LUM NESCENT DEVICE Field of the Invention The invention relates to a
| um nescent device using an organic |um nescent 5 el énent havi ng an anode,
a cathode, and a film(referred below to as "organi ¢ compound |ayer"),

whi ch includes an organic conpgt W}I@é@@g I?Vféée(:t | um nescence upon
application of an electric fiel n-particurar; the invention relates to a
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advant age%%lsnilgatjogror}%n etlectng flEalrc]:l] p\ mechanism for luminescence 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 um. 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 cryétal display is not necessary. Accordingly, the
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elements are of self-Juminescent type and large in angle of visibility, they are
comparatively favorable in Viéibility and believed to be effective as elements used for
displays in portable equipments.
Hereupon, in the constitution of an organic luminescent clement described in
25 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)} aluminium (abbreviation; Alqs) 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
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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 heterostructtlre (three-layered structﬁre) according to which a luminescent layer is
inserted between the hole transporting layer and the electron transportmg layer
(Literature 3: Chihaya ADACHI, 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-L.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 molect]lar 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.
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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 fifling 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

‘Materlials", IEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 44, NO. &,

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.
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hand f or ninSipkef CndhyCaegamid C. nwerfaage SOfganid@lecirehdheschRr aBitanwath
organic interfaces _for blocking carriers for reconbination of carriers)

i npedes nBYREAEHL Sty Annlicd Physigs LetersaNol 6P} Dende. BH00-3ler (19961 Thisi ve
vol tage agh BEidald 8GReseBl laRT expdfiHRAMI AvidelEe IV ERLAR 'ﬁ*ﬁfi‘l@@ﬂc LRE be

invention has its objl_e(;t to provide an organic | um nescent el enent,

whi ch hakapprassed by celimgnatisfe ancunmalationayfech@fgen clue dnadhsesipanfnitol) idjectag

| ami nat Edlayé'.ta{nld%¢h?iv1lﬁ§?d in the related art and enhances mobility of a
carrier by’'mtirgating a energy barrier present in an organi ¢ conpound

| ayer, and whi ch das Heossd fiof eHel M@ve¢ahitageon@nshd ORISRkl @fudrse Hakfag than:
those in the related art. In particular, the invention has its object to
renove or YHRPEEF b RARS eptibserftancig e raeoabigation: csisrsurt 2 spuier and
enhance n@fidgidg/a Pineb ¥ hRESal R¥1 R A IHE bP Ehr@Rondt sEE M orCindbd fre"
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same ti e, 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
Hergupon, the invention has its object to provide an organic luminescent
25 element, which makes the best use of an advantage (functional separation) in a laminated
structure used in the related art and enhances mobility of a carrier by mitigating an
energy barrier present in an organic compound layer, and which is lower in drive voltagé
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 structtire, 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

5




to realize functions (referred below to as "functional realization") of a
plurality of various nmaterials in the same manner as in functional
separation involved in the | am nated structure. Thereby, the invention has
its object to provide an organic |um nescent elenment, which is lower in
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describeapl n Literature 5. A hole injecting layer Is exenplari

i |1 ustrat@ayicsi ohthtieby bselowfer am pewer gynsvauptioniaad maorei durdhlg thanliB. the melkieg. 1A,
an anode 101 and a hole injecting |ayer 102 are joined directly to each

ot her, in Wwhich case an energy barrier 104 associated with the anode 101

and the 15 hol eMitiyjatiohidfcar ety bartier Sn ladlaG@natddo¥Ry@ire & MRHEABIOYoRA ki er
can be deﬁi ned.in a . stepwi se manner, (Fi]g. 1B) by inserting as a hole
i nj ectithghe iqngPtainasrtienod|a sRh g faacers describehinslite@iupided hole

mol ecul aripREhhd 14 eieEs D ke BPS) b 1 R dh 2%
bet ween ilg%i za%i 3{? pse(;t e%??lgﬁiy?lgaﬁl?ﬁg?gﬁt tou\%\%?ﬁ%%h%‘%ﬁ%ﬁ“?@%&ﬁqg?ﬁﬁet al)
of the anddle and a HOMO | evel of the hole transporting |ayer. 20 Designing
the stepw se ener rrier as o] in . Fi.g. 1B makes. it possiple to
enhance the fi Inllleli I%‘é 3 alaptavog? 1§Tc?\§lr‘]rq g?leflﬁﬁﬁl%ﬁag’%i?# 35‘23,01 direstiy fPel y

| ower t hesadh ioviger, OWhRGEcds® aﬁQﬁi@rg?X[f)ﬁﬂbr 163 Weseiatedt WRA €hd SndRURBaf BeObl em
that an increase.in the nunber of layers results in an increase in the

nunberl ofhos dRIsFENg fveF rilkes. larga. Howevarnegenerss bprifr cepnebe idasignedimaure 4
to be I‘e%%ﬁﬂﬁ . . t I el ay 2 _hol ds
top data | d??%@%ﬁt@%’?% lpntg{lpxlg%] gea?% lzc}lg%g;ﬂ%&ﬁ%%ﬁggﬁ%@%ﬁgbg{;g nq‘l ng
such pr oBkesh ofi highsst pusepietl enviecdenerbie\(elfermwidt beldwi weas VAOMOY positigmoader

cavant agdtieag SRR B R ol [ Bl 1P iy T i asdREel)

ol ecul arofdksi®de ah8 aHIORIR Bval oDthé RoR taafpoR@ERy&t ruct ure. 30 The .
fundanental concept therefor may be to enable mitigating an energy barrier

presem® in an dPeagnies nperiitie icagiey barmerotsharniindigalie makes Heoostiblselo of
or gani ¢ _énﬂﬁﬁéeaﬁgqﬁliﬁgqlugﬂlty 610 LARRIGrIIPYUE TS O an? 5L Towd e INRNT OF S

have devised a
voltage to some extent. However, there is caused a problem that an increase in the

number 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 compléx 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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el ement structure capable of realizing the concept in the foll ow ng manner.
First, a way to mtigate an energy barrier relative to holes may be to
provide a 6 |layer (referred below to as "hole transporting m xed | ayer")
obt ai ned by m Xi ng a hole injecting material of high HOVDIeveI (srrall in

robi [ty ESBETREHE@0 fa 3 0B i bBRERE hEl o7 ordring ikt Sore

real i ze fhijlﬁitingnmafbfrlal\w hlgMeHS)MOCldﬂ'@l gmall GANVRatien Potdia® hid eChbRg 5
| ayer and a conventional hole transporting |layer, such that in the hole

t r anspor t FARPRTIEIMateapb pL hig%’ehq’iélféoﬁ’lﬁfié&geﬂ“ﬁr rhhig Yy makesy i Posybleciosiav e
holes fr ogﬁhglesragl@r &f re%nz@m%oﬂm 4He 1a?9fls %Elh@fﬂ ROLL G iRk q{gheah%]é&{n es t 0

carry holes. Ao, it iIs referab e to formconc ntratlon gr adi
hol e trankyer andw:gconnentadnalérgobartrmsrcmnlgeldyeabm thathinthe kgle &rengiooting inixdd g

, th f ' | 10 od
and the +a0e°dre B Wefule bERHD R Rgortars Biep REPEASEE At rogdm IRy

from t he holedensgoningmberibiyemikit®@bardf halsgh concentration gradients, hoI es
are snoothly received, fromthe side of the anode and carried WlthOUt
generation of aﬁﬁob & GePrafranl]y 1P concepiatinn wadiEni U dBe pele BIRSPPH S0

drive vol fage ﬁgg‘ d&gﬁb&{‘%cﬂfg haSR! ¥ Sifovl F]I?Fl%l% b 249bf jRhaid %Je&nx sake

of conveni ence 5trai ines are used to s concentratlon gradi ents
i n Fi g102mbterial hm:reascs tnwtarmeoem; lapdt the maeedf ahe |lialé ttramgpctrnng uniterial
straight |ines cl suflctent t.hat, conce ratlon ients be. forned

to increaf§'Gres ﬁsebr%oaeg Wa\yn P the gnodes QwiRg R ofRaon ?1 C‘?%glé%atiﬂr?e

concent r agia@itngy &dieenirs saodtieTédReetd MYmCeede 8f tHehshddk MRd Qfars@Nit@bat The
sane is the case with other concentration gradients 20 described in the

speci f i caBfRSFALSM aflf@Y hrres ERETEA BpITicEal ish comiibyteq (e I aying L waly e weltaga anght e
an energypllgg({l{%vﬁotfsgh&é \Iﬁg to electrons may be to provide a layer

(referred 0 as ectron transporting m xed |layer") obtained by
m xi nglan el ecthloaddmpm,chmge rmkerafaionhememg: strdight lisasedre(bsadge showeklect r on

ff t bit f |
TLovey ) soapte i Eobra RSGSH R o BB Bt S maf Brdenrerthy e 1ok of sk S S © ¢y

t oget her . stfdigis Ny, bRk @sisiduffoasi thhecdientatichl fAHRNIsAEForhRdItBahérgsse or
functions _ of two | ayers includi ng a conventional electron injecting. |ayer

and a condeHEEaseny fa@-q dd teneht Bk Fomann gaseayhy concgeiationagrafisnistise drdead on
transpor t {0gy vt Xehe | NEbE c(ggﬁ)l ef}?é:ngn?@ﬁ tgb ehde! Voglllle F'&bﬁc!enﬁ“%éﬁ?%rahfénts

receive electrons froma si of a cat e and el ectron trafsporting
mat eri &0 desciibel mdh@mgfioatimbftbns:resﬁﬂt appHogtiont is preferable to form :
concentration ggagjl ents,.in th gctron tran er descri bed

above, That |s. >SN T WeEig Mt A R R

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
lowest 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 layer, 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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material increases toward a cathode, and the rate of the electron

transporting material 1increases as it goes away fromthe cathode. Omng to
formati on of such concentration gradients, electrons are snoothly received
fromthe side of the cathode and carried 7 without generation of any |arge

energy bargikeyu gé‘ﬂérﬁﬁoﬁ QRLhY E%@%ﬂefgyj ﬁer Ed %1% cgﬁthﬁﬁtes \f(? ll&\@?ﬁnégg drwe

prol ongi ng of service life. her e’is n ener
barrier redoa@gwmldRIObzngm@qfsswmthfel ayer. That |s a Ium nescent | ayer nay

b ded b ' ferred b " bi pol ar - d
mixbd | ayer®)) WHRERGI oS A et Gy SheRe g e Earﬁeaﬁéaw% Fhg THBIEE Y of

hi gh hol e 1a@di Thdt ¥s, anlmifeset@dby@ iy BOSRATdANG ABipBIdr My rchirgdy ®h@ctson
nmobi | i té together. In this case, the |umnescent |ayer dyecreases in carrier

bl ocki n a6 | AR 3mnatpred ma¥eda fayer' &n Whésthn l%ﬁmlmﬁebbe@lemgu@ e drranpgrting
reconbi nath, QBrAf o€ A l%le'rﬁobx'ﬁ‘c}gggé aaﬂir% (tbtﬁ’)n b dsBORIN %‘f@g%“naﬂ%ﬁ’ l{ %ﬁ %Ie%ﬁl)ﬁ\een

an el ectron transporting |layer I pol ar - nat m xed layer,
bet ween a thejtibtyt tegedpor T niyis| caser tlzmdhminbsqml dayenategreages >cad1e|ralyleckmg\l so,

it is pref bl e .t.o form copcentr.at ents in.the | ol ar-nat ur ed

i xed | ay dPraRec st E DS o bRy B teombif e of Erg 5F he
hol e transpeieri i@ toTdifidredesi HIChRATIAG bAWBEL aﬁr\eleaﬂﬂmemamrﬁ;gge 4@k €ar@f at he
el ectran transportl ng material 15 increases toward the cath Owing to

f or mat i 36h bépolarpatured it fater.omddreateaan hole dwepnortieg layeomeabinplargnatged
recombi natj, 9ng pff1ol es and el ectrons are snoothly performed w thout
generation o Hy | arge energy barrier, which contributes to | owering of
drive vol tage an‘tlso,pltmlsomgfem@loftosﬁmm canckhtfationl graadﬁtst iromhe ibipdla-Hdnaught

that in bipo ur e a.mter

ol t o SRR laer TR R BHES s ePraah B dnDid et Peledrirparine
speci fi Catmzilﬁlaloiﬁlcﬁeﬁétsptb%ﬂﬂ'fanf?d?BHb Caild MR daldbE iceslcORGT hnsPokii®s alESial

bet ween HOMD and LUMD. HOMD can be measured by neans of the phot oel ect ron

spect r dScApFeasEh Wy the cathpdy dhvingdoermeajisnvelsupk corcanbation erasiensosEnsi al .
Al'so, defi 'df?'ffaﬁh I:é}gwﬁ%% }&Bin%a%ﬁro@iag% an$9féé Qs AOSHO g@'zfgﬁ%ﬁﬁ%rvmgu?r

t he sake conve 0SSi to ca cul ate omt

excit at i orgeeq:reﬁgly obmmly hrgmdna:egyolﬁarfﬂéi’;/@hhm@)lntntﬁmﬂttbéowenh@oédmsc wlvay ahd
dope a lum nlescent fmaterili in the above bipolar-natured m xed | ayer for
i ght eni SEPERETER P EC3%e, the |uminescent material being a dopant nust

have a | ower exqhtaditon, RACHYght @B inH5@adhatiRe ke 1dyeanspalekiaNBaving a
material and the el ectron transporting material contained in the

bi pol artthdpHredciptianentey epds lishhmers Exeiation enefgy; desprikgdeindhe spacificasian g
dopant (1 Wpr@RePreQnt Cipplib&fon itRcdtdPEndiBY 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
25 LUMO from the excitation energy and a value of HOMO level.

Further, there is a way to dope a luminescent material in the above
bipelai-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 transﬁorting 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 compoéed 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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further increase in the reconbination efficiency of a carrier. Al so, the
hol e bl ocking | ayer described in Literature 2 is generally conposed of a
bl ocking nmaterial. The bl ocking material is generally one having a | arger
excitation energy than that of the lum nescent material (that is, capable

f ' ' ' 8 nol.ecul it t h i '
o o BB SRR FRVEEH TS e At e ps”

i nvent or s hofes titeblpelkedent applicati on have devised a way to forma | ayer
(referred below_to as "bl ocking-natured m xed | ayer"”) obtained by mxing a
bl ocking 5 mat &Rf dPvemtersLinge drpsant gppliqation hisvndsrised a) wie o fom molayer

mat erial s Qfertdaeod 19w BeSC ebolidy Ghdured Mitdd B E2% Shrliig %%ﬁ%in@gé 0 c%negd

m xed | ayer can also function as a [ nescent l'ayer, and so“can be

regar de@ amteidl umiresméarial lofiytbe hoajpablenat bifyee{drn isemidtyriddd of kintpmdineqant i er

and nol ecyl ar, exgi.tons therein. In ticylar, the blocking-natured m xed
Tayer i s BPEPerh Bl oS IECRF el e mutH P coR AP AGheiRtoas aiRenpseen
because aldyaf,rdndrso edrebé ronsdddas a3emeiesédne 14yt %a;ilsdb@%f REFiciéRlyehlogkihgi 1 ONe
of the layers, which is not bl ocked can be snmoothly noved by gradual?y

i ncr easi n§AFIREAROREERLIRRETANDIheIgiR bl ocki ng material as it goes away from
the Lumi | e ’ > .
e | um nesceny, | ayeL 1. He5e ul{ﬁgaﬁfgé-%alru?&ie 1?:e(f§r5fer d%%%ﬁ?%%ﬂ?ﬁ% %fb

el enents capabl e of converting ener gy - e triplet
exci t ed0enenggutritiompiadients Thischecged avwerer @tectroedin ¢ase af haskols badakifg om a
triplet excited state,..into | um nance, v een successi vel resent ed,
and noti c AR Eewct(thﬁi%Frst eiGh i ot H@ﬁgﬁgﬁﬂi %%El(yﬂp‘?\é%aﬁ)ﬁ%r@a?mb F.
O Brien, McrédsinBalitd .colberEratidHOBPI0E B10king atcHA WS, godsMRWEY efoR/NeRIY
transfer in el ectrophosphorescent devices”™, Applied Physics Letters, Vol.

74, No. 3lumingscemifayerggg)), 20 (Literature 8: Tetsuo TSUTSU, Mbon-Jae
YANG, Masayuki kl enj.l Q{#@ﬁl) -4l chi I %J ,
Yoshi nori FUKUDK% ke’oiﬁ %ﬁtﬁ%@g’&a a@%ﬁ%&ﬁt?w,%%ﬁﬁgh? ne{’nft #l] né
Ef fi ci éhcyndrgy Qefrarddcbeldw nd neSiciphtt edetidoasrgy'), iwHich i disehagegd|vebenastuaned
Triplet Emssive nter", Japanese. Journal o plied Physics, Vol. 38,
L1502- |_15g°]4 % @*593%%? ésmAarfﬁ‘ggﬁ‘ eé‘SH’E)‘?] e, R ar ?F&Pa.UCF%SSWCFY
pl ati num pi8ents@daddndiidechal bécd thke B thelr MRhiRbus eRi@%y @fite¥direh7.cENE al
metal is iridium is used in Literature 8 These organic |um nescent

el enents EeaghdMoft- BglfpeMi BrgThampsoatand & iR digrienier hyproned enuray irantfer in

(netery eoopetami el R RaSaGR fLode Voo o Lelpr gt

art. 20 (Literature 8: Tetsuo TSUTSUI, Moon-Jae YANG, Masayuki YAHIRO, Kenji
NAKAMURA, Teruichi WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKIMOTO and 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-L1504 (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 rluminescent element, which

is long in service life in addition to high intensity luminance and high luminous
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30 However, Literature 8 has presented an exanple, in which half-life of

| um nance is-about 170 hours in the case where the initial |lum nance is
set to 500 cd/n2, thus causing a problemin service life of an el enent.

Her eupon, application of the invention to triplet light emtting diodes
can provide a highly functional |umnescent elenent, which is long in
service | i FHCIERCYRASPY PBHIRIgantedrom AtBRIS| exgittdpRisance and hi gh | uni nous 9

ef ficiency basedy i C

t he i nvention cov‘géa)srélgg%ﬂl ca V%%Ro %D%érg p‘%ﬁh ﬁt%fegs t%%n?é ”66\% %?étqgél%

em tting dimittng diodes akcogdihg todwidbh commpph canmearcran@vmg:mymyamgallam&resemﬂ a

| um nesceg% Ia- Er make m xed | ayer to %ﬁduc? t he nurr@ i nterfaces
(or mitigatEalaknhdr greds Slagss 9 é"r‘f HoE SRS REBCRE AT UGB AR rd?ltlga@aw CBFTEY
well, the Edﬂl\{@ﬂt@ﬁﬁoaﬁeﬂﬁ@v&ﬁ@ﬁ§6}fa@€ﬁﬂbﬂ cation have thought of the two

fol | ow ng nechanisns as a nodel, in which novenents of a carrier are

i mpeded by fornnWﬁBnthéleV@F‘géﬁf@q presant applicatipn haye thonghtoff th evenéelheming ns
I's thoughty, Q%ani@lﬂ'l sS4t 4 ThodENSH %IAE& L{o%ﬁq@% RPY Q9. ;Er? o e(%dg%;'¥o ation of .
interfaces. An organi c conpo I'n"an organi c Tuntnesc SIEREN is
normal |y omgqnneadenﬁefcca filmin an armr phous state whi ch nol ecul es of an
organi ¢ conpou ag e du to the in | ecul ar force main based on
di pol e- di pol e nﬁf Sierdtahe g asisans Shatende WV HERYy Fe R r%u@@éh@@gws
used toig qur%arnetlﬁxeﬁfacs%t Aﬁcérgﬁﬁc(cbﬁiﬁoﬂﬂ eBid u&b&% o luntintReMOS&hBAE;st hat
interfaces (that is ani c I nterfaces) 15 the hetero structure are
greatly affeely doynresed of enEbn mnartmmemhoa&a skt evlhigl eleedes &f an organic
confi gur at i I ijt ri gl r Ly

it erent Sanssnfl AREHAEL R o' e R ABRSMPIERTRAE Yofed 3K, AoRi RN

~ bel i eved tthraQtimncthmt When mughmg(graglateebf an@scules 13/\mssceneoronn al heggroent .
The concept is sg?wn |nd . 2&.. In Fig. ﬁl,. a first |ayer 2111&%9 (3 osed
of smal | rbUEBHF S8 %Pn"E Fture éE’SrP@SVglfr‘é AFREHACSS OBFRNNYRI B ul es
2102 args | apieekedirh@ars hergredtly hffdded B Qiffdr8icdNS mdlddnf sitd hfd bfflecular

alignment are produced on an organic interface 2113 formed. Since it is
possi bl e tIPafiguiEORegi ons 2114 of inferior alignment shown in Fig. 21 make

a barrier (or a is
Suggest od 25 ¢ naTAratar il hb S o e WRE OB RN Bl LRI BLoinck, o
vol t age. Adrs esedhtocformi the heteto sthmnannmhs gchewértheit hlmoanﬁragmelmgamenmerfaces

accunmul ates as a har e to passibl nduc n rlbe aboy
i nes cert &orEd g8 LRGPt ABE FRRsrah RO WP G AN aR SFE- 2Ot 7gelial at o
in the U a%RHsosed 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 structure (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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formng a lam nated structure (that is, organic interfaces). Fromthe view
point of 30 blocking of-a carrier and functional separation, an organic

| um nescent el enent of |am nated structure is usually manufactured with the
use of a nulti-chanber type (in-line type) depositi on apparatus as shown
in Fig. 2 e i,d 0 t he i\me_of fo f
respecti vé) nnnygg £ trhf—éeola%rgdl é&g&%%n g‘g bll%ﬁ?i w%%%%@wcﬂglpgﬁe n’g S’O%f a

deposi t i otrazgppseirgt 1u§erf hrmihBsdent laverg agd binEleEtrdray SispdrtBilel lgdrUFRst, a substrate
(doubl e- het ro structure). coggosed ﬁ?f a hol e trans%or"tl n Iaﬁer_, :

| umi nescelfttR 3 aede 44y ingju OFBls EFiEReDEFONY 15aydP") pr & 1§ 5BEiadat e
wi th an apgsle camyinBGh Uakdr, Oé(ﬂdjgulg]E@cE@rthgraHﬁheﬂv 6f0uﬁlsdv éJq s AndkP&
like) is carried "into a carrying-in chanbe and subjected to“irradi ation
of ul t ravyasuem panespherdein an Bltyayeelarrays nnstimecmec}lmnlam tol havaviroidetsurfages

d r f I I
{he- anode T AL RLBipieBab AR ARE R B o RN al BT b57 et B0 1

a pret reabxuﬂatnomhtam;eetreaﬁuehmeﬂamhen Iﬁrrdﬁf' 1hQ)rﬂarﬂm foempespdcvioe layey of efe t he
| am nat ed, st.ructure, «Itshholetrans or i.S subjected to deposition

in a depo@PHPYf S%H%‘H{ffe eoh)q trappgorti %ﬂ@%@eﬁq eF’éQéP d@P‘Pﬁ‘%@ Hot gFRosition

i ncl udi ngci@eher 20B€hBNEMRA dE @ MB2r '(ﬂﬂrékocoll—'érg indéding '?ecﬂegl?&?f éﬂdolﬂuﬁlaﬂ fal S
2202 to 2204, the electron transporting layer in a  deposition c

2205, HhdFig. @2 Hadgenositiondehsssbars GA08 Hard¥M, 2p@@lecrionalrinsposingl laygr uls a
per f or med m e of ar t ch an
organi c ?%f;&ﬁ]g??@%#% %meht Séa g@’[%glé ?}tﬁ%ﬁe lﬁm Chg %er E%l%g I}?zlﬁfbssela {I‘DHS
appar at uspéréameedf a4 Lseaimgnclidmaier depbeaiken @nt Of atchl@ryuigsoﬁleﬁlﬂ@lﬁﬁdr vén bepeics 1S
performed in different degos; tion chanbers 2201 to 2205, respectively.

