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

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

whi ch includes an organi ¢ conpound adapted to effect |um nescence upon
application of an electric field. In particular, the invention relates to a
| um nescent device using an or AIMINESOENTOEVICE! enent, which is lower in
drive voltage and longer in service life than a prior one. In addition,
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organic gonpound can i ncl ude .a singlet .exci ted state and a triplet
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| umi nescence. I'n such organic | um nescént ement, an nic  conpourTd

| ayer is nomogaicdyon dngrgande lumigeschatrelddnnitp HecWO G (ﬁh'ipﬁ\()sd}lasb sufsaenﬁ.he or gani c
| um nescent element is a self-lum nescent type one, in which the organic
conpound |l ayer itself emts light, a backlight used in a conventi onal

l'i qui d cryBesdription pif ée RdatedtArnecessary- Accordingly, the 1 organic

| um nesg&nt el er’art can, be very advantageously fornmed to be thin and
. organic luminescent element is one adapted to effect luminescence upon

application of an electric field. A 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 orgamic compound layer to form excited

25 molecules (referred below to as "molecule exciton"), and the molecule excitons discharge
energy to produce luminescence when retumed 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 pm. Also, since the organic luminescent element is a
self-luminescent type one, in which the organic compound layer itself emits light, a

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



i ghtweight. Also, with, for exanple, an organic conpound |ayer of about
100 to 200 nmin thickness, a tine period having el apsed fromfilling of a
carrier to reconbination thereof 5 is in the order of several tens of
nanosecond taking account of the extent of novenent of the carrier in the
organi ¢ conpound | ayer, and |um nescence is achieved in the order of I|ess
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hi gh- speed £ 3ROSR ldrge/,  DC | ow vol t age dr| ve, and the like, organic
| um nescent ‘el ements” have been given 20 attention as next-gener. atl on flat
panel diGpl ay el Budhers simes ghe wrgé@CoﬂgﬁmeﬁceFUn‘ilﬁ@%‘eﬂff %I epEpt-Sllme type
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and 30 bolUHEYT MUt on of & gl'é hetero struc ur e,
transport !dlgdd:ﬁyﬁpphmmﬁzedmérs,avcdlmNcelﬁp?ﬂ[ieﬁmﬁﬂa&?D)an el ect ron .

2l i ni um ( Sbbr cuPaRH Ghauck dpsiormpactigm i end e B RO RSBty er
which is epspl ﬁivﬁ%lt@% Qifével And NGe qa&S d?ﬁamcf: Qﬁmﬁ)@@fﬂiﬂt eleeniONGaailkcen given
um neSQ(.:Oe n;ttciluglﬁgtncxg\g/énggatgg Hat panlelnglsplay elements. Also, since organic luminescent
elements are of self-luminescent type and large in angle of visibility, they are
comparatively favorable in visibility and believed to be effective as elements used for
displays in portable equipments.
Hereupon, in the constitution of an organic luminescent element described in
25 Literature 1, a camier filling barrier is made srﬁall relative to an organic compound layer
by using as a cathode a relatively stable Mg:Ag alloy of low work function to enhance an
eleciron 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 tramsporting 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 ga layer, a major part of electrons filled froma cathode reaches an
anode without reconbining with holes, making the | um nescent efficiency
very low, since Alga is of electron transporting quality. That is, in order
to have the single-layered organic |um nescent elenent efficiently emtting
l'ight (or drivi ng at | ow voltage) it is necessary 5 to use a materi al

(referred w to as terial" abI f carr i ng both
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functi onabopg@agza;t‘ll q%@g it unnecessary for a kind of organic materi al
to have a varlety of functi'ons (lum nescence, carrier carrying quality,
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high 3 carrying of holes is performed by the hole transporting layer and carrying and
luminescence of electrons are performed by the electron transporting luminescent layer.
Such concept of functional separation has further grown to a concept of double
25 heterostructure (three-layered structure), according to which a luminescent layer is
| inserted between the hole transporting layer and the electron transporting layer
(Literature 3: Chihaya ADACH]I, Shizuo TOXKITO, Tetsuo TSUTSUI and Shego SAITO,
"Electroluminescence in Organic Films with Three-Layered Structure”, Japaﬁes‘e Journal

of Applied Physics, Vol. 27, No. 2, 1.269-1.271 (1988)).

30 Such functional separation has an advantage in that the functional separation
makes it unnecessary for a kind of orgamic 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 molecelar design or the like (for

example, it Is unnecessary to unreasonably search for bipolar materials). That is, a high
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| um nous efficiency can be easily attained by conmbining materials having a
good Ilumnous quality and a carrier carrying quality, respectively. OmM ng
to these advantages, the concept of the |lam nated structure (carrier

bl ocki ng function or functional separation) itself described in Literature

| has been 5 widely utilized till now However, being a junction between
substances, of. di fferent kinds (in.parti.cular, a .junction.Rhetween

haul at 1 noupdl s Bel iRpEehlintL B cSpRlot Bt ety p eood
necessar i | pnihodpaligndnaigyervanyingqualitypiespattieeliyace t he substances. Since
the presence of an energy barrier ir?hi bits novenents of a carrier at the
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pol ynmer de i i i i i ri ' in a
ovel oquiaal bate b Befrl b Sachclnd, & P Rfer ARNE'hftece 06 BT BOMA" 20
r econbikatproblesfsfarccaaned, of a carrier. Accordingly, it denonstrates that a

single layer stryctu hav] l.ess .i.nterfaces. is. actuall owin drjve
vol t age provi dedgf:"jhﬁft H‘FBH% is fhat it syl ing darrigr E@gﬁ}g M&HP%@E&}?W@
an equi val @pfe vREEEDABREIRN Ezfsfﬂc%hﬁ‘é';l%tt&lfwﬁh T65PEE 18lex b B Ada kO RimtiaEsceht any

| am nated structure. This can be exgwai ned to be due to the fact that

novenent s WBements shatjap elegpent ob s singlarlayersd structue Erkingase Of rcovivanisinslymer
bet ween a ;0Qke.id 2R3 RG] mdﬁm@t@ga@ b ngﬁgatv co+n§§§§on andliglerigd

bel ow to as "organic I nterfaces ween respectl S Inan organic
conpound |fayerthe smgldoexxithd ghate) oir pawreervelfickgey i (sniéioe36)t Atitechtureot: Betampl e, -

there is t ho, in ich a.material for. mtigating an ener barrier is
neerted SR heupRncd Bl aht At SROGTYRRRE b ek Sy er
to 30 enh@mﬁed@};@gﬁ,,iwﬂ, 11, Nol m,g:,(sL(ij)(y)y, to reduce drive voltage
(Literature 5: Takeo Waki noto, Yoshinori Fukuda, Kenichi Nagayama, Akira

Yokoi, Hitoshi Nakdduionaii wRBEAC PorsmehdersTibedgifirelum + Bet bipolas msgprial,
TRANSACTI RS G R LR e ek G pac ot e i Sl b wib aprsy o e,
Li t er at2fr gcegmbinetiors effedicricy2d asamiere Agcordongly,nit elctriongtrates grat iasingle layer
structure having less interfaces is actually low in drive voltage provided that a method
making use of a bipolar material can make an equivalent recombination efficiency of a
carrier without the use of any laminated structure.
This can be explained to be due to the fact that movements of a carrier are
- 25 prevented at interfaces (for example, between a hole transporting layer and a luminescent
layer, and referred below to as "organic interfaces") between respective layers in an
organic compo;md layer, and so a higher drive voltage is necessitated.
For eﬁ:amplc, there is a method, in which a material for mitigating an energy
barrier is inserted at an interface between an electrode and an organic compound layer to
30 enhance a carrier filling quality to reduce drive voltage (Literature 5: Takeo Wakimoto,
Yoshinori Fukuda, Kenichi Nagayama, Akira Yokoi, Hitoshi Nakada, and Masami
Tsuchida, "Organic EL Cells Using Alkaline Metal Compounds as Electron Injcétim
lMateﬁaIs", IEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 44, NO. 8§,

1245-1248 (1977)). In Literature 5, the use of Li;O as an electron injecting layer has
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4 been successful in reduction of drive voltage. However, there is a field,
in which the carrier noving quality of an organic interface has not been
sol ved, and which presents an inportant point for comng level wth a |ow
drive voltage in the single layer structure meking use of a bipol ar
material. 5 Further, the other problem caused by an energy barrier is
believed to be an influence on the service |ife of organic |um nescent
el enent s. breAsugcgssimpnapdustion of duve veltageer are i npeded, and brilliance is

| owered due to ild-up,of char . Wi L ny definite theqr as not been
establ i shed wi tﬁqé‘gg‘beg’c%h% %gss%c%ﬁa cﬂvghﬁﬁ‘s “of & 81%"&%{1?33@ thhaé‘r grgagIcy

report thatterfavehasgoobedy sdivédinge Waich fressRireRsRGtand Qofty fbNeshideGva
hol e inject] ng | ayer between an anode and a hol e transporting |ayer and
enpl oyi ng &t 2 ¥ GRYS veltpasar theeingle lavagstarctyre syakinguisa of adnpolqrimatenialt ur e 6:
S. A ¥anS| yke Fpinetl thEGRer BRI MischPBP an” i tyeRhIH REegEant
devices with inpr O\f/:e’d st ab'iarl Pt y", A(fpp?ei eg)glgﬁy‘:ssal’e@ntg?tﬁ%ﬁg,be%fe@ Ecb?)c NS,
15, 2160- dn@gencegeihy seftics life af ofgansaiuthinccprtedementanTeatder invearhalts of a

evi dence t | _ower i of ,brilliance can be. 1 ressed by elimnating

accumul at i on of QGc‘ﬁ%Pregg‘% aggzjrftuba“icﬁé%pﬁ%eﬁ Eg‘le t%gﬂ’i‘#{gg Pﬁ]c%ég‘?sng | ayer and AC

driving. It can Whilsainy idefifiité hBe@Ol&s thoatbeen estbIRBAS Wite dgibchabeshch

structure has an afdvant age in enabling easily enhancing the reconbination
r

ef fi ci encyRGRamispLl detqriogataon, thra sy ¥H0H thaidgkerns pllrdiipage com hecuppresded
terns f i I i: 0, I | f n
or gani Ui et anagls RAPIRLAAE AR offhccIRnORAE A1 TRNE dAbIRHE 1R g™
bl ocki ng cmplo¥ing fodrDEedmving ati A6 dfviogrofi ecehgulapedns (fuverrent 6: 6f 4

carrier a i.nfl.uence .on | ing,Qf drive valtage and_brilliance.
Bri ef Sunr?;ap§py%f§' ’ t%fr}lehl R 1288 ﬂbr‘gl\lj\ﬁ%ﬂg,’ t APy BhSEY Hnﬂ’ges“c?’ltsd%%?eéci’mf‘o
provi de admprayedistabilisy' NAspREY Phydicel @it Vol CRoMik e31dobe dze@bosiyeThk an

advant age %fg}rﬁlictl, nal separation) in a |lamnated structure used i'n the
rel ated aff™ afdSEAHANBESCTHOM Ickpyrimental ewidenesr tey lpveripgiaf veriliiancee pier g
barri e 5P LERSBIscll by liAfdRR GeERARAHBS of Uiflges and AL RidSof £'¥8lc. I Shive
voltage and longer in service [ife than those in the related art. e
parti cul atayer ped AGdsitingn has its object to renove organic interfaces

by manuf act uri ndt S BEPURLPRORe APy B o cR P b o Bt o5

by manufacturing an I

convent i ondvdryages B ehablingadily Sdphugdibig @he irécomMihalvonCéefficiede$ dfMa Qarrier and
| um nescent Igg%gr are bl ocked. for reconbinatjon, and at the sane tine to

real i ze fGHEIEBRS Tohas e mariBksdertion B dems pidupginme! paarauoatandron thefother
pl ur al by hedd ¥eia@b8 of many organic interfaces (in particular, formation of organic interfaces

for blocking carriers for recombination of carriers) impedes movements of a carrier and
has an influence on lowering of drive voltage and brilliance.
Brief Summary of the Invention
Hereupon, the invention has its object to provide an organic luminescent
25 element, which makes the best use of an advantage (functional sepafation) in a Jaminated
structure used in the related art and enhances mobility of a carrer 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 organmic compound layer and enhance mobility of carriers by manufacturing an
_ element of different concept from that of the conventionally used laminated structure, in
which carriers in a Juminescent layer are blocked for recombination, and at the same time
to realize functions (referred below to as "functional realization™) of a plurality of various

materials in the same manner as in functional separation involved in the laminated
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materials in the sanme manner as in functional separation involved in the
| am nated 5 structure. Thereby, the invention has its object to provide an
organi c |l um nescent elenent, which is lower in drive voltage and | onger in
service life than those in the related art. Further, the invention has its
object to provide a |um nescent device, which nakes use of such organic

| um nescent el errﬁ_g {)o thereby be lower. in drive voltage and 5 longer in
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to provi dgnadh lgh&sérrmn@@%u@gaca%d mﬁg&mévﬁ@m@sﬁ H{o%e'npeﬁctrasteg%ﬁ. of such
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of a carrl&F ¥ syop y%ar“‘% EPHEER 19 8’%“' °\§3“ 51%"° %%F@BE‘. ng
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Fig. 1B. In Fig. |A an anode 101 and a hol e |n]bect| ng | ayer 102 _are
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ner gy ba e5|gne

| arge. However, the rrier can stepw se manner
(Fig. 1B)aty inserting as a hoIe injecting | ayer 103 a materlal havi ng a

| evel of highes ccupi e | ecul.ar .orbit

posi ti oned. i e RGN & beng ParRL i b st BoRU T 240 GechBiv b o
functi o ihe weastqef ofisaition of atchicamltiag angkr as it cavial Litdratube S h;xl Kole
transporting | ayer: 20 Designing the stepw se energy barrier as shown in
Fig. 1B mmkesingilayads |6E51=I§plabliy éﬂﬁ‘»&ﬁ@é‘ WHE the p36 ofaryEnargy Yawd diggeasm in Eig-f r om
an el ectrpﬁ', and to surely |lower the drive voltage to sonme extent.

However, there is caused a problemthat an increase in the nunber of
layers.resul ts ImFen lifcmeaselei 101t aed athwibe injedtingr lggeri 102 mteejnfrade:ﬁrecﬂmits is

t hought as cated.i.n Literature res si.b or e fact t
the o ngt shaifbiads ity bt PRy balieoRERSTRY drih, Uit goT g Bver
ef fi ci efChole Gajpeting ghysr DY2 Q¥ @drgoMHOY eFHE NhoredblggNbarkier ican ﬂﬁsﬁitd%ﬁdtﬁh gome

|l evel with drive voltage and power efficiency in the single-layered
st ruct ur eStEpVIse maneeh (Figh dBh by insgsdng ps a gleimiesting daver 409 &y matepalghaving a

mat eri al SCanoPg; Qgﬁbbﬂ’%?:eéia%l&ﬂﬁrc%ﬂl éfeﬁgh Yetthylo %54%M02 [})tosn joned

unnecessary) In a tructure fundanental conc erefor
may be toinmmi@ﬂatenbctmg:an|1¢mgzatmnemtcgiyalt(aqmwdpnt toregdnfuncomin crsgadingetal)

o M AR OO A RS, Ll LT

Demgnmg the stepwise energy barrier as shown in Fig. 1B makes it possible to
enhance the filling quality of a carrier from an electrode, and to surely lower the drive
voltage to some extent. However, there is caused a problem that an increase in the
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 complex molecular design
is unnecessary) in a laminated structure.

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

First, a way to mitigate an energy barrier relative to holes may be to provide a
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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 belowto as "hole transporting m xed | ayer")
obtained by mxing a hole injecting material of high HOMO | evel (small in
I oni zation potential) and a hole transporting material of high hole
mobi | ity together. This way nmekes it possible for a single layer to

real i ze fJavariGHsmed belay ¥0a§ﬁe riole frapspertag aigedh lavist’ )d}‘i’&ﬂm%% nigjngca Al 5
| ayer and ; egﬂﬂéqgétéﬁ%lag 'iﬁ’%rﬁ ﬁcaﬁ@ ARG gsthﬂx?fmay& g&%tfaﬂ LOE NgbR

transportl I'nje material serves’to recelve
hol es fr ortramspmntiag oﬁatamlamfohighehmdh h’rr&nhﬂyollogctﬂlmaﬁﬁpm mtalynmakast i posdibleefioves t o

carry hol e Also, it i.s preferable to form.concentration.gradi ntsinthe
ol & an STt IR thiret el B GRToRs P S dtp o S edieh at Sny SR hal ol e
2, the matigy@fantihecop@tRiondl RSk inadspokingBdyRF, sakh kKM i@ @Raolé GWRRrAY Anade,
and the rate of the hole transporting material increases as it goes away

from t he davdethedpiniiachingsratenial sarvss te gegeiveobiehitpm 7 side of padinede and Hel es
are snoot tﬂoy &ﬁ&gbﬁ\lﬁgﬂt&fﬁﬂs&% {Oq%ng,fhot]&e anode and carried w thout

generation of ge energy barri whi ch contributes to | owering of
drive voltage amlso,pitas qnmfengleofo ey corceintrhBon g‘iadwntadndlthe bnle frarspbhimgsake

of conveni encg St rzil ? Ibﬁ es e used to sho concen rat Ioi radi ents
in Fig. 2mMgedd esadibyd bRt r137 ORE e » entg uéfecting
strai ghip lhdiegal affkakds tswaHf 4l Ghed, amtth&qa@eaf rtﬁé iR %ﬁ@b&ﬂ@ Raefiar med
to increase or decrease. In fact, it is t hought that in nmany caSes the

concentr atm@nasgs adiitigoes away dermi thel anpge.cOPiRg i formpesion] pfesush eapsenripitionThe

same is th T %Eé‘ax%t J}%qtﬁgg%ﬁé‘v (?tffo(r%ﬂ g AfHCH the a%%dg%ﬁﬁ B%‘?J x!vilh&

speci fi caft € presen ubsequently, ate
an ener gy geacmtien of atyolargeceneqryeiaedts, Mﬁchmnthbut’esto ]qmmmng@f dnlvayeltagc and
(referred belowto_as "e hactron transporting mxed |ayer"”) obtained by

m xi ng an PEPBREIPE AL SAYISEHhg material having a low level (large in el ectron

af finityy) of | quesiditmO F6H B Shi¥ObE eohAniQIcR! dirab iR 181ek efte %k@%ts@o@sthe
"LUMO') and an el ectron 25 transporting nmaterial of high electron nobility

t oget her . cPheantration geadients in Pigs &ibwk shereis pot racatpaely Wyaeed of ligyling ¢o such
functions gf ][gﬁ‘lonaksayﬁ?ldsi lé‘&lﬂgigfeﬂg ikt G380 &Plta'tlgﬂaéra(ﬂkﬁlgtt{]()fbrﬂngh ‘?ﬁ%é} hse! @Y €

and a conven ron ransportin ayer ,” suc ectron
t ransport idegreasy. e dack aygrthougm th:iteotmmy ca"spsadtel cugrcemtaronagradients @se tefined

receive electrons fro cathoeandt | ectron trans rtl
ot or | al - BaRpEE ) BeEpng clieaatrioge siBedr B SRE il pef Erieare i Fanip
concengpaldeiibad asliRRpécifibatiof®r SheSresain aplsmss@rt ing mxed |ayer described .
above. That is, as shown in Fig. 3, the rate of the electron injecting
Subsequently, a way {0 mitigate an energy barrier relative to electrons may beto
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 functioﬁs 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 wi thout generation of any |arge
energy barrier, which contributes to lowering of drive voltage and

prol onging af service.life. Fyrther, there is a way to mtigate an energy
Dot or ¢ oraihoE EFciaion, of Aak dese copsypram et coutPufis Hadewaung &) drviny
be provi degoh¥ectarldi REloALinkdY Qrvideafter red below to 5 as "bipolar-natured

m xed |ayer"), which is obtained by mxing a hole transporting naterial of
hi gh hol e nobi | i Hprtheg there s @cwap o tRidigals ant sneERheeier aflagye i ghuslieestemn

mobi lity t . I- S t ) ) reases _inp.carrier
bl ocki ng ?%%%?ﬁgﬁ lgé?’ ];hf' "éersg %gggy%rr}ig#o?%b%%g%ﬂ%’e% g%’? ,farg%fer feeaﬁ%dn%i}o‘gfto

r econbi n&t agr'biffolaatatined inixedhlaybe’), odrécht & dbthined etnc esixifg aohiiki hahspeitingen
an electron transporting,layer..and 10 bi pol ar-natured m xed | ayer, and
bet ween a At r‘ﬁnéﬁhmqlﬁd“&ﬁy@r a’é‘_ﬁ&na"’lfﬁt <] 'é’f“lsﬁ_a{tﬂ’rgeﬂlat% &f mgh glectigpg o,
it is pref i@ IdxelRF. ML AUNSCEHE AtHO MurfindicRNSyel NMdchastl PPl @kidabistrt

m xed | ayer desCribed above. That is, as shown i'n Fi g 4, the rate of URe
hol e transfonctiongt infgrfeedsan betbrends daereainhunidiregreany dé recombinionr ¢ft earnér ishe
el ectron t or.Li terial A5 inRer t e cajhode. .OnM ng to
Format i on SPEnae el Floeleor Dreblfikriravet Bhetelr pERteRPRe i ghd 8
reconbi pat bipolhfndeaka snidedl 18/ £ it 0By Ednea BoTe tlahiporpes faemeed wibigad natured
generation qof any large energy barrier, which contributes to | owering of
drive vol ftgﬁ%edalﬁbjer- prol onging of service life. In addition, it is thought
that in bipol ar- natdireds PrXRGLIIANE forft FBHcESttAonNBMURG R in 20: 'b§MRAr-natured
excitation energy enits l'ight nore. Excitation energy described in tahe
speci f i cat mixed et descpbebatmveabhatiis,aasisbown mal Figa e theanter afythd hixfegransparting
bet ween and L UMD, can _he neasured. b eans ..o he_phgot oel ect r.on
epect r oscob e AniRes O, B8 hoafe, BR°MEGH BT OEgRon, iSRG RS
pot ent i 3. irdkaRes tefdrditgcithede Miingttb dorneNidh@Y sath cendatation pekiditd, Qfeps
spectrum for _the sake of convenience, it is possible to calculate 25 LUMO
from the eREfPHFasH R HGomRMaLon of heles pnd elgpironsase smegihly,Berfommedrwithauty
way to dopge_:xfbrﬁt&tfﬂ e e BERSY Birib ) whitd @RRWRtestoNGWaFind 8t #iedvat 268 dna

| ayer for Tight em ssion.” In this case, the lum nescent material being a
dopant rmsprq%@t@ﬂmfmcebf@;i tation energy than those of the hole

transporting nm b al: . r-QR. . N [ [ ' in
t he bi pol ar - nat uﬁrgéac%llgg’ggé%t% ggletﬁﬁzullﬁ%ééélﬁag%? ,@Fwﬁ%rﬁ“& a f %‘A‘{?ﬁ‘ dse
a dopank0 (lowxreneifatin arrgy enits liglt mype Ekaitation energy described in the specification

of the present application indicates energy difference between HOMO and LUMO.

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

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

ends of absorption spectrum for the sake of conveniencg, 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
bipolar-natured mixed layer for light emission. In this case, the luminesicent 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 wse a dopant (rubrene) of carrier trap type for
further increase in the recombination efficiency of a carmer.

