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DESCRI PTI ON ORGANI C ELECTROLUM NESCENT DEVI CE AND

PRODUCTI ON METHOD THERECOF CROSS REFERENCE TO THE
WRENADEROAPPLI CATI ONS This i s an application PCT/@2005/015598

pursuant t o 35U .S .C. Section 111 (a) wth

claimng the benefit o f U S. Provisional application

Serial No. 60/607,257 filed Septenber 7 , 2004 and N o

. 60/666,594 filed o n IMECGHIEIrJON005 under the

provision of 35 U.S.C. Section 111 (b) , pursuant

t 035U.5.C. Section 119(e) (l). TECHNI CAL FIELD

orcf G T LR GOt SUAE % S SHE5RY Gy s nmeraos

unit, lighting equipnent, backllghtlng for a di spl ay
unit, exterior and interior decor and flat display

CROSPUEEEE RN SPesit | @l A YD tAYEP DI GZSETONS nvent i on
relates to an organic el ectrol unm nescent devi ce having

excElienis piropepliiestiont éidedophrbuantots 8bfUeBefeySection
and durability and conprising a |light_emtting
111 tonpoliid dleyierines)thsebwben 1&n o&nBd aﬁﬁoﬁl%é?ﬁééeappllcatlon

corlF'511 QPP Dl DPY hsrbaten, o408 o B67doc, oo
SN d ection
eis TR, 5T 0 G cbboblartighnge dol gesves sece

T acd 9sfykedak $8.4987 {s¢ee) fppl . Ph V.
111¥¥¥it§@?i€a$tw%%. Sf? page 913 (1987) ? .Agince t hen,
an abrupt progress has been proceeding in the
devel opnent o f materials and i nprovenent o f device
TECHNI@ALUFEELBnd in recent years, the organic

ht-emttin evi ce actual | ed in_a di a
for Rar aRdrs ng YI&Q%QH Ibﬁon% lufﬁ oLdgr t'éﬁhn¥eorganlc
eleg%(ng_]gmeggs HF.ﬁt Qigvf%% g O@E@@nué:@& el gl B esE el t, EL). ghting

evel opment materials for inproving the

equpghéﬁtnmpigﬁm@%rce dhspeapsuraf t erixttdmigr and interior
ficiency, lumnescent color or durability, or
décdevehdpientt ofisioljaly source. More specifically, the present

invention relates to an organic electroluminescent device having
excellent properties in terms of luminous efficiency and durability
and comprising a light emitting compound layer (s) between an anode
and a cathode, wherein a smooth intermediate layer having a

thickness of 0.2 to 30 nm is provided on the anode.

BACKGROUND ART

The organic light-emitting device was first reported on its
high-luminance emission by C. W. Tang et al of Kodak in 1987 (see,
Appl. Phys. Lett., Vol. 51, page 913 (1987)). Since then, an abrupt
progress has been proceeding in the development of materials and
improvement of device structures and in recent years, the organic
light-emitting device is actually used in a display for car audios
or cellular phones. In order to more expand the use of this organic
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col or displays are being aggressively nade at present.

In order to further inprove the perfornmance of the
wo@e@an2wol i ght -em tting devices, it i s necessarPgr/grRR005/015598

establish a device structure suitable for the materi al

properties and a nethod for producing devices as wel |

as to devel op Ilght en1tt|ng materials . Approaches to

el qoiFodwimig gscspeT t (B5) ofdedfel\ﬂeoesdawe%@@ma@bemﬁ n@abﬁrlals for

et.her the t-emtti eri,al | ow- ol ec
iR S S BEC RREBRC T Tonkr BRKACEr 1] S BBGGr Phedmt tting
e FSIAMEIAY {hATh&s koMt TR 18RUL AT SURSIANGE or Hi&elopment of full
light-émitting material used for the organic

cohdreOMS@uawsnaxeebb1dgvaggrpssmoség.mydé atWredanyg. etIn order
was a | ow nol ecul ar conpound. It has not changed
to tfhléfﬁhgﬁd IRBRCYRath e DaELOFARPEBSPE | @he rﬁa‘i%%a]sl%r?mlttlng

el y.us to.for r.gani l.ectro n1nescent devi ces
de%éqﬁ% a%lggknn é%% é? cowﬁ%&% % Cﬁts%%¥? ure shitable

for”@h%rinéjceriﬁltﬁ?ové’éﬁ’@;[‘é§ A ed h@k%@dﬂ@é@eﬁioéﬁam@ dev1ces as
proposed by C Tang et al, two kinds of

welﬂomaanﬁznudavetoppdhnﬂﬂr&m@iﬁequpnmaabkyadepos|Approaches to
an gnode substrate vapor deposition, and a cathode

IMQrOVHRGE RECPEEdS Fﬁ@?é@ﬁ ﬁﬁﬁﬁnQ?Hﬁﬁﬂ%ﬂﬁIﬂ%nWﬂ?@?er the
ll&h\lﬁpe @f:ef‘:r %I Eﬁgelfrl%l %I esi(?‘énlh Jrégl%(fgrlgr ?Qec%]ﬁéﬁe%:d s[u%stance.

trans ort ranspo

Thepmwwuraﬁdafhelgt kiys corigRidl Csd @yeind Sfﬁ@ﬂne@t adw-tholecular
inject and transport electrons (an el ectron
subtstamsisor t i ng conpound) . The interface between the two

Iay s provides a site for recqomhinati on of_ el ect ons ,
ﬁ%ﬁolégl Egﬁ?glnéwﬁeéﬁgHen1%§?%n fo%ee organic

elepcactr%'ltim%es% 555?:6 » 491 ?g%ESEeHU%Rﬁférh% p%‘ta%@ et al was a

publications for speci anpl es

lovanove-cumr i @@@@o®m@an|¢tehaetnehu&ua@@@an&hen and now that a
devi cehaving a two-layer structure in the early

vacyee | dpasiitt Ieas 1@‘?@3@ yhéévbﬁéﬁedh’ld@dd/ ruped ofg form organic

eleec){:?:mlu?nsinheas\éeen%e%n vqlc\éesnulsrl]n\éml CPow -molecular compound as the
light-emitting material. In the organic electroluminescent
device proposed by C. W. Tang et al, two kinds of low-molecular
compounds are sequentially deposited on an anode substrate by vapor
deposition, and a cathode is further deposited thereon to form a
device having a two-layer structure. One organic layer is selected
to inject and transport holes (a hole transporting compound) and
the other organic layer is selected to inject and transport
electrons (an electron transporting compound). The interface
between the two layers provides a site for recombination of
electrons with holes and a resulting light emission. (See U.S.
Patent No. 4,356,429 and other numbers of patent publications for
specific examples.)

The above-mentioned organic electroluminescent device
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i nprovenent of the device performance is attained by
adopting a nultilayer structure having three or nore
WO 20060%240Thus, in order to convert the el ectriPCEHM00H015598

into light energy with mnimumloss, it has been

attenpted to inprove the device performance by

conbi ni ng organi ¢ conpounds having different carrier

hayinghspier %@YSFoEEFPF grantn filye ﬁ@rrlwydleayéppmynltaly@ﬁ greatly
i ted order.

d
e R et of T RECRE &/ R LRScahT 1 EF &1 PaPniifg Which Ehe
lmﬁcg\;blﬁ)&{tf o ATBIGE J@ﬁé@%ﬂ@gﬁnﬂ%e ofd ya%ﬂl%@bk%{ adopting a

transporting or electron transporting materi
mulgt isie yer st iwdituesniiavigy nettecé abr Mosealagsukt, by

usin phosphorescent material in place of a
fl ud?gféé% MO RERT aFC eRPEBRRAI ta@aml@mt@sflﬁ ehe¥gy into light
XI num w th

% a
on PR L EVab” (32 a bR By RuTE brdcutn A e aevice
pedfterrsbide bptcRmbatl ioRAb ¥k KS Rop: )Zo%ﬁhn%oﬂi%:[‘rh § d@%¢erent carrier
Organi c Electrolun1nescence (EL2002), pages 283- 286,

traaoort e piragteot iatst rnbufiingheo byplayerdny-biyéhelepositing

devi ce ormance is not, only the light-emtting
th%‘f%?f?% n%%n%{l.tautbieﬁ {7 (RA | @60BTIt ¢ RS CONBEPPRTFBR Of the

tfgl tht em tt I Ng I'Tgt er |4}I%gr ea qaprpj‘% \ﬁaée]{]%gnatrhcet I}las been made

notpenflgr sRNE ehdlse \@Q{eﬂnslddrtllﬁth\@H ekBewRoAOWdNSotheng material
operating voltage of an organic el ectrol um nescent

buf Elsden e Maghthemibiyinowsatdyiaki ndsaad owswdrtk by using a
function cathode and.a high_work f nctlo anode. A

PhashlOR eI o abAbGB I RY b HASER: bR laoTesrERt Npterial,
extbriia, %Isjan%mT%‘%Ql%tleﬁlcya@che 18561[:,6 hbleh Ps 0§§1(96L20 be the

by Van Sl yke et al, conStructe Ining a met
masHawimngi ahve itk ubtreicieon zln@‘i\éfl&h&ﬂas#be&ﬁVaﬁﬂéhﬁedE(tE&*oceedlngs
havi ng a, wor k function higher than 4.QeV. U.S. Patent
of Nehes 11611 Ingerngfinmad e ogksbeBcratbednggigngiki Faml Organic

Ele;%‘r’]c‘{%'rl%gﬁ,ﬁr‘ﬁé%rc%ﬂc%m 485 02!, MLve, election iegtion of

The factor attributing to improvement of the device
performance is not only the light-emitting material constituting
the device but the constitution of an anode and a cathode to apply
voltage to the light-emitting material greatly influences the
performance as well.

It is well known now that the operating voltage of an organic
electroluminescent (EL) device may notably lower by using a low
work function cathode and a high work function anode. A preferable
cathode is, as described in U.S. Patent No. 4,885,211 by Tang et
al and U.S. Patent No. 5,059,062 by Van Slyke et al, constructed
by combining a metal having a work function lower than 4.0eV and

a metal having a work function higher than 4.0eV. U.S. Patent No.
5,677,572 by Hung et al describes using LiF-Al double layers in
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el ectrol um nescent (EL) device. In an organic

el ectrol um nescent device, an anode is usually forned
w@boosmzh4oom tin oxi de (1 TO on account of its PCT/JP2005/015598

transparency, high electrical conductivity and high

wor k function. However, an organic el ectrolum nescent

devi ce produced by forn1ng afilmof a

orded] e- ttroansp}@@trloﬁf@ cofgeEtdadi r edtilpGriarhe sUr f ag of organic
1 % e .l TO general | nas an. i nsufficient current-voltage
el G rdr Y d%f % SetiSmg stability. It is mainly

attrzlnbgﬁe&éb & '%'l%@t'r@ll%ﬁltl'n%%cl%%ﬁ:rﬁ {71{:8" grhgngglae/fs usually

di el ectric breakdown by an electric field cause
forpren] et iadsuanttheogudéaceTof &dQedmenmayf ticsaawighsparency,
the problenms is a nmethod to introduce an internedi ate
hqu1a§éreCE§tlvaééncq>rr@1@ma|V%hﬁ #l iy aRgpofunphRgon. However, an
ke et aI IIu r at.es

or IR e F A AR o Al oS (ra?% PR R i im of

a henko tthe spuhfaee ebmbiEndt H@r@&gﬁ Snd@{é C@ulpfe%ié‘@ bare ITO
therefrom has inproved stability (Organic

genelredihtyohalmmsneuﬁfdeueu&scmrdmtﬁpob‘u&glegtxam'dﬁttwans a lower
. Van S
Opeﬁﬁ&lllngdsbﬁ%X%YLet%Erlss wnlysgttﬂ@@lteﬁgge)a high injection

baﬂi“i‘@%"gloe tra”hé‘l PCyl 8YEL+ L5 st%gltcﬁo\'m %"fa%” H2@nd £ 014

the h nsporti ng conpoun ection

caulBd b9 pP6LSEPL 008 drh&‘:h'é"%ﬁﬁfé@@ Setveen @r'lFe)Cwéﬁ}dt@) heroid the
hol e-transporting layer is still high, which leads to

probdeisadisng teehdd Longnigodage. agt anttiemgetianeClByer between
exten% ve shudles have been made on_devel opnent _of

TTOvA0er it8es P ortefé]nswréwf&u%qw.nFOécte%@ﬁth&rrN@P Slyke
et | Eﬁ?ug@r%%es 1%'}1%‘5' whaa® ¢ é].ng ﬂ%%agfoc%?uﬁle (CuPc) 1is
o} oW ecu

characteristics oun

prebeen aahicenphed tioe Isftpfﬁcﬁe tdfeId'Q\/i ﬁl@e ek G Tensr ide produced
| ayerby- |ayer deposition of a nost suitable conpound
theggfrpa shas adapaovad anbdeidstrg MMmcdepégpttnr@rlumAnescent

devﬁé:{é%g%agﬁegmggg'\égd g@ 9T1¥9 élngep\?al télynk Ca H. Chen and
C. W. Tang, Applied Physics Letters, Vol. 69, 2160, 1996). However,
when a CuPc layer is inserted between ITO and the hole-transporting
compound, the hole injection barrier present on the interface
between CuPc and the hole~-transporting layer is still high, which
leads to increasing the driving voltage. Starting from CuPc,
extensive studies have been made on development of materials in
order to alleviate the injectionbarrier for the holes. In any case,
making use of the characteristics of low-molecular compounds, it
has been attempted to improve the device performance by layer-
by-layer deposition of a most suitable compound on the surface of
an anode using vacuum deposition.

As mentioned above, though vacuum deposition is a method

widely used for forming a film of a low-molecular light-emitting
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wi dely used for formng a filmof a | ow nol ecul ar
light-emttingmaterial, it is disadvantageous in that
w@200a0204m apparatus is required. Moreover, thePCEHIRPOO5/015598

the area of the organic thin filmto be forned is, the

nore difficult it is to formthe organic thin film

with a uniformthickness and to forma high-definition
matpatiaéry niirg.isThdiss aden regdwds | $nnehateceseaeyly apparatus is

syi table for mass production of |arge area panels. . .
reqplggd -+ HAC TR FE | ea&@&r?ﬁgmt%& Byegi @?i%frtcyfqamlc thin film

r ol il S i an_a | at - :

ro b TR T R e L B M R C PR E PR i oopic hin
fi18Pivwi@0aki ARG IMRIAOdEhi Bkné et RINOEo ad iy | it hAgh-definition

met hod, which are considered to be suitable for area
ratériraiggrenthasd treswephoduts inmt oecesgamiidy suitable for mass

orof i emLLi 10 devices, have bgon, dovel obed &8 & agcompantad
by 41 SIS Lo LR | B, SOTLELEL BN B iy o avpropriate

filer gancknsekvent is coated to forma filmon an anode.
Vapor deposition is perforned only when formng a
cat hgda. metBAd] Aot Rel¥asEhef PaALSEHENI @ BP&Rt cemtinpngethod,

.. devi ce ing alight-emtti lymer material, .