That is, (UHERSSSEREClERRntisoRBREd ucted such that materials of the respective
| ayers are scarggdy ifji¥edypu Hébdaﬁﬁ) aﬁé@%ﬁ%ﬁs haY 5@9&4&*& ﬁantHaPH%dsﬂﬁoxpgf hﬂ:e
deposition apparatus is usual depressuri zed around to 10-5 Pa,
trace b9 waRetivAplayers SS(DW@J@md wat giffezand é@posm)onl ShgnésrentZZ{)l nto 2805he
case of s e aldt at e
component Lot IRt iy 3 dilecls of sdRBRcbdobe T Wabibils g e Bbectye
single rmlagemlaﬁ:dcamry,mix&ds;ﬁﬁedsﬁdanoseﬁonds Accordl ngly, in the case where
t he appar at us Zﬁ@\ﬁn in Fig. 22 is used to manufacture an organic

| um nescent el ugl, g iiEHoR fethe fapgsitign ePPaatyssispRyf! én‘iﬂﬁ“&ssurﬁdt Wat

| arge int gbuad ioa&@ 1@‘%@@&@& &hgése:oﬁﬁ%nérﬁéaﬁ?gkﬁ/%tayﬁ{és@m if BregEgl: mrhat -
is, there is a fear that an adsorption [ayer referred below'to"as

" rrpuer@ ythieagpeg of S@tdué%temof aacpum.eit df saigdbat oy aneadesofngasl ehnipntots rweid]

during i néa%ﬂyafloﬁn' z}Jggrp? )Ff‘erogmggrrltﬁla ' fo BQJOUI a sllqngle molecule layer, in several

seconds.

b |

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 c;f 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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respective layers, in particular, at the tinme of conveyance through the
second carrying-out chanber. 30 Fi-g. 23 shows the concept described above.
Fig. 23 shows a state, in which when a first layer 2311 conposed of a
first organic compound 2301 and a second | ayer 2312 conposed of a second

organi ¢ compoun ngpqg- FhLA : I I | 3.
co?rposed opp a t(rjlace %?qiﬁﬁ%{ari ty@%gg{)&‘t e?g/ae‘{"%%,r"uégga eeﬁ?ﬁr?ﬂg% 13 lﬁ%éﬁféﬁesﬁ%ﬁ I61rs'med
bet ween tianidr meakegnpusiéy oepdotsaydich arg liableptortidpya tayier, aftéotheednipdtivaart
respective_| ayer.s ]gor ani? jnterfaces), in this mnner nmake.i ngﬁurit%; i

Fegi ons, vl AP IOTRESRY plmenl 55 ety tpede Bqvamenti! dgapies PERISHltingn

organi ¢ | Uil mesKeiie GivRokage! Fuithe! QniifpRHEy FENVGTEMhfchOdre Aiabf fd §ip al NUS
resulting in raising the drive voltage. Further, when inpurity regions,
whi ch ar® $aaH &re BretiipChurgescas premmulated ip e egions dh pogelly dréucgoedimiioat ed

in the re%QGl%iﬁaﬁc@QsS&és?}iBed ﬂggg_e reduction in lum nance as descri bed

above. Taking account of such nechanisns, in order to overcone probl ens
(wor sening of nbakynhayynodf vrchamichanismey hawds: tardefoormmgirbioame f(worsetinigt y
| ayers) caused at .the .above-nentioned .organj.c interfaces, it is required
that bot h HnEOBHGREY of AR PeLAGr 1S KOmHHR AT PG HaPE0 SeRsHert [ee

f r om convefovemadntRhedeiasiintdrfdtd) 3t 8 dclifddohbi Both A APmeRsaiBhe: Hid AR
organi c_ | um nescent el enent, fromwhich organic interfaces are conpletely

r enoved!V aR2BHEHHBE PIRAcseRe S5t fome semventipaal\giereentoaf laminaed girectingy &s an
conposed o 1.X - 0fy a- t rd rj an ectron
transport i%\xgmﬂ%t% irggl o ag%grlﬁglé&%éﬁéw&'?g&gg hlso ?ﬂg@kﬁ é)(%gn 1?a§1e“%@3°%% sglle
provi ded betmydetelybotthoeddecir ogasic hbninascehe elenreapoirt edhidhbhigr atdinigle Jayer

Shi geki NAKA, Kazuhi sa SHL.NNO, Hiroyuki OKADA, Hi.roshi NAGAVA and Kazuo
M YASHI TA, C"‘ﬁl@ﬁ&‘iﬁ? only TRixBI, HF?] bolegnspRYngmater %ﬁ@ aé%if’%@ﬂl EsppRing
Layer™, J &ﬂmﬁﬁﬁgéﬁﬁfeﬂ@eldﬁ to P sirtle PRYS BSer"VRl provided Dotwedd b3th clectrodes,
L1772-1_1774 (1994)). In Literature 9, a single-layered structure is formed

9
by ni xiHyy kes been peporteddLitrratge (Pe ShigehAmKA - VFHIRM QoHirpywh M ADA,
f d kRO i j hal, ' i . d
N ga. whi CAEpd ONNADAWA a4 RIS MIASIBITA D, Ord R EROb D U3 hjed"
However, iUsiogrpkfixetySingte Saygl' erdpaymse ddusiat bt AppicthPhipsias, | Vari 3&teol 128,

structure f t. .S, ero structure formed with organic interfaces
conposed oxf(‘ ﬁgl}f?ﬁé (Wﬁg), t is denonstrated that the fornmer is inferior
to the | am nat ednS{iitefdtiee 9l N sRIpMS19Ered2 StrhdiieN W FoRhdd Byehfi¥ing THE 4-8ASON
for this is thought to be that with the si ngl e m xed | ayer, holes filled

20 [N-(3-methylphenyl)-N-phenyl-amino]-biphenyl (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
Alqgs), 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
from an anode and electrons filled from a cathoﬂe are frequently passed to opposed
electrodes without recombination. Since the laminated 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,
uniess there are provided in an organic compound layer, regions, which are capable of
realizing respective functions, such as a region near an an(;de, which functions as hole

transporting, a region near a cathode, which functions as electron transporting, and a
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from an anode and el ectrons 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 the

functional -realizati.on is not. generated .in, th ingle m xed. .l ayer .
descr | bed FRIFEHGE] APBIPR §StoRhJiot ot glpeitadics (Hhad i@ [Etn deeT @ serier
or gani ¢ Coeggeibifksh, aueéfficlend lighSemiskibh is abEres@pabéRnOlhen! @ghhi¢imerfE@spest i ve

functions, such as _a region near an anode, which functions as hole )
t ranspor t T#BOVes- r Sicsrihpeatireaorgaris so@PoRAt dayer fpratiopn 8s aduminsseand fayer, it

transporti - ] I i di r .
(that rs. S PossRuRadiaht BREIEaNn Bt 0L L 20l QEABRD oS 1 OHkE2
em ssi of itransfet torebsmioled even when organic interfaces are renoved. Since
the entire organi ¢, conpound | ayer functions. as.a |.um.nescent |ayer, it is
00ssibl e that ~a 1P iUt MERIs A5 104 ISIEFEOR ik 1Y HBER e Bhgh tapot

caused i ncgRBItUY fucliRREfEkhd Rvehtofs 60 prédent AplichBON Blive dided AT @
consideration that the single m xed | ayer cannot exhibit its function

ful ly, tha&edlizg e oreanist lupHacsseriselpment gni which GRY Hganig dfesfeeesaargaipmoged
realize a i m j i jani.c. S are
Femoved wiohpbibplaRaRRes Sltke il SER oy £ 10" £ BRieSLITM AL AL IBRES O
a | um A@saedtthe égictionall@akradionhis fossiblel amldic thealisdeturont iLstepowsi blbgudd i ke
t he di scl ogure of Literat uge 7. Fig. 24 shows the concept described above.
In Fig. 24DOWshicQRCPPF ASSSHOE! #20YEc compound | ayer 2403 conposed of two

kinds of materiiglpgy I2aChHAid@ i@ AUrBardit @aﬁa?@ﬁﬁd mgem@r&@hspo@woﬁm@kﬁag ron
or

transporting material are a hole tfransp i ng region 2405 conposed of a

hol e tran$panateninds imcledingp hokh transpertinghmasrial and po elacHgn tegsrewting ggiterial
conposed I r } rical ! o9l , in
whi h 5 hat%? Do EEEsp Ak TR 2A0) DR il F Pl g O cD]

are m Aéd ttaageirting regdihn |2d0acoanmded 2402 ¢lsctporowhokporiory amasuiast 2wt e @46d, a

reverse struc Jmay. b d ed, in which a cathode 2404 is provided,on
e tubst et T R ool rannorting Befiiah b 4l GieCiehn s Sy B G o o
such as a hohfxéd aseReit Wil &Y @hodes 24@0 iﬁgi‘ovfidﬁ'dnﬁﬁ],a andiree 241, efelerse

"region" representing each function is used. In the case where such el enent
i s formedstreeiarnalay be adepiedt imyhislt arGathode a4 iscaioyisiedrep ¢hgr Pybstaleedn on

o 2105 g1 ki, JBRSIAKTR S 98, LRSS Bgd 1Y
bi pol a0naibtifeeched brakisohi esmdnei@l"aepresmsing aachnionetiomistuked. m xed r egi on
Shorsjand 2 20 SRnhe Sl FERMLRR I ReAR BB AL 1A oriRE matiA 2SS
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
25 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 formation of impurity layers) caused
at the above-mentioned organic interfaces. n

First, an explanation will be given to solve the worsening of morphology of

-
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m xed | ayer disclosed in Literature 9, regions capable of exhibiting
respective functions are present in the organic conpound |ayer 2403.
Further, with the el ement shown in Fig. 24, the functional realization is
possible but there is present no organic interface in a conventi onal

| am nated structure. Als 0 quenchin be_prevented by.separating the
| nesce PR IR T BT ReEle o s 27 SIONS. HoSLIE Tminescn?
Accor di nglefemdit, WhicROS 2y piFied iR 8L e akd CoRbAlMseABegidVQ5 SERbMBoR STOImAIP! 0gy
of organic interfaces and formation of urity layers) caused at the

above- menthpedeofYnidcepivnetxlacosposd ég?argmfr@}@paugfga% O8nang pmiged gigiem to
solve the gﬁgi%gﬁfagrgngfoomo{hg AR RLuIES 230 IARY Garb L LENLAEES2 ML " hEFAPCE

to Fig. 2 hows an organi c |um nescent ment,

typi fied ifronkiFig. 234 nainchly dinpoigsrs iaterfegisd@l125hdwo dmpos €d, bt Asmathe regions
nDIecuIeséﬁggl HE re%hon 2512 coggosed of large nol ecul es 2502, and a m xed
region 2 PHEBERYATE ¥ MY nol ecul es 2501 and | arge nol ecul es

2502. As appar emfis$ hr D to 2RrmBQén VH Ympl@yOlgeni 6 isﬁﬁllﬂ_ef AP TlAE 1
shown in Fig. 21, but also the regions 2114 o? inferior a |%nnent are not
present . Apawlaciuréngy theiwganie lyminpgenbelement apthomnyin Hge?4$ 4 Bolstigsportng
clear. In nmaayfac I t he, or iC ] C -t g i g.
24, a hoIéntréns%o?ﬁ#%g&jﬁ&tg?f%?Hfsmggg%gﬁﬁe@ﬂ%ﬁggﬁggﬁ%ggél3%9% g%@?@

t ranspdx idegosietichilfibay $n atldiforronad keyddpdsitioposi fadi mahfinad regios,hend after of
codeposition tpo fo a _m xed r.egion, and ter formation of the m xe

egi on. ddpBi ot G etk arats drteaBRn: fothabel G R Recmalsrgh g o
perm t dep@siptd @ p&imit BERIRAIIIAR: EleaReP BhAIpRSiNBheltial. ARSrRRHyNELY ard her e
are not present intervals, which are generated 1n using the deposition
appar at us nohpyesentintergls, which aye ganrrpted iy péing sheodepapition|apparabis seown & Eigent .
That is, tﬁe{o%h@hf&&ufépﬁf’ﬁ}cg‘épict Windifdsce 561%1851(@%9(”1‘39&15?@}/8 %%p%drt&ﬁiéy%?.r S
I n this manner, e organl um néscent el enent "according to the Invention

is frdé ffoomaticarafabhy anpwitydaygesni ¢ i nterfaces, so that novenents of a
carrier are snoqQth, and haW% no adverse influence on drive Wﬁltaﬁf and
© ERTHRE dént

service |ife of PHBISSPAMSH he QipqtHe mingagent efemant 2pcifingro;

ef fi ci encyrdeyfrothtbtifattin dftLANE Redfdtes | donahi BBMmERPOf alch@Rr adlsrhddtR ahtie
| am nated structure. Al so, a conventional |amnated structure is of sinple

het er o- j urhevs 8A ageeREflucass prAune veltapstandesyicalifel of thpelegientdivriher there
20 OB B S et TR, AR afifor

20 like the laminated structure.

- 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
lumihescent clement corﬁprising 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 between 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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25 Accordingly, the invention provides a |um nescent device conprising an
organic |um nescent el enent conprising an anode, a cathode, and an organic
conpound | ayer provided between the anode and t he cat hode, and wherein the
organi ¢ conpound | ayer conprises a hole transporting region conposed of a
hol e transporti ng iR aliyvhi | i b I biJ.ity.than in.

el ectron nobility, an%rgf ?léltt%hg:brt%%tsuggr%tsﬁ@ I#ﬁ;gfiﬁg'n%ggclééfrlﬁoﬁlée HgE gion

el ectron £PEAREErAfiangateriekefor shhansinga carini fHer qualisl echdanreiohild belowt kan

in hole il . l.e ity ansport i eqgi on being disposed nearer to the
anode t hggptidéé X’é?éé@grrgﬁeﬁ?la);\%]%g fnﬁﬁﬂg%é?%ﬁ?“ El an%ngerﬁ“ﬁlé’& FEOROPPIVIded
bet ween t kyeholleo,tamacisiend Injerting@8Ei0R @RThobAEOLh 8R4ERA thi BRSRRHL! NE1fRII On
and contai ni Rg{é}??&ﬁh theirg(tyl e transporti g\hg material and the el eCtron

transpo?t A%y efypns fretqricdRelowite s "wiceton edingunatarial "y mawrbel mséitayl 24,
a hol e i nh@GlebNd chBBHOBnd &P [ i.n .carrier
filling quality of holes (rg%gﬁr?ggﬂ{%’?%&w%oa FZ'?‘]E%’E’?@"F%F@&*%ﬁé%&@gmna| "
may be i nawdtthe ¢ldsaonindecting regiodeazrd imserted.gani ¢ conpound | ayer. Al so, an
el ectron i njecting. ion_co sed.aof a material for enhancing a filling 5
quality of el ecwg]rllgsg%l? et 8F% g%qboi? W/e‘ftﬂ’ga‘?ateE'PEE‘i FlgHrohatiPagnHaEEr s A )
may be i nseteriatiforreduian agiat HDHE tbe oA BRMCOMROHAC A AY&Ind 5L her ,
bot h tlg@ hole i,njecting region and the electron injecting region y be

i nser t £U. 'FROPHICES BivemeRtsRE@ qrréereme clasredes tegpreanie porapound ley @t ansiso
i nj ecti ngisreateefivedn aﬁnﬁat_m@s&mﬁhatg)alrofrcﬁglggg.rr?%@ev%ﬁrfa} &%ﬁfg dsk 19 40 ST

fromelectrodes to organic conpoun ayers, 1t 'Snoot S NDVe
carrier fihgnilavesnenitasdtformagemiod aympopudtyl fyerss it dndreforabse eb fgeforive i n

el-imnati i.on. of arges. However, for. the purpose of avoiding
t he above- ogﬁﬁggggﬁé‘gr lrrrlﬁ?riv%lgbc?’g Sy enpsPeeyel gs‘?laﬁgfla]ig’sar’ﬂr HEePHIPK t o
perform cemesintilayersm t hout intervals between the respective filling

materifés and the or%gni‘c_ con%{[)und | ayers. 15 Hereupon, it is preferable
in terhd of carPFErPHEI #ndd KGRI o tesmolc 6aEisnt badaricen coptendi ént forion a

m xed regidRenttticnNeGaRhA 1S a 9ER4 tRSiIoRO W ty ri-Alspand t he
el ectron trang orti %18 mat er | gl , sucrﬁgltoﬁhkﬂltl‘ﬂ-{a@ﬁ%%ggtﬂroﬁé%eg?{)ﬁn{grgnr%ﬁglﬂgal

gr adual | ym@€eipkarethe ¢leetonm sanspattingnmatedal, secle et ttho holertams pating ngatsrster i al
gradual ly,..i rd at.node froman anode. AlLso, it. is desired in
the inven f%ﬁ\kﬁ{lﬁgg&gﬁt@ggﬁ cr%nxcerﬁraﬁlgﬁi o ﬂ’ﬁvfé‘le T Ih%@’rl??é’%‘éngmmaiﬁ‘%ﬁ% uallyr e
since it insreabesaowanha rdatiode Eemiran abdONAISHER i9Mesifd S By theNByvEMeANTLOhe
covers strycture, as shown in Fi 26A, in which an organic conpound

| ayer 26087%5Fdo8dBIaYRaRICKEsS 106 Ilé‘glifﬁé’ﬁilﬂﬁﬁtsm‘f‘g it isfilesna 2E0BT cowpdetionf a
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 transporﬁng 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 iﬁjecting region and an electron
30 injecting region may be provided between electrodes and organic compound layers.
When the Iuminescent material 2608 is added to the mixed region 2607, the
lominescent material 2608 traps a carrier, so that the recombination efficiency is
enhanced and a high luminescent efficiency can be expecte;:l. 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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hol e 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 nance is added as
a dopant h 1.xed region 2607. In.addition i l.e_an anode S

provi ded tgﬁ()éa' tsanugﬁle rate g%‘gi‘fer’agrlgv%rregeég@ rth%tt Lhremﬁrﬁ?e%gma%g%&,z%%ﬁ t\)/\E/I"ui ch

a cat hode n#ifRdurh $n exviMbel eskr@Narh by Sobgdundt ContAhsdin the k&1 feBjor@ciMg r egi on
and an electron 30 injecting regi on may be provi ded between e| ectrodes and
organi ¢ conpoundl$ty@pcnchipge fayssd iny FOREY c ARSIt rolegtrogisomatedialy fa B% t he

m xed reg@%ea,@%y s BSaratiddl I RE $GRMesdBRE Prgéiéhs %I%%_tﬁéh @lBFh B1cERbAdsChs f0ad haL

the reconbination efficiency is enhanced and a high I'um nescent efficiency
can be éxpessildd. Atcordiaglbe regiod wheat thenknmofiescetiendtenalus doped ist frdtant dmgire

| um nescent .color, can he controlled by the.lum.nescent terjal..15 2608. In
this caoe PaiShal e ARed T E RN L S by it G B iRRG S HenllR FD 87 HRES b
m ni mum i Regisci t ati on energy anong conpounds contained in the nixed region

2607. Al so, quenching caused .in energy transfer to electrode materials can
be prevented byUEBfatht IHETHAR COUFRS rosEeHErer ayshewn Ap diig+ Bt ihich an

el ect rodegr@sid @m@indIa R 32%3@ :p?t)viés&(%ﬁérgirpgb(ﬂe tlﬁn%)i%glii@ré‘éﬂﬁf B05s"@mposed

| um nescent naterial 1s doped i's not an entire re nTn"the mxed region
but mayObefa halettrgnisporpiagtmetatiak anacledra hosparting wiioqnh26(f gemposedgdiom
Further, the. invention covers.a sfructure, .as wn i.n . F.g., 26 .0 _which
o or ganclEceBihirias BGRuaeg b Bl Feaid 260 A7 e il Berhis e o on
2605 conpeseetial 14hdothed elelien taRFEOIET NGteial akd ahixe@nogdtBad raad 4 riAodgEng ting
regi on 2606 conposed of an electron transporting material, and i

, d
F egi on 26@RLET A0 AR A Hofe TPEASISSIAN F)7. WREATTIST HHUS eRNele Do
transport itp?&i@af 6 laPubSir e Zm’mgatre%w@{mct@a% :BL: QRhiag, id%?%ﬂéﬁ:cgt%ggg i's

added to the m xed region 2607. In addition, e an anode 26 _
provi ddé @nl4ispiosidedtom théBthstmta. Aev,sehale injettingoegiy and aaddpttesd, injeatingi ch

a cathode 15 2604.is provi.ded on.the substrate. Also hol e injecting
gt on_andun B e PR TR SEPr R A BB P Bt mEdaEC ween ol ectr odes
and organi ¢ conpwhkid thed bpescking reiteridl 24000 ek hidednad etid abix26Q8gios 260¥edht 0

the m xed regiqgn 2607, the reconbination efficiency. of carrier in the

m xed regireRemiBRAonseilinicart eficarngr i Ysdrised egien 208 iscaphancedand figpergon
prevent ed gk ] f ;i ',ﬁﬂ@ ; ddan -
this case:Of 0\}\%&\}2% (::ﬂ:ilﬂ[@:h?g!; %ﬂ#g%rg‘?%%lggh%tﬁdalﬁlgg%e ?%C%E?%fgﬁlr?gltégr%fg_%lsgg)é%xi mum
in ex@ltdnithis emer dhypwerorl it avoprgiarsitler thal shec bivckinge dhaterial hlee mhaaeumedn on

2607. Al SO, 9l 1Senb S PEELRTHIIBLEN e TG SRFTSUNSEGANS to bl ock

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 isrnot an entire region in the mixed region but may be a part (in pafticular, 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 emitting diodes can provide a

highly functional luminescent element, which is long in service life as compared with
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and electrons, it sonetinmes destroys a carrier balance in the m xed region
when doped over the entire m xed region. Accordingly, a region where the
bl ocking nmaterial is doped 25 is not an entire region in the m xed region
but may be a part (in particular, end part) of the mxed region. In

addi ti oN: 3Paflc @g&&ﬂﬁ&ﬁﬁﬁ@%qn pamah% 1196115%?%émlﬁanwmﬁ@q%lmer' al

2608 is IS con |gurat| conprises a conbination wth
t hat i n FefficicBgbased nnﬂ%1matsaefrtvm(artﬂplbah@{dﬁledsﬂatmg material 2609 is of hole

bl ocki ng quality, um nesc 2608 s nmadg.ef.ficien

| um nescent by %’ddﬁa(ﬁgoﬁ ASfe tﬂﬁgtﬁ(ﬂac teé‘ﬂ 5% glrges|”de‘Ffr§'éSé?Iéﬁel};tgt%a¥hode
than a reghfparvherith kit@ld: UTbIBETE RREit6R] elr[sabrez&ataeltﬁataddﬁ@hknagsmasdmmcl n
Fig. 26B. Also, application of the i nvention to tri pl et ght, em tting

di odes ‘éa@prbalévi Hethy mlPiF‘é] Fgjor- Jhat isostaled With W&é@l&wo éﬁl&r?éﬁ?t 1UiGAEERd téaﬂ ong
In service nia'mr%q%ﬁ%t e Ot %:grgrem&gﬂt %ﬁet e;l@ﬁecﬂl gﬁé}pﬁﬁgldnﬂnlaﬁde%&feﬁé@ b8iolo

addition to y l'um and | um nous I cl ency based on
| um nancead 'oipld fumipésetntemaidriat’) siieatm:d asn thed Hiniineseents nratezial r360R eandntiieecul e

excitons e lar LN conpared W th singlet nolecule
exci t ons, PioFkipg aéfzg@%cf"%’f%ﬂ gﬁ’ﬁ Wbc material be 5 contaihed in the
m xed region. ThasetBentBt atblv SuitabRifor aaGEfk@rEivgll b2@Bscribkd isa desitued

that a material capable of converting triplet excited energ nt 0 I um nance
(ref er HRdinyelvaneg ths adgdition ef fedpmingseons seaserial PasEPVAIN Fige 2

| um nesce%gg%gsesrdcﬁlcl%%ql@ s, the blocking material 2609 be added at the

sane tine uent exarrpl es suitable for manufacture will be
described in a ¥ithumt dllemcntlﬂxdmmnlmgr@? mkmldﬂdlmémgmicwhmpbum hlefslcé’fﬁ?)
material as shown in Fi 26A and ws..such. el

st ruct ur e “ORFMEH halee Og’r?@\/%ﬂaﬁeﬁzll:?’ﬁi aftgle"BP%&ﬁaBSé’d’f e Bt ﬁﬁe 4 hole

conpound |{ra¥&o rt?r?%)%egi%ﬁntz%ﬂ"dlﬁl@s&!ﬂ 6F taf ABRP b RGLUARE Bbicdibl, amsl dectron
el ectron transpor material are a hole transporting region 2705

conpos &8 §fﬂﬂ$130ﬁéﬂ&fftgi%lh§666 (CPmgosnsk F pacleckin SFAPIHAS IBAICHEn 8p6rd MHEPd
region 27085089t fnh @k AL Wb ARR QhbdoRet TRA Shi AltectARd 1dndPoteik

regi on 27&;;1 N whi hole trans material and the el ectron
t ranspor t imagerialedre rmidedaogetiex et at ogemin enateatand T dnmnaiencangtregtedald 2208 for

| t materjal 2708 dded to.th d 2707
Lo 1 or m o HREHESISCHIdeR oo B vt FeEah 2 3 SuE 2 02 P pF g gt oAt o

subst rat e ;72212702 i& BYRISR & & besthe ITBY, DecvarteRtackurd Mmaybe allopted) ia widtthode
2704 is provided on the substrate. In addi tion, Fi g. 28 shows a

concenfPaericaope 8744 i previderborc s subfii@iee the ratio of

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 easy.

