ayer by a vacuum vapor-deposition
process. Fi ggaspipl @1N@pevDewi Uglﬁélmib\ed(ﬂ,éya} Médd -S4 . cokddurdd .3 and

(11-5) containing 10 wt% 30 w% 50 w %
and Alg; as Light Emission Layer Hav1ng Electron Transport
Characteristic)

In this example, organic electroluminéscence light
emitting devices, each using, as a light emission layer
having an electron transport characteristic, a mixed

. layer made from a styryl compound represented by a
compound 3 expressed by the following chemical formula
and the same electron transport material Algs as that
described in Example 1, are produced as samples, and

device characteristics of each sample are examined.

- [Compound 31:

HaC

QI CH—CH—~?N
B { YcHy

Samples of organié electroluminescence light
gmitting devices were prepared.in the same manner as that
for piéparing the sample Nos. Device‘(l—l) to Device (1-

,_5) in Example 1, except that a mixed layer made from a
styryl compound represented by a compound 3 having the
above cheﬁical formula and the same electron trénsport

material Aiqa as that described in Example 1 was formed as
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w % and 90 wt % of the conpound 3 in the m xed | ayer, respectively were
thus prepared. Each of the five sanples emitted |light of red, and

exhibited a high lum nous efficiency in a practical | um napcrioba@oen from
10 to 1,000 cd/nmR2. Also, it was revealed that the sanple did not exhibit
any change in hue with an increase in |unminance, and therefore, the

sanpl e was useful as a display device. Each of the sanples thus prepared
was |eft in a nitrogen atnosphere for one nonth, the result of which
showed that no deterioration of the sanple was observed. O these sanples,
the sanple No. Device (11-3) was also forcibly deteriorated by

conti nuousl y apphyi agiastonsiaper buraembctimredpontddpenitioni al | um nance
set to 1,000 cd/n2 so as to continuously emt light, the result of which
showed t hat ptrbecbal.f FalaesypeslodNes. |nuwinancd wds , 1,120@)hournd.-3xanpl e 12
(Device Using M xed Layer Made from Conpound 4 and Alga as Light Em ssion
Layer Havi ngqiElegtrendTranspprton€hanasgeroskits) 3m in s s=xanpd e,8®r gani c
el ectrol um nescence light 48 ------------ - 13 Cct ober 2006 emtting

devi ces, eaghs UshAJ90ast® bEJRL-CRLRSLHARA! 8YEH tHAvhG@M £f&EL ron
~ transport characterlstlc a m xed

respectively were thus prepared.

Each of the five samples emitted light of red, and
exhibited a high luminous efficiency in a practical
Juminance region from 10 to 1,000 cd/m?. Also, it was
revealed that the sample did not exhibit any change in
hue with an increase in luminance, and therefore, the
sample was useful as a display device.

Fach of the samples thus prepared was left in a
nitrogen atmosphere for one month, the result of which
showed that no deterxioration of the sample was observed.
QOf these samples, the sample No. Device (11-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 1,000
cd/m* so as to continuously emit light, the result of
which showed that the half value period of luminance was
1,200 hours.

Example 12 (Device Using Mixed Layer Made from Compound 4
and Algsz as Light Emission Layer Having Electron Transport
.Characteristic)

In this example, organic electroluminescence light
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| ayer made froma styryl conpound represented by a conmpound 4 expressed by
the following chemcal fornula and the sane electron transport materi al
Al ga as that described in Exanple 1, are produced as sanpligscioBsidoodevi ce
characteristics of each sanple are exam ned. [Conpound 4]: H3C ( > NC} -
{CNc INCHCH( ,--CHCHJ N NC CN }-~ CH3 Sanples of organic
el ectrol um nescence light emtting devices were prepared in the sane
manner as that for preparing the sanple Nos. Device (1-1) to Device (1- 5)
in Exanple 1, except that a m xed |layer nade froma styryl conpound
repr esent ed by a conpound 4 having the above chem cal fornula and the sane
el ectron trﬁﬁéﬁéﬂpg fevacies. REGh asinbat adesciipbt emiSsaepl bayenmas for ned
as a light em ssion | ayer by a vacuum vapor-deposition process. Five
sanpl e Nos. hp&vngeapl2leptron2t2ppspo2t3yharétled)stand §1@i%dcont ai ni ng
10 wt% 30 wt% 50 wt% 80 wt% and 90 wt % of the conpound 4 in the m xed
| ayer, respeyemvehﬂewémemthustyrgﬂacedpoﬁadhreﬁréhenteﬁebﬁaaples emtted
light of green, 49 ------------- - --------- R -- -

compound 4 expressed by the following chemical formula

and the same electron transport material Algs; as that

described in Example 1, are produced as samples, and

device characteristics of each sample are examined.

[Compound 4] :
HsC

CHs

Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
for preparing ﬁhe sample Nos. Device (1-1) to Device (1-
5) in Example 1, except that a mixed layer made from a
styryl compound represented.by a compound 4 having the
above chemical formula and the same eléctrgn transport
ﬁaterial Alqgs as that described in Example 1 was formed as
a lighf emission layer by a vacuum vapor-deposition
process. Five sample Nos. Device (12—1), (12-2), (12-3),
(12-4), and (12-5) containing 10 wt%, 30 wt%, 50 wt%, 80
wt%, and 90 wt% of the compound 4 in the mixed layer,
respectively were thus prepared.

Each of the five samples emitted light of green,
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13 Cctober 2006 and exhibited a high lum nous efficiency in a practical
| um nance region from10 to 1,000 cd/n2. Also, it was revealed that the
sanpl e did not exhibit any change in hue with an increasels Qclobérizoesnce,
and therefore, the sanple was useful as a display device. Each of the
sanpl es thus prepared was left in a nitrogen atnosphere for one nonth, the
result of which showed that no deterioration of the sanple was observed.
O these sanples, the sanple No. Device (12-3) was also forcibly
deteriorated by continuously applying a constant current thereto with an
initial lumnance set tq 1,000 cd/n2 so as to continuously emt |ight, the
result of ®RAFCcR*8ABHERTt Rah1PRel HBLROVE| RELpELEDEY of N | AR FRFEECAAS 500
hours. Exanple 13 (Device Using M xed Layer Made ;rom Compound 5 and a- NPD
as Light Ent¥818ANESyERIMHARI AEOMOLE TPahsPBPt cdOnar adllepi sitcyakn this
exanpl e, organic el ectrolum nescence light emtting devices, each using,
as a |light erivesited khytrthhavampgla dbdflenvtaashibbit chay actargstic, a m xed
| ayer nmade froma styryl conpound represented by a conpound 5 expressed
by the foll bwengitheancahcteassl anahdnihensapeandiotieetsBhsportharat eri al
a-NPD as that described in 50 13 COct ober 2006

sample was useful as a display device.

Each of the samples thus prepared was left in a

nitrogen atmosphere for one month, the result of which

showed that no deterioration of the sample was observed.

Of these samples, the sample No. Device (12-3) was also

forcibly deteriorated by continuously applying a constant

current thereto with an initial luminance set to 1,000

cd/m? so as to continuously emit light, the result of

which showed that the half value period of luminance was

500 hours.

Example 13 (Device Using Mixed Layer Made from Compound 5
. and a-NPD as Light Emission Layer Having Hole Transport
Characteristic)

In this example, organic electroluminescence light
emitt}ng devices, each using, as a light emission layer
having a hole transport characteristic, a mixed layer
made from a styryl compound represented by a compound 5
expressed by the following chemical formula and the same

hole transport material «—~NPD as that described in

50




Exanpl e 2, are produced as sanples, and device characteristics of each
sanple are exam ned. [Conpound 5]: H3C \ / - CH3H N CH=CH |\ C3 H3C
Sanpl es of organic el ectrolum nescence light emtting devitesohelens
prepared in the sane manner as that for preparing the sanple Nos. Device
(2-1) to Device (2- 5) in Exanple 2, except that a m xed |layer nmade froma
styryl conpound represented by a conpound 5 having the above chem cal
formula and the sanme hole transport material (err)-NPD as that described
in Exanple 2 was forned as a light em ssion |ayer by a vacuum
vapor-depos%tion process. Five sanple Nos. Device (13-1), (13-2) , (13-3),
(13-4), andCTEP3F ConfARnPRGITERt 9 SE™RiSs . 58nd 96VBES Wt % and 90 wt %
of the conpoyund 5 in the mxed | ayer, respectively were thus prepared.
Each of thecklﬁa&' acdgprédcanttt 8aCh §RFPEE Braecxgmerad- and exhi bited a high
| um nous efficiency in a practical |um nance region from10 to 500 cd/ nR.
Also, it wasCPBREUREdSihat the sanple did not exhibit any change in hue
with an increase in |umnance, and therefore, the 51 o

HsC

Samples of organic electroluminescence light
emitfing devices were prepared in the same manner as that
for preparing the sample Noé. Device (2-1) to Device (2-
5} in Example 2, except that a mixed layer made from a
styryl compound represented by a compound 5 having the
above chemical formula and the same hole transporxrt
material «-NPD as that described in Example 2 was formed
as a light emission layer by a vacuum vapor-deposition
process. Five sample Nos. Device (13-1), (1342), (13--3),
{13-4), and (13—5) containing 10 wt%, 30 wt%, 50 wt%, 30
wt%, and 90 wt% of the compound 5 in the mixed.layer,
respectively were thus prepared.

Each of the five samples emitted light of blue-
green, and exhibited a high luminous efficiencf in a
practica; luminance region from 10 to 500 cd/m?. Also, it

. was revealed that the sample did not exhibit any change

in hue with an increase in luminance, and therefore, the

51




13 Cctober 2006 sanple was useful as a display device. Each of the sanples
thus prepared was left in a nitrogen atnosphere for one nonth, the result

of which showed that no deterioration of the sanple was obsetysd2006

t hese sanples, the sanple No. Device (13-3) was also forcibly deteriorated
by continuously applying a constant current thereto with an initial

| um nance set to 500 cd/n2 so as to continuously emt light, the result of
whi ch showed that the half value period of |um nance was 800 hours.

