LUM NESCENT DEVICE Field of the Invention The invention relates to a

| um nescent device using an organic |um nescent 5 elenent having an anode,
a cathode, and a film (referred below to as "organic conmpound |ayer"),

whi ch includes an organi ¢ conpound adapted to effect |um nescence upon
application of an electric field. In particular, the invention relates to a
| uni nescent device using an oddEMINESURNALIB¥HtE el enent, which is lower in
drive voltage and longer in service life than a prior one. In addition,

the lum ”%Eﬂbgtﬁjeem%ﬁicﬂlesc” bed in the 10 specification of the present
application indicates an i mage di splay device or a |um nescent device,

whi ch use an or gHri (mvieotivmeslewsttoed dnmineseant | deviasessieg tanedrgarint lumimgssent t he

| um nescent devi.ce. i ncludes all.of nodul.es,, in which a connector, for
exanpl o SFMEH G5 P Toar bt b teiron ¢ Prve el EiccR BREHR: somigina
circuit) qaya™IABhicilaipeludéeitameigadicBentpogk hagredto setfkCP 1ghaRecdsas nipdh
Package) is nmounted to _an organic 15 | um nescent, el enment, nodul es, |n, which
a pri nt ed-appHedian Hoardeqtdc Sielly ily eartighlag thamveplippredsteyto  [ymipgcet devirep,

or nodul es, ;. ieh: i L CAd i 1 an
organi c | }rﬁﬂrggg}({:\@ﬁ@h é‘?gurrré%cg(?cﬁt ? Ecgn?éél%gw?@l% ﬁ&)%“g’%ggvggdsl%%%%&&ﬁ%‘ iqgti on
of the Relsatwice Aif¢ tA8n Anpdpgamiec Ih Laviditescahe loimemsnenti devirre dagtabed dnt the

ef fect Jum nescence ypan appljcati.on. of .a lectri.c field., A ngechanism for
| uni neskbRESHARIGR &Y O PEsn CAPPLigaigr iplggtes, an, ihage Cdivplay o Rrad | o
i nt er posed;Reiseai RvRe! Wad®Suse OOzl lhfdidsodnt @lemat |4k agRidebeme tRment.
electrons filled froma cathode and holes filled from an anode reconbi ne

t oget her ablse, theheminesgent devise chiies allpf mprdulssy Hh VB heRAE O 496F*aP $:0r m
excit ed 29 RhEGHES ddRIEbARIVE A (PPETIcHIBkSithied LAkl P B )a TAR (R

nol ecul e excrtons "di scharge energy to produce |um nescence when returned -
to the baskutstrates] Bbndiagidpecor, a KGR Tapt Garrier Fhekagey it mwsnfedrtrenh bngatice

or gani c ound can include a singlet excited state and a triplet ited
ot ot e, Vi pEeErS et MGG oo PRSP HREOITISUERITa . Eonidi el eniABase
wher e eit hgge 8f att}f oRX ©F aeTUCE! Gt RBAGRAL ini WHIcASar 0C (Bfledratdil TSGR Bedirddlysuch
organi ¢ | uni nescent el enent, an organic conpound |layer is normally forned
in a thin mpumehen anomapic lyminsscast plemephid the FAMF €CIRRHEREDFSelenent is a
sel f-1um nescent type one, in which the organic conpound |layer itself emts
light, a backlight used in a conventional liquid crystal display is not
necessary.Décriptich ofighy Retdnat Aff or gani ¢ | um nescent el enent can be very

advam‘3‘2%6\0[]5I y fzgxg rg%gantig ll?r%ir}egclzerlllt aeri'éjment is one adapted to effect luminescence upon

application of an electric field. A mechanism for lJuminescence has been said to reside in
that an organic compound layer is interposed between electrodes, upon application of
voltage thereto electrons filled from a cathode and holes filled from an anode recombine
together at a center of luminescence in the organic compound layer to form excited

25 molecules (referred below to as "molecule exciton”), and the molecule excitons discharge
energy to produce luminescence when returned to the base state.

In addition, kinds of molecule excitons formed by the organic compound can
include a singlet excited state and a triplet excited state, while the specification of the
present invention contains the case where either of the excited states contributes to

30 luminescence.

In such organic luminescent element, an organic compound layer is normally
formed in a thin film below 1 wm. Also, since the organic luminescent element is a
self-luminescent type one, in which the organic compound layer itself emits light, a

backlight used in a conventional liquid crystal display is not necessary. Accordingly, the



i ghtweight. Also, with, for exanple, an organic conpound |ayer of about
100 to 200 nmin thickness, a tine period having el apsed fromfilling of a
carrier to reconbination thereof 5 is in the order of several tens of
nanosecond taking account of the extent of novenent of the carrier in the
organi ¢ conpound | ayer, and |um nescence is achieved in the order of |ess
than one @igefie HREIABERY elentdi Ncdoh ®eprogeddvantigeonsly hisrmed owbibeattionaraf t he
carrier to lum nescence is included. Accordingly, one of the features is
that the Bgftwgight- response is very large. 10 Further, since the organic

l'um nescent el eRRAL Wi, forCRafdp®!, ah! drbddl€ cbiBbund WFtNSESARAE 160 €200 nrd fn CanN
be driven by DC voltage, and is hard’to generate noise. Wth_ respect to
drive vol thagkmessan taceperatdhdvimg elapssd fodm 1Gbng af pgairier 4 Fcepdinagionshgegt py
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struct ur elesg thaneprs grerorsecond \gyem JREna e Brocodurs, s yRe re O‘aaﬁlﬁ‘&l of the

el ectrol U%@%f%ﬁ’ﬁmn%'gg%g%s ancﬂl\?cmd' ol SR$01§, Sorke Sl tRE ?@atﬁé@% is %gﬂz tHQpedof

913-915 ( such pertormances as thin and.lightweight,
hi gh- speegtspaspaeirpidrgd.y, DC | ow vol tage drive, and the Iike, organic

| um nescent ele ts have en given, 20 attention as. nexi-gen ti flat
panel i‘?spl ay e \é'i%é‘ﬂt SR 3@3 %‘%ﬁ@g SrgmsTEn u%elﬁg%tcésntge%erﬁgrﬁﬁgﬁlgr 39%%
sel f -1 um pEsiceRtnt dBBe@NH dadbglriven BYIDE voitayd, sinbiid hird to ghmyra@rmise. With
conparatively favorable in visibility_and believed,to he effect]

z R

el enent s 1speFt todriveveliazsyan pdpopaictuminansg of pPRAYE” iTaTeHsG !

consti tutiop. of . ' j [ i : i ure
e ar R RS RA0LE ol BRRARAEAuR AR SR, B Ul (i o B G
| ayer byl mgsesctingcat dodende makatl, which sdntdses ddyriggfilking dprridr telatvolr k

function to enhance an l.ectron, i.nject. ual i.ty. Thi i i ble
o i 115 athergang roubuat 1S ot s pgetify o st Mkl (BORY

Fur t her, §t%tﬁ1@%@ﬂ@ér@@§’é qn efWi qheneyd d. ANFassiykd,eOrganit radeamobaninysdeaaps
and 30 bounds by application of a si %I e het eéo élt9r ture, in which a hole
t r anspor t fliedey"adepliccPhipsiss datters, wlg? hlfthd 2c3Hpdtd  8A8- an el ectron

transporting | UM&@?&Q&@WHMEQ&%S&% 9hd likhiSvel S OntisRRPEADIBpMsibility,

al um ni um (abbreviation; ga) are lamnated as an organic conpound | ayer,
whi ch i s Bxplav nedtapel dive, landtthe ldkes eorgdnic flominssesns| demeys drgarken given
| um ne&& eantttcn?ilmelrg% %expgéﬂc? io%nhé/t p%ngf crlllgll)l?iy e?ements. Also, since organic luminescent
elements are of sclf-luminescent type and large in angle of visibility, they are
éomparativcly favorable in viéibility and believed to be effective as elements used for
displays in portable equipments.
Hereupon, in the constitution of an organic luminescent element described in
95 Literature 1, a carrier filling barrier is made small relative to an organic compound layer
by using as a cathode a relatively stable Mg:Ag alloy of low work function to enhance an
electron injecting quality. This makes it possible to fill a large amount of carrier into the
organic compound layer.
Further, the recombination efficiency of the carrier is improved by leaps and
30 bounds by application of a single hetero structure, in which a hole transporting layer
composed of a diamine compound and an electron transporting luminescent layer
composed of tris (8-quinolinolato) aluminivm (abbreviation‘; Algs) are laminated as an
organic compound layer, which is explained below.

In the case of, for example, an organic luminescent element having only a single
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Al g3 layer, a major part of electrons filled froma cathode reaches an
anode without reconbining with holes, making the | um nescent efficiency
very low, since Alga is of electron transporting quality. That is, in
order to have the single-layered organic |um nescent elenent efficiently
emtting light (or driving at low voltage), it is necessary 5 to use a

mat eri al Akgefleyared mhgbowattoofasletthirpofided fmhe i @tligdeciepalies eanofncelarwithsg bot h
el ectrons and holes. in well -%gl ag%e manner, and Al ga d?es not et. sych
requi r emeREOMDIRGIGeVER holey | mekieg IPFECRS AGICHIREEFD [ St r WU deXr i bed
in Liter 1 AYRRE I i il h C By an
i nt erfaczéléb%l?vrxllegﬁ the Iﬁ%l(gﬁh???hnsafg)oiﬁ t ?ﬂg$rfjg{/né€ gﬁig ?%gsgl é%??%ﬁg &%le%

t r anspor tlimmdndsoerit eduen tefficiyrity ¢roitbeg dgbl (9salgiving atHew viditagele ditip @acessary
transparting | um nesgent. | ayer.. Accor dingl carrier.iscefficiently
Feconbieh St TRACORC AR TIRE BT iP BT ChEDL B SuisvBler B o
ef fi ci entelédiiding @sd Role€in WIBbalahedanaeentand {Al§1ddes ar meersublh agkiregediunct i on
is devel oped, it becones  paqassible to control a carrie anmbi ni ng region.

i rre )
As an exanpl e, HErer applicaliprof, the Hnds detgo tsaﬂmfcﬁew@&égg hiterafi dved
in encl 0si,0¢nQk&Rors Tifed Bbf 4 AMBAOTS bR DLIbAKA bR idrerfiBKbA G et NendRbiE
transporting |ayer umnescent by inserting a | dayer (hole blocking [ayer),
whi ch i s tcaspdaitiag daydsl andkthe gldvobe dranbpariies dumbestrol daver andponcliosgyl Inatper and

an el ron . transportin ayer {Literature . 2: Yasunori .Kl.JI Nobut gshi
Ao it re) ERP b Akt e, it B RIE by SRR R eshipBInd
Japanese jd @b &ladtraaf irAapdrtiag LRhinsiceat laydfab pradfde o2 éfidhadif Turhih8R8)de. 20 Al so,
it can be said that the organic | um nescent elenent described in Literature
1 is based on, Wer shepsantept ofarch Retighblesking HEchamds dsepapss ilopccomes
accordi “g)ofsabmoc%on& 5 YdaRGerObecBRibgfin sfeg%hf AR RYmbhe tnaieeistéqgl[?&ert' ng
| ayer and carrying an | um nescence of eTectrons are perforned by the

el ect r on gcrendgpiotwinigh kurresreis @ehitvédipemclosiigdivlesonadptie trhnsparittg leyealand
separatd on_has .further grown to concept, .of. doubl e .25 het.erpstructur

(e hr e T8 v it Fap st e QuRERFEoR PRt e f AR LB YREb e

i nserted JigtMes Bagabi: HObeckingMHRA! betageh ayeholdnehnkheriiap edler @nd hanapont i ng

| ayer (Literature 3: Chihaya ADACHI , Shizuo TOKI TO, T?‘{ﬁsf’;{lﬁ TS%SU} and
Shogo SAltpasportipg dayero( lgHRraEE: éh @sHrpProld LA, Biquposh RRE SDEEDER

St ruct ur epand AN i i 5SS MOburml of NBplies PHyARY; L271
(1988)). el;}j?)MSuch’ ﬁ%é#%%%?kcslé%gtrlg{ﬁ?ghg‘%g an ﬁ%\?gsnt age i (r)1 {Nﬁgtl thtg%

functi onaNols¥h 2245877 (IW8RYs it unnecessary for a kind of organic materi al
to hawg a varie of fu I - 1.nes kL i ity,
Filli r\@ qual i tyA% "I%&*r“% pg%’““??@%tfé%’ §1£a§§:d%ﬁﬁ§%5m§geléﬂ5ﬁ§t u%g&g)gﬁ%tﬁ%%%h
provi des 1aisnbakedfdrgedom speakpiiac tharghdefifgnctimal beéparatios, @Eoordingxanwheh it

i S unnecessa to unreasonahly search for. bipolar materials). That is,, a
hi gh carrylrné 0% holes ais per?or}/ned %y the ?1016 transporting layer an carry?ng and

luminescence of electrons are performed by the electron transporting luminescent layer..

Such concept of functional separation has further grown to a concept of double

25 heterostructﬁre (three-layered structure), according to which a luminescent layer is
inserted between the hole transporting layer and the electron transporting layer
(Literature 3: Chihaya ADACH]I, Shizuo TOKITO, Tetsuo TSUTSUI and Shogo SAITO,
"Electroluminescence in Organic Films with Three-Layered Structure”, Japanese Journal
of Applied Physics, Vol. 27, No. 2, L269-1.271 (1988)).

30 Such functional separation has an advantage in that the functional separation
makes it unnecessary for a kind of organic material to have a variety of functions
(luminescence, carrier carrying quality, filling quality of carrier from electrode, and so
on) at a time, which provides a wide freedom in molccﬁlar design or the like (for

example, it is unnecessary to unreasonably search for bipolar materials). That is, a high
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3 lum nous efficiency can be easily attained by conbining materials having
a good lumnous quality and a carrier carrying quality, respectively.

Owi ng to these advantages, the concept of the lam nated structure (carrier
bl ocki ng function or functional separation) itself described in Literature
1 has been 5 widely utilized till now. However, being a_junction between

subst ancebmgifiow feflevienny Rimds casilypaitained bar COIabmjlllméMt@Fﬁl%élﬂMMna good

insul ati n %) u% 1§Qandtah§anl: %ﬁﬁfnﬁﬁuﬁﬂ@u&%&cﬁv scri bed above will

necessari ce -an energqgy intérface the substances. Since

the presence oOvwing aoethgse bdﬁa’dt@’esJ e ko piof etiie Nminfed seactute catiet he
interface, the two foll ow ng obl. ens, are caused.. One of the probl ens
i s that iPplocking fugctien é’rbf&‘r'l?ti“é?al Isé%ﬁﬁ‘@fl)t el Aegraiped éﬂd[e‘f"if%tﬁrf’ofl hepr per@

vol t ageg &etllyal] 1l¥zed'tﬂlﬁlﬁ§. been reported with respect to existing organic
| um nescent enents that an elenment of a single-layered structure making

use of a conj ughiowepel bemg a jusctndeivesn substanessrd differdnt kieds/0h pagsuknd:

hol ds top. d 15 fromth | et t
Crate) | nBoUEh ERPRE unappd i EHART P rtPurd b0 ThEPREh SE &

“bulleti nn&fesﬁrrﬂlﬁ btiu® laf Grkay/ Bireed £cdy Bitdreate (BeIDe e, SncefthS@edsehde Of
Appl i ed P@gsms ol. 11, No. 1, P. 8 (2000)). In addition, the conj ugat e
pol yner an iepesay ibarmigre ighibity meovemieatsOh? S8 afrficeiniesface, hEIWORIGVINE n a
| evel u t of the lam nated structure with respect to the 20
reco%?ﬁa Il%g%%%z}r%g?l}esg@y of a carrier. Accordingly, it denonstrates that a
single |layer stOnetofitiee pmblemgp isaba it mselt$ ace dairsr dcading foyfukiber redudinan/ef

vol tage pr.qvided t met hod, maki mat er.i al

o equ v Al VotssnacHA o P81 peed hege i St B inertab R GEE=ET any
| ami nat edejeineH@ttHatem cléthentGEn dfplexPlepdd@ehchie Beakilipeude@f tah@nfugate pdipher
novenments of a carrier are 25 prevented at interfaces (for_ exanple,

bet ween alsh@qc@l@rﬂamstﬁam Pﬁ&nway@}ta%an% hplgls; tRe e {compagisen in, hningscepeed
bel ow 8 Fi'ﬁ ﬁfegﬁﬂ%lgt h%%f&ﬁt‘é‘f P%E%ﬁﬁlé&?%ﬁftl"m/we)y liferdtlreddt TQLEANI C.
ayer gher d

conmpound so a hi ive voltage is necessitated. For exanple,
there i s TummtihBiehiletin whiarpardc napkeciki/biastectionicga tSUhgﬁramltéa@epéySO%%tFrD%r is

i nserted nt er f gce wee ctrode and an organi c conpound | ayer
to 30 en%ﬁﬂ@%d gh@éﬁsr?@ lfﬁq ng %@Qﬁbﬁy to reduce drive voltage
(Literature 5: TpkeRtidMkhd®iGugavosblynei idcdamlbadlm Litenien xmgqmmanatédﬂir a

Yokoi, Hitoshi Nakada, and Masam  Tsuchi d Ort%gnlc EL Cells (9
Alkal | ne WEL 890 eBHBGITEl SQUERIEE footal Af SR 1aSRRaRA CONFEF Vit ggpoct 16 the

TRANSAS | %%aﬁbﬁ%%f gE&mMQAccﬁﬂim&@ it8demonstrates that a single layer

structure having less interfaces is actually low in drive voltage provided that a method
making use of a bipolar material can make an equivalent recombination efficiency of a
carrier without the use of any laminated structure.
This can be explained to be due to the fact that movements of a carrier are
25 prevented at interfaces (for example, between a hole transporting layer and a luminescent
layer, and referred below to as "organic interfaces") between respective layers in an
organic compoﬁnd layer, and so a higher drive voltage is necessitated.
For example, there is a method, in which a material for mitigating an energy
barrier is inserted at an interface between an electrode and an organic compound layer to
30 enhance a carrier filling quality to reduce drive voltage (Literature 5: Takeo Wakimoto,
Yoshinori Fukuda, Kenichi Nagayama, Akira Yokoi, Hitoshi Nakada, and Masami
Tsuchida, "Organic EL Cells Using Alkaline Metal Compounds as Electron Injection
Mateﬁals", IEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 44, NO. 8§,
1245-1248 (1977)). In Literature 5, the use of Li;O as an electron injecting layer has
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1245-1248 (1977)). In Literature 5, the use of Li20 as an electron
injecting | ayer has 4 been successful in reduction of drive voltage.
However, there is a field, in which the carrier noving quality of an
organic interface has not been solved, and which presents an inportant
point for comng level wth a lowdrive voltage in the single |ayer

st r uct ur ebegBkhO@sdfBleinatdurtibh poOUAve vBltage) al . 5 Further, the other problem
caused by an energy barrier is_helieved tQ be an influence on the service
life of organi cEPHRTTiedtcEnts @ sienins whighathe carrigr o quadity f awapiepric are

i npeded, AngraRE Al n8N6Eed SollbOVemAdyRE (:Ptéé’segiéi drfidRor it ?Bﬁ‘ﬁ g@icor}{nyeﬁigl 1Eva@ny

definite theory has not been establish wWth respect to su hani sm of
det er i or awitlhn low deve vokagz in éposinglt keger $towbrie ngkolg use iof b bgmode noaeridhe

ressed 10 i nserti a hole injecting | ayer,between an anode and a
bl et thnspor t1 ity OF e Brrbresy caibeoby B G haistos et fnge n
r ect anguliaflu¥ypoéeor tHet Rivdtsilige 6f ofmanfs lun¥aEsSEMKaemEnts HIhAPNE NmoddiHerfes o¥\a

Tang, "Organic el ectrolum nescent devices with _inproved stability",

Appl i ed PRESI@se iapaded.cand\psilliangg is Iqerefigiueda boild v o chayges) ). This can be
said to present e I 4.5 i t j ] LlJ.l apc an be
15 suppressed b?/ﬁlgfi ﬁﬂﬁ%eﬁﬁgégtjggﬁrﬁuﬂg?ﬁ%ﬁ %?hc Sg%g{as*sl&gu\gﬁl% ?e%ﬂneggﬁgi %ﬁ:ﬁof a
hol e i nj en¢dhagisnl efydaterdordtid thiere W moppotttthatdowbengs af briltiaoen ¢adndeabppressedat on

one h the | am natjed .structuyre has an advantage in enabling easil
enhandthd Met BBt fdbIeGHAE AL PR SR P DAl crtRy ARG TG o ange
of mat er ighplsgin@ChidtoDO Briv ENButOACS B¢k OsRtectkRpaldtwAR Antratre Besother 20
hand formation of nmany organic interfaces (in_particular, formation of

organi c i YanSltigeds I dehagt, i hg Warlepsr sOfsgnia glesipluatpesspntiofedensr Withs)

i npedes t . L eh afr.i bl Neng _oNer | f ive
vol t age gﬁ%}? ri ??@%ng %%ﬁ)lmgg nggmersarleﬁl%?’ ?%fé@?hygh? |§’on reupg%?6ﬁhgg{s

i nvent i orcahake istisl @wbjpewstntt an prxpeiinientah egidgaed ¢hdt Upiveasg enft bril2Bned eare e,

whi ch kes the best .use of an advantage.(functiqnal separation).i.n. a

[ nd R IPRIER R, i el e B Een A et v B AreRSRE SRR ijeksPe.
carrier hyydrahi @at dRgingn energy barrier present in an organi c conpound

| ayer, andyvvhich is lower in drive voltage and |onger .in service |life than

those in the reéf&ededrid from Parabiovetat on ere hinreiieilamineiad structesjhag @nt o
remove Ora%?ﬁlmlﬁ% i %55&&%5 e&ﬁ@i@ﬁhm&iﬂga@?u@fbﬂﬂﬂ%rp effﬁbﬁ'&}&yg? %lji%%(?fcr apd

enhance nob of carriers manu ng an el enent er ent
concept fentmpinlgat raoge pheatoial eelectonainl tprmos elifunanered tsephrstioruatdueretheiatherwhi ch

gg;nrel g()sng{quq’orlnlljzmorﬁeo Irexzrilrtly |01a fic i e?'fagtlasoﬁrlf %grt{cg{ar,rt%%lqgﬁ)c'mno E)r%gﬁica}rrxlt%rt‘géeét he
for blocking carriers for recombination of carriers) impedes movements of a carrier and
has an influence on lowering of drive voltage and brilliance.
Brief Summary of the Invention
Hereupon, the invention has its object to provide an organic luminescent
25 element, whfch makes the best use of an advantage (functional separation) in a laminated
structure used in the related art and enhances mobility of a camrier by mitigating an
energy barrier present in an organic compound layer, and which is lower in drive voltage
and longer in service life than those in the related art.
In particular, the invention has its object to remove organic interfaces present in
30 an organic compound layer and enhance mobility of carriers by manufacturing an
element of different concept from that of the conventionally used laminated structure, in
which carriers in a luminescent layer are blocked for recombination, and at the same time

to realize functions (referred below to as "functional realization") of a plurality of various

materials in the same manner as in functional separation involved in the laminated

-
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to realize functions (referred below to as "functional realization") of a
plurality of various materials in the same manner as in functional
separation involved in the lamnated 5 structure. Thereby, the invention
has its object to provide an organic |um nescent elenment, which is |ower
indrive voltage and longer in service |ife than those in the related art.
Furt her, strhetursVidmetabgnthhagventison diaj é@s tobjeot q@rmowde an okgﬁmmlesumstemie:wemmt

which nma e of. such organic, | un nescent e be lower in
dri ve vomiiaéysiﬂwere 1 SRR P R RO e 1 R Moot IariBR ane
Further, the ik, Gfe NASedtioh R AStobldt P6 Prowide %nltﬁﬂllﬁéidehﬁ deape | RAkA,

whi ch i's manufact ur éd by the use of such |um nescent device to thereby be

| ower in nmkmmse@ﬁguﬁhmrg@n%\wwwm@t@m &0 theeabyibs lower ieflayeoltage tand
Mti ga ‘i&i%ﬁ . ﬁgsefﬂ %%ﬁa Qﬁ-&:{ £thd r}cl?tcdag?t NAL Ak Sty ﬁ&gﬁtfcfdl ﬁaﬁﬁayeﬁ&?'tx

found i'n ue of i RGertion Of & carrier
descri begrovidd iahedladtric eap@ha;;k:eh olech i jnmrmfamgxrb(ay)grthb wsexdnq:ichrlumynescent

illustrated. with the of an ener band ramln Fi I n Fi 1A,
an anode JEHEe AnANSIeRbPE P RFef PRE TR0 408 P Ul seipyht gelbisdon
ot her, ingwhich case an energy barrier 104 associated with the anode 101
and the 15 hole injecting |ayer 102 is |arge. However,- the ener?y barri er
can be desi gneMltmaaoepé@welérgyahm@r emﬁdamme}edbgimcngérns inatceablyafavwpran

i nj ectjipng; | ?%lﬁ{qul £ 3ndBRESH bPla O épﬂllﬁlﬁd@@iezls Rscfb @G it GGRIP SR note

nol ecular—o ) positioned  T1nterired

bet ween iigjactigg la@ar podxeniplatly (iHogtiated eith the umokari anaty dand diageae infFigret al )
of the anode and a HOMO | evel of the hole transporting |ayer. 20 Desi gning
t he stepvﬁ%e energy barrier as shown in Fig. 1B nmakes it possible to

enhance the filfhipg fAlahh bo®d 161 a4 Kdle lﬁjem@la%lemz aftejoirAdditRuguse! y
| oner the drive Vvdltage to sone extent. However, there is caused a probl em

t hat an |en©hr ethisa inrwhick casuabenergy hamsien 04 associnted wiitlythd pradsakd and thee
nurber R %g#tﬁlglf &9{ hgﬁsgclf’;g%hg?é&%e 281‘&9%11 r bhﬂ?f%'r%%é%’e B&@ tdefna%“re 4

to belPe on5| I'ngl e-T"ayered 5 structure hol ds
t op dat astdpwdgd menno| (Figd B)ng ipssveing ef fai twile ijyctingd a8l a/maleyiablisvicgai ng

such pro i S possible t onme l.eyel with drive vy & and. power
effici eng qlinr?ftfﬁéh?f RGFEe ﬁ‘é‘?lﬁﬂﬁg‘i PERit K'Fterfﬁﬂl helowdRi #g lghmgs?os&é ge an
advant ag@ntéﬁné/cﬁﬁtb Vv &n 1ORIABMbADSLHAR RYuAAFAL REForiaNthcBBY i @M'%etal)
nol-ecul ar design is unnecessary) in a l'amnated structure. 30 T

fundanentoélhe(ﬁmdepmdll@Mﬂiﬁthmhwbtl@mﬁ@&ﬁaﬁfgat| ng an energy barrier
pr eseab in an %Q%@ﬁfg ﬁ’l%rg&%%ge LAYEY tHAI AN shaWn IR F5 S AFE nlaRed 1So04PREL Of

organi c
enhance the filling quality of a carrier from an electrode, and to surely lower the drive

voltage to some extent. However, there is caused a problem that an increase in the
oumber of layers results in an increase in the number of organic interfaces. This is
thought as indicated in Literature 4 to be responsible for the fact that the single-layered

25 structure holds top data in drive voltage and power efficiency.

Conversely, by overcoming such problem, it is possible to come level with drive
voltage and power efficiency in the single-layered structure while making the best use of
an advantage (a variety of materials can be combined, and any complex molecular design
is unnecessary) in a laminated structure.

30 The fundamental concept therefor may be to enable mitigating an energy barrier
present in an organic compound layer without an increase in the number of organic
interfaces and not to impede movements of a carrier. The inventors have devised an
element structure capable of realizing the concept in the following manner.