Ko PERRE GRS e T s Enedh| e ofohsidered to be

sui@hbakni Aig Nk 98, PRAIQIRAES, tdexh § e Sl raRtdt ik §8S@rganic
of a device using a | ownol ecular light-emtting

1ighmtemialkindndican cappr dache t bethe davprlopererds daf ffeds—forming
fromthat in the case of a device having a nultilayer i

metipdyct fRetBeseonekbrdeul aPakaber Pal 3. LEAR&-ePpitéany layer is

com%t%rsgéﬁ?&rﬁﬁgfe%:Ile%l’?{ggnﬂ‘gti 'eg?pgcé a%éél ag%%jfj?gl];ﬁdiogsotl@ed in an

o) an ano Spar e

orghfter it | ayetoateli @bt -@Mk thngihayem a8 a8node. Vapor
cathode are fornmed in this order on a transparent
depsshstioat s perEornded amitewhedi doeniager cayhbdecaliezh in the

an anode buffer layer and is inserted for the purposes ., .
caSSfOsré@eﬁ?gﬁﬁlgn1é9€$r€m&t§ﬁaﬁtd@WFE&iPS&ﬁgsﬁogﬂﬁE%gemlttlng

pol&ﬁ%rsﬁﬁgggﬁagt improvement of materials is indispensable for
attaining high performance devices just as in the case of a device
using a low-molecular light-emitting material. And an approach to
the improvement differs from that in the case of a device having
a multilayer structure of low-molecular materials.

In a typical structure of the organic light-emitting device
of the present invention, an anode (transparent), an intermediate
layer, a light-emitting layer and a cathode are formed in this order
on a transparent substrate. Here, the intermediate layer may be
called an anode buffer layer and is inserted for the purposes of
preventing an electric short-circuit by smoothing the surface of
the anode and alleviating the barrier against the hole injection

from the light-emitting layer to the anode. A role required to the
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the anode and alleviating the barrier against the hole
injection fromthe light-emtting |ayer to the anode.
waolpelz4requi red to theanode buffer |ayer is aPODIR20031H5598
same as that of CuPc proposed in producing a
| ow nol ecul ar organic light-emtting device. A polyner
organic light-emtting device is produced by coating a
anqd@l brefedi $spbvelds iaﬂ-lmﬁtortgmiS@mgoavehhatvmfl@%c proposed in

om&nnlecular or an| Ilght emtti dev ce
Progi5dtided® by U] anCGPpRLCl aye?tl ?%l%“r%%rde“ce A
r t I
ol Uy G iSe - epiioalh, Ui

polpakymeri seicgaricc i ght cemirtmgsdevene, divhfee al ilghitplecular
fromthose in the case of a | ow nol ecul ar organic
orgpngkt léahtriend tdénogcdeviparis @r@%‘@@@lkpbmw&wng an upper

lay%%bog%t‘f 3{,1: Vg%ﬁwﬁ%%%é%ﬁ 29?%?@3%%&{ %Y 3 @%Y %gng}:?% en%gcgfdlngly,
the! BeopRLRLERLALA, BYer HRGL! Bk tBHSledlakeDs 4ictSahy & ol ymer

a sol vent used for coating the upper layer on the
organ&er&&@h&&emh&i&mg dedriice Whe€ feenpdienttd yreyromotthose in the
di ssolved in a solvent, they should not be peel ed off .
CaS@roélﬁf&@@dmﬁ}eﬁubﬁys@égﬁn%ﬁpb%@hﬁﬁe@¥%¢%m@mﬁ%ﬂlce That is,

h wh he. d .
L B e T

an u%%%r angl,d At s pEdicate 1In%>é%§eoﬁfaq;@ d hpve. Sé@ﬁp@h@ﬁts of the
er

ence. On that condition, the internediate | ayer
1ntesmedqameeﬁayerhmauenaadcmustInﬂoberdlssolve@ahie sdlvent used

snoot hi ng t he anode surface, alleviating the_ barrier
forf gpagéneg Fhf etrBP R, %MQ§'Pna§h€e%€5ﬁé@eﬁﬂFﬁealayer' and 1f the

com%%ﬂ%geleﬁgk ho rggn& s§$f9é&olHnAQQﬁﬁﬁ%% gg#k%ﬁéérgod.not be

si cal em ca roperties (sho

pectBANGES &m@hf&&séwyasl b_hg;@tllcgn aifla 8t PERBI08ihBLOf coating.
mul tiple | ayers acconpani ed by energi zation and tine
Furphssagek,. wAanatue oy igol witiepn 1of cam]niatadeaﬁter coating, the

ioeBPRUeELene 4 R b ophene,  FEDOT, 00, BOLYSLULENG 0 nave
suf%@%gﬁntm%HHeEgﬁegqt &0 ﬂﬁﬁ@ éJH&?ﬁEEHf“ﬁBe intermediate layer
is required to have electric properties (capable of smoothing the
anode surface, alleviating the barrier for hole injection, etc.)
as revealedwith a low-molecular organic electroluminescent device,
and physical and chemical properties (should not undergo changes
such as crystallization and dispersion into multiple layers
accompanied by energization and time passage).

An adqueous solution of a mixture of polyethylene
dioxythiophene (PEDOT) and polystyrene sulfonate (PSS) is generally -
used for the intermediate layer. With respect to this intermediate
layer, a problem has been pointed out that polystyrene sulfonate
contained as an external dopant infiltrates the upper light-

emitting layer and thereby deteriorates it.
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| ayer, a problem has been pointed out that polystyrene
sul fonate contai ned as an external dopant infiltrates
wo b@oopaer | ightemtting | ayer and thereby detRCT/ora0%HE5598
it.Wth respect to such a problem caused by nobile
counter ions contained in the anode buffer |ayer,
t hough Publ i shed Japanese Transl ati on of PCT
i nt &@rirfat rearkcpubd issrth anpmbleﬂmlamm mobile counter ions

o EV£2001/01§$18) dlscloseséﬁgjgg%hggItI rgtﬁl%§ no Japanese
Tra%ﬁﬁstlaiscli %e%%i%di't”egﬁ&{ﬂ A G SUidl &N Y0R8 ¢ 'ﬁfo@-f509816

S ogl es relatln to the present

(w0MM01mssla@a@@&©sle@| a @erﬁbcﬁ’amﬁntsﬂ@obncam@e MNOffer layer
2000- 311869 di scl oses a surface nodifying net hod of an
of seddnideréngcpebyami hitseernitt Havi ket el socoerdequin@rhibiting

Iasna treat ment ver, the plasma application
Suéﬁ? Qﬁ%h %r?qlﬁ§\%i%%ﬁﬁ i nvention in which a

d e a
T e

Laﬂaﬂ%kaQ@E&En&ZPuﬂ&S@b@Se&.HD 0PQan+811869 discloses a surface
el ectrol um nescent device wherein a polymer thin film
moo}iaﬁmw acthockpésan ¢ir g ¢ ¢13airopraraegsieptodgvige by radio

o 8T 5 B i

dlfﬁéﬂgnﬂﬂéﬁ'ﬁhéﬁwyﬂ‘%ﬂ%tﬂFﬂ§3ﬂﬁ iHomeMeron the which a new layer
publication does not describe a single light-emtting

isIﬁmwammb@mtahﬂlBgriapelpﬁeanasnadéLghIapﬁnéser@pld Open Patent
material. DI SCLOSURE OF THE | ON An object of the
Pu}iﬁ#@?éﬂtoq APenei08R -ils Odd 1pHBYi 8%2535&@%}1.%18010868 an organic

electer, lu?nﬁ%m§ce§1cce'ge\g.eV| evl\%‘elth ! 033%113}11{&1: %q.rplﬁmm having a

um nance 1 n order to so

thﬁﬂkﬂé§§“5ﬁ|OQQe@opBﬁﬁ|eEEe@ErbB@yPD'@rtérlnm, is formed on the
Furt hernore, another object of the present iInvention

andds, by tﬂada‘espiazﬁquemdyh@lmam g lofmetrhier & titcey, medichtae 1ight-

| ayer contai_ned in an ani.c el ectrol.um nescent
i rgénwggg @ng chgpggngé prov&ded gkereon. However, the

publication does not describe a single light-emitting layer

containing a polymer as a light-emitting material.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide an organic
electroluminescent device with long 1ife and high maximum luminance
in order to solve the above-mentioned problems of the prior art.
Furthermore, another object of the present invention is, with
respect to the problem of the intermediate layer contained in an
organic electroluminescent device, to provide an organic
electroluminescent device provided with modification to avoid the
problems of a conventional intermediate layer, specifically, to

provide an organic electroluminescent device comprising an anode
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el ectrol um nescent device provided with nodification
to avoid the problens of a conventional internediate
wo agpen2248peci fically, to provide an organic  PCT/JP2005/015598

el ectrol um nescent device conprising an
anodecontai ning a snmooth internedi ate |ayer having a
thickness of 0.2 to 30nm A s a result of extensive

constidirg &ossobdile irneeabedis pr ool vars hofvite aprihdckayess of 0.2
the present inventors have found that an organic

to @PBBtrol um nescent device conprising an anode

cont ai Dl q 1. BleSe LA 6. & QIALh (ENLET PEdiAL & AXPbrob1 ens

havinhg a ness o m exhirbits i nprove

of @Hé%§fﬁ8l‘%&&'Ctﬁ@QﬁréﬁEﬁﬂ@ﬁ@ﬁﬁﬁdﬂBﬁﬁ hsiv@bEbiihyl, tieitl an organic
have achi eved the present invention. That is, the
eleptesénmlnaseantodevuyerebapgssungannoagaﬁeCcontalnlng on its

sur%'aﬁéééﬁéﬁé“%%ffﬁ%ggé 155k WYL T o S RATAE, 0-2 to
30n}9{neé§h ? f“ox‘; cﬁ‘t aér{‘f‘s %ﬂt%ﬂ;&‘%ﬁc $hot IEiperatlonal

I 'nt erne aV|ng a thicknes 2 to 30nm

staEmglﬁyesaﬁa havenhbame@bﬁ)thelpkeSeho theecatdani.c
el ectrol um nescent device of the invention (1),
mheWéah fike [thghtorement ngvemficund(J)s Belates to an organic

hosphor escent  po mat eri.al. The entian
1eBR PP CPAR2EEEnE D AoHA 6 G GRS 1 UAPHGSEBhE L dao: cempouna
lay@&n%ggs H%eﬂgk%geﬁlhn’aﬂ@@éebﬂdtQechkﬁgﬁeewwhbk%gn the anode
conpound is a fluorescent material. SpeC|(|ca ly, the
conﬁé&&enkninﬂ@@tsnmfaebaEESsmabbm angamnediate layer having a
el ectrol um nescent devi ce; a produci ng nethod thereof;
thighaeasf P4t OdPsPay CRight source backl i ghting for a

equ?b%gngnéﬁgangté?%gkkéﬁ @Eilor é%%réhgpébngﬁe organic
ele%%g%l@ﬁlg@%%%hﬁedd$¥ﬂé%N ok .tW8 argAaHtGon (I), wherein the
el ectrol um nescent device conprising a lightemtting
ligharpodnd ihay eompoesdnt shet nhespaprascoga taps lyneat hederial.
The present invention (III) relates to the organic
electroluminescent device of the invention (I), wherein the
light-emitting compound is a fluorescent material.
Specifically, the present invention relates to an organic
electroluminescent device; a producing method thereof; and a flat
display light source, backlighting for a display unit and the like,
display unit, lighting equipment and exterior and interior décor
using the same as described below.
1. An organic electroluminescent device comprising a light-
emitting compound layer present between an anode and a cathode,
wherein the anode contains on its surface an intermediate layer
having a thickness of 0.2 to 30nm.

2. The organic electroluminescent device as described in 1 above,

wherein the light-emitting compound is a phosphorescent polymer
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wherein the anode contains on its surface an
intermedi ate | ayer having a thickness of 0.2 to 30nm
WQ@2006/0k200r gani ¢ el ectrol um nescent devi ce as PEBTrA065Md 5598
in 1 above, wherein the light-emtting conmpound is a
phosphorescent polynmermaterial . 3 . The organic
el ectrol um nescent device as described in 1 above,
matgapdi-n the light-emitting compound is a fluorescent
matgrial. 4.. The organjc.electrol ym.nes t _devic
3+ GesAPPEdFAH 1o LBo080 L HENEF R hE e Redrst S Thyen: T above,
whelR@3naRhas @g%;httyeﬁfitlt&mgoraoh?%@nax pessedudscdr Rt material.
value. 5 . The organic el ectrol um nescent device as
4. desChkhetydm deabovepluhénesnehhelepriate aisiders cmibdiein 1 above,
surface of the internediate |ayer has a height of I Owm
whegeipowde iptemefinfirtidverelRsdasf ahmeGrigat 1nm or less
electrolunineipent ggyice as described in any one of 1

SXPE &5 Shbve 2o rwgﬁng'an intermedi ate | ayer having a

5. thi ekpessy i De2eE0r300ME ABRsERE T T idkea Oladdta ideden 1 above,
wherein an internediate layer is forned as an organic

whetrleiim ftihlemplry tradiionf oaqudec pufRECeplods rh et redtommediefte layer
a gasified organic compound. 7 . A production nethod
hasop figd 96tg &I d V8Me Ot dPWFnescent devi ce as descri bed

o |0, VR0 Elot ph B PRSI0 A% UL U, v

as @Esthepanofie,athenei Bral tdd B Ebbtrei Soher MBhred Heitermediate
anode after radio frequency plasma treatnent of the

layamodevisard dbérkardssebjlect bd I@mosubkeqirfiace of the anode,
opt,i m zat,i on treatnené to fqrm_an iﬁfernediate | ayer,

whege_lnAaﬁr &ally@trp@ﬁllﬁ&eh GYEE e f&r&én @s an organic thin film
vy B4R SLATMIARCENLs 00,5808 SESECADRE, b Angane a Lugansc
comipliuelkness of 0.2 to 30nmon the surface of the anode,

7. y;gra:épédl?é’éieén rmae(glizlh%c{c (rj%qtuheeng)égg!ngscnglécgtegcglnglg:{ng;cégg device
as described in any one of 1 to 5 above comprising an intermediate
layer having a thickness of 0.2 to 30nm on the surface of the anode,
wherein a thin film is formed on the anode after radio frequency
plasma treatment of the anode (surface) and subjected to a
subsequent optimization treatment to form an intermediate layer.
8. A production method of the organic electroluminescent device
as described in any one of 1 to 5 above comprising an intermediate
layer having a thickness of 0.2 to 30nm on the surface of the anode,
wherein, after radio frequency plasma treatment of the anode
(surface), a thin film is formed on the anode by radio frequency
(RF) plasma treatment of a gasified compound and subjected to a
subsequent optimization treatment to form an intermediate layer.

9. The production method of the organic electroluminescent

device as described in 7 or 8 above, wherein the optimization
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(surface) , a thin filmis fornmed on the anode by
radi o frequency (RF) plasma treatnent of a gasified
w@eovpoeazol and subj ected to a subsequent opti n REL/IRM05/015598

treatnment to forman internediate layer. 9 . The

producti on nethod of the organic el ectrol um nescent

device as described in 7 or 8 above, wherein the

treéEF?ﬁFzéﬁlénWﬁéaiﬁénFr?§t§eREsH§h@gtFeé?ﬁﬁﬁ?tu5|ng a

SO|¥$ro o%ucEE%np%94H92i°8f de:%%Jg %ﬁgéggglumlnescent

‘el eC gmonescent ‘device as escn
dev@@@%ﬁsd@@b%hbéé@§1@cﬁpgﬁﬂkﬂﬂaCﬂﬁiéhﬂhﬂgsEhﬂﬁﬁﬂﬁﬁk@@ﬂntalnlng

as a gasified conpound to forma thin film 11. The
fluproduecboonamethgdspfietecomgannd ebefprul enthéscéntm.

device as described in 7 or 8 above, wherein the radi
11. frean@negoswg§&gntﬂ@ﬂﬂwﬁatofsqangﬁq&apqneAegggolumlnescent

devgggtQénﬁgg??fgegrlﬁmie:P%ﬁg§§e Sehﬁﬁ%: f%%%‘?éﬁg%nfrequency

argon~an tior ocar bon i n Of e asperit
pla@ﬁaaf%éﬂﬁ%ﬂtehgtﬁier@forﬁﬂé@ PR Gt Gals |c@@13:a@@11h@eoﬁ>él b&aﬁ@r@ﬁemers

an anode. 12. A n organic el ectrolum nescent device
selebtadnédomyoxheeprodqunoﬁndeiﬁudraga@bgarnbedrdﬁraﬁy adjust

one of .6 to_11 above. 13. A di s
they REPBF4LH BT cFRLt Hif e R e et iRy surface
of Qﬂyaﬂg of 1 to 5 or 12 above. 14. A backllghtlng for
di'sp ay unit, display unit, |ighting equiprment or

12.eXtEf1I Ob r gl & nt@léﬁrdinﬁmnmétgttheexﬁlcad dicgplimed by the
| ight as described in 13 above. BRI EF DESCRI PTI ON OF
pro@RAWR@smEitaodlaSSdasairagednﬁrat pavi prgsefabi 68 of akRove.