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

energy than that of the luminescent material (that is, capable of preventing dispersion of
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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
of preventing dispersion of 8 nolecular excitons), and the carrier is a
mat eri al capabl e of bl ocking. In many cases, holes are bl ocked. The

i nvent or s BPLECHRT srekeny @mﬁmecawsn Ihaveatereal awpeble ofdilocking. dnnmany sgsss,
(referred Ralow.hidsq. bl ocki ng-natured m xed |ayer"”) obtained by mxing a
bl ocking 5 material and a material of the |um nescent |ayer (or host

mat erial s of theThamveoseent theyeesent hpplidation dase dethed bl wek o doimataulager

m xed | ayer can.gl so functjon . as a |um nescent  layer, and so. can be . ‘
r egar ded aéefgnFﬂ?RC e LR |b3%<rm% Hf)téqudemb’fedeg?' %5 eﬁwvdg%wwg 3 blocking er
and nol & uhaterigk &hd Anmaleiar 6f fhe hiinResdehCHlyaF (ort iRt RiAGIHIN O B HinSidedBexed

| ayer is preferably fornmed with 10 concenfration gradients. This Is

because a layT)i Brthisegase. the ogking naturegf mixed loysk sab ipbselibmgiionsst & hinzinysdent one
of the la : i ' cke r adual |
I ncr easi négfﬁfs{’e a}é\éc: r?ggr?%]?%??é apdc? h% llﬁrﬁ@ggl&ﬁs %{ gl?}?’agﬁ@éggﬁ ed'gl 2&8\%&?&4 om

t he | um rnestarndeyleculaHecaomothereiin recent years, organi c | um nescent

el enents capabl e of convertin 5 ener referred below to as "tripl.et

excited energy" e{n Rﬂ{i@ﬂyﬁr’s d&‘? gﬂé?é{?%-aa n&%‘?‘ﬁr‘ﬁ% 15¢ gredealge famde Withom a

tri pl etyexentaslrationt BadieMsOThidTs BRLARe atakfrlERPISHCRESS ¥EIE ndl g%;m%d, .
e /. O F.

and notice has been taken of their |um nous efficiency (Literatur
O Brien, Nmatprialpan gae ofthedayeamiowhisbris andblscked capdierseytothly mpred oz rederiyy

transfer i.pn. .el-ectrop hpresce evices” l.i,ed Physics Letters, \Vol.
74 No. 2. oS BT LARRARAESE (17 Khkboey BBECES TR SRSt
YANG, Masdaymbkiesoehtlder. Kenji  NAKAMURA, Terui chi. WATANABE, Tai shi TSUJI,

Yoshi nori FUKUDA, Takeo. WAKI MOTO and Satoshi M YAGUCHI, "Hi gh Quantum
EF i ciency i n OFICHPRON. i TProl SEds, SREpRICAUmestent et enmpieeal Gaavariing

Tri pl et1 5ERns5yV@R:f6RBE Bblow tARAMAER exX@itaRAbre9™), AN RUiFNNEEE SrheNPhturmdt
L1502- L1504 999)2. 25 A netal conplex, of Which central retal is

pl atinum ® <t bagassiate iframeratmplet Pxcitaddstate, rigtoaluneisagricehave fooniisuhcassivelyal
metal is | ‘}és‘égfé’al 2hd rbE0 Hal debh GLAIUGE idir Eﬂﬁﬁ&soé&%{éﬁﬁ (ShﬁéPaPu‘?écﬁ%. F.
el ement s (Papa e’ of converting triplet excited energy into Ium nance
(ref err ed (WBtiew Mo AasBdlde, . & Thompses asdS. Bi Fdatdt, tampratddadnerdy ghester in

;P : -ensi ty eie%griog cr)]s(i) oreasgght rclliegpc%g“, lAlf)p igt? ﬂﬁysel}c:sf Lgtitcef\sr: %l.tﬁfgloi. 9, H&e-ztif l(la9t98%,
20 (Literature 8: Tetsuo TSUTSUI, Moon-Fac 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, L1502-11504 (1999)).

25 A metal complex, of which central metal is platinum, is used in Literature 7, and
a metal complex, of which central metal is iridium, is used in Literature 8. These organic
iuminescent elements capable of converting triplet excited .encrgy 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‘luminancc 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 Aluminescent 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 |um nescent elenent, which is long in
service life in addition to high intensity |um nance and high lum-nous 9
ef fi ci encyefbaiedy baseﬂomlmahraawfromaatripidtpkétedesxalét ed state. Accordi ngly,
the invention coyers | icat.ion of its concepl to.a triplet ht .

em tting diode, 8%06?1 ﬁ% AR S EE L EPRY gﬂ‘?’? {O& AtScERICERtNg ’I‘g?B]Ft H8Bt a
| umi neSCenémltin@g’G[od&’ﬁh&@diﬁgxt@dwhﬂzﬁﬂfonbéptr@@é&%@r cheyinp el £ 4 Niehtaess
(or mtigate an energy 5 barrier) to snoothen novenents of a carrier.
Vell, the Iiamremﬂ!sw Biixech &2y6F d aptucgpibici aumbarchmiafachd (ghmitdate e enseey
foIIovm : ch noverments of a carrier are
irrpeded EJrjrﬁt {s%iﬁ@tg ng)rvg%g?tlé(ﬁf%t el\ﬁ%aces First, one of the nechani sns
is thought of , V\Weﬂhthcsngﬁnensatfeﬂc breaamtrnpphbmimgbavelﬂoug‘ht of ganiw® following

interfaces anl C CO Qun yer in an anjc lum nescent_el epent is
e aCes AR LR ¢ COUPAUdLaver L AN P1 gk LUt nesgenty Sl eTent,
organi c Fﬁgume@%gegate due to the internol ecular force nmainly based on
di pol e-di pol'e

i nteraction. However, when such aégregate -of nolecules is
used to form a hefdrene %ftthaéfmhéméllnanﬁ theugll ofi wheahie gpnerpted fronpowsphsilegyt hat

interf S c r t he r t e a
ar eat |y ory snpaic (e FEAL oledbf CAftha ey dn B orlEhE  RuBlhdipl Yicheit &
conf i gur aticemally rcopgrdsed wif ar ,ﬁlnnnmt e aeasphwisestate mathich ﬁlod;echmsldfgarg l‘oe@hicy

di fferent nol ecul,ar sizes H&ed to formt e hetero structur.e,

bel i eved tIPHPGUIA c488E7RaLT dt“ﬁe Htermaleiiar, mainiyobased o ijPOéﬂ fj’@ﬁFFent

The concephtelrfctDAOMbv Ve theglsuchnzaé:%r%atgjof ﬁaofdcﬁﬁ:ts kayeh #lidm?@ fapResed
of small nol ecul es 2101 and a secon er 2112 conposed of |arge nol ecul es

2102 are |smictiae f@minajed pawctune), it iy xsoss,léz that Bggréagss Ohatds.oirgami¢ anteidaces) of
al i gnmeyy zﬁé %e&ﬁ(QQHﬁ@tgre %g%ﬁ’; gﬁ“@&fid 'b?t(ﬁffg%ﬁ@%szn%lﬁofegﬂlg?gﬁzﬁ 3 H%Solgéluiér

possi bl'e that the regions
a barrier c(oofigamzemergy barrier) for inpeding novenents of a carrier, it |s

e e 28 e TR OO 2L S SO L Ner ot o o 9 ve
accumul at ege &&@wﬁ&ﬁhgﬁc hetep® Sighdling, itﬁg%éﬁeveﬁﬂﬂﬂqhhéﬂbn HeBEbi AkPMBss | N
- lum nescence. The other of the mechanl sns i s thought of, which is generated
in the prdéaggseged in alignment. The concept is shown in Fig. Z1. In Fig. 21, a first layer 2111
20 composed of small molecules 2101 and a second layer 2112 composed of large molecules
2102 are laminated together. In this case, regions 2114 of inferior alignment are produced
on an organic interface 2113 formed. '
Since it is possibie that the regions 2114 of inferior alignment shown in Fig. 21
make a barrier (or an energy barrier) for impeding movements of a carrier, it is suggested
25 that they make an obstacle toward further reduction of drive voltage. Also, a carrier,
which cannot go over the energy barrier, accumulates as a charge to possibly induce
reduction, described above, in luminescence.
The other of the mechanisms is thought of, which is generated in the process of
forming a laminated stiucture (that is, organic interfaces). From the view point of
- 30 blocking of a carrier and functional separation, an organic luminescent element of
laminated structure is usually manufactured with the use of a multi-chamber type (in-line
type) deposition apparatus as shown in Fig. 22 in order -to_. avoid contamination at the
time of formation of respective layers.

Fig. 22 is a conceptional view showing an example of a deposition apparatus for

-
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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) deposition apparatus as shown
in Fig. 22 in order to avoid contam nation at the tine of formation of

respectiv aye ig. 22 is a conceptional view show ng an exanple of a
deposi ti o% Eﬁ%‘&r at L&gr gégyerq@ ?‘Bﬁﬁ‘ifﬁg(‘g)“f’ﬁ'é"émloa?@%r@t cqepgsesd of a hole

(doubl e- hef@5808hp l}l&k&'ﬁ%;ﬁé&@&ﬁ%ﬂr%d@ammmn trfﬁﬂggﬂfntgﬁgfes i! P! a sybstrate

| um nescent |ayer, an el ectron transporting | ayer a’ su rat e
Wi th an argédeag anoqlfnﬂammduum tox pxide (reféread bdlowabow TTHOL} o ltl"ﬂﬂ)e)os chhied

ik d d d
of “ul tr aviPot PSS abeY AR RSBt 4R SRR ot (PdgSa "

i rradi abi eacehamebspird ay anafiodeiotetThac Gsadiftic®adfeabdr NoPiRive ! Aldda fsurfdan
t he anode LF@ ggde of _.an oxide such as ITQ it is subjected to oxidation in
B

a pretreat dRaprpisularewhen dhe anadeds made pfan sriesEsh e TVt ingubjestasftot he
| 'am nat ed ogidatioh Yh & ﬁeﬂ%aﬂﬁ%rﬁ cﬁmﬁ%ﬂénf’%hh&g il %cherr tbsfoﬁ—l('it h?;fetcﬁge ﬁe&oﬁf tion

in a deposition cha um nescent | ayer ree co
i ncl udi ng Immategr%@ntlandihb Ihlolﬁ tarspoitmg I8y ig sulfi2gted o depmitidri @ ddspmimns

2202 to 2 ctron transporting | ositio hanber,
3205, " anaangbnef, B L0t ERCRN (Bl imsihding HEF Rgtchal tiigons i
per f or wed Fig 32)Sﬁﬂ|dcﬂéb1ﬁ6lﬂrdhﬁﬁlbcﬁng202&|@fﬂ20mt U eRchon MyAldfodip BHGTREL, an
organi c I um nescent elenment is obtained. Such in-line %e deposition

appar at us 9ARRSILOT ehambes 22A5ansk 2 entherls; ipiaglepesitipn ghamber X6e Finally SF@IW@ is
per formed Pbﬂoﬂhé& il 8"eafifiP Rhhihbon aﬁﬁggﬂﬁr ut ﬁlg} c%ﬂgﬁ%o(g.rt chra Catn' Yhvic

That is, the apparatus Is constricted suc t ma S o e respective
| ayers ar blmmasacatqlcmuedommﬂmdone anot her. Although an |nter| or of the

depositi on apparatus i.s usua (jié’ ressurlz round, 10 Pa, a
trace of gas conmpjondRtle ¥Ry ﬁ(’s‘ @Ppﬁﬁtﬁsgﬁsoanfea? dpetban qusﬁ‘(’nz‘tf e
case ofi5sugfestgr agyedé ¥aGeHBmbd inS &@édnt MRpoSMEN BhdhRGe 2501938 2205,
conmponents Wi || easily forman adsorption Ia{i&er anounting to about a

si ngl e nofeseefteelayldnt is,the apparatus 1§ef@aﬁasctc sedr tiah graferials, of fee raspectivher e
the appar a?@%élnnfkf?iwﬁﬁoh§éh{§tﬁg to manufacture an organic

| um nescent el ement | n a lamnate tructure, it is problematic 25 that
| ar ge i nt erval sAdtheugle rrer attexdiornh |thee tlhm)sntaspepparms Iiaytesmsll)arckpfessumdd tdhat

ropuriy 2RpR 05 % 400 T BB B R BreorhE GiGanERE WasPamhE FovaLdn
duri ng20 ntirr sb3t wfisach Megre Wseacatimf & WRhidoMadtveNe trace of gas components will
easily form an adsorption layer, amounting to about a single molecule layer, in several
seconds.
Accordingly, in the case where the apparatus shown in Fig, 22 is used to
manufacture an organic luminescent element in a laminated structure, it is problematic
25 that large intervals are generated while the respective layers are formed. That is, there is
a fear that an adsorption layer (referred below to as "impurity layer") caused by a trace of
gas components would be formed during intervals in the course of formation c;f the
respective layers, in particular, at the time of conveyance through the second carrying-out
chamber.
30 Flg 23 shows the concept described above. Fig. 23 shows a state, in which when
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 01; the like) is formed between

the first and second layers.
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respective layers, in particular, at the time of conveyance through the
second carrying-out chanber. 30 Fig. 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 ¢ conpound 2302 are |am nated together, an inpurity layer 2313

conposed of a trace qf |npurit 303 (water, oxygen or the like) is forned
between the fi ri?]pﬁﬂﬁ’ L"’fgjébgngorﬁ?éeﬁ"’s“f’%iﬂ TERSEHY JAYPRY Er8ame inseagrs) i dhis
respecti velayer ﬁlaké)!irﬁgz;ﬁ‘it? &Qbﬁ&,fﬁﬁi%ﬁ)aré BabiRis traBBarEb?xrieﬂ:@ilf@r t'thUﬁiH%ion a?rg

regions, which are liable'totrap a carrier, after the conpletion'o
organi ¢ | uf? REgAeEhluIEpeseeRitclement; lethetnpyiimpedemepements 0§ a ohrrier,ahos fesultinghus

wnioh are I BB hE BrE oMby St 98en ibUAS oot B bEB G okt BBt e
in the rggtafisrtae pessaticliaizas areeadcadiutited i therepiont RAPERIAS iGARE tARBon
above. Taki account of _ugh mechani snms, in order to overcone problens
(wor seni ng'™ GIRREAS AEYTIPET 2BP%ani ¢ i nterfaces and formation of inpurity

| ayers) caused atratiig acahill 8t aReH hRBEMHIRALIR b R B1LAGRE pridiohs (fEALhiLE]
that both the el ement structure and the 10 nmanufacturing S’rocess e fre
f r om convedf pynpholege mémigawt intorfaces edd Sormdiaw ef inpurly lagxmjrphesedfatahe

oL & 1 UAESEER RSBl L OMATL S0 ARR RO R acSER

conpos el ofnanufaytuaing proese beffree feeconvamspal tiengnteifahinalat@Nsna ure! £6hk 0N
transportig? terial (referred belowto as "single mxed |ayer") is

provi ded bEHARRIA BbtdM &r8F ofwainesasnh Legertn friporthich (Qrpanie a cgs are
Shi geki  NAKAy i | NNQro 4 ' i r; i . uo
M YASHI TA, " "%%?n ir}gﬁl%@?t ol u%“ﬁ‘é?gié‘nﬂtesgg@?@%?ﬂuéﬁﬁ‘gh%ﬁW@gﬁg @1."%5’?&*%
Layer", Jagrampssed 3dwnbph noifktyxp pif iadebl Plnpssmsting/olaterd8 andlan elBon ttahgptitihg 774
(1994)). In_Literature 9, a singl.e-|ayer structure.is forne y. m Xxing 4,
S obin oo RSBl esteR oF o R R TR D IR BB oo PP B BPERY 1 o
as " TPy , hastteeh regorted (LekAuter BreHIge INEKAY Maztiisa SPHINNLY Hirdike OK ADAT

el ectron transporti ng('squal It the ratio of 1:4. However, in conparing

, t
the singl eHIgsEr AN ﬁg‘ﬁu@Egﬁa?zﬁod\dféﬁsﬁépéd""@ﬁ?@étﬁlﬁ‘é“{hﬂlﬁaﬁw@,‘ Dgvises er o
structure mhgﬁagmw Sﬁ@@'ﬂh?cﬂ"f‘ﬁﬁfaﬁé&eﬁymﬁ 18a PRRIAN Y01 A9, 108, 1 S

denbnstrat ed t the former is inferior to the 1'am nat'ed Structure in.
terns of DERdkdWS(39%Mi ci ency. The reason for this is thought to be that

wi th the single H}‘ ﬁgréltﬁl%eb’, ahoslix?g e-fl;iajlrelrgcfj structure is formed by mixing 4, 4'-bis

20 [N-(3-methylphenyl)-N-phenyl-amino]-bipheny! (referred below to as "TPD"), wﬁich 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
Algs), 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 laminatcd structure functions to block a
carrier, such problem is not caused.

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

organi c colgHBFEcRtaiReion rfbﬁﬁlﬁnf;fom/\m)@h chactrodap{Biak isf a_regiaamhermg carier
respective ef(:%f);de?"%n &H&Qnﬁ? 1R LAGN lﬂﬁﬁeregl\f}}] rl“ﬁ'gﬁ WA & Em{l}," n&% fg&'t Ao

hole transportin a region fear a cat uncti ofis as ron
transportimgovadd dinte thamtiresggntic x:eglpoumﬂr!zgftamnchonmbatlmnaieemm (Dajeﬁ it
(that is, are .e.a carrier reconpi nes an efficjent |ight

b osi on i & HOSHbEQLHh T BanERE TR G | ot reStlectineh 5 msvlth cnsrice
t he entlgegrgfsg@mé,ae@@(ﬁmound | ayer functl ons as a lum nescent l|ayer, it 1is
possi ble that a I| ht emts near an electrode. As a result, quench is
caused in energyln Bis mgeeertakiggeinte cpptideralinn (thatsthensinge  mixsi lager ernpot

d t | t t
Ful Ty, t e i A8 ol En Sh) Bo Thotifons B the SARGR'sorBENGH e B 80
real i ze arnreelizraan corgalm s inentene lebameentt, in whith ehy anyanic gxaaifacasrﬁrerri:ﬂ@esd are

renoved wh oI ar - atur m xed | ayer sho in Fig, 4 is forned as
Lot s R (iR Tl SEowhal Fiae 2 R GG S lusaeserean o

the di spj ofddr ﬂ&eq{méﬂdrﬁ[ ddliz8tidn ifpSssitléd unditeWhc WRRIRBRCEPT ill@aRE "/bqiil 2appve.
In Fig. 24, provided in an organi ¢ conpound | ayer 2403 conposed of %vo

ki nds of &hﬁ?’éﬁh%@cﬁm&ewmga@?ﬂal e transportl ng materi aI and an el ectron
Lranspor L ng matierigl o0 31.6ielB] & bEARRPOLbHARANERAG2405, SONPOSE ofod

hol e transporting ane ec ranspor ting re I
conposed off xameﬁhleahd:lomngraamEcnfahspstgnngmteﬁhl andlngh ledfroee ttangpogimmakeidl i n
whi ch a hol e ortl D% n&terl and an eé?ggeon transporti n rraterl al

are ni xed 64 S‘P\ﬂm r&ﬁm&r?& compesgd 0 JERSBYLE e atpelogitan g
reversels St}a[dslﬁéﬂlﬁhg rq%mn?m%de&ﬁg@bedla M'efé?:tl%nct?érﬁ &%ng%létehﬁl RAVA HBLeON
n dition

the substrate such elenent, a de inite layer structure.
such as a Bgios Wan@pwhtchrﬁghq»lay@nsp@nngonmtzalfzmdnfﬁucle@mw genspoeingempterial

o9l o IEPLESEANL GGG Re [0SR ral Ak £33E e AOR VS sl ETEN

is fornmed, the I'étransportin receive and carry
an anode sitmtetvaganayhbe eideptteﬂpm tvrtads pxocathu@a Q&O@ns girovdded onetheisnbstanel Barry
el ectronsaa%ata cat.hode, s sing he m.xed E’ %I on 2407 is

F R

bi pol ar - ndCHRA; BN STk PR PIHEETR U e PRE (B PedRgh i
2407, @ mdt Brnfed] 4ddedo the emDIrE86n" Rptddentiigdh ragkion iZdded. f or | um nance.
That is, unlike the si ngl e
In the case where such element is formed, the hole transporting material can
receive and carry holes on an anode side and the electron transporting material can
receive and carry electrons on a cathode side. Further, since the mixed region 2407 is
bipolar-patured, 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.

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. Al so, 30 quenching can be prevented by separatlng t he
| um nescent region fromthe both electrodes as far as possible.

Accor di ngl 9183ptc irerienes it refsranse vie Fige Zor diBer8 showsr @emrgagmflummtogy

of organi Cjefi ?E IRERR 1§%J‘ od5 e{@ﬁ:&nd Q&H hike 4 ?é’ﬁ(grf)zS?fl%gﬁ%o%e%t of & snéall

above- ment 1 oned ‘organi c |nter rst, n exp ion w
sol ve t he wolembdsnizpOdf armgllptndﬁd)@]ycomboseﬂ?;of)lawmlacmcel’JS@QeSn&\/atde@fregl&mce

to Fig. 25..Fig. 25.sh | | whi ch i
Lypi fhed 1A H Gont3miten ot ofip Pl SoierulEy GRObEHY asutudea by S afparhs spparent
mol ecul e ﬁaﬁﬂplgazsemtml)zﬁ%r%aﬁmﬁ&@a&g 2188 9RoWREEFH 29, BROAso aﬁ%glgﬁge xed.

region 2513 containing both the small nol ecul es 2501 and | arge nol e
2502. As a%b%%ﬂf%lofﬁkmnﬁ%amz@tprﬁ@@monl y the organl c interfaces 2113

shown i.n Fig. 214y h 114 erlor al i.,gnent .ar e not
present. Also, a so |0§R b foorfrgrlgllté}{)b?ll o% 1jl°mn‘?)u?{t yésr glmglg Ié A
clear. In manﬂf:anhgrthﬂgrgahe: mmnmtlmmmeﬂbwl iQrEpl 2% l&bl@\l.\ﬂnslibrﬁhg

24, a hole tran por%ﬁ)ng naterlgwjds deposited on an anode,. an el ectron
transporti g ari ited oy An; € f“l@leﬂg%stfacnéEP'I"Fégf Wﬁ&?”ﬁ’h i§ [pdditional vt

codeposi® i @pdsfed Qfa[ﬁw%tymnxﬁﬁz & ccﬁ‘ﬁ?oﬁﬁbﬁrto fRAR hﬂﬂacp ésaﬁ M%ﬁer
regi on, deposition of the hole transporting material may t opped

pernit deptsmation off the ixeteceionn dﬁp@m@mrﬂtﬁ thg hade éraDaPOTtlAgcmafdnnbhyay bdnér e

appar at s RO 1o PREBl @b3so0t oF e S RENEA RS It 810 AcHB e el

That is, tﬁmr;ﬁeSem h:meroﬂpmhian |af@/gd‘zﬁfate<ﬂﬁ; isiigticl depositioR Bypdrafe Ehdwn i@l S .