Exanpl e 14 (Device Using M xed Layer Made from Conpound 6 and a-NPD as

Li ght Em ssj yer_ havi Hol e Transport Characteristic) In this
exanpl e, orég%ﬁ?%ge‘?%%t?% ﬁ'%lf ne3 Rt i1 Pht9e e ti ng devi ces, each using,

as a light em ssi l.aye havi ng .a hole transport characteristic, a m xed
" layer made from %&Mﬁﬁ&l% S@)‘?g’rlé‘?sé:ﬁmﬁy PasRared Hasndefenéni eal fornul a
and the sane, hole transport material a - NPD as that described in Exanple 2

and the |i KT EREED ROMREER it naHd dehe eamditactferihsiahcs of each

sanpl e are exam ned. [Conpound 6]: 52 13 Cctober 2006 CH3
' showed that no deterioration of the sample was observed: - .-

- Of these samples, the sample No. Device (13-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 500 cd/m?
50 as to continuously emit light, the resu1£ of which
showed that.the half value period of luminance was 800

hours.

Example 14 (Device Using Mixed Layer Made from Compound 6
and @-NPD as Light Emission Layer having Hole Transport
Characteristic)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer
having a hole transport characteristic, a mixed layer
made from a éompound 6 expressed by the following
chemical formula and the same hole transport material «-—
NPD as that described in Example 2 and the like, are
produced as samples, ané‘device charaéteristics of each
sample are examined.

[Compound 61]:
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NCH=CH\ / CH=CH\ / N/ H3C Sanples of organic el ectrolum nescence |ight
emtting devices were prepared by formng the following |ayer structures
on an | TO substrate by a vacuum vapor- deposition process. (Asc@abdreatgir e of
this exanple, a second electron transport |ayer nmade fromBAl q (bis (8-
qui nolinol) al um num derivative) expressed by the follow ng chem cal
formula was additionally formed between the |light em ssion |ayer and the
el ectron transport layer. [BAIg]: (gAJo \ [Device Structure]: Device
(14-1): 1TA a -NPD [30 nnj/conmpound 6: a-NPD = 1:9 [30 nm/BAlq [10

nm /A g3 [30 nnl/My: Ag [ 200 nnj Device 4 2): ITO a-NPD [ 30 nnj/conpound
6: a-NPD = 3: 30 nM{/BAIg [10 nm/ [30 nm/My: Ag [200 nm 53 13

COct ober 2006 j (14-3 ITO’ a- P@SO nm / conmpound 6: a-NPD = 5:5 [30
nm/BAlq [ 10@%@%&0% 500 nm Device (14-4)

HsC

Samples of organic electroluminescence light
‘emitting devices were prepared by forming the following
- layer structures on an ITO substrate by a vacuum vapor-
deposition process. As a feature of this example, a
second electron transport layer made from BAlg {bis (8-
quinolinol) aluminum derivative) expressed by the
following chemical formula was additionally formed
- between the light emission layer and the electron

transport layer.

[BAlqg]:

[Bkroo

{Device Structure]:

Device (14-1):

ITO/ «—NPD [30 nm}(compound 6: aFNfD = 1:9 [30 nm]/BaAlg.
[10 nm] /'Al‘qg [30 nm]/Mg:Ag [200 nm]

Device (14-2):

ITO/ @~-NPD [30 nm}/compound 6: «o-NPD 3:7 [30 nm}/BAlg

[10 nm]l/Alg; [30 nm}/Mg:Ag [200 nm]

53




| TO' a-NPD [ 30 nnj/conpound 6: (err)-NPD = 8:2 [30 nni/BAlq [10 nnj/Alg3
[30 nni/My: Ag [200 nni Device (14-5): I TQ a-NPD [30 nm/conpound 6: a-NPD =
9:1 [30 nni/BAlg [10 nnj/Al g3 [30 nnj/My: Ag [200 nm) Eachi®bctobg 200eve
sanples emtted |ight of blue- green, and exhibited a high | um nous
efficiency in a practical |umnance region from10 to 500 cd/n2. Also, it
was reveal ed that the sanple did not exhibit any change in hue with an
increase in |lum nance, and therefore, the sanple was useful as a display
devi ce. Each of the sanples thus prepared was left in a nitrogen

at nosphere for one nth, the result of which showed that no deterioration
of the sanpl e-%é{&eoggér_%d. O these sanples, the sanple No. Device (14-3)
was also forcibly deteriorated by continuously applying a constant

current ther efBOMettNER §3 trirell / dammioneamt & :set —¥BD 5905 cHl/ hP0 r50) AZATI@
continuously emt light, the result of which showed that the half val ue
peri od of | ufPnandd 790 nhb(Mg:AG4[2AB0 Goebber 2006 Exanple 15 (Device
Usi ng M xed Layer Made from Conmpound 7 and a-NPD as Light Em ssion Layer
Havi ng Hol e Peuhspoli4-€haracteristic) In this exanple, organic

el ectrol um nescence |ight

ITO/ @ -NPD [30 nm]/compound 6: «-NPD 8:2 [30 nm]/BAlqg

]

(10 nm]/Algs [30 nm]/Mg:Ag [200 nm]
Device (14-5):

ITO/ «-NPD [30 nm]/compound 6: «-NPD = 9:1 [30 nm]/BAlqg

(10 nm}/Algs [30 nml/Mg:Ag {200 nm]

Each of the five samples emitted light of blue-
green, and exhibited a high luminous efficiency in a
practical luminance region from 10 to 506 cd/m?. Also, it
was revealed that the sample did not exhibit any Ehange
in hue with an increase in luminance, and therefore, the
sample was useful as a display device.

Each of the samples thus prepared was left in a
nitrogen atmosphere for one month, the result of which
showed that no deterioration of the sample was observed.
Of these samples, the sample No. Device (14-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 500 cd/m?
50 as to continuously emit light, the result of which
showed that the half value period of luminance was 700

hours.
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emtting devices, each using, as a light em ssion |layer having a hole
transport characteristic, a nmixed |layer nade froma conpound 7 expressed
by the following chemcal fornula and the same hol e transp®ckctobaiess al a -
NPD as that described in Exanple 14, are produced as sanples, and device
characteristics of each sanple are exam ned. [Conpound 7]: H3C\ F13C N
\ /| CH=CH (~ CH3 \0 H3CY Sanples of organic el ectrolum nescence |ight
emtting devices were prepared in the sane manner as that for preparing
the sanple Nos. Device (14-1) to. Device (14-5) in Exanple 14, except that
a m xed | ayer -made from a conpound 7 having the above chem cal fornula and
the sanme hole transport material a-NPD as that described in 55 13 Cctober

2006 Exanp%eréﬁ_wg%%forned as a.light em ssion |ayer by a vacuum
vapor - depost 118 priotesPEVRGFe USARTT 8ix6S. LpgercNade1 5oy Comgovyd {15. 3)
(15-4), and (15-5% containing 10 w% 30 wt% 50 wt% 80 wt% and 90wt % of
t he conpour”dRY @i HPPhasnitelt| EpdssipasherervBhyingrBolauBramapared. Each

of the five sanples emtted light of blue, and
- Characteristic)

In this example, organic electroluminescence light
~emitting devices, each using, as a light emission layer
having a hole transport characteristic, a mizxed layer
made from a compound 7 expressed by the following
chemical formula and the same hole transport material a-
NPD as that described in Example 14, are produced as
samples, and device characteristics of each sample are

examined.

[Compound 7}:

HaG
HsC
NGCH:CH—QCHS
A

Saﬁples of organic electroluminescenée iight
emitting devices were prepared in the same mannerras that
for preparing the sample Nos. Deviée-(i4—1) to. Device
(14-5) in Example 14, except that a mixed layer made from
a.compound 7 having the above chemical formula and the

- same hole transport material e¢-NPD as. that described in
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exhi birted a high lum nous efficiency in a practical |um nance region from
10 to 500 cd/n2. Also, it was revealed that the sanple did not exhibit any
change in hue with an increase in |um nance, and therefore3okfager 28091p! €
was useful as a display device. Each of the sanples thus prepared was |eft
in a nitrogen atnosphere for one nonth, the result of which showed that
no deterioration of the sanple was observed. .O these sanples, the sanple
No. Device (15-3) was also forcibly deteriorated by continuously applying
a constant current thereto with an initial |um nance set to 500 cd/n2 so

as to contipgomsly ﬁm&aéi%&éme&f@srﬁﬂ&h@femgﬁ% ﬁ@%\é%dﬂwaé the half

val ue period of |um nance was 600 hours. Exanple 16 ( Ice Using M xed

Layer Made {1 om,{opposndy oé‘i‘@i&i@'\ﬁo &8s .iogg"ixémstﬁﬁip% kaxer pbgying Hol e

Transport Characteristic) 56 13 I'n S "exanpl e, organic

el ectrol um cence, | d emdting /i £es, . each usin S..a.li em ssion
| ayer = havi Eg§afﬂbl g%?%)}]spgir% %)hhrglﬁ%/eﬁ stHe Q%%Qegjqngtférnlnﬁgge froma

ransport mirer 47 2% b Pt il B o U . ol Gl FomPE T dauced as
sanpl es, an{jn di?l}i/cj: Cn?i;gg rf‘a%}e?l[,i Sgteiscgecogiveealcyh v?e%:rgplt%uae',r %repared.

Each of the five samples emitted light of blue, and
exhibited a high luminous efficiency in a practical
luminance region from 10 to 500 cd/m?. BAlso, it was
revealed that the sample did not exhibit any change in
hue with an increase in luminance, and therefore, the
sample was useful as a display device.

Each of the samples thus prepared was left in a
nitrogen atmosphere for one month, the result of which
showed that no deterioration of the sample was observed.
Of these samples, the sample No. Device (15-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 500 cd/m*"

80 as to continuously emit light, the result of which

showed that the half value period of luminance was 600

hours.