5 0rg devi.ce

ccosRar i hodt PRt ohi O 6 RnbhR COHEGA CaR oG Eroppg inescent
devgcbsaé 8@@%&&558'QHahn9X6HE|%f0ﬁ aopBogphepeseent .

noi ety and a carrier tfansporting noiety in a
14.nonnobjugal edtphosphor esdeéaplpyl ynet, display unit, lighting
equipment or exterior and interior décor using the flat display

light as described in 13 above.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagrammatic illustration of an organic light
emitting device laminated a layer containing light emitting
compound on an anode.

Fig. 2 is a constitutional example of a phosphorescent moiety
and a carrier transportingmoiety in a nonconjugated phosphorescent
polymer.

Fig. 3 is a graph illustrated the results of the durability
test of the organic light emitting device 1 (Comparative Example
1), organic light emitting device 4 (Example 2), organic light
emitting device 6 (Example 3) and organic light emitting device

7 (Example 4).
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Fig. 3is a graph illustrated the results of the
durability test of the organic light emtting device 1
W@ Gmapzdat | ve Exanple 1), organic |ight em ttiPgr/aeedwEsss

4 (Exanple 2), organic light emtting device 6
(Exanple 3 ) and organic light emtting device 7
(Exanple 4 ) .BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
The present invention is described in nore details
BESACIRITAAY cAKRG RELTRAL ol Gty [ to improve

the T ntermnme ayer whi was necessary in a
conveRrt | eaalscarganheealechr oliwm peseenbedeVviiee hdrdhasietails

not attained sufficient performance . In other words ,
hereieaditesent i nvention provides an organic
el e olun1nescent evi c contalnln ht-emtti
comiGERE T35ty Spresticry e tanBoe L ACEh FoGRLe 1aver

whl\e‘ﬁ' %Ias g@cegglr’t Dﬁ #’r%{%ﬁ:ﬁ;n aerﬁté %rl%lctrolumlnescent

intermedi ate ctors causi ng

devdeletihno halki ot auchlasdlsﬁﬂﬂﬁdﬁnwpeﬁfoﬁmhﬁ@aL esSIn other words,
derived fromthe internediate layer into a

the p@me@WWﬁﬁ@lpwe‘MVld% apetgags el achralunénegrest device

con%r?&ng%g: %ﬁ& qte?“ltl% 1?%5%? 15&1/%(9 %]Ybﬁ%ap\,\f?e%%ng l?ﬁncé{@?n an anode

andSPoLnesse | Owltlfgh apgde a%qdalﬂlrfé” B A5 Iﬁé‘eoﬁfnjaecctdn%ntlonal

barrier for holes. The enbodi nents of the present
intienventiadre \ialyerbg idesgr Ifiaeﬂtoeqsemaﬁ;usaaﬂgl Yertefrdrariang oo such as

t he attached dramnngs Fig. IS a cross-sectiona
lnf\}ul&}aaétﬁm PG T SRS éeéﬂvadsﬁ%ttmeelaitem@déa@@nl%yer into
he prese ntlon

trol nes evi ce of in
@ TR AT e B oF ofer L 37 A Al Re DL PRgOT the
intledyRidit4e @E?eftﬁéf@\‘i‘ldé‘dtﬂé@ﬂ&ﬂ%&l Qﬁbw@eé‘n&rh 3anQA -emitting
(2) and a catho (5) disposed on a transparent
layeuhst f a¢ e, ( I)mparAniranoderifsckor smao Oinags eltect ktheal diyode and

conductive_and ap tlcaII% transparent Iayer repr esent ed
allgy lpFanoThécopti €4t loraRsF ey oaf holes.

The embodiments of the present invention will be described
specifically referring to the attached drawings.

Fig. 1 is a cross-sectional view showing an example of a
structure of the organic electroluminescent device of the present
invention, wherein an intermediate layer (3) and a light-emitting
layer (4) are formed in this order between an anode (2) and a cathode
(5) disposed on a transparent substrate (1).

An anode is formed of an electrically conductive and optically
transparent layer represented by ITO. The optical transparency of
the anode is essential to observe an organic luminescence through
the substrate. Meanwhile, the optical transparency of the anode
is not necessary in the case where an organic luminescence is
observed by a top emission, in other words, through the upper

electrode, and any appropriate materials such as a metal or metal
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the anode is essential to observe an organic
| um nescence through the substrate. Meanwhile, the
Wopibo2d40t r anspar ency of the anode is not neceBRGCHIB200I015598
the case where an organic | um nescence i s observed by
a top emssion, in other words, through the upper
ate naterlal such as

| d
confpsiind B ipdar con fﬁﬁrogﬁ\ﬁnng 2Jubfk TuRENGT 8pvabpaiped for
ImggFgFQger ¥ be, ﬁgﬁﬁﬁéor angQ@kFEor ﬁ%ﬁ%@%é@e, iridium,

ni ckel , “manganese |r| I"'um ol ybde

mo 1RAddedtdintjm palmbanumur@ﬂasplmlmd ﬂan%@r dged alone or in
conmbi nati on. The anode may be sel ected froma group
comigmgitdiamg Eheaam@d@ dey bet sedectsdmmmle orospldomeisting of

f b d
an Qi Bed habtides | Aol oL b e A o BRkPor o (i Formed
of fthLe”hBé\ééDﬂeﬁtlB?é!ﬁnxﬁééa .ar&z& %éwevebla%h hsaﬂa;&g'ﬁ?dche form

on the surface of TTO W thout” i mpairing e Optica

of tar ahdparfenay hefrinfOa Metiktes sef Sfonnmiteg 3amf IvJHﬁcQﬂ ith@rovided
surface of the anode material include an el ectron beam
on &@60§Pﬂ-’iféﬁen@f hb80 &l shert ebipryl Pt ddhe @rdHerrlcdlransparency

cti t.hod, coatln od and vacuu
ep03|&%gﬁeﬁ§tﬁgﬁ Oﬁﬂ??%g%gﬁﬁgg gﬂ% EHBEéCFSOf the anode
ma‘d%rr%faﬁr @Qlﬂufié% ?elté%:@&g[‘@eaﬁh@eﬁB%H‘E&Hh%QEh&@e a sputtering
organi ¢ el ectrol um nescent device of the present
metihodenti aheind cadt rearittiec e thivel,examplag iofy Feghol .and vacuum

Q her, exanpl es may include device structures wherein 1
depPSlﬁﬂ@Pﬂ@:EBP@ Idﬁ%ﬁ/qhﬂQ¥QQﬁﬁuﬂﬁ3¢hﬁngnOde 1s preferably from

> tla%%rpb!ght emtting layer, 2 ) internediate
Iayer i'ght-emitting |ayer/electron transporting

| ayehe StihiditieFdred tie ohr-ananhel &ctFSNSRORE A8t device of the
| ayer/lightemtting |ayer/electron transporting | ayer,

pregent| anwentdpat &s | myerl/imayterd dontthienergmalhobé Fig. 1. Other
transporting material, lightemtting naterial and
SXABPEESr BN Hg‘&lﬁé%% IRY Ifeft oF FRACTYr§S| WREF @i Al e intermediate
LasfRiSbey e A g o e TR AR R Sl o0l )
inteenkadiiBitey layer/light-emitting layer/electron transporting
layer, 3)intermediate 1layer/hole transporting layer/light-
emitting layer/electron transporting layer, 4) intermediate
layer/layer containing a hole transporting material, light-
emitting material and electron transporting material, 5)
intermediate layer/layer containing hole transporting material and
light-emitting material, 6) intermediate layer/layer containing
a light-emitting material and electron transporting material, 7)
intermediate layer/layer containing a hole-electron transporting
material and light-emitting material, or 8) intermediate
layer/light-emitting layer/hole blocking layer/electron

transporting layer, are subsequently provided between the anode

and cathode. Or, though the light-emitting layer shown in Fig. 1
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alight-emtting material and el ectron transporting

material, 7 ) internediate |ayer/layer containing a
whoedoenzd4ect ron transporting material and |i ght PENIR2003/Y 5598

material, or 8 ) internmediate |layer/light-emtting

| ayer/ hol e bl ocking |ayer/electron transporting |ayer,

are subsequently provided between the anode and
is xathede lagert h@ggvﬁr npge Liight-emitbing +ayers §agwpe provided.

LS. a,sLn L [ I| M
T Fhd PRl o ebhras aaa orh eneohPRLad, dvery) Ehkpdising 12
or SoROMRAUNGLEAYEE) £LPNBLESEREnAl tr MisOBeL Ofig M efiadll hole
el ectron transporting material, hole transporting

tramaperiahgandteirghi - endtllgmﬁfmmiﬂtzmg|mat$¥xﬁke&ﬁ1ﬁ$ﬁ§¥red to

a Light-emtting conmpound (Il ayer) unless otherw
as ﬁotléehtTﬁ@lﬁéﬁflar R T Pﬁ%ePﬁé&r’Sét thﬁwﬁse noted.

(adlf %g%gf? %ch f‘n&geef %{U%éi&%eg%leaté i ﬁlgn %%rfﬂ%ness to

SnDO eV|a Ion O eline arrler

an ﬁh@d}e BBYskeal-apr Q\_{ﬁ‘isﬁ}édp'é@.ﬁslfédb”%ﬁboﬁhnteﬁg aﬁQd%viation of
surface before tormng a filmof the i nt er medi at e

thel hyte. iPrett et remriret,heds -i) npRydes Jgnxamw@ I ppegreatment
radio fre uenc%En | asma treat nent

o R aPAFALS LICRAAS £ PESRFARL DR f2dher t S hERmaipte Laver.
pref¥Ldenonlka HdfALR ?.'Eude-rhe LEgtn rTJ‘f%‘i’)!n{"%mrQIilBh%reqaency

present 1 nvention Is rovide an rganlc

pla%fn@Cttﬁ:@aUtlfﬂelﬂﬁSC@ts;dﬁdﬂ@ﬁr@n@feétmgn’an aoodra treatment, UV
containing on its surface an internediate | ayer of an
ozopeganee toemsoand havoey alemmekhessternt.-2 to 30nm
n_or en ca

L e%g ?éXBF %P#%qjjd%%]ﬁ% C}QEP %%h}l l{lﬁ%l’lglon 1s tO prOVlde
an dHo aﬁh@@.@E%rb@ﬁﬁﬁnb%c@ﬁ% d&fﬂdéébﬂﬁsthh&‘aﬁ?Qnode containing

ver, the followm ng characteristics are prine
on Iﬁgmuﬁm aanlinthEmGdgaheclmrerf aht @rgazhusc compound having
intermedi ate layer is forned, i. conponent s
a thisknges Bé Pedi $90PYEdY ?r@éﬁFﬁﬁéyaOI@gﬁP fPft-i ng

COMRUNphac0Pch AT DBLEMLAPCAD LIRS JAUBT odie matcec
forfiibhusede bV rd PRYSIiGRle | RREE is not particularly limited.
However, the following characteristics are prime requirement for
the organic matter after the intermediate layer is formed, i.e.,
the components must not be redissolved by coating a light-emitting
compound to be laminated as an the upper layer of the intermediate
layer, should not be peeled off or diffused by a physical impact
during the coating step, and has a high adhesiveness with the
light-emitting compound. No limitation is imposed on a kind of the
compound for the intermediate layer as long as it possesses
characteristics and a <film thickness to satisfy the above
requirements. As an example of a compound having a good
adhesiveness, a compound preferably contains a partial structure

having strong interaction with a light-emitting compound. It is
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during the coating step, and has a hi gh adhesi veness
wWth the light-emtting conpound. No limtation is

wo ppeszdoon a ki nd of the conpound for the i ntBCTERNGYES598
| ayer as long as it possesses characteristics and a
filmthickness to satisfy the above requirenents. A's

an exanpl e of a conpound having,a good adhesi veness, .
Ll
Vi strong i.nteract]i i N - e L .
sna 184 SO EURENS LALELACLLON, MebBuBobLOTL: AL L0 ape contained

in ahl ﬂ%ré&%]ﬁyété Babhntf i venenemihidgs|dudh whiaht icanstructure.
expect hydrophobic interaction are contained in an

The appnopundt £s anounbe¢assaeltpnpourdiasicusatarpatt i Ant may be
structure. The conpound is not necessari.ly an Qrganic

an FREEYIRIC BUtSTEY b Eh 3her garti PEFiEe slichods O 1de oF a

comPBLAl EbMOLIHdEng MBI 8t coXi §8cRMad §oppound containing
silrcon-such as"Si2 . The nethods for formng the

filmpofndteodht mimediatied ayer fane broadkyidivirdediate layer
into wet processing nmethods wherein the congonents are
arediceseldied dhvadsed| verto feet bainegessdied Baghddy wherein the

processi ng nethods such as radi o freguency. pl asna
combrBaR hene LoV L aamLIEo0r: Forf ATFRaat: | THUSbd T REF e ™ dFY

j ing. i {.he pe. VAlkQus e m h
probBILRY, s B ch PR e LB Y Tadsacnent,
vachithenspdsat eohayad lasterirdubydatermpiodessiing. In either

coating, optimzation treatment is performed after ,
typéorvantowes fiiln Hprains Aetbacenyn ngeprrel dsaddmye applied.