In this ani c Iu nescent e| ement_according to the invention
is free f% Hg’tc Bh 28T Ya ?fellﬁe?ﬁ"é‘l‘ PLFE%@‘ ThatpipatherrpidifoApROTRINILY for

carri erysr ®pmaRed br AR%mphaxa gé;s_adverse i nfluence on drive voltage and
service life of the él enent. rther, there is no problemin |um nescent

ef ficiency by vilt this mannfrfvmwmgnm@nnaw@smoﬂamcstemoadmgrto tho invetion he
lam nated gir H%Hﬁtét‘?l\‘rl\lg&ﬂ}f o3RI ERLEQN $ tﬂa@%&%ﬁté@%&’%rﬁ?a' ssmoofothS Lipl e

het er o- j unction er ent” su ances I’UC
accor di ng kayetrveadvierseribilwimce smmfnvso;od:tagd: end servicediff umﬂmhe elamand Fﬁﬁherbmesai d
to be an 01";; %nll)r%bielrjnmmn u?nciggs}cel?tl e Ci{é}lC}p %)Srei\rqrtgg o) 1an% ving t e ?\B}cnonal separation

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 ks 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
luminescent element comprising an anode, a cathode, and an organic compound layer
provided between the anode and the cathode, and wherein the organic compound layer
comprises a hole {ransporting 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 regton 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 transporting material which is higher in hole nmobility than in

el ectron nobility, ar.elect.ron transporting region conposed of an

el ectron trans poﬁrﬁt iaﬁamﬁﬁ’t ev\aflélr%h?/\lr?%ﬁ W Slﬁf’%ﬂe’rn iFﬁg'eg‘gcf‘rBﬂc N INE y regkam

in hol e mofimpdsyd of hentiefidl fof sMfRe g NerfieCiilMeRRbRG o RAQSELAEAbElv ) t he
anode than Lﬁgl_eleqtron transporti%g regi on, gg@ ggnixed regFon prév%géd

bet ween t & HBISNSCHAS Fterialy mahs Biscrgrbbatwecmamanadsrant pansgani¢ congpoegl on
and cont aiiRidig Akt BAnt | &:deks i | nd £ he .el ectron.. .
transporti ﬁj{:} nat er | alé&{ﬁﬁl ﬁ]éggié‘g??%éﬁ C\E/}mglpﬁg%}fg{és ratﬂ%faurf%r SHERADE R Blipe 24,
a hol e isnjgetibngf rlegirors (refempddetbvoto as feterdminjéding anftanaliNehag HeAinkéedd
filling quality of holes (referr.ed below fo S "hole injecting material")
. bei naRRYEh e R A BRI G bl O R heiaco Beionn
el ectron iapferd tlogréehticling MasRdy 88 iRep®i erial for enhancing a filling 5
quality of electrons (referred below to as "electron injecting material™)

may be inserted INgBisvkase snceatbhdgic miettiag matgrni o dorpauingtcliay enatefalris her |
bot h the =11 ' r.eqj rox Lnj.ecting region be
Mnsert od. nce i of Flfhe £l AR, GAAY rhitfer N HeBRou G et Taters,

i nj ect ilflg inTesthets mevememmbEn icairick dront elducodsy ta oggunid &mpdunldi 1AGerbafdl F
fromelectro e3; ta ogggni c corrglﬁu dla eﬁ‘% It snoot hens novenents of a
carrier frofMerEEPSHENBEACGYRE “88#?%8 g5 eyer, oifhe gurnose of aveiing i n
el imnati mge aboueHeatioNdd TornkRAMIBE anfOnEMRity faQérs! e i E’&QIS-:IBICOFO apvcgﬁogrlnng
t he above-nmentioned formation of any inpurity layers, it 1s preferable to
perform @EpRRatien grithgut Heigrvaln betweshsthp etcorastive Helling spactials eanidi thei organic
mat eri al Sc?ﬁgo{:ﬁ@la?.&%am ¢ conpound | ayers. 15 Hereupon, it is preferable
in terns o arrie al ance control to form concentration gradients in a
m xed A&gi on, wHatumont ai its prefetablehenhedrmst pAnspet itagancaBt@iiAl t@N@ohhe

el ectron transpor.tin terial, .such that the hole transporting materijal
gr adual | yc%%eP§§é8% é‘lﬁtﬁg’&tﬁc@nﬁ PHF?%HG%?FB ‘fvh@%e?‘%’é?‘}’%ﬁofhr EWSB%‘PW%P%@@H al
gr adual | y matéxidl easehe tetsaiofl tParGpéinag andteAs sicrAiafthe KYIE rankfortifie 3RLLAd 0
the invention that the 20 m xed region have a thickness of 10 nrﬁgor nor e

since it PEUNREY decreapss & cprecaimiiomand the rdeition. rapspertinghmatariabaradially
Fover 2 UL St SR TP ER A, M BSRD ALBRTh iR
20 mixed region have a thickness of 10 nm or more since it is also a carrier recombination
region.
Also, the invention covers a structure, as shown in Fig. 26A, in which an organic
compound layer 2603 provides therein a hole transporting region 2605 composed of a
hole transporting material, an electron transporting region 2606 composed of an electron
25 transporting material, and a mixed region 2607, in which the hole 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 fnjecting region and an electron
30 injecting region may be provided between electrodes and organic compound layers.
When the luminescent material 2608 is added to the mixed region 2607, the
Iuminescent material 2608 traf)s a carrier, so that the recombination efficiency is

enhanced and a high luminescent efficiency can be expectcd. 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 to the m xed region 2607. In addition, while an anode 2602 is
provi ded o ubstrate 01, a revers ructure may be adopted, .in mhlch
a cat hode 451Ps$f'gﬁ S%Cdgﬁ“é?ﬁe%ﬂé 8 etralte thay W, lugtipgseent; mpaiedal 7§08

and an el egidiRfim RAxthRSE didfhy AR coifPouREs BineMhded d?@ﬁﬂfe%r}egbﬁ@tsbﬂdes a”d'

organi ¢ conpound layers. Wien the I'um nescent material 2608 is added to the
m xed region 260$EOIHBwHMUﬂgn@%@@huﬂnan@EVaMNQGQSHINéﬁgvdecam&meb cgm Behat

t he reconbj f ency enhanc d_and es t ef |C|ency
can be. ox JEraieR b el e up BT RBRE RO, Ra Bk BB BEERRRS A b

| umi nesc'fer;iosclcbleochafdxﬁ@y zorégi@;i wadrdthetlD@itoseant @satai] israbgyd i8lnot 1h ABRAS.

In this case, ver referable that the | um nescent naterlal 2608
be m ni miEIR 1@ fla{i%rpgé%gaymamga BPYHPBUECUYNE SPHE RaRt) Of dhgrmized
regi on ZGQ% iofl so, quenching caused in energy transfer to el ectrode

materi al s can be prevented by separating the |um nescent regions fromthe
bot h el ectrodes Buthearthasinvéntpmssitsie a sowbirdi agshowna i &gd. cl6Ryher ehichean

I he jr.xed '
put -y O RIs PPyl BPZe o0 Ren Bl Flle el [P ebid 05 PR

Fur t her10 tdfea |hmeenhmspnrtﬁfg/ﬁfa$ermshﬁ @hdcuion, trz&ﬁp@ﬂnﬁgnegm Fi696 ddriposed ofhdrch
an organi ¢ conpound | ayer 2603 provides therein a hole transporting region
2605 conpcfé"é'dmnltﬁa‘ﬁf’orémﬂdpéteflﬁ]aﬁ%@r R segionr 2007, imwhighdhe hete FRRsRepEEIE i ng

regi on 26%atf=;ﬁaip9§&%9fe1@ar&,l &%he apseRLLt bf&gnﬁféderidg%'thera'agd % Bhotkehe

region 2607, in which the hole t ans&%rtlng materi'al and the el ectron
transport mgcnalt 26(%ls @idedthxbd mizgéttgirn 26Hd. o dldied, nghilaran enodd 2660% i s

dded h d ddi
ey e oyl B8 4 S Bu2 900, 4 BRSSP MivLBe A RELT8 5088 2 Farnodti o

a cat hade 2554359ﬁm1@edodszomeokﬁds@aethﬁo$u%:er @jetinAr&on and 8 eleciibe eljedithg
region and an el ectron |g$ect|n regi on may be prOV|ded bet ween electrodes

and or ganiTeIEBAFIIRPTPE} Eem\ﬁﬁ@ﬁlepﬁed%a&ér@rs?@lwaﬁ 26B9 i s added to

the m xed regi onyR69%he tth@cklﬁgcfﬁﬁmhgﬁtﬂégﬁ ief ddaea etﬂcﬁhcoxfnu&%r fé n 12807, the
t he-m xed regi on 2607 is enhanced and di spersion mol ecul ex0|tons 'S

pr event ed re@mblnmomeﬂﬁcmmcy wiicagss énthe fofikash l@gw Zﬁé)ﬁ ip enksnged apd dispersion
e T e
2607. A0sdn shineeasd, Hﬁ)vbév&ﬁ,kitng; ;’méfexl’ablﬁ thas trhianmoelaﬁgs;nﬁmnﬁt ibe Nfakiindh 0fK
one of hme?téﬂatmn energy level among materials contamed in the mixed region 2607.

Also, since the blocking material in many cases functions to block one of holes
and electrons, it sometimes destroys a carrier balance in the mixed region when doped
over the entire mixed region. Accordingly, a region where the blocking material is doped

26 is-not an entire region in the mixed region but may be a part (in particular, end part) of
the mixed region. |

In addition, as a more preferable example in Fig. 26B, a luminescent material

- 2608 is added. That is, this configuration comprises a combination with that in Fig. 26A.

In the case where the blocking material 2609 is of hole blocking quality, the luminescent

30 material 2608 is made efficiently luminescent by adding a hole blocking material to a

side nearer a cathode than a region where the luminescent material 2608 is added, as
shown in Fig. 26B.

Also, appliczition of the invention to triplet light erﬁitting 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
addition, as a rmre preferable exanple in Fig. 26B, a Ium' nescent mat eri al
2608 is a at onfi nb

that in Fi %di%: oked 13%6}%2“8{5:%1%%%@ tm %fﬁhoc |ngt§(?u ]enralna %6@&1 umlqouhol e
bl ocki ng @@adiédcy,babditor lufinaRe Evim aﬂnptat@rcnad: st2@08 is nmade efficiently

| um nescent by adding.a haole blocking material to a side nearer a cathode
than a region mﬂér%idﬂt%lal%?ﬁ%%é%‘nﬂ’og%&“@? efitonsoare; E‘r%'défédhf%é%on FRERN 3n

Fig. 26B. greda%h' ﬁﬁgkﬁ@o@écu&éﬁ@xélmﬁnﬁﬂ Rk dsik I%ﬁt I §titin V%ﬁmatetﬂap%e

di odes can ovid functional | umnescent el ement,
in servibc eohiairmdaa th&)mrmendedgmt Bhatlig SLtéttaﬂl W@ﬁhsrcfe@m tp AFig. 12685 #tisidesi@dithat
addition to hi ef fi stgd on

| uni nance #P3M'a ‘E%Pagﬁn qtl%)%?rtngg%gp 8XC1 ela rcﬁytl oonﬂl%ilf]?l%cg (f{%g?ﬂgdﬁ‘%l ecul e

exci tons ake'tipled ¢uhihedidnt ustenalle bgtﬁseaSas mrrmmlﬁebcmt hlaﬁdri’agDSBUS nawdethe! e
excitons, it is preferable that a blocking material be 5 contained in the
m xed r egibdekimgrmpterial 2600 headdyd atihe 84m8¢ BMee to Fig. 26B, it is desired

that a material ap leﬁt ffcxsglgié%rsmtme%ﬂ R flfa @86 \Fvﬁijb@ﬂé‘srcﬁﬁed ﬂlt&stlrmllaance
(referred bel ow to | um nescent material”™) be used as the

| umi nedée mmVMgrthaladQlﬁOB cﬁrihle tmmnemcotmatﬁglaha$ ehowah 12 508. BeA addedBatig-he
sane tine,. 7 bseg?%rcltl%ﬁg texar?l es suitable for manufacture will be
descri bed 4/FEgW§ FEPEt SY§CUol ving the addition of the | unminescent

material as showgth AnFidiSent 2Rewang FREB7, fidided3n aahnpsnis uehpelRnantr 2703
structure. Wth an el enent shown in_Fig. 27, provided in an organic

conpound icay@ining ghole sipsRaFing mRteriAl and randpeiran HanspertEs Iaﬁtcalﬁb atga hole
el ectron E@ﬂg@ﬂ{.é &mtmakoﬁhgsca lop! & h&l@aﬂ% o}ﬂu{g hAGHAN A Wectron
(0]

conposed nsportl ng terial, an electron 15 transportl ng
region 157(i7ﬁnqmmn§ eelgxoﬁ Zﬂﬁmettmnposmh dfrzanskgoltr@m mglnsnmrsng alhatclaaidaad @i med

regi on 2707 ch t tra ortin ternial ctron.

transporti regjon &aﬁ? g1V, g}cg xgale E@@ﬁmggnggtm er&%r?ré ﬁecﬁogntaa:gportmg

| um nescephatdfdihideamideOodetticr dtUaN RABRE rits, aﬁiﬂeﬂlﬁrﬁmhkt&nmnm&mlm%nf&707
to forma |um nescent region. Wile an anode 2702 i s provided o

subst r at e lomance iy addadste Sermtied risgiony2 B Watsmed luminesgank ﬁeg‘%r‘\é'%éataﬂode
2704 is p aﬁc\'ﬂléj%%)ﬂ ﬁl‘g\%dé&' B8 Tarsﬁﬂﬁraté Q’?@Ij di ki Qse stﬁ!lcguregﬁaysﬁ@&ﬁ)p?ed in which

concentration profi I'e 1'n the case where the ratio of
20 a cathode 2704 is provided on the substrate.

In addition, Fig. 28 shbws 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 eclectrons 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 Kkeeps the luminescent region away from the
electrodes to prevent guenching 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 on a cathode side. Further, since the m xed region 2707 is

bi pol ar-natured, both holes and el ectrons can nove in the m xed region
2707. Al so lumggsernticlemens caumprising prtangds,: 3 CpHOUG candi etirgapigi emnpoed, layer
manuf act ur r e e re

cont a; ni ng ¥ pacf BitwldBife anby! InFIRCEhGHe, b wilchin WTLRSEE B8 oy,
That is, addntprees Gf hbhetrhmpond!@eegiomaaompoabd dfoa tHoke m'anqd)rt’lﬂgllﬁﬂcﬂﬁO?an
prevents a arrle from@gssm in the nhxed regi on without recaqmbination,

and at the SSEHE rf%ng’é‘ rEET COMRPRERL 8h A0y BlGFUERR SRBP R R e 1ale Beli¥des
to prevest rgxienphbidedBaSREN B A€ 1Bh hﬁﬁgi&gm%qqa@u@edran trhA oA E RN

provi des a | uminescent device conprising an organic | um nescent” elenent
conpri si ng 28A caRtdRing dhe heksomnsperiaganaterglaandct @lﬂ?ﬁ@ﬁdr@é})@?mg pnmm;l@d a
between th C ound

conpri ses ? ﬁﬂﬁgﬁt@ggs%gf ?%Q]?g(%%?\%coﬁpo igh %0@1391% ?grﬁfer ‘é‘ﬁ’g‘@gr 1Ny 2/

mat eri al , arhicleh hﬂnmemehtmlaaapmr idapg:drtegr@mﬂonmmeﬁsmﬁdem el ectron

transporti ng nat a mxe i on vi ded betvveen the hol.e
transgortl ng regEi %QHI‘P“I% I‘n‘e‘seﬁrﬁgﬁtggﬂwéﬁgg YPIesgnt BgiaR! gl dncaritativg

the hol got LABEROLS baEparel aitRlth@ndid Rengofsld Hudd=RRRRORE | M FRt Gﬁﬂsgbnﬁ,f% a
particular ratio, and a |um nescent region, which is provided in th

regi on and materialiTleiR isfor the propessf pmwetlnabnngamr@&rm mpleogbaexcitans. nance | s
added In addl t I %BSO I\thh ?héagtgl ?urglghgw}l h[?ké r}% | ‘l‘llnie %&n%rcrgtltﬁrﬁéorﬁ%?sga zl

I n excitation energy as corrpared &> ol e THans

and the el eeitérdal for nfipeding ROfillingt @raliey of Hols (rsfefmﬁ Hel@v QUra809@10injecting
preventing enerzagy) transfer in nolecule ex&b s. Alsp, with the structure

shown in Fifte may, hednperfedohbgtygen agiash 8R QEBic ‘éomPﬁH{’\é]r fayer. pdso, an
enhanci ng @Iefctrbh' Mecanp! ﬂegbﬁnof:orﬂﬁés‘%% of &f Elra[c‘:r’ﬂl et @WhdrRifS a” AlinG Hﬁﬁlﬁftdfng

material") may be inserted between an anode and an organic conpound |ayer
Al so, an 18lcsitens (rsferrad) l@d@wng asé glegﬁonemp@mmetenal“brmaefrbcainsemd bethang | |ang

R

material " e I nser Ween a e or
| ayer. Furblmetron hl;-ectungheglbnlnm}anmsﬁnedg region and the electron injecting

region may be inserted. In.t a si.nce the -hole injectin materlal or
el gct ron iynj ecti i’@; this ass Fnclestﬁ‘él?‘ %omm‘@%ﬁaﬁ“e?%}r"frﬁz %4“&&3"&“8%1“??%‘?" df 2

carrier20i kst ffop Fedlchtd basleger 6f agRRIMIiILL MM BIEctrodes 10 organic compound
layers, it smoothens movements of a carrier from electrodes to organic compound layers,
and so is effective in eliminating accumulation of charges. However, for the ﬁurpose of
avoiding the above-mentioned formation of any impurity layers, it is preferable to
perform deposition without intervals between the respective filling materials and the
25 organic compound layers.

Also, a part {substantially centrally positioned as it becomes of bipolar-natured)
for recombination of a carrier ié substantially determined in a mixed region depending
upon its mixin;g 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 re-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
Wi thout intervals between the respective filling materials and the 25
organi ¢ conpound | ayers. Also, a part (substantially centrally positioned
as it becamesiafahl pisd alectrah utradporting masciireatixed togetherc aandi ®r wihéch a

substantiglly determned.in m xed, regi on _de j n its mxing

ot o ac CUPIRCAGH MRLET i B derad frbloeRing miiEga o8 e et e b mikel s

m xed regixqp7.( i 4ddididn) willldt alBinoBe Zdded provRledadd aOdubshifteM7AY o RYeR
(Fig. 29B). In 30 addition, the reference nunerals in Fig. 27 are referred

to in Fi gstrugtgre may begdopiedy ithwhich feathedeA{Gdols previded on the substraice Alws a
shown iR Fig. . i ' is G I '

her ei nBa PR iTpnelFhal Gl P olRLAGE BRI BUkith ' be pfPap] BELARS, the
mat eri al , e@ptrotiesid o oiganis@anpound la@gi on 2706 conposed of an el ectron
transporting material, and a m X region. 2707, in whjch the haole . .

L ranepor i ng 180 s Etear 18 RECTFRBISCEEILE QUGB o] B MTEMTaR CXF i e
toget her, .and tigydMbiotnatbHRlsSRGENd HBhEHiRa IcsiROER andnsk Shdh A%k 1Q

material 2/097is addedto the mxed region 2707. In addition, while an
anode 270Zuiciopraf\iildddngnr cargebet preventEpdispersioavarselecele rayeitense Wgn the
adopt e i ich a.c e i I . : . 5
ol o 1 10 btek e gl AR 5 AR b Tuf MO LR 1 iR feShiBhiod s Btiedy
bet ween t b€ caglee i tedaigAddeion 2N0JaR cthaesd and dispaysem. of molehils exaisens dair i S

preferable that the bl ocking naterial be. maxi num.in exci ion energ
| evel anpi§ PReMcBEGdare that 2 ER deoineseans "Slfé‘lfyr‘i?ﬂi'??nex??@?églaﬂwﬁ\ée’oﬂ%c%é\?i ng

the funCthirfg ﬁmté}ﬁfi 139 PG b 4se € FufbtidHs ENE BidcR U0l SPEHoHsOBnd®leldMRloRS Ukt
exci tons. en e 10 bl ocking nmaterial 2709 is added to the m xed region

2707, t he somectms detioyn aglafiier babangce inthecaixeiddegion Wika adide@tp thegitire 22Gd | s
enhanc and di sper s f_mol ecul &. jt . a
5 R0tet ROGHTRED, AursBRinn B it e QHAGHE Thar B g SUEDE B ot LR °

hi gh | ncy=cah be éxpecte , since
mat eri al irggiomiythe agirsd fegivat huaisa port bf dekmixaé repfiohol es and el ectrons, it

sonetinmes destroys a carri bal ncg iT he rrixedlr.egi on en,added to the
entire mxed 15/HeyitHIAEHEF R he & Q%H?%W,atetnﬁ whit Srptel BPEOES AgY 10

mat eri al  ipgoRdsIRYel, tisat BQtis 3Bp M bf BlockingiHlesl Ack&i@indly @0wiLH &8 Hblockimgd
part of the m xed region. A'so, usually effective for the blocking naterial
i s a mat emasgrialpiacesthosiel ide ratheribmpmalregien, to which; alumigescapiappierigk 2Hi%iski ng

hol es. 260(58&% g&q}s%migswvéﬁcﬁ%g?} bl ocking material to a cathode side

rat her “than a’region, T'um nescent material 2708 i's )
Further, application of a triplet light emitting material as a luminescent material

added to such element structure can provide a highly functional luminescent element,
which is long in service life in addition to high intensity luminance and high luminous
efficiency based on luminance from a triplet excited state. In addition, since triplet
25 molecule excitons are large in diffusion length as compared with singlet molecuie
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 transporting material and the

electron ftransporting 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 naterial as a lum nescent material 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 efficiency based on lumnance froma triplet excited state. In
addition, since triplet 25 nolecule excitons are large in diffusion |ength
as conpar adcambinatiomigigian, Hob sevied te keve dpeme thicknesp e pepalJP PR @ cgrrier

bl ocki ng mat er.i al nt.ai ned.in ] xe ' J j t he
above- e ngl8 @ﬁ%sd%fﬁ‘%gaﬁg%%l?’olﬁ?ég%{#ﬁrgégﬁ tgk é(. ”éécﬁ%gg&t ?%J%gﬁi@%sgs ?rﬂaitlg??]a and
t he el ect rfadrel 124315 pakihg igronaingide altionsthatesuegienl whichebarbmebibpmilarnavatdy isd,

it is preferable that the ratio of ss of. the hole trangporting materi al
to 30 totHeh peEEsgRce Hds Aeyitsdihal VE HRyCiResS ?Jﬁo Bﬁ‘o"rtﬁ%é' el ectron

transporsf i ng rmt&'iﬁnﬁine&delni ReiBd X@tdch @loWer B dAife YoRigd BiElorpst i8QeiBi@) life€SS.

However, the ratio is believed to vary wdely depending upon a conbination
of mat eri dhan a prisoone icam be phwididdedpraciitiog theonperiemn dscribre shove. Further, an
transporting material and.the. electron t g rj I a
| um noscereBgeoR e phartict € Jofsf ) bV SAPIRREE IR TRME dBiiE L) e

required tgiddamecad wQPrBvittd 6hee stnsRcasedipt theaspof sich lamamscdnedevitd pass
by. Accordingly, it is desired that the m xed regi on have a thickness of 10
nmor nore. Also, taking into consideration that a region, which becones

bi pol ar ; EStionBfdhe S0 QNS ABE Bre Dibwirksdesi red that the above

t hi ckngy;q%%gf?%gm \or 1ess 5 A | um nesgent dIe%\ﬁi ce, whichis lower in drive
vol t age and | ondégs.ilh adrAB are vi¢wseshophagiths rpieicdda hoheinjesing bwyepr ovi ded by
practicing the invention describe boy Fur r, an electric appliance,
which is I ower ilpﬁg' ’\félrv‘%%ﬁ@%Wicgﬂgeggrag%%difgfsabI e than in the prior
art, can be prowigelisawheaw AhdwingContetraliyn phdiense of such | um nescent

device. 10 Brief_ Description of the Several Views of the Drawi ngs Figs. 1A
and 1B are vi endFigtbitiagey shovipsopeenirahon gadifiteting layer. Fig. 2 is a
vi ew shgu ng congemny ialJioR sgmﬁtgﬁ%ﬂé Siruchird of 3n bizaBicMuBMh B Rehent. _
concentration gradients. Fig. 4 1is a view show ng concentration gradients.
15 Fig. 5 is a g shougwghowingdhe stonotire 0ban grgapicganieestepricleasabnt
element. Fig. G.is,a view_show he,sLr f LR SudptM nescent
element. Fig. '$s Igav‘fl%‘\yvsg%%m Egc %t ecu% ngjﬁ'gf’%n%‘mgﬁnegr ganlec Ttm nescent
element. Fig. Figs8 B awiewsbtwinignle tthetat ofieh organsf luarinacgaelemdntim nescent
element. ' Fig. 9.1s a view lEhoyvi ng t he strklct ure of. an or 9 njc | ym nescent
el enent . Fig. 9 1s a view showing the structure of an organic luminescent element.
20 Fig. 10 is a view showing the structure of an organic luminescent 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 showi ng the top surface construction and
sectional 25 construction of a |um nescent device. Figs. 14A to 14C are
views showi ng the top surface construction and sectional construction of a
| um nescent devi 8. 24isgsviewshowing aidpositien oppavaiushowi ng t he confi gurati on
of a | um nescent i ce. . Fi . n B are vi show ng the
configuration ofFlg‘e%@u%%n‘gg\gesﬁﬁwﬁés}e\%g@%aég" |agnslfIm pﬁﬁﬁagerlﬁ are views

showi ng concr et eFigx2hislacdewfshelimgtthé snappt bfacepanicilgsined&ht slchedBB ar e
vi ews showi ng concrete exanphes_ of electric appliances. Figs. 19A and 19B

are views show ngeenetdyV1B¥TA0HIEGPAHRC EPHSIEDITACTIPUDBEYAFe vi ews showi ng
energy band di AOFigIE26A Bh 26BlarkSidwy SEWmB N Beudibe S A 6: Bi@ﬂm‘ﬁh&%@{f
conpound | ayer. 0O Fig. 22 is a view showng a deposition apparatus. Fig.
23 is a vidsmgHowi ng the formation of an inmpurity layer. Fig. 24 is a view

showi ng the str . Qf . ani.c lumnesgent elenent. Fig. 25 is a view
showi ng the st atgecr” 5% AEN R st B reoiiineses! Srmesion” ar e

vi ews show ng t Meigs28 igatwiewe shdwimg adogedtt@tibnipiofidscent elenment. Fig. 27 is
a view showi ng the structure of an organic |um nescent element. Fig. 28 is
a view show ng lg%r?é&ta?‘i@g@narsr‘am ovging dhe siguctursohayporgagis fustigessaBini ng
t he stryctidge®f an organic |um nescent 10 elenment. Figs. 30A and 30B are
views showi ng the structure of anjorganic |umnescent elenent. Figs. 31A
and 31B are vi evidgshd agd 30Bewosiitwsoshaypiparthe sisuctuE efsan 8ananbingR&cante

Vi ews show 8 deposition apparatus. 15 Fig. 33 is a view showi ng the
structure of an organic lumnescent elenent. Fig. 34 is a view show ng the

sectional const riigd. BOA aid 3B arevitesschointeyvdopesitiofapparasi S a vi ew show ng
the sectional caqnstruction of a |um nescent device. Figs. 36A to 36C are
vi ews showi ng t Hd&t A28 Br viswsahpwigrdepasifion appasatus.