Example 16 (Device Using Mixed Layer Made from Compound 8
and a-NPD as Light Emission lLayer Having Hole Transport

Characteristic)
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exam ned. [ Conpound 8]: Sanples of organic el ectrolum nescence |ight
emtting devices were prepared in the same manner as that for preparing
the sanple Nos. Device (14-1) to Device (14-5) in Exanpl e1iédcio0egyg that
a m xed | ayer nade from a conpound 8 having the above chem cal - fornul a and
the sanme hole transport material a-NPD as that described in Exanple 14
was fornmed as a light em ssion |layer by a vacuum vapor-deposition process.
Five sanple Nos. Device (16-1), (16-2), (16-3), (16-4), and (16-5)
containing 10 w% 30 wt% 50 wt% 80 wt% and 90 wt % of the conpound 8
in the m xed |ayer, respectively were thus prepared. Each of the five
sanpl es enitted |ilghtthefs B1%3EP Lnd Cxgamillsi d@ckrpilyRirescanes éiehéi ency in
a practical 57 -- --------- 13 Cctober 2006 [|um nance region from10 to
500 cd/ nR. Arsbting dRisieeveatach t waing heasanpliohdi emicis iothilsiverany change
in hue with an increase in |lumnance, and therefore, the sanple was
useful as ahavepyay kele ceraikspedrbf chirea el esid hus mpreghrledearas |eft in a
nitrogen atnosphere for one nonth, the result of which showed that no
deteri or at imadef ftde =sagpmowad ®bsesretked Gy tillesef sldnptiesy t he sanpl e No.
Device (16-3) was dl so

chemical formula and the same hole transport material o-

NPD as that described in Example 14, are produced as
samples, and device characteristics of each sample are
examined.

[Compound 8]:

QNNQ

O O

~Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
for preparing the sample Nos. Device (14-1) to Device
(14-5) in Example 14, except that a mixed layer made from
a compound 8 having the above chemical formula and the
same hole transport material a~NPD as tha£ described in
Example 14 was formed as a light emission layer by a
~vacuum vapor-deposition process. Five sample Nos. Device
(16-1), (16-2), (16-3), (16-4), and (16-5) containing 10
wts, 30 wt%, 50 wt%, 80 wt%, and 90 wt% of the compound 8
in the mixed layer, respectively were thus ﬁrepared.
Each of the fiﬁe samples emitted iight of blue, and

exhibited a high luminous efficiency in a practical
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forcibly deteriorated by continuously applying a constant current thereto
With an initial lunminance set to 500 cd/n2 so as to continuously enit
light, the result of which showed that the half val ue perijotheeberl2088 nance
was 750 hours. Exanple 17 (Device Using M xed Layer Made from Conpound 9
and CBP as Light Em ssion Layer) In this exanple, organic

el ectrol um nescence light emtting devices, each using, as a |ight

em ssion layer, a mxed |ayer made from a conpound 9 expressed by the
foll owing chem cal fornula and CBP (4,4'-N, N - dicarbazole bi phenyl)

expressed by the follow n em c fo | a roduce as sanpl es, and
vt co - chal HETBPEE| EETBIn chEHS ihpm 30U i neBlSpeotpoting o] | 58 13
Oct ober 2006 CH\/ \/ m% % npl.es of organic electrolunlnescence
light emtfFR§24edi ER3twehe ?@Bé?eﬁlﬂnn?ﬁee retiNerchgRdhatn f or
prepari ng the sanpl e Nos. Device (1-1) to Device (1- 5) in Exanple 1,
except thatPdenvkel payiRChegeef fdndaniceRpoumPd HRANEPThe Hifove . chenlca

formula and CBP having the above chemical fornula was formed as a |ight -
em ssi on | agemphy #asvaesiehvnyaparadépesley odepietess. Five

Each of the samples thus prepared was left in a
nitrogen atmosphere for one month, the result of which
showed that no deterioration of the sample was observed.
Of these samples, the sample No. Device (16-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 500 cd/m?
so as to continuously emit light, the resulf of which
showed that the half value period of luminance was 750

hours.

Example 17 (Device Using Mixed Layer Made from Compound 9
and CBP as Light Emission Layer)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer,
‘é mixed layer made from a compound 9 expressed by the
following chemical formula and CBP (4,4'~N,N'-
dicarbazole-biphenyl) expressed by the following chemical
formula, are produéed as ;amples, and device.
characteristics of each sample are examined.

[Compound 9} :
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sanpl e Nos. Device (17-1), (17-2), (17-3), (17-4), and (17-5) containing
10 ww% 30 wt% 50 wt% 80 wt% and 90 wt % of the conmpound 9 in the m xed
| ayer, respectively were thus prepared. Each of the five sauples®pstted
light of blue, and exhibited a high |um nous efficiency in a practi cal

| um nance region from 10 to 500 cd/n2. Also, it was revealed that the
sanple did not exhibit any change in hue with an increase in | um nance,
and therefore, the sanple was useful as a display device. Each of the
sanpl es thus prepared was left in a nitrogen atnosphere for one nonth, the

result of h 59 13 Ccto 2006 showed that no deterioration of the
sanpl e was obsery sanpl es, the sanple No. Device (17-3) was
al so forci ”%E>T£EQF§H continuously applying a constant current

thereto. w an initial |ufance set to 500 cd/nm2 so as to continuously
emt |ight, g@g esult of which showed that the half value period of
| umi nance was“786° hours. Exanpl e 18 (Device Using M xed Layer Made from

Compound 1 nd CBP as j ght Emi ssion Layer) In this exanple, organic
el ectrol um em.tting devices, each using, as a |light
em ssion | ay Iayer made from a conpound 10 expressed by the

- Samples of qrganic electroluminescence light
emitting devices were prepared in the same manner as that
for preparing the sample Nos. Device (1-1) to Device (1-
5) in Example 1, except that a mixed layer made from a
compound 9 having the above chemical formula and CBP
having the above chemicai formula was formed as a lighf
emission iayer by a vacuum vapor-deposition process. Five
sample Nos. Device (17-1), (17-2), (17-3), (17-4), and
(17-5) containing 10 wt%, 30 wt%, 50 wt%, 80 wt%, and 90
wt% of the compound 9 in the mixed layer, respectively
were thus prepared.

Fach of the five samples emitted light of blue, and
exhibited a high luminous efficiency in a practical
luminance region from 10 to 500 cd/m?. Also, it was
revealed that the saﬁple did not eﬁhibit any change in
hue with an increase in luminance, and therefore, the
sample‘Was.useful as a display device.

Each of the samples thus prepared was left in a

nitrogen atmosphere for one month, the result of which
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foll ow ng chem cal fornmula and the sanme material CBP as that described in
Exanpl e 17, are produced as sanples, and device characteristics of each
sanpl e are exam ned. [Conpound 10]: CH=CH \ CH=CH &N Sanplie®)c@be@n@ani c

el ectrol um nescence light emtting devices were prepared in the sane
manner as that for preparing the sanple Nos. Device (1-1) to Device (1- 5)
in Exanple 1, except that a m xed | ayer nade froma conpound 10 having the
above chemi cal formula and the 60 13 Cctober 2006 sane naterial CBP as
that described in Exanple 17 was fornmed as a light em ssion |ayer by a

vacuum vapor, osi.t.ion_pr ss, . Five sapple Nos. vice (18-1 (18- 2),
(18-3), (18.5&)0,9@§nc§1h%\1:898) 453 é?ﬁ?sﬁbo‘iooﬁgqegﬁaw e WaY) ‘é&%/% W% and
.90 wt % of t ound 10 in e mxed | ayer, respectively were thus

pr epar ed. Eggh%ggBtha?P€88saﬁg?e§a@ﬁf?t%ﬂ'I?%ﬁ%c%f(¥ﬂT§9 %ﬁ%e%%s%ﬂd

exhi bited a_high lumnnous efficiency in a practical_|um nance region from
10 to 500 cdPFPiPAYsgetpriopated hareutinarushe aRRbYNdial S EM bit any
change in hue with an increase in |umnance, and therefore, the sanple
was useful SYTACHEsplayetevyEbl Fachnbtizhel waipanee tirls 7 PR celimis | ef t

in a nitrogen atnosphere for one nonth, the result of which
: so as to continuously emit light, the result of which

showed that the half value period of luminance was 780

hours.

Example 18 (Device Using Mixed Layer Made from Compound
10 and CBP as Light Emission Layer)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer,
a mixeq layer made from a compound 10 expressed by the
following chemical formula and the same material CBP as
that described in Example 17, are produced as samples,

- and device characteristics of each sample are examined.

[Compound 107]:

Samples of organic electroluminescence light
emitting devices were preparéd in the same manner as that
for prepgring the sample‘Nos. Device (1-1) to Device (1-
5) in Example 1, except that a mixed layer made from a

compound 10 having the above chemical formula and the
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showed that no deterioration of the sanple was observed. O these sanples,
the sanple No. Device (18-3) was also forcibly deteriorated by
continuously applying a constant current thereto with an iiRigcioBér 20681 nance
set to 500 cd/n2 so as to continuously emt light, the result of which
showed that the half val ue period of |um nance was 1,100 hours. Exanple 19
(Device Using M xed Layer Made from Conpound 11 and CBP as Light Em ssion
Layer) 61 13 Cctober 2006 1In this exanple, organic el ectrol um nescence
light emtting devices, each using, as a |light- erri ssion layer, a m xed

| ayer nmade f gn%][ gF%%%%ELP@BJPl 8XR e%escn %e%hgn g%%%\n;%ﬂ%fye&ﬁ cal formula

and the sam® tha ar%?produced as
sanpl es, %d devi ce char.a thIStICS oﬁ each.sanpl e are exam ned.

[ Conpound 1. ]°m§gnﬁlse§ I &MTE SEPBCt PEFINPHeQcERACRYT i YR 2mi t ti ng

devi ces wer g % red in the same, manner as t hat for prepar| ng the sanple

Nos. Device @ of} EBHDE€P€€SFI Bive raRip I, e (inl)a ibed | ayer

made from a ound 11 havi ng the above chem cal fornula and the sane

mat eri al CBﬁ)as Haf) deddBitiéd PRAEXARPPE ¢9ntasnirgr hedvis. a30 vk,

em ssion | ayer a vacuun1vapor- dep05|t|on process. Five sanple Nos.
Devi ce (19- w@%g 80 wt%, and 90 wt¥ of the compound 10 in the

mixed layer, respectively were thus prepared.

Each of the five samples emitted light of blue
green, and exhibited a high luminous efficiency in a
practical luminance region from 10 to 500 cd/m?. Also, it
was revealed that the sample did not exhibit any change
in hue with an increadse in luminance, and therefore, the
sample was useful as a display device.

Each of the samples thus prepared was left in a
nitrogen atmosphere for one month, the result of which
showed that no deteriorationlof the sample was observed.
Of these samples, the sample No. Device (18-3) was also
forcibly deteriorated by continuously applying a constant
current thereto with an initial luminance set to 500 cd/m®
s0 as to continuously emit light, the result'of which
showed that the half value period of luminance was 1,100

hours.