Tet fRdnd ML ugue caatlng, mad, 8 I AGq by a wet

er coatl

proEEEEJQHg oWHiggPary,coati No: 18 hedeatmdhP GRAlp&EFformed after
net hod; a spray coating nethod, a screen printing
formehbod, fidrf bgxa gpeimtdaxyimet hedhodn effsetipgimgtigd, a micro
met hod and an inkjet printing nethod. That is, the .
gravirer fedrape Tayepdcan BE2BBE&i RATh)IWASRPAG, 2 Dar coating

et SR SRS AL A LD Aol yohsncn, o aip
coatOAROHEESod, a spray coating method, a screen printing method,
a flexo printing method, an offset printing method and an ink-
jet printing method. That is, the intermediate layer can be
obtained by washing (cleaning) the surface of the filmwith a solvent
capable of dissolving the component of light-emitting compounds
in order to improve or modify the film characteristics. In the
washing step with a solvent, a method such as a spin coating method,
an ink-jet method and a dip method can be used similarly as in the
coating step of the intermediate layer. In other words, the
components which may disperse or diffuse newly generated during
the step of laminating a light-emitting compound as an upper layer
can be removed by washing the surface with a solvent. Furthermore,

after the intermediate layer completely covers the asperity and
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in order to inprove or nodify the film

characteristics. In the washing step with a solvent, a
woredohozk4such as a spin coating nethod, an i nk-P&r/JrP2005/015598

nmet hod and a dip nethod can be used simlarly as in

the coating step of the internediate layer. In other

wor ds, the conponents which di sperse or dif
Profeukioyenelates S ae %We%a%%f | aﬁ«ﬂHaFfLﬁg yhe humber of

waskl;Jer%%%}e‘%m ttfzﬂg %%FLB?% lglt% %ﬁllé%%e a @%’Wlt%ag s%q_vent enables

Yy Washin elsurface Wt sol ve

not RIHLPeLBEROvAl EBE dhEedatierymdiade doa{wneeﬁ:rra&taehy:d on the
covers the asperity andprotrusions on the substrate

sur Sacé b, a bshh st ¢itge mmmmdmtmmargreh@l@m@é@@ surface

of the intermediate | th I
SmOGHIE T 1 & Ehe SREESSS | e T %3%052% HnenaRles to

adjl9 tghe %ldgf’[%%% Qﬂ%aggso 619 Vﬁaéﬂ H%gltﬁtt l%édlately

a ni ng e sur sm)ot Ness. e sur ace

aftéf et drenty whiteh ra rely eat wenapl @nﬁ&b@damﬂe iherswd deemn 5 to
energy. On the basis of the status immedi ately after

l40?fbyfﬂéwh¥ssdhﬁqnﬂﬁdziwwmEES@éﬁaaéﬁeaﬁ@E@tchH geb epalles to
to 140 by newy subjected to, a mashin t r eat ment
adj%ﬁ?cﬁhénéﬁFé§QQa%ﬁﬁﬁéﬁ %?R@% 9%08Deﬁg jﬁﬁﬁﬁqﬁf of the
a f +th | in n
1iofE- PRLELLETGEREREMAA thiRd sl%‘%&ﬁfgdﬁ%#fe?ié;%'wan pec® simtlar
effobtai nech bNer&djtaierHthyahfmﬁaisimh asecladment such as ion
i npl antation, UV radiation and UV ozone radiation or

imp hanbaldi oh o8l r@ﬂ}@éﬁonn@ﬁddﬁéﬁZ@Fleh%liﬂéQEhOEI%Tsﬁ‘ﬁl additional
e. use

o2y 4R R T Y AR SRn L AT FREFEREREL 16 not
par & i G ardng kbmbe ik &P rbengh asddiee Gaimoisite haR t9pedcessing

adhesi véness to the anode surface and the |ight

fi1mnfétmimpxxnnnnﬂubaﬁimma&arlytlumainxbﬁerabMQ'as adepCOmpound
one generally used for an anode buffer. Exanple

hastgrod affwsrid anrgude 5hee%@@fe|%Lalrﬁ@ceécﬁ%a%ctthevélght emitting
confELHT™" AN, PR (BAEA0R ¥ BB Bpctenerrfy uoed
forangh PéHbd@a BhKEHE S Osz@é?rhp(@é‘;%' ig¥e @8Rd compound include an
pol ystyrenesul foni c acid) .
electrically conductive polymer such as PEDOT (a mixture of
poly (3, 4)-ethylenedioxythiophene and polystyrenesulfonic acid)
and PANI (a mixture of polyaniline and polystyrenesulfonic acid).
Further, an organic solvent such as toluene and isopropyl alcohol
may be added to the electrically conductive polymers. The
electrically conductive polymer may contain a third component such
as a surfactant. An example of the above-mentioned surfactant is
a surfactant containing a group selected from a group of an alkyl
group, alkyl aryl group, fluoro alkyl group, alkyl siloxane group,
sulphate, sulfonate, carboxylate, amide, a betaine structure and

quaternary ammonium group. Anonionic fluoride surfactant may also

be used.
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Further, an organic solvent such as tol uene and
i sopropyl al cohol nmay be added to the electrically
weondozdve pol yners. The el ectrically conductP@BIP2005/015598
pol ynmer may contain a third conponent such as a
surfactant. An exanpl e of the above-nentioned
surfactant is a surfactant containing a grou selgc ed
;rdh1%i@¥09§ sheadnieryedgedtp, laaady IS y egEBEB? y a dry
| uoro_ al kyl grou al kyl silo oup, I ,
ProRi T onat’es M%Oé? Boxy! at'e, ‘y%?n& e, &(eg&gse]?%% érJlfg as,l?#l u%%jtféee fpauency

plaSial XA SETDNI UFLGEQURI 2 NONI 08I CrAJUST | fiequency plasma
surfactant may al so be used. Afilmof the internedi ate

tredayett cahde ifrogied By sahdrygepiocassi ed st ked osdehigsgas to
vacuum deposi tion and radi o frequenc a

Ehe Y GALBRS. ArES (TR S S0 Ll B 1Ltk TR¥ghe enables to
t reat t-, ' ow. di ae. .| ppk e :

Obtaojr%aﬁingﬂglénsm%gg%ger%%y 8ep%§%asr]tqﬁeeﬂe;sa§ glslaa%sl,%l%ll rlélr;C Yy For

exam®l & dphAyLing BN@bhes rtie bt @b fodafbdmeexeeldtent tha substrate
adhesi veness and durability. For exanple, by brin%ing

by gg@sd ﬁiiedhﬁtgerjacaﬂmlﬁmt acthinthi ln sopprigtiadoylgpbararbon
ischarge in RF plasma, a thin fjilm risin .
can g cr IR DA daif 158 on’t hbLB.BLEPEpEa Ropyfjln can be
f r fidl I b t t .
corfL BN LLLLERN 0P TR BLRSIB AR AR Ohevice

and 9agid | gds{ Fuegocanad cabde sehededskblemtadgroopn a group
congjgg’g%%(télr%g &i%bggsg%pb ﬁql:}{-y?oa’(, oa:llgﬁiaﬂ g:;ng.nSgg'iéFlsn'a I:i>|sa<§grale:|:ated
by e G BN ERL PSS R FPLLGEREl AILCORSPROELS o dovico
ot PO POH STkt Bigihs, B0 Bpctsture ey
varyodgpend tegach etiper phvaretegsl atoh a8 mowevi cetputasgas flow

to attain reproducibility of the thickness of the ,
ratej ppd \Weathend ngmaeshteimettate Papdergdilfy P dyovide a

tem]?%gggﬁf%aglg%&ﬁg]‘?drek%%{{ln%3§iegiyeeggezpsc3%oma%%g&nt EgﬁﬁfgaﬂEibility
of the thickness of the film.

When forming the intermediate layer using a dry processing
method by radio frequency plasma treatment, the surface of the anode
can be etched by controlling the conditions for plasma generation.
That is, by radio frequency plasma treatment, the anode surface
can be smoothed using the effect of the anode surface etching at
the same time with the film formation.

The obtained thin film can be optimized similarly as the
intermediate layer obtained by the above-mentioned coating method.
That is, the characteristics of the £ilm can be improved or modified
by a further surface treatment. Specifically, smoothness, an

appropriate thickness and durability of the film can be adjusted

to fall within an appropriate range by washing with a solvent. Here,
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can be etched by controlling the conditions for plasma
generation. That is, by radio frequency plasm

wo e@avemEnt , the anode surface can be snoot hed RPGT/mrpoediess98
effect of the anode surface etching at the sane tine
with the filmformation. The obtained thin filmcan be
optimzed simlarly as the internedi ate | ayer optained

Smo@iﬁhﬂﬁésa‘b’%\‘i@%ﬁﬁﬂ&?&a&%&&@i A2 hetHed ThRatSPeT L the Ra value)
. ragterjsti t.he fi ' , ,
1= SO BELEEAS ART s LBl DED LS S 107, o 100

on $ABOLHPESse 38R @RPrepLhpt entihbekpppsophdadur ahibikhgsef of the
the filmcan be adjusted to fall within an appropriate
filmahge .y teedtimg Wit lardol,vehe sureres smrsthhesstlog £1lm can

Lt s R e
ann%gi%g{F%%%%E%%e@@%??ﬁugfa‘%ﬂ?@sﬁﬁ%ﬂi; %iaaq:ion treatment

appro €ss o e filmis to 30nm
such 8kl 254 Vimphe s ifaase venerdy aefiohhenfii timeamalrselikg ion; or
adjusted. Further, the simlar effects can be obtained
an dydiahherd ] mEgesat REAEOdRBePT ValdrngsmpresphRcFecatment of the
..radiation treatnent such as ion inplantation, W
filpadi ati on and WV ozone radiation: or an additiona

OXyggnR A RARMNY Of o hydr oger R ASMBRL r 6RLARNE 9fi ghR€emitting

film s a conpound to be used for the organic
combb@ht- egiyeti ng corparghiliayesléattdeunigancent device of the
el ectrol um nescent device of the present invention,
pregkat igvehddiophe Yhaghtiseni Q4 ngh¢ ayéghtnepétting layer, hole
transporti | ayer _and el.ectron transportin er
traﬁ&POGEFanE%&ﬁ-w@P@@ﬁﬁﬁF?ﬁﬂﬁxﬁﬁ%F?ﬁﬁééﬂ% %?%%?yn%?t only a
LowlB¥1Reueap! e¥gdouEyampkes18b hhgoh ekl aait ben@mployed.
material formng the organic light-emtting conpoung
| ayBxainpltheo Hriganild gelteetmiditimonestent.adedcring thworganic
_ present invention include |ow nolecul ar conpound and,
llggx@srw@fttllnghf:o@ﬁppmnéawﬁefe.ma@ed@wﬁ%sdgﬁﬁfﬁéﬁ%ﬁmmescem

dev:%%fescg fa g@%ﬁ%%ﬁggt Pf%?‘ér?’éﬂon \.(Llfltﬁ@eqﬂ %Lﬁo 1¥8h1 azocon[ﬁpound and
polymer light-emitting materials described in Ohyoh Butsuri
(Applied Physics), Yutaka Ohmori, Vol. 70, No. 12, pages 1419-
1425 (2001). Among these, polymer light-emitting materials are
preferable inviewof simplifying the production process of devices,
and phosphorescent light-emitting materials are more preferable
owing to high emission efficiency. Accordingly, a phosphorescent
light-emitting polymer is specifically preferable.

No particular limitation is imposed on the structure of the
phosphorescent light-emitting polymer to be used in the light-
emitting layer in the organic electroluminescent device of the
present invention. Specific examples of the polymer structure

include a polymer structure wherein a phosphorescent light-

emitting site (typical examples include a monovalent or bivalent
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1425 (2001) . Anong these, polymer light-emtting
materials are preferable in view of sinplifying the
w@e@dzdon process of devices, and phosphor espeniP2005/015598

light-emitting materials are nore preferable owing to
hi gh em ssion efficiency. Accordingly, a
phosphorescent light-emtting polynmer is specific Ihy

growp ef ﬁhﬁﬁ@ﬁsmﬁlﬁarmﬁEaFa?OmPﬁ%%é%?6hrP§erﬁ66§@dm8ﬁa hgomplex
tructur f 0 - ent. . hi ght-emi fit |

S e e S L R LA

conﬁgggtéelunbﬁfﬁﬁgﬂt devége ofsthep@resenthényeahépn. poly (p-
peci fic exanpl es of the polymer structure include a
phepplynerisyilece by e pelerdiupzerphosphéyvésdephene, polyaniline,

lightemtting site (typical exanples include a
polﬁﬁhﬁva#@nﬁnérpaivayéh%gvﬁup bt %E??a%s??i%%eﬁe%5fucture' the
I are-ear - ' - :
oo STl Fhe 8 RS SR P L SRS B8 SR A madn oo
or §08jygatrdinpol yner such as poly (p-phenylene) ,
pol y( pphenyl enevi nyl ene) , pol yf | uorene,
pol 3mbtlphenexapollganid ¥ nethpol ykiege afgructure of the

(o] ridinpe., ILn such a pol t t th
ohoBRESEREF Eab ot G-t PG BRI BE'% GRGT RS 2 polvmer
i i e t:her, -
R
withi ghtsieflidtdmgs pohybere cofpaumisnconfudesed pallymer such as

structure wherein a hqgfhorescent light-emtting site
polyglnyhb¢@§baapiﬁ,Ep@i&ﬁ e st i Pgngl amine. In such a

nonconj ugat ed polynmer. such as polyvi.nyl, car.nazal e,_.
po1 PRrE P b Eat e e i Rt s a1 M A0S s te may pe
comBihHEt Wheo LhRaPROSRASRESEERt shhghtnghiting site may

be conbined into a main chain or a side chain. Still

ano$ bl 1 examuiihe rof exdwep bol yifer tser gotlyme of sthecture of the
phosphorescent light-emtting pol ynmer conpounds

phopRBpPuaESeRtdehdeR ?méBF%EHniB@1¥%6ﬁ035ﬁ§P8§8Qﬁt includes a
denfir PSR & i NS a0 { NEGREOSRNCLPAG B e, 1n
this case, the phosphorescent light-emitting site may be combined
in either of the core, branching part or end of the dendrimer.

While the phosphorescent light-emitting site combined to the
conjugated or nonconjugated skeleton structure emits
phosphorescent light in the above-mentioned polymer structures,
the skeleton structure itself may emit phosphorescence.

As a phosphorescent light-emitting polymer to be used in the
organic electroluminescent device of the present invention, a
polymer wherein a phosphorescent light-emitting site is combined
with a skeleton structure of a nonconjugated polymer (to be called
“a nonconjugated phosphorescent light-emitting polymer”

hereinafter) is preferable because it gives much flexibility in

material design, can easily attain phosphorescent emission, can
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in either of the core, branching part or end of the
dendrinmer. Wile the phosphorescent light-emtting

W@ 2aoe/ozambi ned to the conjugated or nonconj ugae€dJP2005/015598
skel eton structure emts phosphorescent light in the
above-nenti oned pol yner structures, the skeleton
structure itself may emt phosphorescence a

be Sﬁéééﬁor‘sé/%@ﬁ?llzle&ht 28 tetr}%lep%ﬁﬁm?a%l%epﬁ%e@r?na coating
soleﬁoﬁfgamhg %beﬁghgig§kﬂsifﬁﬂg gﬁvgc o9ohhe present

nventi on, erern phosphor escent

Ilg_nt neftb Pﬁgaf’o:ieﬁe Ph® SHNEHRGE M thi ghiskahBt©ihg polymer is
structure of a nonconjugated polymer (to be called |ILa

conabnuohpdgaf ed phloeeplecesseatt 1iphht ewittinagspoeyangd 'a carrier
hereipafter) is prefer because it es mu

traRPBRFDLIPL JLER: m e AL COSNGIEL G S Hap divided as

folEB%Ep It?éﬁ&{‘ﬁ e 5Sial.  £anRe eask! yofyrg&%r?ae@lor?”%f the

ena 0 easily prepare a coating solution ow ng t

phoBbEbré@béhttiiq’hit-l%n‘illS@iﬂ@@IlteAaﬁdn@@fu:iJ@ﬁtt&fhnsportlng site:
phosphorescent light-emtting polynmer is constructed
oboéhpﬁésﬁmmwﬁhﬂﬁﬁhQﬁ%ﬁﬂenﬁnl¥Qhﬁr%m¥E¢hm@ élE%rﬁP@rcarrler

trans ortln site. ) mer, structur
traaﬁepaganagﬂf PR R i G o TS EBRGT (e do ¥mer (Fig.
genblnatlon of t he phosphorescent light-emtting site
and carrier transporting site: (1) both of the
(2) phios pitor gstoend s dégh t-ieyritt-tennig: tiriee sanet tarpresent in the side
transporting site are present in the main chain of the
chab@|yh%$e(¢m@n:ng39r qqgnqgggtgﬁ@g555p6é§eh@ the main chain of
the t- en1t &ng 2 %g is present in the side chain while
tﬁ gg?Fl Fra é fing site is in the main chain of

3) t fEe RU IEPH o Add @an 2 (1@)gh t (1 HhenPRasRNOEEsEE8ENt in the main

Ilght emtting site is present in the main chain whi
chathewhalelEheta&numﬁrthnap&pdntung|sntehessldetm¢MHMd&ﬁbhain of
pol ymer (FIE 53)) and (4) both of the
thepﬁ@%%ﬁ@FeégéHt i(§ht <eAPfting site and carrier

(4) both of the phosphorescent light-emitting site and carrier
transporting site are present in the side chain of the polymer (Fig.
2(4)).