15 Fig. 33 is a view showing the structure of an organic luminescent element.
Fig. 34 is a view showing the sectional construction of a luminescent device.
Fig. 35 is a view showing the sectional construction of a luminescent device.
Figs. 36A to 36C are views showing the configuration of a luminescent device.
Fig. 37 is a view showimg the circuit structure.
20
Detailed Description of the Invention
Embodiments of the invention will be déscribed 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 appliéablc. ,
First, an explanation will be given to an embodiment of an organic luminescent
30 element formed with a hole transporting mixed layer with reference to Fig. 5. In Fig. 5,
there is shown a structurc; 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
the Invention 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 enmbodi nent will be described with 25 respect to an el enment structure,
in which a transsparent anode is formed on a substrate and |um nescence is
t aken out lpygmSHakesmdueee gldupangsgencs. The heleuraasparingviiizes lagied HBsis dommecd s

taken out y pi: . fAMRREoADHoR iHEEHE HEErial ¥ lcilirkisBlinkSdi@lign out from

a side. opposite 1o the substr re app rs an expl anati on
wi || be given t onaaidétidodhenboit tahspoiting gaxndédlayemitias demicd, 30 sledvenrdnFigf 2y ned

with a hole transporting m xed |ayer with reference.to Fig. 5. In Fig. 5,
there is sHhA CS“&"E?‘EP&‘PgrE'é?_d‘FWv i ehoapstisy o teAplpbreating itggH A ier ols,
| um nes@enitanshéNRl mPMEriaRln BhiS ChdcOR K HAICRBId IHA0thHeRs irg&feinlgafﬂﬁcﬁalcl?év@%d?
506 are lamnated on a substrate 501 having an anode 502. [n addition, it

i s possi blsteepheancenieatiamendiroe frapidly slampseeitq snodst side)seherea highly inswdating e
Lranspor t ihefThr it bR ROR oRie Ofot KT RO LERNRRSALRY. | 21 | ayer 505

t akes charge um nescence. transpo ayer 503 is
formed by a m xSubseqamtihohh eblanation evillnpe givengonai embalingem o &robzanic

transporting.material. In addjtion, the hole transporti m xed | ayer 503
is for rred,lmg%ﬂf‘éﬁm??fﬁerﬁr}@f_mé Wikl 4 CBERIPOTARE GG TakeBith gafpience o

consi sti) Gfigt e el d, Mh&etis REWRLLEdRluRNth WARKHOhBle RadshBARRORYEMNED3, a
material. In this case, it is preferable that the hole injecting material
have a st deminssponreyatGidn agelatirontiranspyrtigi yidednhivey 605 ansodleatbpdePOhhn a

M S0, S A LAl B e AT S BRI U

enbodi mentlumiinedtem 1gRMico4 i hob ingseanbutehe BRbirod trangpdrinig hixed 1&fce OS5 O the
transporting m xed |ayer, with reference tq 10 Fig. 6 Iq Fig. 6, there is
shown a stholfcTAPEPOTHAE WRYEhOE Hetes ehansrs ﬁSrIPmH&SF%’g& Tho Fleciron HEpsporng
layer G@A.n@&Rdq %ﬁ:‘% 608 Ns TS RNSPOF & Iniigtndik e Bolipdein 80aroRik@ingahiteds KAGAr e

| am nated on a substrate 601 having an anode 602. In addition, it is

possi bl e tehestronfenspartingesdssid. | ayer 604 is not inserted, but the electron

transporting m xed Jl.ayer .60 r the hale tr [t e a

charge of |um n)eig}caéj ﬁg}elo.n’ Illheeagﬁéo {}%%SPP ﬁﬁlﬁsr%loxr%? ﬁ%:r%?ggnnégg%e Foar%%?’ %SO‘cél%i &
formed by ia Rig.3, wieh afcohcdntratibn @raditac whith dodpeGtifnhe oRteon djcaing mmcrial
SRR TR W LR R L TS B S R

20 injecting material have a steep conceniration gradient ‘(rapidly damping to anode side)
when a highly insulating material such as lithivm fluoride is used as the electron
injecting material.

Subsequently, an explanation will be given to an embodiment of an organic

Iuminescent 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 formeéd 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‘ole transporting region 2405

and an electron transporting 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 nmaterial have a steep
concentration gradient (rapidly danping to anode 'side) when a highly
insulating material such as lithiumfluoride is used as the electron
injecting material. . Subsequently, an explanation will be given to an
enmbodi mentcomtitmenomgeniat of therfiode samsport@lgeragiin 2405nfed aliold trandpoftilgamatagibur ed
m xed layer, with.reference tq Fi 7. .25 1n Fig..7, there is shown a

St ruct ur &, CIPR] o (e AEREH Frgier ARG, nd BRinge CoBistens msterial o B SiPsiER

| ayer 704, raRpehiat fe@ibnl MEF tdsh bRY86n (Rspaiide SnfafiltodmtAil& & e mixed

| am nated on_a substrate 701 having an anod% 70%. The bi pol ar-natured m xed
| ayer 704 regwnt FHhednhisacage.xibarceisoin pdrantage hahore kindsnafpemepagdsds doijeal

and an . tr ' | . - 14 t he _Dbi,pol ar - nat ured
mixed | ayariink ARSRRL A URLRL) Mansilhb RRE B 150 o5 BE: Bl
gradi ent, thbipetior censilbtis comptibe theohde tranmpgrang iragionplaiihalce@n@gloie and the

el ectron transporting jaterj al Q, as.shown in Fig. 24, a mxed region
2407, a hdlEh ﬁﬁ@ﬁagmnﬁgr_ﬁvegi Bh‘%fl@@’ Faueh ney Qwow Figafbiobele ARjeFi& on
2406 may heySURLEBS inkehi¥d bOkwaeH aRYinddd P80 RanLtheIRNS &bﬁdﬁ%ﬂingﬁ@%ﬁh'ﬁbspéndt he
hol e transporting regi on 2405 for a hole transporting nmaterial contal ned

in the meadeleeighmin2d0 layad mayi b inseciod dictwerme catitode i 2404 0fndt the @e@otr on
transpqgrijf it%s grgf]gg%%é;‘pg?({éor an electron transporting material contained in
' regl on on”

t he m xed this case, there is an advantage that two ki nds
of conpounds (a $wwheléntéitanapard isngnbodiel iogirevent faimatilot OF A impaARSpET! inng
material) can serve as three layers in the prior art, whjch conprise the
hol e t r ansPisr ¢45FgCelio6ss PluMARBRCRIRIDE WY OBSARIG PIDR¥CenE Flsgepb s tmportant.

transpor t ippge! S0ELMnplk RufsllE 6500 meldd OB NAEwFRE WicH Blefredt ﬂ?&mr@ Wl

injecting layer may be inserted between an anode 2402 and the hole
t ranspor t idescrreedi on 2405, and an el ectron injecting |ayer may be inserted

bet wee cat ho 2 n e electron ,10 transporti r.eqi on 2406...Such
el emen'L1 5§t ruct u%gﬁ"gﬂg& %‘glﬁe 4 eocopnrcg té?]l}alfvcljer‘)vns'n%hl()(‘)’Jr%“%1‘1I dégﬁoﬁlt ?W%gﬁflﬁﬁg‘. I n
this case31hés preephe dbwnaowiag the hpjgrat0s.OTigademdsitom HILOR isedfeirsingle S
| mportant. re, an exanple - suitable for a nethod of nmanufacturing such
el errent stCF‘ﬁ'lé“g'E’? R 1P WRICh & Siei g ygeuvrs Crl‘ﬁaag%r ?ﬂi%%@i%ﬂ%ﬁ% 2 8FR8PIonal

vi ews shownhR@bar, 48RASHlutAMy FPRRPp&HiHSh shitides ardlftobRled ih MR PARRDY v EWe1S PO Ng
t he appar at us. The deposition apparatus is of a single
separately received in the plurality of deposition sources are various materials of
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 (ITO or the like) is first conveyed in a conveyance chamber, and is subjected to
25 oxidation in a pretreatment chamber in the case where the anode is an oxide such as ITO
(in addition, although not shown in Fig. 31A, it is possible to install an ultraviolet
irradiation chamber for cleaning of anode surfaces). Fuﬁher, all the materials forming an
organic luminescent element are subjected to deposition in the vacuum chambef 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 shott, 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
materials of a hole injecting material, hole transporting material,

el ectron transporting material; electron injecting material, bl ocking

mat eri al , limmeasesd ed¢menttafrihalpreseat hodetion withudbh we pdsi ddipositiap pppataus off t h
t he deposition.chanber, a, substrate havi n de (ITO ar the lik IS
lrst ConfupBaiels FhaBheb Yo B brisTeree thig o Bhif dteeborasioy] hiheon
in a pretraghifthafbeNBErQ) Fot (he seAFRCIWNET BlubRicH) FIe 1B SHbwdXthe Hréiéabreds

| TO (in addition, although not shown in Fig. 31A it is possible to instal

an ul t r aviod| ferming am@reamo AOBRAMNTe Y P IiFR £APHYS Of Bhelgdransporsiogapaterial
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subjected to depositionin't vacuum cha However, a cat
be f or med hamirghtv depositicrh sodrees Ghlérganicacomgmpandtdepdgpos isbinen #3018 hadier
may be provided for formati.on of a ¢ tlg de. In short, it is sufficient that

deposi t i o EARIGEIPPRPAAFPOFIHOR FWIrCS ‘vacuum chamber 3110 until a cathode

is formed. Fingtity;a &R0 hal P ne5680516 RMBAcd Budediabetn @hhBber
bei ng subjected to sealing in a sealing chanber and taken out fromthe

conveyanc&ldBaanseis finedughn dixatien ibase Hahtthe sustiaiepisapemally witkled pduripigven
to theqpr .2 0f f j | I A - el at, of the
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chanber t yowemistprefeedtde)cncesded aFl 1P isikBtedao avapsrasabt holeadranspemingf mithgal

vacuum ch r 3110). For e.sinplicity of illustration, Fig. 31B sho
the pr oceg\g?g a‘%'fa‘f Pﬂ?rnﬁg’]talg 5r geried }&Srszﬂﬂﬂﬂ qfa@“é’P?“\Rﬂi 2T RS wev(fl
hol e t ran%@?ﬁéﬂi&g rdi@?@rﬁi;f[hmﬁs])gi]slr@aai&d. A B! R edsePRFIACTE hRG HEREA e

3117, with e use of a vacuum chanber 3110 having two deposition Sources
(an or ganiashuterduildd isiepsssi t i on source a3118 and an organi ¢ compound

N it e ' | ; .
Core Pt o U pRBAER o PSR G AT, 3, g 10
(t he substnaflection tharspatting madeatledil Idutol egsubjértett posidebosijion Gubaeoshonin i,

after the_yvac chanmber 3110 i,s depr rjized 04 Pa or |lower | .

oo or a5 U035 8 3 hiket ReBORA DS DEbEA G HetE teeRine, Mo g, This,

material opéfbion WinfingfRy trhikingadf dd iin@uﬂ?emger bedwesh ahé hol @insPeRRD febRM
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after a predeterm ned deposition rate nit: [nms]) is reached. Atgthis,
time, a ved@@pndtemixed regign3H¥hted while a shutter b3115 is closed. 15

Ther eabper , Wi t frfher SHUHE 10 36rht 4n QRRDEH trdnliorB Byt S0 A3 Bud ShuBBRBSH St O

al | ow
opened, the shutter a3114 is closed to terminate heating of the vessel a3112. This

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 matenal being a doparit 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 betow.
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 showmn in Fig. 31B) and to forma m xed regi on 3104 behind a hole
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 order to forman electron transporting region, wth the
shutter b3115 opened, the shutter a3114 is closed to term nate heating of
t he vesselrcgaYedin thgiplurabeeadéponitionisniies exs Yasouaniaterials ofdiffergnu firiciohay er
bet ween t ' ' 4. an the electron transportin egi on. .
Fur ther . Ceeh et Sohthai, SRRl holdiie S 38 Shct AR Bt Yol BatTioging
2607 25 shaterial, reldsitgn Redspostinpkietdrhe, slasorl Wib@RCMAtorial, bibisy GRAGHall t
is requi rﬁg that a |um nescent material being a dopant have a | ower

exci t at i o ENRSEEP IR sabede-a hole transporting material and an

el ectrorg transpomtinAQ i85k abn Ak & ' ) .0 hadR L he
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deposition chanber and a_ plurality o position sources are provided in
the vacuurfiéhidhperchambar depeidax & icapgtheerrdgetprasehdupthes all the ofaterials
deposi L0 FosRiHeC &S REhiY Ak BBt ﬁE{n@hts afd suibéied etBtdeléPl(l\’itthFlsthesygc%u%s
constituent materials including a hole i1 njecti'ng material, hole

t ranspor t ichgmbpaB210. doweverc araathade ansyp be tformedrat drei wdcuual eeiniben 3200 @ctd ng
material , _b) i t erjal | um,nescen terial, a_.cathode. 5 In the
depositior?g%%%%ré]a Bgi? gvﬁqﬁﬂibgﬁg}?ya%ep%vf‘{egﬁ%ﬁﬁ% chasfﬂﬁlécfcﬁatl%sﬁ’%{&ilh& an
anode (| T@uffici¢dethhi depositior ibeSéarfied fouedn i the Gikdle vaenvRYaREMeE B2 il and

i s subj ect e?}g to oxidation in the pretreatnent chanber in the case of the
anode bei f8thQAC dri 19Emetc Finadly, theoorgamic daminessent glemaiigl ofirined @her ibeing g.
32A, i 15 SupREsbescafnp iRV Y8R Ak Saicexl bLAHOR bQ enhdlngy der
to clean tlﬁg@anode §ur?%(:les). Fu t%ﬂgﬁiﬁglaﬂht hIéEﬂng?grﬂjiogfg ,{1589%?{’%@%5%%9{

or gani ¢ | throngk 8 epmriceckameber. are subj ected to deposition in the vacuum
chanmber 3210. However, a.cathade may b ornmed i,n t vacuum chanber 3210
or a separate epc‘?gfJ ltafl%trllo% r‘\“éﬁr?bger 2 g’e{}]‘oer B{H‘:ﬁg‘gef%“}%}lﬁﬁ?’ﬁﬁ Pr Opanic
cat hode. Mwmpiesedni eldmdm ofstié fpréseaninvelitén damotictise vfhedgreitiodhppiitatisioft he

~ single vacuym ch nbﬁr 8210 unt |L a_cathode is_formed. Finally, the organic
| um nescefYCiLp €ham %rbfﬂenﬁ'&f alfc{gpn%]:%éflg. 32B (a cross sectional view of the

20 vacuum chamber 3210). Fig. 32B shows, as a 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 23216, an organic compound deposition source b3217, and an organic compound

25 deposition source ¢3218). ‘
| First, a substrate 3201 having an anode 3202 is carried into the vacuum chamber
3210 and is fixed to a fixation base 3211 (the substrate is normally rotated during
deposition). Subsequently, after the vacuum chamber 3210 is depressurizéd (10" Pa or
lower is preferable), a vessel a3212 is heated to evaporate the hole transporting material
30 3221 and a shutter a3214 is opened for star{ing‘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 a3214 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 will 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 with reference to Fig. 32B (a cross sectional view of the 20
vacuum chanmber 3210). Fig. 32B shows, as a sinplest exanple, the procedure
of  form ngegion G2@Abelind atpbiinshspastiig, replincIP030 Thissdferafoncelimtihtes mixing of
transporti ng_mat erial 3221, an electron transporting nmaterial 3222 and a
| umi nescenfl FRPREIYARYes Rehwegy the lx%trag@omngaregvabm%g ks apixed 1eziem 20y
three depogichd,On ANEMER 4B’ SR NIkinEAERP YiefAP9SIS ELRddSOH bR é&%@ ofan
or gani ¢ conpound deposition source b3217, and an organi c conpound

deposi t i onfamuatior of SR 18ixed Figien 3204 @ustast skaven BOBig. Bz ng an anode 3202 is

carried knto thepvagcuum champe 321 nd s fixed to.a fi.xalion ba 11
(the subSrrate : EORshil OB RFformeytlefRtp Wanissifth bbich. il SBniiyBats o,
t he vacuunmpphmsdbelc 3Rdkkri Biapisesued 26 defdPtePacAing bOWRE vieSsePReREX. abhig) |
a vessel a3212 is heated to evaporate the hole transporting nmaterial 30

3221 and a°BHatieRelimymies fosmaliehatiap yppenty aysgbdwess fissiseddegippdR04 and
predet er m i &%ﬁ] unit: [nms)) is reached. At this tinme, a
vessel bSZ?%deiI%&S) g%hlgpedg?%% ﬂ('e a shutter b3215 is closed. Thereafter,
wi t h the shutter Appldatioppehdlis proecdihietmakesbB2pdssibde dpemedufecusl blbvergaric

| ect t t] ial. 3222 t. jected t d it to,f
i xea 0o RATRBRH SRRl raunad iruBey SHE EFpeT bgreRBot saios the
operation pidblemats extmphy iffthe aikse SPaddihy o Byekinpahivesm foh@epixed region

transporti n%Pﬁr egi on_3203 and the m xed region_3204.  Here, a very snall
amount of PéAeisseticioriteinsigll 3 dopositiomsruge fof depesitipn 0§ gheohlockipg maarsth of

the m xed reghffh 328k (BBShad @va?g% tﬁ%‘ms%:xjﬁgiiﬂ?tﬁglsouée R b fekrion! &F m&qﬁ&{eﬂg

forman electron transporting r e shutter b3215 openec
shutter a3®pfon.s closed to term nate heating of the vessel a3212. This

operati elimngtes.formatiop,.of .an, ipurit.y | aver between the .m xed

egi on P04 and e bRt (rantnBpE g gHom T F UL BiCUPE driens.
procedure frakeasficienPRSasthll én tHe JARTHN RGUM 584113200 dapbition burdbIi fBLRESRIttive
el ements described previously with .res%ect_ to measures for solving the .
probl ens. BUmecRaltprl; Frhexaerigaielis 48 ithdhe cheoieryisia et # fplet BiecHag
m xed regi RiYiom3Blheeh the §noﬁ%f§209!£1:atmE qlowhﬁfaﬁéﬂort@n FRES B2@ by QLHc%SsifiQﬁ ,

deposition of the blocking material as shown'in Fig.” 32B and evaporate the
sane in thiormetipgefoh fopwalyi byeotan the avoided by evaporating the hole transporting

20 material 3221 without an interval from a point of time a hole injecting material is

deposited on the anode 3202.

In addition, since a concentration gradient can be formed in the
above-mentioned mixed region, reference is made to an exemplary way to form a .

7 ~ concentration gradient. Here, the case is described where deposition can be made with

25 vacuum deposition due to rcsista:née 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, vnit is nm/s), it is

possible to control a deposition rate with temperature control. However, organic

materials used particularly in the formn 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 sanme 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 the hole transporting region 3203 by a deposition ,
formation of an inpurity |ayer can be avoi ded by evaporating the hole
transporting 20 Hhtfdgi éil’ Zp 2xplanatisutvik rbe givepvi@l af wemnta foonne cohcdritration
hol e i nj ect} Lal.ei ' e,32Q2. In addition, since
a concentr taiagan g g\élf%igr?tf t%eaﬁﬁﬁggf%é%g#?#)pﬁeﬁng 0\%2'— %é:ﬁ?ﬁd&)“r@& tlrk?f:)f rence
region, refenerabeussl mbie. 2¢ an refeery tarip Figy 11.0Firet; @) SubsGORCEINII Rivigh an

gradient. Here, e _case .i.s descri bed where de jtion can be made with 25
e uum depBidF: HY2s 36 Bl Sl O R igmow ¢ bl B¥hiscirckiornBxstion hbe
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make deppshdatednwhidd £ siarRt bol1sekioggi use of a shutter (the filmthickness
is monitored by a crystal oscillator). Such configurationis shown in Fig.