Example 19 (Device Using Mixed Layer Made from Compound

11 and CBP as Light.Emissioﬁ Layer)
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2), (129-3), (19-4), and (19-5) containing 10 wt% 30 wt% 50 W% 80 wt %
and 90 wt % of the conpound 11 in the m xed |ayer, respectively were thus
prepared. Each of the five sanples emtted |light of blue, gn@c®stvobsted a
hi gh [ um nous efficiency in a practical |umnance region from 10 to 500
cd/nm2. Also, it was revealed that the sanple did not exhibit any change in
62 13 Cctober 2006 hue with an increase in |um nance, and therefore, the
sanpl e was useful as a display device. Each of the sanples thus prepared
was |left in a nitrogen atnosphere for one nonth, the result of which

showed that no detsdiefad i Qe d heo S t sanpl es,
the sanple No. Device (19- 3)1@25 also orc ;Bgﬁteﬁﬁgfgfege Hﬁ%%t

conti nuous! ¥nappk ¥kNged st nt .t her with an |n|t|al | umi nance
set to 500 cﬁ/ goggslgggco%$§%ug%£§§ en%tg f£ ? ls%%suf& 361" Wwhi ch

showed that jthe. bal { r Ly nan s 650 h ...Exampl e 20
(Devi ce Lblng Xxed fggggﬁﬁégek?ron1d%m“ %ﬁ ﬁ¥a ‘gg) i Em ssi on
Layer) In t I el e troI m nescence |i ght enlttlng

devi ces, eagh§u§§%g§ emle?ghf BhY %l%ﬁ | Byersang Baterd alaydif @sde from a
conpound 12 X gss by .t he follomn 9 chem cal fornula and the sane
‘materi al g cribeéd in Example 1 are produced as samples,

and device characteristics of each sample are examined.

fCompound 111]:

< -C-C0
000

Samples of organic electroluminescence light
emitting devices were prepared in the same manner as that
for preparing the sample Nos. Device (1-1) to Device {1-
S) in Example 1, except that a mixed layer made from a
compound 11 having the above chemical formula and the
same material CBP as that described in Example 17 was
formed as a light emission layer by a vacuum vapor-—
deposition process. Five sample Nos. Deﬁice (19-1), (19-
2), (19—3), (19-4), and (19-5) containing 10 wt%, 30 wt%,
50 wt%, 80 wt%, and 90 wt% of the compound 11 in the
mixed layer, respectively were thus prepared.

Each of the five samples emitted light of blue, and
exhibited a high lumihous efficiency in a practical
luminance region from 10 to 500 cd/m?. Also, it was

revealed that the sample did not exhibit any change in
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that described in Exanple 17, are produced as sanples, and device
characteristics of each sanple are exam ned. [Conpound 12]: 63 13 Cctober
2006 Sanples of organic el ectrol um nescence |ight emtting3dewbecHoser e
prepared in the sane manner as that for preparing the sanple Nos. Device
(1-1) to Device (1- 5) in Exanple 1, except that a m xed | ayer made froma
conpound 12 havi ng the .above chem cal fornula and the sanme material CBP as
that described in Exanple 17 was fornmed as a light em ssion |ayer by a
vacuum vapor - deposition process. Five sanple Nos. Device (20-1), (20- 2),

(20-9), (207 At GR05RL-RANCAG HG1QHEL ggd%l(){%{:e%g]r%ﬁ, %p80 W % and

90 Wt % of the conpound 12 in t m xe ayer, respectrve wer e thus

pr epar ed. E%%Q‘é’ﬁ;e the Bis\é%uslaggl edstcﬁgg}lggddg{rggte of blue, and exhibited a
[

hi gh | um nous iclency ina prac | um nance region from 10 to 500

cd/n2. Also, it eveal ed that.the sanmpl e did not exhibit, any change in
hue with an incr\g:g%c%;nofuﬁﬁaﬁ%%?l‘aﬁdﬂ?‘ﬁ%r%lfecﬁae’fe‘?%as ?2‘?1% eds useful as
a di spl ay dev.itce. Each of E_‘he s%npl es thus gregar ed was left in a nitrogen
at nospher e PO 8FE N BITRSPORE Sy £8K P16 "ARFRh TRAHBIAVLRaPt nB ¥R eri orati on

of the sanmple. was observed. 64 )
showed that no deterioration of the sample was observed.

Of these samples, the sample No. Device (19-3) was also
forcibly deteriorated by continucusly applying a constant
current thereto with an initial luminance set to 500 cd/m?
so as to continuously emit light, the result of which
showed that the half value period of luminance was 650

hours.

‘Example 20 (Device Using Mixed Layer Made from.Compound
12 and CBP as Light Emission Layer)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer,
é mixed layer made from a compound 12 expressed by the
following chemical formula and the same material CBP as
that described in Example 17, are produced as samples,
and device characteristics of eéch sample are examined.

[Compound 12]:
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R R I 13 COct ober 2006
of these sanpl es, the sanple No. DeV|ce (20-3) was also forcibly
deteriorated by continuously applying a constant current tiheycaiber 2006h an
initial lumnance set to 500 cd/n2 so as to continuously emt |ight, the
result of which showed that the half val ue period of |um nance was 880
hours. Conparative Exanple 1 (Hue and Reliability of Light Emtting Device
Usi ng Single Layer of Conpound 1 as Light Em ssion Layer) In this
conparative exanple, a sanple of an organic electrolum nescence |ight
emtting device gyced in the same manner as that described in
Exanple 1, € g gle layer of 100% of the styryl conpound 1
described if g ‘ ed as a light em ssion |ayer, and a
reliability of the pl e was exam ned. [Device Structure]: Device (1-6):
| TO a -NPD [30 n -ound 1 [30rim/ Ag3 (30 nm/M:Ag [200 nm As
shown in Ta G 3 the sanple No. Device (1-6) is nearly equal

pl e =4T Device (1-1), Device (1-2), Device (1-3),
Dew«!I (1-

5) prepared in Exanple 5. 65
Samples of organic electroluminescence light

emitting devices were prepared in the same manner as that
for preparing the sample Nos. Device (l-1) to Device (1-
5) in Example 1, except that a mixed layer made from a
compound 12 having the above chemical formula and the
same material CBP as that described in Example 17 was
formed as a light emission layer by a vacuum vapor-—
deposition process. Five sample Nos. Device (20-1), (20—
2), (20-3), (20-4), and (20-5) containing 10 wt%, 30 wt%,
50 wt%, 80 wt%, and 90 wt3% of the compound 12 in the
mixed layer, respectively were thus prepared.
| Each of the five samples emitted light of blue, and
exhibited a high luminous efficiency in a practical
luminance region from 10 to 500 cd/m®. Also, it was
revealed that the sample did not exhibit any change in
hue with an increase in luminance, and thefefore, the
sample was useful as a display device.

Each of the saﬁples thus prepared was left in a
nitrogen atmosphere for one month, the result of which

showed that no deterioration of the sample.was observed.
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13 Cctober 2006 Table 9 (Rel ationship between Concentration of Compound 1
in Light Enission Layer and Hue in Conparative Exanple 1) Concentration 1
cd/n2 10 cd/n2 100 cd/n2 1000 cdfnm2 of Conpound 1 . Devi ca3ktddgr 2000 W %
- 0.633, 0.367 0.632, 0.366 0.632, 0.366 0.628, 0.371 The sanple No. Device
(1-6) thus prepared was left in a nitrogen atnosphere for one nonth, the
result of which showed that no deterioration of the sanple was observed,
and it was also forcibly deteriorated by continuously applying a constant
current thereto with an initial Iuninance set to 1,000 cd/n2 so as to

contlnuousléf @Hggelgggﬁiﬁ%hetﬁgsgg%ﬁ ﬁh Qﬁeéh9 81 Pﬁty&gggygf val ue

period of | um nance hour s i"$a5out” one-fifth

of the half valu Ilfe 000, hr). of t Devi ce r epar ed
'n Example §°° ¢ SLORRLRA oy otk Eéﬂ%%%%ﬁ%}ﬁ% e 3%&’&

Em tting Device ayer of Conpound 2 as L| 2Layer)
In this conﬁHFﬁ?#@ Qﬂ?ﬁﬁggeW1ghs%ﬂp+%lB?ngnl%WiﬂﬁﬂQ? %ﬁ E?] dtence
light emtting device was produced in ane manner as t hat descrlbed in
- Exanpl e 3, @?c@ﬁttotﬁ%Pthpg?ﬂ§1% ?%&ErlbthOO@%%ﬁrQ%ﬂétSﬁV@91Jé%hpound 2

described in Exanple 3 was used as_a |light em ssion layer, and a
rellablI|tySBPW?ﬁet%%hpF%ewb%léxﬁﬂiﬁédPeIlOd of luminance was 880

hours.

Comparative Example 1 (Hue and Reliability of Light
Emitting Device Using Singlé Layer of Compound 1 as Light
Emission Layer)

In this comparative example, a sample of an organic
electroluminescence light emitting device was produced in
the same manner as that described in Example 1, except
that a single layer of 100% of the styryl compound 1
described in Example 1 was used as a light emission layer,
and a reliability of the sample was examined.