The above-mentioned nonconjugated phosphorescent light-
emitting polymer may contain a cross-linking structure; may be a
homopolymer wherein a hole transporting material, electron
transporting material or light-emitting material is not linked with
and independent from each other; or may be a polymer polymerized
of two materials. Further, among the polymer materials, at least
one of the three materials selected from the hole transporting
material, electron transporting material and light-emitting
material should be a polymer, and the other two materials may be
low-molecular weight compounds.

The above-mentioned nonconjugated phosphorescent light-
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transporting site are present in the side chain of the
polymer (Fig. 2(4)) . The above-nenti oned
woenweord4ogat ed phosphorescent |ightemtting poPEIEr2005015598
contain a cross-linking structure; may b e a
honopol ynmer wherein a hole transporting material,
el ectron transporting material or light-emtting
eml HptRg | @IOllweﬁothYnkCéHl%Jtrh &HE | PHe P FenP It rRme FRieprescent

ot her; or nmay. be a oI oI
1i g%%t%?%%ﬁ F%+¥%%r yo < %% ;%Erg%g%er ?sent in either
k?@?&alqp%roglﬁgecﬁﬁiﬁeoﬁa&?é I Syrfeet )leCled @ mebh€ain two or

ol e transporting material, electron transportlng
mor@ﬁfecaalrlandtnfa@pezemmg |sr1g;er$at( enyaf $h@u$dtbe ey be present
| ymer, and the other two materials may

in ¢%ﬁ@%%ﬂ§%@@§rm@éPgHF 2 AP ot q%éjﬁbévgﬁﬂﬁﬁﬁl85éﬂay not be

onc at ed .pho escent lightemtting pol yner nay
Com%%%?ginl Wo~ o?ﬁnvigggi phosphor escent |ight-enitting

Si tBSe (edildhevsidies dmYHe Posetenti @iddefodonjugated
the main or side chain of the polyner) , and may

phosphmmeance:mb dri gintr-endft tdauar i e lymensger tph@f@r@l@%Y( deOO to
of the sites may be resent i_n eithe g mai_n
100 09618 Ik 1o B T RAS) R £ B HGR e 260 B AP PP LY
5,08@090058e§ The nol ecul ar wei ght of the
0v@- Peht | ohed nonconj ugat ed phosphor escent

| i ghér e bbBgepRbiTRENEE PG Eiah ycdnD00 gha -200,800g site,
by wei ght - average nol ecul ar wei ght, and nore
a mpnefatebt ygr&IRO00T coGLYvabent Féfivakenbovs- Hekhel ofisgur of a
hosghorescent a_nonoyal ent

COIYP Bl Wl&?‘dﬁoﬂ}%gﬁs eBh]PofB]ilgﬁ?Eﬁ?nS? %rE?O@rBEIBPg}fagure may be
usegonglq&ng M@ﬁ&@af%?é{:SoPh&s}\‘?QPéﬁ%CSPSﬁpaéfr9933131t10n metal or

tenperature nay used a nonoval ent or dival ent
rar@#@@ptnfmétaDSCbmpDeﬁeialpﬁéféﬁableartExmmpﬂescoﬁptean51tlon

Is preferable. Exanples of transition nmetal used f
metaheusednsex it retadls idompt &etado PemPAERU B ONE Apglude metals

from Sc (atomic number 21) to Zn (atomic number 30) in the first
transition element series, Y (atomic number 39) to Cd (atomic number
48) in the second transition element series, and Hf (atomic number
72) to Hg (atomic number 80) in the third transition element series.
Examples of rare-earth metal used for the rare-earth metal complex
above include metals from La (atomic number 57) to Lu (atomic number
71) in the lanthanoid series of the periodic table.

Examples of the ligand used in the transition metal or
rare-earth metal complex include those described in G. Wilkinson
(Ed.), Comprehensive Coordination Chemistry (Plenum Press, 1987)
and in Akio Yamamoto, “Yuuki Kinzoku Kagaku -Kiso to Ohyoh-”
(Metalorganic Chemistry -basic and applied-), Shokabo, 1982.
Among those, preferable are halogen ligand, nitrogen-containing

heterocycle ligand (phenylpyridine ligand, benzoquinoline ligand,
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from Sc (atom c nunber 21) to Zn (atom c nunber 30) in

the first transition elenent series, Y (atom c nunber
w@2)o6oze4@d (at om ¢ nunber 48) in the second trBCEIR206I015598

el enent series, and Hf (atomi c nunber 72) to Hg

(atom c nunber 80) in the third transition el enent

series_. Exanples of rare-earth netal used for the
qU1@%¥éD@hrtH%ﬁﬁQﬂrcoﬁﬁp§%lﬁﬁéve%#ﬁﬁQQm e APy T8 Laligand,

one LIPS 00 (3100, PO Tl LB 1 ccorons

1ighhsg, Idﬁmﬂa}w it hahe &&@Bﬁd‘;l@ﬁbnﬁt@lrkﬁfxyﬁit&s eanhd (such
net al conpl ex include those described in G. WIkinson

as dd&t@teGhnpmdhenphvepﬁbondlk%aamm Chephgmwﬂp®@a@hyme ligand,
Press, 1987) .and in Aki o Yamanoto, "Yuukj Ki,nzoku
PROREGERA 2KI S0 LHGORYOREC- | Mot el o7 B AR TGS AR bhgpRi trile

1lg§{}8 %Pcf %%o)l;uggrggab%@%glg%a%%@g_l@%%%gﬁﬁfeceﬁﬁggﬁa&gg or more

are terocycle

kindk N GuenykayE dhhd | exNENADHY| NOS it metal complex,
| i gand, qui nolinol ligand, bipyridyl ligand, terpyridyl

banC@aad cphehant Mol i eidiemndommlesy), odi z@mﬁélltueggﬁaswtlng
éacet acetonf %égand di |vaIOé ngthane l'i gand,

of g, 9T CAPEBXGF atBOPF gaREPLSHER H8YaBet AFE%ri gand) |
phoﬁ%ﬁﬁl{ A1 le'r&agﬁ é&l&’x)‘%ﬁ%ﬁ’ﬂ RHQ%QITEH% éf 9(@3% group wdhlch may

phos e ester etc.), carbon nonoxide”ligan

havéSQmIé-lﬂJﬁaﬂS;gﬁlﬁlreg‘ldo@ya@Ded:tg@mdtré'ﬂﬂsp@Etahgcqmﬁp&xty, or
may contain one or nore kinds of such ligands in one

bipedapl BROPAL Y, transper bkal bedgnp oo lsish@@deglectrons may be
or .co 03|te consi.stin

asefli BBothe HOTE OFeT RREo LG Bes Ty B Gkt U | Jor the

holgDEQ%ﬁ'sﬁg_tctQﬁgpgh.i%al g§nhohdiryakgat erpH@9€')alQhQURd1valent or
whi havé hol eltransporting or

morebeqﬁkﬁmrt@ﬁn&p@bﬁmn@epromerpbenyﬁamnqnm awn, Nreﬁephynyl N, N’ -
transEorting both of hol es and el ectrons be used
(3-meEhyhehaByVe- ﬂrehfubhéae@aﬂrﬂeﬁ ﬂ#aﬁéﬁértﬁ?%Dkl Py mpp used.

Fort % q.le ttrro%nsc&%rtl %%tS_LI Qoélféeentq}ﬁ r?/ ld%?'ivatlve
( more) rgroup o car azo
methl, N‘omﬂepeheﬁul:hN,d‘d aluminum tris (qulnollnolate) (Alq3) a

monovalent or polyvalent (divalent or more) group of oxadiazole
derivative, triazole derivative, imidazole derivative and triazine
derivative; and a boron compound may be used. For the bipolar
carrier site, monovalent or polyvalent (divalent or more) group
of 4,4’ -N,N’-dicarbazole-biphenyl (CBP) may be used.

The light-emitting layer in the organic electroluminescent
device of the present invention can be formed only from the above-
mentioned phosphorescent polymer compound or conjugated polymer.
Moreover, for the purpose of complementing the carrier transporting
property of the polymer compound or conjugated polymer, the
light-emitting layer may also be formed as a composition wherein

other carrier transporting compound(s) is mixed. That is, when the
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(3-nmet hyl phenyl) -1, 1 '-biphenyl-4, 4 'diamne (TPD)
may be used. For the electron-transporting carrier
W@ 2406/0230i nol i nol derivative netal conpl ex SuckhCHSP2005/015598
alumnumtris (quinolinolate) (Alg3); a nonoval ent or
pol yval ent (dival ent or nore) group of oxadi azole

derivative, triazole derivative, im.dazole derivative
phogﬁaorﬁﬁgfphep%weat?%PO%% 55 oot ecdipoime iy paaterial,

an é'f’% enw‘%f{kgs)g %{% Iﬁ"))d ﬁbg%e %%@%ﬁ@&eﬁlﬂth and when

ﬁb%@h@@é@b@nlﬁl pb@ﬁmler( @Bﬁﬁ)oﬁﬁm lﬁlseahs%dec—fh’_r@n transporting
ght emtting layer in the organic el ectrol um nescent
matdeviede ef hbhe-presspporitingnicoopotad bey demed xsid.y Here, the

fromthe abovenenti oned or esce I r
careo AR IR SPOE O BB S aPe RbFSOVE Ll {e phgsphorescent
0 | c 1§ [
po L Ly TRl TR St D 8114 L R0508 (¥ compoun
or QObmqgmerthe light-emtting |ayer may al so be formed

as a COfT'pOSItI on wherein other carrier transportl ng
conﬁéamﬁles) p§ mixedoleharapnspowidndt hdphosighecedeant weight

d h
conBpy B FRABAEhbbhE T Bahen (R T hePBRERRTescent
pol @r""ﬁﬁ@ 1&3@ QHB\%Qh ﬂﬁg%c-%@tan@%b)f@ﬁgc QIRRMIG 11sS @Dr example,

ectron-transporting materi a hol e-transporting
trlphﬁngllaﬁhlﬁay e 1 waeidi vdder e suche casri Nr,Nt’Fall:L@;hl@mlyllﬁgI,N' (3-
nmpound to be mxed with the hosphorescent pol y

met@dﬁﬁb@ﬁ&lhaﬁ Bé @Rph§ﬂYér4a4l@%@Wép§culgﬁfﬁelgﬁv4"blS[N (1

nar o SEOPRY R R PBRbouRd WS Ckan “BE miXed na | E%ls (3-

methqupaea\_{;@pﬂéwl%@go@ hespREHEIeRAh P OhWIBSATAL! UdRamples of a
hol e-transporting materials, for exanple,

holemmhapraMung ¢mﬁymﬂrvahlshcham;be Nledpha@ﬂ dhel above-

- (3- nethyl phenyl)-1,1"-biphenyl-4, 4 'diamne (TPD),
mengioged. pj é*{cr@P}(OFesrf%ﬁfH%yl ) PORVBREny| ARG pheyl compound
mac&%gﬁpgkﬁg%glléﬁgnkgy{ éerrllt%o duH:Liln hée % erlz bl%liﬂ_%\‘glonal group
intBXanpt Bsh&@fyBmine low-molecular welght compound for example,
a polymer having a triphenylamine skeleton structure disclosed in
Japanese Laid-Open Patent Publication No. H8-157575.

Examples of the electron-transporting low-molecular weight
compounds which can be mixed with the above-mentioned
phosphorescent polymer include guinolinol derivative such as
aluminum tris(quinolinolate) (Alg,), oxadiazole derivative,
triazole derivative, imidazole derivative and triazine derivative.
Examples of an electron-transporting polymer which can be mixed
with the above-mentioned phosphorescent polymer include a compound
macromolecularized by introducing a polymerizable functional group

into the above-mentioned electron-transporting low-molecular

weight compound, for example, poly PBD disclosed in Japanese
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hol e-transporting pol ymer which can be mxed with the
abovenenti oned phosphorescent polyner include a

W@ oovpo2ol macr onol ecul ari zed by i ntroduci ng a PCT/JP2005/015598
pol yneri zabl e functional group into a triphenyl am ne
| ow nol ecul ar wei ght conpound, for exanple, a polymer
having a tri phenyl am ne skel eton structure discl osed

LalanBapaBQEQD aPdbbpent Pakele - PUBPTE4EPoN No.

57575. f th | e
O RERaEar o g BEBROS AL W BT LR B pg o, = Fiin
forltngﬁ @EQ‘E%? RNt hRHed- ﬁ@ﬂﬁ@@ﬁé@s%@sp&@x%edw%&ﬂﬁner, other
qui nol i nol derivative such as alumnumtris

pol{meirnabinpoliatie) (vALgB) dooxadi ariotertdeyr iwativejpate in light-

triazole derivative, imdazole derivative andtri azi ne
emi g1 PYaPTORST EXafpl g3 GTROFPRITRIGHH: (R iRy Pe mixed to

thegﬁggnﬁtr%p\é\?%gr(‘)tm%a%lb&o@ %%d )Q" ﬁge&haes Eik?%ﬁxg: @ftﬁtt'tqrﬁ%dmaterlal

ymer  inc ude a

For NBLLRHDL eColb Byh&eth e tHY & l’&té‘g(mm| VIR icpdllc@ rbonate may
functi onal group into the above-nenti oned

be afiéedrome titen ppopbisego Foiwpal etuy af L ewlight 1 epro e obtained
for exanple, poly PBD disclosed in JapaneseLai d- Open
filpatent Publication No. H O 665. Mreover, for the

pur g etk?:[ckﬂ?éé)vdfq R Qgﬁfltc' 8ﬁ1€fclﬁ i%rgéiofy‘%%éﬂéaﬂbly 1nm

t he above- oned orescent ot he

to mginynﬁbr@og‘@@@e@lab1§oa115chodeooatn dtslte(ml yopar bireifpat®ly 10 to
in lightemtting property of the phosphorescent -
100pol.yrmer, may be m xed to thereby forma conp03|tion to
be used as |i §$1tt|n terlal For ex

pol JRERRYFiebhact S ety g, fggms the
hol@dQ§gnfsgB]thtFﬁgp rpAse oh 'Wrbkﬁgnlbe@%éﬁﬂdréé’céﬁ@ light-

obt al ne e thi ckness of the light-emtting
emmbi @Y ehgi sigprieferabl yhenmpitesdmm inweneipnefierabide Skhown low-
300nm still nore preferably 10 to | OOnm Exanpl es of
molachéaé-tW§ﬁ§b6rthﬁgenﬁ?éﬁ§§PrﬁHP§h reiesigdes, for example,

triphenylamine derivatives such as N,N’-diphenyl-N,N’-(3~-
methylphenyl) -1, 1’ -biphenyl-4, 4’ diamine (TPD), 4,4’-bis[N-(1-
naphtyl) -N-phenylaminolbiphenyl (a-NPD) and 4,4’,4'’-tris(3-
methylphenylphenylamino) triphenylamine (m-MTDATA) . A polymer
hole-transporting material may also be used, and the examples
include a compound macromolecularized by introducing a
polymerizable functional group into a triphenylamine low-molecular
weight compound, for example, the polymer having a triphenylamine
skeleton structure disclosed in Japanese Laid-Open Patent
Publication No. H8-157575 and polymer materials such as
poly (paraphenylenevinylene) and polydialkylfluorene. These hole
transporting materials may be used singly or two or more of them
may be used in combination or in laminates. The thickness of the

hole transporting layer is preferably 1 nm to 5 pm, more preferably
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hol e-transporting layer in the organi c phosphorescent
lightemm tting device of the present invention include
wapaam2340mmmol ecul ar wei ght hol e-transporti ng nBCEIR200%015598

for exanple, triphenylam ne derivatives such as N, N
'-di phenyl -N, N - (3- nethyl phenyl) -1, |f-biphenyl-4,
4 'dianinen%TPq%, 4, 4" - Ns[ N Inaphtyl%