Here, it is essential 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 organic
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concentration of a hole transporting material and an el ectron transporting
material in the mxed regionis X:y. In the case where such elenent is
formed, the hole transporting naterial can 25 receive and carry hol es on
an anode side and the electron transporting material can receive and carry

el ectrons : | =ur { her iLnce the m xed region 2707 i

bi pol ar - na&rﬂlpg%s,%%{;@ggﬁg{ g(gmgﬁédjnélag‘c%nro §%sa &4 Ogrﬁvaé])éi H PHR™E ?élépc}“é‘aislﬁﬁer
2707. Al soproviledrigtiveert the okt and thaththode, Yand Wwhdi€in Th& etkah&gédiRpadifid layer
manuf acture is .eaﬁ%/. Ié—ier e, it is essential that the |um nescent region

cont ai ni ng“YRRENG Okt SRPSPOSHNSHEEIOP aFOmROSES rGfed Hole (RRasRATiag magidn 2707.
That is, agditiérPRradfpdrif lregibhesmitsedr@red lectréd tﬁahgﬁdﬁi%%%it&%% AhRa
prevents_a carrier_ from passi ng in the mxed region thout reconbination,
and at tderegigreprovided bebyeenitheholavianspnrting ragéa o theelgcfrom magdperting regionodes

to prevent I el rode Accor di nal the invention
provi des a‘fﬂﬁﬁl&ﬁhgeﬂs1 %@%H@&d gé%(? %ﬁgnr% I??%élag%“dzﬁlﬁ zfﬁ?cgrof ffﬂg‘aﬁ?fﬁag éléﬂ?mg 1% Aent
conpri si ngpaticalaodeio, and atthmitesscandegion,onighiic peeeaundhd ayesd repfodvirded
bet ween theha oge and the cathode, and wherein the, organi c conpound | ayer
conpri ses ¥PHOIAUIIHRETY MAHG! PetghiosmsBsmRmeaisHdiedt r ansporting
material, an el gchiddfiol.rians I j g{gg%g -1 : S
transporting material, a m.ngjél’fégh?gé?%ﬁthg?%@i de Eg}a\?\%]eﬂr:@st ﬁx‘gSﬁg@chanon

t r anspot® i eRfrese gs cempated: wéthethe dale transpontipg mdteripl readi ha elemtncomtspbringg

the hol e transpprti j al the electron t t terial at
par 1 oul ar "Par i PHE R Res bR RERE R AR B e i e

region and to wAlsohwaithl thekmeseenhowatia Higl27ad apletidjcdcOn@r Q56N ot pdicAdIGE i S
added. In addi.tllgg, it is preferable that the |um nescent material is small
in exci t at Paifriak forepliaggingsa g‘%‘iﬁaﬂ%ﬁ% afhhqlese (Risied heldevs gorasi hglaimieting|
and the el gafeH@r) hANSO Hski1B® bRl h3lnodd 3h al ic {
preventing ener g>){ 'tz%;nsf esr_ i'n ol ecul eng%—?%l%ggi)rééﬁg%,k&afwdtoﬁzaé?‘rlfjoétall}re
shown i 1P Flgctray injecting eedion aotipascd ofiomatwimp doednbincing mafibmgatludlvy of

enhanci ng L] i f_hole referred bel gw to as."hol e injecting
materi al " )é%%t)}/ddnse@]&ﬁ%gﬁb glt bg)t%/\S/eeer%eczrﬁgéﬂﬁaén%ﬁﬁpeé’ﬁf)ﬁ%%%nﬁ%1@8&5‘%8?&’ “Fader .
Al so, an lé&teddecindothe iongaid cogpagi l@nec Baphgebothfth@hoBtigfecahe tpioaimne ng
afilling ciual it electrons (referred below to as "electron injecting

Y. of,
mat eri al ")eﬁ‘&anb‘éJqCHE%F-‘tgéH“B@f_ Eﬁeré‘?d-cat hode and the organic conpound
layer. Further, Qo the, ﬁﬂ&eetﬂcrﬂtﬁf?ﬁﬂjé@iﬂg%ht?ﬁglaﬂdﬁléafon Ri&%h %@atbﬁa%}a' ng

region may be inserted. In this case, since ole injecting material or
el ect r ot i mpiseiel fy edeeing A barsien of 2errimatfdiing| frdm elactrddes togomgabir edrepoustl

carrier fi IlaSré:rQ,git fsfn?)mh%hg ﬁlto';lgﬁixgﬁtsto? aocragf?cr}if?ong %{EBE%H&% to organic compound layers,

and so is effective in eliminating accumulation of charges. However, for the purpose 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 recombinat;'on of a carrier is substantially determined in a mixed region depending
upon its mixing ratio. Accordingly, 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 transporting region 2705 composed
of a hole transporting material, an electron transporting rc-gion 2706 composed of an

electron transporting material, and a mixed region 2707, in which the hole transporting
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| ayers, it snoothens novenents of a carrier fromelectrodes to organic
conpound |l ayers, and so is effective in elimnating accunul ation of
charges. However, for the purpose of avoiding the above-nentioned
formation of any inpurity layers, it is preferable to perform deposition
W thout T RLENALSY AL WRRAhRafBRREH! miferlat |drd HixIRUBELALS ANCko! BRjch2a
organi ¢ conpoun ayers. so, pa substantially Centrally positioned
as it beclomesesofnt mperdizlris addady end a biagkingeoanbal270P dhaddedao dlzer mixed region

subst anti y .determ ned .in a mxe gion d ndi ng. .upon . m xi n

ot o AcES AR g il a8 AGHE (oo B TIPSR APl g KB

m xed' r egitMidturEinthy BEOMNoptdilin MAYcHDE catdes 2T B Mevile®bn tiesubsied. ARG, an
(Fig. 29B). In. 30 addition, the reference nunerals in Fig. 27 are referred
to in Fi diole Joiscting romen apdrath glectron dnichiuhisaor devePs RIORHRd bEYeED (RS
shown in Fj | LelF r i ¢ conpound | ayer 2703 provides

t herein dﬁﬁ%Fgggﬁgﬁgﬁggﬁ?ﬁgb@ 3?%%99%05 conposed of a hole transporting
mat eri al , an ellechisansd, iaisqueictabhethae tiedio&iE metempbbe thagfmam in ekatttoon
transportin terial, and a m xed region 270 L n i-ch the hole.

{r anspor tHEONR iy ieaaiera s dosvanest B BR iFe sith 2 e o Peine e

t oget her , fuaBforf 6f BIdCRiMgaa cArdit BepesRhtin@URPESIonl &f BORedle xafom. WRGKihag
material 2709 is added to the m xed region _2707. In addition, while an

anode Yyoogking majeripd #7801 inaddpgstorthe enixqhiegion dle icerecempipation &fiirgche
adopted. 3ol e GRAOOASIA O] & RhaNASd MpLARAUOALIRHE cxChifl caf ©
hol e injecting region and an electron 1 njecting reglion my be provide

bet ween tirepreeteed, rsodbatan tlighhlemonggaamiteficmpoyuca beagmpectelinHbWweeercaises thet i s
preferable that the bl ocking materjal .be paxi mumin ci.tation nerg
Pevel amongeREE SPAEHEl B ARah & PRIOH: KodiqBgPih 5 71 BleTRESlyi ng
the funcigntingtls dRb@6¥d NEarfic£BAIEA®S inQhe MiIRMIEREIORGvItHnSHAAES tPhe RintifDhecd| e
excitons. Wien the 10 bl ocking material 2709 Is added to the m xed region
2707, Yheregwomiscoraingy fagien. dacyhichthechblogkisg majerids pided 15 8gi ohes¥E7 i s
enhanced i J i be prevented, so that a
hi gh Iuni%gg?gkﬁﬁgéﬁ#gﬁgﬁéggggﬁggﬁéggg%%e arﬁga%ver, since the bl ocking
mat eri al i n manilsoasasllywitactivnsor theliodding matastal o h esatama, sihedt wdnw, inj t

ontire m HoMaaod PalS! i el AByserirk hoffe, R PRR A M R Ry SRR

mat eri al ingtedidlRda chthod®bidatatBt tHal a feR@Im o Whidhhe hithixesteheghatpiabdT08 & a
part of the m xed region. Also, usually effective for the blocking materi al
is a né?erddst is wprfahas shopginFig- 30BMO | evel , that is, is capable of blocking

hol es. Accordi nﬁ&rﬁler,aaﬁtfgiﬁe\%(?'lcﬁfjﬁai n‘?}{}% 1?1 | AtinTBh &EHA ast Lrudhin@cbRdRarstige

rat her than a region, scent terral 2708 is
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
25 molecule excitons are large in diffusion length as compared with 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 fransporting material and the

electron transporting material contains a luminescent region, that is, a carrier
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20 added, is useful as shown in Fig. 30B. Further, application of a triplet
light emtting material as a |um nescent nmaterial added to such el enent
structure can provide a highly functional |um nescent elenent, which is
long in service life in addition to high intensity |um nance and hi gh

| um nous _effi C|a([=t:ncy basg‘g on |.u E{ra a}@%e from E gri | et excited state. In
addi t i on, TEPRPEAHOP SpEPJE isfAuEes) 10 haye psgre thickn rsaés PR @ RGBT gt h
as conpar gfipads . Acewrtifipl Y 8 @ebied @SCihkANXed rdgib® hives Bfialless bN 80 nf or

bl ockiing naterial be_contained in the m xed region. Hereupon, since the

above- menfoEhedist laking Wi spnsidnipinrethabp regionh Bihick begosseripelar-neivesei i and
t he el ect {)%ﬂa%F Etl't F]Ee & c?{hhtat e aﬁovreetﬂ#ékfnﬁsg b%(iPB% 0&, Ie&' polar-natured,

is pre atiro o ransportlng mat eri al
to 30 dotal nas\sluaﬁndzshenthbkrﬁ:el waithpe ldwergnniivenioktbgaat ohgereinetvionlife
transport| material in the mxed region pbe. 10 % or, nd 99 % or |ess.
Hovevor . (T ARHST GnEscasche e BY piaestclng e ) PR AR B o eak BOHE: at 1 on
of materi glestricAppBand, WK RE10WeX 8 poRGt @anﬁtﬁ{m%%d%oﬁeh@uragﬂe%an in the
transporting material and the electron transporting material contains a

| uni nesceRtior &gicambe prayidadvhen raeputactyred Oy tecusriof meahi lominesginbdevice. i s
required to have a sone thickness so as not to permt a carrier to pass
by. Accordingly, it is desired that the m xed regi on have a thickness of 10
nm or lﬁDBeefBbmpnbalofﬁ@ Sental ViznsidelicaDrawinghat a regi on, which becones
bi pol ar - nat ur ed in resis |redtht t he above

h
t hi ckness be 108! gﬁn}%r‘m dBare %ISXSF@HWW&We %feas]i‘@‘é]m?ﬂ’ﬁné 3¥€E | ower in

drive vol tage apfh, bo9gofew shoSMi/édiRehttdtRn grfiBéht@ prior one, can be provided
by practicing the invention described above. Further, an electric

appl i ance, whi cHig 3 i$ awisw shewpeaeancerasignpradientand nore durable than in the

prior art, can the use of such | um nescent
device. 10 Bri eF%Des%?P%ﬁ%%%%@%ga\(%yﬁ?%m of the Drawings Figs. IA
and 1Biare vi ewbigsBask nigwt shewind meefmaufewfamdngaem iungnésagmrelemdatg 2is a
vi ew show ng co? Btration radl?]g is a view sh O\A%etr;‘?
concentration gf%dlPdht ¥lew §Hoyingt §tr30t{‘ﬁee(?f{/a§‘t‘i’6%ﬁnh(gm€8ﬂ?§€?ﬂt Fh gradi ents.
15 Fig. 5is a Figewlg;bowgmkh@g fh G étUFeCofRh oRan®¢ Balh&ctHEdRseent
elenent. Fig. 6 1s a view show ng the structure of an organic | um nescent

element. Fig. ¥ig 8igayieswphondng g Strn@tu@tqf@@tqagaémamaﬁess@rg&&ﬁr@mtum nescent
el ement. E: g g g.@ i€a \éie%h%%évfé fig s[‘rﬁ&uﬁ:t({fléﬁ zﬁu@{unﬁﬂes%rg%mn?en: pum nescent

el ement . view sho e struct an organi ¢ l'um nescent
el emeng0 Fig. 10 is a view showing the structure of an organic lummcscent element.

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 di\agrams.
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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20 Fig. 10 is a view show ng the structure of an organic |um nescent
element. Fig. 11 is a view show 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 show ng the top surface construction and
sectional 25 CEPS?ﬁyscgion glf a |lum nescent device. Figs. 14A to 14C are

vi ews showi ng t & op SUFPa 8“@%133?3985 PBAPRH Y Sect i onal construction of a
| um nescent devFige23 N gsiewlshdwaipthd Bmation ¥i aWsnshdaRer t he configuration
of a lum nescent, device., Figs. 16A and 16B are views show ng the

. gs. ! .
configuration ofi&?f {if HEWERWIngShs sgucturgof pp geganicipminsseeptelsmenyi ews
showi ng concr et g;exa0pl 68wfhosh LGreaRRL | ' and 18B are
Vi ews show ng cofr%grete exanpf)esr?ggtbégﬁee?{}r ?‘é)?%%gﬁs(foa é’g’?f” ?gs. 19A and 19B
are vi eds showi higsedehpndio2of aci vigwasbowitiggbe sg0ftuandf 20 Brgang: Wingnescshtowi ng
ener gy bari%l ditagrams. Fig. 21 is a view show ng the state of an organic
conpound ?a’i}lgP.‘ 20 Fig. 22 is a view showi ng a deposition apparatus. Fig.

23 i's a view shpi p7id deietambwingie Sfruchive lofBbl bidayicl Iad@iescdnt Glemdfht.i S @ Vi ew
showi ng the structure of an organic |um nescent element. Fig. 25 is a view
showi ng the st ati &% IShviSVGRRMI D eRRseRiErticBPEIles Figs. 26A and 26B are

views Show Ng tHesSENChU DIPhAlcRS 4Bl fug HUTRESERNbE of BRI lurkinbeceft! ! S
a view showi ng the structure of an organi um nescent el enent . ig. 28 is
a vi ewl8helwinagt.a concentration profile. Figs. 29A and 29B are vi ews showi ng

h . i ' .10 el . Flgs. 30 d 30B
Vi cva showi ng t RESSPRART: b PREEE Sl iod s RREREnof of Dpee PGt 3 ©

and 31B aglem¢hews showi ng a deposition apparatus. Figs. 32A and 32B are
vi ews showi ng a_deposition apparatus. 15 Fig. 33 is a view show ng the
Structure of anFigPgildt angd 3HB AEsdews shovapgmAcpositiog apgaraius. a vi ew showi ng t he

oot Lonel conetEHELE a0l 2 RTINS g, 0,2, S S
vi ews ¥howi ng tRig. 33K 4 gewathowimgthe atriaimicof st erganddvingescent 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 t0 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 described 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 -and a structure, in which light is taken out from a side opposite
to the substrate, are applidablc. |
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. 53,
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 possibie that the luminescent layer

504 is not inserted, but the hole transporting mixed layer 503 or the electron transporting

-
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Fig. 37 is a view showing the circuit structure. 20 Detail ed Description of
t he I-nvention Enbodi nents of the invention will be described below In
addition, at |least one of an anode and a cathode in an organic | um nescent
el ement may be transparent sufficiently to take out |um nescence, while

the enbodi i 1) i bed wi t h.25 £t tructure,
- on S0 R bliea B e SR b st d e hol Eibbed Bedmart PO LI PEREL | <

t aken out biymanixtire ofbotie aAeldiajdching MakiialiSidd Bole knyMdkily hatgiinescence is
taken out from ?nggéihode and a structure, in which light 1s taken out from

a side opposite fiAR 8¢ hele tnsporting mixpd layahP@3 isHormed, ag shewmimb: 2on
Wl be gimMan, ten@nHsRNPes : : ' L 13 t, fornmed
with a hole t?ar_lspotrrt I ngg}r?iﬁgég% %§§?0}\?\§lfgﬁ%g?ée%@§§%aéggﬂmih§e 5,
there i § $lapswerang matarialirly, thisrcaghiichs prefeodtde thattispbolt iimgetiigaadterialybave503, a

| umi nescent. | [ 4. an..el ectran transporting |.ayer. 505, .and a cathode

506 are | BshsDEGARdn BEh G ARISE 1 it nBhe 8s 3 R ARG |

i s possi bineatdrivdtudhes dluminngsednd ishay®ss thbBblelifjeB@ig mgAaL ed, but the hole
ayer 503 or the electron transporting 21 | ayer 505

transporting m xed |
t akespc har gg of )épg?ﬁqﬁé%t% f@eCXPHREURBI Eilk Pargyrey 19 aY cmbadimeniyel 25 0sgdnic
for med b}'urﬁin@lé&htjél%?ﬁﬁt ﬁﬁ‘ﬁlgd Q\;ithaarhglieﬁtré { bﬂﬂlﬁrﬁmx%ﬁ!l Ver20fh ?Bf?l%ln@e I

transporting material. In addition, e 5 e transporting mXxed |ayer

i s forAdFimd. Idndiig. Pnthereyis shownwi tstructurp i evitictatitote graghoetintg, laphi 603, a
consi sts £ hpl.e iphecti mat erial and the hol 5 transporti

ravor ar . AmificBPleel BOF Cin QoRRY EhdRon ReimbR pndion” pnd ety bl ars a
have a st éapine@dcent sabittite G0adiaeRlg 40 apddd FOHANNIdAYIdY IAROFRsHE Bt WhEN a
hi ghly i n?ul ating material such as_al um numoxide is used as the hole

i nj ect i ng HABNEFGERT layey ffieigmehinsgrteds Rubths clashion sansparting mixadlayeria®Sy the

enbodi nmen f [ | 4 I : d .t e ]
Cranspor /g WHpRARS fer 403, AREP ERlcx? SH1TERlnesRRTES He! el Laidche | | ¢
shown &5suriged layer 6¢nisormhd &y hohixttread st bf ag eleayren i1§83ingamhtanibinascant

| ayer 604&15:%&' ne{ ectrﬁn tr%nsglorti ng m xed | ayer 605, and a cathode 606 are
| ani nat ed 01 & SOBSPTHELE6 T havi ng an anode 602. In addition, it is

possi bl e that tneadditithN8seRRiroh AXBEPoPEk nSxdA0hyér B hed be PornddN8s GlREL r on
transporting m xed |ayer 605 or the hole transportin ayer 603 takes

char ge of M [ de¥é8iceoncepgationagradignt, truchsernsistsef ths cficken iniagtine wasTink
el et ron’ Ehe ool (R ARt O A0 SRERE LT el P B Pron
m xed PBy&yedds materipk hivar ar@tbpb asnedndration grz’ldient (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
is 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 h;)le transporting region 2405

and an electron tramsporting region 2406 may be successively joined by using a
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in Fig. 3, with a concentration gradi ent, which consists of the electron
injecting material and the electron transporting material. In this case,

it is preferable that the electron 20 injecting material have a steep
concentration gradient (rapidly danping to anode side) when a highly

insul atin terial such i.thiumfluoride | ed as the electron .
oot ng SRl Pra s 3R hotk P Shoiing et a3 oy ol amgovae ogitaal
embodi mentconthinet iar@anhiked| dgonesmONhng RN bASITBLh WhhRHA Hf BR! Akcidt ured
m xed |layer, with reference to Fi ? 7. 2571n Fig. 7, there is shown a

st ruct ur e FAPFPORRTE FEBIOh 3RO i TRT @B talsrgrondyanspatizg matsriporentained in ¢l mixed

| ayer 704, t 1:0fh:d Pl LCtl : 0 ar

| am nat ed r%gEB%Qlégﬁ.S{nr gltl ée@% 1%1%%3%?%?%%%&@&@0 ?@é%?ﬁ%ﬁl?@“ﬁ]g? Lg? eh(? lem' xed
| ayer 704 trapsporigngraidyizl andiantaleatroof trdysportiof raathialy chii aaspas tthieg lagteid al

and an el gctron rapsportin terjal. 30.ln additjon, the bipolar-natured

m xed | aygl}e o WﬁléBfCSFfPég? n{E% %gfr‘?oWSP?f“ﬁggr?gmﬂ’, iW‘Pﬁscﬁmc'ES’ﬁ nfP4thton

gradi ent, eWdiroh t@AGHIrGAS répfiod. 18 abeitien} :ﬂﬁﬁﬁEE ol agawmhﬁmgibzx,amoﬁe bl?ecting
g. ,

el ectron transporting nmaterial. Also, as shown in Fi a m xed redion

2407, a h&YEr prRIRsgarariedpetuenom aueds 2482 and fhediade trppsportingwsgiont 348, rrbi on
2406 may SSi el Asi nstil mat end al; _of the
hol e t ranlsapﬁ;oe;i#%g ?%ég?%% ll}ﬁfédgkﬁ ?%lr?%alﬂﬁ%{% %‘%ﬁ%ﬁ%r%‘%‘é‘fé%@ér ?Héf {hec%lrel i hed
i n t helfi xseuspoeigngmeg@a@AP6and using a constituent material of the electron

transporting region 2406 for an.electron transpqartin terial contained in
the mxed regi Cg)’H&Eﬁlélfenﬁ TS I%%E?Jl?cﬂ@.r@cygﬁgﬂ%%gnr&%é‘@énkpﬁafy laygr- Kl nds
of conpourkls ch:, B¢ Précebs ANTRAH ARG NP R Jrdni @ NenARs@ne Cldnfiht ti %?Bﬁﬁﬁt! ng
mmaterial) _can serve as three layers in the prior art, which conprise the

hol e t r an§}5&%-tanriFamplsi Brtableyior aesetbed of agnofictuaing suble clegiaat stirgture will be
transport ypg5e@i on. In addition, although not shown in Fig. 24, a hole

i njecting ayer may be inserted between an anode 2402 and the hole
transpdbting refigsn3RAGHd 3diBdare annedpeiohalorewn plastinga depysitiomaypdretus.nsigr t ed
bet ween a,cathode 2404 and the electron 10 _trgnsporting regi on 2406. Such
el enent st?'?%cltst?rté’pi B YEOU SRR ¢ ?@9%?“150%3?5%“&9“ aAPAFELES o2 Sl . 1 n

this casechdriberPfypeess wificHTaNdASE! thciidd SMhnfHedaN10 IsUkRASEGOa AbBHBRtn | S
inmportant. Here, an exaryPI e suitable for a nethod of manufacturing such
el ement sthambgy andip Muplty efedenosibied soumerprsprozidedandhe vecwme vessat end onal