11. 26 In Fig_ 1MMtenphedigle haaspostingdgionb24Qfi reaphasa predetyrininefl gilm ickness,
concentr at hent th n ructur h iLn Fig. 24.
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Fig. 11. Fopestd. Bhesofusingsml dibfitg kpeidg this tirad okensld 08ndentraaon EL@idndrer 2
fil mformatioH chanbér 1&_%0 and is fiﬁgd to a fixation base 5 1111 (the
subst r at e TEHIFRRPI 407 of 4t SBSTHDE ARG CHSHEsTRSFOMY2Y Rubdleudat Wien thostivges
chanber1m 1124 ieaRINVAIBEdRHROh Kl T85I6R 2UbT PEhcBS & hkdeterhld fiffn RRALERY and 2
shutter alll4 is opened to cause deposition of a hole transporting region

2405 conpdbeglesiron hanppsiring materisd il hrragheser predetemiedAleposition ratoa rate at
| 5 I : : . e e
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20 shown in Fig. 24.
In addition, this way is all applicable in the case of forming a concentration
gradient in other element structures than that shown in Fig. 24. Also, in the case where a
luminescent material is added to a bipolar-natured mixed layer or a mixed region, it is
sufficient to increase one more deposition source in Fig. 11 and to open the shutter for
25 the dopant deposition source only during the time period of doping.
However, measures for forming a concentration gradient are not limited to the
above way.
' Hereupon, the several embodiments described above can be utilized in
combination. For example, a hole transporting mixed layer, electron transporting mixed
30 layer, and a bipolar-natured mixed layer are applied in combination. An example therefor
is shown in Fig. 8.
In an element structure shown in Fig. 8, laminated on a substrate 801 having an
anode 802 are a hole transporting mixed layer 803 composed of a hole injecting material

811 and a hole transporting material 812, a bipolar-natured mixed layer 804 composed of

27



opened. The opening and closing speed at this tinme forns a concentration
gradient for a mxed region 2407. The opening and cl osi ng speed may be set
so that when the shutter 15 alll4 is fully closed, the m xed regi on 2407
reaches a predeterm ned filmthickness and the electron transporting
material 1117 reaches a predeterm ned deposition rate (a rate at the tine
of deposition of an electron transporting region 2406). Thereafter, the

el ectron arhkols ponsporgng eyitennal 24Q6andsarf eleneon Whan$periifge mahita &13pbd 2Rectron

remai ns opened nd_so e nt forr wi.th a concentration gradient is
nmade possi grﬁgsqoﬁg?% 8]%“?“2{]?%’ fit h@ﬁﬁ’@?ﬁ%’% UReHR frﬂ"SlEPﬁ].“gz‘H?“ePﬁP%%l 7hd 3R
this way i slealrbn ap@ltingakdteridl 814/ vhdea&ehade 806! M Nng a concentration gradi ent
in other element structures than that shown in Fig., 24. Also, in the case
where a | uni nesé®Atditighevith|the pregendcanhogimens; pdrminesnerbregipmPXbdn vdijelr 20r
a m xed geghail, arhduni o [ n L t.L.OR Sour I n
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concentration gradjent are t limt t.o th ahove way. Hereupon, the
sever al enﬁegaf’%ﬁvr?t yarésil?!aggﬂmabﬁ% i BHé ﬁfﬁﬁem%d“?‘ﬁ %88’% ?{g@?@l}ngrmﬁ
exanpl e, aeckpcfedtih ANSRRE Whog JHcK @ndeAdBtion Shelehts @R fokapgporting mxed 30
| ayer, and a bipolar-natured m xed | ayer are applied in conbination. An

exanpl e t her ef or Witls thehelgpmeph sgpejureg 2 thieealeyeted smetuse (Gigt 1PB) shotwins fouF g.
8, | am pgt t ' e,. . .
r anepory BgeRid SndhehR SRy Lot B afor oRIARRAL BBt ot Uiidborime layer 5

a hol e tr atlspwon itragspaitieg ilajer,84ndl, am clricpoh dnjeciivigitager i ¥edplicgyat. BOddes, as
conposed of, 27. alf'hOJll trqnsgo tin terial 812 and an el ectron
transpor t i M Wt Bal B108lY SHnl eRTeh RAITEFSATE BESERIG the iesbeqtiyg dpixgdiayers,

conposed OindfhEh&pLEDe HiRds PRktd B SRBEshvly Sbandi 89 the!Rfd 1RRsportin
injecting material 814, and a cathode 806. In addition, with the presen‘%

embodi ment maierial AlZeaudibe redentton Gosporiingvmaierial 813, swhich nadvantagkous in
| um nesg%og%%gﬁ%g{-aggﬁe}_s doped, is provided in the bipol ar-natured
. so,

m xed | ayer concentration gradients shown in a graph 810 were
formed in respeBubsequdmiyeas expianatital wilbbe ghvieg.to A Brit®dana e fivd te wWiaine

show ng band di agrans .expected.in the case where such._conceptration .
gradi ents 4t gpef’b o “Wgri‘gr‘?sﬂgc%ﬁeewgfﬁd E‘E’F’iﬁc’t‘rﬁr‘é’,mlﬁmf i &hg &g‘é‘?eeﬂj@f‘?rud? ure

(Fi g. 19B)appoietiab rstriphi Tighl @niding d6kdes INOHially,ethe Fitdandddhl sGOBROS 8l a AfipRit
hol e injecting |ayer, hole transporting layer, electron transporting

| ayer, and'&f enibéng diode dp opeishgvnapdrisi A asHepsented gy Litemayp dedlhapds, the
20 structure is composed of a substrate 901, anode 902, hole transporting layer 903,
luminescent layer 904 formed by doping a triplet' light emitting material in a host
material, blocking layer 903, electron transporting layer 906, and a cathode 907. The
blocking layer 905 is made from a blocking material, and blocks ﬁoies to enhance the
recombination efficiency of a carrier in the luminescent layer 904 and to serve to prevent
25 molecule excitons generated in the luminescent layer 904 from scattering. Also, the layer
is also a material for carrying of electron.
In the element structure shown in Fig. 9, the luminous efficiency can be further
enhanced by providing a hole injecting layer and an electron injecting layer. However, a
layer or layers are added to the five-layered structure shown in Fig. 9, resulting an
30 increase in the number of interfaces. Hereupon, the invention is applied.
That is, measures are provided, in which the hole transporting layer 903 in Fig. 9
is made a hole transporting mixed layer composed of a hole injecting material and a hole
transporting material, the luminescent layer 904 is made a bipolar-natured mixed layer

composed of a hole transporting material and a host material of the luminescent layer,
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shown in Fig. 19B, only gentle energy barriers are present in the
respective mxed | ayers, and the respective m xed | ayers are successively
connected by the hole transporting 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 enbodi ment in the
case where an elenent, in which respective m xed |ayers are conbined in
t he above amhmler elecgon ampbpcedng daﬁrt%ﬁp[semaﬂe @hteledftrdri tragspaitathe midaT [kt Y,
t he fundanent al ? ct u% of .atri ht emt 8 di ode is one shown
e

inFig o SUIPYs Geih efplioring anasetiind P el Soeeie, Bt the

conposed ofnpaetswﬁtehaﬁﬁlg%amamﬁg H20dopeah & ;ISdrﬁBfE Retekd 1 BARY Klatdhd of th
| um nescent |ayer 904 fornmed by doping a tri ght emtting material in

a host F’@Plpﬁﬁcen‘blfﬁék|1$1@T¢S§y§erA1§9>51t Bl @f&qﬂe’ﬁ asr mpbm iFiigs- |2ayedt 806ormand
a cat hod{E &Ql%entmﬁné?écﬁ&ﬁéﬂgt eqé%@a %Jx% rlr%g & froma blocking material,
C

and bl ocks hol es to enhance t reconbi nati1’on efficiency of a carrier in
the | um nescent Iraa}tkhtltﬁﬂéwfahdhe bladingelayer Pheisantd 2btirubas wif @ e 1988 in
generated iLn tering. Also, the layer is

E ghei Iunignescecﬂ g H ﬁ; 904 frorr%fs'ga
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hol e injecting | ayer and an electron i nlj ecting | ayer. However ayer or
I ayer s areviggded pevemanyd jdiwpersiger ofd meleade uexcihowit isn plﬁtfgrabga toefariit img
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| ayer 903 gathddeg. 9 is nmde a hoI e transporting m xed | ayer conposed of a
hol e injecting erial and ﬁ hol e tl‘anSBOl‘tl ng materjal the I um nescent

layer 904 is madtRRGHPHOVEE Oh e F0HCntige 40 Shows an cEAPBleeef B canbodiment, in
transpor t i pBicABEleMenBREthArd3p&lvEBh Sleiday &k 60'%1%5“5‘?}%%@ tol 2¥§ Iet héﬁlxagd

the electron transporting |layer 906 is nmade an el ectron transport e
| ayer corfseidténg diodanMere peitisnlariyalespoated oy sranbstriat I(Iﬂidlaarmghreanm@nlooz

i nj ect t | d
por t1 ort it & HohBlrpmsbBRing bRy’ 13 S8 LROE Bt ol 2 oo o
it is effecholecraspshimgnmberikl gelz 2a bi;)odartm;t:ined Mixbd a@memmactdnqmsga adiaent s

in the re ive m.xed |ayers.. I n_addition, | ocki ng | ayer 905

o ubed' | A bR mateel gDa2 iy ok kel 1913, & Magingemin olaven 1903 e
host nat erdodlpogéd tdre thel lHoBE S6ABall APES ddd R Bkfig dtéigal 1OMENA ediidiat

i's, the bl ocki nr(tlﬁm xed | ayer may be formed). However, fromthe poi nt of

vi ew of prEARSPRITIRG 1’6!?‘§‘E)é‘%3§F dR0G comprasd wiethelpelang material 1974 (weraibE @lsooast or m
a 10 concept bhkien tﬁhg[gdrgpg arlﬁﬁeﬁ{l% thitecRLPSid 98 efRLSh iflfectite M Ho1s,

concentration on a si
and a cathode 1007. Formed 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 arc 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 transposting
layer, luminescent layer, a blocking layer (serving also as the electron transporting layer),
and an electron injecting layer in the prior art. Besides, as shown in Fig. 20B, only gentle -
energy barriers are present in the respective mixed layers, and the respective mixéd

layers are successively connected by the hole transporting material 1012, host material
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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
transporting material 1012, a bipol ar-natured m xed | ayer 1004 conposed of
a hol e t reSpak!the OldeRRY nalerik01C1 ARErand18Bb avEicLéib@tonl@dmbporind! ASkHRY,

m xed | ayer 1005 conposed of the host material 1013 and a glocking

mat eri al  1Bhigh iggivapiagequsan Movasmspf 26gT¥E-xed | ayer 1006 conposed of the
bl ocki ng et &1 | akindfl nb AR GeiBlSRe il ffableSB!doRNihEANTROHAL Wen o
material in this case) and an electron i1 njecting materi a , and a

cat hode 10087 .hoFonmeding mataiale dplectranspoltigemsieaial docioentmatpooting tragkréadt s

shown i h 1010. In addjtion . since.the enbodi ment caqnprises a. triplet
ot e (T aiBtRine Raftdial, WoGkaE HuaTa. TuRRSSoL AT G 10D g atoHe.
whi ch a smabwcasiDmalerials dsed Bbein bigghic 18Middstdd cledReniof &d sresch? ifvehBodlaRed.
The | um nescent. regi on 1008 is preferably disposed in a region where the

host mat ermichlmityg4o the 3hoye opes- concent rati on as shown in Fig. 10. Al so, Fig.
20B is a sche ' i B d di e I n.the case where
concentrati on i buiEle SRR BRI ik ARIALRER RIS i piRatle

el ement  stoougiounds aae fedfectivay enddnsiudegihilido(lanine 2MByeviaiiingi H3Pc)3Gopper
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prior art. Besides, as shown in Fig. 20B, only gentle energy barriers are
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carrier,.. Fina enuper at.ed hel ow aye teri.al L tabl e as constituent
mat er | dPs G EReALve i HaVEYES ) Ao ratls, AE8 @ohumide, Gobreatien Y i embne al
el ectron tusedSRRIHek, 18oiFBhRI dodlpounds 8leAkkd Odhd iNkWAE sBErBiehind of NLAGKLRAY
material, lum nescent material, and the cathode, However, materials used

for an or @&Hlec@luminmeas et asthinsatal Gims pleeqdd-latinum arbheilide- are  not
limted to the §RoM&, RS usdd ad 'ﬂ% ﬂ&'eetrén??&?ﬁnfkg\r/}gat@male&eaér%ﬁg&WE&-B&Q:"&SGO'

conpounds anobng organi ¢ - conpounds are effect and inc
pht hal ocy @ninpeutdsithas \is, atmie daying2 ednzenoppemitrogen coupling). Widely used materials
20 include, in addition to TPD described. previously, its derivatives, that is, 4, 4'-bis
[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (abbre\-riation; a-NPD), and star-burst type

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

(abbreviation; TDATA), 4, 4, 4”111
[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) aluminfum
(abbreviation; Al(mgqs)), bis (10-hydroxybenzo{h}-quinolinato} beryllium (abbreviation;

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

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

PSS), polyaniline (abbreviation; PAni), polyvinyl carbazole (abbreviation;
PVK) and so on. Also, high nolecul ar conpounds being insulation bodies 15
are ef f ectAnBT7),J had tlenlikg Birtten thaedee, ansdditby onrsbea] (cabipteies adiadivzoR )
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previ ous| yhavingtaa elmlt@n@w@ﬂgqmmﬁw ne skel eton or benzoqui noI | ne

kel et h h br gvi,at
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and thggl i t in addition to nmetal conpl exes,
oxadi a?o5l gl%&)d%rlrzl %Eﬁégrse Js.l,ﬁ% eagge 2- (4- bi phenylyl)-5-(4-tert-butyl phenyl) -1,

3, 4-oxadi azol e A{ &bbbletzkmglrﬁﬁtﬁnBBlﬂ)c atlgve3mbitidied (RAIge AX DWW, VIAMgRELTAZ, 3,

4-oxadi azqQle-2-jl] benzene abbr t|on OXD-7). and the.like, triazole
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2, 4-triazole (Q@sbﬁﬁ:vllﬁhhé)é&ent-rxﬁ@enal (mcludm ones used as d0|pant) various kinds of
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(abbr evi atflugresce-daey AR seavigeatie as ik aS élmalmv@ﬁamtwm@@ meéal semiplezes seeh asuch
R N T
-emitting material is serviceable, and composed mainly of a complex, of which central
metal is platihurn or iridium. Known as a triplet light emitting material are tris
(2-phenylpyridine) iridium (abbreviation; I(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

31



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 lithiumoxide and the like, are frequently used. Also, alkali netal
conpl exes such as |[|ithium acetyl acetonate (abbreviation; Li(acac)),

8- qui nol i ndZatenbisequentiy Cabbrismingtd dole idjectingginasndl,t el li-KeDabeing a hole
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as the above- merfiBie® lagearblemss byxdopirg aibrens of20wWilo@d Al (istpmiBateBdyBq)
2, BAlq, . i gl | hght. em tti

mat er i gl5 @ﬁgg%%r%%saélng?;@tg 2%@%8:33%’%&?#‘3&@&;0% bﬁlﬁ]l%}el%, A%f‘ I'Wﬁ?péﬁu%cgg{ r al
netal is pi it minkmess iof 40imto Knovide as efectron plaatpdriighlayens0s, g ABLEIG]

are tris 2- ridine).iridium (abbreyiation; Ir y) , 2, 3,.7, 8,
158 15 1 AFRDSTARYE ris? Shio) i et i b AincThieRRics i LBBH 1S e b rovisteoes
and so on.a Zhhé¥e SEEoNhagiitih §osiBreRBhhREGE: 9%?%?&;?4 RankiavdcRg {iBRent of
respective functions, respectively, and applying-the materials to an

organi ¢ | ustAvdemireseaneepisblied frpRerubFa@sent i nvention, it is possible to
manuf agtgure an organic | um nescent elenent, which is lower in drive

vol tage and longer in life than prior ones. 30 [Enbodinment 1) In this
enbodi nent [Ewmbedimens 2Eoncretely illustrated an el enent, to which the hole

transporting mxed. layer shown in Fig. 5 is applied, First, an indiumtin
oxi de (ref erred)ifietlhlf\/\/g‘i“b0 enfTiHeye ilg cEB{FsETY é’@iﬂfrafeé fiF (SR Kk N G
about 100 gMBueh tAng st lapdr@hoWh iNFid) 63PUBSIREI Ng o provide an anode
31 502. Subsequently, Pc being a hole injecting material, and a- NPD bei ng

a hol e transporftisshd Tihisedapgpitedaioea Silip;j thickaesstad abedle ¥k nmi @na glass Rebstrate

deposi tix0 ratio 1.1, t .orm a e a rti m |l aver 503
whi ch hlass %g'i]‘}%v Ftrl% %#lt%ﬁl#gs%o g’fmé‘gé Am a&géq[ r@r&: %3‘ geé:‘y%&gy()b?h()ﬁ%)edb %9g uaogllo*?g
rubrene oftrabsparting maAtgd is slepasitadatoesl fiiyn thickmess OB int ko @fesebyf fold D Moleo

provi de a, lum nescent er 504. Finally, AIg3 is deposited to a film
t hi ckness [@Pswl?ﬁfaé’%r ovi de an el ectron transporting |ayer 505, and Al:Li

alloy (Li of O.rorthefopdiyleBs Sis' Bidiied SoylaPaRh tBkh&saof 1bMihhid priEge af
about 150 nmto provide "a cathode 506, 'so that it is possible to
manuf act ulEmHEESesg layee 604 randdber BPhen bging anpflectron transporting material, and Alqgs

20 being an electron injecting material, are subjected to 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, ALl: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] 7
In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2402 and an organic compound layer
2403, a hole injecting region, which is composed of a hole injecting material, in the
30 organic luminescent element shown in Fig. 24.
First, a glass substrate 2401 is preﬁared, 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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yell ow | um nescence resulted fromrubrene. 10 [Enbodinment 2] In this

enbodi nent, there is concretely illustrated an el enent, to which the
.electron transporting m xed |layer shown in Fig. 6 is applied. First, 17170
is deposited to a . filmthickness of about 100 nmon a glass substrate 15
601 with sputtering to provide an anode 602. Subsequently, a-NPD being a
hole. transporting material is deposited to a filmthickness of 50 nmto

t her eby f orcampohodse and romesipiodt is ngy nkcasleforfliBe aFoathbdy), arpedepbsingl, iand| @nmat ed
by a fil mtdréi (():Sl§tne3és of 10 nmtopprovi de a |um nescent |ayer 604, and then
BPhen bei n§ & &V eetFoH A5 4#E8Pt i ng naterial, and Alga 20 being an

el ectron injecti MirsHalHd Wing @h6leSHficaaE ashiéitl GOAERRAL] [PR 6%h thﬂgﬁTess of 2
deposition rate ratio 1:1 to forman electron transporting m xe ayer 005,
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In mass gat. | e | L l.cknes f. about mto provide
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| um nescentragspareng nufterpdl Ue stardnesthe nieposiaen rhed).B riofsperPheefasor’ Why the

[ Enbodi ment 31.t|.n thits %ﬂg’o@i ment, there .is concretely jllustrated an
organi ¢ | ufFRESIQILS staftedwito tbf'ﬁihn‘&?rlﬁ?j 15 e ey R foataner Pian upRigdy Jase
and an or gdedceibe®apmeornd | ayer 2403, a hole injecting region, which is
conmposed of a hole injecting material, in the 30 organic |um nescent

el enent shown i nAfiega hpke trmispertingdaggradddSnopmosed ef o9 - NEDhisdpanatito lawe

whi ch | L S | [ S 0 00 run with .
sputterliﬁ)ghtSf gg’fegl?%n%%d%%\%%gngg(?g& 31%8593@33%;{& g rea‘g%f]"“z%‘fp?fr\?ﬁﬁ@a"?%‘ 15
anode 2402staged at thedepoitiomrata OB mysanivaile ake SBPoYtidM rdtt §F. «-3ID 36¢aind1B.
In the enbadi ment, four kinds of materials (of which three kinds are
organi c ‘3%" %Eﬁb%adﬂg)gfé& h& Rimbref egiopedll wistiihsgato ehandad) and Algs is
deposi ted, lgﬁgf@g]cﬁcuyrmd%gﬁ-jrﬁi on sources are necessary. First, CuPc being
a hole injecting material is deposited to a filmthickness of 20 nm and

wi t hout an i nt er ¢dler theomizedoerigian 8407 renshee filrhihi¢kness vhHB0kmesdepofitiaf imm
IS 5 reac . Sirbhon. Pt RG i ernm nat.ed,, deposi.tion of a-NPD
bei ng afﬁo{égg%@g%sg%ﬁ)gﬁ%bn&cglp P%A?%" s?éaur Ug%qgtbct H%p‘)&gﬁ‘istﬁﬁ%gﬂ 0, Flechon
nm sec. Theanspasorg wigjon 246, depids il dave 2 Slnathieknes i Gt i UBail it &1 WalLii s
to prevent aﬂooyr {ga c{ebgsr}te%f toaanfiimn%%uagéés lo?%g(r_)ut 150 nm as a cathode to obtain an organic

luminescent element of green luminescence resulted from Algs.

20 [Embodiment 4]

In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2702 and an organic compound layer
2703, a hole injecting region, which is 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 vacnum chamber as shown in Figs. 32A and
32B. In the embodiment, five kinds of materials (of which four kindé are organic
compounds and one kind is a metal forming a cathode) are deposited, and so five

30 deposition sources are necessary.

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

transporting material is started at the deposition rate 0.3 nm/sec. The reason why the
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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 Al g3
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, a m xed region 2407 where the ratio of a-NPD and Algais 1:1is
formed by codeposition. After the m xed regi on 2407 reaches a film

thi ckness gghosiGod ¥ stﬁlﬁ&pwlﬁfognsacfh mle'}vme'mbrﬁ&mt F&imaAon NS, RRY YaWirga
continues to be deposited to forman electron transporting region 2406,

whi ch wi | desesibed abgyel m t hi ckness of 40 nm Finally, an ALL all oy i's
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shown in Fig. A 25 First, a glass substrate 2701 is prepared,
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forman anode 2702 upbstrate 701 havi t he anod

S B S S R R AL P R U
embodi mentp i) Veaddedds DOlfuniThéseehamstetial 2708, Aihefdepssikiomeite d eondioiadise that
conpounds and one kind is a nmetal form ng a cathode) are deposited, and so

five 30 deetpiswadseNRidsAdEMes9aPy- First, CuPc being a hol e
injecting materigle ife 4RO r.r:@gn 9pa rf:édh% Tamﬂ%k '&ﬁél@ne% 0230 A7 dé’lﬁgxtiﬁnt fout

an interval froma point o when the filmthickness of 20 nmis
reached amgrdepedifonr ariNBD dPDOM, trel malyadby, comapwlmbmdqﬁosaetﬂ\lmfbmmg a

The r oasoR Sy RESPOR ket 270h YUEEpE  BFPERRSY oL AR oF a2 b RATE

prevent fanepid eposited v h Midwr thicknkRys abode $50 thzd; abatiede &f bistkincarnGlganic
transporting | ayer 2705 conposed of only a-NPD is formed to be 30 nmin a
filmt Hf’ck‘?@%@smﬂbﬂ@@%‘iQfﬁ%i“‘%ﬂ“@i?cb%ﬁ ﬁ?&‘%ﬁﬁ‘ fma 8GMn transporting materi al
is b5 started at the deposition rate 0.3 nnisec while the deposition rate
of a-NPD remains fixed at 0.3 nmsec. That is, a m xed region 2707 where
the ratio PimbediPenthld Alga is 1:1 is forned by codeposition. At the sane

time, a fluor eSeE r}hisd%r%bodiment, there is concretely illustrated an organic luminescent

element shown in Fig. 29B. ,

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 dcposxtlon SOUICES are necessary.

After a hole transporting layer 2705 composed of only a-NPD being a hole
transporting material is formed to have a film thickness of 40 nm, deposition of Algs
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 fiim 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 made a- NPD: Al g3: DCM
= 50:50:1. After the m xed region 2707 reaches a filmthickness of 30 nm
deposition is termnated for a-NPD and DCM and only Al g3 continues to be
deposited to forman electron transporting region 2706, which has a film

t hi ckness ‘fdigyenemetiptlend)i3ymethyl-A+{ptdimethylayinostytd pdBipyaan t 0 a(abbremation;

t hi ckness bout, 150 nm as.a. de to obtain an organic 15 | um nescent
el ement ofﬂ{zg@agér%u%lé%eécéeﬁlcg}art%%?? from DCM [ Enbodinent 5] In this

enbodi ment, t hergftestheontiedt REjoni 210T5idaskath fiinChPRAES dFUI0 /S Gepdsiti gent
shown in Fig., K 29B. 20 First,. a glass substrate 2701 is ({)repared, on whi ch
| TO i s depg&@ninggdt for NIy andypelynddds e9ntimenito bgodspesiigd ko Sprmn aar¢legirano

form an AneARpSriAg redidf 9bBSHRHARS LA s DQAM Al BEAIOAPARTDENLF s

carried into a va vessel as shown in Figs. 32A and

enmbodi mentdeppsitad ki rdfilof thaeknesd af sabpef 160i ok #shreeatkoded so ab&iorganiganic
conpounds ,and one kjnd is.a . .nqetal formng,a, cat are deposited, and so
four 25 c*glﬁ%%ﬁsfeinéﬁicg%?ﬁ ohed P@’W@%eﬁgéﬁsg%te%ﬁ?@ﬁg ‘gﬁml e transporting |ayer
2705 conposed of only a-NPD being a hole transporting material is forned
to have a filmthickness of 40 nm deposition of Alga being an electron
transporti AEMPREBIGIAP) i s started at the deposition rate 0.3 nnfsec while

t he de ition rmatg:o0f. a- enpi.ns: fj Sec. 1:S.: 1 xed
regi onﬁg)%? 30 I\%hgl?sg et gugg%]l{t’oq’g%rgal-sl\{ff’%&ar@&AﬁIé%trl S 1&1 elles E)rdrﬁiea n%i/ 'Hy
codeposi t iapplyiffhe congadratiegi gradi2ntOfd thet Elenmeey to ovihialy éheamfixddneg fvincdhioessinof

30rim a is, tinme an internediate region of a 10 nmfilmihickness
(that |- H kit Bonboe ARRIFG- 55 ofiHionyim fidenfb i g eoRco o popEratian. Hirm
filmthi ckppssjusishowhien Figed ik @8édd BdRfatibredapefbnmint. ThhiRsealtofirdnt LihydeYo
with a flugrescent dye 34

4- (di cyandidsh§f slspgsioRspHIReS GIrg Jiegrsraih yoiafi ks ttjansportingt myterial, electron
(abbr evisatii QB orti ¢ ] efial 2708. After the m xed region
2707 reacht—‘f-jsgk?a0 fitTm t%%é%?\%ggﬂrglﬁé%ﬂg%% g{')osi tionis termnated for

a- NPD, and onl y HisgdT€oistdeposited: an belade pulsstiated2G03 toar filnathiekness baving 5 20

ansport e o0k a0 20BN S50 b ke SLadgpme fngl Ly o
t 0 obt ai N ANPE Béifiz @n HolETtrAASHRhg tatsTRtis aépdsaed kel Hi MBS GEEGEsY 540 hdiof rom
DM form a hole transporting region 2605.
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 nm of a film thickness, an electron
transporting region 2606 composed of Algs is forméd in a state, in which only the shutter
for the deposition source of the electron transporting material (Alqgs) 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

tuminescence resulted from rubrene.