First, a way to mitigate an energy barrier relative to holes may be to provide a
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interfaces and not to inpede novenents of a carrier. The inventors have
devi sed an elenent structure capable of realizing the concept in the
following manner. First, a way to nmtigate an energy barrier relative to
holes may be to provide a 6 layer (referred below to as "hole transporting
m xed |l ayer") obtained by mxing a hole injecting material of high HOMO
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in Fi gl0 ompigrial prareases tpWard,ae caodei pydi e Wied m t1ARP Y g Jeperd

straight 11068 %ecrée s'a%a?ufr{)ﬁacih%n&ncid@abvﬁﬁg%%fr&ﬁtid&noﬂg@éﬂ esticenkaidmor med

to increase or ase ht that in nmany cases the
concent r agradiengy adicents smpethiieféavestd frgmethe af thehanodp padgfardeshwitput The

isth it th t i
peci 1 coBHEH ALY SRS EhEapur Al ioh co RIS Ry HhelT e ok 2
an energéprgﬁ{nrg;@rofrseﬁvﬁdme to electrons may be to provide a Iayer
(referre

below to_as "electron transport. m xed 1 er") Bt ai ta}é/
mi xi ngt&n eI ect Mopddifipmcior e rﬁé]t“’eﬂfaﬂonﬁﬁ%‘ie%‘gf srghl RSefre( 1S5 gQ ctron
affinity).( entlraqyb% Céraéﬁ@ GH @’1 20 FRY REr RMnoP h@écrssz(rﬂfﬁfér heed &Qirﬁ’ﬁﬁnk@o agch

"LUMOD") and an e ron 5tr nsporting materi al hi gh el ectron nmobility -
t oget her . stiligls lw&y a:mketgsmuffpo@sltbhfewrmenﬁaﬂ@i gdientsale formsdy l@ginpeease or
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spor ayer, suc In the electron
t ranspor thygurved ¥edietiyeof cotiml eTiectamanis thi @atd with wetee coatensafior gradgents
recei ve electrons from g, side cat hode and the electron transporting

mat er i 2} desexjaad Wdh"c%ﬂeﬂfw@il%f’f‘é‘ﬁ?“ﬁﬁt PIEAUY s preferable to form
concentration QS%&&hﬁly} Pl 8o BhiBGAEQR dneAISROFéN BBitive to electrons may be to

provide a layer (referred below to as "electron transporting mixed layer") obtained by
_mixing an electron injecting material having a low level (large in electron affinity) of
Jowest unoccupied molecular orbit (referred below to as "LUMO") and an electron

25 transporting material of high electron mobility together. This way makes it possible for a
single layer to realize functions of two layers including a conventional electron injecting
layer and a conventional electron transporting layer, such that in the electron transporting
mixed lajzer, the electron injecting material serves to receive electrons from a side of a
cathode and the electron transporting material serves to carry electrons.

30 Also, it is preferable to form concentration gradients in the electron transporting
mixed layer described above. That is, as shown in Fig. 3, the rate of the electron injecting
material increases toward a cathode, and the rate of the electron transporting material
increases as it goes away from the cathode. Owing to formation of such concentration

gradients, electrons are smoothly received from the side of the cathode and carried
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m xed | ayer described above. That is, as shown in Fig. 3, the rate of the
electron injecting material increases toward a cathode, and the rate of
the electron transporting material increases as it goes away fromthe
cathode. Owing to formation of such concentration gradients, electrons are
snoothly received fromthe side of the cathode and carried 7 wthout
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absorption spectrumfaor the sake of conyenience, it is_possible to

cal cul at eECTSEINR) A JRTERIFCRRAIFEe BRHOPEIP g0 dovaTMR OLr YK RHAEe pBe
Further, bRes@iddofsci@e fife.dope a |um nescent material in the above

bi pol ar-natured m xed | ayer for light emssion. In this case, the

| uni nescent nat &t pdditiond} ifgthauehsshaitin piralamparercd misaelayskd palcrighhames gy
| 2> oufl: i S EPORRE il (Wlor TRAERd R Aty MBCARR D JIATIRGA " | N9

mat eri1 al contal ne ; r-nature
of the present application indicates energy difference between HOMO and LUMO.

HOMO can be measured by means of the photoelectron spectroscopy, and may be

thought to be equivalent to ionization potential. Also, defining the excitation energy at

ends of absorption spectrum for the sake of convenience, it is possible to calculate
256 LUMO from the excitation energy and a value of HOMO level.

Further, there is a way to dope a luminescent material in the above
bipolar-natured mixed layer for light emission. In this case, the luminescent material
being a dopant must have a lower excitation energy than those of the hole transporting
material and the electron transporting material contained in the bipolar-natured mixed

30 layer. In particular, it is preferable to use a dopant (rubrene) of carrier trap type for
further increase in the recombination efficiency of a carrier.

Also, the hole blocking layer described in Literature 2 is generally composed of
a blocking material. The blocking material is generally one having a larger excitation

energy than that of the luminescent material (that is, capable of preventing dispersion of
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30 layer. In particular, it is preferable to use a dopant (rubrene) of
carrier trap type for further increase in the reconbination efficiency of
a carrier. Also, the hole blocking |layer described in Literature 2 is
general ly conposed of a blocking nmaterial. The bl ocking material is
generally one having a |arger excitation energy than that of the

| um nescepildBBiaeldxaliodshNald tife cAAPAR & reterl 4piBlE NG WoEPEE. ShoRa®f cadds,
nol ecul ar excitons), and the carrier is a material capable of blocking. In

many caseboles argibdeckade bl ocked. The inventors of the present application
have devi sed . : I ; ' d
ve CEusen @ Aay .lﬁ&eg% BeApk D Eeny %g@&@gg&@.g@@ YL 2P%ay R AGHth NIRBH Ur @

m xed | ayer") obtaine material and a nateri
the | um ngsfeenrt beywerto(ar "Hosdingrat@rddaimsxadf laybe) lobtaineisbe mtixingyeb)ocking t hi s

case, the bl ocking-natured m xed | ayer can al so function as a |l um nescent
aver . Anmasiel and Borpi) LdemnirRh Yo e o) St A i MBRRERbnt | y
bl ocki NG ByeSafd K cABIHINISAHHAha @YX HHRA 1hNET@ Aisol Mndddi 4CHlldhineddegt
bIocklng-ngtured m xed layer 1s preferably formed with 10 concentration

gr adi ent slay@hiagdise ¢recke segardasars p duminspesst laies cpprhie 96 cfficietly blorcking a

bl ocking material), in one.of rhe.layers, which is not blocked can be
snoot hly ﬁﬁvgﬁmgﬁn@?g@ﬁ%??ﬁgn?%%gg%sing the concentration of the bl ocking
material as it pgogartakds, fthorblbidng-haniksakseiend lhpgreis preembpoformed mvedent

years, organic | um nescent el enments capabl.e convertin 15 en .
(¥ ot o HQOBGrBIG Goicpis Shis i GRERISE GRUTFIFIOTh i F O o bIAPU Hhen

returned phLo. gy ﬁﬁ)%eﬁ)g‘”ﬂtneglra Eﬁ?}n@(ijéh%%'o?%lo%ﬁ@d ERtbSiRb&hly Mbeed By AAnae

have been successive sented, and notice has been taken of Their
| um nous Bkcfdasingnéhe (chntamtration eof7 :thd, blecking) Bafctal ay itAzoBahyway WpmE the

Thompson and_S. R., Forrest, "lInproved energy transfer in
electrophﬁ@ﬁﬁgFggégﬁF devi ces", Applied Physics Letters, Vol. 74, No. 3,

442- 444 (1999)) HeRfipbh, inereatntry@af; ofgainkummiststil ¢levemtn capblel ANGn i@y UK
YAHI RO, _Kenji ~ NAKAVURA, Terujchi WATANABE, Taishi, TSWJI . Yashinori FUKUDA,
Takeo 1RWKINETGCERPIDADE P 2 tw@ﬁéﬁﬂzlfewﬁew %L}%lﬁfﬂ&ﬁﬁ ‘%g‘"ffla{ﬁc ne “i’i‘?lt‘tﬁu ni c

Lum nescepf 00k CoSe Wbl h Mitifhldd "BXEREP |sBite, amtd 1dmimhed, ENeShichesdoetdstlely
Japanese Journal of Applied Physics, Vol. 38, L1502¢L1504_(1999)£. 25 A
net al conpicesgtedf anghineticeckast bedn talem of jtheip luminoumetfigensyed-teptyiet &r Bt dire 7,
and a ne .conpl gx i I £ St ingli j i ;
Literaturgﬁ%gmﬁﬂggg'g?%%hﬁﬁigrﬂﬁﬁﬁégﬁéwgqéﬁg&gﬁF§£cgggﬁ*ga%?H%ggﬁgg?fﬁb
triplet eyettreshosplesrgycenndevitasit Applice Phiysies Eetterd, Bal Gdy No J 9424441 [(IL1e49)),

Lum nes e ok 8 SRl RO Viobi S SVANE URAEDEE  YAHIRO, Kenii
NAKAMURA, Teruichi WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKIMOTO apnd Satoshi MIYAGUCHI, "High Quantum Efficiency in Organic
Luminescent devices with Iridium-Complex as a Triplet Emissive Center”, Japanese
Journal of Applied Physics, Vol. 38, L1502-11504 (1999)).

25 A metal complex, of which central metal is platinum, is used in Literature 7, and
a metal complex, of which central metal is iridium, is used in Literature 8. These organic
luminescent elements capable of converting triplet excited energy into luminance
(referred below to as "triplet luminescent diode") can attain higher intensity luminance
and higher luminous efficiency than in the related art.

30 However, Literature 8 has presented an example, in which half-life of luminance
is about 170 hours in the case where the initial luminance is set to 500 cd/m?, thus
causing a problem in service life of an element. Hereupon, application of the invention to
triplet light emitting diodes can provide a highly functional luminescent element, which

is long in service life in addition to high intensity luminance and high luminous
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and higher |um nous efficiency than in the related art. 30 However,
Literature 8 has presented an exanple, in which half-life of lumnance is
about 170 houts in the case where the initial |um nance is set to 500
cd/nez, thus causing a problemin service life of an el enent. Hereupon,
application of the invention to triplet light emtting di odes can provide

a highly functional . um ne , i is long in service life in
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an anor pheuganis igtesfacihi ch nol ecul es of an organic conpound aggregate due

to the internol g;ﬁ{,%cf09rﬂgéemea{al;ﬁs\ﬁ]sbi@%ﬁ%gﬁﬂoéi“ﬂﬁ%@'{sggegaeﬁaeed fréth Sh&phbIoBy
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st r uct iPe of loagania inderfares.ubnh wrgdnic compgusbbgpbinean Reganimiuarinescent qlement ifs,

organic interfaces) of 15.thg hetero_str re.ar.e. o I e
di ffer encé‘grmﬂ%f’rﬁf)%‘@ﬁ?e  Of A AN, 10y aﬁ‘o?neléﬁ%gltrléj S%(t)ehf\?lagfé gﬁ‘lglgﬁglgﬁf fﬁ?%gr&fg%ﬁfar ,
in the cagempber® agpieghicalise hathe gngi@alebylatifbicer @ainlynblasalibardipolzespolar e

used to formthe hetero structure, it is believed that jupction at the
organi ¢ i mteracters Hopevep st dusth ageregatvent motpeiles it #p¢d i'Q ToABwWA Heffre g.
21. In Fi | i i k s, BRlBEUinBSfaédd brand
a second ?’%ég] reZ%r%h%getr?p%@égﬁ%)%%ﬁgrpg%lﬁgﬁgéggﬁggg%i%% ar gp%arri nat edég

t oget hdb. thahethicstoasee aregraomly affectedoby diffesencss immejerrdat sizg anppodiseldd  on
an organic interface 2113 forned. Since it is possible that the regions
2114 of ir‘ff’%&?'gfm%ﬂ'i gnment shown in Fig. 21 neke a barrier (or an energy
barrier) for inmggangumBVianBatseafhete aaldriay havidg gready difiestre dnoleSlartsiest hey
make an obstacle toward further reducti oqﬁgg?%j&ve volta

. Al so,
carrier, W B3pdadABR tRfoheigrer Stustirenit ig0e junglien ﬂ%%fgalig ”éfg’éfﬁ%?F ge
to possi bly o RAHES in LESHELLOThe B6REPE RaBoARAY Figl 20 IIHFiHENG QTRSE layer 2111

20 composed of small molecules 2101 and a second layer 2112 composed of large molecules -
2102 are laminated together. In this case, regions 2114 of inferior alignment are produced
on an organic interface 2113 formed. '

Since it is possible that the regions 2114 of inferior alignment shown in Fig. 21
make a barrier (or an energy barrier) for impeding movements of a carrier, it is suggested

25 that they make an obstacle toward further reduction of drive voltage. Also, a carrier,
which cannot go over the energy barrier, accumulates as a charge to possibly induce
reduction, described above, in luminescence.

The other of the mechanisms is thought of, which is generated in the process of
forming a laminated stiucture (that is, organic interfaces). From the view point of
- 30 blocking of a carrier and functional separation, an organic luminescent element of
laminated structure is usually manufactured with the use of a multi-chamber type (in-line
type) deposition apparatus as shown in Fig. 22 in order to avoid contamination at the

time of formation of respective layers.

Fig. 22 is a conceptional view showing an example of a deposition apparatus for
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The other of the nechanisns is thought of, which is generated in the
process of formng a |lamnated structure (that is, organic interfaces).
Fromthe view point of 30 blocking of a carrier and functional separation,
an organi c | um nescent elenent of |amnated structure is usually

manuf actured with the use of a nulti-chanber type (in-line type)
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the time of formation of respective |ayers. Fig. 22 is a conceptional view
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respect i gn) ANES SmtfrureNfhe A(ﬁmeaﬂédﬁ iﬁé {461 MIBbickfa ta%goﬁari@rnﬁpgaa'dggidnayer
p epos 22 e lu
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carrying-out chanber, an organic |um nescent elenent is obtained. Such
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15 respeat,i IS i din different deposition chanbers 2201 to
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even a trace of gas conponents will easily forman adsorption |ayer,
amount i nday®s axsdsgercalygnxgd withgmeagplier ayer, in several seconds.
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ST UNCTE S RN ENF SN I N e
easily form an adsorption layer, amounting to about a single molecule layer, in several
seconds.

Accordingly, in the case where the apparatus shown in Fig. 22 is used to

manufacture an organic luminescent element in a laminated structure, it is problematic

25 that large intervals are generated while the respective layers are formed. That is, there is

a fear that an adsorption layer (referred below to as "impurity layer") caused by a trace of

gas components would be formed during intervals in the course of formation 6f the

respective layers, in particular, at the time of conveyance through the second carrying-out
chamber.

30 Fig. 23 shows the concept described above. Fig. 23 shows a state, in which wheﬂ

a first layer 2311 composed of a first organic compound 2301 and a second layer 2312

composed of a second organic compound 2302 are laminated together, an impurity layer

2313 composed of a trace of impurity 2303 (water, oxygen or the like) is formed between

the first and second layers.
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gas conponents would be formed during intervals in the course of formation
of the respective layers, in particular, at the tinme of conveyance through
t he second carryi ng-out chanber. 30 Fig. 23 shows the concept described
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conposed of a trace.of inpurity 2 gen ar t forned
bet eon THUMT e ARPEBL G Ve B0, 4 Daplri iy Ty eh el

respecti veyl (ﬁfﬁﬁﬁ@ WRIne SR E cle PRl ft@ﬁﬁ:%éby‘ ihpelt fnovBRRARIf ARK Bidr, nEBH§ fésﬂltmg
regions, which are liable to trap a carrier, after the conpl etion of an

organi ¢ | unirpisingethe drivenmegitaget Butthesy é/thynﬂmpga@ regee whirhodre diabker 1o @ap at hus
resul U1 59 okt eSOt Bk Y5 YO ARG BB Biont I Dol Y e £

rdp ' carrier, are reseh rges-are accurmi ted
in the regnmrﬁlntaﬁcepasmctrmedlatbdu@e reductl on in lum nance as descri bed

above. Taklng a unt of such chapisns, .in order to overc robl ens
(wor seni ng %&H’rﬂo‘f‘?&a‘;}m& YFG BRCRATNS P AT taﬁdeFBWP@ﬁméRWPﬁﬁWﬁty

| ayers) C%f%ﬁ@r;ﬁabl&g@eof 6@%&: Hﬁé’ﬂf&d&&‘%d%’o@ﬁﬁh&n 'o@tlﬁ{pﬁﬁﬁeﬁayeif@ daﬁseﬁeﬂuihr ed
that both the elenent structure and the 10 manufacturing process be free

from conveiht)v*tmmlntlenml@@mccﬂtelrfammatIédecsllreddh%trté)th R dementstimpluee arfd dg
or gani gol um iy g&en%g gromssrbe ferﬁ? r?rn‘é@ng'é nﬁo&qv\%&n%ﬂ% 81{ faﬁﬁgaﬁedagtf ct 1%”]&I &h ely

renove ani um nesc a Ssin

conposed Q:E(am@ley of ﬁhthgraﬁlcoﬂumlﬂa:Sd:e@lttélaﬂﬁﬁt}rfrloﬁg Wmtlerd)@hmand:talﬁacﬁh em:r on
transporting material (referred belowto as "single mixed |ayer") i

provi ded SEMRERYLEROE e 30 BigaRIC Hunipescenl lsmesholtt B PRI, ArSinge dayer
Shi geki NEfynoka? Y bt aSEIEM}Q of h@%‘{ﬁnss&sﬁg ,matﬂlﬁl%la' an DAV RPSK 13 Z Uo

M YASH TA, ""Organi ¢ El ectrol um nescent ices Using a Mxed Single
Layer", J amtntesle(rcfommablowf toAppisingtt Piwest lagsr Ms|prodded hgwegr Both echxrmleL1774

(1994) ter at g r Y

(1900 s, e bSTLHRS By OOS BB S PASHI SO LR B RARLS, &
as " TPD") Hivéshe DNINAGKWAOAR] KﬁﬂitsDﬂms}ﬂmaf'otgﬂmcaﬁﬂc%lﬂﬁune&_btrﬁh)é\&cssf
he si gl S5 8rkedtSileieuk e CPana P waebal ASPliEt byt (ke 57 ot et oro
struct ure rfigi788d 79k [ {ygapgani ¢ interfaces conposed of TPD and Al g3), itis

denonstrat ed t hat t&e former is inferior to the [anm nated structure in
terms of 25 | udinnbiferatifrfi 2i eneipgle-layered structure is formed by mixing 4, 4'-bis

20 [N-(3-methylphenyl)-N-phenyl-amino]-bipheny! (referred below to as "TPD"), which is
of hole transporting quality, and Algs, which is of electron transporting quality, at the
ratio of 1:4. However, in comparing the single-layered structure with a laminated
structure (that is, a hetero structure formed with organic interfaces composed of TPD and
AlQs), it is demonstrated that the former is inferior to the laminated structure in terms of

25 luminous efficiency.

The reason for this is thought to be that with the single mixed layer, holes filled
frorn an anode and electrons filled from a cathdde are frequently passed to opposed
electrodes without recombination. Since the Iaminatcd structure functions to block a
carrier, such problem is not caused.

30 In other words, it can be said that this is attributed to the fact that the functional
realization is not generated in the single mixed layer described in Literature 9. That is,
unless there are provided in an organic compound layer, regions, which are capable of
realizing respective functions, such as a region near an anode, which functions as hole

transporting, a region near a cathode, which functions as electron transporting, and a
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The reason for this is thought to be that with the single m xed |ayer,
holes filled froman anode and electrons filled froma cathode are
frequently passed to opposed electrodes w tHout reconbination. Since the
| am nated structure functions to block a <carrier, such problemis not
caused. 30 In other words, it can be said that this is attributed to the.

fact that 1u‘iﬁlge BRC tdpnel disthalklogAlotD eitidats qenernat edrepiont hesd agtaried xed

| ayer descri ed in Literature 9. That (is, unless there are provided in an
organi ¢ cuepobings), apafficierigh g SmifHoR is BRteCRiTdAVED SYhen Ui iHeraeEs BEtt i ve
functions, such as.a_regior . | : i :
transpor A - ek edhe iR SgERBER L} EhaiiATls dmAESRRy fver.

t ranspor t jghgssidlidihat a lighl emitnasaent cleegiden disst estitf quumch ot trustdot srodes
(that is, a region where a carrier reconbines), an efficient |ight

emi ssi o iranshetto ckstiPded even when or ganic interfaces are renoved. Since

the entire orgaf ¢,;cRAERd ke ntd WaRtiUSRBoAShA IHéMiNGSCANMed| Ryer cadnbt | S
possible that a light emts near an electrode. As a result, quench is

caused i nexdribit gy fubctiomafudliye thetipvesiterstafdlie presgnt apmdicAiemBive daiSeAg VAY &
consideratian that the singl i ayer. LRt d j

fully, ¢ hEsafigg afl reanicr %S%%ﬂ&%%f?%%ﬁ‘%‘ﬁ??%% hoégéé‘mégi\lﬁegﬂé’%&a&ﬁg@ﬁog@d
real i ze aghen @ bipolavhiRst itteddhgerashbwniin Rigi£is fanyedagahiminesteet fegives ar e

renoved when the bipolar-natured m. xed l.aye 0 i i Q. i s f
a l u\r/n' h@sarhthe &giCB:aSallr@alé%?&O?% Ppémélﬁ ‘BHQ% ‘ﬁ‘&y}ﬁn‘ésﬂ#%ﬁﬂlg‘ebag‘glsnlfgéﬁ? i EZ

the di scl £l dovEl 9. 24 shows the concept described above.
In Fig. 2 ,D%S(ratggicgll’eﬂg%?ﬁ&gﬁsﬁir gé’r‘{i c conpound | ayer 2403 conposed of two

kinds  of mater imFig. i2Acpuodided i ahairganie seropound lageralEr sompospdiohwekidee r on
transport b ”&}1@ @L&igg‘;g,h%g%hg'%lfsgtg{tfn@%%{gﬁa{‘ fnd 88 cRRrbA AnSRIRRS Bfhidial 2

hol e tran$ transporting region
conposed gfe ARol8liRAEFRINE FERSPOH0S BEmpEHedof al holatrdnsporfingemiaterielgianelez407, i n
which a hole transporting material and an el ectron tganipgrtinggfateriﬁl
are ni %Bdteptperting regen 2408 cogoaed SEER FIECHILURMPITRE FALTEL 7ut & B46T, a
reverse §f1£1(5]r?§%1!(5’ﬁ iﬂ'?%bigf a%@@h@%pol‘t‘ihg"ﬁilaﬁé?iaﬁ af@bh QR34 AdnkSorAn@ialathion

e. In’ addi

the substr tiron, wth such element, a definite |ayer structure
such as aateohdxdd apstert Wiglel aty enodes 2400 inprovidadian 2 sHstals £4H Cefayerse

“region" representi each _functi LS : h Q Wheke ssikehieligment
is formedst ‘Hﬁr%magnt?er ﬁﬁ%l%%’t fnnglhg%t iérclaa. %gazn‘ldlr %asc |0\?g&and car ng hol es on
an anode gjdiioaNwithRecietraicngn defmits paydrishgctweat srchals ackzoic trapsportyes Wser Sarry

el ectrons on a cathode side. Further, since the. m xed. reqgion 2407 is
bi pol a2O0naptfosaed. ;e iForby wEma FEd éEI?IFﬁﬁ{‘ém&&H‘ghW €§?Ihlst"§gé'm xed region

2407, and a In the case where such element is formed, the hole transporting material can
receive and carry holes on an anode side and the electron transporting material can
receive and carry electrons on a cathode side. Further, since the mixed region 2407 is
bipolar-natured, both holes and electrons can move in the mixed region 2407, and a

95 carrier recombines in the mixed region 2407 for luminance. That is, unlike the single
mixed layer disclosed in Literature 9, regions capable of exhibiting respective functions
are present in the organic compound layer 2403.
Further, with the element shown in Fig. 24, the functional realization is possible
but there is present no organic interface in a conventional laminated structure. Also,
30 quenching can be prevented by separating the luminescent region from the both
electrodes as far as possible. Accordingly, it is possible to solve the problems
(worsening of morphology of organic interfaces and fonnatiqn of impurity layers) caused
at the above-mentioned organic interfaces.

First, an explanation will be given to solve the worsening of morphology of
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25 carrier reconbines in the m xed region 2407 for |um nance. That is,
unli ke the single mxed |ayer disclosed in Literature 9, regions capable
of exhibiting respective functions are present in the organic conpound

| ayer 2403. Further, with the elenent shown in Fig. 24, the functional
realization is possible but there is present no organic interface in a

convent i oBgdantcafmtbgiced with uefestire ol Bip, 253(Figueficdhong sanr@aipieudriedt by
separati ng the lunm nescent. region fromthe hoth el ectrodes as far

possi bl e. Cl&gwahdVRighys tyRifipd 1B §égi 44 anq OWBIYS 7 FRBIPH %ileﬁ%mp?mr%fgwﬂb of
mor phol 09y, 9,98 C sz%‘iﬁf%ot?rg:@?éc%ﬁ&tr OoticuieddPbbt ¥nd ¥8%SA ¢ bed

I
at the above-nentionad g%lgam cin aces |rst an expl anati on Wi
gi ven to 851¥eontamingpbsibrihagmall molcpkics 3591 efid 1313@ orgetnles 24e Afsaappsrent t h

e Firg SR Aol T A by Ol

nmol ecul eszgﬁpgfmperfogghgﬁn&ﬁja;?emmggd of | arge nol ecul es 2502, and a m xed
region 2513 containing both the small nol ecul es 2501 and Iarge nol ecul es

2502. As appar efts® # rsoiitiking to Jormpdnn o) JnpHEY olegansi & iSHRRIET Ak <lear1 tn
shown i n Ellagufa%&mng he B189i¢ Rifnih 8L A Gemedd' s%foxﬂnrﬁfnetflgoﬁél 3] héie mﬂ%pﬁgg%not

present. rmation o urity layers i1s si
clear. | nmalmmllfmcdapbsxmgl bheamragada’ can @MCHGBMpeitmgemateaml shmddmonalﬂfj/ g.

24, a b tran i t |ted nan an an_ el ectron
Cr anepdPt ArROE SRS in e ors el PyReERSHEna: FH RaPioet Triobnas G o
codeposi t!f&ihah@nf&f fRe@mitede tbgift)| ®posi@ibl &f HRI holk OfdRpb@MgOMhatehigl MayeBe
regi on, deposition of the hole transporting nmaterial nmay g st op ed to

pernit depopped wnpesmit drpositientof dhe eleeirarpbraSPRYINEaMaterial- ACA@ESB‘E‘&!% £5¢ ar¢ her e
are not B{)tﬁ;gr\%geﬁt h&%n}g%gghygé gg.h&{n@d %nﬁﬁgi&dﬂe Bsitioh gﬁ%rgﬁs denos &rf p%g

apparat us's ufacture an organic | nescent

That is; theo en;ixmf:muxemmomrlgumctlymﬁxmscenlElémwmaﬁ“hamsothemw;s novpppartunityaper s.
n thi nner., anj c, | um nescent el enent according to the invention
I n thi ién? I t el t ding to th t

is rB’rﬁ“PBP USHY G%ni c interfaces, so that novenents of a

carrl er are smogy %x@@ﬁhnn@ﬁ\/{ﬁe Py lrhResdehl BRARAL @Bcdidingeovat tingmitiands
service life of the el enent. Further, there is no problemin |um nescent

ef fi ci encrepyrogm farmation of RUESIDIG HiCTEases rerthal faﬂ‘éﬂm%réi)af ACRIGIET ASGER apthe
| am nat ed,§td H&B%Ue?sc AkS0nce a?IFW@%Ila%@%hdls%Mﬁﬁ%ﬁﬁé WRHGE Fustnef, usdap! e

het er o- | unctl on tween erent substances, while the structure
accor di ngig mo pieblémue rhnxhimlesdesu efficdancydlyl wigtue mf Xedblymgohe duncivdalcsgpatstionai d
to be 3p H(gahrglgm%n%?gdns rsu%teurrlé el enent based on a new
- Also, a conventional laminated structure is of simple hetero-junction between
different substances, while the structure according to the invention is of so-called
mixed-junction and can be said to be an organic luminescent element based on a new
concept.