;/ihng Sho%ﬂagat@i,}:dfeggﬁlie&i 2N AP RALALYS of @e?oi;iti%il'%oin%eg FOP R0 MhEWRNGM NI
pparatus. The deposition apparatus s of a single
20 different functions such as constituent materials of a hole Injecting material, hole
transporting material, electron transporting material, electron injecting material, blocking
material, luminescent material, cathode. _
~In such deposition apparatus with the deposition chamber, a substrate having an
anode (TTO 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). Fuﬁher, all the materials forming an
organic luminescent element are subjected to deposition in the vacuum chamberl 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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chanmber type, in which a single vacuum chanber 3110 is installed as a
deposition chanber, and-a plurality of deposition sources are provided in
t he vacuum vessel. And separately received in the plurality of deposition
sources are various materials of 20 different functions such as constituent
material s, of. a hole injectjng material,. hol. transporting. material,

el ect ron_ KPHREIER FiREohate PR Eocal SEERHRP PHebE G ot HPOSIIon PRt

mat eri al , sddhnsiAgeCEHmbERtiGHd Aith EFERAEE to [Fip.SYOH (HaPeSi $dcABnAPERM A§fUEeW t h
t he deposition chanmber, a substrate having an anode (I TO or the like) is
first conVywE rhanbes SV dRE hecrimpbieity obRipsiratien djie Gl&shays ths pegeduatei on
in a pret I i | :hy as
0 (n’ okt ane <5 FRREE bMmebOf AR, WIER bohoifs W Fok S BReMEnd SpRUD P31
an ul t rav3bléeand arr eladiat ramspottgbeatefidr3147 ewith nigp wie cdirodeusmrdhambsr) 3110

Furt her, ﬁ\l l. the ter.i.als forma}g an _.organic | um nescent el %gvlegt ﬁre

subj ect ed ¢ 3P & AFETPOTHOR FOpATES (AIE QL& ung degosiiiph, seprer 23413 2pfldde may
be for medoiganichenipacnd R RRsRebued 818, a separate deposition 30 chanber
may be provided for formation of a cathode. In short, it is sufficient that

deposi tion be chitsth aguisitatg hlGlhavingmy aogda Slddsctrantsbintatheyagenmn ichambert hode
is formed Lhal:l Ve t3h rean 1 C o i r

bei ng sub?lelcngg&tl%) flsxggl ﬁng in gﬁ ﬂéaleég} jlllﬁg @ﬁéaﬁgﬂésﬁﬁgeﬂgg %1 gﬁgﬁfﬁt@§$9$n$ ﬁlﬁe
conveyddcdemeivitivndr Sutisequaghiyaafiar the encaia whanber bl 16xis| depatsiwrivedi (10 Pa @i ven

to the prpcedure of uf act yri an, organi c 23 | um nescent el enment of the
present | TERET BFF G PR)eheessel g2 B hralsal svanomaisn e Bl PO RERMEF e o
chanber t3pes whd b SiQftRF Q3G €4 ti® obbbd EokBsthing! 61S 8epiRR{ohONMr ¥ ipPMeBrmt el
vacuum chanber 3110). For the sinplicity of ‘illustration, Fig. 31B shows

t he pr ocedepasitiogfratedumtngimpl) oy trashad. Abikis time. p xpesel bhH3dR alseriseisdsvhile a

hol e tran Lol | 5 3116 and an electron transporting materi al
Qﬁ{{t . . J

3117, wi tﬁ t he gg% 0 %gds{%cuum chanber 3110 having two deposition sources

(an ord@ani ¢ confbemalftete pihi the shutsowit Bt a3dnt8, tiedharer k1dans opaadpo whdw

deposition spurce b3119).. First bstrat.e 3101 having an anode 3102 is
carrTed | BRERES ot st 3347 B GhEe e S o fepoion a tiatn Siedeing 1 51
(the subsFigaBeB) sndes fikhl ¥ miildate@bnBINKNEhiniC KEP@ShijoRimg repsdis ez Thisy
after the vacuum chanmber 3110 is depressurized (104 Pa or |lower is

pr ef er abl @raGOR, gimdateszmixing Of Rairyrity laygn betaca the dokolransppgpiseiaing
mat eri al 31’:‘%3].&&[1 &hl:i r 114 is opened for starting of deposition

after a pre etermg% g%gs?’iltﬁié'on rate (unit: [nms]) is reached. At this
time, 3vessel B@dls, irsodEsy fvemtandelodifdnatranspatting tregioh,3¢ b thesshuittes 8311515

;P?L\?vaf t ecr)pcn\(c\:n-cl,t rt‘het ?ﬁut?a@“éatﬁﬁ i%Bél%élcdo oe?eergﬁnz}tg %C%ng_;t{ to rthg?’\}e]égeli 5'1531(18.6 %95 to
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 material 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 havé 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 sihgle chamber
type, in which a vacuum chamber 3210 is installed as the deposition chamber and a

plurality of deposition sources are provided in the vacuum chamber. And separately
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an electron transporting material 3117 to be subjected to codeposition (a
state shown in Fig. 3113) and to ferma m xed region 3104 behind a hol e
transporting region 3103. This operation elimnates mxing of an inpurity
| ayer between the hole transporting region 3103 and the m xed regi on 3104.

20 Further, in arder to forman electron transporting. reg| on, with the
shutter b35FEcddpihreplurality O? HERQsEfon-sppIces jake YTy naterialephdifarcal fimstipay of

the vesseku@3hd Zeonthiiusnt PRAERMIS QHclﬁhi'n Qaﬁcﬁé ihfk 00241, 381 EEQH%JOHYnol ayer

bet ween the m xed region 3104 and e ectron transporting re
Further, @hdereal; slegtromjranspaitipe Daatbmﬁh piestemtinjeeing ingkeriah ldockmgumatagalpn

2607 25 make the sanme lumnescent. In this case, it
is requi rzlgﬂ]‘t{s{ﬁsaeﬁ“@a Hﬁllzgj?g%lgﬁ? mat eri al being a dopant have a | ower
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prevent formation of inpurities. The manufacturing pr oce re w
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of single C er 0.is aIIed s the
deposi ti onlg‘rfzkﬁy;?r%l Charxger in Bf‘yggeff)l ‘flearb?hedgﬂ%‘g 5 Py %e@oﬁl g‘?’aﬁlg

t he vadOuforatiagher orghnit hepaeaicsl Yledfnt egeisvubidcied foh@efsitonl int Vheofiacuum
deposition sourc are various materials of different functions such as
constit ueﬁlflarﬂlé"’tre:‘e%s]gr i']eQ“FFé’Ieﬁoq Fjhede,preg qenfoé'@f:il gy thfabaguua chagghes 3210 or a

transport k&thratd e 5diBdn cﬁérﬁﬁérrrﬁ% bt gm@é& R So MRt & a cﬁh@cﬁ:té i ght%u@n,j i’?%e ing

mat eri al, bl ocking materi al [ Um n scent materia a cat
deposi ti oﬁufélﬁ}ﬁ@t 4 ledmmtwg Buchirddpodi ini the ssihglnbw:puxa shapster 2d40havilrg  an

o sub) ectagibat 8€ ol bkt Bk SERb Thapfert SaRBRY Y EReS R Shind e

anode 06i sgbjedtedxo dealiiCin assealidOchambadslid taken oal tthew Ghedi@tyflte WhainBet i J.
32A, it i SIHEO si bl e t%aprow de an ultraviolet irradiation chanber in order
to clean t DEETE FhamES) . Further, all the materials 10 forning an

organi ¢ | um nesagntyx bRt wm %esgsbb@% qﬁc trpqo&%e&%f 'n%umaﬁmg YAGY
cuum ¢h

chanber 3210. However, a cathode Ty be formed in the va anbe 210
or a sephminesgabelemenbnf dapiseent fayentien pridy Heteuses off a Hlopositidnoapofates of

cethode, IRl chimbd PP SRk T 6P SR oDE SPACHBE U
| um ne&0embcumime rabainbes 3ab0RI Figd 3aBt eliovagi 430a simplest example, the procedure of
forming an organic compoﬁnd 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 dep051t10n source c3218). |
First, a substrate 3201 having an anode 3202 is camcd 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 a3214 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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15 subjected to sealing in a sealing chanber and taken out froma
conveyance chanber through a carrier chanber.- An explanation wll be given
to the procedure of manufacturing an organic |um nescent el enent of the
present invention with the use of a deposition apparatus of such single

chanber type w reference to Fig. 32B (a_ cross.sectional_ view of the 20
vacuum c harpﬁ%‘é’P %’g%’fflméia&ﬁ% ?an:ﬂ?g‘\}%g, re&?lh3%qﬁﬂ%$%§§q?eé%¥‘é’ﬁrﬂ1’é}lﬂi‘tﬁ% EBE & ur e
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transporting material 3221, an electron transporting material
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a vessel a3212 is heated to evaporate -thie hole transporting materi al
3221 and dheplgetran tramgpadingsegipmned for starting of deposition after a

pr edet er m ned, J-f 1 te (URit: ms]) is.reached.. At this tine, a
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t he n‘ixeer% Lon 3204 (a state shown in Fig. 32B). 5 Further, in order to
forman el'eéctron transporting region, with the shutter b3215 opened, the
shut t erlfa3214 i Aled,daehe tasetofifoiniap hohenmfddtipgatgibheorvdsaadn mplidg rdgibss,
operation .elimmnpates fornation of an inpurity |ayer between the m xed,
regi on 326h13a??5&1?11{ o &S&Eﬁ inghe E4BAHYHINR HgstletnlBileropien sarraoprespyqye
procedur e fRkediérif0 S UxGrbf, TRISE 2RBINR (AL lcaQr oGisioof ¥ MoeRGEBhe
el enments descri bed previously with Tespect to neasures for solving'the
probl ens. IFgiendetmgsinethe ianod%g2%?a§1@i tfe kadelitragsporbig cdgiory 3A@d by izadepositivhe
m xed regi 0 Lt s sufficient, tq install a deposition,squrce f.or
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sane i 12 heatedalr 322lofvithonmahijaterafl frtv@ mpodst of time a hole injecting material is

deposited on the anode 3202.

t he

In addition, since a concentration gradient can be formed in the
above-mentioned mixed region, reference is made to 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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region. 15 Also, in the case of formng hole injecting regions or electron
injecting regions, it is sufficient toinstall in the same vacuum vessel

3210 deposition sources for respective filling materials. For exanple, in
Fig. 32B, in the case of provision of a hole injecting region between the

anode 3202 and tIh .hoI1 transporti n%@{ et?gﬁi)on 3203 by a d(;fposi tion , ]
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make deposition  rate control maki ng yse a shutter (the filmthickness
is monitored by A&%&}%E&F [GRERqriiag brepon %%S:Snreéﬁli’ﬁsi yeredetronined flmybigness. Fi g.
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Fig. 11. Ei; F Vi a node, 1102 is carried into a
filmfor n@t%%f%ﬁ”a‘ﬁ%@ﬁ }?l%g)péﬁﬁéias A cihing Sheel TR be Sl s, BabWhen ey Utthe
subst r #beal B 4niofully tlpsedttd edxedueiog 246Pasidhe B predBUISLEHIENIN YhickheSam €
chanber ahll% receiving a hole.tran p‘%}ili ng material 1116 is heated and a
shutter afl® SFHoD GHRAYEnUg 1&125 £§ B RTSEtcandsleppsap sHE i(mEate pegi on

2405 coﬁpﬂﬁ:elﬁin@foftdégoﬁ%@ of bRRERAbL itﬁlﬁsﬂ@ﬁﬁé k&@ior %4@6), Ahetelisr Eﬁ{&igﬁo}a -

sanpl e chanber b1113 receiving an el ectron transporting natefia

al so si rru?ffﬂa‘%ﬁ’éﬂéf@ Sﬁgi%z%isef@rmhd Iwehils thhshuieer 113 Semsins|apseet, sfitserart he
ot T TR RN R T
gr adua® yshown 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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opened. The opening and closing speed at this tine fornms a concentration
gradient for a mxed region 2407. The opening and cl osi ng speed 1my 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 electron transporting

material 1 reache r.edet 1 sition rate (a rate_at hetlrre
of deposi tallééleo a3hRe ellngcrg?tgﬂae't g%ﬂé‘b%??l %?PEéTaBFPOZH@%}mteFWZr‘Sééf R ecfrﬁé
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exanple, a hol e WIANAPUL XS, FUfEe 18LRG UARNE %ﬁﬁgpfing) Bk flyr 30

| ayer, and a bipolar-natured m xed | ayer e appli i'n“¢o tion.

exanpl el& Hayestd strugtaresfiogunil 94) deimgposéd of a hale mijenegtayst,rhodt maﬁs;mlnmgﬂanym Fig.
8,Iamnat ubtr te 801 having an . anod re a hole

transport i ﬁgct%@'xtéa dPa léllgal@?f)%r 816‘?7‘683%%‘%81“ 133‘3?9&11 ??yﬁfé%l?l?%ﬁn%?@r Psgidesg 8 and
a hol e tr asheparihiFlg 198, @ﬁ]yaéenﬁ&%ner@y%ﬂiﬁr@ﬁmgﬂé%hﬁﬁ tAt X&PediA%Ghix8@4ayers,
conposed of 27 a hole transporting material 812 and an el ectron

transport i3 et Eespestive I?slxe‘ériaﬁqf%@W GRccessivgls ronnedied Hyxidd holy drangpsting
conposed %at@ﬂaletifﬁtd’n(antﬁer gl@ét%ﬁ t‘ﬁ%’g%&@{tj% rh erlﬁlglfngvh% ﬁg\%}%xrté)%ous in

injecting material 814, and a cat n ad I on resent
enbodi d@tmowmmwf@swmr region 807, in which a 5 snmall anount of
| um nescent mat i s dope

ded | .ar - nat d
m xed |ayer 804Eg %lenti%r‘?@eef@?aé‘?fl%w ré’gygéﬁktogﬁ%oﬁﬂq)qdﬂng‘%g‘%g Q%%S%swg?e

formed in anr elepeat, iidewhiel eespeclie asided IQRrs Eiedco®Red Sn ahs GREVRLhfMmn¥t SW
showi ng band_di agr ams expected in the case where such concentration

gr adi ent s 2RPHSY b} Adapletre emigting divdet Nemmally; thecfundarpentalestiugiuare of agtiplegt ur e
ol 0 i nj obi g Tz, IO s i, ARNELFEFR, o 5 MpRstTb i G R DBRY if o8
| ayer, dtriptugd ag tqoorposey efta rsgb:%tal]@@()ﬂn ahh& 9pR; dmleatr’anspBe!mgjéayer a%)B
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
1$ 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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shown in Fig. 19B, only gentle energy barriers are present in the
respective m xed |layers, and the respective m xed |ayers are successively -
connected by the hole transportirng naterial 812 and the el ectron
transporting material 813, which is advantageous in 15 novenents of a
carrier. Subsequently, an explanation will be given to an enbodinment in the
case wher édathe legign; transporiimgclay sre 8% ds imade nny elgcirery asspareng ovibidh dayer n

t he abovem& ! i LK i i tti. i ode. romlly,
t he fundanent a?&!sto 1rD Egt%%}dgﬁq %JS? ?ﬁlgge@meﬁlglghécggéﬁe?ﬁr% Igﬁggﬁ %%at%he‘ ?ﬁ%wn
in Fig. O tepletdigheewmiitingl material teryabelidepds. inTh portios, wiidne ti20het miutérir] efithe

conposed qf a substrate. 901 nQde 902, hole transporti | ayer 903,

| umi nesceﬁflmluéef%ernédﬁherf%r%%ﬁngy Spith§ 5{;}??‘?"& &t QIF“?‘-’&htm Bﬁg%??l Y it desmal in
a host Hradoaténtlaion badintdn iRy REp2Abe meteddhy@ transporting | ayer 906, and
a cathode 907. The bl ocking layer 905 is made froma bl ocking material,
and bl ocks hol editegddiRRaBic theeblogking fayien 409 dnuset fin dhcelpem offa saingladayesrn i n
the lumn t; . I l. ito

goner ated T Phe TAmcnanediith ke el of X Ihu IR R oS
al so a natievéndionf(that satheyblngkiog nekatlayenmay be tftwencel) fewtves] fromtthie @osiopn in
Fig. 9, the lumnous efficiency can be further, enhanced by providing a

hol e i nj ecvtl?vﬁgg% a{VSYe“i‘Ha _gﬁpaﬁ%’& rognml‘)}ﬁcﬁif‘t ARG Iy &r 1S HIREVETS B PRyt or
layer s 1@ eoacdRdtibe ghduerh kY Brak BeafIOckiss Fidfdrial & HAPWMcdnRefttBionDn 4 §84bE 4 NY
an 30 increase in the nunber of interfaces. Heréupon, the invention is
appl i ed. TAEOdEs, neasures are provi ded, in which the hole transporting

| ayer 903 in Figp i ; i .xed | ayer ¢ osed.of a
hol e injecting ?rraa%{%ﬁ daciém%ﬁgﬁatﬁ%g?&e\%’ ﬁ%@g@:"%% én%fyhé’rff 3??%% %gqrgé%sﬁtéé%ent

| ayer 904 wischradeelembntpwithrrespgtiive thiredk &jetsay@nbinedipagpitedofo a thiplee light
transporting, material, and a_hqs terial of the lun.nescent |ayer, 28 and
the el ect ™ ttﬂgacﬁ%%rMPnga}r%\Vg?ﬁ)anﬁmfl?t%g%aéHQ%Ta_éecgb(g%ﬁ?‘FaﬁéﬁcﬂnPﬂ?\éO% xed
| ayer 1601p0©s @6]eotandPor@ing GhikOd 1dyEANGIOESth i cABE 8 hbR inflefindrhAL2E 109D and
injecting material. The triplet |Igt;‘1it emtting matertal nay be doped in a
porti on wiehdetaspriting fpaterialalOlgs athipolar-paturrssméxed Jaaget 0G4 compessdtol Al so,

it is eff ' Loy ; afl i j ents
n ther copscmSrBRHorl T B8nds sl mifirs LI, % RAOGREUIRE PPefift o

i s used i wompesddorah thie hosi mgleial ayEi3 and &Filjoclng i hateryl NO14) xadelstfrdn t he
host material of. the_ |l um ne t layer i.n cticing the invention (that
o the. bR et Page RO maet arded bREkiRE Bl HA R~ s e &

vi ew of20pniey eRtirog tdhsieetisd antdfal M kigs @b@R exal dnOfSctidn inﬁdﬁhgfxﬁz_ﬁtaﬁmmﬁ, form

a 10 concentration gradient so that the blocking material is high in
concent r a8 @Hoge gpg@ Fgrmgd in the respective layers are concentration 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 (sewing 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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cat hode. Taki ng account of the above, Fig. 10 shows an exanple of the
enbodi nent, in which an elenent with respective m xed | ayers conbined is
applied to a triplet light emtting diode. Mdxre particularly, |amnated on
a substrate 1001 having an anode 1002 15 are a hol e transporting m xed
| ayer 1003 conposed of a hole injecting material 1011 and a hole
t ranspor t itA&> aad die bpckiog materiddi10d# dverviag absedis i ddctiery ganspO0ihecmatedsdd of
a hol e tanspqrhi i d.a.host material 1013, a bl ocking
m xed Iaygﬁﬂ%ﬁg&bﬁ%" oésg{ rg{‘w%??%’%%os ““M&feri al 1013 and a bl ocki ng
materi-al 1014, &madllypaiunodtatet haRSPOetrhNeridls X@thbledtatond@Qbnicanpaseduef ad he
bl ocki ng rﬁ.ﬁetgrg al .1014 (servi r}galal so as .20 the_electron transporting.
material T PRiCsHSEERE HaErah RiedRRReting aisind pIEEET HRnsRoTsng maierial,
cat hode51@f2étroff Ahj¥BANE MdtBi§all SRR{AT Mtekidl QlimidsBerft FSENLL Ahl ARe HaBHagNt S
shown in. Gaph 1010." In addition, 'since the enbodi ment conprises a triplet
| i ght emni Hovweyerinasrierials Hegdefor jag opgamid Wadnescentrloest ofithe pgson ihGA8en are
which a s . riplet light emtting 25 material 1016 is doped.
The | um n@a’%%ﬁ%@%gﬁ‘l‘%o@%%s preferably disposed in a region where the
host material 1@k3theshbleginjédingOn@esial, apdrphy@s bse@Wbrhpoundd . andéhg Aks@ic Fi 0.
20B is a schen%fsi c view show ng.a band di agram expected in the case where
r

concent r afPPROURSFadice AHIECtate 476y sk disPRRRAY NN G dprRciatiay MPPe), tapsper
el enentioSphihaldeySnin@ (bW LAY @Qp@t RAE LY 3&. (Aik8; t}%%B_)araC A HS widh ar
Z0A) co of a ho ‘ol e

five-layered structure (Fig. conpose e injecting |ayer,
t r anspor t Phgineddyserpplyingi ohemdeahdopiagde clatdotauhkiciye highenolesdry comgpaisl, as

t he el ect . S i | ayer and el ectr lakecting.layer . in the
prior art “H et AR A RlhionyBRE sBB:eEiaiGh BEODE S ik e ar e
present i sulfdiate €sipmetintien;nPISY pelyiiine qaisbrtvigtisigSPASH)] yelywinedcarba®d S
are succe ivel.éicq % by t:}gtggllée transporting material 1012, host
materi al FPPIRYIAHon, Y E98- AYSraiadt pglecylan gompeimyls hging iagplation pedics

el ectrep hfc2bBRWvE AUARNEL 8f ) L chdl id a
carrier. Finall y,V elnurrer at egda{)e?c?\?v}ﬁg%’gﬁr?a é?ii%élags]t@g??‘gg?éeﬂa@\égﬁﬁﬁ?ﬁg{n
mat er i al susase Fugher, innggaot eoinppwslsiang usesl end dicjudeciupertthanSpos of slgmiwiuer i al |
el ectron 3 erial , | r inj.ectin terial, blocking
materi al E%@%%%g@é%aﬁg S %Elears iﬂgif] ,meéz%éﬁf“%(e& %‘g‘?h%la!éﬁl“%ﬂ%% Keaterials used
for an organi c Mus vedelgnisedl snathodd trilpopings fiaterianueN biofihtiar 8nindMased

limted to the ove ones. As the hole jnjecting material, porphyrin-based
conpounds C%fﬁﬁﬂlglad(bﬁr(bl&h S Ong: Bi’?ﬁ%ﬁg’@%ﬂ’é TRETBEPEPouRHER): Niflelyarsed materials

pht hal ooy aRiwR, (iBbMENbRLb OTPDHEER ) bed PPRESusly, its derivatives, that is, 4, 4-bis
[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (abbre\Aria'tion; o-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 electron transporting material, and
include, in addition to Alqgs described previously, metal complexes of quinoline skeleton
or benzoquinoline skeleton, such as tris (4-methyl-8-quinolinolato) alumini'um
(abbreviation; Al(mgqa)), bis (10-hydroxybenzo[h]-quinolinato) beryllium (abbreviation;

30 Be(Bq)a), 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 Iiéand, such as bis [2-(2-hydroxyphenyl)-benzoxazolato] zinc

(abbreviation; Zn(BOX),), bis [2-(2-hydroxyphenyl)-benzothiazolato] zinc (abbreviation;

30
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10 pht hal ocyani ne (abbreviation; CuPc) and so on. Al so, there are materials
whi ch are obtained by applying chem cal doping to el ectroconductive high
nmol ecul ar conpounds, and include pol yet hyl ene di oxyt hi ophene

(abbrevi ation; PEDOT) doped with polystyrene sulfonate (abbreviation;

P and CBUBR S0, Uh i o B, fhare )E"E?rrﬂa‘b AN 1 A b DRGAL 15

are ef f ecbneatives f | fichenhdg 0f4-Biphamads.s-@idnnsl d)w ﬁ@r@ﬁfabbre\éﬂ@;{a'd%ol 1)
is frequently _used. Further, inorgani ¢ conpounds” are ‘used, and I nclude

super - t hi ebbreviation BBDY Ai MIS@EM@W@M@W&N) As 3nel-dxadiazble hilirgteakerfd | ms
of gold, gelb"ﬂagé\pé{mnand ARB. '}e)l K€, nd"PSty M dgly ?)izzhz ?S t he; va%v%abrglgc%portl ng

material are aronmatic An ne- based corrpounds a b&hzene
ri ng- ni br 6gdbiplomylyild)(4-tbit-dbetwplsel)-sphaiyt-al <2, 2@;1312@4:& L(dﬁ;rehm@ﬁdmzqn to