5 neNEheniPant rBFBEpHRRGFe Y& NPD Vahd 20047 4" _tris
(3- | h . ey y :
o PP T e EEL DAL PRREY haTL 08 DT e Pibsent

invésedonangxhipl e¥appl €6ei aTLUEE0A €OARSPYBELting materials used
macronol ecul ari zed by introduci ng a pol ynerizabl e

forfimmimnahegebaptiranot sanspphiehyd deivesr bewtapleletiing into the
. _wei ght conpound, for e l e, the I havi .
13 0T B T T Sk AT G S S FS E G G360 FRD Cransporting
natdPRANESELLAl 05 PEFRIABL SUPLLERLL@NBRa1 BodpTates 1ike
and pol ynmer matérials such as poly
alufipanaphenyl enendhyhehekeandApal ydi @t dyd 41 alor eder L ipkes,

_hole transporting materials may be used singly or two .
trigroherdewivatiera mapigazasedlam ednibiarfidi gz ing derivative.
m nates. The thickness of the hole transporiin
rurEAgEr B2 e LPEF KBRS TP o5 TSP RS ERb B Lo PR P BfyBORYRSE
probifcddy J]I{tlirc;cﬂﬁlrﬂj' &f 6520h¥ 10,59 58000M o1 I up into the
organi ¢ el ectrol umnescent device of the presen
aboirevabht OoneéXavpheieofil bhe lad@ntarohranapspbihpngpmpound, such

materials used for form ng the el ectron transportin% . ,
as payE(PBP) f 8isALRFAG iRt 6aPpBeFRghRidnPPERngakgpér Fublication

i u ow-Iol ecul.ar_.el ectron t ' t.erial
o BERBE6 o TR T A 1 VT e Sielea TR b pe used
singhyﬂiﬂyﬁhikéé eauipoki-eal pteh 6HhE3) e10%88baZOkANsporting

erivative, triazole derivative, imdazole derivative
matandalsi azihe derdclatsveof Fird hetecthen efemtsporting layer is

transporting material may be a_pol yner produced b
Pre?ﬁfﬁegﬁc?nﬁmatﬁoﬁyH%ri%QBPePFEEEF?%HXI5gP@ugoigtﬁ%thgurther
P BRRIEL SO ogedhotml ecular o el o {7 ansnort 19

Lai gaEpedr RateephoByhbiredte@R 1ight-emitting polymer, the hole
transporting material for the hole transporting layer and the
electron transporting material for the electron transporting layer
may be formed into each layer individually, or by using a polymer
material as a binder. Exaﬁples of the polymer materials usable for
the binder include polymethyl methacrylate, polycarbonate,
polyester, polysulfone and polyphenylene oxide.

The method for forming the light-emitting layer, the hole

transporting layer and the electron transporting layer may be a
resistance heating deposition method, an electron beam deposition
method, a sputteringmethod, a spin coatingmethod, a castingmethod,

a micro gravure coating method, a gravure coating method, a bar

coating method, a roller coating method, a wire-bar coating method,
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No. H10-1665. These el ectron transporting materials
may be used singly, or mxed or |ayered with other
we@bk@eoeam transporting materials. The thi cknesBCDIP2067015598
el ectron transporting layer is preferably 1 nmto 5 mm
, more preferably 5 nmto 1 nm, further preferably 10
to 500 nm Each of the phosphorescent ht-emtting . ..
a digolaaring metii% @ SRFFor 7g- e é‘i“%%}m?for 2 (HeF 431 Printing

metk]_ﬂacf pgﬁt :‘gg?p{ﬁ é{l@}? tt,}lf'o el GH:t rf%réettr @?ipﬁrﬂq ﬂeEhod and an

ron ransportlng ayer

1nk—fj‘¥é’ﬂ"§glhﬂﬁﬁg%@@ﬂhd@y§‘écl ndiyi-geal éﬂus@hgblyowlﬁlbmgcalar weight
pol ymer mateéerial as a binder. Exanples of the polyne

compmiretd aldomisabitd f empflbeebi ader reﬁcstldecgoﬂlgmmg'ldepOSltlon

met h | at | b t |
me thgd a%%[%@ﬁ@p@%@%@gn%?ﬁélﬁgﬂﬁﬁ FhoaP Gt g ke of using
pol%& éqa%rgtrtltaf dg}ﬁ{laﬁt:gg %f&;&&”&g@” 5 ?g;nl 8¥8tiAaf%ethod,

ron t'r anspor esl st ance

a calkeahighge €8HQ5 Id hoBroRhoei r@koeltedly natheamalgpasukeomating
nmet hod, a sputtering nethod, a spin coating nethod, a

me tloadt mgoametd:mmtlmg rme;trkoo@r v U@l boat Gorjt Fed H@%’Eh%d/ a wire-

ravure coati n h d ] e
e S0, COBLLDG obfod & her coatin relhod BatehlShacnon,

a s& eaér% %{Eﬁﬁe{lﬁ%&n@tﬁﬁ ay, COALL NG FEL L0y Iﬁ’e’t?l%@enan offset

prin ‘'exo pri nt| ng net hod, an offset
prilfidd i et ed hosd adand ;amc-rjé(tjgehxptimylm@tmhod etc.
In case of using | ow nol ecul ar wei ght conpounds,
doriqrant:hg em@rm@@ afe e‘éﬁit@@an‘ééym%qqq‘xﬁowgw fPgRs with

met hod an ctran heam.d 05|t| gn . mefho
eTeQRsa o ity SHAMoBE Bt el LaVer d G At Py Bl Bysarer may
be deir R IPLA GRALLPEoFEINCE o2 &?étlh@%t“%hﬂQ@an@ M3 $éP in order
vure coating nmethod, a gravure coating nethod, a
thabalro1@@6\&:&13gaerrptbodntadrﬁﬂdmpaseahgn‘ghmxﬂ@iodthealmgln”ebamlttlng
coating nethod, a dip coating nethod, a spray cqati ng
laywet h@dcoap@@néehamm%ﬁ AGWREL RGO dlkghssr PErnpiRg MOlecular

Oerp’ina q:m]aan leghgréﬁf%%ﬁglcoequaamd A% bgkué&ﬁ for the hole

blocking layer. Examples of the compounds include triazole
derivative, oxadiazole derivative, phenanthroliné derivative and
aluminum complex.

Furthermore, in order to prevent deactivation of excitons at
a cathode metal, an exciton blocking layer may be provided adjacent
to the cathode side of the light-emitting layer. For the exciton
blocking layer, a compound having greater triplet excitation energy
than the light emitting material can be used, for example, triazole
derivative, phenanthroline derivative and aluminum complex.

For a cathode in the organic electroluminescent device of
the present invention, a compound which has chemical stability and
low work function is used. Examples include known cathode

materials such as Al, MgAg alloy and alloy of Al and alkali metals
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For the purpose of efficiently reconbining holes with
electrons in the light-emtting |layer, a hole bl ocking
wo 200602298y be di sposed on the cathode side of PE¢EIP2005/015598

light-emitting |layer in order that holes can be
prevented from passing through the light-emtting
| ayer._ A conpound having a | ower HOMO (

suckrgtigHed e Edfar cﬁﬁ?@aﬁﬁetWﬁﬁWRqﬁ@ﬁ-nggﬂgﬁﬁpﬁﬂnatability/

' u t I | N r -
o DR lof 3% Recsaiblofa e e g g eingre,  ci
of t0%adhagehe ndefdriatl ¥en behemantbgl 4 he tdeni vadh ue aRdsistance
al um num conpl ex. Furthernore, in order to prevent
heatéagt i dexd it ofn exeithods aelactaphodesaret glepa@ition method,
exci ton bl ocking | ayer be proyided agdj acent to the
soufSERoRE BPABOHT ool PhoRtCbaTel PREIPRyer TheoERL ket ot the
Lt [ a c ou ayi e
cacfigki 20 DLEFKLRDL| otn Bo0RIRP\AG:PRLLRSL0LE250 o sooun.

nmat eot ath€ guboss et lowerdxanphe, ellec@zoheinjection barrier
derivative, phenanthroline derivative and al um num
fromobipt exa tiFode al il Hote duvarHe deyayi @nd enhancing efficiency

el ectrol um nescent devi f .th resent jnvention, a .
n AGRSIUTE GAPCRTHAS” GhERT BaRC G4 5 YaRdl 1 By Rr eyt having
LEMRELIN, IFfink3edn EXAAPLES datldddenkyonn galdvdes pet th
2 rraterwl}daglclrks s&ch aél A, MyAg éal I c()})(/éqalrr}ld alloy of Al aen(‘JINeen ©
cathblal iantet ahssualyaad cAl Layand aAlGaenfr o t ikeviaepgoidd.  Low
of chem cal stabilitékamork function of the conpound ,
worksfppetépBONGt2l D e Meee. TArf FRER oF RHP R Rdddude alkall

terj.al n_be fo by t hod .such as
mEtgggiébghcgehgti@%#g%gdy3é¥ﬁ1ﬁn§?ﬁF, %ﬁ@%%$oﬁsﬁe%%9 Ba) and
rardepsthigh- Bt hed, sputheshdgpyet hodeand digfe 48 8tk cathode
nmet hod. The thickness of the cathode is preferably
buffenmliagekmis, preferpbélePabbyt60500m500nme Boefemebly 0.1 to

pur pose_of |owering the electron-injection barrier
20npy ofitthé BatRoBESEREBPLHeCorghfi ¢OFyer and enhanci ng

le;;'glﬁé(egag%%c%g? llfuaief%f hﬁ%ﬁre%%&ogﬁsoabgatggqu% fa lixture of

yer avi ng a | ower wor unction than
thet hebsahosle) t Teyede dJutsardett betweeg théw work function and
electron-transporting materials. For an electron-transporting
material to be used in the cathode buffer layer, the above-mentioned
organic compounds for an electron transporting layer may be used.
Codeposition may be used as a method of forming a £ilm for the cathode
buffer layer. Also, in case where a film can be formed by applying
a solution, already described methods for forming a film may be
used, e.g., a spin coating method, a dip coating method, an ink
jet method, aprinting method, a spraymethod and a dispenser method.
In this case, the thickness of the cathode buffer layer is preferably
to 0.1 to 100nm, more preferably 0.5 to 50nm, still more preferably
1 to 20nm.

In the organic electroluminescent device of the present
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cat hode and the organic |ayer adjacent to the cathode.
Low wor k-function netals to be used for such a purpose
wo pwbozbronl kali netals (Na, K, Rb and Cs) , aP&EIR2005/015598
earth nmetals (Sr and Ba) and rare-earth netals (Pr,
Sm Eu and Yb) . The thickness of the cathode buffer
| ayer is preferably 0.05 to 50nm_ nore pref agly 0.1
invenf bghmthet U0 s Wit pREfRe 2Bl LRt R BHRSCTRG S Cransparent
t hode _buf f e or LXEL
for S R g ve i et B b e Sy T TR T Y. xeown
matd el d OFoangk 8heTtE | QN-ddRNS PRt Mthdpleii @bl ask@tsaitncluding
el ectr'on- transporting material to be used Iin the
PET Claiclgedhiylfeher tbagehthahetabored pedvicosrbeneitganie be used for
conpounds for an electron transporting |ayer may be
the @ txeRposi ti on may be used as a method of form ng
a filmfor the cathode buffer layer. Al so, in case
where a filmcan be fornmed by applying a solution,
exaabready described nethods for formng a filmmy be
used, e.g., a spin coating nethod, a dip coating
metHoel pras etk L heenféohodl L ber eﬁpﬂﬁgnﬁéth@@or@ gpicay 1 below

met hod and a di s Eser t hod. thls 3 E n nt
wi th fegRRERS SdfO {eﬁé PAER e BaRPar P ATB S s eP b P Brese
invonti &9 % rféﬁ%gr L¥eOoD to 50nm still nore

pr et er a t nm I'n e organic

el egd# @:Lutrplri@wﬂlcde,vmee@flamseapdesemmvmumm byt ke same
substrate nmay be an insulating substrate transparent
Weréoabbh@vbﬂigél@ﬁ ﬁ@kb@@ﬁgth of the light enmtting

rial pown mat eri al s, exanpl e, glasses and
tra @%areﬁ? I%SY+%SO¥ %?u&?% d%éﬁ (pol yet hyl ene

ter@@@@@%ﬁﬁie)m@ﬂﬁu?@hﬁ?%%@%ﬂ@tq %%ﬁyﬁ%n@%ﬁ@x@@hlbﬁﬁene and
substrate. EXAMPLES The present invention wll

polexplaéned isulnareatdet ai(bnbdeow mif fer ef erearce toconventlonal
exanpl es and conparative exanples, but the present
interpediabna 13YaBt restricted thereto.

ELP : phosphorescent polymer (ternary copolymer including
molecular structures of aroﬁatic amine (hole transporting material
moiety), boron-based molecule (electron transporting material
moiety) and iridium complex (phosphorescent pigment moiety):
poly[viTPD-viTMB-viIr (ppy),(acac)]) .

As a plasma generator, an apparatus of capacity coupling type,
capable of plasma etching (PE) and reactive ion etching (RIE), was

used.