[Device Struéture]:
Device {1-6):
ITO/tx—NPD [30 nm] /compound 1 [30 nm]/ Alqg; (30
nm)/@q;Ag [200 nm]
'As shown in Table 9, the hue of the sample'No.
Device (1-6) is nearly equal to each of the sample Nos.
Device (1—1), Device (1-2)}, Device (1-3), Device (1-4),

and Device (1-5) prepared in Example 5.
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66 13, October 2006 [Device Structure]: Device (3-6): 1 TO a-NPD [ 30

nnj/ conpound 2 [30 nni/ Alg3 [30 nnj/Mj:Ag [200 nn] As shown in Table 10,
the hue of the sanple No. Device (3-6) is nearly equal tolgeaehbabodshe
sanple Nos. Device (3-1), Device (3-2), Device (3-3), Device (3-4), and
Device (3-5) prepared in Exanple 7. Table 10 (Rel ati onshi p between
Concentration of Conpound 2 in Light Em ssion Layer and Hue in Conparative
Exanple 2) Concentration 1 cd/n2 10 cd/n2 100 ed/n2 1000 cd/nR2 of
Conpound 2 Device (3-6) 100 wt % 0. 648, 0.351 0.647, 0.352 0.646, 0.353

0.641,0 259 sanpl ., .Devi.ce ((3-6) thus prepared was left in._a

ni trogen at rm-%]ap ot (r;g) f rel\‘lgaﬁcelorﬁ)srﬂlt% kf%iia‘)ereé%thc’ft% AHOR §ﬁo§é’&pf>ﬁﬁfi no
deterioration. of tkﬁﬁs | e, was. observed, and it was al so forcibly
deteriorated by LtHnt BRSO ADYSF nRe EemstartomRarantve Faadi Sy th an
initial lumpance set to 1,000 cd/n2 so as to continuously emt light, the
result of whlch showed that the half val ue period of | um nance was 800
hours. Thi g Nal T ValChcenlritied | S 1e0RUT OB oXt T o e Nabdocvat ge life

(4,800 hr)|_of the o6@pipeurdd.| Devi ce (|3-3) prepared in-{Exanple 10.
Device (1-6) 100 wt% 0.633, 0.367 | 0.632, 0.366 | 0.632, 0.366 | 0.628,0.371

The sample No. Device (1-6} thus prepared was left
" in a nitrogen atmosphere for one month, fhe result of
which showed that no deterioration of the sample was
observed, and it was also forcibly deteriorated by
continuously applying a constant current thereto with an
initial luminance set to 1,000 cd/m? so as to continuocusly
emit light, the result of which showed that the half
value period of luminance was 200 hours. This half value
life is about one-fifth of the half value 1life (1,000 hr)

of the sample No. Device (1-3) prepared in Eiample 9.

Comparative Example 2 (Hue and Reliability of Light
.Emitting Device Using Single Layer of Compound 2 as Light
Emission Layer)

| Iﬁ this comparative example, a sample of an organic
electroluminescence light emitting dévice was produced in
the same manner as that described in Example 3, except
that a single layer of 100% of the styryl compound 2
.described in Example 3 was used as a light emission layer,

' ‘énd a reliability of the sample was examined.
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Exanpl e 21 (Rel ati onship between Concentration of 67 13 COctober 2006
Lum nous Material and Device Resistance) In this exanple, organic
el ectrolum nescence light emtting devices, each using, agz@clobeios
em ssion |ayer having an electron transport characteristic, a mxed |ayer
made fromthe sanme styryl conmpound 1 as that described in Exanple 1 and
the sane electron transport nmaterial Alga as that described in Exanple 1,
are produced as sanples, and a rel ationship between a concentration of
the conpound 1 and a current density/voltage of each sanple is exam ned.

Sanpl es of orgarRiiceelsesti-ewainescence [ight emtting devices were
prepared in the sane manner as that described in Exanple 1, except that a

m xed | ayer mR4E cef r@meghhe sane styryl conpound 1 as that described in
Exanple 1 and the sane electron transport material Alga as that described

in Ex le 1 f I ght 1 SSJ
Lgpor?ggpgsit?@ﬁ/ﬁggﬁggsaﬁ)gg%%ﬁgnﬂﬁgﬂhizaﬁggj?ﬁﬁﬂﬁ?%igeigﬁguggl-Z), Devi ce

(21-3), DevjGe -4) 1, &N vice (21-5) were thus prepared. The results
are shown iﬁhﬁé%%%%ﬁﬁﬁzﬁgr%gﬁﬁparison, ‘the result of an organic

el ectrol um nescence | ight emtt] vice, which S prepared_in the sanme
manner except theEﬁSZQSVnal?a@%?f%oﬂgosgﬁéo?u%n?gmgm% A 1
Device (3-6) is nearly equal to each of the sample Nos.
Device (3-1), Device (3-2), Device (3-3), Device (3-4),
and Device (3-5) prepared in Example 7.
Table 10 {Relationship between Concentration of Compound

2 in Light Emission Layer and Hue in Comparative Example

2)

Concentration 1 cd/m?2 10 ed/m? 100 cd/m? 1000 cd/m?2
of Compound 2

Device (3-6) 160 wi% 0.648, 0.351 | 0.847,0.352 | (.646,0.353 | 0.641, 0.358

The sample No. Device (3-6) thus preparéd was left
in a nitrogen atmosphefe for one month, the result of
which showed that no deterioration of the sample was
Qbserved, and it was also forcibly deteriorated by
continuously applying a constant current thereto with an
initial luminance set to 1,000 cd/m® so as to continuously
emit light, the result of which showed that the half
value period of luminance was 800 hdurs. This half wvalue
life is about one-sixth of the half wvalue life (4,800 hr)

of the sample No. Device (3-3) prepared in Example 10.

Example 21 (Relationship between Concentration of
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as the light em ssion layer, is listed as sanple No, 68 13 Cctober 2006
Device (21-5) in Table 11. Table 11 (Rel ati onship between Concentrati on of
Compound 1 in Light Em ssion Layer and Devi ce Resistance) 1€oaeb&tzoed i on of
6V 10V Coll poundl Device (21-1) 5 % 3.7 mAcn2 216 mA/cn2 Devi ce
(21-2) 10 % 11.7 mA cnR 607 md cn2 Device (21-3) 20 wt % 15.7 mA/ cn2 1007
md cnm2 Device (21-4) 40 wt% 19.2 mA/ cn2 1320 mA/cn2 Device (21-5) 100 wt %
30.0 mA/cn2 1810 mA cn2 As shown in Table 11, it becones apparent that the
device resistance increases with a decrease in concentration of the
conmpound 1. Takjng into account a |ow voltage drive fromthe viewpoint of
power - consunpiftgirus et ioidleitchtRoi@f Repdsd@nssund 1 in the |ight

enmission layer is desirable to be in a range of 20 ww% or nore. Exanple
22 (Concentration @R Chdpoenample.uvirgensc Efkrtirehuyinandekine)lighthis
exanpl e, organic el ectrol um nescence light emtting devices, each using,
as a |light esmssion |dgmdices a gactedidimer amde figha tehd sstiphy 1 agespound 1,
the hole transport material a-NPD, and the electron transport rmaterial
Al ga, whi ch lerelnchears artecsrdrhaserdgrart ke@Giratteristic, a mixed

layer made from the same styryl compound 1 as that

described in Example 1 and the same electron transport

material Alqg; as that described in Example 1, are produced

as samples, and a relationship between a concentration of

the compound 1 aﬁd a current density/voltage of each

samplé is examined.

Samples of organic electroluminescence light

emitting devices were prepared in the same manner as that

described in Example 1, except that a mixed layer made

from the same styryl compound 1 as that described in

Example 1 and the same electron transport material Algs; as

that described in Example 1 was formed as a light

emission layer by a vacuum vapor-deposition process.

Sample Nos. Device (21-1), Device (21-2), Device (21-3),

Device‘(21—4), and Device (21-5) were thus prepared.

The results are shown in Tablé 11. For comparison,
the result of an organic éléctroluminescence light
emitting device, which was prepared in the same manner

except the use of a layer composed of only the éompound 1

- as the light emission layer, is listed as sample No.
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Exanpl e 1, are produced as sanples, and a relationship between a |um nance
of light, a |um nous efficiency, and 69 13 Cctober 2006 a hue of |ight of
each sanple is exam ned. Sanples of organic el ectrol um nesagieebérizgid
emtting devices were prepared in the same nanner as that described in
Exanpl e 1, except that a mxed |ayer made fromthe styryl conpound 1, the
hol e transport material a-NPD, and the electron transport material Al g3,
was formed as a |ight emi ssion |ayer by a vacuum vapor- deposition
process. [Device Structure] Device (22-1): 1TO a-NPD [30 nnj/ conpound
1:a- NPD: Al / [30 nn]/Ng Ag [200 nnj Device (22-2)

| TO a- NPD [ V:Lr(r:]/corrpo ndlrirgaqqlﬁ%gﬂm ga = 1 [30 nnl /A g3 [30 nnj

/' My: Ag [ 200 run] Device (22-3): |1TQO a-NPD [30 nn]/conpound 1:a-NPD: Alga =
4:2:2 [30 nn]/AIgB [30 nn]/Ng Ag [200 nm Device (22-4): ITQ a -NPD [30.
nm / conpound 1:1[30 /Al g3 [30 nnl/ M: Ag[200 nm. A
reIationshipTﬁgiﬁeéﬁ dRﬁ&%ﬁﬁgﬁégl§h@e§WPﬁﬁ1 gusentration of Compound

1l in Light Emission Layer and Device Resistance)

Concentration of
Compound 1 6V 1ov
Device (21-1) 5 wi% 3.7 mA/em?2 216 mA/cm?
Device (21-2) 10 wt% 11.7 mA/em? 607 mA/em?
Device (21-3) 20 wt% 15.7 mA/em? 1 1007 mA/cm?
Device (21-4) 40 wit% 19.2 mA/cm? " 1320 mA/em?
Device (21-5) 100 wi% 30.0 mA/em? 1810 mA/em?®

As shown in Table 11, it becomes apparent that the
device resistance increases with a decrease in
concentration of the compound 1. Taking into account a
low voltage drive from the viewpoint of power consumption,
the concentration of the compound 1 in the light emission

layer is desirable to be in a range of 20 wt% or more.