E’EI_D(gers] ; L ht{ﬁ% r eVbﬁkﬁ Sﬂ%i-tgrltr}b Hjﬁ’g}tﬁ ﬁyh% eta’éﬁt?ggs@(}flat 20 ﬁrtnazq{[p[ﬁjabbrgwatzon
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[ N- ( 3- net (Bpbptvéatiany h)a !hoamrﬁm]e (ebbhrpnieHon Mﬂ)eal(datbbﬂléw tatseoctmvmrmm)
and the ﬁév&%ér‘?ele% r?rar?s%HR %ﬁﬁﬁ%ae are frequently used as the el ectron

transporting terra ¥in addition to Alg3 descri bed
previ oli8l y, net dhe aboyp-exasomdd dedtioal tramep&ﬁﬁg @larial OCarldeNzeeaq Wk ae dle@ron

skel et on, suhastrJ 4- net.hyl - 8- qui nollno t 0) um nium (abbreviation;
A (ng3)) | Mg TR ot RIS PaURB L) S gl o ar B PR 30
Be(Bq) 3) . m’%ﬂﬂ HAl idels GsboH ééomklﬁﬁ%cﬁi&harﬁistﬂ%' Bke, alkali metal oxides, such as
(2- et hyl - 8- qui nal i nol at 0) - (4- phenyl phenol at e) - al um ni um (abbrevi at on;

BAI q) andhEI'Fu’ém PXifle and|the hkﬁnﬁlf‘?gfl’ﬁmﬂﬂﬁtlﬁb‘dcé | elkel metel ooraplekesysuny as
t hi azol
|2 (- hy oo accet At Wbor RS iRRac, b BbnoRIEN e deflrsyiaigrs

[ 2-(2- h?dLﬂ})yipdeltwlhBe-djelmidaa‘tﬂzol atoj zinc (abbr eviation; 30 Zn(BTZ) 2) and
the like. Furth di t t al | [ I

de(l?l v:at ?vesu;uc rsé}ge?(zcimfg %%‘%@4 g Igé’%zmtegﬁlg&ﬁﬁ? fﬂgﬂ)ﬁﬁﬁa%ﬁfxaﬂ%g% ©

4- oxadi azglpgen Wﬁﬁi’é@&ﬂ%scﬁ@ble%eca%‘s@lﬁ %re(ﬂﬂ ﬁféxclﬂﬂltlcyd ahemkdal, 3,

4- oxadi azol e- 2-1 ] benzene (abbreviation; and the like, triazole

derivatives suchsabe Juminescant W&?éﬁ%ly(lryﬂ@hlégwn@r tlSﬁBLﬁSydqplaetﬂyW)rmus ivadsydf 1,

2, 4-t
& (4 bl proBbRstAPHY &I R Teal CHhwell as the above mentioned metal complexgs suchas |
(abbr e20 aniqn Al(mpe, BEBqpn BAlkg An(BOX) anAn(BEaniddr @l omeAiey i vaplev tighsuch
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metal is platlnum or iridium. Known as a triplet light emitfting 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 indium 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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having an el ectron transporting property. 10 The above-nenti oned el ectron
transporting materials can be used as the electron injecting material. In
addition, super-thin filnms of an insulation body nade of alkali netal

hal ogeni des such as lithiumfluoride and the Iike, alkali netal oxides such

as lithi oxi de and, t i ke, are frequently used. Also, alkali netal
conpl ex es%%'cﬁugsscqu?qq{yh m%gﬁlpﬁl %glé’tl% ARieeing BrtaiAlaend - NP hewe) 3 hole

8- qui nol i mahegorting thietal( aRbaRYiAd & codebsitibA) S0 1-
serviceabl e. As tghe bl ocki ng rrgt erial ,cot%@ﬂgggvﬁ?ﬁgg%%ﬁ%%#%ﬁé%m@](& t7O
TAZ, p- Et 90 2 helpfepspopirs amkpddayes$03, which hes & kb teclhesnof®) they are hi gh

in excitation e : 1 pescent terial . (includin nes
used as dopant)?gfltg%/ri’ (%gs)% kior? Snetg][‘l?y %lﬁpégé%%crgﬁo yév?%a?lb (E?r1§i]%‘§5‘1%8 A wel |
as the Bb&ms-thehnésomédOmen ab providd £hesinssteht Rger 0. Migdty, Ald;T8NepbsitBe(Ba)

2, BAlq, ZrSHIBO@ﬁkZ Znt(R)TZ 2 and. so on. Also, a triplet light emtting
material Po Bt yiEERHe T BRAOIBAYIE ¢l GlestionyTapsporting hice 005 oindui-Ehalieht r al
netal is pLigéAMSIMEG ini haddirdfid) KRRPOsiRY 18 alifl] s HHabeIR 14 Al
are tris ?2-Pheny| oyri di ne_é_i)ri dehon oty e@ﬁﬁhﬁ‘ﬁ?ésﬁﬁ(asg%f%‘%@ﬂé@%@? 8,
12, 13, 1% cathpde 30paeq Miat i ispossible pomenyfachire hatorgame (whinewentelement & OEP)

and so Onyelﬁﬁv%iﬁ%@ﬁé@ﬂ@&ﬂeﬁ%&??&ﬁéﬂ?mi oned materials having the

respecti vé functions, respective and applying-the materials to an

or gani 0] um nescent el enent of the present invention, it is possible to
manuf act ur@alg dorgat j.c lum nescent elenent, which is lower in drive

vol tage an g chélg ™H life than prior ones. 30 [Enbodinent 11 In this

enbodi ment, thelethis GARESR, Yhrk | iYiondtetdy AuSAME R c1dRethi s B ikl tho! €
transporting m xed |layer showmn in Fig. 5 is applied. First, an indiumtin

oxi de (reflefratyspesiinganized laypohowsindégdsisappliado a film thi ckness of

about 100 nm on g 3 A put terj to provide an apode
31 502. Subsequgfr%%tf ;ﬁgﬂggp%ét%ﬁté&g%ﬁéﬁ @ﬁ%ﬂnﬁe%c#ar%um&?sppa& a Sﬁmpebei ng
a hol el5t 6@hspith tsputering eo i @byidar £n smbiledited SubsaRERPRSHINPD Bding Ne hole
deposi ti on ratﬁ. ratio 1:1 50 f%{m a éol e .transporting m xed | ayer 503,

whi ch hasT&PPTHRS FRtkab s depostert (o e fhigkness,of 3 aym &b tharetsufdsp adgleng
rubrene ofrafspvktiipQiyeflopd is lamnated by a 5 filmthickness of 10 nmto
provide a |um nescent |ayer 504. Finally, Alga is deposited to a film

t hi ckness of 40FWHhero pprvderiedss amiabledt by fitlmntdhpdmessngf |18y em &DProddel 2Al : Li

S 4 Cblnlbede B, ATk A PR gdg L R
manuf a2® ubpgngan clgavndnjeuting emeaid, atanbjetiedfto codeposition at the deposition rate
ratio 1:1 to form an 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 glaés 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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yel | ow | um nescence resulted fromrubrene. 10 [Enbodinent 2] In this
enbodi nent, there is concretely illustrated an el enent, 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 glass substrate 15 601

W th sputteri rovi de. an. anode 60Q2. .Subsequently, a-NPD being a hole
transport iﬁ}éﬁﬁn&%{légiagf] PR glé‘gols?i t dpetpl fofming @ f’%ﬁ%‘i@he@% Hpositedn ant ot fasreby
form a hol dpotitiamsqatds A@nécyfiy. 603. Further, perylene is |amnated by a
filmthickness of. 10 nmtq provide a |umnescent |ayer 604, and then BPhen
bei ng an el ect r HSHr GHeHBIRE Adotminggctiag materdal A¢ deposited Ived figm ahickhass of GA

i njecting t 81d & r j i t) t .t he deposi ti rate
Ao 1] T i Mo f SHOAECHSR A BoRPRIRRN WER AL obNasERRR e han s
filmthiTkeededoind deponitiorFiofiaCiBe iftedninated,0dedsitioaf 0P . &> NHMIY0Helhg 8 SKole

ratio) is ( L.t ed & filmthickness of about_ 150 nm_to provide a
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el ement ofdepbsitioh iktaase evigout eSH ir@éivélrﬁﬂbﬁﬁé\yén?@@rmazén[cﬁ@fgﬁrémﬂg1 el M
thi s enbod] g&ﬂ%aaghere is concretely illustrated an organic | um nescent

el ement o 9V4-nserting between an anode 2402 and an organi c conpound
| ayer 2403, a et i - 01 i i Q sed a hol e injecting
material, in thgq t%oa] %lggﬁ#g%f{ﬂ%%g%czeﬁy cgollpné)r?é?l % @W—Nﬁﬁsg@mﬁ% tolr'—HdP’gt, a
gl ass d¥bgx film ehickt®ss 0§ 3Pmemadepdsition oflAlghbéifg ansel el@pastkdreortiag andtk AN is
t hi ckness of. ab 100 nmw th uttering.to forman anode 2402. The gl ass
substrate S?ai%glﬂﬁhﬁ(%aoﬁlﬁén é"f'l%o@gz”ﬂ)@eq & &rihs dapositiep 81 £ Rl Tdh asmeins as
shown in Hixgd.at 3B n@ndc. Bids.is, | imiN@ @PRALII® R herd %érxaﬁb’?ﬁ%—ﬂlfPU@ﬁcfk; g, (of
g

which three kinds are organic 32 conpounds and one kind is a nmeta rmn
a cat hode)l ' hisdoBBesHRY ¢al§posiiien-so four deposition sources are necessary.

First, CuPc bei le Laj.eGl] Lal & site oatfilm. .

t hi ckness of ZOthﬁltﬂgn X\l?\n@tr%hf? &gﬁﬁﬁ% gFgglﬁlfnr g’?naéa%le Sof)ﬁ? d’fm’tﬁfler?é’s\mgrfst he
fil m tHibckerogsatod 80 caNPIs and anbactied camigeposid doposatd QuRerhSad eledi-pat ed,
deposi tion of a-NPD bei hol e transportjng naterial is started at the
deposi ti ortlra(rﬁsé[‘_foét%g S8 23@8‘ Wﬁ’éﬁr albarY%vﬂ'u .hf‘ ﬂ}élg%&eéﬁé’g i oR- Fipady.qan 84Li

Wi thout suliby int&fosiitd tSa FRmABRKBEs JrUbEBE 1 VAl as3Ncd AR dof dbtdiA %G orpanic

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 composéd 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 orgamnic
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 is
reached and deposition of CuPc is terminated, deposition of a-NPD being a hole

transporting material is started at the deposition rate 0.3 nm/sec. The reason why the
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descri bed above. After a hole transporting | ayer 2405 conposed of only
a-NPD is forned to have 10 a filmthickness of 30 nm deposition of Alga
“being an electron transporting nmaterial is started at the deposition rate
0.3 nm sec while the deposition rate of a-NPD remains fixed at 0.3 nm sec.
That is, 3 m xed .re?i on 2407 where the ratio of a-NPD and Alga is 1:1is
formed by TREGEHSS Sfasted withat suRh Interad iy kypisHent dgymatiarc Ak an ampyiity tayer

t hi ckness 4&kriBQ Mpvedeposition is 15 termnated for a-NPD and only Al ga
continues to be deposited to forman electron transporting region 2406,
whi ch wi Il haveA#erf plhola tizedprass biyerd270ncompased oy onbneAIPDiis fadedytoi ks

deposi ted -fil-m thi ckness of . abo 5Q0. nm as a cathode to obtain an
organi c P%(r?rllmﬁlens%:gln tg'cgnn%sﬁt a%gosbt%oéleﬁft ﬁﬁ%ﬁ%ﬁgﬁgc@hﬁlgdf%% HPPPE e RRIAFgLIS 20
[ Enbodi Srestrtéd at thet BépsitivhogitdOB nmideerhileS theOddpositioh Yratel b &t NBDERnAhs
organic | mﬁcpes[ignt el epent obtai ned by inserti ng bet ween an anode 2702
and an oréé &t Q3 ReYsht Libal/tsy 2 mixpd regiomdYQ wheedhe mjia elgitdWeD whil ¢Has &

conposed i aishOfrmeli O6f | NBAERIRIIR! Al NiRN s, | U el gent
shown in Fig. 29A. 25 Ie:ﬁst, g%gsl aéls substrat% 270%1]]%5’ Egrneglg@e ?én(gn %ﬁch
| TO i s depdgicyanpmeshylemghIrmetityil-Gkipedimetifylabimostyt0P4Hmpywaar h s pablreviatign;t o

forman a 702. . The,gl ass substra 701 havi.ng the .anode 2702 is
carried i%’%ﬁ )al%vag(a:%%ﬁ%é %ﬁ%?ceﬁ %ﬁ@i%’mg‘ﬁﬂ‘&s&p@?ﬂgﬁﬁﬁe ‘%E@trqiﬁdtsﬁe‘hat
enbodi d@nthe ritio/R nhddeds NPID: vEHEDICM S J0240:whi ch four kinds are organic

conpounds and one kind is a netal form ng a cathode) are deposited, and so
five 30 deposiffihthicomixedsregion fHleraghss a film dhickmppoibi) g, deprsiteon is

i nj ecti ngipBiAld | S NEEP A trieMt [ hj it hout
an inter vgl froé%aigrr;%l nt g§&t| ne’\%ﬁgngn![l*ghh {:érinﬁ{ﬁﬁ?%ﬁogégégg?ﬁ% tﬁ%fﬁé\nan
reached afldctgupiaisppuingotgionPy0bswhizhhianatfdoh, thibkpessidfiadmmf FiaalNpBnbeilng a

The- rcasohtng ALY Gepflr [gfit bEenf da0liet ROR2 Lot ¢ RbBian ok

pr evenl5 f uhiifAdscen efdmenf of reAUGININEsLaye fesul@bEhmBdVvabove. After a hole
transporting | ayer 2705 conposed of only ct-NPDis forned to be 30 nmin a
filmthickness, deposition of Al ga being an electron transporting materi al
is 5 starfmthqimifig)deposition rate 0.3 nnmisec while the deposition rate
of ct-NPD remains fixed at 0.3 run/sec. That is, a m xed region 2707 where
the ratio of a-NPHigrumdi®ents therel is sofaetehd ilystmtde posonganin. lustintdtents ame

tine, a flLugLeseent %G, 208.

20 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 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 éomposed of only a-NPD being a hole
transporting material is formed to have a film thickness of 40 nm, deposition of Alqgs
being an electron transporting material is started at the deposition rate 0.3 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 Algs is 1:1 is formed by codeposition. |
The mixed region 2707 is formed to have a film 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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4- (di cyanonet hyl ene) - 2- et hyl - 6- ( p- di net hyl am nostyryl)-4H pyran
(abbreviation; DCM is added as a |lum nescent material 2708. The
deposition rate is controlled so that 10 the ratio is nmade ct-NPD:

Alg3: DCM = 50:50:1. After the m xed region 2707 reaches a fil mthickness of

30 nm depogid. ' g1 d- for. a-NPD and nd only a continues
to be dep%?%@gﬁ@gé@gke%%%ﬂ%@@gﬁ Kpoﬁl erdz];I ggg}%}y@%ﬁt 'Pgﬁn2706@3lbakﬁvlﬂﬁloﬂés a
filmthi ckHodsand lvblinesventhhmatibly2708n Al:Li  alloy is deposited to a film

t hi ckness of ablgﬁgﬁrigo nmas a c?{]hode to obtain an organic 15 | um nescent
el ement of red s CHNTE T Y &0 T$3c858 DA Miskbess el nB), deposifipms is
enbodi mentsrmtifRE® £fbS oCPHN | 314 | : | iescent, el enent
shown in Fig. 29B. 20 FFrDé? ?ﬁa&ll* élé??ﬁﬁé@%aﬁ g %8%5%(!&)?%“5?1&%&“ ‘gﬁm\g\ﬁfﬂ ch

| TO i s QeloBIREEING Ereiom 2706, witithckases §lm fthighwass of 80 nnmFindlly, spuilfiérallag id

form an aoieied 98- o Hif ShERs8 BSHeAh o 2Ol LY DS, 300de 2702 12

carried into a vacuum vessél as shown talp pan pgganic
enbodi mentyminescentdlemdsntaff redluaiihaicendeaésulvbdl &lont bCae ki nds are organic
conpounds and one kind is a netal formng a cathode) are deposited, and so
four 25 deposition sources are necessary. After a hole transporting |ayer
2705 conpo b@j‘jm@ﬂ[laa a-NPD being a hole transporting material is formed
to have a filmthickness of 40 nm deposition of Alg3 being an electron
transpdPti ng nmaiterthial embodiment, etfiemt ist hendephsillisoatedatie derBemn nbiaeiaedttyl e

t he depositi r - rnemaing fixed at, 0. sec. That is, a m xed
regi on 27%)1%6 19%5 aﬁﬁ‘g‘r"gﬁ'{%‘é&@i@b&g@ Q’%ﬁg%ﬁ?g R ‘ﬁécp gﬁﬁWX?%f%&m“ﬂym
codeposi t Figi 26Bhiessrtiees dippligl.dn 24d0Qibn| $n belches férth AV@nRerktid Bt Fhakpess of
30 nm and at this an [nternediate region of a 10 nmfilmthickness

tinge
(that is, “BPYYR F}&Wﬁ%‘rﬁ‘_& thissed i mppulaprgihe slprrai lorih i mypbagimentared m
filmthickmassor Hébokﬁﬁngidiﬁgesr 8@ RltedshBY b alRRAEdrspoltide Fdtdr@1, Oledrol %0

with a_fluorescent dye

4- (di cyanbBaespRIingregterial pad mlrm@eseentmateriall ami nost yryl ) - 4H pyran

abbrevi ati on; P%gl\/l ] ept material 2708. .After the mxed yegion
(2707 reaches & Ij fn'ltqqﬁsc ?éé)ggéégﬁ 3%(%%1%“%@8&??@0?‘??gﬁ\ntﬂéﬁdﬁ‘i‘eﬁélhéﬂngé‘rio
a- NPD, anomafilny thdigiss abéitriiesnrh avie splepeisiptte dot® ahomdda el eSitsequently,
transporti}%éﬁ%mn 2706, which has a filmthickness of 40 nm Finally, an

Al:Li all Ulodt Pe§ asEOTng Materialidn dsrosied 4 @ film Hocknesnef 40 omt isode

't o obt ai nfom Diidlefhsspottitip ReDreBbs.el ement of red |um nescence resulted from

DCM 20 Further, as described with respect to the embodiment, a mixed region 2607

composed of a-NPD and Alg; 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 (Algs in this embodiment) at the same time when gradually

closing a shutter for the deposition source of the hole transporting material (a-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 nrﬁ 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 (Algs) 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 element of yellow

luminescence resulted from rubrene.

- [Embodiment 7]
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[ Enbodi nent 61 10 In this enbodinment, there is concretely illustrated an
el emrent obtai ned by applying a concentration gradient to that elenent, to
whi ch the m xed region shown in Fig. 26B has been applied. In addition, in
order to formthe concentration gradient, the apparatus shown in Fig. 11

is used to manufacture the elenment. In this enbodi nent, three kinds of
deposi ti on sour d8s !y emhadiaenly yhetg isaconsredely, Hhspated #y 9Fgands i laminese@tt r on

15t ranspaidhes JBised 8y ididhik bt it thdble3hi '
deposited on a gl asls su sItra%‘% 2%%%&?2&?}%05{;%@%3?“%{%@%% ér?-é;%gu% 1aynerrn
filmthickif®ds aabelat inj@bngmegionh wielt iecomgosed dDrnb@n iajvoteg 2642cal, and

Subsequent.| ._a-NPD bei ng,a transporting material i posited to a
1P o cRhiegnbpRgtetch 2ndPe RbE e RO S PRRE) ByebsIgha cisgiro
Furt her 5 dgjedgsg regien, Whidh fsesh@sised oftdheclepipatinfefting Malra€din’ @81 @8a607

conposed of a-NPD and AI%S’ and having a concentration gradient is deposited
to a fil miUTpReERsTESement Stowiindjs-F08dual | y opening a shutter for the

deposi tion-sour f i gl ; WN.this
crbodi ment) at | CRE Csaiy Ebfe ot LERRPREL) B STROFTLS e (epGhel Jo i
deposi t i onthiwéoesseofofbouhd0f alme withaspepering fy forat an ianddg 260Phe Bhss2&ibsinats

tinme, an i r.edi ate regqi of 10. nm.in the m xed, regi on 2607. of nmin
thi cknass 0T RS SRR T parefiib dobR T sPERRESE Bon R Fieafh nd
mat eri alo ZA08. InAtHeeembbdieneiit, X@fefi 6ghdiNof eatbreds 20 WhieH si kiddd 4Bi slen@ss,

an electron transporti nglgir egi on 2606 conposed of Alga is forned in a
state, in SREIROMNGHRPd 1o KRt ey mefab forpas db fabpds)orresdpesitedofandhi® &v88t r on

transpor tifag,dabeiditbes(#l §esdasy, OPeNed. Finally, 30 an ALL alloy (Li of 0.5
wt % i n wei ght ratlo? I's deposited to a filmthickness of about 150 nmas a

cat hode 2604 to Kibt.aCePabeing gdwlcinjacting estard iedepmoited of a fibh |thiekness of 20

| um nescence resulied fromruhrene. [ di nent 35.1n thi odi .nent ,
Loy o0 < ORISR Al BT popr it Hin G0 R i Rafhitat SROEPRRY by
i nsertilfy dIetwmein téﬂﬁﬁn@t@@,d&paﬁﬁan@ﬂmﬁeiﬁ% g didil € treasppauidmbRyier is 203, ata
hole injecting region, which is conposed of a hgle injecting material, and

i nserting Betdreentien e tba@wens Thadeane whgHha drasiisaucetataleritbegssuchn
el ect ron Snicfl R lieciOfRhautibllh b ERROSARsHbcdpBleCt ron I nj ecting

material, 1n the organic m nescent e nt shown in Fig. 26B. First, a
gl ass substr at e 2B€rla helegrangporddg lorer BH0E kompedsoidepp diPike s fooned o ben30

tsnlbgr P:ts Z n%‘; if btgycrkn%sgss) dg;%s\{\giénh of %Jeréqg rbieﬂ% En(l) eflé%lirrc]?n r}an%gg ﬁ:gzr%g?e'riai”i]s? .':lf%loaSS
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 Juminescent material 2608. Also, 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 2607 is dopéd with BCP as a blocking material 2609. The deposition rate of the
respective materials at the time of doping with BCP is TPD:BeBq: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 BeBg, continues to be deposifed 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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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 netal form ng a cathode)
are deposited, and so seven deposition sources are necessary. First, CuPc
being a hole injecting material, is deposited to a filmthickness of 20 nm
and wit hom‘ﬁhyéhe flﬁli?%‘*?‘\‘fgﬁ IsStastRdav UL sudt misTral igfepreyent fpmationg eRIBPAHLY
deposi ti Omyed 8esefibdddMovis term nated, deposition of TPD being a hole
transporting material is started at the deposition rate 0.2 nnisec. The
reason why the H&pdyialpsrinys isdeposited (i 2 fibuthiskagdss of et 140 ninsag cgphedent

f . . S0y el 1a & ot isie val -
o T o0yl ST Kyl BURL SR 0RO SRS b bl B0 O

deposi t bon of BeBg2 being an electron transporting nmaterial is also 20
started at[égg%ﬁepo';étion rate 0.8 nmsec while the deposition rate of TPD
remains fi M§%%8 )y sec. That is, a mxed region 2607 where the ratio

of TPD and BeBgtn ithislefbb8imdn®r Mite QY GRERRIS! filb@hted NG BigtGR 18Gin0ReAP07
is forned to have a filmthickness of 30 nm and at this I me an

i nt er medi egentyiovm ipFigBW®m (that is, a portion of 10 nmto 20 nmin the
mxed 25 regi 0gig0Q Rk A0 2t KNSl AP En L BILO PG 00T S PR B 140

ratio of 5 W% w t rené as a scehtn(ﬁ/e as

mat eri &0 860@ithApstering tasémr egiaando 700 Thenalfdshabstrge 220p Matingnhofandf nm
to 30 nm 'gzoidhe m'xe(ﬂ.regi on of 30 nn% in the mxed, region 2607 is doped
with BCP 15| BERTh ¢ Rap e YA ™ ghambernas §BpWR; 1 Bigsr 24 @pd 348 In the

respecti vempBéiaien®! fiveatind ' f | i Il : =
a3 i e o e O S e i e e,
deposi t i ohingr isTPmesridforBOrE iascathnde) mea deposited ol 50 BaBgRposition noeses arde
deposi tednéc%sg m an el ectron transporting region 2606, which has a film

t hi ckness"of 40’ nm Wthout an interval from a poi nt of tine when

deposi 16on of BaABg? ailmlé eranspratieg laydep0s8s tomposet dfi dpdf MTDBATAMGEI@&N 2 hole
electron injecting materi.al, is started to have a filmthickness of about 2
nm The rg?;ésé’ @@QWI ds RIptdi o }b'wei%flﬁ{law%aesmqfﬁ&?msGen»psatmrb%BBD s to
prevent fBéiﬁgtah@l'edﬁfolne\f'adﬁﬁWnlgtMateﬁé’iﬁgrsta‘i‘@:ﬁ%'i 'tﬁféeﬁjegg%\’)ﬁ rafel (18 hh/secl i nUM

is deposited to a filmthicknéss of about 150 nm a cathode to obtain an
or gani c | thei dreesision retecee MTIBATalemains| finddhais@énue/seesiiiat ég & noxed gisne. 5

E)ng‘?‘ﬁ?'c 850NN B YaBo SFNEDRERA ana PHES & 1:7i7BBRESE PLcpbditist.” &t e an

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 regioﬁ 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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el ement shown in Fig. 30B. First, a glass substrate 2701 is prepared, on
which ITOis deposited to about 106 10 mMm with 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

ki nds of materials (of which four kinds are organic conmpounds and one kind
is a net atlranfSB?%nﬁgmg‘eéalF%rdé‘) leP%r'di‘é%"sq f‘é‘ﬂ?gé‘ﬁ"&r’s%}ldf ?K‘/é’?"(YéVBBstFEHSBWt@éurces

are neCQ_ﬁﬁ@BMaﬁé@hAﬁVbﬁh Bighglvt HaBs RembiMY drdYfiplidd OB LRRRASSH opderad! ¥
MIDATA being a hole transporting material is fornmed to have a film _

t hi cknessfoBR Wceiifatign msadients {CoapiPBLY ibEig@)dn thiscomtradimentathepdapositign
mat eri al l\ﬁ?%rAéfi iﬁ%ﬂn%m%@g@ﬁﬁﬁﬁbﬂgﬁhﬁl}g&'e 0.3 nnisec while the deposition

rate of remal ns Séc. That is, a mxed region 2707
wher e tdhe rati oFicft, NTDAT®Rpasit:dRBD. igkasd subsiratef &rinechboyit t@Xepogitl s@nteria@ The

m xed regi 2707 is f d to have hi ckness of .30 nm d at this tinme
peryl eneqggfggnquzg-(?@h?gﬂ%ql‘?tg’dGgl?ﬁ%gaﬁsﬂf’ﬁ%‘?gn@é’éeé]n]gyﬁ‘a (E}F%{PP%?@S’ft 0 an
i nt er medi @i béiﬁgiaqm@injé&in@h&%mt81'1_Sancﬁamm§>iﬂerh e (PIRhRiRL nfHikdidl the
m xed regﬁlon 2707 of 30'nm ~ in the m xed region 07, the deposSition rate

bei ng comlZoiF sgpested a0 Abibictine. beconcentation grdientVDRPNIPBOSEhy | ene
= 4:16: 1. i - hl i material 25 2709 to a | ast
S 20 for%gﬁg'[y%ipgfiiiqg%éﬁlto?lgg oggliﬁggegs.

region of 10 nm por rm to 30 M in the m xed region
of 30 Hh) in thét thistéde,regipolar-27@red mivedriaydr @08 dianige MbRAMY2RBDBGR Nt 1§: 4: 5.