25 Accordingly, the invention provides a luminescent device comprising an organic
lumlnescent element comprising an anode, a cathode, and an organic compound layer
provided between the anode and the cathode, and wherein the organic compound layer
comprises a hole transporting region composed of a hole transporting material which is
higher in hole mobility than in electron mobility, an electron transporting region

30 composed of an electron transporting material which is higher in electron mobility than
in hole mobility, the hole transporting region being disposed nearer to the anode than the
electron transporting region, and a mixed region provided bx_atween the hole transporting

region and the electron transporting region and containing both the hole transporting

material and the electron transporting material.
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concept. 25 Accordingly, the invention provides a |um nescent device
conprising an organic |um nescent el enent conprising an anode, a cat hode,
and an organi c conpound | ayer provided between the anode and the cat hode,
and wherein the organi c conpound |ayer conprises a hole transporting

regi on conposed of a hole transporting material which is higher in hole
mobi l ity than i elditibnorwittobhd istiyctuan shbeat imoiFig.r ahspohdle ngjeceigzoregdd

conposed of an el ectraon.transporting materjal whigch is higher in e]ectron
rob 1y e of Rorepipr Rk farie! hifacait o dearaimBLbalg to

di sposed HEBORS injetihl enaAe10AS hiaBe tierie@bGERin hAGRRA Hh g€ BbiRfourdNd a
m xed regi on provided between the hole transporting region and the

el ect ron Byei P tandeqteyi inircHRg reian KoAIPAEchot # mdieiddpeerhaaningor fiiling
Cori _ | A it e i AN
ot ot o et 3 R0l BeHeATRBRL \o A9 REEN Bliccidid MeAHCH WSThe Migbd T

f or enhanisitwgeraa cathodesnd il digagicqoualpouyd biyeh Gueher bethahe Rolchgjeoind Rgicas
"hol e injecti ng mat eri.al") mi%‘? be inserted between an anode and an organic
aqdatb% 1 &7

conpound cclpr gyechy 8% be SEESng regi on conposed of a materi al

for enhancing apffhid éRE, sin@lUidei Hole fje&IRCHAQRRAS] &F &E&Mﬂaﬁxjé&ﬂn W iQridSis a

"electron injecting material") may be inserted between.a cathode and an

organi ¢ coatsoahter irednsing gearripefillingdrarierfeon slestiod¢seiotdrganie egmpounddagershe

el ectr L nj [ regi y rt ' ince._the hol e

" oot Thg RegeRPmisfePils BF cBfico AR h < Buod b nfE Somp S Ryl g o®

reduci ng ia effactiveein dlimihatigy d@omuiniohradchelgestHodesr,for iegampase ©F APediig

| ayers, tplng it sm)otheng_ vement% of a carrier fram.el ectrodes to organic
[

conpound P&ydoye-mepioagd i ormapiQre of \any; AMBYRLY RIPTSng! 48 AUIRMGTARIS dp Rertorm

char ges. d@Wﬁ‘ﬁ%ﬁ,wft%utFiﬂ?er%lé REGef RV Risptdfe fillRgaRaMeaeMd ‘i’rﬂ:e@rganiq
formation of any inpurity layers, it is preferable to perform deposition

wi t hout |gsmepopafdayerst ween the respective filling materials and the organic

conpoupd | ayer Sy ok RUBCychdais. B SLALARIE chilit h gl SRLAI 65 Ralance
control” to form "concéntration gradi énts in a m xed region, i'ch contains
bot h t he dwakenttatmnsgadichzgin aahiaed akgpngd wiich ebmwains doth thn Spler tramggporting

material, such that the hole transporting, nateri al radual |y decreases in
Concent r PRGHALTR (e ek FettPORaRopoIhgorh it tar ToRHisPrgme: Horedees
toward a gadlpgedédOfedin adA6&iratiohOand thel Sle8@S tRHsHOMIAS SndtEWANEL@MITyhat
the 20 m xed régi on have a thickness of 10 nmor nore since it is also a

carri er rigegassHawvarha cedgide dromagomodpeAlsey Enisidshirebye the avertiancthat ghe as
shown qu lﬁjx%d rgg'g‘n Ha@e%hl%ﬁn%@ o?rl%%cor more since it is also a carrier recombination
region.
Also, the invention covers a structure, as shown in Fig. 26A, in which an organic
compound layer 2603 provides therein a hole transporting region 2605 composed of a
hole transporting material, an electron transporting region 2606 composed of an electron
25 transporting material, and a mixed region 2607, in which the hole transporting material
and the electron transporting material are mixed together, and a luminescent material
2608 for luminance is added as a dopant to the mixed region 2607. In addition, while an
anode 2602 is provided on a substrate 2601, a reverse structure may be adopted, in which
a cathode 2604 is provided on the substrate. Also, a hole ihjccting region and an electron
30 injecting region may be provided between electrodes and organic compound layers.
When the luminescent material 2608 is added to the mixed region 2607, the
luminescent material 2608 traps a carrier, so that the recombination efficiency is
enhanced and a high luminescent efficiency can be expected. It can be said that one of

the features is that the luminescent color can be controlled by the luminescent material
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conpound | ayer 2603 provides therein a hole transporting region 2605
conposed of a hole transporting material, an electron transporting region
2606 conposed of an electron 25 transporting material, and a m xed region
2607, in which the hole transporting material and the electron
transporting material are m xed together, and a |lum nescent material 2608
for |um naeuse insthadldest, ampvwavdgpiarns prefekdtde mhatether giingsc@Omatdrial @808t heon,
while an anode 2602_is provided on a substrate 2601, a.reverse sbéucture
may be adBYEEM InERGHARIN CnsTRYATRIECOSBN IS COEART B AN oMt egieB SO 4t e

Al 'so, a hole injgating, Q%O&Lﬁ&ii AN eBeEGt rAMsferd® | N EOHE NEhafef QIO RafBYe De
provi ded between ef ettrodeS and organi c conpound | ayers. Wen the

| um nesceptevemteérivake260B1g theativmidetcont hegiomsx &gy dyi both26RTroddseas far as

| um nescent terial ..2608 traps capri.er,. so that the recopbination..

ef 11 ¢t ecyors b A eRBE Yan P GOR R Ui Htnfe™ dffsiatn A65ELR B2 n30uts oo
It can beregaifint fheimRBE réfion biemhedeld psrt it pdratulihe cemminesgesmtthealived can
be control 'ed by the lumnescent material 15 2608. In this case, however,
it is pref<gi®bl e that the |um nescent material 2608 be mninmumin

exci tation ener gy, anong GOENOUNAS, GO AiNtedtel B LRSTiX ey T 86 O J8RF afl SO,
quenching caused 1 n energy transfer to electrode naterials can be

pr event edofpynaparpebhd tryeh260Lpioneks eintreineghale srafsportinghe glyot 2608| contposetks as

far as. 5 possible. Accordingly, a region where.the |um pescent terjial is
doped 12 A Al apsRaEtne Jaleidty af rleieRoPRgsE Bae as o EomPpk o 1)
par ti cul agiectRorr BBASpAktidRMalerRf, 4ndex HiX&Hregi®@OLE0V, Mrwtidiethe idle tlafsf@RtinON
covers a structure, as shown in Fig. 26B, in which an organi¢ cqnpqound

| ayer 260@afsrigliasdsthehelealion draerating dnaERt idfly HEY (PESRT6 B8 dded a0 of
a hole tr ARRROT DY (BARL g)' theqﬂix%hﬁ%g@ggaémam B8dilibAGwhiEg Mndf0BseeRPosed

of an electron fransporting nmaterial, a mxed region 2607, in which the
hol e tranppeidddng: arsebardtal26ahda rhversl statatore mayhs pdeptedginnwhimhi akathpde

m xed er, an bl ocki,n erial ,2609 .is added to the. m xed region

D607 19 Sl ravideg R SRS S i aie Abgh 2 Helé MirestrRaBaoRand S i P ERs e O

reverse Sﬁergﬂﬁltﬁ%eb@ﬁ%vhﬁd@@%&@&c&@d%ﬂbr@arﬁ@mﬁﬁmmaﬁﬁﬂ4 is provided on
S

t he substrate. 'so, a hole injecting region and an el ectron injecti ng

regi on may be pMowndde bleckiagnmetesial r2W8sisandredr iathec Mgt aeHEN| 28y 4t when
the bl ock] hakrge0s, d ded tho nliRed Mi&H2600is Wh2RQE anliNBspersi

r econbi na{ﬁ%grﬁ%aﬁ%i&i%gfﬁégg fd)%%.l?lgl er t?ln ﬂ:uEe. %xed regiSon 2607 ains e?]pr?zrasrﬁc():%d‘
and di speosinofeculafexniibecispeeentid, emshdt s gk heninestenisdficisacy gathbghxpected.

| um nescent efficiency can .pbe expected. .20 . n,this case, . however,. it I
pr ef erg | I {thig; c3he hB%’S‘é?fi Al Iwgrr%faaﬁ% gaaihg r“?iﬂ?‘:ki%” “gg%jlatl g'ffi cr)?\axé?\“élrngfﬁ

level anDgg:iBbe Ehétly et oNimdipadatefiaksRoniineadn HRGhiRBd 24460h 2607.

Also, since the blocking material in many cases functions to block one of holes

and electrons, it sometimes destroys a carrier balance in the mixed region when doped
over the entire mixed region. Accordingly, a region where the blocking material is doped
25 is not an entire region in the mixed region but may be a part (in particular, end part) of
the mixed region. .
In addition, as a more preferable example in Fig. 26B, a luminescent material
2608 is added. That is, this configuration comprises a combination with that in Fig. 26A.
In the case where the blocking material 2609 is of hole blocking quality, the luminescent
30 material 2608 is made efficiently luminescent by adding a hole blocking material to a
side nearer a cathode than a region where the luminescent material 2608 is added, as
shown in Fig. 26B.
Also, application of the invention to triplet light crﬁitting diodes can provide a

highly functional luminescent element, which is long in service life as compared with
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Al so, since the blocking material in many cases functions to bl ock one of
holes and electrons, it sonetines destroys a carrier balance in the m xed
regi on when doped over the entire m xed region. Accordingly, a region
where the blocking material is doped 25 is not an entire region in the

m xed region but may be a part (in particular, end part) of the m xed
regi on. |thaadigtlpsahin biseratunoBen @ﬂéﬁl@natblleglemmté lpmirRinge apg Bighgluminous

I i dd f t
o NS B PhA s Ao Tl o ont guralton, orur ses

a conbi natt*

material 2609 i efidiiohesiboOckpRY nisiakile Yexcittugs Iaterrlaigtsmermffﬁﬂoﬁrﬂbegtha:is 2608
is made efficient I_éhl um nescent by adding.a hal e bl ocki Eﬁo mat eri al

si de near@¥mpareh (it singles meleswyicspitfte it s REIFaNE 1882 ??'é‘ﬂ?elfriaé?“aié(% is
added, g cfonff:nﬂ&ﬁqd ¢ hided §91fs, ﬁ%h'vﬁﬁ{ tePefie tbhi? 'ZB‘Benttz's @Bsited thﬁt' pl et

light emtting diodes can OVI hi ghly functional | um nescent el enent,
whi ch i s 4 orateriah capable oéccbnvbetxr@strxplﬁ’macmﬂ evergy e lurigenei (s@fbﬁsé@eiow to

d I
ci it enclr Lael T MHaReR R et i di NVARPRGnE Py ool g,

since trigbetinpBlaesibl 268XBd iA1RE abihe sh@ﬂégﬂnd n diffusion length as. corrpar ed
with singlet ndlecule excitons, it is preferable that a-bl ocking materi al
be 5 contai nedSubscaemtly sEmpirsgiudablcring mapufacuye Wil deF?‘F”Ibé‘Flé‘F 8RHECHE Fig.

26B, i{q n@ggﬁﬂrﬁ gd Jcﬁﬁs rna?mE q%ﬁlg'lels&@? Mt &idifas C.S‘HWE ih 'ans b APRE 26X Gt ed

energy | nance eferre owto as "triplet |I'um nescent
mat er i al "}7 deowssadh akntehesttuemraescent material 2608 and the bl OCkI ng

mat eri al 2609 b ) dde at the sane..ti . _Subsequen exannl e

for manuf act ur e gmgel ’Wﬁ‘e‘gpﬁ %se&r?vda?cﬁﬁl an rgx?lﬁ\%ﬂ?l 4’ aﬁgr %ﬁﬁ tion
of the | uEMARRR nﬁ hﬂﬁt ®dds rtﬁg HAeMAl Addl g&ctraﬁ@raaiﬁbrﬁr@maﬁlrm ar2d HOROWS
such el enent structure an el enent shown in Fi provided in an

or gani ¢ cleamsooning agaEen 22’6?35 ceEmesethi 9fg 2a Rk éfaﬁﬁ%g%r@?ﬁ&aha?’ér?lé‘Ftr‘th an
el ot 38 SLADSAAL IMI956E (BhpBLcR Gt Pl fectiohARIRBOAmBCRHERLOInd W0 hixca

conposed 0O ansporti n materral, an e ron~15 transporti ng
regi on 27&@1<ﬁpaﬁ0‘s,ed1 ofhieln thd: dole oranspatsgonticrigl aad ehe adlectumd trangpoxisni

regi on 2707 whi ch the hole transporting terial and.th e
transport’inﬁfj”“la f'er‘?’éFéatPﬁet x 92t 6 ‘ﬁerf"{%atan LPTHRCPh S egte]fa{!rjlld517659%r

| um nescepimiARi®Rr is alddéd @8 thed mixddfighanN 2?07 $o deged ltlﬁuﬂdaeerm:x@dnr E\gumnarQ707
to forma lum nescent region. Wile an anode 2702 is

subst r at eanpag £703 iy prpxidsd op g sHbstinte 278y, HEVERS SRV W"“Zvﬁf’ é Opt?‘g | “H’A‘Ehrwde
2704 S0 P4 8&%119&0'27‘61 ik Bﬁ)v%%%nrtﬁé Substrate.

In addition, Fig. 28 shows a concentration profile in the case where the ratio of
concentration of a hole transporting material and an electron transporting material in the
mixed region is x:y. '

In the case where such element is formed, the hole transporting material can

25 receive and carry holes on an anode side and the electron transporting material can
receive and carry electrons on a cathode side. Further, since the mixed region 2707 is
bipolar-natured, both holes and electrons can move in the mixed region 2707. Also,
owing to the certain ratio x:y in the mixed region 2707, manufacture is casy.

Here, it is cssential that the luminescent region containing the luminescent

30 material is formed in the mixed region 2707. That is, addition of the luminescent material
to the mixed region 2707 prevents a carrier from passing in the mixed region without
recombination, and at the same time keeps the luminescent region away from the
electrodes to prevent quenching caused by the electrodes.

Accordingly, the invention provides a luminescent device comprising an 0rganic
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In addition, Fig. 28 shows a concentration profile in the case where the
ratio of concentration of a hole transporting material and an el ectron
transporting material in the mnmxed regionis x:y. In the case where such
elenment is forned, the hole transporting material can 25 receive and carry
hol es on an anode side and the electron transporting material can receive

and carry |em@edscanel@ied igtixsiey ah deodd; W tiiRode, Sndcd drgeniki coathouadiioyer2707
is bipolar-natured, both holes and el ecclgron an nove in the m xeg regi on
2707. Al s@roviged Rgtvresntthe a8ede and, theagathpde, god pvherrdn the agapicgiomporng fayer

manuf act u rc%nlﬁis@@%’ holde fr@nsﬂo}tiﬁg's r&ASE rl:foirxiﬁJSos&%d1 3 4 he1d WaIh§RIGEN tmAt&HIORn

containing the lum nescent © 30 materia ormed in the m xed region 2707.
That is, altittonowamspotting regmomesupnsedrat eni elbctrano trahspontinge dhatestilon RXGH

prevents a carrier..f assi in the m xed. regi i.5.hou reconbi nation,
Dhd ot Phdegameovided REBES Medtic ReebSriie Epicy i Uk Ay b kB e eE PP o
t o preventapgUudatihiAg tE@ USRArMpbitidgah@etiflofeisthe Abeabditn@kportih§ endidriad it hon
provi des a | um nescent device corTEri sing an organjc . .17 |l um nescent el ement
conpri si nPAEIFBHIEO. 1t adHBIEsCeRhEEEION SYRysth icPTosidse i dhe B regiog\anddg

bet ween t %iﬁig ?%ﬁnﬁx@gcernbﬁlafe@fah%gtcdata BRI BhahBeisQ@ani ¢ conmpound | ayer

conprises a e transporting regton conposed of a hole transporting
material, an elleciddéion, iaisspeferabig that gho luminepwsbtatsfiahns stheald in ercitation
transpqrting material nm, xe eqi on provi ded. bet n the hole .

tr anspdlt iAGE et G R Wi dhe el HepibaRi st Rl h AdaRcueRrrigg
the hol e tRABSAOThisRGfoTARERirpbseTPréveatitt efdrsPadsfans pRidduidxdabey.i al at a
particular ratio, and a | um nescent region, which is provided in the m xed

region and to whisehwih thgstaicsers showaie Figh|27ad ApledBiccing Feed¥ntompefed hde i s
added. In L R, .t S : t e ] t terial .l g:._smal |
i n exci tatn?%gﬁlﬂl eer#glt%{:/lﬁ%% gg%&%@%\ﬁ%?hh&tlﬁe(r % Sﬂfbr% gﬁgﬁgp&?i E‘é’!‘“’ang‘ %cﬁn I
and the elmattrialt)) tragrispimseitabetwate ai anoddhnd an Orgamic toreppundplager. éflso, an

preventi_ng.energy.transfer in noleculge excitons. Al so, .with.the structuyre
Shovn 110 B HoDTIniSEIE, e SRPPAGLr hifoR ASHbRe ABTTCLE ol P Eaf 4EY of

enhanci ng efedhiohb i(RFertitibbiiby 1f ashelRErof ligfeeliiLthabelaDW iy B insbetEbétjeestai Ng
material") may be inserted between an anode and an organj c _conpound | ayer.

Also, an Tstherle@nddhe Prgeaia sarppTedi lawrcs%'eﬁe'aothfth%h?égtj@lrefﬁfafllg Fes O AHBIREI ng
mat or a1+ ey e Fe A A T ode and the or gani ¢ conpound
| ayer. Further, Ibchis dake siodeethi djobe injenyingayitorialagrdeletieon wiasting amatemylds i ng
;legicg P ?/ r?gré%lln ﬁ)grrtﬁﬁ\?cé?é% 6%}%1%%% %%‘rie%ifﬂﬁgg tfpo?n Q?éc?rohgg Focg}gggicr@(;rgﬁéu%ld or
layers, it smoothens movements of a carrier from electrodes to organic compound layers,
and so is effective in eliminating accumulation of charges. However, for the pﬁrpose of
avoiding the above-mentioned formation of any impurity layers, it is preferable to
perform deposition without intervals between the respective filling materials and the
25 organic compound layers.
Also, a part (substantially centrally positioned as it becomes of bipolar-natured)
for recombination of a carrier ié substantially determined in a mixed region depending
upon its mixing ratio. Accordingiy, a luminescent material may be added over the entire
mixed region (Fig. 29A), but may be added to a part of the mixed region (Fig. 29B). In
30 addition, the reference numerals in Fig. 27 are referred to in Figs. 29A and 29B.
Further, the invention covers a structure, as shown in Fig. 30A, in which an
organic compound layer 2703 provides therein a hole transpo_rting region 2705 composed

of a hole transporting material, an electron transporting region 2706 composed of an

electron transporting material, and a mixed region 2707, in which the hole transporting
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20 material for reducing a barrier of carrier filling fromelectrodes to
organi ¢ conpound |layers, it snoothens novenents of a carrier from

el ectrodes to organi c conpound | ayers, and so is effective in elimnating
accunul ati on of charges. However, for the purpose of avoiding the
above-mentioned formation of any inpurity layers, it is preferable to

ber o™ SRROS! tap rpLliBatn WOhGIHEhS hAkHRCH! hdRsngaloryead 16 LNgh o
mat eri al §2 570rgani ¢ conpo | ayers. Al so, part SUb‘irﬂ?antl ally

centrall mnﬁmssdenmednaslsuaﬁdbdgcamd@sblgctkmg polaial B&Q%%Sé’d’)ﬂed tothe B | on
of a carrier is hstantially dete e e on
its mixi AQF aItnl 6‘?&{%\9’&’0}" i gﬁre// an%&el Bﬂ)i‘ngg é}'r&rl@edﬂoﬁ (Y sﬁ@gfa‘?@ 2‘#@? AdeRdse Up

ent material nay be added over the

entire rae 88 aﬁE%IGd 29Mich budatiialy 1764 dslgevideal @n mrstubsxfat@ helsai xed
region (Fig. 298 0 addition, the reference nunerals et“’%en%geare
ref er r 6dholo mgﬁdl?iulgsregMAa%m@nZ@B?tf%Fﬂ?fé‘r“g RN 7Nt B AP

structure’(eﬁgg%qsh%vmﬁ&%n{c m} ?l_lﬁ,ey\,hl ch an organi ¢ conpound Iayer 2703
ran por

provi des® g region 2705 conposed, of a hgle
transporting nag efié ahse, &ris pteéezrabkarthatrtanbmkmmgatﬁ@gli %mzm%ah%@a%f an
el ectron transportlng mat erial , an

i i hol e
t r anspor energy 1ol amoBgimatetaly Cf’ﬂté“”(?fiéﬁﬁ ﬁmf f an%lporQE27 anﬁat{%ed?{éalﬁbgggﬁ% xed

t oget her t £1600 3 cadrien Hegeobdtingdiepdrsibn iof mldad,e eacitors. B¥isokibag
mat eri al ]ﬁ%% @%c}adgtocathe mgl(eéd region 2707, |.n addi

anode 127 @;Poakmg)membamﬂlwaa@iﬁﬁéﬂ the mixedorrgion 7 erfeteC%IPf”lﬂ‘é{}?ﬂ \é\ﬂ]nﬁencﬁe

adopted, i.n which a ode. 27 ptRRnSdableaile Ak(ﬁ@ abs
hol e i nj OECARET IR Hi% W‘%EJC%IO%e%gtlggﬁﬁaﬁl\ré}a&ejgﬁ? ﬁg rlgglnon may beegrow dcgd

bet ween tagyredined k6 deatankigh ht?mirfege&nt cffwmmmd Heagrprctef nHoNPETcHRE, et i s

preferabl e that the_blocking nmater g
| evel ambherking erdtenia HoMAYnEer uf‘ﬂé()% {}agi"rgg%’ ll(l)en Og);@}ésatag@%éecgﬁgg hgw ng

the funch Hm%E d@ét%& a%rﬁep@snﬁdc%rm%e mﬁﬁ\d&egmn@mﬂn&mﬂm tcothe@hﬂmm@@dl e
excitons.® en t he bl ocking material 2709 is ad reqi on

d
2707, ishaegienonbiordinghy aefeglcm, émaxhiclyfhechlprliag majcy ﬁe‘s rﬁgg%cg ¥ 88 e 7 s

enhanced and di spersi on, of l; ¥ s be prevented, so that a
hi gh | umrﬁ%‘QEé‘?lfsrB’é]fufxl ‘glr%gﬁon H;gtalggételﬁeo;pect ed. r%ﬁ%ver since the . bl ocking

material in rrangasgaﬁmnizwﬁ&tznwfmt the Blockiing matasfal fin B aBatgHy- 31 ISJAY 11 ¢

t dest . th
onti Te mHONQ INCbgReris RCEBP Aoy Lk Al RAFRIER FRap A LRy Lhe

mat eri al &eﬂgﬁ ga cétﬁo&%deriaﬂaef iHa@ a feg@inpio Whidthe lmm@benEQIatﬂmabG?8$ & a
part  of t e mxed region. Al so, usually effective for the bl ocking materi al
is a a0 erddad, is whifohasisbowoun iFig. 30BMO | evel , that is, is capable of bl ocking

hol es. Accordi nﬁ]thcr, ap\fﬁ%aﬁ&x geg tﬁpl@ @h‘ dditting material as a luminescent material

added to such element structure can provide a highly functional luminescent element,

which is long in service life in addition to high intensity luminance and high luminous

efficiency based on luminance from a triplet excited state. In addition, since triplet

95 molecule excitons are large in diffusion length as compared w_ith. singlet molecule
excitons, it is preferable that a blocking material be contained in the mixed region.

Hereupon, since the above-mentioned mixed region composed of the hole

transporting material and the electron transporting material is required to be of

bipolar-natured, it is preferable that the ratio of mass of the hole transporting material to

30 total mass of the hole transporting material and the electron transporting material in the

mixed region be 10 % or more and 90 % or less. However, the ratio is believed to vary

widely depending upon a combination of materials.

Also, since the mixed region composed of the hole transportmg material and the

electron transporting materjal contains a luminescent regiom, that 1s, a carrier
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material to a cathode side rather than a region, to which a | um nescent
material 2708 is 20 added, is useful as shown in Fig. 30B. Further,
application of a triplet light emtting material as a | um nescent materi al
added to such el enment structure can provide a highly functional |um nescent
elenment, which is long in service life in addition to high intensity

| um nance ghfbithasn }%ﬁsﬂ]% re@fifcddab BAGY 2 RaHE thiekndsy B ARAGEOIJepriita dakridd! et
excited state. In addition, since triplet 25 nolecule excitons are large in
di f f usi ortolmEsybh Aecosdinglar Bds dptitedshaighe mifed egipehave thigmsss ok 1G gm or

pref er abl golhals 8 BkRENHAIIRIRH R, Bh: §304i8h EHidi BRI AR, is
Her eupon, since t’he above- nent | oned m xed Tegi on conposed the hole

t ranspor tiigly imnkkielaned, iciodesited thhtahd slovetthiakissobe lO@ nnedrdessal is required to
be of bipolar-natured, it is preferaple that. the ratio, of mass of. tE& hol e
transpdtting neddppHIeseeht deyice.orhich islawvegdn grye yoltass pud lopeet P g it BiG al

and the qheft Lol bEARIABE i deb £ pialicihnB thd@vBhaAddseaba RS e 1BulfedlanTOr €
and 90 % or Iégs. However, the ratio is believed to vary mndelg dependi ng
upon a cotbitriatapplianee, whicy isdbwer X powes porsemphion ndagoreediirable dommpos B of
the hole transport.in terial and.the | gct 1 ' eri al
cont ai ns QPQW%H?H?Q%@%PGEQ WﬁﬁP“Wﬁ%FmF§?1§ g%#??@?&k%gﬁgﬁ%%ﬁﬁgﬁgﬁé%n regi on,
it is required to have a sone thickness so as not to permt a carrier to
pass by. Accordingly, it is desired that the m xed region have a thickness
of 10 I\g?n]_%ﬁ*ef%’épt‘% algthe SapqralgVichs of Ebriieddiat i on that a region, which
becomes bi pol arr«igétmsaﬂj 1B Sre NbWHsidwih g MeSbRTS hdid irj&rfigddyesd that the
above thickness Be 100 nmor less. 5 A lum nescent déevice, which is |ower
in drive vol t agéigahis 4 dngehowmgsmne¢miratipp gradiantlan a prior one, can be
provi ded by practiging .the.invention ribe bove. Further, an electric
appl i ance, whic g'glsl ov WSPHWWPC%%%E%E %%ge%tsgnd nore durable than in the
prior art, can jg Pisavidedhwialy doaoettacby gedidys.t he use of such | um nescent
device. 10 Brief Description of the Sever%l Vi ews of the Ex?mjn s Figs. 1A
and 1B%re vi eviBigshig Yf_ﬁwtslli@“’f“lﬂ! tae ULk é“iofﬁaé‘t"c]i“ﬁﬁnqséi%ﬁem g. 2 is a
vi ew showi ng CORGEAIdAyibAyGHMA BB Sfuctiedr af obdinft MrtiésoAR Wikt _
concentration gradients. Fig. 4 is a view show ng concentration gradients.
15 Fig. 5 is a Kigehisshawvsowing the suectuiee gn osgangt yarnescentgionaiéent
element. Fig. is.a vie howi he st i@ fRe j um nescent
element. Fig. ls‘gl glsaa ‘OF‘é"%héﬁgfﬁ tﬁg s{r%cgu%t&;fﬁg:ogéaguﬁlﬁx an Sgélggﬁrﬁeqlt'um nescent
el ement. Fig. Bgi$isa vieewhstwing thg striustaf un ougaaiciimsnesoeg@iinment.um nescent
el ement .
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Fig. 10 is a view showing the structure of an organic luminescent clement.
Fig. 11 is a view showing a deposition apparatus.
Figs. 12A and 12B are views showing the sectional construction of a
luminescent device.
Figs. 13A and 13B are views showing the top surface construction and sectional
25 construction of a luminescent device. _
Figs. 14A to 14C are views showing the top surface construction and sectional
construction of a luminescent device.
Figs. 15A and 15B are views showing the configuration of a luminescent device.
Figs. 16A and 16B are views showing the configuration of a luminescent device.
30 Figs. 17A to 17F are views showing concrete examples of electric appliances.
Figs. 18A and 18B are views showing concrete examples of electric appliances.
Figs. 19A and 19B are views showing energy band diggrams.
Figs. 20A and 20B are views showing energy band diagrams.