Example 22 (Concentration of Compound 1, Luminous
Efficiency, and Hue)

In this example, organic electroluminescence light
emitting devices, each using, as a light emission layer,
a mixed layer made from the styryl compound 1, the hole
transport material ¢-NPD, and the electron transport
material Alg3, which are the same as those described in
Example 1, are produced as samples, and a relationship

between a luminance of light, a luminous efficiency, and
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efficiency of each of the sanple Nos. Device (22-1), Device (22-2), Device
(22-3), and Device (22-4) thus 70 13 Cctober 2006 prepared is shown in
Table 12. It is to be noted that the |um nous efficiency i18ozabeithas ed as
a rate of lumnance to a current value. Table 12 (Rel ationship between
Concentration of Conmpound 1 in Light Em ssion Layer and Lum nous
Efficiency) Concentration of Conpound 1 in Light Em ssion 1 cd/n2 10 cd/ n®
100 cd/n2 1000 cd/nm2 Layer Device (22-1) 20 wt% 2.11 cd/ A 2.13 cd/A 2.23
cd/A 2.08 cd/A Device (22-2) 33 wt% 2.14 cd/A 2.15 cd/A 2.11 cd/ A 2.07
cd/ A Devi ce}ézz 3) 50 wt%2 13 cd/A 2.14 cd/A 2.10 cd/ A 2.04 cd/ A Device
(22-4) 80 wio D af atA Bl gk XIBNRHF-A The results show t hat
the lum nous efficiency of each of the sanple Nos. Device (22-1), Device
(22-2), Device (S2mBlesard pa@iesd o 2legtriod umigsgracst 4bBRT i rrespective
of the concentration of the lum nescent material in a practical |um nance
regi on frongmitbingoteviefhwermdreraredcin ofhe Famsamginesrhas nbagr obl em
associated with concentration-dependent gquenching caused when a high
concent r at i desofilvdre dnurfrrousl avel eréxatents tleontaimieckd datylee Miaglet emitting
device. Simlarly, a

from the styryl compound 1, the hole transport material

a-NPD, and the electron transport material Alg3, was
formed as a light emission layer by a vacuum vapor-
deposition process.

[Device Structure]:

Device (22-1):

ITO/ @-NPD [30 nm]/compound 1:a-NPD: Algs 1:2:2 [30
nm] /Alg; [30 nm]/Mg:Ag [200 nm]
Device (22-2):

1:1:1 [30

ITO/ @—NPD [30 nm)/compound 1:@-NPD: Algs
nm} /Algs [30 nm]}/Mg:Ag [200 nm]

Device (22-3):

- ITO/ a-NPD [30 nm] /compound 1: «-NPD: Alqgs 4:2:2 [30
nm] /Alqgs [30 nm]/Mg:Ag [200 nm]

Device (22-4):

i

ITO/ e-NPD [30 nm]/compound 1: a-NPD: Algs 8:1:1 [30
 nm]/Algs [30 nm]/Mg:Ag [200 nm].
A relationship between a luminance and a luminous

efficiency of each of the sample Nos. Device (22-1},

'.Device (22-2), Device (22-3)}, and Device (22-4) thus
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rel ati onship between a | um nance and a hue of each sanple is shown in
Tabl e 13. Table 13 (Rel ati onship between Concentration of Conpound 1 in
Li ght Emi ssion Layer and Hue) Concentration 1 cd/n2 10 cd/ nR Ot@@ercdég? 1000
cd/n2 of Conpound 1 Device (22-1) 20 wt % 0.627, 0.372 0.625, 0.374
0.624,0-375 0.621, 0.380 Device (22-2) 33 wt % 0.631, 0.369 0.630, 0.369
0.629, 0.370 0.627, 0.372 Device (22-3) 50 wt% 0.633, 0.366 0.632, 0.367
0.632,0-367 0.631, 0.368 Device (22-4) 80 wt% 0.633, 0.366 0.633, 0.365
0-632,0.367 - 0.631, 0.368 71 13 Cctober 2006 The results show that the
hues of the . vice.( , Vi (22- ' ,(]%ﬁ and
Devi ce (Zzpz‘%ggkgdwggr Fggggugfl f%(%bé)gc%%t h%"f-llsrzrzte%)p?eec%ﬂe&%f t e%)n’e
concentrati e M.k nt _mat er. iLnp a_practjcal nm nance region
3B teghee A TH EREF LacheSP L B kbl Bt et he fo M RAT A

fromlto 1 eac S no problem

associ at ed giot h a %hgngevi n hue upon hi gh | um nance, which problemis
liable to b Eali¥ag®Por V4-H8ual red col or light emtting device in which
a pignent is concentration as lowas 2 to 3

wt % or | ess. an

organi c el ectrol um nescence.
eni ssi on | ayer? &i9hixBAifajyer

doped jn Alga or the like in a

B 2 2@?%%@%@? HEPRRAT PR EIPR Rfs SRRy,
light emtting device using, as a |ight
yerf pbeh theineys \FLEbapor®dd 1, the hole

Concentration of
gl"g‘ﬁf‘]’g“;i:lgg 1 cd/m? 10cd/m? | 100cd/m? | 1000 cd/m?
Layer
Device (22-1) 20 wi% 2.11 ed/A 2.13 ed/A 2.23 cd/A 2.08 cd/A
Device (22-2) 33 wit% 2.14 ed/A 216 cd/A | 2.11cd/A 2.07 cd/A
Device (22-3) 50 wt% 2.13 ed/A 2.14 cd/A 2.10 cd/A 2.04 ed/A -
Device (22-4) 80 wit% 2.12 cd/A 2.11 ed/A 2.06 cd/A 2.03 cd/A

The results show that the luminous efficiency of

each of the sample Nos. Device (22-1), Device (22-2),
Device (22-3), and Device (22-4) is high and stable -

irrespective of the concentration of the luminescent
material in a practical luminance region from 1 to 1000

éd/mz, and that each of the samples has no problem

associated with concentration-dependent quenching caused
“when a high concentration of the luminous material is

contained in the light emitting device. Similarly, a
relationship between a luminance and a hue of each sample.
is shown in Table 13. | |

Table 13 {(Relationship between Concentration of Compound

1 in Light Emission Layer and Hue)

Concentration 1 cd/m? 10 cd/m? 100 cd/m? | 1000 cd/m?

of Compound 1
Device (22-1) 20 wi% 0.627, 0.372 | 0.625,0.374 | 0.624, 0.375 | 0.621, 0.380
Device (22-2) 33 wit% 0.631, 0.368 | 0.630,0.369 | 0.629,0.370 | 0.627,0.372
- Device (22-3) 50 wit% 0.633, 0.366 | 0.632, 0.367 | 0.632, 0.367 | 0.631, 0.368
Device (22-4) 0.633, 0.366 | 0.633, 0.365 | 0.632, 0.367 | 0.631, 0.368

80 wi%

71




transport material a-NPD, and the electron transport naterial Al q(err),

whi ch are the sanme as those described in Exanple 22, is produced as a
sanple, and a reliability of the sanple is exam ned. A sanpbetobdr 2006
organi c el ectrolum nescence light emtting device was prepared in the sanme
manner as that described in Exanple 22. Namely, |ike Exanple 22, a m xed

| ayer made fromthe styryl conpound 1, the hole transport naterial a-NPD,
and the electron transport naterial Alga 72 13 Cctober 2006 was fornmed as
a light em ssion |layer by a vacuum vapor- deposition process. The sane

sanpl e No. Device {R2-3ds@8+tst BRbw PERPAT S5k | MuEXAIP! €125 MR d ks prepar ed.

The sanple thus prepared was left in a nitrogen atnDsphere for one nonth,

the result @tev\ﬂebcfmh@wedangk}% Qng?yeerGi‘Eéogg f31 he,zanpLe; vas

observed. The sanple was also torci deterior y contlnuously

appl ying a nst a c ther tQ W nitial ance se
TPBob ods e €2"R ?%ec%’lﬁ 8 gﬁy?e%ote h?th?ﬁel%ggawc SPEvRE cHP S hoved
that the half val eri od ?

(Veri {1 cat | SRCBFEPRGRE BR 557 oﬂ‘wf&éaﬁaﬁ? RRERF Sabxaiipf o T REC e ban ned
whet her a | em ssion region is concentrated in the vicinity of an

i nterface o?ngP?Bﬁ? ERELSPOATPRy&r t8r LHPEpERLBY ARG BiHe- each ‘of

the samples has no problem associated with a change in
hue upon high luminance, which problem is liable to be
caused for a usual red color light emitting device in
which a pigment is doped in Alqgs; or the like in a

concentration as low as 2 to 3 wt% or less.

Example 23 (Stability of Device (22-3))

In this example, an organic electroluminescence
light emitting device using, as a light emission layer, a
mixed layer made from the styryl compound 1, the hole
transport material «-NPD, and the electron transport
material Alqs, which.are the same as those described in
Example 22, is produced as a sample, and a reliability of
the sample is examined.

A sample of an organic electroluminescence light
emitting deVice was prepared in the same manner as that
described in Example 22. Namely, like Example 22, a mixed

‘layer made from the styryl compound 1, the hole.transport

material «-NPD, and the electron transport material AlqQs
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whol e range of the light em ssion |ayer, by neasuring a change in :
intensity of a photol um nescence spectrum (PL spectrum of a |um nescent
material before and after reduction in |um nance. For the 13anpbe 2bos
Device (3-3) using the m xed. |ayer containing the conpound 2 and the
electron transport material Alga at a m xing weight ratio of 1:1 as the
| ight em ssion |ayer in Exanple 3 and the sanple No. 73 13 Cctober 2006
Device (3-6) using a single layer containing only the conpound 2 as the
i ght em ssion |layer, the intensity of the PL spectrum of the device at

the time wheast Beriibd hyNMhNQUShENERASLE ¥nt D@f@@be\Bé J£AuGRd 492 hal f - of
that in an initial stage was exam ned. As a result, for the sanple No.

Devi ce (3-3jepwlenibhepEbcbysl Nopse | U RNSIdnG1 MGR, [ euGed t@2adhalds, the
intensity of the PL spectrum was reduced to 50% of the initial |um nance.

On the CO”ttBQ‘EyFrEBErEHeiﬁaﬁgéxggm- 29??6%%%}@1?5 Q%ré’;ﬂ the single |ayer

contai ning only the conpound t he t  enmission [ayer, when the EL

| um nous i nt ensi tyr_g ofsa%nﬁf)?e:]ﬁtﬁ}qf%?pﬁaeﬁﬂgd v}‘_ihseé‘:‘a‘r]r}técgr:ILti Lay\ﬂ%]éﬁréo%%an spectrum

was reduced to 70% of _ mhance. ¢ range of the
ntonsi ty. of CUREPRE-SpEe o Po¥HRy BEecoretboreh Tt (1T | hance of
the whol e no deterioration of the sample was observed. The sample
was also forcibly deteriorated by continuously applying a
constant current thereto with an initial luminance set to
1,000 cd/m® so as to continuously emit light, the result

of which showed that the half value period of luminance

was 950 hours.

Example 24 (Verification 1 of Light Emission Region)

In this example, it is examined whether a light
emission region is concentrated in the vicinity of an
interface of a light emission layer or dispersed over the
whole range of the light emission layer, by measuring a
change in intensity of a photoluminescence spectrum (PL
‘spectrum) 0f a luminescent material before and after
reduction in luminance.