After the, m x reqi on.reaches 30 m of . thi ckness, deposition o DATA and
Bop s & i S ok G aRropete f shtt SODER Hep Rt Y Siml RRnE
el ectron tht LRREBR rtﬁah%rﬁ%%hﬁ'fbr?a?@@?; AV COMAEmE W HinCGK Ay Uloh BRhutter

Finally, Al:Li alloyis deposited to about 150 mm” as a’cathode to obtain
an or ganifer therdopesisensowtce peatNBD. Bit this timesram éx erarecliate esgidn 8¢7 6 thnm in

peryl ene'thL thﬁ&gﬂi-ﬂgtﬁltedgﬁlti%e’av\;]a?%ﬁ 88@0%&3}.?& s tdggéc? at i?l}]ec 2N Stf 91' %t% wit(lgl1

illustrated enent, a bole transpor g mXxed 1 ayer,
bi pol ak5 a{dicemhomexndededPemethahhd-(prlimkdeiantinodtytispldrdyiraig  Mi(Xisdeliay@t;

shown in Fj 8 have been conpj and applied. In addition, in order to
form concﬁh&)éﬁiagﬁmﬁ’ﬁﬁ‘&ﬁn&mﬁ?“@@ﬁ%h 810 in Fig. 8) in this enbodi ment, the

deposi tion soUAg&Sthd HiPolaNHAthRUSHBRAWYdR(A &acHel B SmUseflickReds! A%y is! TO
is deposited-on a glass substrate 801 to about 100 nmw th sputteri n? to
form an stpaisoe Soqundequiate ip, whichenky the shuffrarier Adnsnt rpenedalarerabaily
composed ogjcningJ e Cshgﬁbp@oﬁfﬂo Idgpésmo%cgéﬂ}ge Bt Ef(!l(%lc) %%I:lngagg e@é&l%g Bﬁé&ﬁga
hol e transporting materia
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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812 are deposited to 40 nm At this tinme, the concentration gradients as
shown in Graph 810 are forned by opening and el osing of shutters. 10 At
this time, a bipolar-natured m xed | ayer 804 having concentration gradients
is deposited to 20 nm by gradually opening a shutter for the deposition

sour ce of a heing. the electron transporting materjal 813 at the sane

tinme mhen?@#%&h%‘ﬂ}‘ %I%%i%?&- §“%ﬂf%?t stiugiurg ﬁég%’@&ﬂgr 8h source of a- NPD.

At this tine, a@nﬁ@%@ﬁ@%ﬁ&@mé ?Sgbxg?ax‘%gjorptvhm nmfndm%pg}%dtoi?p@g%{ 1060 ed
0

m xed | ayer 804 of 20 nmis doped the ratio of
4- (di cyan®iidt sppitteriag +Q fomm HYO- Guoge)diThetghass sabstoge paying -178 pycaried into a

(abbrevi at | on; PCM as | um nesce mat.erd.al, 815. After the .

bi pol ar - nglf1 (gjr?%% “hi X et Efsalialheotw sl Irggag%%sa"’gggﬁ] IBft%? rreqaRent svgy kinds of
deposijt 8d niaver3fs (trf} which fiteakids iafbhmfglaﬁi& (?jﬁpbuiﬁﬂ§gﬁdﬂlﬁz_belﬁnd§£rc'°érgﬁloi nic
opened. By gradual . opening a,shutter for the deposition source o

Li (acac) \éﬁg‘?{&?g‘ﬁ“’é‘{%ﬂ;ﬁm@@ﬁf%@?PPﬂ&dQGP%ii’t%V?’hﬂel?@iﬁmatsow}%s YERECEFATE when
gradual Iy closi pgs@chiPbbels £ Rile td)ectd@RRSELA0 g8 lite&togénﬁﬁg{%d WahBul A5
region 5 nm an el éctron transporting m xed | ayer 805 of 40 nmin tota IS

fornmed. Thaervekiromtep@orefdime whewA0 gmaidireavhed and defossre)ofiGuPsds tegnaeped,
(while an . electron. i.njecting material 814 is shown in .G aph ,810.as being
const ant  (EPE oD R s BBl rasBporias mileRil S i Hhnacrridp Bt

abrupt 19) 0.XZdmfseadNeyreadin why dBpPasidsBidnds staredtwitidrit 80éh Ineraflontio baleAim t 0
obtain an_organic_ |um nescent elenent of red | um nescence resulted from

DCM [ Enb&imRERR of g impprity layepdessabsreadoves here is concretely illustrated an
| ; ) . . : .
exanpl e of ‘an 0ngafl holHahdlBtilEsEet co r@@ﬁgfe @hg%g?%aﬁyhfghgéﬂa bOgo Bt veen

the. anode 2702 and the organic npou I njecting
regi on, whi dickness; dapenitéch of BAlqibtieg anjebctron granspreng alaferiahsealso sgribéneen

et one LS Hba 5 B4 Y05 BB e i PSR g o
tripl et 5l bghdeceMhittis,nOmisRidaelidh (asNPher BN WESE he FloasH @INFIN ahd 8 405 Gani C

| um nescent. 38 el ement shown in Fig. 29B. Such el enent structure is shown
in Fig. 33:1igfeiged by codepasitiompstrate is prepared, on which 1 TO is deposited
to about 100 rafmeVthiBa SBELLES BEntP J BaR LTRGABAAE) 20 ThE HASS nRYbRLL ate
having ITOis car?i ed int%'i a vacuum chaﬁ%er as gﬁown ?n Fi gs. 3§Ayand 32B.
In the enbépinehtingsetripletlight softing metesrl &l sldé¢dfas whingtindsce katedal @r &

organic c ou and t i_nd r.e an |.norganic terial formng.a
ot hodo)  STEOA. P0sod Y01 nBCad S haliBE PR Lo 2B e it S of
First, 2CuPo M) ng the hgked iregiost ThE 1B &fFisakh i RMIdURPMOS HEIPDBAR:RPpyRHCE:

W thout ady so.7.
After the mixed region reaches 20 nm of thickness, deposition of a-NPD and
Ir(ppy) 3 is terminated, and only BAlq 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
clectron 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 is deposited to about 150 nm 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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interval froma point of tinme when 20 nmis reached and deposition of CuPc
Is termnated, deposition of a-NPD being a hole transporting material is
started at the deposition rate 10 0.3 nnfsec. The reason why the
deposition is started without such interval is to prevent formation of an
I mpurity | ayer described above. After a hole transporting |ayer. conposed of
only a- NPEPRI¥INRoMEERICSSHt pRVestion P 3 HiRlpy Beblegmitting didet shgiwnon Bigl §- bieng an

el ectron LiansPQitLig TRLE6KA! inl Fi2l 8P Rt ddish, 3h ol (JeB8R! LdRbntrfld O 3
P BE N Sec.

nm sec while the deposition rate a-NPD remains fixed at
That is, gradicnts (Geaphoh0Y(aimNmiie.+1@AIm thiskentwdihents sid depdsittionNRRIraed WA g i S

1:1is for by codeposi.ti on. The m xed region is forned to have a

t hi cknesssgﬁgﬁb%r?mn 13%'&? affhﬁlssedti me |r(ppy)3 being a triplet Iight

em tting materi &lsd, ST@A6l@Ehc8Redoh HFIRE SERatcNEINE th About A 08 Mm Withepileint e
region of 10 nm (that is ortion of 5 nmto 15 nmin the m xed regi on of

a.p . |
20 20 nm) 9 ferimn #ode d P3P uscaupneyy abele tenspOTiRe mepesdk lav 1093 composed of
a- NPD: BAlgs ) =..:00: B0- ; I R - eqi of
t hi ckness,q:uggg)ggeéﬁ gor%e (1)?15(2[?%%5&5%5{ i(ﬁrl(%lg% g | geigl grgn}%% n%a{rglgg?ggﬁl o"rzl‘iag/ﬂ1 lBAI q
cont i nues 1082 b dtppotidite dltron fAlr thisdime) tbe tomentrsticangpdictisrag shegn omGraghi ch
wi |l has I ckness,.of 20.nm_ Wt hout. an interval froma 25 point of tinme
Bifest Pt <A

when depo QgAY PReRINE N EPLSBUEBEi ti on of Al ga being an

el ectrap i nj ect iCagsdratieélyah HigolatAathed ekeabRyér B604 ebmpdded sfeasOPDWRA t he
deposition is started without such interval is to prevent formation of an

i mpurity (CBFepndieasing penpentpiinmegradients) is formqdro) asthigkness efed) v ibgradualynm
d Al i ' t 15 fOLLIE . a
Crorer [ AOEER B AERRY O PNED PR R ELIBIRIAT ul Spopl

I'r(ppy) 3N'{digabmdblegriphenly] (defertedi telembmes HEBP"), thizhds ahostonetestlel 313 of a

i|lustrated el t obtai. by .39 |.vi ng.th t i i

e ) O Rl RhRE o2 ARBLeE ek B AR LGRS GPEeE

shown 18 &h@ BCHand Ravagididricentratich @hdRhtstio félﬁfeﬂllgﬂcﬂ'&ﬁdﬁ'@;fngtth@ﬂep(ﬁﬁtﬁﬂi e S
e

(Graph 1010 in Fig. 10).in this enbodi nent, the deposition sources wth
shutters Sh&RF prd pmrggeasing teedepaution SateiqtsBCP, winch ds adipdiing aaserial Wdss

substrat eﬁgp%etwom%i&gqag%%g\géﬂhﬁgﬁgl{_ﬂ%&j &K% 40 forman anode 1002.

Subsequent a holetransporting mXx ayer 10 conposed of CuPc being
a hol e injectin§inmet ¢hisalent@iiimentd relafdPDtden ngrigtethdightt reantipgr tdiedg, midiser i al

(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-natured
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
25 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
Alqs, 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 Alqgs
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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1012 are deposited to 40 nm At this tinme, the concentration gradients as
shown in Gaph 1010 are fornmed by opening and cl osing of shutters. 10
Consecutively, a bipolar-natured m xed | ayer 1004 conposed of a-NPD and
CBP and havi ng concentration gradients is forned to a thickness of 20 nm by
gradual |y decregasi t he ition rate .of a-NPD and increasing the .
depos t1 o §Sebogr H87+0 RodSIRASk bl Safu e Fiaiey crosrdf rE bR HED as

" CBP"), V\ﬁi;Fﬁilﬂllﬁirﬁs&ﬁﬁére@ﬁiéi‘lrfir@hﬂ%@gﬁf a triplet light emtting
material. This time a blocking m xed | ayer 1005 conposed of CBP 15 and BCP
and having concentration gradients is fornmed by decreasing the deposition
rate of %ﬁﬁgﬁtnﬁr]easi ng the deposition rate of BCP, which is a bl ocking
mat eri al i us'the blocking m xed | ayer has a filmthickness of 10
nm Singe this Ehibodhbadimeneldat@ibet ca dubineptent davifdet them intlodes dnodmganitri s

2- phenyl ridine) iridium (referyed below tqg as Lr( .3), which.s the
L2 PR | PpSScBE it oot Preast M iaBy e Bieut s A St R i of

the bi pol af aB@kd bRtk Xarhcb@vedeli@O4nangkel A HlpRtiki INehiNdskef danes J0de. A
regi on where CBP being the host material is high in concentration, that

is, a regP@remdayentiopoundinfilyetrapssior theraingftsr apferrad te ad TR ieawed 5€ras1004
and the b i ] . i i : a doped region 1008.
In this e%g%%ilvﬁ%}létﬁgﬁgf%ru Eg?ég‘{?“%?g mﬁlr%rﬁ l{é[%g%e{&%%sﬂ ogsrllﬁgl}'y, that is, a region
havi ngl@5 a wi dihe OFT Bowmas an txdragple isa ropdetd MET dplaear TEGito be 00 ichiarte

dopi ng of W% i s ected. Further, t | ectron transporting m xed
Tayer 1008 pdoeapouSlgcafis e Hpggst LS EROGE H BRGHR el ectron
transporting cappgid Y12ACONOEMehalet ANsubk@ste ©Ntrie 0Bstrat GHRIAh &Y CHn tihabmBCP
decreases in concentration as it is distant from an anode, and Alg3 30

conver sel yisiohe Halts e Speeificeihic eralasasnbirate & quartz sgbytaihia ¢yym glps WA That
o in th ) N e : Cori |
IS, 1N 1hhS, ﬁﬁ'@?c sukﬁﬁgte a(ir‘]l%?&)ﬂug%§ p%ﬁtﬁ%{l%ﬁgﬂas d. e%@kul?s'&qteaﬁ(ﬁtrgf&sr N

transporting naterial, ellectron I njecting
mat eri &6 R Khbstieplal ax insolatihg & famiadron the xedadeay dre subfige.nas a film

t hi ckness' of 40 n Final |y | :Li.alloy. (Li.heing 0.5 W %.by.weight) is
deposited to abgﬁt {HfS%’bﬁWtﬁQUéﬁ’ & B%?LBB%IO%OBZYBI 6?‘gﬁagﬁl‘élngo?#ﬁ\é\?§%h8%egani c
| um nescepioyle@MeThe BIx@SFoHibAI2 O ®Nbe ddscib& fidstiM nescence resul ted from

| r(ppY)3. [Enbodi ment 121 5 Thi s enbodi nent describes a | um nescent device

that includes akhemgeshirortionihbdt entegiomefasrdisplaise ditnnass- ¢ He phraldymt
e O s P BESHARAL Ry P g 2 hmiasoton

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

electrode 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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present invention. Athin filmtransistor (hereinafter referred to as TFT)
is used here as an active elenent, but the active elenent may be a MOS -
transistor. 10 'Me TFT shown as an exanple is a top gate TFT (planar TFT,

to be specifi c) but a bottomgate TFT (typically a reverse stagger TFT)
may be useg igﬁg In Flgq. 12A, . 1201 denotes a substrate. The substrate
used here® H‘ﬁs‘t RS for exampld)pisdised fpsithe pixekslestrosie| 12034 Gndbepagbelesizads, a
quartz sulpsed dheor %nﬁﬁ&%béﬂnd%?éslzﬁé'%%ﬁﬁ&? or a plastic substrate

(i ncluding a pl as? can be used. The substrate 1201 refers to 15
the substrate pQ!isthnOIgﬁsl@I eampapngdi layerf 320k dthencatlvelesi2Sade pofvidde The

chreur - oo U RARAR S ROt uP o B r8te A A0 bl on o0

The pi x8l 2g00t3.98V12T§picsly thegitine! W05 Sty fish AlcohfBdRre AnPbdttAhi
pi xel s are ph@ﬁed on the substrate, and each pixel is Epow ded with a FT

1202 for 2B@lkabpe mstaliclgment O epalial lﬁlptﬁﬂtthgﬂttﬁl ¢lereRyr ghHPE tiﬁﬁi“ih@éi@erﬁﬂm
el ement ( B&yis; 7

cl cotrode { namn HEHLLA It b BriaWbLER R bale Yk of Rict Bl
1205. Al th@@ghof)tﬁiby?b@‘rvem@duMBﬂqtﬁlm@nt rolling TFT is shown in Fig. 12A each

pi xel has a TFT, ntroII| vol.t ied to a gate of .the rrent
control ling TET ? erel THRPd o t%f%l??lo%e%g)%ggagé\i tﬁ%ﬁfgr?a C‘I‘t%’f'jpoufg g5 lgﬁ?’rent
cont r ol0i mgl fHcTcaiid@2 1165 e; t@vcpd‘cEfvﬁh&Qithe@tﬁh eiannes. THils pribugh fildnt 206

n- channel . TFT be used instead, a p-channel TFT as the current

cont rol | i gPH¥ %dsto tﬂ‘b?t%‘:tstli’éc‘é@émﬁlIUFHH?SSGFHCFIE@C%M?TP%PX&%@Hﬁtmgﬁtqfﬁ t he
current Cofidlld Lsbiel Fob th§ pr@t@&ﬂﬁcﬁl‘ﬁg 1996 EM&“QH%BOBHﬂﬂ? sﬂf&?j )ﬁrmtnﬁl

| um nescent el ement as shown in Fig. A € sw tchirng BT m
be for mdalbmlwmhemeahnthamdeJ anﬁﬁ:ﬁrhmn (@qgtfmhﬁy;rdedm(iﬁmke&ﬁtrumﬂr ain of the
current control TFT.1202.1s. al ne 1o the

el ectrode 1203. thﬂh Eﬁ“&ﬁ%&tﬂ‘éﬁkﬁ Qg’ﬁd%g‘{f g n&i’%%ﬂéﬁngh%ﬂﬁu g@%rak
functi d® ndgiondfdy doﬁtrBI.liigEtia‘ning of sghats (dabeesipBdl e bh@lda@f sifhi@s )R %R seat ectHeode
1203, and therefore the el ectrode 1203 functions as the anode of the

organi ¢ | BiFFhRQEan 124} é’r?é’n‘ﬁ P“Nldffq W -2 shafh segister pulier.anida latghy gs ovgll ap,

i ndi urn o} dRalok isiRK 12} BStePBE G8nel c 140f Tfgefl OF
exanple), is ?Jg% ] 1or (%’és pI g(eepel ecter glcijleféhggpﬁ%tg%%eﬂ%l ?(éeSFwﬁﬁe((:dtfrtge

1203, t heClmlgtﬁriﬁca ChtpDeirduil apmpodcd0a ars nfohpmed THI 1202 and gantiarmehficlWind

| ayer 120& 8the cat hode 1205 is provided. The nmnaterial of the cathode 1205
is desirably a conductive material having a work function of 5 2.5 to 3.5

eV. Typbcal ly, KhewaairbeidetrdctOfs csn boapmibdito ohe chif eagstet, iteodtkdrMhe QRtRI Ni ng

an al kal i ne tal _elenent or an alkaline-earth netal el ement, or from a
conduct i v {H%rﬁnalog switch (transfer gate) or level shifter. Although the pixel portion 1211

and the driving circuit 1212 are provided on the same substrate in Fig. 12A, 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 t:urrent
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 luminescent 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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contai ning alum num or froma |amnate obtained by |ayering an al um num or
silver film on one of the above conductive filns. A |ayer conposed of the
pi xel el ectrode 1203, the organic conpound |ayer 1204, 10 and the cat hode
1205 is covered with a protective film 1206. The protective film21206 is

provi ded to prot S0l el nent m en_a

noi st ure. Nhteg?%P SagﬁQﬂﬁﬁﬁﬂ%Qng?§f |Jg% ?ﬂnﬂ%g%a % Bgeggp?é%n
nitride, s]btam(ariummcemlcrée;ce shbwi in Wi, olGBie Intthistcabd) injexticieof euteknt d&rdaen
(specific | car bon the driving circuit 1212 will be
descri bedaflelﬁlgegf?‘ia‘%}f 18b$ BTEH‘)?V‘?CD%&“P&‘I@Q o4 SHCFEF kBt $9M i ng timing
of signals (gat QHSFIQQaﬂﬁA@ﬁﬂ 128 2 2 SfoGR AkiSthpd:8d tlﬁn§%mlcttuﬂe 4heo 59 eﬁ’@ﬂes RAEtion
1211, and is providéd with a shift reglster a fer, and a h, as wel |

as an an@Egs Pioed Hin( theapia¢leporgiane) 21dr frpmy ehe gh‘i)th@rer If tinis Fhagk SIserturc he
basi ¢ uni tre‘g:frsct g d %I {(ﬁ%%eﬁ%&e@l q{l gt%n}re a%qpt?lg IXﬂq elg&rorhecaaaﬂgga

TFT 1207 and a p- c Kown cIFcurt stiet trefP¢a
appl i ed t@vbitﬂedshAhtexamgleshﬁeoffslsmemhfﬂg 34.he latch, and the anal og
switch (transfe l.evel shifter. Although Ihe pi.xel portion 1211

or
and the driving 183‘3%11%‘% & WiBng lige 150, 306 P PHBRIORP iR PHPIE H Wiripe

12A, 1 C onineSind §¥p¥ralitn PoREd 348, YIHeOMABE bethd Qiﬁ@hﬁé@rﬂ EéHafatiASEdRAGn Of
pl aci na the driving circuit 1212 on the substrate. he pi xel el ectrode