Comparative Example 1

An organic light emitting device was produced using an ITO

" (indium tin oxide)-coated substrate which was a 25-mm-square glass

substrate with two 4-mm-width ITO electrodes formed in stripes as

an anode on one surface of the substrate. First, the anode substrate
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For sinplification, materials and |ayers forned by the
same were abbreviated as follows. ITO: indiumtin
w@zi0d@24anode) , PEDOT ' PSS : m xture of poly ¥GI/JP2005/015598
4- et hyl enedi oxyt hi ophene) and pol ystyrene sul fonate
(anode buffer Iayer— conventional i ntermedi ate | ayer)
yier ternar

W RGOl Cearar - ot TRt res e SRPhRat 1o S 1 poT P ected
to h‘l@@%@@h&bnﬁlé@ﬁﬁﬁ?%1@b@ﬁ%%rc19@ﬂ9%ﬂ§§@e@@l‘%@ﬂe§: and then

(el ectron transporting material noiety) and iridium

wagmthlved i phosphor eslderdpypiggmattempi atfypr: that, the anode
pon[V|TPD-V|TNB-V|Ir (ppy) 2 (acac) ]). A s a plasna

R 67 S P Igsieacht a1 9 aspHS F}eéaaﬁguﬁ@akv@m isopropyl
alé@&%@lgig&l%¥Q§Qﬁn_nfhlg% é@ﬁ%tﬁgﬂ r%a l%%lo%nof Rﬁly (3, 4-
e tHRFIGAHH G J:d i1 A dirld )R AN t68- WS ﬁl%ﬂ%?éi_fé U@BA’&QH&EN P (trade

[ TO (indiumtin OX|de) -coated substrate which was a
namgs- mansflearieigidady Salystr &ve W thltweddwitrhWiHRNbY T ratio of
electrodes formed in stripes as an anode on one

1: s hipfarP bt e b tsubber bt Q. (389dg), byha sigyecating method under
co k%%&ﬁg%ﬂ@%.%B%QQQ%PM%%@elb?UBdSOEh m'§ tge ﬁgg time of

substrate was subj éec to artrasonic cleanlng w

40 eeaBRAe), adhy d@ﬁ@@ugect wiceansr FNMihhieaswesFRAmbtdbnventional
running ultrapure water. After that, the anode

intanmsdigte Wy esubj @bﬁedbt@lnbtir isseirmediesn Agvssakiagga film
I sopr al coho and dried. In addition
th%é% %p¥pgap§1@§t2& y?%héﬁ?‘%ﬁﬂﬁ?&ﬁh né)nm ang a height
£ QY MRIAED uld te (BAYTRON P (trade nane)
° wanufacturegﬁiy nggr Co. ) diluted with IPA by a
r at itheof, 4: dosmasnap i et @ntfort e rmIQg( anbae)ndycént compound
spin coating nethod under conditions of .a rotation

was Rrepereg -500hepnd andd & kb &h ATt vae 6isaolyedohdsl, 940 mg of

tol%ge%l\?g:_](ltsedﬁg.f lz%q:% eo,r m?é%u acl‘!:tuerseo]f %3; %aqgo Pure Chemical

Industries, Ltd.), and the obtained solution was passed through
a filter with a pore size of 0.2 pum to obtain a coating solution.
Next, the prepared coating solution was applied onto the

intermediate layer by a spin coating method under conditions of
a rotation rate of 3,000 rpm and a coating time of 30 seconds, and
dried at 100°C for 30 minutes, to form a light emitting layer. The
obtained light emitting layer had a £film thickness of approximately
90 nm. Then, the substrate with the light emitting layer formed
thereon was placed in a deposition apparatus, calcium was deposited
at a vapor deposition rate of 0.0l nm/s to be a thickness of 10
nm and aluminum was deposited subsequently at a vapor deposition
rate of 1 nm/s to be a thickness of 150 nm, to prepare device 1.
In addition, the calcium layer and the aluminum layer were formed

in the form of two stripes of 3 mm in width in a direction
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internmedi ate | ayer. The obtained internedi ate | ayer

had a filmthickness of approximately 50 nm Ra val ue
w@Bood/oR40m and a hei ght of projection of 20 nnPCTE005/@5598

coating solution for formng a | um nescent conpound

was prepared. That is 60 ng of ELP was dissolved in

1,940 mg of toluene Ee0|al grade, manufactured b
perm@l@a%%rcmn%%l%% Piipal @%Jae§tl%d0¥ hEh%b?%‘P%%ﬁ to

fabf’?c% IOPO 1{00 ognghsecglt hQéJ%I?nlacgl @L%rex)%ct %qur ﬁ\ms' _ZLgngth X

arn a oat Ing

3 mPl ePAiEs) Gaat idik splddd %b@cﬁ:aﬂf@' | @ﬁeoabﬁlbaewas assumed as
|nterned|ate | ayer by a spin coating nethod under

orggwhdi 1igns efiatingadévhceate of 3,000 rpm and a
coating tinme of 30 seconds, and dried at 100C for 30
mnutes, to forma light emtting |ayer. The obtai ned

Refé£g9£e %%*fg | ayer had a filmthickness of

proximately 90 nm Then, the substrate with the

l I gﬂ@ts@ﬁﬂﬁam iater foramed hereen wegipl agednifgain a same
deposition apparatus, calciumwas deposited at a vapor

mangepesi i1 Gampatre tofe(E:0ammig § was beagedHindkne $d agmajgenerator,
nm and al um num was depqsited subsequent

and (OKRErE EhE I HEE SEoRL R b EOLERe FHPERRELS oY iy ing an

alté?ggﬁﬁﬂerfogﬁé(%&ef&to Jcﬂeaglg}]lggfgﬂ st hﬁlﬁéfl%kl;}@ %?¥eﬁnlt1ated
an e’al umn ayer were fornmed Int ofmof two

and St e es: yafen3 piasina wa@t behsratdirestd:qupses pirdistblsarate with
to the longitudinal direction of the anodes to
ITOf abitic gee bQW r@tgaﬁuppwghg IEHia tthﬁgamw@*@és sfascaptrolled

| engt h) X wi_dt h er ass substrate.
£0 v SRR STk B B Uit ity CHy S0y PUdSpa - The
electhé SREE SXWPL & b SURSIFAM K M JITOHY IRF il Glas 150 W
[Tquid cleaning in a sanme nanner as in Conparative
and Exesrplre ckssaagpt awedva N30 aepbadsa gHHEGMhmeqummtpmocedures
oxygen gas was supplied into the apparatus.
waSacp@lrlng At 4 EPGaBPRg BBNEEFEAT ntld C‘tqa@aarﬁaaﬂf%% Gample 1 to

pre;‘%'é%&hc% §n¥"83 gh% gmfgtlng device 2 having a conventional

intermediate layer. The obtained inter mediate layer by the
operation had Ra value of 0.7 nm and a height of projection of 9

nm.

Example 1:

A substrate with ITO was subjected to ligquid cleaning followed
by a oxygen plasma cleaning processing in the same manner as in
Reference Example to prepare a substrate coated with a conventional
intermediate layer. The thickness of the obtained a conventional
intermediate layer and the surface roughness of the obtained
substrate coated with a conventional intermediate layer was
measured and as a result of this, the film thickness was 50 nm,

the Ra value was 0.7 nm and the height of projection was 9 nm. Next,
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and then oxygen plasnma was generated to expose the
substrate with I TO The gas flow rate supplying into

W b@omppaar at us was controlled to be a pressur ePOf/JP2005015598
during formati on of oxygen plasnma. The el ectric power
supplied to the substrate of the device was 150 W and

the processing tine was 30 seconds. The subseguent

the presldines GRatarthidy DUICH R e Rahel Hedifepd bt ¢ ptayer was
Conpar ati.ve Exanple 1 I r I [ i ght -

Pt G R ng VT e 2 e PG ok e At Sl i o SR gRE tonal

intd ANEL: a e [RtANRed i REEr oiedi 8t #n |yefe D¥nldhePA was dropped
operation had Ra value of 0.7 nmand a hei ght of

thepe@i edtiilen spfin@ingnit ExaOPI0erpm: tA cldmt tareswbshrpte. The
was subjected to liquid cleanjng followed by a oxygen
cleg iRGraiat 2 AL Protessingt LS S e i G ORP Ay, the

f | t ; | i
ouo BTG, HETRLE LAP R R0 MR B AOBLES R aric

at Obta ned a anVeRld onahei Bbenrpduatatkayeriand hger after
surface roughness of the obtai ned substrate coated

optimitelaicohesht 6ndh thickness o A7apsy Rasvabaswied -S> nm and
and as a result of this, the filmthickness was

o ATl GG 07 i and PENEUREPBHES o Y (et gro™ B1P
coa %1 f ai\ffédt&ﬁ §§bc§{é @%ﬁe%ﬁ& \éfistfnf%om arative Example
convent a g That

( nti on Irnternedi ate layer was optim ze a
1 tdSprépersubsisatie TDghedenmd t bimgcasventi dnal
internmedi ate | ayer was fixed on a spin coater and | PA
was dropped thereon while spinning it at 3000 rpmto
= cl ean_the substrate. The cleaning was carried out for
XaWbHf ngit es. After dropping, the substrate was further

SpPul @&t 4000 & R f1orrTh WAWES fard themidr kedadtind096 a same

for 1 mnutes. The obtained internediate |ayer after

man0Pt ia Zatbapahadiaefitangd thkresplate@Zmm a Rd asalaugenerator,
of 0.5 nmand a height of projection of 7 nm The ,

and sOBEEYUeHE S prot eduPRE1 ¢d ol EP PLRBaRPRET3BES carkY tPRLYINY an

altégngpfngagglggggeinég %ﬂeCQHB§£Q£h¥? §§§3H5§ge was initiated
and then oxygen plasma was generated to expose the substrate with
ITO. That is, the oxygen gas flow rate supplying into the apparatus
was controlled to be a pressure of 1 Pa. The plasma processing was
carried out at 150 W of supplied electric power for 30 seconds.
Next, the supplying gas was changed from oxygen gas to CHF,; gas and
the flow rate was controlled to be a pressure of 7 Pa. Then, the
plasma processing of the substrate was carried out at 300 W of

supplied electric power for 10 seconds in PE mode. As a result of
an X-ray photoelectron spectroscopy (XPS) analysis of the surface
of the substrate with ITO after the process, it was found that a
fluorocarbon film (described as “CFn intermediate layer” in Table
1) was formed on the‘surface of the substrate with ITO. It was

further found by the analysis to the depth direction that the

30



10

15

20

25

30

1 to prepare organic light emtting device 3 . Exanple
2 . Asubstrate with ITOdried after |iquid cleaning
W0 p00a/0saEe manner as in Conparative Exanpl e 1 R&BJP2005/015598
pl aced into a plasma generator, and oxygen gas was
supplied into the apparatus. By applying an
alternating voltage into the apparatus, discharge was
flugnpedzhey bREN2 oYL P A<t ARES Gdmerta et it gy Ra value

expose the substrate with 1 TO _Thatgi t y :
of Of‘lx7g\]ﬁimr at %%%%/qtnﬁ%i HFéH?ﬁg%Bpg]?a% &zﬂmg%%%ﬁt ?%?I eg ation
of i b & MLssWe 18f etk By thBeppkasan phoegssbAga¥asbove, the

carried out at 150 Wof supplied electric power for 30

sub segoantts p i¥exidu rase £ sappl P mp agdsigves schangeddfowinin the same

oxygen gas to CHF 3 gas and_the flow rate was _, —
nanneyh BEot aTPGTBE LY R e 1oFO PrERATEHRIA He Ljidhdngmt tting
dev reocgssi ng of the substrate was carried out at 300 W

f supplied electric power for 10 seconds in PE node.

A s aresult of an X-ray photoel ectron spectroscopy

(XPS) analysis of the surface of the substrate with
Com;?al'l'ﬁ’aiverExmm otess, it was found that a

uorocarbon film (descrihed as, ” . ntermedi ate .

| ayrSUTSE TR &Y Thes Fdffed LERZL héTRAFT GCEBRPhin @ same

manr?é‘lnp?c:‘ttsrj% %P%%%Eglcggstﬂﬁga It S .fLWatshft?ﬁaéQ&'iglt%ya Eoli%sma generator,

anal'ysi's ection at thefluorocarbon

and f bk Ry &adg@s thi skagssl DEd approxtat byatatusa, Ha amgdlieing an
of 0.7 nmand a height of projection of 8 nm After
altetmatongravobbeod imeo i pherappRateus ay@tseharde Ppresbtpttiated

inventi b , th b t d f EL .
o LS 20 gBove he subseauen, Bpeatlngs IGNEL. ico
ITO po%@&bvec@gggggnain% FROGPA € %ﬁ@%{liﬁggi_ 912{:0 the apparatus

emtting devic arative Exanpl é

was SSthsirdtle hicbhbé EOpdeisedraf v &rl Pequi ThelEasnmmg procassing was
same manner as in Conparative Exanple 1 vva;g(gl aced

carthed aiplladih ofenepal bpd AFRFiodGERVGasTRES S gsIPeg - Next,
thelsnégpfylemjapg%asr %%%SChEnggphy&g%%en to CHF, gas and the flow

rate was controlled to be a pressure of 7 Pa. Then, the plasma
processing of the substrate was carried out at 300 W of supplied
electric power for 2 minutes in PE mode. As a result of an X-ray
photoelectron spectroscopy (XPS) analysis of the surface of the
substrate with ITO after the process, it was found that a-

fluorocarbon film was formed on the surface of the substrate with
ITO. It was further found that the fluorocarbon filmhada thickness
of 27 nm, Ra value of 0.5 nm and a height of projection of 4 nm.
After the formation of the intermediate layer consisting of

fluorocarbon as above, the subsequent procedures from ELP coating
was carried out in the same manner as in Comparative Example 1 to

prepare organic light emitting device 5.
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alternating voltage into the apparatus, discharge was
initiated and then oxygen plasna was generated to
wexpose4dhe substrate with I TO That is, the ORG&ErR0GHHHSS98
flow rate supplying into the apparatus was controll ed
to be a pressure of 1 Pa. The plasnma processi ng was
carried out 150 Wof supplied electric power for 30
Exagpéends. Next, the supplying gas was changed from

oxygen 3 e fl t t.ral
oy ABbRr e a0y SRY NG Laa s Rl ey < cane
manf@brtdiei §hstd-ate MRSELanp1 €d il pak 300 WOE SiuRpld ??nerator,

el ectric power for 2 mnutes in PE nobde. A s a resu
andobxggeX- pay phet sebpitiednispecthesepppreXPS) abwl yspbying an

of the surface of . the substrate with ITO after the , . .
altgrpeessd velhagerbbha thataRPFT2ididcaisTiAtds Was tnitiated

f a 0 S i TQ 4 d :
ond SO AR MR8 BpbOF P S EE RS Gyt i
17Ol hi TOessy@én 2da M1 Ka ¥atsles@dp Dy bngimand ehdeagbirotus was

projection of 4 nm After the formation of the

conitmpéipddicat bel aypresensesvifng 88 -f | The ceba¥om BBOCEessing was
above, t subsequent .procedures from ELP coatin S
carg SR it 0 Tt RO PO anErE 56 NIV Mk a0 1 PHes.  Next,
1t I r rgani i gt deyi
e T R e o B Pl oy T o iy® the fow
ratel @asi agntBodlsdmeonBanar passknreongarratave Exanpl €hd plasma

was placed into a plasma generator, and oxygen gas was .
prosgpphinedoifntbet hebappatat wgs Bprapsdyong as 100 W of applied

alternatin ol tage into .the apparatus, discharge,was
1o EFaPRH AndoFhas GRBBACpIRoRE B8 gers? af ooToLL OF an X~
rayePRBs6et BEtsHRSEHRER WsER TPxpENe 28%Y §8R s08% theWsurface of
rate supplying into the apparatus was controlled to be

theaspbessgate afith Pao ilicepl dbprappreesssi ng was caundedhat a
out 150 Wof supplied electric power for 30 seconds.