Fig. 21 is a view showing the state of an organic compound layer.
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Fig. 9 is a view show ng the structure of an organic |um nescent el enent.
20 Fig. 10 is a view showi ng the structure of an organic | um nescent
elenent. Fig. 11 is a view showi ng a deposition apparatus. Figs. 12A and
12B are views showi ng the sectional construction of a |um nescent device.
Figs. 13A and 13B are views showing the top surface construction and

sectional 25 cPigsZ iscivion shbwing ddeposiscenppagtavs.ce. Figs. 14A to 14C are
vi ews showi ng the top surface construction and sectional construction of a
| umi nescent deviige23 Biaggew shawrigdha Epmaten of W REEMAE: t he confi gurati on

of a lum nesceng; |sGEviewshawi @Reurd OBaRbaMic 8RBk PQnihe
configuration o lggﬁf/lus%l r%g\gcseﬁ\?mg(]atgﬁs:e. 30 IEL‘:Ilijlg%.al f?A %o 17F areH\}i ews
showi ng concr et BigeXaispl eewohowingahe stateayd phiosganesconiiogsd ldy8A and 18B are

U e, $0U 0 SRASTALE SIS 55 By CLESL o AR ikl LRI A,

ener gy banengitagrans. Fig. 21 is a view show ng the state of an organic
conpound layer. 20 Fig. 22 is_a view showing a deposition apparatus. Fig.
23 is a view shiogi Abisthdcyshawingdhc siruckire ofpupreapic|lupEtescant @fﬂn@m-i s a view

showi ng t he strﬁg;%tigaojie‘gghg@g%%%kmgﬁgﬁ el ement. Fig. 25 is a view

showi ng the sta an ‘or gani ound layer. 5 Figs. .26A and 26B are

vi ews showi ng tRigs.s2%AIchdr2®Boareariews gbowing| theistrestoenof amloegaant lunkingsceB7 i s
a vi e\\%ipfgwi ng the structure of an organic |um nescent elenment. Fig. 28 is
avie Wﬁ% a concentration profile. Figs. 29A and 29B are vi ews show ng

the structure Ofig@m@ms @adi30H b Views 8RdwinkQhelsatBnte of b SroaddAlificlestOR ar e
vi ews showi ng the structure of an organic |um nescent elenment. Figs. 31A

and 31B aleméitews showi ng a deposition apparatus. Figs. 32A and 32B are
e, SpO 9 T WS el St gl STou g e
sectional constFigetiZ2énami32B hnarviiwesssimmﬁngjedépoeitioni%ipgara&fs. is a view show ng
the selcg | onal CI%ES %Z{ yscatxizigvr} S (];W%lgl tHén .st?u% e 0 ar(ij gygagﬁ' luminescent element.
Fig. 34 is a view showing the sectional construction of a luminescent device.
Fig. 35 is a view showing the sectional construction of a luminescent device.
Figs. 36A to 36C are views showing the configuration of a luminescent device.
Fig. 37 is a view showimg the circuit structure.
20
Detailed Description of the Invention
Embodiments of the invention will be deéscribed below. In addition, at least one
of an anode and a cathode in an organic luminescent element may be transparent
sufficiently to take out luminescence, while the embodiment will be described with
25 respect to an element structure, in which a transparent anode is formed on a substrate and
luminescence is taken out from the anode. Actually, a structure, in which luminescence is
taken out from a cathode Aand a structure, in which light is taken out from a side opposite
to the substrate, are applicable.
First, an explanation will be given to an embodiment of an organic luminescent
30 element formed with a hole transporting mixed layer with reference to Fig. 5. In Fig. 5,
there is shown a structure, in which a hole transporting mixed layer 503, a luminescent
layer 504, an electron transporting layer 505, and a cathode 506 are laminated on a
substrate 501 having an anode 502. In addition, it is possibic that the luminescent layer

504 is not inserted, but the hole transporting mixed layer 503 or the electron transporting
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Figs. 36A to 36C are views showi ng the configuration of a |um nescent
device. Fig. 37 is a view showing the circuit structure. 20 Detailed
Description of the Invention Enbodi nents of the invention will be described
below. In addition, at |east one of an anode and a cathode in an organic

| um nescent el enment may be transparent sufficiently to take out

| um nescenges so¥iakss &gy EHDREiNRBENCM The BEledRSEHdrRRE mikddlager SEBSREEIMdO an
el enent stfucture, in ich a transparent anode is formed on a substrate

and | uni bies gsees ofdatiarbahelgtiniteténg maeriamede holg rapgppiinganaerialct ure, in
whi ch 1 um nescenssdidon, KRN Hbhsd dk ik NORESRN Brubld, 46 S i Fiel) CN

light is taken ou roma side oppos straté, are applicable.
First, anwakpl emgthenion grhdiest, grhien comsisanofteddilerijtctolg mmenslgani the hole

| um nescent 30, elenent formed with a hole tran rting nmxed |layer with

r ef er e eTRRSPRIHE Watepipl. gp dhis gase, dinis nre Pebit fith 0 e edig kR
hole tra EbRGniFhd G ol ANSE (PRI aialrrgml' &5 afdte sil@yRhePAhigp QL BRLHLON
transpor??ctﬁ‘gfl ayelr} 505, g_and aF%gt h%de 06 are | am n?t ed on ag gubst ratgg 501
havi ng anmattoidbsu®b2s aluminwigiciideis uped dsghpbelsiinipetingyasaterifle | uni nescent | ayer
504 is not insekrted, b the hole.tr PRIt ! 0 .

el ectron transp ?l%sleﬂ‘éenﬂ%l aflaef(grangaén ,?;gﬁ}jeé’é g?]%?‘g@ %lf%rlll}%l& ﬁ%%@e%cge)r.( OEI%SH%OI e
t ranspor t uRgnédcsecelbmysrfohed ngthf ar erecrorbyamspoitiigunixedflajeat witbtefarchot &

injecting _material and a hole transportin teriagl. In additipn, hol e
t r anspH? t Figlg Onilsk dde-| GrylBpTesis $hpwni g 5 ‘,Heag" g‘ﬁ’é%naﬁ’ﬁlq:frﬁ‘}sl’?f“nﬁ/\faty R é&ﬁ‘ a
concent r afy ek Al GLH 604{"*&51%&1‘?}'%5&:?{5&?1%'&1 glhi&kehRr igD5E64d AEatkBEE KD araNd

n

the hole 5 transpofting material. is case, it is preferable that the
hol e i nj eleiingedmnes isabstiatey 60k hevimgparc amustent(Zatln addiione iteist passilbi Hiay the

danpi ng to _anode side) en a highly i I [ al 1 num
oxi de. s oRBREn a0 Rafiodoril bub e tof GapdRhlid B BBl 0
will be gholenrim@pamingihgei BOBttakds alargs @annmindsueiaee Jhentleet@menhsootinged
with an el ectron transporting m xed |ayer, v@th eference.to 10 ]{:i . 6. 1In
Fig. 615 Umered Trerctbvii Tamed B pUpBoe SRR A 47 RISFEOR PRFQRS PREGR Ao 603,
a | um nes g&}od@#g%lgﬁggﬁ&iaqj ectron transporting m xed | ayer 605, and a

cat hode 606 are on a substrate 601 havi n% an anode 602. In
addition, it islpobiiiti,dhe blectromgansponiingmexadt layenald> way be fommrd, phehawred,

B
| ayer 605arids tHeoelReo transporkihg reatefiab dhhthisf case, @ iscpreferabln) thet hregeleetra@r i al
and an 0 eilnjeeccttiglgnm;tgfaigls :«.?vret:jt ggeelr)r%%gcr:én%!a'tion gradient (rapidly damping to anode side)
when a highly insulating material such as lithium fluoride is used as the electron
injecting material.
Subsequently, an explanation will be given to an embodiment of an organic
luminescent element formed with a bipolar-natured mixed layer, with reference to Fig. 7.
25 In Fig. 7, there is shown a structure, in which a hole injecting layer 703, a
bipolar-natured mixed layer 704, an electron injecting layer 705, and a cathode 706 are
laminated on a substrate 701 having an anode 702. The bipolar-natured mixed layer 704
js formed by a mixture of both of a hole transporting material and an electron
transporting material.
30 In addition, the bipolar-natured mixed layer 704 may be formed, as shown in Fig.
4, with a concentration gradient, which consists of the hole transporting material and the
electron transporting material.

Also, as shown in Fig. 24, a mixed region 2407, a hole transporting region 2405

and an electron transporting region 2406 may be successively joined by using a
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In addition, the electron transporting m xed | ayer 605 may be forned, as
showmn in Fig. 3, with a concentration gradient, which consists of the

el ectron injecting miterial and the electron transporting material. In
this case, it is preferable that the electron 20 injecting materi al have a
steep concentration gradient (rapidly danping to anode side) when a highly

| nsul at i ngoriFRhRfl HarctHEDE AR Hdid HaiBobliPrcetls 2apuped 1Rt LifpBHBR!HORral

injecting material. . Subsequently, an explanation will be given to an
enmbodi mencondfingd imtmmized regivmadbénandpaingm covtieant virathrial of Bl electraat ur ed
m xed | ay ' r o_Fig. [ e 1§ 0

St ruct ur eongBlulab B BRGE Pl Eeln srlodfial acgdl {FAfed B BT

| ayer 704pegim BAELtInahisi dysecCthertgis @y advabidge thadtveo kéddsosfecof@founie (2 hole

| am nat ed on a substrate 701 havi ng an anqde 702. The bi pol ar-natured m xed
| ayer 7D4transpoptgig Baicny! ancha ElfFCHOBATaPRUIBE MALFTHLL CRY ¥R AP HhIRG 1aMerei al

and an el SEgrR art, rvﬂﬁétp%ﬁl'ggge R RSk é?:fans?%tﬂﬁg 5@9@2} Tuffinedcbgt zfé%i%‘ﬁl, aha gt ur ed

m xed | ayer 704 may be for as shown , Wth a concentration

gr adi ent , elegtra@htremspsitstgsregiont freadditien,talthoggio noi shpwmainekigal4,smbiole hmjecting

el ectron transportin erial. A's sh in Fig. 24, a m regi on
a0y o rahE BRLRE iR PRbeeh an R e 280 AREHR ol P inofhe Bel s AR O,
2406 may & cREELSHjev Sl 1dyel ned, by ibkrieg Wtwdeh 6agiode BRI 4Rl el @bct@dn t he

hol e transporting region 2405 for a hole transporting nmaterial contained
i n t hel Qi Xa¥PPEEEARLOMET00-and using a constituent material of the el ectron

transporting reg&&rua%%lsfrt]ﬁgc uf?@iseén%%cfi&f‘totﬂr@%?rﬁ%ﬁﬁdﬂﬁnr@taﬁriﬁl?kriﬁﬂ'a aiped in

the m xed region 2407/. I's case, there Is an advant age at’” t I nds
of conpouthiks cdsz, bl prosessr ah spopfachyingaare orgdniahdnwsahe clamont tis anppoarti ng

material ).,can serve as three |layers jn. the. prior art. . whi C ri t he
ol 6 t randiGr o1 REREG SylAbF it Adukted O mypSHClRh BHLoa iR Wil

t ranspor tddigrib&pi on. I n addition, although not shown in Fig. 24, a hole
injecting |ayer. rran%/ be inserted between an anode 2402 and the hole
transpbtting rebigsn yand 33Bdre goncspiensl yicwhihewripag deagutionaprasaius-ngigr t ed
bet ween : 4 I i i Qn oteuch
ol emont S aat Ar P P o The AR L Sl B R )
thi s casechaniter gypg eisswbichnarsidgle tvachury ehandegaiiile isumstaled @nta depositinn | s

i nport ant Her e

el enent sTPTHE rdéld\?ﬁnpﬁé%g? 'ogecge@%)%i@g'%%of&ge%?ﬁsgﬁ rtog%%dgl%cfﬂg%lé&g]%%%%’Ege%%fgnal
Vi ews shosspagtdly depeised iianthappakaitysof Hegosition sources are various materials of
20 different functions such as constituent materials of a hole injecting material, hole
transporting material, ¢lectron transporting material, electron injecting material, blocking
material, luminescent material, cathode.
~In such deposition apparatus with the deposition chamber, a substrate having an
anode (ITO or the like) is first conveyed in a conveyance chamber, and is subjected to
25 oxidation in a pretreatment chamber in the case where the anode is an oxide such as ITO
(in addition, although not shown in Fig. 31A, it is possible to install an ultraviolet
irradiation chamber for cleaning of anode surfaces). Further, all the materials forming an
organic luminescent element are subjected to deposition in the vacuum chamber 3110.
However, a cathode may be formed in the vacuum chamber 3110 or a separate deposition
30 chamber may be provided for formation of a cathode. In short, it is sufficient that
deposition be carried out in the single vacuum chamber 3110 until a cathode is formed.
Finally, the organic luminescent element is obtained after being subjected to sealing in a
sealing chamber and taken out from the conveyance chamber through a carrier chamber.

An explanation will be given to the procedure of manufacturing an organic
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31Ais a top plan view show ng the apparatus. The deposition apparatus is
of a single chanber type, in which a single vacuum chanber 3110 is
installed as a deposition chanber, and a plurality of deposition sources
are provided in the vacuumvessel. And separately received in the
plurality of deposition sources are various naterials of 20 different

functi ongufilisdscas densit sfuaptpréheinvehiordivith thelee |omaedﬁpbsngoﬁaatppﬁnaaiq ofhol e
transporti ng material, electron transportl ng material; el ectron i njecting

mat eri al ,Su§ curgla chambertyRs Withyrefereacelt Figat 3 47 crosst frstenal |Hew pihthe
deposi t i _Cll%cor %ﬁﬁ*ﬁ%&‘ﬁ?i@sijgﬁh@%ﬂ !nt,l B‘f RSN, Fie. SUBSIHAahD RYdRGuRN.

anode (I rst c in a conveyance chanber, and is
subj ect ecbft formaxg mmodgm@nompomqotastr, e»ahmbm:pnmﬁarﬁﬁear holp trdneportisg m#erad t he

anode | oxi,de such as I TO ddi.t ho naot shown in Fi 31A
"TOre iostilaree dedaansionie m ettt v B D MR kP, g
of anode lﬁﬁﬁ%a%)depgdiﬁéﬂﬁéurcéﬂ tant b@aﬂi&t(ﬁfm;&iu%dfdﬁpﬁhﬁgn &Burcera3ams @nd an

| um nescent ement are subjected to deposition in the vacuum chanmber 3110.

However, ergene foapowldapesition serce B39 vacuum chanber 3110 or a separate
- deposition 30 c % Xtebfloerh%\fh%eqx Jn%ﬁeffl fﬁ:da?ﬁ'e wt@th%%@&gﬁ chifbshor t,

it is sufficien osition carrle e- si ngl e vacuum
chanber 33-1;!:110 annd iid fﬁedabhmdecansnfbxsaéiill (Bren althsyratet Ihaenomﬁhﬂl cothtedi dhemgent

el enent obt ai after bein ubj ected,to, se in in a hanber
and ¢ o e@ﬁ%“‘PPBr#‘{bﬁ%q"(‘?BH% %ﬁ%éﬁ e)ﬂ%}mlch?ﬁ%f oS dep f%sal}“%ﬁa(ﬁrﬁg#’c
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| um nescent el enent of resent invention with the use o eposi tion

appar at us3]d\6 ans @hshaittary Iaél drppenedy s SRting reff denositiont #ftqri g Pf%@@r(“aﬂeélr 0ss
sectional , ?HQS rategﬁxgt \S/[ﬂiﬁq V\gﬁ CRADNGT A g%ﬂlg Yime 2% eld2Po 51 188k lafdotntal white

|IIustrat| gn he procedure of formng an organi ¢ conpound
| ayer, V\/ruﬂimtteﬂmiwtlscmteda hole transporting material 5 3116 and an

el ectron transpgrti 3117 th the us f cuum ¢ r 3110
havi ng Ao depochartbraBtRee il aPbihpeendn it Rt Rad S oY SR P atoN1 16
and an qﬂé@bﬁo&ﬁﬁﬁéﬁéﬂ%g@ﬁ%ﬂd BRI &PUE S8bjOFdd &) codepbsition da StabsEHREIn3101
havi ng an anode 3 is carried.into the vacuum chanber A 3110 and is fl xed

to a fi xalflgoﬁllﬁ)a%@ !S>1f1)1m(at mixes isgona104ibshindraBple JrapsRosting rget A3
deposi t i q%)rer?tﬁgﬁbgﬁgﬂlgfgs' lxnz%b? LRHuKRF BT BERIRATths kbR trﬁnsfoﬂ)%ﬁhfgsr"e'g'fdnzed

(10-4 Pa ower 1s prefer a'vessel” a3112 1s heated to evaporate the
hol e trar&]mﬁraridnlycndx@rﬂeglbn%ﬂ!ﬁlﬁ and a shutter a3114 is opened for starting

S G AR e g R AT N
I's cl oselppened, the shutter a3114 is closed to terminate heating of the vessel a3112. Thls
operation eliminates formation of an impurity layer between the mixed region 3104 and
the electron transporting region.
Further, there is a way to dope a luminescent materjal in a mixed region 2607
25 shown in Fig. 26A to make the same luminescent. In this case, it is required that a
luminescent material being a dopant have a lower excitation energy than those of a hole
transporting material and an electron transporting material contained in the mixed region
2607.
In the case where a luminescent material is to be doped, the process of
30 manufacturing an organic luminescent element is important in order to prevent formation
. of impurities. The manufacturing procedure will be described below.
Fig. 32A is a top plan view showing a deposition apparatus of single chamber
type, in which a vacuum chamber 3210 is installed as the deposition chamber and 2

plurality of deposition sources are provided in the vacuum chamber. And separately

24



15 Thereafter, with the shutter a3114 opened, the shutter b3115 is opened
to allow an electron transporting nmaterial 3117 to be subjected to
codeposition (a state shown in Fig. 31B) and to forma mi xed regi on 3104
behind a hole transporting region 3103. This operation elimnates m xing
of an inpurity |ayer between the hole transporting region 3103 and the

m xed r egjeBivad Mt theqlulatity BepositioR’sdBiced Qrel R TBLA ThablrBES 6@4}%{&9&&3&&&@9
region, wth the shutter b311!‘f opened, the shutter a3114 is closed to

t er mi nat esusbats mgngsituetiematesiadd incdudipg aihiole imjpeting immtcredli folsatiesspogingat i on

f [ J Lyl b th 1 xed ion -310 . | .
Cr anspor TG Pl iifore i HeRin P cokSibed deihd BRleril, W BB ¥t o

in a m xe@niiggicom mA6ral, 2batbdwn in Fig. 26A to make the sane | uni nescent.
In this_case, if is required that a |um nescent material being a dopant
have a ?ower exil th5tdcBASIEAR AgPareivs hay HigsweB deposidons chambeish s¥lsial Myt i al

and an el SeLEQR FTOMRAL HikBPis Bk L Rbd grfiﬂ,ttﬁé B&, g&&%aﬂ?béx?%& ?Qétﬁ;’i‘ect&ﬁm 20

In the case where a |um nesctent nateri isto g doped, the process of
manuf act utoi exgdaironongba pretieamered Sbemberinghe wasei of therpuededyeing sn oxide suttoas

t f i on..of | ities, Th f i d ill b
eseri bed oREvitaiag asBREHAY Fiowh F B Vi bR TERYEr e whraifish at us
of singl ejirRaMdAr chadmtee, ini Hrdehité oléany BfubrddehairbRes)3 FPihes dINSHall-ediags t he

deposition chanber and a plurality of deposjtion sources, are Fr ovided in
t he vatQuiprmingiBeroreapg Wappessert glement apg spligeted ot drpopitignain) the pacuum
depositio a i Lal j & j S
consti t uei okt 32RO PHBnEats 3 et IS Dhflt 1) FIE PloslNEhpias 3239k 2

t r anspor t sepgraterdéepmsitiin, cheimder muay be aroypdadt fon dometoni ofl 3 cahedst doshomjiect i ng
mat eri al , .0cki ter.i.al ,.  lumnescent material, a cathqde. I n.the
doposi +1 ortingat Bk RGO HRR e, ePsd BET R Wi tahoer S GlEr A2onlil dy  an
- anode (| T&tiddet Refdrited) Figalfy, tBé og@dni¢ @@mintheert e mVRY steRed hdkbeeingand
is subjected to oxidation in the pretreatnent chanber in the case of the
anode beiwiestedola sealingcin ascalireochambegpmd; falen o4t {108l GghergEyaREiRAmRCT g.

32A, it i fg%%sdi | SertBabovi de an ultraviolet irradiation chanber in order
to clean ttﬁﬁe ano%e csrurflaces). Further, all the materials 10 form ng an

or gani ¢ | um nesdengxpbiratientwil be sgibgrete b pooatdprss of momufasturing smoeogamic
R L Y
cat hode. duthsdingle,chainbes typdIffitic tefeitentad Figpd2Bt faocrobe samivhiledicoutt ithe t he
single Va\(r:a%ﬂtTmC cl?glggerr %22110 . ‘i:*qé' |32ﬁ shows, as a simplest example, the procedure of
forming an organic compouhd layer, which consists of a hole transporting material 3221,
an electron transporting material 3222 and a luminescent material 3223, with the use of a
vacuum chamber 3210 having three deposition sources (an organic compound deposition
source a3216, an organic compound deposition source b3217, and an organic compound
25 deposition source c3218).
First, a substrate 3201 having an anode 3202 is carried into the vacuum chamber
3210 and is fixed to a fixation base 3211 (the substrate is normally rotated during
deposition). Subsequently, after the vacuum chamber 3210 is depressurizéd (10 Pa or
lower is preferable), a vessel a3212 is heated to evaporate the hole transporting material
30 3221 and a shutter 23214 is opened for starting' of deposition after a predetermined
deposition rate (unit: [nm/s]) is reached. At this time, a vessel b3213 is also heated while
a shutter b3215 is closed. )
Thereafter, with the shutter 23214 opened, the shutter b3215 is opened to allow

an electron transporting material 3222 to be subjected to codeposition to form a mixed

-
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cathode is forned. Finally, the organic |um nescent el enent is obtained
after being 15 subjected to sealing in a sealing chanber and taken out from
a conveyance chanber through a carrier chanber. An explanation will be
given to the procedure of manufacturing an organic |um nescent el enent of
the present invention with the use of a depositi on apparatus of such

si ngl e chanher ference.to Fi B.(a cross sectional view, of
the 20 valthifh cRibBeiing3 fisfe GpegortinscreaiiAZtBaTh Giersionct unding EXnKE
procedur e affimph@ityTiaper BliweEDaRi HolS RaRGREnd Asdn 3003 Sl G @x%cé& e 3gg$n @2(519' e
transporting material 3221, an electron transporting materi al 22 and

| uni nesceflereme steraismadogmoygtt of {ureingsesnbimateriafadidimisc hddrgein ﬂElgolna&nOrﬁg
t hree dep?&ln]izlu Z%Jerlﬁ&t% %;Olg)gwa ﬁgg@&wg Pig t| on source a3216, an
I'tro b and a

or gani ¢ conpoun epos source &anlc conpound 25
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carried into E:téPe vaguum chanber 2%0 and ] s fbxed to f| xation_base 3211
(t he subsCP&} © FEH ofSaflo8ed i i tRgNINGE B&4 NgoR ! %ﬁﬁ%séb@é%ﬂy,hléfter

t he VaCUUEgEﬁﬁHH%[m%& foPmdBoH 68 i inpdty herbdded thel ABRH ks H%%f)@raﬁﬁ' e),

a vessel 212 is heated to evaporate the hole transporting terial
3221 and éhﬂsfﬁmttcmrtra@mnngsegypened for starting of deposition after a

pr edet er mi ned i O ) hed. At thi ne, a
vessel b3213 i sgs‘aﬁo Bhdd enat% £ Pﬁ(oléeéuéc ,hn]?% Sett Béi% ?‘g lg?]b“sz%fureTﬁ]Zr%%ﬁlgr,
with the &hﬁﬁie@wenaammaeﬁﬁlbe& heresiutlyewith3rttpedt Soomenaeest toraddivng 1@n

el ectron transporting material 3222 to_he SUBﬂOPCted to.codepositign to form
a mxed P¥YEFHOPTIFGRMRHP A £2HoPkadBASDBIOC ARG TAGTYN03ReINIXTHregion

oper ati on3ehd M NAkESciBArth Rkt a RPodifiB Edirke kY &309%%@ thel B16ciifk haterjal
transporting regi on 3203 and the m xed regi on Here, a very small

amount of a$ showede &ve. 328 end avameas the sawddd the cowrse of dpmeativh off Germaiedn of
t he m'xedée(?Aon 3204 (a state shown in Fig. 32B). 5 Further, in order to
forman ef&ctron transporting region, with the shutter b3215 opened, the
shuttell5a3214 i alsd, ds €tk ¢a¢ b€ forniiag Gokeiajdciigg etgibheovasaadn mgtiidg rdglbss,
operation elimnates formation of an inpurity |ayer between the m xed

regi on 3284S SRdicianh o BFREHR P PTG Y@S?lé@llg MCPOPIIT LA FSHODICSPEAHYe

procedur e fike fhaldriaROTok l&k@mbf& MReY 20HINR (AL kal! @8RbGisioklof Hrﬁbﬂzeﬁf&ﬁhg
el ements descri bed previ oush%zvmth respéct to measures for solving the

probl ens. regen éﬁizmpn éhe arpden&(Paand G fwdl@litnagsmrmg)cﬁgwrg3m by iaadeppsitivhe
m xed regt au%ﬁoo”f ﬁna}JiapJeP 'e%{x‘tbet Qvdidsh Wy eFhpdERIE! e Ofbie WrSFordiBk

dep05|t|o ng ma
20 material 3221 wnhout an interval from a point of fime a hole injecting material is

deposited on the anode 3202.