For the sample No. Device (3-3) using the mixed,
layer containing the compound 2 and the electron

- transport material Algs at a mixing weight ratio of 1:1 as

the light emission layer in Example 3 and the sample No.
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range. of the light em ssion range is reduced along with the

el ectrol um nescence (EL), the intensity of the PL spectrumis reduced at
the sane rate; however, if the |luminance of part of the |iigktioBéri2eed on

| ayer is reduced along with el ectrolum nescence (EL), the intensity of the
PL spectrumis reduced at a rate smaller than the reduction rate of the EL
| umi nous intensity. Accordingly, it becones apparent that for the 74 13

Oct ober 2006 sanple No. Device (3-3), the whole range of the |ight
em ssion |ayer alnost acts as the |ight em ssion region; however, for the

sanpl e No. Dewiice ((3-8), venhy Rakiindfie 4RGN BBHLt8Ah$8LOBnk 3Yehe(i Nterface
bet ween organic layers) acts as the |ight em ssion region. The EL spectrum

of the sanpl@mi¥ounBeyi 6@ ¢3=6)iHit $hAWaibR Ehg%g? tﬁ@ﬁﬁﬁkeﬁ%gwﬁ“

exhi bits the peak value at a wavel ength near nm Ich 1 ndicates the

conpound  24+1@ne1a s$aRkh-uRedl (AkUG3L 2 gﬁg?h@p@&ﬁeggﬁéggggg?g¥’ whi ch

indicates Alga. This nmeans that for the sa e } Vi | i ght

A T R e L O L S

contai ning only the conpoun the el ec anspi

PR ek T R R TR LV ENE M S
(3-3) Shomnsg%pﬁg o?’DggiEg (3-3), when the EL luminous intensity
was reduced to a half, the intensity of the PL spectrum
was reduced to 50% of the initial luminance. On the
contrary, for the sample No. Device (3-6) using the
single layer containing only the compound 2 as the light
emission layer, when the EL luminous intensity was
reduced to a half, the intensity of the PL spectrum was
reduced to 70% of the initial luminance. Since the whole
range éf the light emission layer is optically pumped at
the time of measuring the intensity of the PL spectrum,
it may be considered that if the luminance of the whole
fange of the light emission range is reduced along with
the electroluminescence (EL), the intensity of the PL
spectrum is reduced at the same rate; however, if the
luminance of part of the light emission layer is reduced
along with electroluminescence (EL}, the intenéify of the
PL spectrum is reduced at a rate smaller than the

reduction rate of the EL luminous intensity.

Accordingly, it becomes apparent that for the
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apparent that |ight em ssion occurs nearly in the whole range of the |ight
em ssion |layer and that no light em ssion of Al ga occur. Exanple 25
(Verification 2 of Light Em ssion Region) To verify the efifegtch@hobdre
organic electrolum nescence light emtting device of the present
invention, as showmnm in FIG 7, a device was produced with 75 13 Cct ober
2006 a filmthickness condition that a light interference effect between

| ight energed froma light em ssion interface and light reflected from an
al um num el ectrode 37 weakens |light outputted fromthe device. An I TO

el ectrode 3Gapiphicckpessevit8 nNB8)3)a THBTAhL#edradget 6FSthe 1ight
(2- napht hyl phenyl am no) tri phenyl am ne) | ayer 32a (thickness: 40.nm, an

ELO22 (triphenkkarpnnealekr aMBbkt ha¥8r a32bnkt i ghPessi sl Meq Bn Al 03
| ayer 33 m xed with 40% of the above-described styryl conpound 1

(thi ckness: nos@vam), (3000 SLABILAKS! Bdy(LDI ¢kNEpS odfp D vBEE

sequentially stacked, and the al um num el ectrode

| at i hi t .agt ual ], SSi _ t f this devi
and an_om so7 o oG, ERLASLUR, Ly BT PRUEER R LR SRPEISHT T it on i

the light egission | f.1he. deyj : ined. As shown in FIG 8, it
becorres appAPEnt SLhAFLS 2Fi GHE AHPSS| GRLOFATH bEToh 40 in the lignt

em ssi on The EL spectrum of the sample No. Device (3-6) is

shown in FIG. 5. The EL spectrum exhibits the peak wvalue
at a waveléngth near 650 nm, which indicates the compound
2, and a small peak value at a wavelength near 520 nm,
which indicates Algy. This ﬁeans that for the sample No.
Device (3-6), light emission occurs at an interface
between the light emission layer containing only the
compound 2 and the electron transport layer Algs:, and the
light émission region is concentrated in the vicinity of
the interface. On the contrary, from the EL spectrum of
the sample No. Device (3-3) shown in FIG. 6, it is

" apparent that light emission occurs nearly in the whole
range of the light emission layer and that no light

emission of Algs occur.

-Example 25 (Verification 2 of Light Emission Region)
To verify the effect of the organic
electroluminescence light emitting device of the present

- invention, as shown in FIG. 7, a device was produced with
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| ayer corresponds to an -em ssion spectrum of the device operated at a
current density of 0.1 m¥cnR, and a light emission distribution 46 in the
| ight em ssion |ayer corresponds to an em ssion spectrum aB Octoberdeds ce
operated at a current density of 1mA cnR. The light em ssion distribution
in the light em ssion |layer used for calculation is shown in FIG 9. 76 13
Cct ober 2006 Here, the superinposition of alight ray emtted and directly
energed downwardly and a light ray reflected fromA and then energed
downwardly is performed by using plane-wave approximation. Concretely, a

phase differenceim Sioc s S WRRIH MBRY it &f 1kbed iRk fr@¥enke given by S
= 27c 2L/ A + $ where character L is an optical "distance between the

em ssi on pl aner &hd il o 1GRAFA G RIr b d Sfl%np%aaﬁgﬁgietagnfist@ggﬂm ggge to A

reflection. Accordingly, letting a conplex anplitu ray
R T A R ey R
o1 0w 00, SO Bkl 500 LS A B RLCBEL ARl Py oo Uy of
intenSity V“éf%é%géﬁg %%Pﬁt%ﬁ%i%ﬁsEx q& t%&lHtgp%Na%Ae?iﬁ4‘,4"-tris

(Z—naphthylphenylamino)tfiphenylamine) layer 32a

(thickness: 40 nm), an EL022 (triphenylamine tetramer)

layer 32b (thickness: 50 nm), an Algs; layer 33 mixed with

40% of the above-described styryl compound 1 (thickness:

50 nm), and an Algs layer 34 (thickness: 165 nm) were

sequentiaily stacked, and the aluminum electrode 37 was

formed thereon. A relationship between an actually

measured emission spectrum of this device and an emission

spectrﬁm estimated from a light emission distribution in

the light emission layer of the device was examined.

As shown in FIG. 8, it becomes apparent that a

light emission distribution 49 in the light emission

layer corresponds to an emission spectrum of the device

operated at a current density of 0.1 mA/cmz,_and a light
emission distributien 46 in the light emission layer
corresponds to an emission spectrum of the device
operated at a curreﬁt density of lmA/cm?. The light
emission distribution in the light emission layer used

for calculation is shown in FIG. 9.
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depth. direction and calculating the integrated intensity for each

wavel ength, a spectrumof the light ray enmerged to the outside can be
obt ai ned. According to the above-described result, it is ugQclob&dodtdrat in
the light em ssion layer formed by mxing the |umnous nmaterial having the
charge transport characteristic in the charge injection accelerating 77 -
-------------------- ---- ------ 13 Cctober 2006 material, the em ssion
spectrum exhibits that a distribution of a |light em ssion region having a
| arge lum nous intensity occurs at both of the interface between the hole

transport |ayer arHkdde dHghuemissioyitilayerr and ighe irdekehagecbet ween the
el ectron transport |layer and the [ight em ssion |ayer. According to this

enbodi ment , ahfedt @bt 1 eNEEsHEEd diSh Kk PHE1 PNaed 4 hei fiod eray nANSRQIed ayer
side increases with the increased current density. The above-descri bed

enbodi nent sragd ANesRAAPPLESem@FGOH MGt Lrd N Y 658N o LVE R ﬁ{gi@y be

variously nodified wthout departing fromthe technical thoug t he

sly mod ut e techni cal™tr P
ogion i s Tered By EYEaR AT e IVl Mgt P ene BLN b7 g

electrolunlgezge% % g%%gr%mposition-of the light rays is given by

0 =2xn-2L/%4 + @
where character L is an optical distance between the
emission plane and Al, and character ® is a phase shift
amount due to Al reflection. Accordingly, letting a
complex amplitude of the light ray directly emerged be A
and a complex réflection coefficient of Al be ¥, a
complex amplitude of the superimposed light ray is
‘éxpressgd by the following equatiocon:

tl + exp (1) v) A

By expressing the real number of this equation, the
intensity can be obtained. Further, by integrating the
intensity with a luminous intensity distribution in each
depth direction and célculating the integrated intensity
for each wavelength, a spectrum of the light ray emerged
to the outside can be obtained.

According to the above-described result, it is
verified that in the iight emission layer formed by
mixing the luminous material having the charge transport

characteristic in the charge injection accelerating
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voltage is applied thereto and having a charge transport characteristic
and a charge injection accelerating material capable of accelerating
injection of charges in the lumnous nmaterial, and the |ightoceBte0®N
region exists not only at an interface with an adjacent layer or its
vicinity but also over a specific thickness region in the |ayer thickness
direction. Accordingly, aregionin which light is emtted is not limted
to the above 78 13 Cctober 2006 described interface or its vicinity but is
spread in a wde range of the light em ssion layer. As a result, it 1is

possi bl e to magmirfaranty empsoiven tdesserom ea&Hide HLfendiheg device. Further,
it is possible to prevent the hue of light from being varied dependi ng on

the concentradsoniwitidhens Lﬁﬂmc}}t& M £ d @ln G eh hd e 1lairglat em ssion
| ayer and on an operational condition such as an applied™ voltage, and

hence to_ st ahiniud Nenpatd ORACENA %0 P UL e 3 i (laber 2006

CLAIMS: 1. An organic electrolum nescence li1ght emtting vice, in which

an organi ¢ | avefedlAiHY 14 %Earg%eﬁe @Laé{e%gia% eit e Ry d%ﬁ'ﬂi%%g‘@%e“ an

anode ‘and a cat hode, characterlz_ t ast” one of Taye
ConSt'tUt'n@éﬁ%fjém§QQk9£ﬁ%§¥féé% between the electron transport

layer and the light emission layer. According to this
embodiment, the light emission distribution on the hole
transport layer side increases with the increased current
density. |

The above-described embodiments and the examples
according to the present invention may be variously
modified without departing from the technical thought of
the present invention.