(anode 012930 showndathig.c3 [@neféy\ rfegtrusdure ovithh eavea) lse?bttam@cbhy aylering el 1202

in Fi | |
I'I'ET : gst ez%i t%ﬁmﬁtﬁﬁgqg%gggg ?15% a| xellggﬁggg]t &}a?n Egﬁégtﬁe n&m I%(?t%e a?rg‘fg{e i al
of the caithiddefot 20&mple® nmaﬁlehfw:mxag thedemirgitel orfessHap©tart lblevﬂﬁtsﬁbllt atrcoit the

i xel electyrode apode 03, The .current ntrolling TFT in_this case is
Br ef er abl YRR Eb%aalﬁ?l‘gq}’ andyg Pl WH%@E@%PI H%?vWHg‘gsllﬁ%ﬁm Uik gyusuph j g

nmanuf act unLegydihafiPhaEsSRchiievival £ Jaﬂfoﬁ@%h@foﬁ)fhetﬁ??el R %‘tﬁ'ke@ letraedRe 1203
precedes to formation of a wiring |ine - However, s process could

r oughert5t Hég. é’&ﬁfr(ﬁ@@bﬂf@ a ChBods weﬂpiélsléem‘a@@edm The roughened surface of
the pixel electrg gie ﬁceﬁﬁ%(g)e&r(ﬁgﬁlc rr?ogto%rtﬁesgclttﬁ/e mattzgqum{rgag(ge'f?.fiﬁvme

| um nescent el ene I's"a curren rven enen en the
pi xel el ealimaudeedlﬁ(lﬁgl $2Borﬁgd 1aAtien tbp visw thetdvE and rPhg]QSIB Be sk2Q8ndl Fiew

obtain a | nesce dev wn _in F 12B. In_this case, injectign of
cur rent 1 PR SR PRodate Bk RGBeD0S T B pFBvet? Somuaiat g ehan
structur e pds. k3 A.anddARB. | N F| gs. 12A and 1213, a forward-tapered bank

structure 1210 separates the 5 pixels placed in the pixel portion 1211
from oR® anot herdn Fig. #RAs 188hkdespregca wixe! ipprtion, 1302 denotes 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 antomated 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 a resin. 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 front 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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reverse-tapered, a contact between the bank structure and the pixel

el ectrode can be avoided. An exanple thereof is showmn in Fig. 34. In Fig.
34, awiring line also serves as a separation portion, formng a wring

|l i ne and separation portion 3410. The shape of the wiring line and

separatio i a str

cavesy | o 13PE 8 b s SHnR Ui pint el 1Mot s SRR Holtgite an
a mat er i alirtightespacen 1311)9:h Tlaat ﬁrtiélﬂlﬁpid&elamtlmﬁl](ea Wit flert gak (fybidally,fiitrogen
exanpl e) and then etct}l ng the | am naiiq h| s shape can, prevent short

circuit BB WESIPOIE @aPhadEsiuoY e dpr cr@mpleofguigafosrabas tpicrhg
line. Unlick@mplcustahictAsd Ek‘ﬁldﬁ% ra'lR(anlc)JmI@Q§C£§H eﬁt@éﬁv@e@o bitear abhad t35’ 5 on
the pixel is striped in the device of° 15 Fig. 34 (simlar to a cat ein
a pas&x’?e%%?t@@ﬂt"éi@lﬂ%@‘}e Figs. 13(a) and 13(b) show the exterior of the

active matrix | illustrate Ais a
top view ther eo%ﬁﬁ%ﬁ%ﬁg. pl%%B!nl‘%g bg Og cfe(c)lna gvdllS lay ?azgﬁfletﬁj f%%S’“thlch He
P-P  of FiilgagdBMispTMdsty)rﬁmd)ﬁefmdFElyg@ v1eiz~2:r)°0i?ﬂhé ldidBeadent dsﬁﬁhdi;libwrﬂrgﬁus 13A
and 13B. 20, Fi . A, 1301 denotes a xe aortion, 1302 denotes a gate
signal si a@bo ng%@"r P‘&’éflt"mg %Fef’%s“nd’gé?ﬁtt %%reguﬁ% éeféqcﬁﬂ%llof ﬁ%@“&lpgm ng
circuit. ﬁoﬁﬂﬂieseit@mlﬁptosﬁﬁtreﬂyopre%}ﬁ 188 d8pPd ﬂi‘% f?dn‘fl%h(?u'i'n tgg Sidchibh bor 1302
and the data signal side driving circuit 1 are input {roma TAB
(tape a0t girstesd Gomeipiy)a ciapdaripdarizing alajh 1anmpiqyud wHpwnvyer] itrie prafgGblc

25 (Lape. S e LB R AR ¢ WG B ShRRG WPDoT Bisalol SRaBEinted s o

| C (i nt egimdeedf imctivd jn ofkepad @fﬂe‘fhylt h@ﬁﬁem&taﬂhﬁoﬁ(ﬂderor%@m)%m @ﬁid ]a?rgrl?)
own in Fig ,

provided in of | ym nescent el enent s

and is boN@8Y ng %%[ﬁc@aé f&?é??ifé’rzmﬂﬁﬁ?tefa&?ﬁ‘éﬂcm@fbaﬁk‘?@ét n. The cover nenber
1306 may be anyz&lr?gt&rdrgimlégfuﬁlﬁf&gce% cle}neﬂ%ezﬁzcaﬂﬁné {@fﬂé?réseﬁplngﬁ%ﬂﬁncﬁ%
water. In this enbodi nent, as shown in Fig. 13 the cover

conposdd ssedaap|thes organie Myanes@06 lament caclded fm Ithe ldmipesdicit davicy of this
di anond- |I§ rFon films) 1306b and 1306c that are forned on the front
and back o P%e pl'astic mnenber 1306a, respectively. As shown in Fig. 13B,
the seal nenber 1307 is covered with a sealing nenber 43 1308 nmade of a
resin so &%‘Hb éhe 0 ani c lum nescent elenment is conpletely scaled in an
airtight o 1.“&?69 The airtight space 1309 is filled with inert gas
(typically, nitmageinbdfmert shaRlla8 a@ﬁ@é ma?mf ﬁﬁmﬂesc@ﬁt deﬁ}?cre as ah%hﬂpfef(ﬁf a
exanpl e, liquid fluorocarbon typical exanple of which is perfluoro

al kaneP0 lwmingscgnidevégd thet inglidenapatganis lamsesstrnt eleprent 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
25 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 TFT (typically
 areverse stagger TFT) may be used ins'tead.
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 thf:reforc 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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5 deoxidant in the space. A polarizing plate may be provided on a display
face (the face on which an imge is displayed to be observed by a viewer)
of the lum nescent device shown in this enbodinent. The polarizing plate
has an effect of reducing reflection of incident light fromthe external

to t her ebynphisveaibodifeniditsP iy dlaedt BB shanitng dode noetlafhit Apref Bofd |
viewer. Generally, a circular polarizing plate is enployed. However, i1t is

pr ef er abl &esifably, theeelertrode isforged framen waterial thatis bishlicrefleetivei affighess i nt er nal
reflection by agjpshd Feed | f re [ ' r t revent Li ght
emtted fromthe or gaggcsz E%%%ﬂ%?logygé B];gr%glicn g@?héglm;ae?ﬁ gf:tée%gaafs ?neped'
pol ari zi ndrpvidedkommitk orgariel dongpobad kayar G50Ais/a edcond ghatirodt B0 esltenterves

- elenents according to . t.he present inventjion can be .15 used as the organic

| umi nes?eﬁf aef:%h%%t I &H@’&%Fﬂeft‘he Cﬁ?ﬁdﬁé%_etﬁ? %%‘%e"fo%e_t fseend é%ﬁag‘fﬁent .
[ Enbodi mem3s033h delirsblgnd adndBdiiveS HaWFiaf hadfilel ¥ Swdmkt RinktbiNAMESCRNE gyl ce
as an exanple of a 20 |lum nescent device that includes an organic

| um nescertPErBYehcordichveilig eentaipmepsre slkaline metad rl¢roent asnan Rkalndoetinent
12, in the,dni i . i i o i is ta .out, from
t he opposi té 2% eégt?%té agg(gﬂs{u?ta{?ée fltcl)% (\?%I}?%Eﬂl nﬂglgl§llju\?lle’ ‘g'rér%%llﬁ na}es %E{c%?ne dby

( her ei naf fayeringfag mhevinti; @rssilypwilng o whe sf tie)abotd gonddbtivesfimsRakednainyd ew

t her eo Athin, filmtransistor (hereinafter referred tao,as TFl), is used
here’ad®: B URYEF, gnissgndpmiRetent OV Rt i® EnBhiierhajshbarmatieve

transi st Olindigtasabid f&thB¥AnASH AL 18X 3800A dicetdat 3B0SIat BhekErhrd, Rl ased Ry O
be specific), but a bottomgate TFF (typically a reverse stagger TFr) nay

be used i M wegend plesigpds, thi meRbF1preterahly fermeddoiot 7 véiyithig HIETa38020tiwain i s
formed inga Riese! portion, and a driving circuit 3512 of this enbodi ment
have the sanme structure as those 30 of Enbodiment 12. A first el ectrode
3503, which is @ohyectmpdsed af dreafinst eitctirdde 3508 thetorgaii¢ cohpowgl 1aJérBsa02,

i s used.as anade,i.n this odi nent d thereforg i rned preferably
from aqg 0 ﬁﬂ%&‘f’l VEO%FlgFtir%‘i‘e #ggr)ﬁﬁ %VFQF%PROt?ﬂhV&ﬁHh%%p@I FPT@B?&W es

of the cemAUBION & PRivedddato ipRbatdMeNBYoahis 1aHEREsBSnt NdIEKBht fBA] bRaGkdiMind
tungsten, gold, and silver. 44 In this enbodinent, the first el ectrode 3503

desi r abl y TiB#Eren ot this sgpodimgngnny makegal epsshe egsdyfor thecpretestive fie asdoimr ned
froma matefiighahi@lions highly reflective of light. On the first electrode
3503, an organic conpound |layer 3504 is forned. Provided on the organic
conpound | ayer 3B04firs¢ deseuiendmidert350deis3slbtirioally cbomectedsto 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 airﬁght space
3509 is filled with inert gas (typically, nitrogen gas or noble gas), a resin, or inert liquid
(for example, liquid 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 a TAB tape with
an IC {integrated circuit).
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5 as a cathode in this enbodi ment. Accordingly, the material of the second
el ectrode 3505 is desirably a conductive material having a work function of
2.5to0 3.5 eV. Typically, a conductive film containing an al kaline netal

el ement or an alkaline-earth netal elenent, or a conductive film

i Tver 11 Tm on bRt B B b aBDAGH B e Yinalo A5 e e VR

upwar d emniregt Mdisplaly @ &€ BE bSeVEC By b S/i¢t8&Yl of fhet lhtrﬁn&ﬂhﬁd:lemtshown in thls
light-transm ssive IS indispensable for the material of, the second

el ect r odeTBEENCNth o ldF GodNZIRR AlatEshas FroFifect 9E r%‘@&@ﬂdegF%lﬁ“r‘&fdéadFWe“%t al

I's pref erf?&h%gé 9?&%%1' ?ttHeI@b %E%ehh g%lg} QoA SHIWIAS thel x*&'fr%&'ﬂﬁxséf a

| ayer conpose irst eIectro t he organi c conpound | ayer

3504, Hl5iewet.t I&nsmﬂgnd odticelatr mowzﬁ@ﬁpteam@MOmded Hawdyen lprsopleéetra&ie film

3506. The, protecti.ve 506 r ov rot.ect the Qr

| uni nescefHF c?ﬁr@ﬂ"fmgrpe?fﬁg? aafifb‘ “ﬁ%wét?‘&%s mFeﬁmlIhrl S, %ﬁlﬁ%nngathe
nmaterial jgaék BErafsRechan drher W@Itee@ﬁﬂ Ight feintiffed Srob0 B OI%Snictcoﬁﬂmaﬂﬂﬁ)&:r
light. The first electrode (anode) 3503 is electrically connected to the-
current Dembsingrefleqiethattipaianzing platg apd traychng badkyaght hode may be
connected to t he, i LS ; irst
el ectrode may be )prf E%h G %%ﬂh{f%ﬁtnég&ggﬁgawﬁaﬁ%go (t:}lélEp {)e%e{ﬁvigie:n gggtctgﬁebfe
secondl(l wsed rasdiaenargatie fuorinedeitr drmehte invudedi @l thef lumihescamodeviceThé tbigr r ent
control li n@ ]FT in this case is preferably an n-channel TFT. Denoted by
3507 is & Menber and is bonded with a seal member 3508 25 formed of
a resin. The cover nenber 3507 may be any material as long as it transmts
l'ight but not oxygen_and water. In this enbodi ment, glass is used. An

ai rtight [$phedimgsddlis filled with inert gas (typically, nitrogen gas or
noble gas), a rfigk BmpBhirhdifkhold phdivd @mseentldb%hqs b YREARIRAN
typi cal exanple o Which'§'s per uoro al so effective to put
an absUi blentinscerdelexicdahst inclutitrearsprgeric lmussgamabbmcot Biscloeatt inttbe prrsegfat e

signal side driuvi cif cuit  and. t srde dr| dn are
i ngutted Y oHmoR- TE%g f[ 4hE AIRRREY erﬁSﬁﬁ?‘ig?g ?38 S 3P rou‘%ﬁakeﬁ%
W ring |igmeliddr3e’ O'Ermglglmpnot shown in the drawing, the TAB tape 3514 rray be

replaced by a TCP ( e carrier acka e). that i s obtained by gﬁpvr di n a
TAB tape with Iar‘r“lgcl Asrieagresthy %erleaﬁvystrakpsw,trl%ﬁéﬂnﬁdﬁgfaprr t

provi ded | %év\é@%lné ?ﬁ:é %ﬂﬁlh%vﬂlé?ecaﬂnb Is€ &N, lggg%rlﬂﬂlﬁ%%ﬁﬁdéo be

observed y a vie e lum nescent device sh wn in this odi nent
The po2Girpdiamide) atre haglianresid,eah cpoxedusimg PEST |(golyetylant isnlileden®q i ght

(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 denotes 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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fromthe external to thereby prevent the display face from show ng the
reflection of a 5 viewer. CGenerally, a circular polarizing plate is.
enpl oyed. However, it is preferable for the polarizing plate to have a
structure with less internal reflection by adjusting the index of

refracti opgoBn Theesh 4@ sROEYEMe TARMpeeo7tiRsl, bE edplidie bYrEm it GOsmaHBd
| ayer frombeing reflected at the polarizing plate and traveling backward.
Any of orkyanpuding FaBéurwiwish andnt s according to the present invention can

be 10 used as [ 10 laumd ' ' |}t pescent
device of this Ihg?n%glcﬁ%%gﬁgq d@%ﬁ?ﬁhﬂ%i @ﬁi%%h%‘%ﬁ%ﬁ%ﬁ%"t‘*gﬁ‘ém aﬂgassi ve
mat ri x | usboedcianta plesticmeabeatd@Exaithltiee ofal anendter [14h0.nes gdioto-devblic ecdihat

i ncl ud an . organi.c lum nescent el ement disclosed | e present .

| nvent (o enegSed ok the Seal st di Bcadupieaile Prgprad able <ty BERbrdRare vi ew
taken al apgich bhews likg: FrsReal@lze Bh@ whldfabsbibshitle mARurede Mt edvérymddbe: ks a
substrate, which is forned of a plastic material here. The plastic

mat eri al ,Preferably aeadepboms the, sqme maberial casothef subsirge By japd ghass Qgeluding

pol yam de | i J XYy si,n | £il.e), PC
(pol yoar HaRR AEYok SR, B 8P BB IIERD o blalic pioR ol B O £ 1P, B sRe
napht hal ahepber. 1402 denotes scanning |lines (anodes) fornmed from a

conduct j ve oxi f] In .this enbqdj nent, the conduct.ive i,de filmis
oot at st by domiagl 4 ianisaitrgedy B OLhf P e 4 A8 benCr AL BRIR P! es
( cat hodesrgdrie reechpoufd 1aydret abwki ldPers obithenbahiks2 2464 lafe nhitolbi Shaanbgstirnent .
1404 denotes banks fornmed of an acrylic resin. The banks function as

partiti orlayeis 28d thebankspranaphysicaly gepasateithe datndomstid8h fse capoRder 0
plurality.. ' ' Ak | fe dats Jil peg 1403
respecti elg{ll I}o?l g?lfnfﬁhrnél pe u%)lg{}f@ g]h;é%é% tglﬁgetgia%itog% Irslglytcdr%%gfs eaocﬁ ot ﬁe‘r;l?at

ri ght anglealng Thanpdr hétS dboned dfna Fesgin ol Arevant or gagiadattmnmpduhd drgy@c i s
sandwi ched bet\/\ﬁ n the scanning lines 1402 30 and the data |lines 1403 and
i nt er settOGHPYBF t4¥6hs 1405 serve as pixels. The scanning lines 1402 and the

data |ines 1403pahe 16AMR8esR HchReadnRiir€d Bdlabott iy hB@r&drce Ubith tHy prgénta TAB
tape 1407. 1408 denotes a gr of wiring lines conprised of a nmass of the

scanni ng mv%@ngmi?iwiﬁéﬁgf‘éés eprgpasah ob thabqanpigel e d 402ofp dagdinst a
125%,00 TSR A0 S OBl o S ilacynes,
obt ai ned ddyycepmnbe dhangfaatufd&Bby aperywithplegodess. |1 n Fig. 14B, 1410 denotes a
seal n&gﬁ) er andAlpAb g'rizqggn %&:ﬁ:g n?ayc ¢ %;ovqgéﬁb on at Q%%jlay 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. Genéraﬂy, a circular polarizing plate is employed. However, it is preferable
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
frmﬁ being reflected at the polarizing plate and traveling backward.
| Any of organic Juminescent elements according to the present invention can be

- 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 modute.
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is bonded to a plastic nenber 1401 with the seal nenber 1410. A

phot o-curable resin 5 can be used for the seal nenber 1410. A preferable
material of the seal nmenber is one which allows little gas | eakage and
whi ch absorbs little noisture. The cover nmenber is preferably nmade from

the same materigl, ﬁ?odhgk s ug}h?hrfﬁéelﬂé%lmﬁ’lgpegiﬂﬁ%s Gt AHH b AGubdtiad i1

gl ass) or plastic can be l'astic material 1s used for th
cover neflxee ind@difg g. pitdPairtomri56hlaad gedngﬂams dﬁO.’ﬁmendsﬂDQ'ﬂt)uamd efprmtep:] xel
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pr esent ‘Aven ion, the pirxel portidn 141 onposed of the scanning
l i nes 140310vhdtte1\dﬁhlatlhapmﬁedwmmam;lﬁhhks 1404, and the organl ¢ conpound

| 1413. Th | dev b
s?)r/rglre pr ocesse&légugl\glﬂ)%l‘ Hg’fr‘nn%e ﬁ@té“ﬁ‘&& ‘ggba@%ih&%d% & gpf“ ugi/tg@eevery

(the facevah Mpixeh pafion fR@Ed ioh it Spfayeddiy dechhger pﬁﬁkebw@ngmem Jhaof
the | um nescent device shown in this enbodinment. The pol arém ng pl a,t has

an ef f &8t fectiopsiat p dgiving siewit \9rihe pubstratedBrueh; tn TAL 'iaBFnaﬁﬁ O‘éfthéPﬁ%{P
t her eby pry Qfﬁ‘é@%nﬁéﬁ%léjﬁrﬁﬂ Qﬁérﬂai‘ﬁﬁv:‘;u%%ﬁb&'f'o"“ ng the reflection of a i evver.

Cenerally, a circu polari zing pFate 1s enpl oyed. However, it is
preferable 25 f o‘myt d)feoxg@duarlummagcqﬂt atemdnts Hiavlesal it thagiresest wivehtidregan be

el et e e B A0, Loyl S A0 R0k AT LB

at the polcﬁiyoain&gnpl ate and traveling backward. Any of organic |um nescent

el enments according to the present invention can be wused as the organic

| um ned&ent eI errent included in the | um nescent device of this 30

enbodi rren t 15] This enbodi nents shows an exanple of attaching

a print ed vm r| ng oar to the |um nescent device shown in Enbodinent 14 to
make the devi ce Thid embodinstut ehowi7an axamplo cifl attastiogm printéd giriag hoaw WABet ape

and i 11 ngUPTIEE SETiE RIS oM I Fhcer L PRk i 48TbaRS 4"
attached tgoddie substrate through the TAB tape 1504. ’
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 board 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 data.
In this specification, a module structured by attaching a printed wiring board
" 30 that has functions as a controller 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 t\he present invention can be

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

embodiment.
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A functional block diagramof the printed wiring board 1505 is shown in
Fig. 5 15B. An IC functioning as at least 1/0 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 within the printed

Wi ring board 1505. In this specification, a nodule structured by attaching
a TAB tape to a substrate wth a pixel portion fornmed on its surface and
by attachifpeghbadhdiitiefl Wi ring board that 10 functions as a driving circuit
to the substrate through the TAB tape as above is specially nanmed a nodul e
with external drihj$ sgbefimeait showspnoxagpimef duhingsqeat device ot evhaelt ¢ triplet

di scl osedj 1: r | [Welp® r i i.nescent
ol orent 1 reirag SRR oA TI R fiEls 18 3T, BV LSRRG W SRS

[ Enbodi enitmed @ray Iscale edibpldy.mehe dhmiveeseant edesiqel of ofiis adrhiamtiinagt @amprprowide

wiring board. to.the |umnescent device, sho in Emhodinent 12, 13, or 14
Lo et AR ERErS R G 5o A B RS ORISR Gom ik SHie TaB

tape 1605 drerigiet @ehedod hdherdhsit idfy &84, (here including a pixel portion
1602, a data si ?Fgal side driving circuit 1603, a gate signal _side driving
circuit 1604, ardgwhdh sows Hescingotrugiae ebopme] thahgses pr prgaelg Iwintieaeeiboar d

1006 1s altafhind 4P dRReAtnAkIRlGorll G Lal06 £ B0l AR JRAR:. An i Elc@hA!

bl ock diagramo printed wring boar inFig
shown 10 Filgn d@§RBe lare isGelachel, namirregt AswatinfoeBdt frdhGh poirtes i€ @rd aneblthgd O

and a control Olflglt 1608 is provided within the_printed vviring Q%fd 606.
A menory GRIESPOISHYE | s SePilel HSPEUARD 11 GSs A6ER 4 Gyt (ferle i?.ytﬁe

control uRiafe-dRB& VoltaBe PRLY SON2 ARG Tranal uRNSedE AR didigerdi he
driving circuits and correction of imge data. In this specification, a

modul e st ruct ur edfteyy Tat tiacislastpda Bidi ist &umned roifh o ddd dhe 3elegat (s of Cs.
functions . t . i r-gani ¢ | um nescent
el enent |‘€&P gdrn?]@g, %és{lrg%és(geanngei%ﬁ%ﬁ% %g?%gg dg&r?g%ﬁogq%‘t h external
controlllber. Any Rif. 86Bahows laushartefoe @nilving ®iedrcidinsalcosiaded withhdigpalesant

i nvention can b used as the organic luni nesgcent el ement inc]Juded in the
| umi nescerﬁf%é‘%ﬁ?%éh%’ ay hi% dlgéf?g &Y Scalg ‘ﬁﬁ}iﬂbd’lﬂﬁéﬁnt‘l‘ﬂ diyified 1@iop)dratent

shows an eyBiRIngesOf FigMAILIReM 608V icts LdaldVH Ghich bfd Bhgle 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
fEmbodiment 18]

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

30 umits 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 consumption 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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| um nescent di ode shown in Enbodi nents 10 and 11 is driven in accordance
with digital 5 tine 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 usefyl. Fi.g.. 36A shows. the cirquit structure of i xel that uses an
or gant o | (HoRESE B Gy SAbREPIo P e SBARETE aaond Cor AT R e Bent
a storagelecapma t Q. |Thedidfofe MellGHihescertUetit@ntadt Hahedd iHe 2h8 1981-Reidd, a
current flows into Trl froma source line and a voltage corresponding to

t he si gnaFlecHicagppiiancas dhat inchade thee duminegeqnd reviceney dheiedligglay Haits are
te- : o f int o Tr.2 and e Luni t
Oement - KeokBhbFOBne)ord idher yhit Rob{lhfioly®oL, (i RISRAGE AEIOCRECH,

of Cs. 5 Acaoediencsy(lightreas madicoopattnnsses tarfih®whann asoundjrandts depenckdnt of

Vg'. 15 Fig,. 36B shows chart for drjving this circyit in accordance wth

g tal tpiriedlaRy ocESr G Fapagtt i bkPler cernk sprligrcsta BOGRYEH Ay ndone.

frame is giyiGedlibiud) 4r &ubleif LaEBE forFDof 8RBoIshAWS:pplifices 9F ankCad € i n
which one frane is divided into six sub-franes. In this case, the ratio of
|i ght eni §apspartpéen ddslasge tivanbenbof appbances @ ba grgsporged). amxp ipstallatzgc

schemati c ) ri.xing circuits of TFT substrate in this enbodi nent.
A gate drfsblé%/e %Hgl\ggngorhér{%g driver are provided on the sane substrate. In

t hi s eb®odi ment Beingesepf-ieedinaisy ¢he turaindsdehe dekrice & shanscgeritedi tgnhavitg bbeer
digitally driven.