In addition, since a concentration gradient can be formed in the
above-mentioned mixed region, reference is made t0 an exemplary way to form a
concentration gradient. Here, the case is described where deposition can be made with

25 vacuum deposition due to resistance heating. With respect to the way to form a
concentration gradient, in the case where correlation is established between the
evaporating temperature of a material and deposition rate (ordinarily, unit is nm/s), it is
possible to control a deposition rate with temperature control. However, organic
materials used particularly in the form of particles are normally poor in thermal

30 conduction to be liable to generate unevenness in control with temperature. Accordingly,
it is preferable to prepare two kinds of materials for formation of concentration gradient,
in separate deposition sources and to make deposition rate control making use of a
shutter (the film thickness is monitored by a crystal oscillator). Such configuration is

shown in Fig. 11.
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as shown in Fig. 32B and evaporate the sane in the course of formation of
the mxed region. 15 Also, in the case of form ng hol e .injecting regions
or electron injecting regions, it is sufficient to install in the sane
vacuum vessel 3210 deposition sources for respective filling materials.
For exanple, in_Fi 32B, in the case of provision of a hole injecting
regi on between lhhng&néBealB%Iﬂaaﬂﬁ)Tt M6l Hesl givenalospovay g fpagla)rctom&abgm a

dep03|t|o r VQi orating
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Accor di MGhdhted Whild § sRitRE 81813 1§ cfoger epare two kinds of materials for
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Accordingly, the reference nunerals used in Fig. 24 are referred to in

Fig. 11. Piediregiongdldy The opgning aﬁéxﬁ%@l&weeéwebq @50 hatcwhen g shutter a
filmfog gt gns ﬁhpmegedl HOmaRd rksioh 2484 rERngs & %&%@@Sﬁ thididrbds SAQP

substrate is normally rotated durTng deposition ubsequen a sanple
chamber &he rLBCtrenéravmmgtlag witerial rldheé pichésng presieeriniled dbpadtion rzheaa ede and a

shutter t 0. cause, de Qsition o ans regi on
3405 combgatind bt SRERAE O, SEREET AT R Rl: Plaich 2008 TR b oot
sanpl e ahﬁmbemn@lr]:gibnrm i fognéeh walile ché @huttdrayIIPs IrtinBHhs 'opefEd, And Wldn i
al so S|nultaneqﬁ§ly 8hheated while a shytter blll5 is closed. After the

hol e t r arfHIBFRY HOgmEL gYitn2 sapesnirateh gEadient 1% ade MesHBlY inj thenelement stgeture
20 shown in Fig. 24.

In addition, this way is all applicable in the case of forming a concentration
gradient in other element structures than that shown in Fig. 24. Also, in the case where a
luminescent material is added to a bipolar-natured mixed layer or a mixed region, it is
sufficient to increase one more deposition source in Fig. 11 and to open the shutter for
25 the dopant deposition source only during the time period of doping.
However, measures for forming a concentration gradient are not limited to the
above way.
Hereupon, the several embodiments described above can be utilized in
combination. For example, a hole transporting mixed layer, electron transporting mixed
30 layer, and a bipolar-natured mixed layer are applied in combination. An example therefor
is shown in Fig. 8.
In an element structure shown in Fig. 8, laminated on a substrate 801 having an
anode 802 are a hole transporting mixed layer 803 composed of a hole injecting material

811 and a hole transporting material 812, a bipolar-natured mixed layer 804 composed of
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the shutter alll4 is gradually closed and at the sane tinme the shutter
b1115 is gradually opened. The opening and closing speed at this tinme
forms a concentration gradient for a mxed region 2407. The openi ng and

cl osing speed may be set so that when the shutter 15 alll4 is fully closed,
the m xed regi on 2407 reaches a predeterm ned filmthickness and the

el ectron tr Lt i al 7 1 posi.tli rate
(a rate af MRaprpdinf ByRbad srehis P 8RR RauRRELE HINAET A13PaT e
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i nj ecti ngshewein &lg. 188 lowndeatlb ohagy bankpoitcipigsembinaghe adsp8dide maixed layers,

bi pol ar-natyred m xed | ayer 8§04 conposed of = 27 a ho transporting .
material 819 BhJemICRYE lﬁsﬁwam ﬁ??%@swyeq@a?ctégy the hfle dfangeprting

transpor t ifiefIXSLh lagd Sthe wéctmﬁ%rﬁﬁ%afﬂa@hﬁcBw,nwmi&n%spga&eh@zggcsﬁ& ki al

813 and an electron injecting material 814, and a cathode 806. In

addi ti dh, mugvemeniseofgreagEnt enbodi ment, a | umi nescent region 807, in which a
5 smal | anount ] [ ) | e i i J

bi pol ar - nat ur edghﬁe%eﬂ%“ﬁgégg&gg%ﬁﬁ ?(1)1,1 %% ‘!E:ezlnttg %g’te?%%ddg]}]g%ﬁéﬁﬁgg%gﬁg”m#ﬁé}?n
gr aph 810aweslanémy iedviiich respepiad mieed dyerss arel combliosted iionthe fabgve h9dinkes ia

schemati ¢ vi.ew show. band di agr xpected i he case where .such
omeant o ePRRe s T el Ry Tl el afitnetia Tt e of Srifiples
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conposed or a hole injecti nttg | ayer, hol e transporti n? | ayer, .
20 structure is composed of a substrate 901, anode 902, hole transporting layer 903,

a

luminescent layer 904 formed by doping a triplet light emitting material in a host
material, blocking layer 905, electron transporting layer 906, and a cathode 907. The
blocking layer 905 is made from a blocking material, and blocks holes to enhance the
recombination efficiency of a carrier in the luminescent layer 904 and to serve to prevent
25 molecule excitons generated in the luminescent layer 904 from scattering. Also, the layer
is also a material for carrying of electron.
In the element structure shown in Fig. 9, the luminous efficiency can be further
enhanced by providing a hole injecting layer and an electron injecting layer. However, a
layer or layers are added to the five-layered structure shown in Fig. 9, resulting an
30 increase in the number of interfaces. Hereupon, the invention is applied.
That is, measures are provided, in which the hole transporting layer 903 in Fig. 9
is made a hole transporting mixed layer composed of a hole injecting material and a hole
transporting material, the luminescent layer 904 is made a bipolar-natured mixed layer

composed of a hole transporting material and a host material of the luminescent layer,
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el ectron transporting layer, and an electron injecting |layer in the prior
art. Besides, as shown in Fig. 19B, only gentle energy barriers are
present in the respective mxed |layers, and the respective nm xed |ayers
are successively connected by the hole transporting material 812 and the
el ectron transporting material 813, which is advant ageous in 15 novenents

of a carrier an .ex tion. wl ento an e |rrent
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i nj ect LAgcemeatratidigradient sathat thy dlodking myerial El‘lﬁglﬂlﬂldﬁﬁic‘trﬁriinhﬁ ohiaveidd efyer ed
structure sni%g] in Fig. 9, resulting an 30 increase in the nunber of
i nt er f ace§?t eupon, the invention is applied. That is, measures are

provi ded, in whirefingecdieh of iSR! F{jgﬂqols@as% aﬁ%}ahﬂ)lé:bﬂthcgemlbcﬁ:hmenﬁ
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bi pol ar-n e 0 nd a
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electrontr ortin materl Iectro n tlng terial. The

triplet | PoRe danso it 0T esTe et ¥R e ot abasd Hs
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shown in Fi o form concentration gradients in the respective
h F to f 5 trat gr adi ent th pect

m xed | ay@?@Poﬂcﬁ abidbe i kst mpteral (1943 ppeskia foskane magHali d0ldeani plegthen f or m
of a sing id nﬁﬁ% t he
| um nesceﬁ%%pgﬁetg ]:nn&eglr:l 'gg?rl 1gllort?g t e?ﬁsgﬁ}l%?gﬁ%%h%a%tgﬁghﬂﬁ%egﬁ%ﬁ{gkl énogggm xed
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di spersion cP a cggogecfﬂl(f? %CI 5P ﬂlsthle treslpgctpveel];%rgglreeconcer];tratmn gradients shown in
Graph 1010.
In addition, since the embodiment comprises a triplet light emitting diode, there
is provided a luminescent region 1008, in which a small amount of triplet light emitting
25 material 1016 is doped. The luminescent region 1008 is preferably disposed in a region
where the host material 1013 is high in concentration as shown in Fig. 10. Also, Fig. 20B
is a schematic view showing a band diagram expected in the case where concentration
gradients are formed as shown in Graph 1010.
With the element structure, a four-layered structure (Fig. 20B) contains
30 five-layered structure (Fig. 20A) composed of a hole injecting layer, hole transporting
layer, luminescent layer, a blocking layer (serving also as the electron transporting layer),
and an electron injecting layer in the prior art. Besides, as shown in Fig. 20B, only gentle |
energy barriers are present in the respective mixed layers, and the respective mixéd

layers are successively connected by the hole transporting material 1012, host material
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10 concentration gradient so that the blocking material is high in
concentration on a side of a cathode. Taking account of the above, Fig. 10
shows an exanple of the enbodinent, in which an elenent with respective

m xed | ayers conbined is applied to a triplet light emtting diode. Mre
particularly, lamnated on a substrate 1001 having an anode 1002 15 are a

hol e tran r xed | ayer onposed of a hole inj ctln mat er
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conpounds AT ng 0
20 include, in addltlon to TPD described. previously, its denvatwes that is, 4, 4'-bis

[N-(1-naphthyl)-N-phenyl-amino]-bipheny! (abbrev1at10n; a-NPD), and star-burst type

aromatic amine compounds such as 4, 4', 4"-tris (N, N-diphenyl-amino)-triphenylamine

(abbreviation; TDATA), 4, 4', 4"-tris
[N-(3-methylphenyl)-N-phenyl-amino]-triphenylamine ((abbreviation; MTDATA) and the
25 like. '

Metal complexes are frequently used as the clectron transporting material, and
include, in addition to Algs described previously, metal complexes of quinoline skeleton
or benzoquinoline skeleton, such as tris (4-methyl-8-quinolinolato) alurnini'um
(abbreviation; Al(mgs3)), bis (10-hydroxybenzo[h]-quinolinato) beryllium (abbreviation;

30 Be(Bq)s), and mixed ligand complexes such as bis
(2-methyl-8-quinolinolato)-(4-phenylphenolate)-aluminium (abbreviation; BAlg) and the
like. Also, among the metal complexes are ones having a thiazole-based ligand and an
oxazole-based ligand, such as bis [2—(2—hydroxyphenyl)—benzoxazolato] zinc

(abbreviation; Zn{BOX);), bis [2-(2-hydroxyphenyl)-benzothiazolato] zinc (abbreviation;
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conpounds are effective, and include phthal ocyani ne (abbreviation; H2Pc),
copper 10 phthal ocyani ne (abbreviation; CuPc) and so on. Also, there are
material s which are obtained by applying chem cal doping to

el ect roconductive high nol ecul ar conmpounds, and include pol yethyl ene
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2, A-tri gnQresce Bk AbdrPiteablédd well as thc above-mentioned metal com lexes such as
5- (4- bi phenyl yle (4 tert-butyl %he&éxg - (4- et hyl phenyl - , 4-triazole
(abbr &8 adldenAl(ny)) Bt BaBiDanBAlae Zn( anén(Finarrodr ol i)fhe“\]d@r? vapliey Hehtsuch

as bat hOpéi'x? '&ﬂ{g H{a?flﬂa'i]qs serviceable, and composed mainly of a complex, of which central

metal is platihum or iridium. Known as a triplet light emitting material are tris

(2-phenylpyridine) iridium (abbreviation; Ir(ppy) 3), 2, 3, 7, 8, 12, 13, 17,
18-octaethyl-21H, 23H-porphyrin-platinum (abbreviation; PtOEP) and so on.

25 By combining the above-mentioned materials having the respective functions,

respectively, and applying-the materials to an organic luminescent element of the present

invention, it is possible to manufacture an organic luminescent element, which is lower

in drive voltage and longer in life than prior ones.

30 [Embodiment 1]
In this embodiment, there is concretely illustrated an element, to which the hole
transporting mixed layer shown in Fig. 5 is applied. _
First, an indiuvm tin oxide (referred below to as "ITO") is deposited to a film

thickness of about 100 nm on a glass substrate 501 with sputtering to provide an anode
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(abbrevi ation; BPhen), bathocuproine (abbreviation; BCP) and the |iKke,

t hese derivatives having an electron transporting property. 10 The
above-nentioned el ectron transporting naterials can be used as the el ectron
injecting material. In addition, super-thin filnms of an insulation body
made of al kali netal hal ogenides such as lithiumfluoride and the I|ike,

al kali ne i des suc s, l.ithi oxi.de. and rthe lik r.equent
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light emtting material are tris _(2-phenyl pyridine) iridium (abbreviation;
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23H- por phyifh, G hﬁﬁés%?&%ﬁﬁé@i%ﬁ“uﬁ%neﬂ CEP) and so on. 25 By conbi ning the

above-nentioned materials having the respective functions, respectively,
and apidl yi ng-the materials to an organic |um nescent el enent of the present
i nventi on,[gi%_tbb ids eﬁ_‘?gil bl e to manufacture an organic | um nescent el enent,
which is | PR ive voltage and longer in life than prior ones. 30

[ Enbodi ment 1] thnibishembeahadicBitke i tOh&reiely GONEARIIChY eldrhdti! FRt@EAthe
el ement, to which the hole transporting m xed |ayer showm in Fig. 5is

appl i ed. SFGOR tragEpqrHEg tHxed layeshawn(in £ie SigapBiEdow to as "I TO') is
de ited t | i . 1
eposited to a lfxiét,”ig"rq) \f/b: c%%i&@ﬁéi & a ?ﬁl‘ﬂgilncé(ggs_sr}fgua‘gﬂuﬁl(ﬂi Hﬂ%)s/c?ns%%ggé gﬁlfstégz

with sputtering to an anode sequent eing a

hol e 1§ edXli mgthnepwteril, teapdoddNRR leody 682hGubsequesihs pe¥PDgbeing er ihale, are
subj ected to codepositi.on at t.he de itj,on rate tio 1:1 to .forma, hole
Cr ahepor (FHPIRRE A gy P Botifi £hE e Uider BT iRt it it Sotat & B her
a | ayer aqhingpsrad cflegs.ng rubrene of 5 % on Alg3 is lamnated by a 5
filmthickness o% O nmto provide a_|um nescent |ayer 504. Finally, Al ga

i s deposited tdurtiesi perviene cRngunyged Ay fAnfin BikorBeohdOepicta provide 2

ansPo AL 1o Ay BrighBhg el kot e, s, |
20 being an electron injecting material, are subjected to codeposition at the deposition rate
ratio 1:1 to form aﬁ electron transporting mixed layer 605, which has a film thickness of
40 nm. Finally, Al:Li alloy (Li of 0.5 wt% in mass ratio) is deposited to a film thickness
of about 150 nm to provide a cathode 606, so that it is possible to manufacture an organic
luminescent element of blue luminescence resulted from perylene.
25
[Embodiment 3] .

In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2402 and an organic compound layer
2403, a hole injecting region, which is composed of a hole injecting material, in the

30 organic luminescent element shown in Fig. 24.

First, a glass substrate 2401 is prepared, on which ITO is deposited to a film

thickness of about 100 nm with sputtering to form an anode 2402. The glass substrate

2401 having the anode 2402 is carried into a vacuum chamber as shown in Figs. 31A and

31B. In the embodiment, four kinds of materials (of which three kinds are organic
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a cathode 506, so that it is possible to manufacture an organic | um nescent
el ement of vyellow | um nescence resulted fromrubrene. 10 [Enbodinent 2] In
this enbodinment, there is concretely illustrated an elenent, to which the

el ectron transporting m xed |layer shown in Fig. 6 is applied. First, ITOIis
deposited to a filmthickness of about 100 nmon a gl ass substrate 15 601
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el ement oﬂF%ﬁ”rli’éélawc'r nserting between an anode 2402 and an organi ¢ conpound

layer 2403, a @He@a'H@l@ﬁ&ﬂs‘?Ertﬁ%ﬁhQ& 24@#3'&, o§e&9ﬁ&9§%@@bﬁf@ﬁﬁé‘d to'HaGEt 1 NQ
material, in the 30 organi nescent el enent shown in Fig. . First, a

gl ass 30bstfilat thickaegs o%3lbmepadee@|smorm owaﬁlqhchnr@ap@l@érpestmreaortmganatmnah is
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substrate IS carrl e 0O a vacuum C

shown in HBixgs at 3B raREc. ThhBis, lanmixed regioadae Riherd GWralel’tiﬂix-lePUYﬁrﬁcBAﬂ@ is (of
whi ch three kinds are organic 32 conpounds and one kind is a netal formng

a cat hode)l:1is dOTRES GOdEPOSHRM- so f our deposition sources are necessary.

First, CuPc bei ngia tﬂ@hﬁxé&‘k@ﬁ&ﬁ RAOTRERhESL mﬁ] dgpasks g 3@%@ &ddoSition is
thrckness of 200 nm and wthout an interval froma point of time when the

filmthbchuessated f@0 orNPDsand omeaéﬁeﬁ camrntepioslvq dempsm:fi@g%rmsalt etf:mrnat ed,
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depositio son
alloy is deposited to a film thickness of about 150 nm as a cathode to obtain an organic

luminescent element of green luminescence resulted from Algs.

20 [Embodiment 4]

In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2702 and an organic compound layer
2703, a hole injecting region, which is composed of a hole injecting material, in an
organic luminescent element shown in Fig. 29A.

25 First, a glass substrate 2701 is prepared, on which ITO is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2702. The glass substrate
2701 having the anode 2702 is carried into a vacuum chamber as shown in Figs. 32A and
32B. In the embodiment, five kinds of materials (of which four kinds are organic
compounds and one kind is a metal forming a cathode) are deposited, and so five

30 deposition sources are necessary.

First, CuPc being a hole injecting material is deposited to a film thickness of 20
nm, and without an interval from a point of time when the film thickness of 20 nm 1s
reached and deposition of CuPc is terminated, deposition of o-NPD being a hole

transporting material is started at the deposition rate 0.3 nm/sec. The reason why the
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deposition is started wi thout such interval is to prevent formation-of an
inpurity layer described above. After a hole transporting |ayer 2405
conposed of only a-NPD is fornmed to have 10 a filmthickness of 30 nm
deposition of Alg3 being an electron transporting material is started at
the deposition rate 0.3 nnisec while the deposition rate of o-NPD renains

fixed at . sl } i % F Al - NPD
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element shown in Fig. 29B.

20 First, a glass substrate 2701 is prepared, on which ITO 1is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2702. The glass substrate
2701 having the anode 2702 is carried into a vacuum vessel as shown in Figs. 32A and
32B. In the embodiment, four kinds of materials (of which three kinds are organic
compounds and one kind is a metal forming a cathode) are deposited, and so four

25 deposition sources are necessary.

After a hole transporting layer 2705 éomposcd of only o-NPD being a hole
transporting material is formed to have a film thickness of 40 nm, deposition of Alqg,
being an electron transporting material is started at the deposition rate (.3 nm/sec while
the deposition rate of a-NPD remains fixed at 0.3 nm/sec. That is, a mixed region 2707

30 where the ratio of a-NPD and Alqs is 1:1 is formed by codeposition.

The mixed region 2707 is formed to have a filin thickness of 30 nm, and at this
time an intermediate region of a 10 nm film thickness (that is, a portion 10 nm to 20 nm
in the mixed region 2707 of a 30 nm film thickness) in the mixed region 2707 is doped at

the ratio of 1 wt% with a fluorescent dye
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1:1 is fornmed by codeposition. At the sane tinme, a fluorescent dye

4- (di cyanonet hyl ene) - 2- net hyl - 6- ( p- di net hyl am nostyryl) - 4H pyr an
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20 Further, as described with respect to the embodiment, a mixed region 2607
composed of a-NPD and Alq; and having a concentration gradient is deposited to a film
thickness of 20 nm by gradually opening a shutter for the deposition source of the
electron transporting material (Alqgs in this embodiment) at the same time when gradually
closing a shutter for the deposition source of the hole transporting material (0-NPD). At

25 this time, an intermediate region of 10 nm in the mixed region 2607 of 20 nm in
thickness is doped at a ratio of 5 wt% with rubrene as a luminescent material 2608.

After the mixed region reaches 20 nm of a film thickness, an electron
transporting region 2606 composed of Algs is forméd in a state, in which only the shutter
for the deposition source of the electron transporting material (Alqs) is opened. Finally,

30 an AlL:Li alloy (Li of 0.5 wt% in weight ratio) is deposited to a film thickness of about
150 nm as a cathode 2604 to obtain an organic luminescent clement of yellow

luminescence resulted from rubrene.

[Embodiment 7]
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| um nescent el ement of red | um nescence resulted from DCM [ Enbodi nent 6]
10 In this enbodinent, there is concretely illustrated an el enent obtai ned
by applying a concentration gradient to that elenent, to which the m xed
region shown in Fig. 26B has been applied. In addition, in order to form
the concentration gradient, the apparatus shown in Fig. 11 is used to
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nm in thickness, deposition of BeBqy being an electron transporting material is also

20 started at the deposition rate 0.8 nm/sec while the deposition rate of TPD remains fixed
at 0.2 nm/sec. That is, a mixed region 2607 where the ratio of TPD and BeBq is 1:4 is
formed by codeposition.

The mixed region 2607 is formed to have a film thickness of 30 nm, and at this
time an intermediate region of 10 nm (that is, a portion of 10 nm to 20 nm in the mixed

25 region 2607 of 30 nm) in the mixed region 2607 is doped at the ratio of 5 wt% with
rubrene as a fluorescent dye as the luminescent material 2608. Also, a last region of 10
nm (that is, a portion of 20 om to 30 nm in the mixed region of 30 nm) in the mixed
region 2607 is dopeﬂ with BCP as a blocking material 2609. The deposition rate of the
respective materials at the time of doping with BCP is TPD:BeBgz:BCP = 1:4:3 [nm/s].

30 ~ After the mixed region 2607 reaches 30 nm of thickness, deposition of TPD and
BCP is terminated, and only BeBq; continues to be deposited to form an electron
transporting region 2606, which has a film thickness of 40 nm. Without an interval from
a point of time when deposition of BeBq; is terminated, deposition of Li(acac) being an

electron injecting material is started to have a film thickness of about 2 nm. The reason
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t hi ckness of about 100 nmw th sputtering to forman anode 2602. The gl ass
substrate 2601 having the anode 2602 is carried into a vacuum chanber as
shown in Figs. 31A and 10 31B. In the enbodi nent, seven kinds of materials
(of which six kinds are organic conpounds and one kind is a nmetal formng
a cathode) are deposited, and so seven deposition sources are necessary.
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rubr ene. Zy0fbiediteaatio 8f MTDATA and PBD is 1.1 is formed by codeposmon.

20 The mixed region 2707 is formed to have a thickness of 30 nm, and at this time
perylene as a fluorescent dye is added as a luminescent material 2708 to an intermediate
region of 10 nm (that is, a portion of 10 nm to 20 nm in the mixed region 2707 of 30 nm)
in the mixed region 2707, the deposition rate being controlled so that the ratio of such
addition is MTDATA:PBD:perylene = 4:16:1. Also, BCP is added as a blocking material

25 2709 to a last region of 10 nm (that is, a portion of 20 nm to 30 nm in the mixed region
of 30 nm) in the mixed region 2707, the ratio being MTDATA:PBD:BCP = 1:4:5. |

After the mixed region reaches 30 nm of thickness, deposition of MTDATA and
BCP is terminated, and only PBD continues to be deposited to form an electron
transporting region 2706, which has a thickness of 40 nm. Finally, Al:Li alloy is

30 deposited to about 150 nm as a cathode to obtain an organic luminescent element of blue

luminescence resulted from perylene.

[Embodiment 9]

In this embodiment, there is concretely illustrated an element, to which a hole
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In this enbodinent, there is concretely illustrated an organic | um nescent
el ement shown in Fig. 30B. First, a glass substrate 2701 is prepared, on
which I1TO is deposited to about 100 10 nmw th sputtering to form an anode
2702. The gl ass substrate 2701 having the anode 2702 is carried into a
vacuum chanber as shown in Figs. 32A and 32B. In the enbodinent, five
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is a netal formng a cathode) are deposited, and so five depositi on sources
are necessed yayet Shown ém Fag. hﬁ)h@vq bmgmbmn@ apdyapplighdB asditisms énl opder ¢al y

MTIDATA bei a_hole tra i
t hi cknesgorH? AR au%‘é%as %?S KGBE%h%Itge{nb ég?élff]?l](;alg%g}bﬁogln ratr%% ‘% '%) %ﬂnlon
mat eri al shgrcsd with eBuigtks §Hwﬁ@ﬂ6§l1tllamusafte 0.3 nnf sec Whl | e the dep05| ti on

rate of MIDATA remains fixed at 0.3 nnisec. gtﬁt % i xed .regi on
where Phe rati &ish INPOATEPeAGdpErY glass supsirater&il fa g B‘;':" gt IB‘r’ite“QE The

m xed regj ?&'ﬂ?%? 4nbde BOF NGhsEQuddAYEa %oléqlrﬁlj@fb%ﬁ&goxfm)&@ 1B93r dc@hpdsBl St i Me

perylene as a uorescent dye is added as a | um nescent nateri aI 2708 to an
i nt er mediCafPe beirgi dnlecijeting mdt¢tivdt81il andac PRI ibeimgof hale transpastizg material t he

L"eixﬁg CoML2Gre eposttq a0 Bl AdpisdTaf BE Sphealof SRt RS Al ere
4:16: 1 81&asDformedby 6p @ﬂﬁgeﬁhcaaoangbﬁamtmg; rTB.terI al 25 2709 to a |ast

region of 10 nm (that 1s, portion of 20 nm 30 nmin the m xed region
of 301RAm in tHY thistEee, ﬁé@p@ﬁr@%lﬁd mwd#wéhgéawggwwmwb@@éﬁ IS1§: 4. 5,

Al ter th%eﬁ;]sgﬁ%ﬁ 6 98y g{}.ﬁt}g@b i 2Endifr $6NGE Ve mw&r%ﬂ&lqyﬁ%&"“ and

BCP is termnated, and nues to be dep05|ted to form an
el ectron thd elacas;qnotranspgrtn@matcrmvew attheclanitatgme whenadudly slosiig ﬁﬁhutter

o e P oA e RN B b RRo sl ORAR e lr A P Ry p 8
an organ
peryl ene ¢hd bRt imied %1x|eﬂ Tabézs s@4rtaddioTant is dBpEd at sheconiy of dl wi% thh

illustrated an elenent, to which a hole 37 trangporting mxa&ia
bi pol df- ﬁaﬁdm@aomﬁsbeﬂfnph%neth&lnér%ﬁl@?@&%ﬂ%‘y ibs‘b%rﬂyif *awk

shown |n of] and applied. In addition, in order to
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conposed oﬁémng a shutter for the deposition source of Li(acac) being an electron injecting

20 material 814 at the same time when gradually closing a shutter for the deposition source
of Alqs in a last region 5 nm, an electron transporting mixed layer 805 of 40 nm in total
is formed. That is, the concentration gradient for Li(acac) is set steep (while an electron
injecting material 814 is shown in Graph 810 as being constant in inclination, the last
portion in this embodiment rises abruptly).

25 Finally, Al is deposited as a cathode 806 to about 150 nm to obtain an organic

luminescent element of red luminescence resulted from DCM.