flugsgeecarbRe Supplyand gades Ehangedafprrsm bxiierrustrate with
ITog'r"EI;’% 9as AlALe ;E#ﬁ‘é’n{haattﬁgﬁ%ff&?%g&c%éb%% FP18%48 a thickness
of approximately 0.2 nm and Ra value of 0.7 nm. The substrate
subjected to the plasma processing with oxygen gas and fluorine
gas as above was coated a conventional intermediate layer in the
same manner as in Reference Example to prepare a substrate with
a conventional intermediate layer. The surface roughness of the
obtained substrate by coated a conventional intermediate layer was
measured and the substrate had a thickness of 50 nm and Ra value
of 1.0 nm. Next, the substrate coated with the conventional
intermediate layer was optimized. That is, the substrate coated
with the conventional intermediate layer was fixed on a spin coater
and IPA was dropped thereon whiie spinning it at 3000 rpm to clean

the substrate. The cleaning was carried out for 1 minutes. After

dropping, the substrate was further spun at 4000 rpm for 1 minutes
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processing of the substrate was carried out at 100 W

of applied electric power for 10 seconds in PE node. A
w@2@enzRol t of an Xray phot oel ectron spect r oscPElIJE2B$B)15598

anal ysis of the surface of the substrate with ITO

after the process, it was found that a fluorocarbon

filmwas formed on the surface of the substrate with

and |tP@n drtiesastf aPPHerf foUnainh&estheTRE URP bR AR SO H T FHedIate

had t hi ckne f i mat.el.y 0,2
lay§ﬁ _frhﬁpt+ﬁ§%§gﬁg39§%§¥% fgb éﬁﬁig%?%gqg?g?ﬁ%@gﬁﬁe of 0.5
nm &&P%@ﬁé&ggtmbfhpP&?Q@Pi&@S@@Qﬁn&LUOThBes@@§e@ﬁe@@qyﬁocedures

was coat a conventional internediate layer in the
froma&Ne dwnRtig &% sicaRefet entelibxarps @n¢ napnepare ia Comparative
substrate with a conventional internediate | ayer, The
Examukd abete REPRRES DFIahS obt 3 hetPLbsry a82VHyS cdat ed
a conventional internmedi ate |ayer was neasured and the
substrate had a thickness of 50 nmand Ra value of 1.0
Exafifie Next, the substrate coated with the conventional
I'mternmedi ate | ayer was optim zed. That is, the
Sulrstyuid st coed ed bl tITG ke iedhedmeiroddkuilat el gediiagein a same

| ayer was fixed on a spin coater and | PA was dropped
mAnRGREOH GRTPATSHLRANTGAR L GL MA00D. FHR 5 11 SR SCHE denerator,

trate. The cl.eani. ri t '
o SRS B L T ARl SRR et g5 e

was 'R 1kt Hues ard skher 6f iepk at 12RAC the dlasmapescessing
The obtained internedi ate |ayer after optim zation had
for ahechbukresstefwB0canriRd vat @& 80007 5 fmbprhbed HE gl C power

of projection of 8 n The subse nt procedu f
for Fip SR5IGY MaSEaPPPEd OP 4 rF e S&lfe lRASHERESRY £oT the
| anpl e ani '
cur RSEALLNE,ELOOR!Bnd LOoPLERRLE,OLRNS LEORL Lnp placne
pro8ét€ingf t ehel bgufdcel gani Rg valacsafieOmdnmer agoiepver, as a

Conparative Exanple 1 was placed into a plasma. .
resgbhevitan Xarmy CHEE ogds dlgons sRsiate@siaary t(§ES) analysis for

o PR B TS A B0 e F RS B o £
was formed on the surface of the substrate with ITO. It was
estimated that the fluorocarbon film had a thickness of 0.5 nm and
a height of projection of 3 nm. To the substrate after being
subjected to the plasma processing of CHF, gas as above, the
subsequent procedures from ELP coating was carried out in the same
manner as in Comparative Example 1 to prepare organic light emitting
device 7.

Voltage was applied between cathode and anode of the
above-mentioned devices respectively by using a programmable direct
voltage/current source TR6143 manufactured by Advantest
Corporation to cause luminescence and the luminance was measured

by using a luminance meter BM-8 manufactured by Topcon Corporation.

Lower luminance was also observed to conduct a durability test.
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for the substrate was carried out at 200 Wof applied
el ectric power for 60 seconds in RIE node. A s a
wo e®aiz24of a neasurenent for the surface roughP€B$P2065/015598
the substrate with ITO after the plasma processing,
the surface had Ra value of 0.8 nm Moreover, as a
result of an X-ray photoel ectron_spectroscopy (XPS)
The gres ¥kt ©F giheq Instdmatdes 6f the BlhbstpapescphcgaBrorerty are
h f ound ih%{ a, fluorocarbon filmwas fornmed on the
showl 40623t the substrate with ITO It was estimated
t hg’fhé heu £ 4101 PERTRON: { bk &g hadh-&i f M §koessmofed. bnnNfrrms of
and a height of projection of 3 nm To the substrate
brighteesbehapf subfectesuning hehpt ashe prnbtéssi hgmbhaeF3is 100
gas as above, the subsequent procedures from ELP
cd/Boat | ng was carried out in the sane manner as in
Conparative Exanple 1 to prepare organic |ight
T @g%m ng device 7 . Voltage was applied between
a Hode and anode of the above-nentioned devices
respectively by using|aufimegr anmabl e di|r eeternal
gyl i agelourrent source FRGA3| miaufract ur @daiyum | Dura-
Advant estgorparat | on| fatanse thumsescden&Etand [tHeity
I'Uni pance was neasur ed Y9yt ng @arnim nantenfgt er (MBRFB

manufactured by Topcon Pﬂyborat:on. Lower— | Umr-nance

o/ anil . ) e o
cles pSBUGBRETUSI LD conduct & duraphl iy gest. Thesy,
Fesul t otk SpihEtjon“of the umi jnescence
EX. § n / /Cg . N i . o)
Proper iy @& afpuT rrTabre 1Lp 1The aurapritTty
Fent | onggocﬁg@g@d nrthbp estimated|in terns |of bright/ness
(daal f {1 i f eorasstinag t hat the initiabod unji naace ig 100
eed/ n? . InTabledidtd magompar ati ve [exanple 2, an electric
current diVELRY§eAbassed at all [and a | uni nescencd was
not Obsel¥edPEs@A-when t he drijvi ng vol tjage was
%I evat er‘if@sﬁﬁﬁi FEo | I't is found that {the CFn
(& el qeggﬁnteggfca %iy%%\lhl ch.5s a iTsobatijng i¢ m |havieg
a’ thi cknessof - oyer- 30mm  has no contribution for
I mpr ovenmenkr,©ic,RL operty of
(0,) Plasma-
4 processed ITO/

(Ex.2) CFn Intermediate 2.4 74,000 7.5 4,300
Layer /ELP/CaAl
5 (0,) Plasma-
processed ITO/ B No 8 3
(Comp. CFn Intermediate Luminance
Ex.2) Layer /ELP/CaAl
(O,+CHF;) Plasma-—
processed ITO/
6 Conventional
Intermediate Layer 2.4 78,000 5.6 4,000
{Ex.3) e 3
+ Optimization
/ELP/CaAl
7 (CHF;) Plasma-
(Ex.4) processed ITO 2.4 82,000 7.3 7,500

/ELP/CaAl

In comparative example 2, an electric current did not passed
at all and a luminescence was not observed even when the driving
voltage was elevated up to 20 V. It is found that the CF,

intermediate layer, which is a insulating film, having a thickness
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an device while the thickness of the layer in a
thinner region is the nost appropriate. A s shown in
wao bwerozol t of the estimation for organic | i gheCT/JP2005/015598
emtting device 1 to 7, it is cleared that the
durability of the devices has inproved drastically by
the present invention. Mreover, it is shown that the
of osTEsOtIMEs s EF PReCSREFABETHAE BREN ThHPBFRaNbyCt HRroperty of

| asma_pr.ocessi ng, of . on| F .t h ; ;

an d%,yld?g\,,v@é ﬁaiﬁg g%lﬁlé%%s%/n%%'ot\%é%a%ﬁ%gd fhsﬁo%ggﬁéwrg&lon +e
the " tarddie frability test of |umnance for organic

'tght emtting device 1 (Conparative Exanple 1) , .

or ganighdwrghtn emict resgldevifcehd ¢Framptéor Jor orgamie light

light emtting device 6 (Exanple 3 ic.light
et Uk | RR 7 T BABreC A ec EORE SHOWRCEFAL { e of the

durability of the or ' ' i £t i ;
deViG® gt eHtPt \T/%O‘rﬁtcls)%n aéa%%%m&:%ﬂ%rgpn%?%g: ﬁ?@emmn'

Mor &OFPAr e Wi Brbhat tRbtt hige o End 4 YRIL emiet kumGace has been
device 1 having a conventional internediate |ayer. The

imppresdity theent zoma Feaesdrided eelvrGHhgapand the property
enbodi ment_ specj fical I]g. , However, it is possible to
of FIFEYLERBX APFRLHFE hTPINELcope and intent of the

pr S?iethZ i Vo%{gi O J:Je'gw%TglfAlthéPB{i!r%§hEII:-;\I;Yt-erEQ of luminance
C electr

or gah ol Um nescent device conprising a
for birgRihe W 114mig ceoRROUatHdBYEs 1 pIGEseHr dietweBraaplardddeorganic
and a cat hode, wherein the anode contains on its. ,
1iglsurdmds: iaw devéceed dExanmler ) ha0t agnic thhi EKnhedd téing device
0.2 to 30nm accordi ng to.the pr

sent .inventio ){I
6 (EtRam s ) 02BBt &F WPt r%l&ﬁ%f@&ﬁéﬁlﬁ arEhEy JénQ‘: aof#gle 4. It
s own” that the Lt \ ¢ a il evi
i sgqe‘% ceplif ey RALMS 15 %%ﬂ: PLEAREGa k] ST P UNeTaent devices
evice conprising a lirghtemtting conpound | ayer '
by BRESENYsdet wasreran anods dngravest bodes tilveddiyncohpared with
anode contains on its surface an internedi ate |ayer ,
that of the organic light emitting device 1 having a tonventional
intermediate layer.
The present invention has described referring the embodiment
specifically. However, it is possible to modify the examples

within the scope and intent of the present invention.

INDUSTRIAL APPLICABILITY

The organic electroluminescent device comprising a light-
emitting compound layer present between an anode and a cathode,
wherein the anode contains on its surface an intermediate layer
having a thickness of 0.2 to 30nm according to the present invention

(I) enables to obtain high emission efficiency and long device life.
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having a thickness of 0.2 to 30nm 2 . The organic
el ectrol um nescent device as clainmed in claim1l
wob@se20t he |ight-emtting conmpound is a PCT/JP2005/015598
phosphorescent polymer material. 3 . The organic
el ectrol um nescent device as clainmed in claim1l ,
wherein the |ight- en1tt|n%g#ggfound is a fluorescent
material. 4 . The organic S ol umi nescent device as
claimed in claiml1l , wherein the internediate | ayer
has an asperity of Inmor |ess expressed as an Ra
1. value. obganThe eQi@itiof ualieelsicentndesicantcolayi teing a light-
claimed in claim1 , wherein the protrusion on the
emltumaceompouhé Lavernedeaert| hpbrerasan hepght asfl pOsathode,

duct th d aof th
wheBrLr FBPUATARECER CAUF 8P ak CEl AIFEACPnalny (GRE GFLate laver

R OfRr hShng,agohpt er medi ate | ayer havi ng
havgh?hggﬁﬁéésngﬁgo.z to gnn1on the surface of the

anode, wherein an internediate layer is forned as an
organic thin filmby radio frequency (RF) plasm
2. tr eﬁhﬁ\s‘mgéml%eé§§¢ﬁfpé@méﬂ@§ﬁ|e@tc@ﬁ‘ﬁb9ﬁoﬁs ctaimgd in claim 1,

r odu 0 t he or electr nesce
wefedRoEhe S R aamhEaRg GREDaIRE) BFng plpgpsoreetthe polymer
matggg@ﬁlSlng an internedi ate | ayer having a thickness of

.2 to 30nmon the surface of the anode, wherein a
th|n filmis formed on the anode after radi o frequency
plasna treatnment of the anode (surface) and_subjected
3. §m%@fujéhtel@ﬁttlrmlilﬁ‘tm@ﬁcte%a@ﬁ’é%et%s fderigd in claim 1,

| nter |a tign e
whegEihni-e® e?égPFo¥ ln ﬁ?ﬁéégﬁ§eh§s g?ﬁﬂﬁg iﬁhgnyaterlal'
one of clainms 1 to 5 conpri3|ng an internedi ate | ayer
having a thickness of 0.2 to 30nmon the surface of
4. t heThaodeyamherdient raflteri neadieo tf deyiendys pllagmed in claim 1,
treatnment of the anode (surface) , a thin f|Im

S
vwhefgipedien HEHRHE 1R +2¥fD PrEgaBndFPerity 34 %1mm or less

expressed as an Ra value.

5. The organic electroluminescent device as claimed in claim 1,
wherein the protrusion on the surface of the intermediate layer

has a height of 10nm or lower.

6. A production method of the organic electroluminescent device
as claimed in any one of claims 1 to 5 comprising an intermediate
layer having a thickness of 0.2 to 30nm on the surface of the anode,
wherein an intermediate layer is formed as an organic thin film
by radio frequency (RF) plasma treatment of a gasified organic

compound.

7. A production method of the organic electroluminescent device
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(RF) plasma treatment of a gasified conpound and
subjected to a subsequent optim zation treatnent to
WO oroa020301 nt er nedi ate |ayer. 9 . The producti oPCTER20eTH15598
of the organic electrolum nescent device as clained in
claim7 or 8 , wherein the optinization treatnment is a
shing treatnent using a saol vent. The producti on
as qﬂmwﬂg@m ehg ergant cc &6 ol GnPnESBRAL S4BY! B HatSrnediate
ned |n a|n16 | S 2L
lay%% Jihing ¥ lcokrnoecsar onO azsve% ggg‘{fﬁ& S Qﬁpgﬁggtoof Foepgmode,

whefbiﬁ”i]ﬁﬂlﬂnfiﬁh iHeoRieduehi enenehbad théher@dg@nfﬁequency
el ectrol um nescent device as clained in claim7 or 8 ,

plaser ¢ireatthentadcd frhequencgepl Gamfacdat ppdt sgojected to a
performed in a gas contalnln ne or nore nbers.
SubSEARRR b P T ¥ LRy, ERAII T FGGFogAr bBRCTTCgiaEF Laver
to adjust the asperlty of and the height of the
protrusions on the surface of an anode. 12. n organic

g. el etirelumtnesceathdg\denesnjareit by cdteploduckisernt device
nmet hod as clainmed in any one of clains 6 to 11. 13. A
as dl&ﬁm@ﬁspiamylpghtoﬁs¢h@1mﬁéldxgénp@mprlslng an intermediate

el ectr.ol t d d
Lo ST TS ot S, S ARG PR e PO 1385, Sh ey =noc,

wheyg% T%%laﬁéﬂlé’fkéﬁﬁé?Fg ?ﬂ%éﬂgﬂ¥réﬁtﬁ%ﬁ@rb9rﬁﬂgianode
&t i 6 "décor usi ng the at "display I'ight as clained

(sutPa€ép) M 1Zhin film is formed on the anode by radio frequency
(RF) plasma treatment of a gasified compound and subjected to a

subsequent optimization treatment to form an intermediate layer.

9. The production method of the organic electroluminescent
device as claimed in claim 7 or 8, wherein the optimization treatment

is a washing treatment using a solvent.

10. The production method of the organic electroluminescent
device as claimed in claim 6 or 8, which uses a compound containing

fluorocarbon as a gasified compound to form a thin film.

11. The production method of the organic electroluminescent
device as claimed in claim 7 or 8, wherein the radio frequency plasma
treatment is performed in a gas containing one or more members
selected from oxygen, argon and fluorocarbon in order to adjust
the asperity of and the height of the protrusions on the surface

of an anode.

12. An organic electroluminescent device obtained by the

37



WO 2006/022401 PCT/JP2005/015598

production method as claimed in any one of claims 6 to 11.

13. A flat display light using the organic electroluminescent

device as claimed in any one of claims 1 to 5 or 12.
14, A backlighting for a display unit, display unit, lighting

equipment or exterior and interior décor using the flat display

light as claimed in claim 13.

38