[Embodiment 7]
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[ Enbodi nent 61 10 In this enbodinment, there is concretely illustrated an

el enrent obtained 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 elenent. In this enbodinent, three kinds of
deposition sources are necessary for a hole transporting material, electron
15 transporting katteisi anbadicheat, therd ds centreaely eitfusiratedi ars torgdnl®© liminescent

deposited on a glass substrate 2601 to a fil mthickpess having a 20, .nm
£11m t hi ckAegenhpbtneddey misThe hebptan (BFi2agds 8%&?%?2‘?? YEARE PEtpound layer

Subsequent byg3 é‘gﬁ?@iﬁ@&ﬁ% pid0! ShichaRsRghpdsed ok ekdidlinjcsifienefbtiadhe a
filmthickness of 40 nmto forma hole transporting region 2605. 20
Further, amsdeBgrbdwdemiat ¢tathalkp2ei4 end the omgapod compound layiex @603.e¢ elecaen7
conposed. of .a-NPD and Al and,_havi n concentratign gradi ent. i s _deposited
Lo b Tt i eneabr g 30 cppisaiof - AETR RitamenbPfiali i, fprgBaR:

er ’for

deposi t i onygeuesenOiichtf shewach Fid 26Bansporting material (A g3 in this
enbodi nent) at the sane tinme when gradually _cl osi r_lg]‘(a hutter f

€ r th
deposi tion sour cETgh a Hasnhyibstrate OBt RTARATRG Ut ach {1 NP@FPOSAECSQB atﬁ"%
time, an ipk ' ' . ' ] b€ 7 I n
thi cknoss HOGESCLR ol SGPRmOYyt oMk (] forfh HEBSRIRANE S S bl
mat eri al 2BOBL hafibgrhet anede2&@ isr@giichinte e yetwsn 2lambergis shownlimbigsi Skhesd,

| t t. [ 260 d,of is.f d i A
ate. 10 A iR ORE yPrtodtaf 8rer Ry, ARty o r gl il Ml Curk Yobanie o,
transporti pgmpeimisi #ld 6/ §Rd isSaapeartomiihgal tathodd @8 dipokitedalanayso( ddvenf

0.5 Mt%in weight ratiao) is deposited to a filmthickness of about 150 nm
as a cat ho@epoBBEY SOBICEH %I N¥CEFFAYr gani ¢ | um nescent el ement of yel | ow

| uni nescence resyt&@ﬁ%gﬁﬂg@é&eqnje .g.aar%@%iel?ﬁms Je]spoé%#ed 4 Bim (seRedl BEDD

there is concretely an ‘or um nescent el enment obtai ned by
i nserting het wedwithoat amddervab@man goirh ©f timgawhen 20 mpo imtatkedernd drpogition

hol e i nject}| regj on jGh 1s.co f | &1 fi I nd
"nserti Ho BEERBER krBinNGh CaetistRR TR She AnoE ahsify P Seldled 4
el ectron Siteni@Rkitivd @002 amNAE Clihé Sea30npase theodepasitipheis tstated wjtBeiti sugh
material, in the organic |umnescent el enent shown .in Fig. 26B. First, a
gl ass subsinteval i ppreventSpERAiaRPL ag{mpHribHayerdesdingd 388¥%ed to a film

tsn'bgfpgf: of aboyfsicl Qhdid Mald gt yk P 260 coRpbRABEASHIATPHPIsABPRd [Be GhasSS.

nm in thickness, deposition of BeBq, being an electron transporting material is also

20 started at the deposition rate 0.8 nm/sec while the deposition rate of TPD remains fixed
at 0.2 nm/sec. That is, é 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 ﬁim thickness of 30 nm, and at this

time. an intermediate region of 10 nm (that is, a portion of 10 nm to 20 nm in the mixed

25 region 2607 of 30 nm) in the mixed region 2607 is doped at the ratio of 5 wt% with _
rubrene as a fluorescent dye as the luminescent material 2608. Also, a last region of 10
nm (that is, a portion of 20 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 BeBq, continues to be deposited to form an electron
transporting region 2606, which has a film thickness of 40 nm. Without an interval from
a point of time when deposition of BeBq; is terminated, deposition of Li(acac) being an

electron injecting material is started to have a film thickness of about 2 nm. The reason
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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 wi thout an interval froma point of tine when 20 nmis reached and
deposi t i orwhylHegiepositioniis stagedrivhiopdsucidpigsval ol ptvenPieitiog of ahdinpurity
transporti ialls started at the deposition rate 0.2 nm sec. The
reason m;%é%%}c?gia {)‘Zer'l is started without such interval is to prevent
formati on of an Finglly, ialyminayeis dipssitddiec: flnovtckmdbd of aloubabe nkd &8 pahbddJ

| ayer 2605 conposed of gnly TPD is forned to be 30 nmin_thickness,

deposi t i orf® 8Pt R regriclympseqnt element of ¥rOpOmiRGgosRse dp5ulipd frgmypubgene 20
startedgat the deposition rate 0.8 nm sec while the deposition rate of TPD
remains fixed at 0.2 nmsec. That is, a m xed region 2607 where the ratio
of TPD and[Bebgdiment8]4 is forned by codeposition. The ni xed regi on 2607
is formed to ha 1] mthickness of an t this tine an.
intermedi ate r e\gﬁoﬁugofc J#Fl]qg%tf ﬁafmi & %gn%gr)qrc%)f cl)ﬁusg atei% aHmO‘EgSme?Wf”f?e%e
m xed 25 elengpmBh@6A Tn Big. 30BNmM) in the mixed region 2607 is doped at the

ratio of 5 vvt%%,th rubrene as %gfl yor escent dﬁ,as t he | um nescent
material 2608. AlSh 2 glapibsiralgizdfl ds pregarenen Phigh F1O 1sdepepitddn apuothm

to 30 nW inh the HuiRdinpe8! Bn % é{bde%dznml@ggm& %BBstrAt €970 Pg‘?‘ﬁé the afloRed

with BCP as a blocking material 2609. The deposition rate o

respect i v@7fat isr carrisd aimta ke vagumen ofhather reg ehavwn BCFFigs. 3R BeB@E2B30R the
1:4:3 [nm_s}. .30 Aft.er,the m xed.regi.on.2607 reaches 30 nm of thickness,
deposi {1 o ioPatBet HEE gl oF bRl e s MR S s eI e
deposi t edkiml f9&anmenl €bming N cathbée)sirer ddpogitdde Gindnso2fi06 depbdiGon Ragrcas hitd M
t hi ckness of 40 nm Wthout an interval from a point of tinme when

deposi ti oR®GPSHEBY2 is terninated, deposition of Li(acac) being an

el ectr i njecti i foie | i t 2
nm Thgar eason %Iﬁgt@{ehﬁén&gpgz}l&? ?%ﬁ%liﬁs@@esgd v(\)AT togmo%?%%ﬁﬁ%ﬁ?{ 5 %lgia%l S
t o preventrapsparting anatefialas forped it pave ayidm deckresh of 4Qbuue defisitainl gf, PBD

al um num is. deposi t.ed oafi.lmti'caFneso(F uf. 150 nm.a cthg%le to
obtai - ancePba erion ilubsrpedinafiaif BoR0R) pOR UsnoRbal BHED- ol RieCeH s om
rubrene. the Bepsditiorerite 9 MTDATAS ranhiaslifiedtat LhengsdcS Thanw;, ef Slized region
iIIustrat%d an _organi c | um nescent . . L

707 where the ratio of MTDATA and PBD is 1:1 is formed by codeposition.

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

pery g

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

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

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

Inminescence 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 100 10 nmw th sputtering to form an anode
2702. The gl ass substrate 2701 having the anode 2702 is carried into a
vacuum chanber as shown in Figs. 32A and 32B. In the enbodinent, five
kinds of materials (of which four kinds are organic conmpounds and one kind
is a netal formng a cathode) are deposited, and so five deposition sources
are necegsmportidd miké®naykrhelgpdlannspaidt miged Byer, a1d0n ekrmos athnspordingy

MIDATA being a hole transporting material. is fqrne have.a film
t hi cknessTe¥eUpyRRsherep s itig ohhaye pess C%IP%S 2R eﬁpeg?fi-g‘ﬁ a?\d&ﬁg*pé? OFdfy to

material | iRP PG1aph BV OF Bl BigD 85 i Mi§ RenbMairhéht, HREIHRRBBLL i ON
rate of l\/ﬁ%ﬁfl'k&?égrﬁfg?t?%n F]{h)%d a?éoaTPS nm sec.gOT ét ils, a m xed regi%ﬁ 2707
wher e t hesoutésovivh sMIRsTIRosmdn PRD lilsrd usedi s f or med by codeposition. 20 The

m xed rggion 27Q7 i aorned to have t hi f nd. . j.S: time
peryl eng as a f%ﬁfﬁ#’ Zgée'ﬁt e%?f‘éteflso BLuEey %ggﬁgﬁlﬁgsaﬁgﬁ{jmn%’?%%@f S%%Z‘“%o an
i nter nedi &f fornt 8QiafodOR0. BubRequdady, & holeatrpespbiting wixelillapen 303 28nposed roft he
m xed region 2707 of 30 nm. in the m xed r%ggon 2707, the deposition rate
bei ng confrBF (bsingsd helsaricchag masrnl Gt 1 e NITAPEMg? hale \ABRROIPBIYEI ene
= 4:16:1. g/ 30 q t@gitecﬁtog@biﬁﬂl.@a tﬁisqixﬂéfi‘ﬂé@goﬁ@h%ﬁ&ﬁ oBRtichlOSs $Hfowdh InfGtaph

region of 10 nm at , a portion o O nmto 30 nmin the m xed region
of 30 nn 8ithateHormidledopagioandciosing phehuttarsi o bei ng MIDATA: PBD: BCP = 1: 4: 5.

After e m xed  ,regi on reaches 30 nm of thick y It f TA and
acr 1 sMler m nat & T8 R AP R S aE e 16 B0 RapBERpRih e Srtlip's
el ectron dégRNePes L0 A BESIaBRalBY OfeniNga shutten $oraht depdidassontceddl Ak being
Finally, Al:Li alloy is 30 deposited to about 150 nm as, a cathode to obtain

an or gani thel destrasEasporingngatigh Shi abthe|samcréne s sradially Spsgpmsbutter
PP Uit e SRR Syl s ERG of IRER UM RIRGRAE Y1 pm

transporting ‘m xed |ayer, a
bi pol ar - ndteubipolarinecded ayized layet 80 of ) nonis depehet thaeptionpk ddwit %y with

For m concAHtIF RO Y Rar BRve e Gk a0

deposi ti omcmpkggﬁﬁnmkgcbm&hmgﬁgrfﬂsshom in Fig. 11 are used. 5 First, ITO
is deposited on a glass substrate 801 to about 100 n_ran Wi té% Fsl ttering .to
form an anode 8@édter Suhsinplarhatyred gnixsd dayer 96 gsReheR LU RY ¢ %@?558 318

composed gloostifo BS bififla Bl ih Wi b1 (B SticR \fofAlg: 30 dpénci By ity
ole transporting nmateria
opening a shutter for the deposition source of Li(acac) being an electron injecting -
20 material 814 at the same time when gradually closing a shutter for the deposition source
of Alqs in a last region 5 nm, an electron transporting mixed layer 805 of 40 nm in totat
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 &eposited as a cathode 806 to about 150 nm to obtain an organic

Jluminescent element of red luminescence rcsulted from DCM.

[Embodiment 10] 7
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 G aph 810 are fornmed by opening and closing 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
source of Alga being the electron transporting material 813 at the sane
time when gradually closing a shutter for the deposition source of a-NPD.
At this tig¢lepestrshowhén F@QaBeSmcégﬂmnch@&udhreli@ shawin in Figh83.bi pol ar - nat ur ed
m xed | ayer 804

4- (di cyanomet hyllgifﬁsé’)zoﬁpaﬁﬁtgﬁgﬁtra edd’arléﬁ’a:% ! at %@&%?%ﬁ-ﬁ%%%}?m 100 nm

(abbrevi atyaR;sputiilg &S féin YD NRSSRN! THE ﬂ{ss %hbﬁﬂ&e h&NIENTONS carried into a
bi pol ar - nat ured m xed | ayer 804 reaches 20 nm of thickness, Alga is

deposi t ed Yasug® ¢hembsr as shawa, ini Figahizh and|132B. Ha thpembediment, sevga Kigds of
opened. 5Bym9{cﬁ91§aﬂok Yy hi P §iYe W ndb J&“ér'g%c C%Enémnﬁiigg%g%\ﬁ) @ﬁdssﬁ’}éra%e n%];l}%an ie o

Li (acac) berng an el ectron injecting rra e sane
gradual | y mheshingrainghidatierde) aie depeasidaposl soiseversdepositionGburbtgare nacegsdrast

region 5 nm an eglec n tran riing mxed.l ayer 805 .0of .40 nm fotal is
od ot hat 1o Fr bl ndihe MBI o amanerial 3t dppasded &9 20 8l gpa BtbgFan
(while an ﬁle%@atlrfﬂﬂn a prHt%‘thﬂ:ﬂH}wH&t%hﬁ' is %ﬁhé&aﬁ@éﬁbsﬂﬂm@fm&é%rﬁﬁné@@d ng
constant in inclination, the last portion in this enbodinment rises

abruptly). de@@sm;maif onNP,Q beiggdepdsittassparting nezictidde sgEdtay th@d@mosm@l s to
bt t el f.
OOV N AP GG, T TLABRAERY ue! GEALoRTs KERel WNISPCRIC R SRS E rdyRl

'n~thi's e ere |1s concre rated an

exanpl e Offoﬁﬂatﬁmgﬂ’fﬂanp'ﬁﬁt}}hmrrtES@M abbesrent obt ai ned by inserting between
t he. anode 2702 and the organic, nmpound | a 2703, a hole |niect|ng
regi on, which .sAmeg%draalﬁp%rnﬁs|l@f&rﬁp@@pﬁfﬁ%0 Y ¥ NE’P 15 ip5B¢4 e Betiken

a cat hode la%%kﬁm d s@foﬁwlﬂm%%lmeieeﬁgﬁ traﬁéb&hﬁ%?h{a%al wme&gﬂaﬁgd at

-region, which is co an el ectron injecting material d applying a
triplet | |tg¢|tdep¢ﬂ1ﬂmn rede 9 ami'sel \alslet the depnsitien aetstofnaNRD atmams tixed it ahi c

TS s aal I B8 b (Gplb FRAHGE SR o Y R BN ROYY

t o about 1ﬁ01§masnnwb§ac&wpb§mbhng to formITO (anode). The gI ass substrate
having I TOis c rled into . a cuum chanber s shown .and 32B.

'n the enbodi merthe EB¥hegioRds Spmed iy Bayespd tc&ie%h?fcﬂaf%earm A Lhis, time

or gani ¢ Cqmﬁﬁyﬂ%lﬁ%‘g thmt Kigﬁdémﬁhﬁg 3MatbiAl 9 AAAEd 2Rl BHiAdscEArHhRHaBo an
cat hode) are’ de so seven deposition sources are necessary.

First, CuRgtepap tearea@meofﬂrq wat(thay ismatreriien of 3 nae iy pEvin Go Mmxpdregieriof
Wt hOUIZOarQO nm) in the mixed region. The ratio of such addition is a-NPD: BAlg:Ir(ppy) 3 =
50:50:7.
After the mixed region reaches 20 nm of thiékncss, deposition of a-NPD and
Ir(ppy) 5 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 Alg; being an
electron injecting material is started to about 30 nm. The reason why the deposition is
started without such interval is to prevent formation of an impurity layer described
above.
Finally, LiF is deposited to about 1 nm and Al 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 ct-NPD being a hole transporting nmaterial is
started at the deposition rate 10 0.3 nnisec. 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-NPD is forned to be 30 nm in thickness, deposition of BAlLg being an
el ectron tapphdp®nhke peesemt awvention o al siplatiight eshitting tivde dbpwesi i Big. 9athe0. 3
nm sec while the de osi,tig_‘n rate qf - NPD r.enai ns fidxeg aft 0.3 15 nm sec.
That is, &'PIUASFEGIENSSIRBDM 13;1 W A91H0Re 1P 0TAET &P TGTRPETSARITBRY i s
1:1 is forgp b1 @NFigl X85k kRBoAnd, fIRr ABsbsttbnhanBcd& with

t hi ckness égfg&iggtxn%ﬁg@ﬁg%g? i'E%hiFIsg Pls)r)remn fﬂr;ls(ppy) 3 being aHf@[?)i pl et |ight

em tting rehutensghows irmbigedl ars used.uni nescent material to an internediate

regi on 10 nm Lth | S,..a r,tion | ' ' of
20720 ) in tnd gy PosPelfnilpls SoBRA 10P SR 100l VR Coh @Y
a- NPD: BAI go If6kR Y andds=10030 Sabscquertily, arboldaanspoeihgy @ifediayse 4008 soRPosud off

t hi ckness, deposition of ~a-NPD and _ | ripp ) ]:;)]P s. term nated, and onl ,Eﬁl q
cont i nues €¥PoReinspbsla Birctine mpienadd 0d abf s bt‘?faﬁ%ﬁ&P g %‘ISP%@“&H?&%/&HP h
w1 has gibigek H?}ﬁ%it@é (280 . AVkhiBAle, A ddcBYAlonf driefts 38 SRR n Cfaph Me

when deposition o Al'g I's term nated, deposition of Al ga being an
el ectron iMji8at¢ fagmadbp opating gndclasing of slrtiglfout 30 nm The reason why the

depositjon is started.wthopt such. interval .is t reven 0 tl f, an
i mpuri tYY | ayer de¥BFf g\é)qy’a?‘oﬁu.’é)farﬂaﬁlgﬁg Jrixpg I’—lafeg eog'og(l"fj%%%{io fg%bﬂllj 1§)nr?m
and Al i s OBPQSiH hadinkToabiifatibhQradieite is fmednmaahivkhésndd 2nentby ghdwdlly a
triplet light emtting material of green | um nescence resulted from,
Ir(ppy) 3.dermspivaithe sepasifion gate ffse gmAdAeIeasing the depqsgipyy @ty 4-4-N,

i1l ustrat %-(ﬁearﬁbfdigﬁg)hgp%l 'rél%ﬂe@ﬁeloaﬂt@agp*%ﬁm},h\tevmh% £ 36 mABMANII18LO a

triplet li'ght emtti e shown iIn Flb?. s el enent structure is
shown i n Friglet light ¢émittiolglimateial. Thisdingen blasking mixedrerert Y6 compogechaf €RFs

L 22 0k e ol B DR by SRS MRS D,
subst r at e gFQOBPtandaibei¢hsiAf Ahd Mepdsitions pisé e HCR) whioch fivn rhleckismn adeeribdAD14.
Subsequently, a hole transportin 1.xed. | ayer 03 conposed of CuPc being
a hol e i njBsithgbleskiag mike @ﬂ”}fg&%m\‘gﬁkﬁésr?ﬁ]lg Myl e transporting materi al
Since this embodiment relates to a triplet light emitting diode, tris
(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
Algs, which are high in electron transporting capacity. Concentration gradients are
formed such that BCP decreases in concentration as it is distant from an anode, and 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
gradually decreasing the deposition rate of a-NPD and increasing the
deposition rate of 4-4'-N, N -dicarbazol e-bi phenyl (referred below to as
"CBP"), Wi GhcdtBode TS toeriabld fdrmifd 3n afriganic tumpileadent iephicne prdsththgy green
material. This time a bl ocki n? m'xg:d | ayer 1005 conposed of CBP 15 and BCP
and havi n{PRishEERRessencsAeisd om B(BPY)% or ned by decreasi ng the deposition
rate of CBP and increasing the deposition rate of BCP, which is a bl ocking
material 1014. Thus the bl ocking m xed |ayer has-a filmthickness of 10
nm Si nce [EmbsdieminodZhent relates to a triplet light emtting diode, tris

(2- phenyl pyri di iridium (referred below to as, |r(ppy)3 ich i ne
triplotdl | ght ggaser?ﬂb["l‘%‘"ﬁfa(ﬁ%%cf‘é?s foTuimeacyt deylc uﬁﬁg%g‘?“%lﬁé\&f & GBS o
t he bi pol aimpabtenediefeoneacdoadial td MR4pradqat ifventibac KFipg1 1 xed sdotipasl OO DE A
regi on where CBP being the host material is high.n concentration, that

is, a regiRBracHzarmatEolwminesFepedoden thahaise BB ABae dumEgsceamt elgnent o the o4
and the bl ' L.xed | ! i [ Err&F 1 PasIPPEfis B8 Re 24008.
In this eﬁgt% #Er}%ﬁ@tﬁglrédg%ﬁg% f%]%qgaﬂﬁ%t%%ﬂcﬁéﬁga ounda?y, -t hat Si s, a r?eagi on
havi ng 25 an avfivi dlemmént] Butrthe activeatl@herit snaydebea MGES dapestor egi on 1008 where

dopi ng_aof 6 W %S fected. Further., the e LI BRSPS ' ]
|l ayer 3806 is c 3?3251’6‘?" RSRLRAIPL 2 tOWJccﬁﬁ;at gprlﬁll’adh in?oe‘%"%ag‘%rc ’orﬁnas’etgut
t ransport ,ngueAPSd T¥T (FPRABD L adrbisipsTET) Mafbe usddoinseesd. such that BCP
decreases in concentration as it is distant from an anode, and Al ga

30,
conversel y i ncr dads 12Acb#¥ledenaies asubsirate. | Eheypulisiiate pediarn 2B MBI That
is, in thig.: i ocki teal =} Aol
transport :vflséﬁﬁgﬁg'i g‘ll'ci.?e cgf;}lﬁ(}‘f% ggﬁsgﬁ%t%%r?%hg%gﬂ % %Sg{ateegtar%%ﬁ%%tsi n%t ’
materi al b93plastcsubldteste (inclutlingrrspostid filgnndandd used.er The gubstratgst 281 refern to

t hi ckness', of .40 run. Fi.nall [:Li_allao Li i % by weight) is
deposi igd thesubsERIE P “:‘?(?nrfﬂ?mﬁ%dga@nbbé%ﬁ88éhéiﬁ]5ffl%§8f|g'ﬁ%8?sét¥x}%r m ng an

organi ¢ | um nes@Rthe sebitRte APEBLAtHiRG gorden 1211 pidh dhivihgedecenci2itesn t ed
fromlr(ppy)3. [Enbodinent 12] Thi s enbodi nent descri bes a | um nescent

5 [
devi ce t harovided- udhs pirelargimi P21 wilkibrelss@meddient according to the
present inventi gy, Ehgl pggignl,ﬁﬁ %egtrh@Bﬁ|foi/|(ﬁéﬁlgfing an ﬁggbyeﬁn?%gﬂﬁy of

| um nescent device that uses an organi um nescent el ement o
pixels are placed on the substrate, and each pixel is provided with a TFT 1202 for