[Embodiment 10]

In this embodiment, there is concretely illustrated an example of an organic

30 luminescent element obtained by inserting between the. anode 2702 and the organic
compound layer 2703, a hole injecting region, which is composed of a hole injecting
material, inserting between a cathode 2704 and the organic compound layer, an electron
injecting region, which is composed of an electron injecting material, and applying a

triplet light emitting material as the luminescent material in the organic luminescent
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CuPc being a hole injecting material 811 and a-NPD being a hole
transporting material 812 are deposited to 40 nm At this time, the
concentration gradients as shown in Gaph 810 are formed by opening and
closing of shutters. 10 At this tine, a bipolar-natured m xed | ayer 804
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a shutterefefient élﬂvﬁiﬁﬂ%%@%ﬂ segéiepeRistricaize R&hOEn i PR, 8bectron
transporting nateri al 3 at the sane tinme when gradually closing a shutter
for the deposit Fl. §aiese subgtrasd ismeparad, emvdich L) issdepostied freehoat 409 agl on
807 of 10 d I at
807 of 10,8 {uehRe £iehfh Ho"@hIESI THE ks A¥GEarBdv Rl 3O WLrficd IR

4- (di cyanoaetuby ciraeherZasnahiolyl in6Figp- 82 Areindy3 2By Inothe wnydo)nhrnbﬁtpywm kinds of
(abbr eV| ation; | um nescent rmaterial 815, After

bi pol ar? nEHEE m{awﬁafyf Kigen Ao WEHBE SEPRINGP SR HRAGEL % Yhinogganic

deposi t edmtaaer?aﬁfdmﬂgla BatRORY) re de@omdcihdw éév‘érh@ Jﬁﬁiﬂioh%bufc@é ar®l@8eskry.
opened. By gradual l opening a Shutter for the deposition source of

Li (acac) bei ng EﬁsteCeB@ eingianjale injersingonatarial is depepited & 29 mEL, gadavithopbamhen
dual | h tt t
o el Logt 08 AT S5 PRI RN OB D B

formed. Th&losition $he-NRIDGR Mgl ahblertragrspﬁmgtmﬁtenalus(m&ﬁ) ati the slepositi@epte
(while_an electron_injecting material 814 is shown in Gragh 810 as being

const ah? '3 BREES-nEhe I@ﬁsontwéy g gepasiop; 15 taried FROU SEG THERe it dgevent
abrupt'y) gordatibh 8?51} an[i)U%Y 1@39%91%4@@0@5 a cat hode 806 to about 150 nmto

obtain an organic nescént elenent of red | um nescence resulted from
DCM [ Enbodi rrenAft;bﬂ]a hiote urtns:poemddymmmpombﬂéonkv%@Wd?@t@lrgnedltcb bsBPated an
exanple o ent e

t he. anod’](cil '%n Or%:gqf%éno&r 1 gf’lo%'f‘;oun 33}5159%55,& gﬂal?'%n%lgg ISIFS]jE eB?mg% neen

region, £b§1t16ﬁ FReIES! n@f/se’t Whil€ thenfgukitiog ratedfeaiNpD rbmaﬁfstfi)n:@ ab(fm/veen
a cat hode 270 and .t he organic corgound | ayer, an_ el ectron nj eg g
regi onl® wAmEec; Thal dvsoBiedd Fglﬁﬂ (@rERPrHBAIR) whete e RO %1Nplaﬁ8 &Pyt ng a

triplet |ight Gelitiyabflsflidndl as the |uminescent material in the organic
| um nescent 38 el er¥ent shown in Fl(g. 29B. Such elenent structure is shown
9

in Fig. 33. F| r $he n@zxgtﬂ asgionubdormed t¢ hape epdigkacssonf whi mh, pFDAaf sﬂ'liééb@%i ted

to about M t :

having I T )‘"g]é?mged |pﬁ)‘# 1§g§1 E;\E/hg%ltn i %@%&%@@Hgﬁ?ﬁ @Q&ﬁghﬁﬁagg\f) 328

In the errtimed-tﬂmmte repporeof kO nas(thdt i§ apdreion @If§ r(mfto WA inh ixf thaenimedd@gxam of

or gani ¢c_conppounds and t ki.nds_are an i_nor c mat er

oot hodd) 0 et dhe et aesgy Ty criaasouet B BB RELERS,; -
50:50:7.

After the mixed region reaches 20 nm of thickness, deposition of a-NPD and

Ir(ppy) 5 is terminated, and only BAlg continues to be deposited to form an electron

transporting region, which will has a thickness of 20 nm. Without an interval from a

25 point of time when deposition of BAlq is terminated, deposition of Algs being an

electron injecting material is started to about 30 nm. The reason why the deposition is

started without such interval is to prevent formation of an impurity layer described
above.

Finally, LiF is deposited to about 1 nm and Al 1s deposited to about 150 nam to

30 form a cathode and to obtain a triplet light emitting material of green luminescence

resulted from Ir(ppy) 3.

[Embodiment 11]

In this embodiment, there is concretely illustrated an element obtained by
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First, CuPc being a hole injecting material is deposited to 20 nm and

W thout an interval froma point of time when 20 nmis reached and
deposition of CuPc is terminated, deposition of a-NPD being a hole
transporting material is started at the deposition rate 10 0.3 nnisec. The
reason why the deposition is started without such interval is to prevent

formation, g;flylgg tpg%'ﬁfseﬁy iV} G6n Q@%Cfripkl)&dhgﬁoéiﬁﬂnﬂ HRYde BshB@neint FRNSPOrHel NY

| ayer co ct-NPD Is formed to be 30 nm_in thickness,
deposi ti oaflemémBAdruptml mgs]arwmllec‘flgodot daradddian, g padee o AP SCOCEH A {ORr t ed

at the depgsiti S Iet Sigt ]

r emai ns f$r>g§’&n§t &g‘agﬁ‘ ]gnﬁnynsg'm ﬁﬁa’tn g{b %d)‘r}@%ﬁ,r éﬁg‘ﬁ g%)({(s a-ﬁPgD)(gufé%é:%h
wher e t hegyigbisQh8fnan NPéDmaQ BAig i S 1 1 is formed by codeposition The
m xed region is formed to have a thickness of

L1 (ppy)3 be| ng Birsty IT6D és dapogjiked @he gkaﬁﬁglhiiﬁfﬂérm&g to §b(&ﬂ&§9 “H%W %H?‘rﬁlt‘%g%ent
materi al o &8% an aglii)gé 766D, @ écgﬂgg? %ol&@raﬁ og‘lrn}fgaﬁmkéi la?erpl@ﬁglcﬁﬁlpggeéomm to

15 nmin m xXed regron o e mxed region. The ratio of
such addi Cupobtimga- r@éﬂtmgl métprizd) 18 1 =and SHNFD chg\fatt@:ie triwespaitingdmpiegrbn

reaches 20 nmof t hi.c e ition of a- NPD

t er mi nat et012:378 dgpesjte A‘P%S r&ﬁﬁ’éé“’?‘b‘ %C?fécﬁg dgr? dle#’%%éq)sg%wgﬁ%&r?%hn
transportwﬂ)e{r@%xﬁ{wHMUp%Hm\gahhchﬁﬁaga)ftshutedmess of 20 rim Wthout an
interval Troma 25 point of "time when deposition of BAIQq is terninated

deposit®on of ACgBscoeiivaly.an bipdlacrateied; misee: g ﬁ%@%ﬁ?@?oﬁeé ok §rER anyt
about 30 &gbt%]%el}arv%%i(?on % at!cﬂx qg%ﬂt%' i fQnd o asflﬂ(fktn%& 4 ARty fgﬁihually

i nt erval or ma npuri t ayer descri be above
Finally, &édfeds&agjﬂi&O@dpbﬁﬂltha&boﬁth-N[PDmmmctHasmg tHeplepotigon rae afob#'-W50 nm

to 30 form.a cathode and obt a tri emt f

green | unNné%CéEtFi‘é‘éle'l?‘B'%fiW{b f‘ﬂ"'g?h I[[](f“( %) p(]éﬁf) )E‘r?%bc Ede EQT?tengf ﬁ’]ﬂﬂﬁ &

enbodi ment, it ehdum@nasetisl. Yhid ﬂuﬁétaﬂﬂbﬂdn%imlﬁécﬁr@&t 1008 eompasetpf CIP
appl yi ng H’ présent invention to a tri Iet gdht)bemttlng d| ode.shown in

Fi g. 915 Tami BQPeaminhavmg ernogrisation gRBIRALS; ip f deqreasipghe [dSROSIHOR B er
to form con &ﬁy (]é m% a‘ﬁlll e 8sikiGh QQEE &O%@P' Whichgs alﬁl)clhﬁ%trﬂzlt&lal 1014.
e

embodi ment” p05| sources wit utters shown in Fig. 11 are
used. 5 Firhad thelbldoking ﬁbq&dﬁaﬁeeﬁamﬁmlghelwssuﬂoﬁlmrate 1001 to about 100 nm

Vn\:: ;stf’gtyfafr ilgg§u{98n%lgé;n&an anods 19%&s %gbseqn&%{ | ¥on? Ml F@B3ROTHL NI
(2-phenylpyridine) iridium (referred below to as Ir(ppy)s), which is the triplet light
20 emitting material 1016, is doped during the formation of the bipolar-natured mixed layer
1004 and the blocking mixed layer 1005. A region where CBP being the host material is
high in concentration, that is, a region near a boundary between the bipolar-patured
mixed layer 1004 and the blocking mixed layer 1005 is most suitable as a doped region
1008. In this embodiment, a region of +5 nm about the boundary, that is, a region having
95 a width of 10 nm in total is made the doped region 1008 where doping of 6 wt% is
effected.
Further, the electron transporting mixed layer 1006 is composed of BCP and
Algs, which are high in electron transporting capacity. Concentration gradients are
formed such that BCP decreases in concentration as it is distant from an anode, and Algs
30 conversely increases in concentration as it is distant from the anode. That is, in this case,
BCP functions as a blocking material and an electron transporting material, and Algs;
functions as the electron injecting material 1015. The electron transporting mixed layer
1006 has a film thickness' of 40 nm.
Finally, Al:Li alloy (Li being 0.5 wt% by weight) is deposited to about 150 nm
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CuPc being a hole injecting material 1011 and a- NPD being a hol e
transporting material 1012 are deposited to 40 nm At this tine, the
concentration gradients as shown in Gaph 1010 are formed by opening and
closing of shutters. 10 Consecutively, a bipolar-natured m xed | ayer 1004
conposed of a-NPD and CBP and having concentration gradients is fornmed to

a thi cknegs, efthdle N0 PYo ShaslE abinYing MACHEASL ﬂﬁm‘irﬁ@c@l‘_ﬁM&hédt%ei&ﬁ@iﬂ%@fceﬂ- NPD
and increasing the deposition rate of 4-4'-N, N -dicarbazol e-bi phenyl

(r ef er r edripksit buninescgace ©ppted fragh I€ppy)s a host material 1013 of a triplet
light emtting material. This time a bl ocking m xed | ayer 1005 conposed of
CBP 15 and BCP and havi ng concentration gradients is formed by decreasing
t he depos[i]:_-tnilszaﬁmaﬁtefz]of CBP and increasing the deposition rate of BCP,
which is a blocking material 1014. Thus, the blé)cki nggartn xed | ayer has. a

filmtHtckness Biis 1gmbprimeph, desarives 2 ypiesesmt Jevics: Bt igcludes jag) argapicght
em tting (i rd I | i g ihvenfbHM Elefienaried sbalw tiewas

I r(ppy) 3)lgh‘aﬂ‘%gﬁﬁtiééé?ﬂg%f:%%tg?{?ég teg@%(%ﬁ‘reérlrllﬁwi' ng g’(ranat_erli aIS 1016, li s doped
during thm hoiveatratgix bdiminkscept doviae thait usee dinndrgenic| kiyeneseoolelementt plethe

bl ocki ng m xed.| ayer 1005, . A.region where. in . rial s
high in o?fﬁ%eélﬂfff"%f‘%’ﬁ, QHBPA’?”E gﬁ“‘%‘%&ﬁ ﬁ?eﬁfga?rﬁcfgg%gﬁﬂé%%ﬁ‘ﬁiﬁ B8 e ft s
bi pol ar - nat 4408 elefiene but aigektildOdmamdnihiee HMOK imagsistoxed | ayer 1005 is nost

suitable as a doped region 1008. In_ this enbogjrrrent, ,ﬁﬂr;egi on of 5 Fm
about the boundHryTFT RBRWR 8s amcxasgple is hiopi s 25 TAPianar RE B0 be SATRifR: Pt al
i s made t Hegt @ @tg%' RGT9 L bMtided fsteglf ected. Further,
t he el ect?%ﬁtfb??g%ggg%‘?ﬁaé%@%e%@%ysér 006 fs a?:,orrpuosed Sof BCP and Alg3,

whi ch are hi gh innFigl d2A; d301 rdenstesat subgtraapadhe pubote eptd here cangrandimeint s

are forned,su that B ecreases, i.n.concentratli S I 1.4 j from
an anode,“ﬁlﬁze ﬁ&nﬁ?, gﬁe‘agﬁ?} ré’eﬁ?ﬂ’fs isﬂgﬁ'“éaécsgsqulaﬁ%csgh%:tgag ’?aa ﬂy%tﬁf gl'gggl %'ﬁ)?tgéte’
di stant fgombhe amedse (Hehldinsa pladii¢ Hib) casits useBCP Thuncbstiates124H rafelpd mcki ng

mat erial and an el ectron transg,orting rrantetgrial, ?02 Alga functions as the
el ect rbn thapeestialiplphanisglating ko famped andge sgrface 854 ni xed 1ayer

1006 has a fil nyf hihckigsSate 02040 aNPixelFhBRIohY 12141 ahd 2lHoMg(itcudel PR Grd W %
by weight) is gae)%os?te t%egjboui a1lgi)(’)“ajnrbn A_?O as a cat hode %007 to enabl e
form ng aproeidgdni Th¢ pixehpeteni? Bl witbbr dgscaberhiiishg green tripl et

am nescence,  <Hil b5y AR 1SPPI S whFCASL Bl I, T pRs
el ement  a6igelk dird Pplhcedt 6 the eabsHatd, andntdchnpixBi ¢ pid¥Addds withse dHILAAD2 orew of

20 controlling a current flowing in the organic luminescent element (hereinafter referred to
as current controlling TFT), a pixel electrode (anode) 1203, an organic compound layer
1204, and a cathode 1205. Although only the current controlling TFT is shown in Fig.
12A, each pixel has a TFT for controlling a voltage applied to a gate of the current
controlling TFT (hereinafter referred to as switching TFT).

25 The current controlling TFT 1202 here is preferably a p-channel TFT. Though
an n-channel TFT may be used instead, a p-channel TFT as the current controlling TFT is
more successful in reducing current consumption if the current controlling TFT is
connected to the anode of the organic luminescent element as shown in Fig. 12A.  Note
that, the switching TFT may be formed by either an n-channel TFT or a p-channel TFT.

30 A drain of the current controlling TFT 1202 is electrically connected to the pixel
electrode 1203. In this embodiment, a conductive material having a work function of
4.5 to 5.5 eV is used as the material of the pixel electrode 1203, and therefore the pixel
clectrode 1203 functions as the anode of the organic luminescent element. A

light-transmissive material, typically, indium oxide, tin oxide, zinc oxide, or a compound
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an active matrix |um nescent device that uses an organic | um nescent

el ement of the present invention. Athin filmtransistor (hereinafter
referred to as TFT) is used here as an active elenment, but the active

el ement may be a MOS transistor. 10 The TFT shown as an exanple is a top
gate TFT (planar TFT, to be specific), but a bottomgate TFT (typically a
reverse s r T, i I i ,

substr at eéﬁﬁg% gﬁ(gé%orr g? %mﬁggg s ﬁgerdef&(?:gn rgnégendi% 1{(er \} %@Tﬁbl %glqlﬂeg%??pé@&nﬂie
Speci f i cal20B, the qgasscanpmindddyer 1204isdotzedsubstrate, a crystal gl ass

substrate, or plastic .substrat i nc j a plastig . fil can, be.used.
The substrate éﬁlt Feqré?@ct??mwgngﬂéy?uhg@’g@% Cﬁﬂl?giseal]ﬁ{sné%lp AN eéj'fi %
formed onphfag.porthaesnBlic 196 SWRSHIY 8 cofductine nfiuad] maﬁ@ﬁhaeark fan@tionedf
portion 1211 and a driving circuit 1212 are provided. The pixel portion

1211 wid 12.5do deseY.i bBepi¢allysthe cptodgi 1P ipErmed Arom ropdugivedymosprtgping

di spl ayin i A i . plxel r C eal.e,
and cach B BaplFERSta) Gt B b ¥ulincRhBFy A RefiREEE DR, b OEnRUCHEE R,

fl owi ng idontdigingradaninand, ortroess kniingk ebeided(Hydnpénief arealuméiin pesilten fam
current control] 'hn TF‘%, a pi ?ﬁ‘la el ectrode (anode) 1203, an organic
conpound PhgROf thoghove LoRductivg{¥B%e 1205. Al t hough only. the current

control I'ing TF |a5es&fosed of :ctlg} %xé{%ctﬁﬂé h2p3 %8t o %i@coﬁ@uﬁﬂﬂaﬁ@ﬂQO@J l'ing

a voltage applied’to a gate of the current control ing T her ei naft er
fhar

ref er rll andl ths cathiotle ARAY isTeovered2Bitirigepreigetientilng dPo.ol T ive Fm Hloe i s
preferably a p-r nel TET, T - cha lent! Frbni 8% I ad, a
p- channellgng%dgcg?ﬁeS E:Oﬁ?crlfetrillf %g%??ohu%%C%ﬁTa?%cmngr}e suggins slé? gldm%)ﬁ%g
reduci ng Mldferiabi ubhksioimhé protédtivie@ine 120@ dtchotenditiodd hitgdd Eilidon oxymitnidet ed

to the anode_of the organic |um nescent el enen shown in Fiq. 12A. Note
that, theal9fRwHPRGe TRl oFde g R OBﬁslgFﬁfﬁéby’ﬁFrﬁQ%@rbeng or a

p- channel TFT. ﬁgxtgb‘tﬂircﬁjiﬂngfcirhﬁ? 184 (8 toe GRBETHRA! | Mhe TRTink2O2cis1212 is a
electrically connected to the pixel electrode 1203. In this enbodi nent, a

conduct? vrsgieat for icantrolding fimiag\s rsicraln@aforignils apd slataosignals)ely hessepb i thes t he
materi al of the..pi el ectr : r e, e
1505 ancirehorgh SELL R bR AudEN g LM AALEL A ttoR Sl o i, Gy SRAT 27

as t'he’anode m nescent’ e
| i ght - t r ais ah#l6g weittht(enndts gitypbr ddvey shiftedi ulm Bigi d8A, thenbasi¢ deit ofi these
oxi de, or a conpound 41 of these (ITO for ex IS _used for i xel
el ect rodélﬁoﬂﬁgq?@ﬁew pirst °8T“88§e&10%fean ffé‘%{ln‘ﬁﬂéﬁaﬁtiﬁe&@oﬂf@%‘ I}Sger
1204 is fpigged. On the organic conpound | ayer 1204, the cathode 1205 is
provided. The material of the cathode 1205 is desirably a conductive
mat eri20 havi ngKaowo ckclitsaestores 6an be applipdtg the shiftyegistghithabyifer, thedaleht hode

1205 is fzﬁHﬁ% Jn'éf%@ s%vi?c%n&ﬁ%yc}[%alfeb loﬂ&z%ptsl?iifﬂa}.ngAlthough the pixel portion 1211
and the driving circuit 1212 are provided on the same substrate in Fig. 124, IC or LSI
may be electrically connected to the substrate instead of placing the driving circuit 1212
on the substrate.

25 The pixel electrode (anode) 1203 is electrically connected to the current
controlling TFT 1202 in Fig. 12A but the cathode may be connected to the current
controlling TFT instead. In this case, the pixel electrode is formed from the material of
the cathode 1205 whereas the cathode is formed from the material of the pixel electrode
(anode) 1203. The current controlling TFT in this case is preferably an n-channel TFT.

30 The tuminescent device shown in Fig. 12A is manufactured by a process in
which formation of the pixel electrode 1203 precedes to formation of a wiring line 1209.
However, this process could roughen the surface of the pixel electrode 1203. The
roughened surface of the pixel electrode 1203 may degrade characteristic of the organic

luminescent element since it is a current-driven type element.
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an al kaline netal elenent or an al kaline-earth netal elenent, or froma
conductive film containing alum num or froma |am nate obtained by

| ayering an alum numor silver film on one of the above conductive fil ns.
A |l ayer conposed of the pixel electrode 1203, the organic conmpound | ayer
1204, 10 and the cathode 1205 is covered with a protective film 1206. The
protective fil nTrh20ée pixchelovirddd12@B privimed afthefomiganite wWirmgnigsc @hl9 to

el ement from oxygen and i.sture. .Materi,als usable for. the otective film
1206 1 ncl HAENGH FTEBROHNE APYES SERH SbR by ¢ A JuS Cosk GHFTUM htent Fi2At al um
oxi de, angheGArdQclrddet2d3 c%lﬂeﬁm#@@ﬂ%wafe@&pwmawm Hewlg, 144e driving
circuit 1212 will be described. The driving circuit 1212 is a 15 region

for controllingln Fagsng 2% asd ghidh.sa (fgatasddansmed bankhatractoee $2Hhacparates the
sent togth pi rii QF . i ovj.d i th Kfl. redister, a
buffer, 5aﬁ§clas kfa&? %:%?gattfs‘é &gsf 61}2%%‘10122%&%2?% As{% ?@K\é(r tr gﬁgﬁ%rb a}é]’étsgr)%%%e evel
shifter. tavefsegapekedy, a tchatabadevaeni the Mank heesietur€ iand uht pixed dediddl @inriowi t
conposed of .an, n-channel. TFT 1207 and. ?F.g-channel TFT 1208. 20 Known

circuit stYQitdr <& earRle ettt PHEESKh ft register, the buffer, the

latch, and th?h@@%%, %V‘Jvirﬁfgnﬁﬁé aRsfefved ak @) sePhratiBl Pordl, ftbBhing A h
the pixel portion 11" and the driving circuit 1212 are£r0w ded on the

sane subslipaeed sepaFatipn porNon| B16r  (I8F shapg obheavisivgrlineaand scparatiestnogtion t he
substrat e, f =pl agi t he drivj T CULTY : . t . 25
The pi g@:l 3% e(g:lﬁ o%lgn F%ﬁg’ge@gﬁ&% a?%m\é*ug%twﬁ e|hc‘§1a\l‘l’lle§) %cg))kgaé%e@gbd" pj ?cﬁﬁg%c%%%gnt
control | i n@t TordstihRAeR thenwiring, 1id dnd dtmdtbgaldawbotheetninyatb ehanothn eadteld(at metahe
current contraolling TET instead,.In this case i xel electrode.is

) th
formed frBiithdongaamnle) angrihen fiching he (e idss THISFEEE ERPTEYA ST FECbr rod
fromthe paLREL 3l calfodehRI0BI AR a BIxRE LIceRBde Q-ﬁﬁ%‘ﬂhel@i@i%ﬁ HRe ©HITkeN usual

controlling TFT in this case is preferably an n-channel” TFT. 30 The

| uni nescemdtivgguatcia leminescdnt devige, the sathgderpdiif ercthamett! bystapgst wdbe devige ofvhi ch
f or mat § onof e pixel elecirode 1203 c to formation of a wiring
l'ine 1%%9}.?13‘ %&%‘\?@F %t (fastheoprec}gesps?%%‘éeu E{rﬁocﬁegﬁcé?i the surface of the pixel

el ectrode 1203. Figie13@puahangs shuwfihe exrtiot be thpi active edatdk ladined 208 dewye

degrade characteristic of the organic |um nescent elenent. since it is a
Cust ant - RS ER R I 18R 12 B4 RO KD EroLrat Pl biis e Somh s
after forgibg alddg the 1inBP-bi BEFiZA9AL O THRRYAIVBIsIn! B3 NESA QR 108V i€ QiseHWN | N

Fig. 12B. In this case, injection of curréent from "the pixel electrode 1203
can be i nPigsvEit eehped to the structure of Fig. 12A. In Figs. 12A and

12B, 8260r war d- fna "gt.eﬁ&aTgolstdrcﬂgt%é’raep&%ﬂ%oﬁ%?rﬁbfsdeﬁlgés a gate signal side

driving circuit, and 1303 denotes a data signal side driving circuit. Signals to be sent to

the gate signal side driving circuit 1302 and the data signal side driving circuit 1303 are

inputted from a TAB (tape automated bonding) tape 1305 through an input wiring line

1304. Though not shown in the drawing, the TAB tape 1305 may be replaced by a TCP

25 (tape carrier package) that is obtained by providing a TAB tape with an IC (integrated
circuit).

Denoted by 1306 is the cover member that is provided in an upper part of the
luminescent element shown in Fig. 12B, and is bonded with a seal member 1307 formed
of aresin. The cover member 1306 may be any material as long as it does not transmit

30 oxygen and water. In this embodiment, as shown in Fig. 13B, the cover member 1306
is composed of a plastic member 1306a and carbon films (specifically, diamond-like
carbon films) 1306b and 1306c¢ that are formed on the frpnt and back of the plastic
member 1306a, respectively.