Accordi n , Jluctuation in TFT characteristic does not
af fect thESHTC g Hac U Soth rsated SRealAb A eseriid ey oviie SR
[ Embodi nefterdflre ERR A A PIESCEN hafl @YIIERS 1R Tl sBER SR Mice | AMBEE ldpiapMIhieh
have been described in, ~ the enbodi nents above have advantages of ‘| ow power

consunpt i &% vandadvengetauselsorip termaed epsinesg iy viewlingedispley. appl i ances t hat

i ncl ude those |ym i.ce i L.Spi i C

consum ng Tess Sovariaas SEMERbeR e hi e 3Rl o e I RHRE
advant afemvanion daye,ute hddities pe cimatitsy of aonwdnéiotali ergappl luariessertthetmasts,

batteries as power sources, such as, pqortabl e _equi t, because | ow.power
consunpt i BHF agﬁmlﬁs?/giég’ﬁ“ﬁsst %“CP g{%’i‘v‘é‘ﬁfigg%e%c"( g%ﬁq?rgggﬂowgﬁwqrcmggwpu e
| um nescepid BRY1EQIS ah8kkeréfdfd fOYentReRlI M nate the need for back light as
49 the one in liquid crystal displays, and has an organi c conpound | ayer

whose t hi cknessThis embedimenhshawsnexmmplest@fr Siet Hectrigripbseentthefeincdidecan be
made t hi ndﬁBﬁylanmHe\’ﬁh}qEés’cent 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 present
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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El ectric appliances that include the |um nescent device as their display
units are accordingly thinner and lighter than conventional ones. This too
| eads directly to 5 conveniences (lightness and conpactness in carrying
them around) and is very useful particularly for portable equi pnent and

| i ke ot her. | i ances. Moreover, being thin (unvolum nous) is
doubt | esslsghsge%lll“%fl%pal | of the el ectrl c appliances |(n terns of :
transportation Gaglm@ehdwgrine]ﬂgxmﬁ cagmpta, ahdes iscampused Dﬁlaspmntt&x(ﬂ)r Hiﬁ)dc a

|nstallat|on a aV|n in arpaq 10 Bei ng. sel f.

i nesceriPHBVTED | 0 S PRET 280 IO PR BeiPn P tcbrol DK SR ? ght
pl aces t h@lﬁ}niﬂe%en@ d@\mf@bﬁlhedﬁrgwnam\xéﬁﬂbxpﬁssttﬁnﬂsp@ﬁ)d@mvumdmeamgha camera
Therefore electric appliances that include the'lum nescent device as their

di spl ay Suspr e Hght-weight am@mmagmbsalp@wer n Aegordinply, Sak¢neemsIMPIPRF Ng
di spl ay. %’d&%@“&i IC%IF,(H?% h%%:% a‘fcé‘rﬁ@ 'ésafégseﬁlc&ﬁl%le&ﬁe a | um nescent device of

the presen nerits of conventi onal

or gani ¢ | um nesEgnt7Blshownbs amaqudncmlgld&nﬁﬁﬂqhipgm neth mmidingnedmm.
visibilit new. f eatures qf .| ow power consunption an lif , and
t her ef oreyla}eéiewys ampated of Bl hoga LML ARG TEE P@sp BYh $HEDe D5 0F

appl i ancefnvb?&mm 'o&:!@x%n@ﬁ switcRa 18%3&4 nsx Bﬁpi: P%nlltl{m) nNeose anddae&"sﬁéﬁy %nt(h?
present I nventi on peCI I C exarrp es her eo are shown in 1 gsS. 17A

17F and018/’>(05¢1> 188: dﬁimﬂymmal(Addﬁ]@Héﬂegmbi displayedmiage tinerpriéereNtherany dhe | on
can be use i c
appl i ance dg h‘lmslprn)gf %SH g 1Lf§§ﬂr]§éb‘?$3ﬁsﬁt1n%te1gtz—ﬂxﬁﬂé%w ctH gl mgjﬁkl %éﬂtt ﬁ%wk
electric oﬁp}ﬁﬂ prasar iwfentibh as drebdishiae ohit CAN 1 dddearainyie dfsptdyeundiofi)i Ig06dtthens
illustrated in Fig 12tQ 16 and 34to 36. 25 Fi sho a

devi ce usﬂWﬁg%tFFHS?‘%’éh‘?ge PRR FRisCIrmE et er R © A@Pgﬂ}w W&bﬂﬁs ¢ad %&fﬂgic
conposed @fheaﬁ%%ere%?&%élngadﬁwgﬂﬁlppﬁ Svith/ Q2@cordiE mebivePlafdy HRlddes 10193a.
By usi n a lum nescent device of the present invention as the display unit

1703a, héamrmdaﬂnttew@@n@an be th| n, |ight-weight, and durable.
Accordi ”gly’ ”af“ p?‘fé%b@? a'}init% 'nfabi%dco &Bvérrﬁcﬁsv\gﬁmgﬁsed”éfté"nhéh'on

and lifetine is OowWs a VI canera I's conposed
of a main Hnﬂglyl’ﬂﬂ@,lb dl@layjuﬁmllﬂmu,nmt 1m5g&bacewm@umthOaQMpanmm1 SV diEs

operation sw tch 1704b, a bat an image r.ecei.vjng unit
6h. By Wthga AR dlibe oY g 3 BUBREscTRgeriEr oft e pHen

di spl ay urlh{zen%%@ thé G%tpléiydﬁﬁt CANR! theCifttaBR: ddrfihtiteRinbY th@nﬁlnd:ggﬁweight | ess
power. Accordingly, ery consunptl on is reduced and carrying the video

canmer a 20 and ¢omgemen tass\pemicant Accordingly, battery consumption is reduced and carrymg

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, which 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 especially for a notebook personal
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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Fig. 17C shows a digital canmera, which is conposed of a main body 1701c, a
di splay unit 1702c, an eye piece unit 1703c,. and operation switches 1704c.
By using a |um nescent device of the present invention as the display unit
1702c, the digital camera 5 can be |ight-weight and consunes | ess power.
Accordi ngly, bat.te consunpt i,on | reduge I . haht.al
canera is Iessa$ﬁcg%@3ﬁPgﬁﬁfmhF§Fpﬁ?f?Sﬂ3§%gﬂﬁmﬁﬁ§§£5§ég@%%ggﬁﬁéggggﬁge
equi pped aidid catpueaeiidi SaRaredi amtio idhe ey i8e3d, 2 dispipgsedt d804s, mperatiady
1701d, a recording medi um (such as CD, LD, .or DV%% 1702d,. operation
Swi t ches SHtEaEs 180 GNP UMD R06ET0BY, Usifisa AURIERRY IEHET Of 8° 5 505,
The di spl; intas( ) d i 8044, HSRIRYS phBRO8ar BE BfiARhd GdhivRelgasandhe
1ﬂ¥eﬁ{{8§) aslz% g #%%f%ﬁ 8044, pht . A 2

di splay unit displays text information. By usinhg a

| um nest ecunsaiae lese powfer.t hacqordisghyt battere nonsompiiontiheeduresh Caryyipaithe ¢Alular7 04d
and the di,splay unit 1705 th i reproduci ng devi ce can consune
| ess pome?hogﬁ&é/%aéﬁ %g(tﬁ% Eﬁ{n%%p’gcﬁf'%gﬁﬁma%ﬁabl e. The image reproducing
devi ce equi ppedrigi 15Bah6ws an dixdio (ePebificalig] s andiv))uskich @Dcorhposelayf armaiand
gane nmachi nes. Fig. 17E shows_a (nobile), portable c gput%r which is
conposed @idyal&Pabna display LETiOHRE2b sangh @GF%&PWWY‘:}I%%}%, A 1BhEYye ﬁ%é‘é‘iﬂgiang
unit 1703g,; &%élﬁtde‘?f?bef%feﬁlg:bg&entlizlq'éﬁtiorfiﬁ@tlﬁ dTEITRY ¥ni® 18020, 405 @udiBYcaHeng @

| um nescent device o sent invention as the display unit 1702e, the
port abl@ kightpueight adrcopsumnbiass andret. i githongh gar audioisdakercasriaragplessthover |

Accor di ngl attery consu Lon is reduced and carrying the conputer is
| ess incoﬂ'élgcffﬁ’é]ﬁf‘tf ﬂ}%haél%boowngg?go@g%glt%ér can store information in a flash
menory or a recnhgkffgctiRdb iR ot aldeat: ipplianteghatvinig FigsnivAltatli7Fenddfsr i es
and can reproduce the stored inforpatjon. Fig..17F.shows a Qerson,fimtll
qfrgrajicd ight pe

conput er , lwHiR 8 fugcimpbavdulping the i HmisaRsF _ A EEETHFGH T &
di spl ay uf;ishdQ3fs. th@%%%uﬁﬁﬁ%@%@rel%gglect@’ agﬁl'idiﬁcﬁallewfgefi%cﬁ%idiﬁl@m@e of
the present~invention as the display unit 1703f, the personal conputer can
be thih encrici giplianeésgmith ahotocemsorsess Inesasurpevier detatiethe ubriighiessnet dsvi ce
is agreat nerit in,terns of battery con ! Ny tally
for a not SBEBIPIRESs oARYSCr EXMRIPEI“Y Hé?geaorrztg)ggz}ﬁoﬁ-gl&ﬁgl?(‘)'Jderl]}gm @gﬁ%g@&ﬁ%@
oOppor t uni kntiaSt ABW diNGedanethnthaf chfiraklightewot the brizppickaot e sirsphdings is
frequency information sent through el ectronic_conmmunicati,on li ef squgh as
ciOAI gyt

the | nt er He to e r Yl this Frraptiaathe humidaese 96 2p AH8° Al LS BT
Fesponse. LERa T e B e ol ot o S ay
51 20 10wercci to reduce power consumption when the surroundings 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
25 included in the luminescent device of the present invemtion as a light source.
Accordingly, the luminescent device can be thin, light-weight, and consume less power.
When liquid crystal displays are uséd as the display units 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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Fig. 18A shows a cellular phone, which is conposed of a main body 1801a, an
audi o output unit 1802a, an audio input unit 1803a, a display unit 1804a,
operation swtches 1805a, and an antenna 1806a. By using a | um nescent
device of the present invention as the display unit 1804a, the cellul ar
phone can be thin and fhl bt WitimeANdar GRRANET o 38 aew%-né&%prgipegl Y,
battery consunption is reduced, carrying the cellular phone I's easy,. and

t he mai n dodiantemtde drvinga circuiFisg dest@Bedhwhichadn daivaig by Sppeang itbalcbystamdar

audi o), which is_conposed of a nmai,n  bo 1801b, .a di spl uni t. 1802b, and
oper ot | orCuriant i€ ST uamiae LBy emeg oLpf grese BimiEBy The THevt SERERe, ho
present iR is@Rowrs it Py, dysplay unit 1802b, the audio can be 10

| i ght -wei ght and consune | ess power. Although car audio is taken as an

exanpl esin t hh$ix@ TROGENRM in Fide3RHEH PsiBBM 138 HOMBrsebiningllinel Gj, ekt@rudi ve
to give the electric appliances shown in Figs. 17A to 17F and 18A to 18B a
functi on tshnnipddingt Firnd heowenberige dingf Viedp addigoni distpixel HIoragaivasisigrt h

the bri ggéﬁ?ﬁ eb%gogs‘ telfa§ “f{"ﬁc“i“g‘r%lgﬁs"‘ﬁ%,%t %E%rﬁk §GhideScAPRIANE 81 RLE aUSEd

by providing ectri ¢ appliantes ’'wt ot 0 sensors as neasures to
det ect t hmixmdijginttioasgpecindtzhretenson cauandomidd 2. A user can recogni ze i mage or
text information without difficulties if the contrast ratio of the

| um nance of Buoihtgdaesd dfi gBtanti ot hee benmghtedesish v firktescanmning dindiGigesifer thk00 t o

150. With this function, the |lum nance of an iy can rai.sed for better
oy oui i vruiics pd D dotihat 158 B es enonoiet wab fm SalTine Mot S8k Frage
can be 20| @wel 8l fhel RINEE 0P TV IFuizies WARshRe WARNE Ritais WErDUN elengise AF €

dark. Various electric appliances that enploy as |ight sources the
| umi nesceennngeted gth Bfe scoeceppedehtthe othentis epnregiedbile AE svte pf Arkankhus, the

| ght - vei gl 20G, CARGPEIAE SORYTAGIGRS o1 REEine WALED Bl alhgmrver v
useful appliances. Lig $'solrces of iquid crystal I splay devices, such
as back | aghbnsdcteddrvainti edchgltiier. or | i ght sources of lighting fixtures are 25
included in the |um nescent device of the present invention as a |ight

sour cels ACCOTHE sk oft T ib usintesdenith the\Hoder sautcdiing Ni apd theghiinwéTyhis, and
consune | ess power. \Wen liquid crystal di%glays are_used as tge di splay

uni ts of ErECElddtit theapoyreatic 8- dhE 1S A Fr4gls. Coprpcted ta fie shvand 8%n0H21 8B
accor di ngu{ﬁ? Piglaﬁd,eﬁﬁoﬂaﬁﬂf thd 182 i€L6%iccled WARd BREES1LANdDEn ki Brantt

| ight-weig consunme | ess power if those liquid 30 crystal displays
use as babimingsghnt ebeméntdi¥ill] Thehorgahie lhmirenessit elemeae |8 tlehastthe pixcpelesaede,

e Ottt hBER e Bha o bl TofHREAIRer BROVEAATBLSBh AR BSH v
20 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 bot.h
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 elerhent, 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 formed between the gate and the source of Trl.
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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 showmn in Fig. 37. 5 A pixel
1810 shown in Fig. 37 has a signal line Si, a first scannlng line G,
second | r pi xe
1810 has: {TARePHids) Bifpbior ¥l s a0eied B aiiii il cotdfaffl Vol ) W&J
organi c Ihﬂﬂvamsmelgateeinénmsoun&m Tot. Hnwemexeths]nunn&qesmr)t slpeyaprdvialed et entl on
capacitor 1812. Both gates of Tr3 and Tr4 are connected with the first
scanni ng | i nelnGhe phs:] Bloowih heFlglei’,sthucmerarsdpplhﬂl tdrthe sigodl [edli is hentoikdi s
connected wth the signal | i ne %i,éf e other is connected with the source
of Tr2. FUrBhErTent FUTEG Y e SRy [IFerymE WS- Tra, the one is connected
with the source_of her is conpected to the gate of Trl hus, the
either ®f the sBUFER Y&Fﬁﬁ"te OYF R igRedrICH e eﬁhtg'r?é’PStB?t THEL SRS or

the drai nefpelfedtizd, 8y GRANBL Bleast %ﬁ’tﬁe@s Qﬁf?lﬂe @ﬂ?%ry fiowingheconRahCeurint T thei S
connected with the power source 1in d’thé drain of Trl is connected
Wi th the etgapicdupineyeent elﬁmengéﬂt@ wganfe @m@emnh@émé@t hayinghe mgeebisgicsicdnni ng
l'i ne Pj th Ir t§ rode in
the or ganflb\c S&%telrrllgg%en elae10 %n@i@ &%ﬁgﬁ%tr §HMB%%}C§g§]§%eﬁ?éngﬁgmn? 1811
has t he plrnebrgeh@dﬁﬂmdzecentalemmmmseaﬁeehe@bdsaad& adrgl larpeo tifaimae cdnn reelszent

| ayer provi ded between the pixel 20 el ectrode .and the counter el ectrode.
The co QtEXH%W%%@?%R&@WWmfW%“@P@%ﬂ?EmphﬂFﬁﬁég@ﬁWg el enent 1811 is applied
constant vol t ag@pdynanPBNGE pPRMEES t@@%19§90@amyhemﬂﬁlegdaai d&fic@ wHidtoht
emtting panel. Tr3 and Tr4 can adopt both n-channel type TFT and p-charnel
type TFE sihighypewer doaspobten amdasxccflemrrxa lifn dFuTthar, aneledbec spptsnceorhipess  Tr
can adopt; bath .25 n-.channel TFT_and T.. ¢ dopt
ot h- n- ohiALng sty E PO T cat iR nd eI RF 4 loHB e k fep B op L

pol ari ty, by Gsihfeudhdamitdscérd deypicx e a&igﬁﬁidimdﬁ)r aaﬁcblti)hﬁ:cnomnt er electrode in
t he organi c | um nescent elenment, the one is an anode and the other is a
cathod®® In the case that the Tr2 is an p-charnel 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

t he anode as a counter electrode. The retention capacitor 1812 is formed
between the gate and the source of Trl. 53 The retention capacitor 1812 is
provided to maintain nore certainly the voltage (Vas) between the gate and
the source of Trl. However, it is not necessary always provided.
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In the pixel shown in Fig. 37, the current supplied to the signal line.S
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 flowing a
constant current in the organic |lum nescent elenent. The organic

| um nescant. AgV@ENt having a m xed region of the present invention has a
| onger lifetinme than that of prior organic |um nescent elenent. The
organi c |lum nescent element is effective because very longer lifetinme can

be realizged %Qhﬂ%ﬁk&%hﬁ%%ﬂ%k%gl gﬁ%g-nentioned constant-current driving.

The invention’is practic 0 ena providing a | um nescent device which

is small in powai oganiUspidesenasemenc@immeiingt n |ife. Further, an electric
appliance, which is bright and small in power consunption and serviceable
ove? a long term c#BESobt ai ned by using such | uminescent device for a

light source or a djsplai. section. 15 54 CLAIMS 5 10 1. A |um nescent

devi ce conprising: an organic |uni nescent el ement conprising: an anode; a
cat hode; a first maxédtmegidongian pdiaemi td the ihedeaoadprisicoapolesijaging hol e

injecting material and ar,@gol érlansgorti. ng material; a second m xed region
adj acent to the cathof¥te ﬁ‘b‘fﬁ‘ PlfdraaspPogingptsHal i nj ecting material and an

el ectron transporting 5% ﬁﬁﬁeﬂ'régiéﬁ'gdjﬁcén?:{cfﬂe Rhik64k, E&ﬂbﬂﬂn@_ﬁ&&i«a&% bet ween
the first m xed region and the “second m xed region, conprising the hole

trafsporting materi al imedinghveatersdl eod poplectramispopeiting mmitrelizad. 15 2. A

| um nescent device carding to cl ai. wherein there,is.a ¢ entration
aradiont n tre £ R Sk voVBE e Bk E G R MRS
transporting materi akedofd dagEERERM, &&M@{%gﬂh@ hbi&itfaﬂsﬁcﬁﬂﬁg)ﬂxafeﬁ@mﬁhﬁe anode
and a concentration of the hole injecting material is increased toward the

third regi on from t heckaerptrampoting matepalnescent devi ce according to claim
1, wherein there is a concentration gradient in the second region that a-
concentration of the electron transporting

15 2. A luminescent device according to claim 1, wherein there is a concentration

gradient in the first mixed region that a concentration of the hole transporting
material is decreased toward the third region from the anode and a concentration of

the hole injecting material is increased toward the third region from the anode.

20 3. A luminescent device according to claim 1, wherein there is a concentration
gradient in the second region that a concentration of the electron transporting
material is increased toward the third region from the cathode and a concentration
of the electron injecting material is decreased toward the third region from the
cathode.

25

4. A luminescent device according to claim 1, wherein there is a concentration
gradient in the third region that a concentration of the electron transporting
material is decreased toward the first region from the second region and a
concentration of the hole transporting material is increased toward the first region

30 from the second region.
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material is increased toward the third region fromthe cathode and a
concentration of the electron injecting material is decreased toward the
third region fromthe cathode. 25 4. A |l um nescent device according to
claiml1l, wherein there is a concentration gradient in the third region
that a concentration of the electron transporting material is decreased

toward the firgtuniiagdcem dekRBathrRdingePadint EovRiciaRduRincs Qe RALal ison of the
hol e transporting material is increased toward the first region 30 from

the second regdioped inappron pf thghipkewnt devi ce according to claim1, |
wherein a lum nescent material is doped in a portion of the third region.
6. A lum nescent device according to claim5, wherein the | um nescent

materi al 4.s a A tunhinepbatdevisganasdiapto daidle, wihereiA the/infiesean malaial (e
according to claimb5, wherein the |um nescent device is an electric

appli ance sel éEpieblvpBECeHdiQsieoup consisting of a display device, a video
canera, a digital canera, an inmage reproduci ng device, a nobile portable 10
conputer, a personal conputer, a cellular phone, and an audio. is 20 25 30
8. A | umhescehtundevicest doiprigirdige tadami §awheareinuhe hesnoenéntebeineistan

conprising: a node;. a cathode; a_first mxed regi gn conti.guous. to the
anode, compri ﬁ%&%ﬁ%ﬁ%ﬂ% Sﬁfe&,ﬁgﬁwy thirgram wnsisteg %fg%‘gFIéaif faiparideng
material; a segRRFh, HxBE] ERYE inGRRALE ﬂa#%eﬁmﬁlg delRe,fd h8bild S@HaBR, CONPri sing
the hole transporting material and a host material; a third m xed region
cohti guous t o cohwutsscoprisaiekeninpuseri @ pclldapbongiand an kediohost material and a

bl ocking material; and a fourth m xed regi on provi ded between the third
m xed region and the cathode, conprising the blocking nmaterial and an

el ectron §.nj ecA luiginescent device comprising:
an organic luminescent element comprising:
an anode;
15 a cathode;
~a first mixed region contiguous to the anode, comprising a hole injecting
material and a hole transporting material;
a second mixed region contiguous to the first region, comprising the hole
transporting material and a host material;
20 a third mixed region contiguous to the second mixed region, comprising the
host material and a blocking material; and
a fourth mixed region provided between the third mixed region and the

cathode, comprising the blocking material and an electron injecting

material.
25
9. A luminescent device according to claim 8, wherein there is a concentration
gradient in the first region that a concentration of the hole injecting material is
decreased toward the second region from the anode and a concentration of the hole
transporting material is increased toward the second region from the anode.
30

10. A luminescent device according to claim 8, wherein there is a concentration

gradient in the second region that a concentration of the hole transporting material
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material. 9. A lum nescent device according to claim8, wherein there is a
concentration gradient in the first region that a concentration of the
hole injecting material is decreased toward the second region fromthe
anode and a concentration of the hole transporting material is increased
toward the second region fromthe anode. 10. A |um nescent device according
to claim8, whga&idhsth@ard theahibPRERM fF&h &Mrs@e?ﬁh%ﬁﬂ alcBndeR@atsRCAMBe I €gi on
that a concentration of the hole transporting material -56 is decreased
toward the t hihogt melgiidrs incessadHewpid ibe thiekjiesiondren thedosidegierat i on of the
host material is increased toward the third region fromthe first region.
11. A lum nescent device according to claim8, wherein there is a

concentr atli on Ahgfiaeiceitdelvitebb@rdifp telcla@g 8 owhdrbiatthde tonaapttationn of the

host material is_decreased toward the fourth region fromthe second region
and® a concent rEadig intheithisd ragiondRaticopaendratign of theihgsiaaend it §E7a8°E he

fourth regi on A hORuEEH0n FEMH AP sechd i INERH EBInABY beeaccor ding Lo
claim8, wherern there 1s a concen Fation gradient 1n the fourth region
t hat a concenthlafkigmaeteriblie intreasdd togyanddhe fhath degiod dome izaedecdndwegidn.t he
cathode fromthe third region and a concentration of the electron
injecting material is increased toward the cathode fromthe third region.

13. A | unjpnescepimiledefiCiAkeAcdiriide tt(f? cl%ion? E My BereiBER ] SorlcifiAABAC ENt

material 1s 15 doped in a portion o second region and third region.

1410 A | uni neseatieden thedoadle mgtinthatt aoconkaitratio 8 of thiedlekmghatetialiid nescent
material is a triplet | 1 nescent,. di ade,. 20 15. | um nescent .devi ce
Focording to ket St FREEE s e Resi ol RoBRRAER be e,

transporting rgdcioh@hjecting material is increased toward the cathode from the third region.

13. A luminescent device according to claim 8, wherein a luminescent material 1s
15 doped in a portion of both second region and third region.
14, A luminescent device according to claim 13, wherein the luminescent material is a

triplet luminescent diode.

20 15. A luminescent device according to claim 8, wherein the blocking material is an

electron transporting material.
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