20 controlling a current flowing in the organic luminescent element (hereinafter referred to
as current controiling 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 ‘Thc 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 t0 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 clement. 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 elenment may be a MOS
transistor. 10 The TFT shown as an exanple is a top gate TFT (planar TFT,
to be specific), but a bottomgate TFT (typically a reverse stagger TFT)
may be used instead. In Fig. 12A, 1201 denotes a substrate. The substrate
used here can transmt visible light. Specifically, a glass substrate, a
quartz sulRstiat{IT® fof ¥edmplellidosedFebfiel fik & elec®lodd 1RORSLOF tSIPISET db&rode
(including a plastlc film can be used. The substrate 1201 refers to 15

t he subst l2P3. thF ge2agic qomneuad faygr 1204sformadd on t he surface of t he

substrate. On t e r s 1 AR ng
circuit 1212 artewngfrf%\?lﬁ%ﬁd"e C%]ﬁjg’%upie}%%o#%%n&iq%i I]I be *aB égc’:v#%{elg r st .
The pi xel mime:ﬁalmf tHdealhmche B2056g desirdbdy a dosdicaye ngate&ml hawge 2 worRlfunaldontof of
pi xel s ar | a tra each p rovided with a TFT
1202 fob e2z§t%§§ter ol | Yﬁgca Yc'L?PFrCéh’PdF 32&?&&; qrie ‘é"’b?éﬁﬁﬁ"b‘“‘l"ﬁ ReS&tiping

el enent  (RArkdRkiBEal SBtRIhEOr b aﬂc%hﬁél%él%"me@ﬁ HéRbdt BOfrdmTa co@duew@ lﬂm

el ectrode (anode) 1203, an organic conpound | ayer 1204, and a cat hode
1205. Al t lkouigining hipminemcor fremta leownate pbiaingd by tayyingrrmvaluminum gr silvep Almeach
pi xel has a TE or 0 oltage applied to a gate of the current
controlli r(l)g g ° I‘:wf}q‘? ab%%%ﬁduch@@ g‘r]‘er/ed to as switching TFET). 25 The current
control ling TFTAJJR@& doafpestd opthelpixrdlelectradp 1203 nthe brghhit. cobipough layen 1204,

n- chan TET ma ed. i nstead, p- channel.. TE he curr.en

Cont rolb agd therqthoda A s, overed it Frl?‘?tS‘c‘fb"cﬁ‘!r‘.]&‘ anéedt hecRRETHYE Figh 1206¢ he
current C@@tp&&hhedlgo Tﬂtelcé‘ th&%ﬁ%ﬁﬁé qémhes&ém abneR %mt Ry 3Rk Gnoisture.

| um nescent el enent as shown in & A Note that, the Switching TFT may
be for med Migtedals nsabla fon thehpuotastive limo12(h5 pwbidermmommﬂnd%@llmdmmtbflet he

ol cot 1 ode S 3om e b e B Ehbh R Rns0RP SRR bt 7

a co erla haV| a work
function of 4. Ndxq the Trieihg szrcuﬂeliz}@s\viihbe esceibed] ®he tihmn[gl omﬂultelzaatns ade

1203, apd therefore the pixel | ect e 1203 functions a anode of the
or gani 15 aﬁlﬂ%sfere?ﬁm@%ﬁlgmmnaw?ﬂggﬂ{s @P’&féﬁ%%? IHare Al %S‘f‘pﬁcﬁ’é @

i ndi um oxipgley btti‘bnoﬁlqe ana Ilsnﬁro%eqﬂmtpa sﬁxfm(?me&nq bufflzr andtm&% &d Wel dsor
exanmple), "I's used or i xel electrode 12 pi xel electrode

1203, the aar@@lﬂgcsxemlpﬁm dregate) ar2lsxel shifir nda. Flshl%etf@rwm wni¢ G pbess

I 120 1205
< Gesi 1 abTs O BAGH0S, ARR, (B 1 n Lol %Fq*n%?‘?%%ﬁ%%'@?%‘*&f’?ﬁ

evV. TypicaQO& t he cathode 1205 is forned froma conductlve f|In1conta|n|ng

2gng{]lé gbbgef I”F tn o%lmeg‘racrtlltn sct)lrucﬁlr}esatlzaﬁalgcl Qp%h%grtcta mcn%tfa reg?étgr Buf?er, ti]c? tch
and the analog 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 pIacing 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 eunent
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 |am nate obtained by |layering 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 film1206. The protective film 1206 is
provided to protect the organic |um nescent el enent from oxygen and '
noi sture. Materials usable for the protective film 1206 include silicon
nitride, siliconTorymthe pixde elecabderil Bdniofirbed aftentfoiming dixé deéringhide d20H a0
(specifical hanmond- | i ke .carbon) .. Xto~d h iving.circuit, 1212 will be
Gosor | bed. oo & FOTRC<al SEvEE SBSHh in 45 12pk " Rp bt (R Sichith bF FiiA 1o ng
of signal stiegfiké ctdcpode 3208 ehrdtad idnprb@iidosipat«d to@hS&Rictird of Ry, 1@AXel portion
1211, and is provided with a shift register, a buffer, and a |atch, as well
as an anal og swif dhey t ehandy 1t & )fopyarddgrared frank sfructure #1240 sepgrates Hbe
basi c unkt ,Qf Ci I; LS+t L CLI S -

TET 1207°2RAh Brahbinal AT ASHEn TETEohrTht AONPRCHE 1 PR EARES!
appl i ed t oraviessesthpdred,r e gostagt betwrenbibeflank sthetiratapd, the gnselt Hectaotizl can be
switch (transfer gate) or. level..shifter. .Alfhough the pixel portion 1211
and the dri"\'/(flﬂ%c{'ci&&%%atmqlﬁilfr%?fés Oc‘)"fff'd‘e%gb#?t he same substrate in Fig.

12A, 1C or LSl  maFideelewinichhd Kis6QRARSIARG bepatdiRnSpdREE Aotmipst $atneT
placing the driving circuit_ 1212 on the substrate. 25 The pixel "el ectrode

(anode) 12bBme 28d seRaErboe pPItiPncHHNe c g shape BE theuWiE line gt perlarating poetion 202
in Fig. 142 . ! - i

TET 1 ot Gad 1 SRy A PN RBND S FUSEE Mt Gt R M AT by 15 el
of the cathabdenstid@bs trewoar Lifeandbhoderialdover reekch ramthdetinahemn! 6 mefal t he
pi xel electrode . (anod 1203. The.current. controlling TFT in this case is
P 5t er bl s, fof SR i fi i Fibingen: Thin el Cioevortt Shop esh | s
nmanuf act ur pgtwie¥n @ AR SHO5NndW pide] ERCIBEE 9M0Dbr tHtewRinkSine! asdifedeudrf3
precedes to formation of a wiring line 1209. However, this process could

roughen t hectisigrmaeix lepinegeensdpeice dbe cethede340foon therpixel ivsighehiuths devige of of
the pixgh P‘igg?lé Eréggxﬁa%oascar@deqﬁg&ﬂgﬁv&%{rﬁzc&epvﬁécz.t' ¢ of the organic

| um nescent nt since it Is current-driven type elenent. 42 Then the
pi xel el ectrode ERR313(s) hund AB(b)zhoerthé extriog of e adtivie mgpttik hemii28&:nt device

obtain a | ym nescent..device sho i.n Fig..12B. I n thi e, injection of
our cent -1 r ASTRRE S T2 & REo A 150 tRirvhBeranh pag E1B danpa AcHeiena Riew
struct ure @kefriang%BAlink P-Pi 85Figl 38aandrhtdBmbals @y Migs. a2 Apsded akkased in

structure 1210 separates the 5 pixels placed in the pixel portion 1211
from one abigEnkiA and 138y s pbank structure is '

20 In Fig. 13A, 1301 denotes a pixel portion, 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 automated bonding) tape 1305 through an input wiring line
1304. Though not shown in the drawing, the TAB tape 1305 may be replaced by a TCP.

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

Denoted by 1306 is the cover member that is provided in an upper part of the |
luminescent element shown in Fig. 128, and is bonded with a seal member 1307 formed
of aresin. The cover member 1306 may be any material as long as it does not transmit

30 oxygen and water. In this embodiment, as shown in Fig. 13B, the cover member 1306
is composed of a plastic member 1306a and carbon films (specifically, diamond-like
carbon films) 1306b and 1306¢ that are formed on the front and back of the plastic
member 13006a, 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
separation portion 10 3410 shown in Fig. 34 (nanely, a structure with
eaves) is obtained by layering a netal that constitutes the wiring line and
a mat Ier l) al1308whidel of £iesin $caibat tHeasrghiie lomirbcena clenieal is cunipleldly, sehiwd in an
exanpl e) and, then etching_the |am nate, This_shape can preyent short
circuit atigdkapase daPRodEheaghinpage 55;@,5 it Fithdacrs Bosigpics) njirogHg
line. Unli I cli Gheet 1 e i iat 5 on
the pi xel B8 Bt TR Ry o R e e i n
a passi ve exampie oflevilick)is geirgsoroldkane)andt 3alsy effestive He mutt ar absorbgnttdre
active &f&%ix'|Wﬂin scent device illustrated in Fig. 12B. Fig. 13Ais a
top viewt 8?1(5'8? £l ?ﬂaa‘?’ 13B is a sectional view taken along the line
P-P' of Fig. 13AA pb@iZygTbhits mdy bé @sovided AnandispRB face (thsefdcd on Wwhigh .anl3A
and 138. 20 In Fig. 13A,. 1301 denpotes a pi xel EO{tLOH, 1302 .denot es, a gate
signal si dBaggds $iSplgyed febs ebseare hgediekedad shalumipssceptypryicesthgengn; Yishg
circuit. § : 0 -t ! lredd o )i i hi 1141302
and the daraiymel’ IRgIhicafh pllChafhPofl TR edicih M Ohot kbl 1B

(t ape aut dnmbdbe brirdiabg) thapey pBOSnt Hreodigplagfa¢enpom shiowing thd redlectiG4f a

Though ,not .shown in the draw ng, §he.TAB tape 1305 be replaced.b TCP
25" (Do it e Gsheiedges THAPYPolagGing Rale By pRBvr e o Fhe ! P B bR an

| C (i ntegreat ak pAhfifidl tlate BeMmated sbnciliBO wiitSlebNitaayerelleaidieby hbjabting the
provided in an upper part of the |um nescent elenment shown in Fig. 12B,

and is boritéex of rafrastiordn arderbier present e seitted fromm s preanimeoeRRiEd I¥tfoer
1300 may ok BinlRL AL ordfic bARG-AR pldte ARPRaIPhebEAGRAAL 30 OXygen and
odi nen sho g. 13

water. In Is e ment, a in Fi B, the cover nmenber 1306 is
conposed of a plaust of orgenivcuniiGéeentaaienents pocorflingnte the preseti ipwuértipn can be

di anond-J i ke, carbon fi.l .1306 nd 1306 at are,. forned on the front
ana badP cFed S bF aderhic TRt afament deduddn, e 1BngEn, drbiOg ol B
the seal rEHRAEMdR07 is covered with a sealing nmenber 43 1308 nade of a
resin so that the organic |lum nescent elenent is conpletely sealed in an
airtight space 1309. The airtight space 1309 is filled with inert gas

(typi caIIy{En{yOH{ %ﬁqg, gas or noble gas), a resin, or inert liquid (for
exanpl e, I qui uorocarbon typical exanple of which is perfluoro
al kane). It is &lipcwbpdiondnyshaws punctive mpiz lyermesgent device as an example of a

20 luminescent device that includes an organic luminescent element according to the present
invention. Unlike Embodiment 12, in the luminescent device of this embodiment, light
is taken out from the opposite side of a substrate on which an active element is formed
(hereinafter referred to as upward emission). Fig. 35 is a sectional view thereof.

A thin film transistor (hereinafter referred to as TFT) is used here as the active

25 clement, 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 instead.
A substrate 3501, a current‘controlling TFT 3502 that is formed in a pixel
portion, and a driving circuit 3512 of this embodiment have the same structure as those

30 of Embodiment 12.

A first electrode 3503, which is connected to a drain of the current controlling
TFT 3502, is used as an anode in this embodiment, and thc\ereforc 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 deoxidantin the space. A polarizing plate may be provided on a display
face (the face on which an inage 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 thereby prevent the display face fromshow ng the reflection of a 10
viewer. Generally, a circular polari zi n% late is enpl oyed. However, it.is
pref er abl eln this embedimsngr thei figt plestrede & ﬁg\ﬂ@SlaabéY dhoes WPk transthit |light | Mioer nal

reflection ] f f I gyent l'i ght
emtted fr %%yr? tﬁ’,ﬁ%%ﬁ&g&égg fo}n?eq‘?é?rg erpgt %g}r%tgéeh )prreﬁgé%:\{eed ﬁ)gﬁ ‘'t he
pol ari zi ng pl at eOanthct ﬁmteélbagod&aemar dn dkgymofcmngamdcldyamajemenfomcd

el enent s cordin 0 the. resent ' ven i can be 5 u ed s t he organic
| umi nescentTO¥f e QP QOPHOYHo A B AP Bchiecgag ST BRE $A0S Wb UM ot .

[ Embodi ngnge Qﬁam-g&bsrnetﬂﬂo%%&he%ho%c@}dﬁgy Ve TRitErial dW%%@WEie@ﬁMd@e

as an exanpl e of 20 |um nescent devi ce that includes an organic

I um nescen155Q§I emémlr@@c@r dw@cﬂmetmetepﬂleélemg 3 nwht f!mﬁtloltlrﬂfl ké EnBddieivent
inth escent S s taken.out from

t he opposi e o?ondugtu‘b fﬁ% ConEanmn i¢h? ga e f“‘*%/aé eg rl[éerrletn T SP% E

(her ei naf tmretar Qi@lﬁ&’rﬂdoi a @ndugnar tire rdoasdininy . almhthungSor 8 Iam&ecd bbadledVihyew

t her eof . th|nf|ImtranS|stor heremaf%&l eferred to-as TFT) is used

here as t hi@Y&dRg Yprlupumyp opsihver B of fre alcther @0w eapehEt Yaljinpbis gy Since

transi s{@r, Jﬁ\@arﬁﬂh@ﬁ@r‘f%rﬁ’ﬁe?&nt @Wis%sbé iR ngédl‘ﬁ]e-ﬁFﬁléhP |t1%H§fn_?%’%I'isn;O

be speC|f|c but a bottomgate TFT (typically a reverse stagger
be used i nmﬁmad:samesﬁobslner ater3bol ,thCaSQt;Qntﬂ efectrodn 8503. | |Tilgera'ﬂéfe 3802 wdedtfor s
formed in er

have the s&fd lfé? rtlo@ct’ﬂ%gl f)tje 3% St lrJrlﬁtth 3‘.’5L%§ g\ fltllpﬁboé]lngﬁdl bib.

3503, whi ctlhldkaeggonnect ed to a drain of the current controlling TFT 3502

is used as an anode in this enbodi ment, and therefore iis fornmed preferably
froma conductiv® W@PWF’S%@‘? th st eletEodraioR3 £ ik Orgamic camppouns lagsr3sires

of the jgopdugt 's¥&)n'dectlt§ftfoﬂle 3'505' é’fgecov@rtealvﬁﬂﬁy ﬁbt@(ﬁlv@'iﬁﬁPﬂSOG)al’ﬂTﬁzghﬂﬁbtwc

tungsten, gold, and silver. In this enbodinent, the first el ectrode
3503 desi rialy 358668 provided etnsmortedt |tghtorgwbc dummrfmrﬂlymemth&om exygeodeand s

LT SRR 5 b S5 o o P o
or gani ¢ coaydoumbnliadMiht.3504 is a second el ect rode 3505, whi ch serves
The first electrode (ancde) 3503 is electrically connected to the current

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

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

25 formed of a resin. The cover member 3507 may be any material as long as i‘t transmits
light but not oxygen and water. In this embodiment, glass is used. An airtight 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 aviomated 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

contai ning alum num or a |amnate obtained by |ayering an alum num or
silver filmon one of the above conductjve films is use&.fhgi nce 1(]]_ahn

upwar d eni ssi onA polerigiigepintedmpy e PHVIscEN & PHIYY Efsodh on which an

i ght - trapsm saie 1. g jongl Ughakcll deDReSE6ARUn thi
el ectr ode"g%Sg d\l{‘ﬁ)é!rliefdotlro(ral,94 ?f\%g{r:\l&g?@ga P%ﬁ”é?ﬁfeﬁ%é%nﬁscel éct r ogle, t hen (tréfal
i s pref er afbydimemnre dThapolagizingrplatetian ahidffecabbreduging mefleationt ofi iokidentsligha

| ayer comnposed of the first electrode 350 he .organi ¢c.conpound | aye

350, 150RY hereEteiab i HEreitt PoYE e R e B ad e TepeRredd Bhari i m
3506. The RhRkectbN&any, 4 Brdafbpbiariphg iiseds mpisyedec Hawregriganpeferable

| um nescent el enent from exygen and noisture. In this_enbodi nent,  an

mat eri al Eamthbeoleizing plate ehgyeor serstyre with desgsnienng refiection Ry adjustingsthe

light. The fir | ectrod ' L.Calel §Q.dde
cubrent | e o eeiod MBS I8yl int S iR e dabRRNRRIRHnA Gajer®
connect edfiogh bdifg fdflecttat tiequliariding plgteTnd travelimplohckivard. hi s case, the first
el ectrode may be fornmed f,r:imthe maierial of

(Ehe ca;t hode er eas tge R
second el ect r odémeRf G W rHNCIRENHEOTURE &F they PIESUN SREUIPREAL e oy
controhhi QgdT&E the o&%ﬁrﬁc 183k SR’ @REARDINtIABA NnCihanualindEdnt Benes efl thiy
3507 irs a cover nenber and is bonded with a seal nenber 3508 25 forned of

a resin. Tmbodimveat. nenber 3507 nmay be any material as long as it transnmits
| i ght but not oxygen and water. In this enbodi nent, glass is used. An
airtight space 3509 is filled with inert gas (typically, nitrogen gas or
nobl e gasjEmBodigfenni4pr inert liquid (for exanple, liquid fluorocarbon
typi cal example of which is s[))erfl uor o, al kane)l. It is dal.so effecti ve Q put
an absorbent or TasoxPPrRéimephShoyes apassiye Mynglymescen) “RECE ah 2" FAPRE %34t e
si gnal 1§ flﬁnﬂlte'éééh{@cﬁi:é Ak !‘inc?«mstah%r%ﬁﬁ@hﬁhﬁeﬁims&lé@enmiwbm @i the pieserdr e

i nputte roma TAB (tape automated bondin % tape 3514 through an i pput
wiring |imevedgos. Figoddh iact topvaem thrﬁe%@cg gl H8 Is e sectioma! Vigyelaken 41988y pe

repl aced a TCB, e rrier package) that is obtained by providing a
TAB t ape \%ﬁlﬁm% %E:?% %fse'gr ated circuit). 45 A polarizing plate my be

provi.ded on a dilspigy4padendithby flade isonsubisirate, whichiisfgrecdldi ppitieyeaietial be
The: pol ar Fong P PesHRsaI B BEIToFor duuareth Pof HARE! Bh TP PARIERETR gh
20 polyamide, an acrylic resin, an epoxy resin, PES (polyethylene sulfile), PC
(polycarbonate), PET (polyethylene terephthalate), or PEN (polyethylene naphthalate).

1402 denotes scanning lines (anodes) formed from a conductive oxide film. ‘In
this embodiment, the conductive oxide film is obtained by doping zinc oxide with
gallium oxide. 1403 denotes data lines (cathodes) formed from a metal film, a bismuth

925 film, in this embodiment. 1404 denotes banks formed of an acrylic resin. The banks
function as pértition 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 compbund 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 linés
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fromthe external to thereby prevent the display face from show ng the
reflection of a 5 viewer. Cenerally, 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
refraction in order to prevent light emtted fromthe organi c conpound

| ayer frombeing reflected at the polarjzing plate a vel i ng.backwar d.

Any of or 4 c Thonehaet shnw|tménbstape 4P HrRY t{cdePﬁgecBg%tsrrgﬁ%t t%iah\?g]r?ﬁlﬂ#\ﬁan

be 10 u 4 LCGmmnescent el enent included in the | um nescent
O pfR il ARG HHTIC:

device o Enbodi ment 14] This enbodi nent shows a {)assi ve
mat ri x | uni neschrFigd #4Bc bt idsdeanntes xaopl membemand B denates gy eigaemeer ikt

i ncl udes an or.gani ¢ | um nescent enent, di scl os i h e .
i nventi onts Wﬂggﬂﬁp:@nﬁ ’?%b‘?ﬂlém tvﬂnglr Q’ste%nrae ?gr HI%E ?%Bé&éé% I ew
taken aj ong, nd hed foPheReh! mefnbEi B1014A plefefably. mdrAal cithosed niymiGdons a

substrate, which is formed of a plastic material here. ,‘Iﬂ;ue (g)l astic .
mat eri al , whishoflowsritde gas knakagesand whigh @bgerbs liftls BPISHBEy Hhgeover sgpmber is
pol yam de n_gacryli [ e . ihe BB et hyd engs Slduidigs . PC
(pol ycar b%rﬁgetr%"faly %#(%00 ytgf hs?lﬂgnlglgi%rare% ttﬁ%I at e)a,(tepgr_M%EN (%ol ygfﬂhyl eﬁée
napht hal ageytz glkéd2orehetiesancannsaiy [Haresa (Axtidemptefiol rreysdd &m e cover
conductive oxide film In this enbodinment, the conductive oxide filmis
obt ai ned B™®8bi ng zi nc oxide with gallium oxide. 1403 denotes data |ines
(cathoglgs) fornpg {REM 8n BRlafdedMidwof theitsidtiird o025 phiel mgiém t14il3 dentresiament .
1404 denotes banks fornmed of an acrylic resin. The%{%anks function as

0

partiti onoxgahicscarhpounske yent d-Qa @xem of Hiesbankg3 400 AfcoRET O P, upRer
plurality, of th ' i et 403 ridae ofl@tkfothbnesa 1403
respecti vlglyflrs afnglr%%gig?lkgga%gp?%?%gp%ﬁg@%gwgg%{%girnngs Cross egch ot her at

ri ght angpgsl pditiongltinctrretmeded byi the Fta) meralgr 1430 oy gantioff efdhpeusidelaaney aj s
sandw ched between the scanning | jnes 1402 30 _an e ta Li and
i nt er sect PEFHNBOMEMBKE %4%5 gt eo’;sa PESR| Q. pﬁgﬁsgaﬁ%rﬁ‘gﬁpﬁngg Qﬁ%o‘%’é%ﬁﬁ t he
dat a I%ge&lﬁﬁgﬁldqgﬁrponnect ed to an external driving circuit through a TAB

tape 1407. 1408 denotes a group of wiring lines conprised of, a_.mass of the
scanni ng |ines Im@ix huaimgsesahdeese étrg?t&ﬁ% Y a0ge Wga¢opiace Y Hcskgs gt a
mass of connectiqp. Wil | d Bf BrcCRARGAE Sfict Q4001aheab@ Hricges
46 1403. ﬁ‘ﬂ’Sﬁ%&tﬁn’ﬁgf’ Pé’{%\rk%ftﬂrﬁgﬁﬁi%%t%a e 1407 may be %e | aced by TCP that is
obt ai ned 1443, phovinksrig0d, ARBht apmniv cdmpovnddayard 453.g. Therpforg defuadKetEd a

Sl e i80 Car e mhantacheed By 005 b BRceds !