As shown in Fig. 13B, the seal member 1307 is covered with a sealing member
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5 pixels placed in the pixel portion 1211 from one another. If this bank
structure is reverse-tapered, a contact between the bank structure and the
pi xel el ectrode can be avoided. An exanple thereof is shown in Fig. 34. In
Fig. 34, awring line also serves as a separation portion, formng a
wiring line and separation portion 3410. The shape of the wiring |ine and
separ at i orBO8GhadeOst 2 ARiB4blhad h&vwrghﬂilcﬂ:hlgme&éhnt slMehyis @ngiletelytsenked\in th

v SRR RO R i
exanpl e) Aot DEBe e%a%? s Bgelie of ammalduid -'fhirseﬁalﬂﬁﬂ@ G@d P& bSN @Y ical

circuit etvveen a e 3405 and a pi xel electrode 3403 or the Wiring
l i ne. Unla)dampﬂie wf umbich dis t perBuomt alkand)unilines elsnt cftpstive do R eanc abseaRpat 3105 on
t he p|>g£ d;t gtg in the device of 15 Fig. 34 (simlar to a cathode in
a passi A50x1dantin ?,fl{ag? Figs. 13(a) and 13(b) show the exterior of the

active matrix | NnpoiasARNpIAe hHLbe iprbvidtd ahed displalyi face {RB.faks gn vidéh i Iaﬁ a
top view thereof and Fig. 13B is_a sectional_ vi ew taken along the |

P-P of FAmpgeigAispipyed é@/%@b%ﬁfi"?fi Ry gsviewsn) Rf dhy luppipeserrt dryicg ShRwopn el 513
and 13B. aBhddimehd- TH/boldAliy §EACLES 1 cRbctRr BAISH feﬂem?oﬂﬁleﬁieﬁm@ugat e

si gnal |V|ng circuit, 303 denotes a data sig side driving
circuit. fShgnat saxteﬂmzbaostbm:by @resene tiyatispbiydaed frgnuélodnngutlnfgrqﬂept;m ©f 2302

and the data signpal side driving,circui 1303 utted roma T

(rape Tt OraFod Edeigs il POEIATE Bh EasmoRaet Wi e Pt
Though nofor $OPHL ahﬁingt}ﬁatgrté\&daﬂga sttﬂ‘h%tuTé\But}ﬁI@:@s ﬂrﬁ%alnﬁﬂe&ﬁ)ﬂ ephamstndihea TCP
25 (tape carrier that is obtained by providing a  TAB t ape vvlth an

| C (i nt egndexdf r aqmntl)l or@@rntsx E@VB‘}ﬁ lighyeepisted H@%d%@ra?ﬂ%?o@mwﬁl@ lpyer
provi ded rré £ P& heb@iigshown in Fig. 12B,
and is boﬁn%‘ggj vﬂlétprﬁﬁgédés)(g{glthg rr%gr n%??)gk ?'gr rreg‘;c}thngf a resin. The cover member
1306 may be anyArmbébirgallm(ahmiinmgemsclbmedmwcmdtngttpahs piaseBOnvsatigarcaariy
wat er . nbodi nen shown in Fig. ,13B .the cover nbher i's
corrpos]c-:"Jd HaaSpF sPieanite Pe%’%mmﬁ?t é’éﬁgﬁ%%jzﬂ s ?U(r%lﬁgsce tﬁ?%?% 0%3&}@
di anond- | dkgodimanton filnms) 1306b and 1306c that are formed on the front
and back of the plastic nenber 1306a, respectively. As shown in Fig. 13B,
the seal nenber 1307 is covered with a sealing nmenber 43 1308 nade of a
resin so ‘?g Slr?ani c lum nescent elenent is conpletely sealed in an
airtight pace 0 The airtight space 1309 is filled wth inert gas
(typically, ni tThlg(emboga:scmrshqwblae aga‘s@ matrix igtinescent demisetas [ap gyr@picrsia
exanpl fﬂ umqufés%elitl et a{tblgc uéé’sp an orgamc luminescent element according to the present
invention. Unlike Embodiment 12, in the luminescent device of this embodiment, light
is taken out from the opposite side of a substrate on which an active element is formed
(hereinafter referred to as upward emission). Fig. 35 is a sectional view thereof.
A thin film transistor (hereinafter referred to as TFT) is used here as the active
95 element, but the active element may be a MOS transistor. The TFT shown as an
example is a top gate TFT (planar TFT, to be specific), but a bottom gate TF1 (typically
a reverse stagger TFT) may be used instead.
A substrate 3501, a current controlling TFT 3502 that is formed in a pixel
portion, and a driving circuit 3512 of this embodiment have the same structure as those
30 of Embodiment 12.
A first electrode 3503, which is connected to a drain of the current controlling
TFT 3502, is used as an anode in this embodiment, and th?refore is formed preferably
from a conductive material having a large work function. Typical examples of the

conductive material include metals such as nickel, palladium, tungsten, gold, and silver.
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exanpl e of which is perfluoro alkane). It is also effective to put an
absorbent or 5 deoxidant in the space. A polarizing plate nmay be provided
on a display face (the face on which an. image is displayed to be observed
by a viewer) of the |um nescent device shown in this enbodi nent. The

pol ari zing plate has an effect of reducing reflection of incident |ight
fromthe éxtthisrabbadimeine tiebfirg redactroide t3IpO3ddesphily das enot temsmitdiging Muge

refl ection of 0 vi r. ner al | a circular.polarjzing plate is

el oyed. Spiae e eHE0e 5 EPRFA Brm piienl B ity R Bl nave o
structure with lgesshd Hrsy BRIctrb@s |350B] QR Bygadll Ushboehd Meyrer i FEIRX iPfformed.
refraction in order to prevent light emtted fromthe organic conpound

| ayer fr Ereddechen the prgenieomporné 1peT 2007 iihy sproadeleavgde Balel whigh berkaar d.
Any of grgan gatb ﬂFﬁﬁ?%q%hﬁH&ﬂ.t SA%E&@F@%%PE%L@ﬁﬁ%@?ﬁ”ﬁéﬂ? Ml can

be 15 used as e organi ¢ l'um nescent inclu um nescent
devi ce of 36505 Sis desiralsly n® dondidtivieodianeial HalingThi wosknhueitionndt &toves 3ah ACti ve
mat ri x Iugj nescent deyice an exanpl e o@@g 20 | um nescent dﬁ%/ail.ce t hat

i ncl udes dMPIFERM EOPHTING JERMEOENBIEnT™ AbRlPamga JoPRY B aaeffieline-carth

i nventi onmdetl dik@emTRRd BBRuctive M EQRainiip MRALEANL, LW 16BiRdte Btsdned by
enbodi nent, light s taken out fromthe opposite side of a substrate on
whi ch an #g&yeriog aslalurpinem ¢ stlgeriln oploae of Hisrabswe cendictisg filgs issusgdwabice

em ssi9R) .. Fi g, beS: ot | | Vi reof. thin, filmtransi sto
(ner of 01 pabardpliof JIREIRAR ool hURThis oArioliens b EEBARGRLT

but the agidistenedberett themyatbigalfNES st¢omdsdladtaide 3508. TFhereftoenwhsn ased for
- exanple is a top,gate TFT (planar TJ-T, to be specific), t baott om gat e
TFT (typi 8 fepondieleghedes thespgtah & PrefergOldree! 1ied VPR il APt ave
3501, a cyfjheRks.controlling TFT 3502 that is fornmed in a pixel portion,
and a driving circuit 3512 of this enbodi ment have the sane structure as
those 30 of Emdoliyeeenmpased Af ther&ist eleetrodande) 3 go30rgomr chmipsundbhayec3®M.t o a

drain h ur.r { QEQ i n in.thi
enbodi %n%{l&gﬁcdg N ﬁlgér %lf% gt?&e&cl()%éqsgrgﬁe%ﬁ%? e eﬁ%glpéogﬁﬁ%mﬁgn g’g(r)\%ug??ev IrESrtF:a(fltEi lé'?i al
havi ng a Fiangesogoik pfavdddd en prdivei el ogeapluesnedcetthelemeondront ioxggermtiedi al

i nclude netal s such as nickel, palladium tupgste old, and silver. 44
n thi's oRGRiRirendD UhembprSren Bt Potsias st bR B o5 e st i & ns
l'ight. Mogeit (dgshitaly, the electrode is formed froma material that is
highly reflective of light. On the first el ectrode 3503, an organic
conpound | ayer Fbesfirss ¢letrasd¢. (anode) 3503 is clectrically connected to “the current

20 controlling TFT 3502 in Fig. 35 but the cathode may be connected to the current
controlling TFT instead. In this case, the first electrode may be formed from the
material of the cathode whereas the second electrode may be formed from the material of
the anode. The current controlling TFT in this case is preferably an n-channel TFT.

Denoted by 3507 is a cover member and is bonded with a seal member 3508

25 formed of a resin. The cover member 3507 may be any material as long as it transmits
light but not oxygen and water. In this embodiment, glass is used. An aiﬁight space
3509 is filled with inert gas (typically, nitrogen gas or noble ga;), a resin, or inert liquid
(for example, liguid fluorocarbon typical example of which is perfluoro alkane). It is
also effective to put an absorbent or deoxidant in the space.

30 Signals to be sent to the gate signal side driving circuit and the data signal side
driving circuit are inputted from a TAB (tape automated bonding) tape 3514 through an
input wiring line 3513. Though not shown in the drawing, the TAB tape 3514 may be
replaced by a TCP (tape carrier package) that is obtained by providing 2 TAB tape with

an IC (integrated circuit).
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Provi ded on the organic conpound | ayer 3504 is a second el ectrode 3505,
which serves 5 as a cathode in this enbodi nent. Accordingly, the nmaterial
of the second el ectrode 3505 is desirably a conductive material having a
work function of 2.5 to 3.5 eV. Typically, a conductive filmcontaining an
al kaline nmetal elenment or an al kaline-earth netal elenent, or a conductive
film contai ni ngA glolurizingnplaé ngay berippastidedbhad dsglayyfacd fyperfiaog carnwhikchmonum

or silver, filmaon one of the above conductive filns is used. Since 10.an
Cvar d orimess GharBRFb R B ODHEYILBY ATHGLE) o g IS RessEpotast Showa in thi
light-tr aRSHIRALME The OddMHz?ﬂgB&@éJh;?s ipemtderrad il @lerebudher freRadlight

el ectrode 3505. Therefore, when used for the second el ectrode, the netal
i s pref erfaiphythé exteenhlitatthergby provenhihe display dberufroposhaving the riflecHer of ap

3300, ISR 1 Rienklyny ouly POl AN s SRS MR AR Rl | 1,

3506. Theopt gelbiixifg platk Mo 3206 ai strupfudy indedleboinperatleetictden by gdjusiing the
| um nescent el enent %rqm oxygen an moi sture. In this enbodi nent,

d n an
mat eri al iedex pErefsastondr QT for prexest hahtrgmitted £rqmy the orpaniq cqrpROHNg; e

light. T [ ) d SaliBs bhéi&@ly connected to the
current r}g%ﬁlg(%%%rrgﬁlﬁ%%&?%ﬁ%gé%ﬁ%H@?gﬂ 3% blu'g t he (gat hode may be
connect ed t o thenyxof pephic worinesobbt elgmTET acordimgdo the prasent ipyemiont ¢ia e r st

el ectrode may be fornmed framthe material, of, the c Le .
secon %eluég‘? FBdtglen%fﬁa‘B& lugppesset 8l%ﬂeﬂ{e lrr‘%'t“gerckg ﬁg’f %Thﬁg&gﬁgggﬁgahogm&sr rent
control | igagholifhedtn this case is preferably an n-channel TFT. Denoted by
3507 is a cover nmenber and is bonded with a seal menber 3508 25 fornmed of
a resin. The cover nenber 3507 may be any material as long as it transmts
| i ght but and water. In this enbodi nent, glass is used. An
airtight [gg@té’él%%ggg]i s filled with inert gas (typically, nitrogen gas or
nobl e gas), a rEss ambodimentishows gpaskive heimxeluzmptsecnt|deyise ds fap gsrwpRrdion

i cal pl f. whi i fl l.kar i [
i b DERTGT s RBA: O et 15an sl pen BB hERkEehE, £

si gnal siijf@erlifonVi Fge.CIAACW 4 topwicvhietat and FggalBsisdesectonat ivigy takeauildngar e
inputted froma TAB (tape autonmated bonding) tape 3514 through an input
wiring |ithelisg?F’ offégid Aot shown in the drawing, the TAB tape 3514 may be

replaced by a i t@?f ' Pﬁ‘ﬁ 98hbdied, whtciPRIBIRLLOY plRERYindierig a
TAB tape with -Iiglr??lé' |’n(%28{eg?;g Ci Irﬁguigt). 45 A(E)ol arizing plate ma; be

provi ded tere.a @hs phlagticf amecr(alhevlﬁdcgzagnbmsg@; ina phﬁg@ri lnyiqupgly'ggidpo be
obser V2%d p%)fya?ni\c/l!a,emzlienr ) ac(%g/lié h?esknlf maﬂese% )r(])tz gc%Yﬁ,C%E%ho(\%l)}eH}fléHes sulfile), PC

(polycarbonate), PET (polyethylene terephthalate), or PEN (polyethylene naphthalate).

1402 denotes scanning lines (anodes) formed from a conductive oxide film. In
‘this embodiment, the conductive oxide film is obtained by doping zinc oxide with
gallium oxide. 1403 denotes data lines (cathodes) formed from a metal film, a bismuth
25 film, in this embodiment. 1404 denotes banks formed of an acrylic resin. The banks
function as partition walls that separate the data lines 1403 from one another. A
plurality of the scanning lines 1402 and a plurality of the data lines 1403 respectively
form stripe patterns and the patterns cross each other at right angles. Though not shown
in Fig. 14A, an organic compound layer is sandwiched between the scanning lines 1402

30 and the data lines 1403 and intersection portions 1405 serve as pixels.
The scanning lines 1402 and the data lines 1403 are connected to an external
driving circuit through a TAB tape 1407. 1408 denotgs a group of wiring lines
comprised of a mass of the scanning lines 1402. 1409 denotes a group of wiring lines

comprised of a mass of connection wiring lines 1406 that are connected to the data lines
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enbodi ment. The pol arizing plate has an effect of reducing reflection of
incident light fromthe external to thereby prevent the display face from
showing the reflection of a 5 viewer. Generally, a circular polarizing
plate is enployed. However, it is preferable for the polarizing plate to

have a structure with less internal reflection by adjuyst]j the index of
refracti éﬁg?’-n Shepgh ngy SB?@Ve'r}l‘Ferﬁ%FﬁPeelrﬁo Ry E"r B%ilﬁlalcﬁglé’éfr fhat SRR

| ayer flbg?r@ﬁhﬁg AR 5‘?‘:%@5" fche pol arizing plate and traveling backward.

Any of organic |umnescént elenents according to the present invention can
be 10 used as It Feg.ddGan#t0 denvitsseserahmeaiberrend 1#hictlentées 4 eovehanemher Heg cent

devi ce of. fhi enbqdi nent . di t 14] Thi.s di nt . sho a_passi ve
matrix | %Cgegéﬂta pggﬁ}’icclgcﬁggrm%g%f & 1 glenibgr ﬁg%&negegﬁfo'c eV (Pferest?ﬂat

i ncl udegs canbenganios thelsdan afeaeit 181 @MeAtprefeadlosactianof e sealesenber is one
invention. Fig. 14A is a_top view thereof and Fig. 14B is a sectional view

. - [ g.
t aken al afuch alievy little gas peakgge pndywhichabspsbs ttide mpaskureq o b SVHYMIRDF iFs a

substrat ?)rf\:,’\f%yg nladef t%rﬂefﬂg Ofarfe Plasial Gs"@E earlfib@tlrate hﬁlr()?, _a;rqnﬁ' ?elﬁsa(g%élﬁdin g

mat eri al can be used, 1s a plate or filmot polyi

pol yam depamn ghtssy bi plastisi ean ba uegbx yHeres arplastieSmiatrglay d¢ gtk dier thel foves), PC
(pol ycar bonq; e), PET (polyethylene terephthalate), or PEN (polyethyl ene
napht hal ¥Y°" 1402 denotes scanning lines (anodes) forned from a

condugbi ve oxi @& fi40%s ahRnldFddsviewtgdha@Aicturt o€ apitel wedion.e DXi3dRnbiek ehi S
obt ai ned by doping zinc oxide with galliumoxide., 1403 denotes data |ines

( cat hode ST reRPPYRsnlayciet BPWen 1a¥FTSaobiterhapksy) 404 R NAHOWRS Shal BRRF nent .

1404 den LG LES| ] f i as
parti t1 ont e P fe PG Hhy OB oty (65 Ly 118 1480 fRom R s 230
pl ural it pixel pphmnskiddsurrguhdadsy thé GRalanemberpl4lOas shy off oft the odiside dii es 1403
respectively formstrj atterns and the patterns crqgss ea ot her_.at

T aht  angrilis TS, MR NG of 2 AR BarPVaht o SsnrgRRunat ng TEgRE i o
sandvmlgh(@gmpgﬁmpgpeg he scanning lines 1402 30 and the data |ines 1403 and

i ntersection portions 1405 serve as pixels. The scanning |lines 1402 and the
data |ines 1403ndhe lupingacentdevise sHuekred anpbOYR Iy pererdance orith e BEsHta TAB

tape 1407 veqlﬁgﬁ,l@ggg}eﬁé@kg{e our Qfco dfrois&Q of iﬁ@§anﬁ9gpfﬂe§ 9902(th@ dIBSHesf the

scanni ng'Tines notes a dgroup of wiring'lines conprised of a
mass of ddodhabe barksvi40itnapd theesganddGmpramddayerddpe cTherefase thedupanescdtitnes

46 1403. ,Though not s t.he TAB tape 1407 may be replaced by TCP that is
obt ai ned B BbYT BERHAE VA aY SindHIC RIS
20 A polarizing plate may be provided on a display face (the face on which an

image is displayed to be observed by a viewer) of the luminescent device shown in this

embodiment. The polarizing plate has an effect of reducing reflection of incident light

from the external to thereby prevent the display face from showing the reflection of a

viewer. Gcnérally, a circular polarizing plate is employed. However, it is preferabie

25 for the polarizing plate to have a structure with less internal reflection by adjusting the

index of refraction in order to prevent light emitted from the organic compound layer
from being reflected at the polarizing plate and traveling backward.

Any of organic juminescent elements according to the present invention can

used as the organic luminescent element included in the luminescent device of this

30 embodiment.

[Embodiment 15] ‘
This embodiments shows an example of attaching a printed wiring board to the

luminescent device shown in Embodiment 14 to make the device into a module.
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In Fig. 14B, 1410 denotes a seal nenber and 1411 denotes a cover nenber
that 1is bonded to a plastic nenber 1401 with the seal nenber 1410. A
phot o-curable resin 5 can be used for the seal menber 1410. A preferable
material of the seal nenber is one which allows little gas | eakage and
whi ch absorbs little noisture. The cover nmenber is preferably made from

the same nat eri B2 gwdelsshewpde Fig d 540 TAR fapeghoRd ds aitydied &9 Agubsgiag 1301
gl ass) or Lea&t hfi Ig%ag pt?g A%%?t‘fjon s £ n@uﬂhﬁ‘%tﬁ'ﬂgs mi 15@3@55% Bq;rrm&

cover s0%n enf ar ge |ewo estru re a pi xel
regi on. Mﬂra)gimmt ESDSan attm‘ngdm thecobpatntrdwhahe TABWape 1&fer s of t he banks

1404 are narrower_ than ers d t he, banks, ca sically separate
the data |ines 41?9‘3(’?91’6‘#:1%&’?% CQ?%%We?ft prmt%iwuﬂ?ﬁ PP%IH ﬁ%ﬁs ?"édﬁ?@ﬁ by
the seat {mgbepn¥¢LAndtiondipds AfidasPl/O fistsquttpk @Eo %c\hl@ns)sl%@aﬂg 1880her

1415 fornmed of a resin to prevent a degradation organic 15 corrpound
| ayer. | ndathsignahisitlesdiéving dasgni el X5 @8 meerca%g%ov? HHVEECceFahd 0%t t he

pr esent i I 14 is conposed of the scanning

i nes 140@,%%%%vgg?%{qgﬁ)ﬁ@kﬂlﬁgbt&ﬁﬁ#nks 1404, and the organi c conpound
| ayer 1413. Theh]eo}ﬁsr@etxlﬁieaﬂmnnmedtﬁatstmdmddcw gizgathbhe BAB @pt o edubryraae very
si npl e process. 20Apo|ar|z n at e provi ded on di.spl a

(the face™8h apiFehpofon; Prﬁ?})"éi P‘g 'glsgﬁflgﬁ?ééd g% 315‘80]885&1’?}886 ygn %’é@r%abf
the | up nesestts ACYBAAng ANt i1H tﬂefu@str%bwugﬁ e TABSaPO hahbdic g sﬁécailﬁ,r has

an effect of reducing reflection of incident light fromthe external
t hereby praswesha nxoﬁelemlﬁm)agmalad,renmg eiffwhowi ng the reflection of a vi evver

Ceneral ly, a ci L%U![ g % un%ﬂn@&eﬂ Qltté%C%l% cﬁE@bé&ﬁ%ﬁ the BRRYR invk t1(}r12(éasn be

preferable 25 f orar Zi ng ave a structure wt

i nternal gl &cticobrgayicattiminédcone El&mcn't nnkdudeaf i ¢fie hohinescenh devideroft this
prevent light emtted fromthe organic conpound |ayer frombeing reflected
at the potEPEMSBL-pl ate and traveling backward. Any of organic |uninescent
el emenf;s according to the present invention can be used as the organic

| um nescent el enment included in the |um nescent device of this 30

enmbodi nenfEmpdarenti ¥dnt 15] This enbodi ments shows an exanpl e of attaching

2 printed vi 'l ngyR08hal8elBow U DRAF0L: dRNIGS: ShoNd RikIPadiaeglyd s to

nmake t he device TR HD AB t ape
1504 i s alhdaérent devcs dhewi aheEhbOdimephaZe 1i3nairuth hy maalm ®el dgoce iimn 4502

and wiring |ines 1503a and 1503b), and a printed
module,

20 In a module shown in Fig. 16A, a TAB tape 1605 is attached to a substrate 1601
(here including a pixel portion 1602, a data signal side driving circuit 1603, a gate signal
side driving circuit 1604, and wiring lines 1603a and 1604a), and a printed wiring board
1606 is attached to the substrate through the TAB tape 1605. A functional block
diagram of the printed wiring lboard 1606 is shown in Fig. 16B.

25 As shown in Fig. 16B, an IC functioning as at least I/O ports 1607 and 1610 and
a control unit 1608 is provided within the printed wiring board 1606. A memory unit
1609 is provided here but it is not always necessary. The control unit 1608 is a portion
having functions for controlling the driving circuits and correction of image daia.

In this specification, a module structured by attaching a printed wiring board

" 30 that has functions as a controiler to a substrate on which an organic luminescent element
is formed as above is specially named a module with external controller.

Any of organic luminescent elements disclosed in Ehe present invention can be

used as the organic luminescent element included in the luminescent device of this

embodiment.
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wiring board 1505 is attached to the substrate through the TAB tape 1504. A
functional block diagramof the printed wiring board 1505 is shown in Fig.
5 15B. An ICfunctioning as at least I/O ports (input or output portions)
1506 and 1509, a data signal side driving circuit 1507, and a gate signal
side driving circuit 1508 are provided wthin the printed wiring board
1505. In this specification, a nodule structured by attaching a TAB tape to
a substraie i.th a,ﬂixel portion formed on its surface and by attaching a
pri nt ed ﬁﬂﬁﬁ%qﬂﬁﬁh that 10 functions as a driving circuit to the

substrate throughist HebddBehARR S aRRNApleSoSRAGh&kY: dRaiEeh dnhimdilgpt th
external driving circuit. Any of organic |um nescent elenents disclosed in

t he presehiminpgscent diode sowbin Embedimanty He and ghid &ivenni neeudamceey éinrdiatital
i ncl uded j.n the | um nescent vice of this nbadi di nent 161
Thi s err%o Mreft?Ys ?\Cg}\% d:\SrP?a Xagﬁieefuc{? ! nﬁ?(iegt: ﬁlle}’\%e a&gp}r{%{% EencF 0\1/%%#“5;9 %‘o fd'to the

| um nescephiféley irfifresin ipiial tikody gené displaylhd; ushig 4 umhidestriie: b e siate
into a nodule. 20 In a nodule shown in Fig. 16A, a TAB tape 1605 is
att ached Pbirpld sreitatinand ghereforaisvery Yeflldi ng a pi xel portion 1602, a data

signal side driy i Jot : i I I Wb [ L 604,
and wiring li nelstiéljgggagfgwé tll%ggrgl)m gtarg%h% %ﬂra?g?gldth\?\} ?%rﬁ%%%ﬁ%% %I%gfgk(i;eg ¢

attached tlemehe sTiyspreatmds & imaosigthr aikCT Afpresspts AB0Bge pafagiter | dnéiis biroek

di agr of .the printed w.ring board 06 i in Fig. 16B,. 25 shown
7B o1 Tmen & B Mg e FheHR” Slhde Rt e G T B & Py GRS TeEl %
control Upbrtesh6RGin Stonthe \Wigled iwabbifiulaled r Cot eThot &i digreRo@btrdIEAOby Ahe
menory unit 609 I's provided here but it is not always necessary. The
control ugdte-sowus vPhage (Yaotof Ir2 fawsintg Trdiaed the p&sanyy luEdRRsFent Elem i -ne

driving circui tggggdrﬁow @ﬁ%&@&, 4 !imgpe%abﬁ- td Tholditge %%'%% i(@ﬁ%isé’f‘,c@

nodul e structure y attaching a printed wring board 30 t

f unct i onsAasordingbyyticotbstreontngessaflowpriatas aprounhderdendent of §ani ¢ | uni nescent
el enen

T o o0 BB 3B, BAREE GReR RS BRI TR Bl B 81 B,

i nventi ong&@nchrR divgieg am didaalon@etirey béklt Agptanbnelfarrnis dividbddsd ploral he

um nescegl;[b_ggr\;lieg.e Ig)i]:g. tBEESSho%vr;bg %iitngrggr'scﬁlige JnEvr;Plﬁ:ﬂior}l%n%ra%}Z]is divided into six
sub-frames. In this case, the ratio of light emission periods of the sub-frames is 32 :
16:8:4:2: 1. _

20 Fig. 36C schematically shows driving circuits of TFT substrate in this
embodiment. A gate driver and a source driver are provided on the same substrate. In
this embodiment, the pixel circuit and the drivers are designed to be digitally driven.
Accordingly, fluctuation in TFT characteristic does not affect the device and the device
can display uniform images.

25
[Embodiment 18]

The luminescent devices of the present invcﬁtion, which have been described in,
the embodiments above have advantages of low power consumption and long lifetime.
Accordingly, electric appliances that include those luminescent devices as their display

30 units can operate consuming less power than conventional ones and are durable. The
advantages are very useful especially for electric appliances that use batteries as power
sources, such as portable equipment, because low power C(_)nsumption leads directly to
conveniences (batteries last longer).

The luminescent device is self-luminous to eliminate the need for back light as
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Thi s enbodi nent shows an exanple of | um nescent device in which a triplet

| um nescent di ode shown in Enbodi nents 10 and 11 is driven in accordance
with digital 5 time gray scale display. The | um nescent device of this
enbodi ment can provide uniforminmages in digital tinme gray scale display by
using a lum nescence fromthe state of triplet excitation and therefore is
very usefiht onEiliqdBArgavssiling, ahd @ hn siganictdoieponhd dayer wdlosd Hatkneses an
organi c lum nescent elenent. Tr represents, a transistor . and (r?s represents
a storagdessapagilt wm: Thershps the deminescent deyjge san bGApadq i apd *géi-&fetg@a, a

current fhiowsici Mfiaftds HERMRIRRUIEE [P Rvice! bAGR:IE Qli§ RSP Al NGret O
the signal Is accumulated in Cs. Then a current controlled by the

gat e- souraceordiigipgbinged aofl Hghtél ohven conventionalneheshe Thisgei teats rdireey et

el ement.. After. Trl i.s, selected, Trl ‘is turned off to hol 2 Vol t (v,,)
of Cor 5 sceusienih fliEatEen i eomBrpil FES e emh fiRuh st s YEhLAgRL Vo

Vss. 15 HaghcudiB ﬁi%@ﬁtaﬁl&é‘tﬂﬁﬁﬁméx&rarﬂrlﬁkﬂ Sert dle@rieiapplitriced.n Mogvegbemgwi t h
digital tinme gray scale displa In digital tinme _gray scal e display, one

frame is tuiw(@éalqﬂﬁp@%aliard@pgtl@%b- ryehwetor b of theaiCdHGRRPANSEY 1Ry teffisRfal e

in which AR | L\ It L &k aBB SrankHoddd SafPSBstalidifnr at 1 0
of 1ight (ESpdA AN pgilg} AFMBED'Q BbiiarhD-cah 2 Srapkortclh SafP fstall g 36C
schenat i (epdcy-sahingsn alroormng circuits of TFT substrate in this enbodi nent.

A gate driver d a squrce driver. ar.e provided on_.the sane.substrate. In
thie Sfboct mentBeipheeituainay 1 ARRRE R G, Braait R oy B b

di gi tal | YigbiiN@hn brifhE Plabedghan lifjhidcéryatal Qiplay ddvices hadawiderviswing dogs. not
affect the device and the device can display uniforminmages. 25 .