.According to the present ihvention, a light
emission region is formed by a mixed layer made from a
luminous material exhibiting electroluminescence when a
voltage is applied thereto and having a charge transport.
characteristic and a charge injection accelerating
material capable of accelerating injection of charges in
the luminous material, and the light emission region
exists not only at an interface with an adjacent layer or
its vicinity but alsc over a specific thickness region in
the léyer'thickness direction. Accordingly, a region in

which light is emitted is not limited to the above-
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conposed of a mi xed | ayer made froma | um nescent material and a charge

i njection accelerating material, wherein said | um nescent materi al
exhibits, in a state held as a single thin filmbetween saBdcapad®oand
sai d cat hode, el ectrolum nescence |ight em ssion when a voltage is applied
thereto and has a charge transport characteristic, and said charge
injection accelerating material has a charge transport characteristic
capabl e of accelerating injection of charges in said | um nescent material;
and said at | east one of |ayers constituting said organic |ayer has a

| i ght em sside®crddicsh iatiesifireg pot idsl yiatinrdny botetbasprwatihianaadj acent

| ayer or its vicinity but also over a specific thickness region fromsaid
i nterface omwiides reingieniotfy the ltihat, eoiskhenbasiyerof mn 4 ntensidty iof |ight
emtted fromeach or both of an interface between said mxed | ayer and an
el ectron trhanppestiblayes adpac€ntahheretiapandeafnbnteriase beruesp said -
m xed | ayer and a hole transport |ayer adjacent thereto, an intensity of

light emittetief HoRi@epOSFiiBlle LI 1Y LHUHEESIRIE {4 QPRenaid QL hjdter T aces
is in a range of 25% or nore. 2. An organic el ectrol um nescence |1 ght

emitting devighe aeenr defigl 9athatMipatehs! BnSehd LbGBLyERLERLAN, o0l ON
exi sts over the whole thickness of said mXed |ayer. 3. An organic

eIectroLuni@ggcggﬁganghﬁagg}ngngoggggﬁgd agcopdi glaiml, wherein a

concentratiop range of sai l'um nous naterlal on ?%%ﬁga5|s %% a_nDIe
e of o@hfef ah8%n' BhoShLN: 2658 LBRLIR1 IR SILR' al UL ITEGY Ve

voltage, and hence to stabilize the performance of the

device.
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13 Cctober 2006 of 5 to 90 nole percent. 4. An organic el ectrol um nescence
light emtting device according to claiml1, wherein when said | um nous
material is configured as a lum nous material having at | aasictoda 26b@ct ron
transport characteristic, said charge injection accelerating material is
configured as a charge injection accelerating material having an el ectron
and/ or hole transport characteristic. 5. An organic el ectrolum nescence

i ghtc L%l ng device according to claim1, wherein when said | um nous
materiral "1S" configured as a lum nous material having at |least a hole
transport charamtepvrgantc sdcdcebdugenésiectd onigreekarating J@mtiewi al is
configured .as a_charge injection accelerating material having a hole

and/ o?nel nEr SHIFEE et BAVLRPc.@ 611ARt o gEmisd 98 eER¢ BPuNLAescence

li ghtpesvidéadosiarddit.an iamodal ehaal enganks, | ayerahaving £ ild ghkcen ssion
region is provided between an anode and a cathode, characterized in that
~at  |east orEF ofedsyetne Wnstavans Pt Wiganiseidapagaind ccdrpeseds of a

m xed-bRyStedrde frpmey | wideseai f].@c!rrf"ré ailunﬁ{l'l%s%e%lﬁa er'i%jle%%lhog.
accelerating material, wherein said [ um nescen mat erial exhibits, in a
st at eclerae adnzest iyl eacdn edfatiindetateen alsaivtheardde sarid Jaind neathade,
has. o Erar vt Ty anan T o e e A o B G P& B e
accel sr1d | agodat endalkaibasazhokear, geltacanspamtinebaeact eliight c cgapabbsa of
aCCElm«%é% | 09 vc!lnéa%%t i EQ %];piggsrdget%eir%tsoai gmll uWégesacegﬁaggeteertir%L;Spggg
characteristic, and said charge injection accelerating material
has a charge transport characteristic capable of accelerating
injection of charges in said luminescent material; and
sald at least one of layers constituting said organic
layer has a light emission region existing not only at an
interface with an adjacent layer or its vicinity but also over a
specific thickness region from said interface or its vicinity so
that, on the basis of an intensity of light emitted from each or
both of an interface between said mixed layer and an electron
transport layer adjacent thereto and an interface between said
mizxed layer and a hole transport layer adjacent thereto, an
intensity of light emitted from a position being equidistant from

said both interfaces is in a range of 25% or more.

2. An organic electroluminescence light emitting device
according to claim 1, wherein said light emission region exists

over the whole thickness of said mixed layer.

3. An organic electroluminescence light emitting device
according to claim 1, wherein a concentration range of said
luminous material on the basis of a mole number of said charge

-injection accelerating material in said mixed layer is in a range
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said at |east one of layers constituting said organic |ayer has a |ight

em ssion region existing not only at an interface with an adjacent |ayer
or its vicinity but also over a specific thickness region ifiOemb&a00s
interface or its vicinity in 81 13 Cctober 2006 the |ayer thickness
direction, wherein an energy |level of a highest occupied nolecular orbital
of said charge injection accelerating material is equal to or deeper than
t hat i + qaqusegq;%{ial, and/or an energy |level of a |owest
unoccupi éd nol ecu ar forbital” of said charge injection accelerating
material is equal to or shallower than that of said |umnous material. 7.
An organic el ectrolum nescence |light emtting device according to claim6,
wherein an enérgy™ eVedamic 1S UUHRSSETPTEd fsihée sattépBi PaVi6R a hol e
transpecbrdayer tadjacent 110 Haixdin xgged axahdl Sy dudneha toans t ha of
each of said lumnous material and said charge injection accelerating

mat er FAPF1BIVGH ofGardi cl @neet| BAFAESRENBEVERGhIterdead hgadewilestravcor di ng
to claimpomheraiddhe sammJmtenial ag,pn. el gefaan 1t ranspqrt meeri al
form ng aﬁp%lectronakransporf'layer ad?a%gﬁ? f%fgﬁ?ﬁ“hlxe§%|§y3?§. used
as sardtehbrge im ecenbivwezt| erat iang chrateer i alnj<:tArror gamied erating _

e ecty L Uil IeSERNGE Lholh RELH 9aBEERLAL ¢ AGCRIANG LY Cl 8L TL0; wherel n

the sane material a

5. An organic electroluminescence light emitting device
according to claim 1, wherein when said luminous material is
configured as a 1luminous material having at least a hole
transport characteristic, said charge injection accelerating
material is configured as a charge injection accelerating

material having a hole and/or electron transport characteristic.

©. An organic electroluminescence light emitting device,
in which an organic layer having a light emission region is
provided between an anode and a cathode, characterized in that at
least one of layers constituting said organic layer is composed
of a mixed layer made from a luminescent material and a charge
injection accelerating material, wherein said luminescent
material exhibits, in a state held as a single thin film between
said anode and said cathode, electroluminescence light emission

when a voltage is applied thereto and has a charge transport

characteristic, and said charge injection accelerating material
has a charge transport characteristic capable of accelerating
injection of charges in said luminescent material; and

sald at least one of layers constituting said organic
layer has a light emission region existing not only at an
“interface with an adjacent layer or its vicinity but also over a

- specific thickness region from said interface or its vicinity in
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transport material formng a hole transport |ayer adjacent to said m xed

| ayer is used as said charge injection accelerating material. 10. An
organi c el ectrol um nescence material according to claim 6,3dbh& 20040t h
the sanme material as an electron transport material formng an el ectron
transport |ayer adjacent to said mxed |ayer and the sane material as a
hol e transport material formng a hole transport 82 13 COctober 2006 |ayer

adj ac salghn1xed ay.er are used as said charge injection
accelgﬁétggﬁer FPRIESS l%?é% enm tting apparatus using an organic
el ectrol unm raseehne dn ghieeg t Léngl deni c& degaesbeddcnpany g <@fulagd ains 1

to 10. 12 ht em appar atus according to claim1l, wherein said
Ilghtoﬁﬂf??fnﬁf Béﬁafﬁ§rg 68ﬁﬁF§&P§dE&??&eaﬁgﬁpaymaFﬁr&ﬁﬂcHSS£QNaérganlc

el ecltt@I gm ngeepase thaght et t ifNgs Jey 1 G@minSudsath@s i@l ,| easl/Par ot a
I xe 8
P energy level of a lowest uncccupied molecular orbital of said
charge injection accelerating material is equal to or shallower

than that of said luminous material.

7. An organic electroluminescence 1light emitting device
according to claim 6, wherein an energy level of a lowest
unoccupied molecular orbital of a hole transport layer adjacent
to said mixed layer is shallower than that of each of said
luminous material and said charge injection accelerating

material.

8.An organic electroluminescence light emitting device
according to claim 6, wherein the same material as an electron
transport material forming an electron transport layer adjacent
to said mixed layer is used as said charge injection accelerating

material.

9.An organic electroluminescence light emitting material
according to claim 6, wherein the same material as a hole
transport material forming a hole transport layer adjacent to

said mixed layer is used as said charge injection accelerating

material.

10. An organic electroluminescence material
according to claim 6, wherein both the same material as an
electron transport material forming an electron

transport layer adjacent to said mixed layer and the same

material as a hole transport material forming a hole transport
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layer adjacent to said mixed layer are used as said charge

injection accelerating material.

11. A 1light emitting apparatus using an organic
electroluminescence light emitting device described in any one of

claims 1 to 10.

12. A light emitting apparatus according to claim 11,
wherein said light emitting apparatus is configured as a display
in which said organic electroluminescence light emitting device

is used as at least part of a pixel.
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