[ Enbodi mékiterafgre glsetricianphienessnthaigingludesthe flumiesenng dewice jaf JBHE AR Eh
have been ri I [Yag=13 ]%EH{ vant ages of | ow power
consunpt i%%ggr&&dlp%ﬁ%éﬁ%ﬁ %{Sp?}“e%mﬁggg% ﬁ%ﬁgﬁg\gf ct%l%gappl i ances that

i ncl ude those |Torsumsednd, dextiic apphsceh éhat wde spluayndaoen mievise cdrthe pessanie
consunming | ess pgwer .t ha%'.conventi onal. ones gnda are rglurhe}bl. e, quel ments
advant'aye8VEHOny 875 d8et QR S, APty Of GPRYEPHARY) | YEARG) PRI et FlpmEs

bat t er i esaafel POMBhesPRHHES, antiUiBh aSsipit, altve f@GuEPTENMw poeea tdasunoiqower
consunption |eads directly to conveniences (batteries |last |onger). The

| umi nescemd lerg/lifeines ardiherafensiasoUdy 8eli m nate the need for back |ight as
49 the one in lTlfﬂ’g"eqntngIﬁEﬁil s ¥pled it hESc1airiO PBNhfces ARROHRILdeNLT

whose t hi ckness
display units the luminescent device of the present invention. Specific examples thereof
' 20 are shown in Figs. 17A to 17F and 18A to 18B. Any metal complexes disclosed in the
present invention can be used for the organic luminescent element included in the electric
appliance of this embodiment. The luminescent device included in the electric
appliance of this embodiment can have any of the configurations illustrated in Figs. 12 to
16 and 34 to 36.

25 Fig. 17A shows a display device using an organic luminescent element. The |
display device is composed of a case 1701a, a support base 1702a, and a display unit
1703a. By using a luminescent device of the present invention as the display unit 1703a,
the display device can be thin, light-weight, and durable. Accordingly, transportation is
simplified, space is saved in installation, and lifetime is long.

30 Fig. 17B shows a video camera, which is composed of a main body 1701b, a
display unit 1702b, an audio input unit 1703b, operation switches 1704b, a battery 1705b,
and an image receiving unit 1706b. By using a luminescent device of the prescnt

invention as the display unit 1702b, the video camera can be light-weight and consumes

less power. Accordingly, battery consumption is reduced and carrying the video camera
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|l ess than 1 m Therefore the | um nescent device can be nmade thin and

| i ght-weight. Electric appliances that include the |um nescent device as
their display units are accordingly thinner and |ighter than conventional
ones. This too leads directly to 5 conveniences (lightness and conpact ness
in carrying themaround) and is very useful particularly for portable
eqU|pnentmdﬁﬁ1nﬂk€Cm®hbr el ectric appliances. Mreover, being thin

(unvol umi nous) i?s %hbéhog%szl ﬁ%%?%kﬁ]@lfao(ﬂh 1soéorﬁﬂ?)§ec? L)? ﬁttﬁ?ﬂugelﬁtgp 17@@8 es in

ternms of transp&rta nber I'i"ances can ansport ed)
and i nst aiisplalyainit (A)2ecer spvpiede umta’/‘ﬁﬁnz)mjld operaﬂen nyitshdsf 1104 nBl)ISJ,sutghae

| um nescent device is characteri zed havi n tter. i in bright

pl aces t hEMIPFHEPHICASEPlalhe AresPaipY Ib%%th&%dsﬂi?yd‘é“‘{/ﬂmfcng‘ ‘?15?/ a, Ao

Theref oge gl get t- eglnt' Anresnduidds feBe :pH%rt h@cdo%hﬁl S e8idry d¥sERpasy tidei r
v

display units a advant ageous also in terns easi ness in view ng
di spl ay. Musmmraam;ngdhedtgﬂabcmh u&'in@elchﬂY&meuée a | um nescent device of

h d
or gan 1 um nesiEnt AP Pe e nag oLk il b b SRR R

Vi si bi |'i tyhe aeWcé fRdOMRBe@bf bmmw@y 1¢@ns lzlrl’eé(brﬁi’ng aediulmo@acH isf @D; np, oand
therefore are very useful. This enbodi nent. shows rrgl es ,of .the el eiﬁgl C
appl i anceE)‘{%quﬁcPEﬁié“%SWHP*S"&IIQQ?’@rrﬁ ‘[héplﬁﬁémFth Qe ndgedispiay gnit

f spla 1 a as
breseny ! BYGNL i O &Eﬁﬁy it PXRTIORS hdiRhe@isplagh ihge HhiBHflaidh Whfoas LR ! O

17F an nmet al' conpl exes oSed in the present invention
can be uséﬂph‘agmnttk(@) d?‘gaqh mzinly niispdays dent infoomation.i NBY usiag allhmm?éc@lt devYies ¢

appl iance of this enbodinment devi

electric gwﬁlﬂr‘éﬁ?&@n&?mﬁ?ﬂ g Mﬁl%ﬁqlp@ﬁ éd'\(/jeanantggg*sigfah’e con |r1 ggsgttp%ns
i 11 ustrat gagdeptdilticinkievice e dnsuBd 1dse pdbver ahd Eingbe light-s/hipht and dimpleay
devi ce using an organic | um nescent el enent. The display d&\él ce is

conposed &he dmeae deRrPguaing Leyifspeatiphss ¥ ith7p ggcording E‘eﬁ’iugb RS9 affudes £d3a.

By usi e of the present invention as the display unit
1703a, 15 ﬁla&%&@g@?%&ﬁ%&aﬁgl‘gegan be thin, |ight-weight, and durable.

Accor di ngI y, tr &ipspoi allqvmm(mobsllembrtflbledioﬂg}m@e whichs i eempesef raft amaig i on,

and lifetj 0 sho I ed
of a mai nbBBEy LDt ag i e AP S BT A T0ag ikilen §953RE
oper at i on13gMd, CAs a lfiBdlory aldiat 1@Sey 1BYOking anhinamescaragéemea:@lfvﬁhng)mmrm
1706b. By _using a | um nescent deyi c of tE]é(Fresent |nv ntio 32{5 s the

di spl ay uHiventgm 2y the ¢igploy yay ]@Qﬁ'ﬁor € PQHa Wcrv@f‘dﬁ tu"l”r%‘ght’l ess
pover. 26‘3819& dbidYes 108 b&W¥r. COUSHPRAH9 bhtfer) RUHEEApRITisCRBLYI N batryihgeo

s the computer is less inconvenient. The portable computer can store information in a
flash memory or a recording medium obtained by integrating non-volatile memories and
can reproduce the stored information.

Fig. 17F shows a personal computer, Wthh is composed of a main body 1701f,

25 a case 1702f, a display unit 1703f, and a keyboard 1704f. By using a luminescent

device of the present invention as the display unit 1703f, the personal computer can be

thin and light-weight, and consumes less power. The luminescent device is a great

merit in terms of battery consumption and lightness especiaily for a noiebook personai
computer that are carried around.

30 . The opportunity is now increased that these electric appliances display

frequency information sent through electronic communication lines such as the Internet

and radio communications such as radio wave, especially, animation information. Since

organic luminescent elements have very fast response speed, the luminescent device is

suitable for animation display.
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is less inconvenient. Fig. 17C shows a digital canera, which is conposed of
a main body 1701c, a display unit 1702c, an eye piece unit 1703c, and
operation switches 1704c. By using a |um néscent device of the present
invention as the display unit 1702c, the digital canera 5 can be

| i ght -wei ght and consunes | ess power. Accordingly, battery consunption is
reduced and carfiyiI8o shevsla getielbr phonss avhich iscomposecbel/e masnbodyyri§01a 2p

shows an i e repro j devi ce equi d; y~t.h : r di di - - The
Govi e T auiReuEERUEE BR AR A Tk RARCiH SR Gl SsEC diBaio
LD, or RQ¥RLnhds’98tha, aR€hatinhnaid0ehesBY 1B, a Juminspleay devitt of Me pSed, and

a display unit (B) 10 1705d. The display unjt (A) 17Q04d i.n di spl ays
i rragepi n%m&mﬁ@hf@ﬁ)thméisé’é@ l{qil‘elg%asﬂ'le%?uﬁﬁf Ph?@gc @*‘58“ mlﬁ%’”&‘&?@fé‘ t ext

i nformatigon, By Us] 'pggpo' b&RumBlioh MEreBb&SE BArryiRY ehY éPrLAsS t he
di spl g% L?ﬁ??ur?%egﬁi}@g%‘?an tﬁgﬁ%?’g%ﬁt%? uni %lm BE? 17%35d, therdqi %age

r epr oduciphgnélB\ase atdrtheqnaiabody cars be pampact.and can be |ight-wei ght and
durable. The iimge reproducin (%evi ui pe&l. ‘%1 . (ggg%f Lm

al so i ncl udes @?ﬂ-glla\? %?%aﬁﬁa %&%‘Pﬁg’hﬁaﬁ ;51_10‘,{_\,': g.]cﬁ‘#%ﬁ%v\g a m)J%ll | e)
portabl e bRRYRBDES, ISP ub i 1807R.0pAbpefation RWitohesDIANEL LAA 16048 dBg phiay auni t
1702e, an i1hmge receiving unit 1703e, operation sw tche 1704e,. and  a

menory s llenirt3ose depge ofithey PEeSERInIMeRIasS He ispéayoynit H@S%f’élé%ﬁ‘t‘dioicﬁgé’ﬁt i on
as the displ ay.uni aby RIS BNaRS dshinex@Rle in thi
l'ight- ihﬁlk ,V% taa%%%é%ﬁu&errfggsewg\gésg p?)\vl\glrogglgg%%r di1 ngl ?/, bast tner yH%ocnlsnutrrgti on
i s reduceghtbadimear thy iandio thinebehompetedioi s | ess i nconveni ent. The portable

conputer can store informatjon,in a . flash nenpry or r r.di LWMm
obt ai ned by i ntlbiratscHye Hbﬁ‘-v\‘?dp%lf’*eft‘élcnaé’r?@??ceeggg%‘%n ks g%?é‘g&?ga gggt or ed
i nf or mat il9RepFh Gunckibh SHAVBuIRLRE HIRONMinSRRTL dittedNighb in scewodguos editiofhea
mai n body 1701f, 25 a case 1702f, a display unit 1703f, 1d a ke boa{ed

1704f . Bypbrightuegs of Ithigrbwroeunstings WheiedBe sleciie apRIERRERY a5eHAER (Yo OX KR,

di spl unit .1703f. e r I e L @ROhhidaidss e et |
and c sfrlreé:in? eaggtlﬁ%ct\/?grwﬂﬁhéﬁﬁﬁrﬁeggﬁg&ﬁt h&%@?ggéq?s&ﬁéd;r_eat jgrreriSE in terns
of bat t ersyreandinpRt | Arusanchn ieghgrizs snapspedext|ihfprmgrion wibpebdiicubiessis the

t t hat i ed d. 30 T ' ' j sed. t-hat
hove. ol coniat ARpIol Ahe Senieap a) cpiency i PRehieioal B8 pAERAERE < 1°

el ect r oni@oCRMHMI CAMithOMid irnRsiosUekt Afnihbitcel off o rivlage @nnl teadised for better
communi cations such as radi o wave, especially, ggi mat i on i.nformation.. Since

organi c_|\dewingswaen e syreeuustings,are\rpght fraheredsthip JHEIIATAE OF an FNLEE (s cent
devic “d Slowg}éldttg l?écﬁlcg BBw@P&J}EBh]BHoH \wheh 8 surroundin gs are dark.

Various electric appliances that employ as light sources the luminescent device
of the present invention can be also thin and light-weight and can operate consuming less
power, which makes them very useful appliances. Light sources of liquid crystal
display devices, such as back light or front light, or light sources of lighting fixtures are

95 included in the luminescent device of the present invention as a light source.
Accordingly, the luminescent device can be thin, light-weight, and consume Iess power.

When liquid crystal displays are uséd as the display umits of the electric
appliances shown in Figs. 17A to 17F and 18A to 18B according to this embodiment, the
electric appliances can be thin and light-weight and consume less power if those liquid

30 crystal displays use as back light or front light the luminescent device of the present

invention.

[Embodiment 19]
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51 Fig. 18A shows a cellular phone, which is conposed of a nmain body 1801a,
an audi o output unit 1802a, an audio input unit 1803a, a display unit
1804a, operation sw tches 1805a, and an antenna 1806a. By using a

| um nescent device of the present invention as the display unit 1804a, the

cel l ul ar phone can be _thin and Ilght wei ght nagd 5_consune | ess power.
Accordingly, battery donduiperbrd fete J7t o Frofng"t RETel WAl ty}Bﬁone

i's easy, Pﬁaﬁp&lﬁ%l g b Yeif@ht Red&QHB@&twhlEh gs dll%ﬁlgsbfa\@ﬁ)vﬂﬂg Qh@b@nstant
(specifica car au which 1's conposed a main  body 1801b, a

di spl ay umntnﬂﬁﬂﬁbpqand:mpan@xEMHﬂswmeMHbem8©®blaﬁﬂwmaoﬁbecmvnhghﬁgﬂa
| um nescegt dﬁ ﬁe of ,,ﬁresent i nvention as the display unit 1802b, the
audi o carf"H&°® ‘?“é‘h’[n % t and consune |ess power. Al though car audio is

P on Bt K Bl e ooy FaR o b ettt s S Y Aol Re DR Shetnal 1 60

to 18B a st:h'rﬂﬁﬁ%@iﬂe aﬁHCHJ Sl eMNebdrbe e NFinaneediabn eﬂﬂibt;hﬁd 1819htasi thansistor
accordance wt t ness of the surroundings, where the electric

app! i ancdsefarred belew 119y33pr V) & R (. ol epcuganie lupesent elemant Aophst 8
Sensors %ﬁxx@&’i\ﬁa‘éh&%@gaﬁ&a?&%nw@?@abﬁ}tm&s of the surroundings. A user

canrecognlzelmae ext tron wthout difficulties if the
contrast rati n fhet he
surroundingsI?%t8 %ﬁﬁfto T@@&gﬁfﬁ%uﬁﬁk&£$uncIgggugqﬁﬁmﬁ'gsﬁgﬁi As Ogﬁwlnage
can bea( aogfd {mdrthbelrsiarof Ti%%mgnMEmoth@Lmnbuhdlsrgsl &ne Sy thgmthwhxsr eas
the | um nance of animaeca O lowered to r ce sunption
when t he SOPsSEhHRfEe & Ercﬁa‘? é*zrulr'@ﬁé tB¢ SRYTFP émggﬁﬁ’ gﬁEV\g by aﬂ] (5%1 Sy as
light So%ﬁﬁéctweuﬂh% %6?1&%%’:‘ ﬁ@v i@ ottRf i BenrRcRaaBt thi: BeNbE TFL. CBIusp@eal SO
thin and |1 ght-weight and can operate consum ng | ess power, which makes

t hem ver wlthsebﬁtheapptqcamdébe draiglef 193 @nd dke @*thflocﬁlﬁh?js‘@%r%f’éfhe drpinpfalrd
devi ces, SUC(I;] agte 8§hlhe?r front light, or light sources of lighting
fi xtures AF SOHEG é% he |um nescent device of the present invention

as a i ght Soﬂ-gg rﬁ?u{:cg ,?gﬁ[oﬁégﬁl n()%'n%ttea Q&nith 'ﬁw f ?&I‘rcéjﬁ%{é YEark Qﬁmf-‘ %'f Fr1 is

| i ght -Viei ght ess ‘power. qurdcry sta |sp ays are

used as tdyanedtsd it tﬂBISbﬁrcefoftTte gheghtd of 'ﬁﬂpisl@nnexﬂe$ o secoid g@nnmgA to
17F and 18A to 18B accordaﬂg to this enbodine

t € Fe (il‘llc a B |agnces
can bt i BindsH gt SRR than B imedEctot T aveitel £RERBLE T A Pieefio
crystal qi,3p)&¥&t Ysnea® 1§ﬁpkrﬂel &Qamellurﬁﬁfémen{ tighient 111l hRitnEpixeNElccleddege Of
the present 1nvention. [Enbodinent 19]
a counter electrode and an organic lummcscent layer provided between the pixel
90 electrode and the counter electrode. The counter electrode of the organic luminescent
element 1811 is applied constant voltage by a power source provided at the external of a

light emitting panel.

Tr3 and Tr4 can adopt both n-channel type TFT and p-channel type TFT.
However, the polarities of Tr3 and Tr4 are the same. Further, Trl can adopt both

25 n-channel type TFT and p-channel type TFT. Tr2 can adopt both n-channel type TFT
and p-channel type TFT. With respect to the polarity, in the case of the pixel electrode
and the counter electrode in the organic luminescent eierﬁcnt, thte one is an anode and ihe
other is a cathode. In the case that the Tr2 is an p-channel type TFT, it is preferable to use

the anode as a pixel electrode, and the cathode as a counter electrode. Reversely, in the

30 case that the Tr2 is an n-channel type TFT, it is preferable to use the cathode as a pixel

electrode, and the anode as a counter electrode.

The retention capacitor 1812 is formed between the gate and the source of Trl.

53



In this enbodi ment, an exanple of an active matrix type constant-current
driving circuit is described, which is driving by flow ng the constant
current in the organic |um nescent el enent of the present invention. The
circuit structure thereof is showm in Fig. 37. 5 A pixel 1810 shown in
Fig. 37 has a signal line Si, a first_ scanning |ine qﬁﬂ a %econd annni ng
line Pj &k ectgingrcapatiteeldlnis popvided to MARABMOFHECTHIRG) the D 2pasYos
transi st Qg netilggﬁt‘é% Q?le%uﬁ% Rr1. Fowevkr, itlis Aot Jéc%ssa?ﬂwa?@px%ﬁrﬂﬁﬂ! c

| uni nescent el enefit 1811 of a.  m xed junction type and a réetention

capaci tor 1812, et I 5t sBbRicaQRIEC LB I b eofidiRk
scanni ng Iinéi%éh‘TBB%sa or twgft‘lg'l%%g%?%% narﬁgé@he drai nlgo‘?cl Tr 3,11t hg one is
connect echt the durtenesairgnialthd sigeal $ing drivengotitvert. is  connected with the source
of TO Further, the source and the drain of Tr4, the one is connected with
the sowce of TBRapplyimgohbabovsreatioest dduitostivveirgathe cofist@nt-curfng drivinge

ei ther of the source, and.th rain of Tr3 and.t either of the source or
the drai rFanbe"FFﬂhzegr V] Wg‘m&g’ﬂléﬁr{eﬁs L pe g‘?ﬂij&y %ﬂ%‘?&ﬁe‘:‘?ﬁwgféﬂrﬁn s
connect ec, YA tiR 1§ HH RN EIRRHT. A%l dr2miVunfinesdeheelSidhthaing i mikéd regimngct ed
with the source of M The gate of Tr2 is connected to the second scanni ng
line Pj. thngresthignderaion has atlprgeTlifetime thonileatod @Rl Prgapiciuganesesi e dé i n
the organj,c | um nescent el . - T gani i enenty 1811
has the p e?rggﬁugélfl}lgﬁgm?51%(%%3%%%?1;%?%% ‘?ngge an&ﬁ‘f%lﬂr%lé g}lg'gﬁl?% nuﬁn%! nescent

| ayer iy aiidgderaed othimentizedd RMsehreatrreaddriging. t he counter el ectrode.

The counter el ectrode of the organic ‘lﬁﬂlhm nescen | enent 1811 i s .applied
topp 1

t
constant vol t agEPoinvarERues PESHFk YEEPYA mgk?eﬁ@%‘f’g?crffaf B¥ics WhisHy it
emtting : iife. TugdRer) Ak leldoyike agptianaé dyific kannel
type TFT.WE%}\]BQPE% Ctaﬁgelmg%l élrcfﬁtal eggelg%m'?'?%&a% Tr4d are the I?gme. Furt her,
Trl can dstight abdsmall 26 powehermsainptigp and Fervigaablp oxerahival texpecan by obtainede an
adopt bot,h n-channpel type TET.an 1 p yth respect to the
pol arity,PY ‘hg“i'%%"cgz‘%@%g@?hg@vﬁ?ex@f Qé@ég{]ﬁl géc?e&%acﬁﬂiif%seec}é\é%nt er electrode in
t he organi c | um nescent elenent, the one is an anode and the other is a
cathode. In the case that the Tr2 is an p-channel type TFT, it is
preferable to use the anode as a pixel electrode, and the cathode as a
counter electrode. Reversely, in the 30 case that the Tr2 is an n-channel
type TFT, it is preferable to use the cathode as a pixel electrode, and
the anode as a counter electrode. The retention capacitor 1812 is forned
bet ween the gate and the source of Trl. 53 The retention capacitor 1812 is
provided to maintain nore certainly the voltage (VGS)
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bet ween the gate and the source of Trl. However, it is not necessary always
provided. In the pixel shown in Fig. 37, the current supplied to the signal
line Si is controlled at the current source in the signal line driving
circuit. 5 By applying the above-nentioned circuit structure, the
constant-current driving can be realized, by which the brightness can be
kept by fkﬁﬁ%@g a constant current in the organic |um nescent elenent. The
organi c | um 8ent el enent having a m xed region of the present invention
has a longer lifetime than that of prior organic |lum nescent elenent. The
organi ¢ | um nescent elenent is effective because very longer lifetine can
be realized 10- byAnoipiniedightiomyttmgelenent noiprigdg:const ant - current dri vi ng.
The invention %ﬁaﬂ&ﬁﬁk&??ggkﬁm%nable providing a | um nescent device which
is small in power consunpiion and excellent in life. Further, an electric

appl i ance, whi effirstslaydrravghtheadithds, Mt IfiritTaROVRIBRAS UL SRl SekMiceabl e
over a Io%agrlré] can be obt ai]ir_]ed by using such | um nescent device for a
|i ght soufte” OF A 4UPROGIRMaleERL on. 15 54 CLAIMS 1. An organic |ight

enitting el enentse€R@NEYeFiREr theditsPROLE HQVES inda hhESt layer over
the anode, the fjrst I%_er conprisigg’a hoF%ﬁiﬁﬁgi?ﬁﬁ%%Wﬁ%% P Mgl 3 hol e
transportf thﬁé‘?@l'tfaé?ﬁ?o ngewismdl;l ayer over the first layer, the second

| ayer compri'si gy HOSBPRELEAh 1AM éﬁ%‘ﬁﬁirﬁgéfeéggéﬁgﬁgﬁéﬁgb gcgg{"ggﬁé%k. ng

third | ayer over the second [ayer,
mat eri al ahitie hhg nsetalyat erial ; a fourth layer over the third layer, the

fourth | ayer compri,sing an el ectro injecting material and the bl ocking
material ; and %r}?%d@%r SVEF sy dhird, laver, thgyfoprth Jaxer e¢amprisingram edestnon

mat eri al infectdopatitdrial Bad®@E biRRiIBmitBe 1sarond | ayer and a portion of the
third layer. 2. An organic |ight emtting el enent according to claim1,

wherein an ene? gafhodsi Gverthede ¥oeen a hi ghest occupi ed nol ecul ar orbit
and a | ovest URRGEHMRAI fthindR orhit of the blockjng material is |arger
than an energy differences %@?ﬁ%@%még%ﬁP%ﬁgg?PB%@BﬁﬁﬁﬁfﬁﬁpgéﬁwﬁFwwibit and
a | owest newoereithethinblegarul ar orbit of the hole transporting nmaterial and
the host material.
2. An organic light emitting element according to claim 1, wherein an encrgy
difference between a highest occupied molecular orbit and a lowest unoccupied
molecular orbit of the blocking material is larger than an energy differences between a

highest occupied molecular orbit and a lowest unoccupied molecular orbit of the hole

transporting material and the host material.

3. An organic light emitting element according to claim 1, wherein the
blocking material is selected from the group consisting of an oxadiazole derivative, a

triazole derivative, and a phenanthroline derivative.

4. An organic light emitting element according to claim 1, wherein the portion
of the second layer and the portion of the third layer, which are doped with the

luminescent material, are in contact with each other.

5. An organic light emitting element according to claim 1, wherein the

luminescent material is a triplet light emitting material.
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3. An organic light emtting elenent according to claim1, wherein the

bl ocking material is selected fromthe group consisting of an oxadi azol e
derivative, a triazole derivative, and a phenanthroline derivative. 4. An
organic light emtting elenent according to claim1, wherein the portion
of the second |ayer and the portion of the third | ayer, which are doped

with the |um gesc nt mte:}iﬁﬁl’ are in contact with each other. 5. An
organic light &m t'th RIS emeRt RuHBIEdrlsHenh asqosding 1to wabr el.nwherein the

| uni nescemimiRiRhi Mhtekisl @ o fipkk Slohd &BiHinEMatd ViR lebla Gynifor gani ¢
light emtting el ement accaor_ i ngtgt o cl a?%mﬁeh\%ﬂg? el gtcﬁrgrallnge ln‘%}é@é
mat eri al Peeeed fpm Metinunyprd sidiumi ng naterial having a central metal which

is selected fromplatinumand iridium 7. An organic light emtting
el ement according to claim1l1l, wherein the |umnescent material is a

fl uorescent natlerifal orgnicdAtight eatitting élppkhataBeRrdiaY i t89ciaingi B PhAN RO ON

whi ch hasla | i%ht em t.t i.ng:l)ﬂ elenment, the light emtting el ement conpri sing:
an anode OVBPECRyBEHaliy flyoresoeny matgrial over the anode, the first |ayer
conprising a hole injecting material and a hole transporting material; a
second | ayer over the first [ayer, the second |ayer conprising a host
material and BheARdlecti¢ aprlipore havingst display podticohivhith| tay er light emitthe second

| ayer, th i i.SJ cking material and the host

rra%/eri al ;agﬁ#lag%ﬁéﬁ%gérgﬁﬁégélfﬁﬁeﬁ%owsﬁ' ayer, the fourth |layer conprising
an el ectron i ap easdegematubsiratk; and t he bl ocking material; and a cat hode
over the fourth. ayer, Wne{ei n Ihjn‘i nescent material is doped in a portion
of the second ?g@% EREVE hﬁ&“?&%ﬁ ofirst feyer ispmagrisiag @rhole injegiing| rewerialc

appl i anceagtshdld ragspotingd mhterid; wherein an energy difference between a

hi ghest occupi ed nol ecular orbit and a | owest unoccupi ed nol ecul ar orbit of
the bl ocki ng ndfeerdilayes over e firsthiayerathecseongylager dcaneisiesa hedturaaid

hi ghest ogGURE B8l tHRLESH) hi.t and a | owest unoccupi ed nol ecul ar orbit
of the hole trangportq%ng ﬁrirlg%;elrglz’al and the host material. 9. An electric

appl i ance accot thinddayen ogérathes@onideyesitine thire 1Hep ehinpsin@h ldcRinginSaterial
and the host material;

a fourth layer over the third layer, the fourth layer comprising an electron
injecting material and the blocking material: and
a cathode over the fourth layer,

wherein a luminescent material is doped in a portion of the second layer and a

portion of the third layer.

9. An electric appliance according to claim 8, wherein an energy difference
between a highest occupied molecular orbit and a lowest unoccupied molecular orbit of
the blocking material is larger than an energy differences between a highest occupied

molecular orbit and a lowest unoccupied molecular orbit of the hole transporting

material and the host material.

9. An electric appliance according to claim 8, wherein the blocking material is
selected from the group consisting of an oxadiazole derivative, a triazole derivative, and

a phenanthroline derivative.
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selected fromthe group consisting of an oxadi azol e derivative, a triazole
derivative, and a phenanthroline derivative. 56 10. An electric appliance
according to claim8, wherein the portion of the second |layer and the
portion of the third layer, which are doped with the |um nescent material,
are in contact with each other. 11. An electric appliance according to
claim8, wherein the lum nescent material is a triplet light emtting
material. 12. A efeclequéc appliananeecadingr i elgint 8, otlmiein She \pbﬂrom of thee

motal a0 28] a8t dpid o el eraPhich R APPSR Rl

appl i ancematm:lal drmgcbntacﬂ\mﬂnmz&hmﬂfar ein the lum nescent material is a
fluorescent material. 57

11.  An electric appliance according to claim 8, wherein the luminescent

material is a triplet light emitting material.

12.  An electric appliance according to claim 8, wherein the luminescent

material is a triplet light emitting material having a central metal which is selected from

platinum and iridium.

13, An electric appliance according to claim 8, wherein the luminescent

material is a fluorescent material.

57