20 A polarizing plate may be provided on a display face (the face on which an
image is displayed to be observed by a viewer) of the luminescent device shown in this
embodiment. 'The polarizing plate has an effect of reducing reflection of incident light
from the external to thereby prevent the display face from showing the reflection of a
viewer. Gcnérally, a circolar polarizing plate is employed. However, it is preferable

25 for the polarizing plate to have a structure with less internal reflection by adjusting thg’
index of refraction in order to prevent light emitted from the organic compound layer
ﬁoﬁ being reflected at the polarizing plate and traveling backward.

| Any of organic luminescent 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 module.
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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 material as the substrate 1401, and glass (including quartz

gl ass) or plastic can be used, Her

| i ial, i f
cover nenber. i@aﬁl‘yi.u“l&}@"i’%i“aﬁgeﬁ%f 3 ga‘aﬁslétal@gvlg& f%%g?%@tj%gug’sggt%&tsgixel
region. 1413, ‘i‘ﬁaﬂélﬁg élaﬁ'l epé(rgl%}llclﬁgrmﬂ%ﬂiﬂgaﬂﬁés- 133%emd! BYebs oh 4 pantanks

1404 are narrower n G{pp ayers and the banks can physically separate
the data Miriagbd#83 505 tnataekediochhewbstrate thiough theoFAB éapelld94- surrounded by

t he seal menmber 1410 is shut off of t out side. aj r j r
1415 fornmed of & fERGHANZID B?légéaﬁfarﬁ 0535‘?' HREson e ?‘%ﬁd grj ggﬁgéﬁ%rﬂgﬁ%ound
layer. knikRe A 85ea6hind@iatRasl VO Pous €thpasorcdome pontiasy 5Mamob1s@, A t he
present invention, the pixel portion 1414 is conposed, of. the sc¢ i.N

|ines 1402atat signalaside (drivéng cirgol 15PReanhkgate stepal SKig ‘?rl'%n%r%r&m[%§n%8und

| ayer 1413-rovﬂ1‘ee&§[58§3%16é Pﬁnéeﬂmiﬂﬁgpgﬂﬁ 158€vi ce can be manufactured by a very

si npl e pré’cess. ofari zing ate may be provided on a display face
(the face on whilshhiaspedifieayion s nihdssié siyeduted byetobbiag acBABJape 49 agibsiralsf

t he | um nescent _devi ce shown .in this . enbodi T i Zk t.e..has
anef fect SO F GUIARGIPDITEER, ShitoForia ABhey FIAHEe £ o bl bl
t her eby oY &¥ns 298 diveid a¥clfinaethksaBitsheiroggl e TABtaet dscabost imspeciadiyer .
Cenerally, a circular polarizing plate is enployed. However, it is

pr ef er abl @agBdfagnodwlewiblexianal MgVHIEEE o have a structure with less
internal reflect %{‘OPX?gr%gir%%t% iﬂ&céﬂee}ezhgﬁ‘é‘)&i&i%s%ﬁfiﬁ e b%geﬂ‘ Nnfrfidh da@ be

prevent |ight emTtted e organi c conpoun ayer rom being refl ected
at the polugéd ziknge phrasmc dnchinasase| ¢lagehtdichated. inAthe bimipesgant devigeriofdbisent
el enents according to the present invention can be used as the organic

| um nescefmRY t included in the lunm nescent device of this 30

enbodi qgnt . [ Enbodi ment 15] This enbodi ments shows an exanpl e of attaching
a printed wiring board to the |um nescent device shown in Enbodi nent 14 to
make the dJEwibodimentdéh nodule. 47 In a nodule shown in Fig. 15A, a TAB tape

1504 i s attachednyt & B¢ hitsdhitfl §9ridtcR wRingPSUkd @ ted02
and wiring lines %8%3%%%%%8@%%%;?3% print edmgwi rginng boarg 1505 is
attached tiemidescentbddviat ehavim oo FEmbodBmEAB 12a38, D504 to make the device into a

module. _ _
20 In a module shown in Fig. 16A, a TAB tape 1605 is attached to a substrate 1601

(here including a pixel portion 1602, a data signal side driving circuit 1603, a gate signal
side driving circuit 1604, and wiring lines 1603a and 1604a), and a printed wiring board
1606 is attached to the substrate through the TAB tape 1605. A functional block
diagram of the printed wiring 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 withih 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 clement
is formed as above is specially named a module with external controller. '

Any of organic luminescent elements disclosed in the 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 attaching a printed wiring board that 10 functions as a driving circuit
to the su rate thraugh the TAB tape as above is specially naned a nodul e
with exterf PP Ici rcuit. Any of organic |uminescent el enents

di scl osed in t herpik agpeiidihbyesiodwdNar @Rabfle ¢iSkthiassctedi@al Whichm Resleent
el enent included in the | um nescent device of this enbodi nent. 15

[ Enbodi menumisgscantj fodmehoymisnEmbadimentsnl Gandbl & Givearn 2689rdencs iEh dalal
wWrin c (] t | ym C | i di iR » b3 s 3.14
to nnget%)ﬁtggge%rﬁ& 2%3 lr?t ggg&%mg(&%eﬂﬂ%ggﬁ%ﬁﬁggﬁggh Irbe S %wn I ﬁhrllziélg C%GR,(R%déFAB
t ape 1605 wEfcati incipesl id digitabtibstgray ecal&0isplag thorwsinga lunlinegencepfrmml thpoetatd on

1602, a data .sjgnal. side dr.ivi circuit. 1603, a gate signal side driving
circuit 1653?‘9%28"%3?‘%@“3ftf‘?é%fg’%ééé‘ﬁrydﬁ '604a), and a printed wiring board
1606 is attachedpfp035RanhsWlshe afréuit i@l dthepikéBhhapgs B8Qhearic luthigkicenal

bl ock diagramof the printed wiring board 1606 is shown - in Fig. 16B. 25 As

shown in FilgmenieB TrapprrEnt h HENDBHPhENDESS EPTESERSE S19pLp n2sitor 6d thah BITawl 0
and a L I oV 4 t N J bk r 6.
e KB« A I BB YRR 16, S O8R4
control unidirespOBiing ta thorsignah is haminngatedniat CansThor a conteno cbntngledhiey the

driving circuits and corfrecti f i at In thi.s specification, a
Todul 6 st AR STEEE BHEEYen Phar 0P ESArAHd e Olsatd gt orie sl
functions as a CRALF Ofh e tQe@edUTSE Nigt@nRa Wi &0 halil Ghd3dltegd YV J)esic Rt
elenent is formed as above is specially naned a nodul e with external

cont r ol | erAccungingly, » cepaerit contimen s Bewtin an emonnsdapcBdih 88y =4 n the present
Nt can begbag 45,05 LER S HTRS AR STl E G Rride
shows an epraypptsaeafisplayyi Hasdighil davigeey sealevdisphayaote ket is divided into plural
sub-frames. Fig. 36B shows 6 bit gray scale in which one frame is divided into six
sub-frames. In this case, the ratio of light emission periods of the sub-frames is 32 :
"16:8:4:2:1.

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

25
[Embodiment 18] _

The luminescent devices of the present invention, which have been described 1n,
the embodiments above have advantages of low poﬁer consumption and long lifetime.
Accordingly, electric appliances that include those luminescent devices as their display

30 units can operate consuming less power than conventional ones and are durable. The
advantages are very useful especially for electric appliances that use batteries as power
sources, such as portable equipment, because low power cqnsumption 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 time gray scale display. The lum nescent device of this
enbodi ment can provide uniforminmages in digital tine gray scale display by
using a lum nescence fromthe state of triplet excitation and therefore is
very useful. Fig. 36A shows the circuit structure of a pixel that uses an
organi c lum nescent elenment. Tr represents a transistor and Cs represents
a st or agetizapacintloquid crystahidsspbiyscand has angonghwin cam@md layaewhgsesdickaessds a

current flows,into Trl a soprce sorre di o]
the si gnalss et Y a ‘Efefa{eé? léjﬁscengg?‘?ent cont“‘;il I 31 %nép%%'wggha

gat e- sour geechit t@?ﬁalﬁd&) thaf HEuflk ot iundiaested dedict hes mlliegﬁmilsplzi)um'nitesment
el enent. After Trl is selected, Trl is turned, off to oIdt V,,)
of Cs. Aeewsrdingly yhingercawd dighicrothannerayepiional fpesn ‘SaWBu é%‘&ﬁ'g%

15 Fi EOn%%%nigggﬁ%}ﬁn(g%az{nh Lok é&ﬁ#riﬂ ctaﬂyﬁl Ciheflblouhd) REEY clesem;t h

dintaI tine I gital tlrre gray scal e disp one
frame is fjamodlmilyl fiot q»onhhzlleedqmmmﬂmfandrlﬂts otﬁrgplecsﬁ@ambimeﬁ tMoregwqy b@@al e

in which gne fra |sd nt03| ln thi,s case tio
of 11t SHPderEriopiRsyL Srotleded, def bl &8 Vep b GnfaS Gyig§ d5e
schemat i Cabhipoaaws @& kB InGhb&UidfSappliahiteh %blrbslid’ ataspottddhi snd endralthitioRnt .

A gate driver and a source driver are provided on the sane substrate. In
thi s enbofiprentavieghi oRe))- circuit and the drivers are designed to be

dgitaghy drlVelein CAPIAhAGLY, b MEHAEL AU ke IS THARRIABLE by Sidving] BoFern Ot

af fect "t he devi Ce vi'‘ce can display uniformimges
[ Embodi merisiiifify fiheriphirplzess énin deid cargstalf display pieers:@mand rwelm‘rlgwmgv\ﬂﬂglh

have been_descri bed in, {he enpaodi ”ﬁ@ g‘?ve hav a‘c,ivant:illge 42 w.power
consunpt | dReEhere) JEgriciapalisnres thatcipgiuge diy m'é‘le%ccefl O&VISH 37 {:e]sSp aﬁa n

i ncl ude t'afé%?erwmaﬁ@fg%ﬁgalg@m ©88s 8fedshRby indiigPing)displayuni t s can operate
consum ng | ess” power than conventional ones and are durable. The

advant ages are \orsprupafas, clashee rapliancesHhapnee  ApRINGSEANt Aewise of thg prrsent
patt er b gs e BONHayes FRjop SHE s RAT EARbRIGAYI RERAL LubREAUSE daneROVer

consunpt’i on tect] conveni ences (batterfes l'ast |onger). The
| umi nescemhnﬁgvltmantsﬂ@ltﬂesk unmirh)gls viibidity, memwafeatiirbe oh &yl powier @gcs@mntgmt as

whose t hi ensbg Hehine Rl bisss 3 Busdr o the | unt nescent dovi ce can be
made thin and | gy eW®oBhthent shows examples of the electric appliances that include as
display units the luminescent device of the present invention.  Specific examples thereof
' 20 are shown in Figs. 17A to 17F and 18A to 18B. Any metal complexes disclosed in the
present invention can be used for the organic luminescent element included in the electric
appliance of this embodiment. The luminescent device imcluded 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 17033,
the display device can be thin, light-weight, and durable. Accordingly, transportation is
simplified, space is saved in installation, and lifetime 1s 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 umnit 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 other electric appliances. Mreover, being thin (unvolum nous) is
doubt| essly useful for all of the electric appliances in terns of

t ransport at lesA @nvere. nurber of appl i ances can be transported) and

install ation (Slpig.C ﬁé%ﬁh&g d &Fﬁalr ra, whidBSk M@mpRbdd b TidH Hodh NS0, a

| um nescent devi'c& i's charactefi zed by having better visibility in bright
pl aces t hatisplagunil 109staal eyei Hpdeaynit ¥ sndogeratide switekdsniyOdagl By using a

Therefore electric | i ances that. i ncl ude the.|l um ne evi.ce .as their
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di spl ay.5 TQnSHOMRAL-4Righe! #Qt EbisuiRB) Ib&NpeWel Nalccuffingly] biidi® SwaBimpe ¢e of

the present 15 i'nvention have, in addition to nerits of conventional
organi ¢ | ueimedeadcanyiagim digitalrameryis lessiipeRagenEnight ness and hi gh

isibility, newdie f 1 r i . Ir i jund
Uher ot or e ar 6. v&1§ LLTEMS o RtleBhaGaRE HOREL OfhipB W@ ATed iy iR ATC
appl i ancesTid@dvicaielcotpossd oflh spimyodini 161 d, hecdardingessbnn (sehi aseClof LDher

177 and 10AED 1A, JaRpetser T Dn b iy BERE 17 ORD e alunt ol 4B on

can be ypefyosar e d?srg:g%muﬁitl @hm%&ﬁmaiﬂw&ﬁwﬁﬁ Rehatd edoihatidhe whkRES the

appliance of this enbodinent. e lum nescent device included in the |
el ectric dipphy anit¢Bb1705¢ wainihdisblmentext pformationanyBbrsipya [uBHEsE At deYiths

illustrated. in Figs.. 12 .t0 . I : hsPp!

devi ce s e inT e asnbs AT Ot 70dR shluine K05 HANRE) 19050 Y
conposed Ginageaaprodidiid deviee apponsuniakes pd@2aandioah be tibpweighumid dukBl3a.
By using a_l unm nescent device of the r%r esent invention ﬁis thfs di SI%IdaSydgli t
1703a, t hEhelimpes yeriedyane daRics CqppRFd W?‘Erﬂ THRrdRe mERgr gisg gpgtude

Accor diﬁglﬁqaygrgmgfgﬁgﬁ%ﬁﬁeg.s sinplified, space is saved in installation,
and lifetimme"is long.- 30 Fig. 17B shows a video canera, which is conposed
of a main body 1FiglB7Esshouisspi(apbile) portatde wommytery el spermepset of 7p Jipin
operation ,Sw t S, 1704 7 . is BVE! i
17060, By GRPnb Gt brinBay dnp GG ah oy e BEuR LTI A s

di spl ay unit04:/Qa8, 2 tthansiydelot CEidSea ®yn ubiegl 2 ghininescgiit dand: ebribarprssent ess

power. - Accol di gl Yo ALY LERTSBIR S Bohsote BHGHAAS bl bt biiS b A0

20 and consumes less power. Accordingly, battery consumption is reduced and carrying
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, wlﬁch 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 canera, 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 canmera 5 can be |ight-weight and consunes- | ess power.

Accordingly, battery consunption is reduced and carrying the digital

cqui pped i th aFHedBAaTIySreR e PPRE WBHPIE CPUPETHUC gl CRART o 8ty
1701d, a &%g&gﬁ@ﬂ ﬁﬁﬁf“lgﬂﬁa(ﬁéi{? Bu@d %?8&1 bkt R'U?)a,Dy[aisﬂlZﬁZﬂit PRI bheration

Swi tches display unit (A) d, and a display unit (B) 10 1705d.
The di spl ayitelrist1805), 4Daul anwinna J1886= pl By ssingegBiminesenateofe Whacepissete

display unit (B) 1705 i nl ispl.ays xt 4 nfo i S

um nosoeltvetoq &b hegpsitns upttE0RE T ettt pbdle e Sl R b Poigly =pd
and t hes disRuAM 166 fowdd) AZ86ding {)dattbive@asimpiatistgedevircang tre ctinkbume

| ess power and can ‘be |ight-weight and durable. The inmage reproducing

devi ce eqpbqusds eoyt #ndathe &R BOHGCIAERS SRS 0 i ncl udes CD 15 pl ayers and
gane machines. Elg.qh i LRy, RF LehbE wRER Y &mpodkl o airsain
conposed of a ITEIi% 18&0%?%%@%@’%@?2%%a “uni t 17§2e, an i rnpe receiving
unit 1703pod0peIAY, kalisptay dmih&802b] Z6d eperatioh switdrsrip0db apd 13@%9. Byusisgag a
| um nescent device of th resent . inyenti s. the di sg Lt t he
port abl e BURBEIEP é%‘ﬂ%eff‘% ey ’?YC&X‘PP\%%‘%? I,SPE’@[ %nﬁgfg%%gﬁﬁr?e@c}}égg%gmr.
Accor dil@ﬁiéht—@éig%?ﬁﬁd SOREHINLsYove. I AUHGEkh @ntudiris yikey asthexampirinehisi s

| ess inconveni ent. The portable conputer can store information in a flash
menory or embpdistsntithejaurie man bstiomed¥idhy i ntegrati ng non-vol atile menories
and can reprodyc ivd @ by LB PkarckYshoWi iSRS A RE1FPBA 18A
conput er, whi chﬁlgeg%ﬁtﬁﬁes{éo@g? 'd% %@Ef}g ;1/a 1C7081f', 12_5ﬁitaé_ case 1702f, a

di spl ay um t8B Zffnctiam bf anddxy sty the JutiancBypf eatifted dighuin areordance wityibse of

the present, jnventjqn as. the display unjit. 1703f. e I 9@9!@1 can
be thin Qﬁ&htln%“n?é i%‘ﬁﬁ‘{“ngﬁ’tﬁs é’%ﬁ%ﬁ?@ées Q]:egsné: B \f}\}ealrlggﬁgq{sg(?ﬁ%ge%rgelnt dgl\r?i ce
is a ghgakjecHRY applidhcb$ With PhobRiskloys @8 NGEAREEO aletect ithhtniginess pdctial | y
for a notebook personal conputer that are carrjied aroun

[ . .30 _The. .
oppor t uni syrroundiegs- | e pEISER TeqpRnizeHBRge OF Bt erEAHIT ‘Sﬁg‘é‘ét ‘8&%‘&5&5 if the
fr eq“encyﬁi%@fré%gﬁid g ﬂ?eeﬁ}nihﬂ&%herﬁiu%ﬁtﬂ@ﬁ & HROBRLMhEA 40Me shRBEnEHENISAS

the Inter radi o communi cations such as radro wave, especially,

ani mat i on100ftor 16t i GMith Shisclanctomatite dumiminge et iBRRAEM Sehraired er Peitest

rSis ponse %Pe%eig’g M‘e% tlhlé ngurr]r%%%?lpﬁ[gs dey 'wEight ¥hereds 4RO EniiRhcBF ThlikfBe PafMedY - -
920 lowered to reduce power consumption when the surroundings arc dark. -

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

95 included in the luminescent device of the present inveption 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 |ight-weight, and 5 consune | ess power. Accordingly,
battery consunption is reduced, carrying the cellul ar phone is easy, and
the main body can be cBhpHdét . empedimes MovEXamPIG Ul 02 s e i RARY YBSr
audi 0), whj & - A- Mgl crm By Ay thel 86&antand
operati oncél\%g?dé%gsQ%ggﬁqﬁg%m?gggb&sw usi%%lps flﬁmﬂ%:_@cent levice of the
present i pweaitiinthasrghhie longEsegnt whintent 86 2is; presrat nMgnbor.ahhepeiragt structure

| i ght -wei ght and .consu | gss power. Although car audio is taken as an
exanpl e i%‘ef‘?ﬂ%éss@%@dﬂir?ﬁ%rﬁe’? the audio may be honme audio. It is effective

to give_ the electric applianc wn in Figs. «17A.t0 17FE an A 8B a
functiof of rrﬁﬂi?}?‘%lt]igé@ SBﬂ%f“Pﬁﬁ%Z"E@ESBfS‘%%\ HPs. 5t aﬁf’é‘rﬁca‘l“ﬁ“ é%‘%ﬁa%éée"%\?m&t h
the brightpess fhe Phand Y fowdidionas Whene. Inhaldlias tht piapalsianeae srasstarsed
by providing the 15 electric apﬁl iances with photo sensors as rrefilgﬁjgeg to
det ect t héehrraghbalewdoak "D 1.sIy dehdlflgdn oreapie FumiRRseeRt glgmesk §e2or

o PR g o, o e

g ght ness of the surroundings is 100 to

150. Wth thisg functio he 1.n A Al grd petter
vi o ng. when B0 Sart LR AR THTLARRARR R0 A B SR R L BB Elr e
can be102Qokewengdht draie AICR3poweone neampticdnvitheme sigaakling Sinidie nyberarse

dark. Various electric appliance hatf enpl oy as |ight .sour t he .

| umi nescefeNERSHdGCHID dhe SHECHAsHAL Pﬁb%‘n?ﬁeoﬁ%&% a‘b‘%%éq g{?"? ﬁ?ﬁﬁghgje one 18

light -wei g, and &rﬁﬂ.tﬁﬁ%&’&@ RS UMNGhEE §Scoreed to Whé @hteNBKES! . tTRE) ther y

useful appliances. Light sources of liquid crystal display devi c_es,ffr ch
a 25

as back | ieijhtr off the sowrce land ke drin pf g3 2rd thecethep P thegtrureryOF {hedirie
included in the lu 'r&gséc ntthgrevi ce of the present invention as a |ight
source. ACHEFHG VU Re YUR nescent device can be thin, Iight-weight, and

consu | ess wer . liquid.crvs | 3 i ay
ini'ts OF the dngepie ChapY it el KT e Bhp Bl Mo i VSR &8 JHIE FITPIEY
accor di ng chnddidwanhne somat of Te. Tet eaterofcTrapiplcoammesl tathelrecond scaaning

| i ght-wei ght and consume | ess power_ if thos

use as badiue|Rigiindgihg depin qfj e Tnis ?Wﬂﬁ&é’{é‘]l’# %%Flgglecﬁ&giehg E)k?eiaépla? 1

i nvent i ony, [ Ebadi BRMend #3110 Ank oridHis 1amResHAEAE e SN a1 tRe pixchelcagsdey e

At tyra)lecounter electrode and an organi(; luminescent layer provided between the pixel

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 bo;h

25 n-channel type TFT and p-channel type TFT. Tr2 can adopt both n-channel type TFT
and p-channcl type TFT. With respect to the polarity, in the case of the pixel electrode

and the counter electrode in the organic luminescent elelhcnt, 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 clectrode. 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 showm in Fig. 37. 5 A pixel
1810 shown in Fig. 37 has a signal line Si, a first scanning line G, a
second scanning line Pj and a power source line Vi. In addition, the pixel

1810 has transistor (refer .bel ow, t.0 as_."Tr.") - 1J I

organi c | Lk REEREM C@?”éﬁ@ﬁl}é%iﬁpﬁw%d 9 %3‘3@%%&?&%@?&% t%ng&éggree AT
capaci t or pkien H3Yalk 47t B8 seired bETANHoWederpit 6 mumpestay alwayis provddéd.r st
scanning litne G. As for the 10 source and the drain of Tr3, the one is
connected wi tf}, {R6,i2d13A8wnlih m?sn iHeh@ir@hheipplisd te RstntaiineiSi s ¢dntrolledr ce
of TO Further, the source and the drain of Tr4, the one is connected with
t he sour cat thé cirent sphwse ¢t Hersignal HphHdepadirewt-t he gate of Trl. Thus, the

either of the source and the drain of Tr3 and the either of the soyrce or
the drabn of TrBy applyiogtimeahaes-mprtipnsd CHCB FEPCINS e EOTSARLERIIERt GHYINE
connected wi th_the power. s b Vi Aotk Qoddthnt RrepPRN@Et €d
with the E%hlt?%éealg‘?c%&’)'.W‘?‘rﬁzgl{é‘%Egéfétp&frdfnﬁjéq(géﬂﬁ%ct ecliﬂ%o the ns_econd scanni ng
line Pj. fndnidlagmisésabm ddmedteTRe drganicclonmested elinidnt apingel mitedoegiodeti n
the organic | um nescent el epent égll. The ogggni.c '“Q}iﬁ@ érﬁﬁ;@%ce%kgfgﬁl%t 1811
has the pibearressmeaveation hasa langat hietigedben BRLOLRIOTHEPE AP T I R&s Cent

| ayer pr oy RedcBf: ALl idOffediRctveRsl®e aREy longeCididtiiercaalbeatalidd.
The count g'bggﬁgé%i‘}t%r]\g@g %f the or galni c lum nescent elenment 1811 is applied
const ab® bphhpigemebting apowenesttuned copstaicyaantdrivibe external of a |ight
emtting panel. Jr3 and. Tr4 can.adopt h &?&Q YREerkFdevi@dhich is

p- channel type :Irgﬁ".mv V&P Cee(aptf)?’l Eénrt%?{% B0 rgglhgfr% _T?4 af)'rvé thel‘csafrre;
Further, ZTkhilGRPoREPBEnshRiplon2hdrexcdlnnal lifey PertidiTamaltcisiccipptinede, wihieh FFT.
TO can adopt both n-channel type TET and p-.chagJ nel tyBe ‘IéEL Wtﬂe-%ﬁﬁﬂ%ﬁt to
the pol ar bright and small ToRQW G FCOPHENPHOTEAN e OV el A OPH Ty G BF O2FEEE ode
in the organic |yn EREnEd SRy a liPR sBORc 0F a@ibphiyadeti@and the other is a
cat hode. Eﬂﬁ%ﬁgsgg%%%?&at Itlhe Tr2 1irats lgﬁ 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 TFI', it is preferable to use the cathode as a pixel electrode, and
the anode as a counter electrode. The retention capacitor 1812 is forned
between the gate and the source of Trl. 53 The retention capacitor 1812 is

provided to maintain nore certainly the voltage (VGS) 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 Si
is controlled at the current source in the signal line driving circuit. 5
By applying the above-nentioned circuit structure, the constant-current
driving can be realized, by which the brightness can be kept by flowing a
constant current in the organic |lum nescent elenent. The organic

| um nescent el enent having a m xed region of the present invention has a
| onger | FLAIM® than that of prior organic |uminescent el ement. The
organi c |lum nescent element is effective because very longer lifetinme can
be realized 10 by inplenenting above-nentioned constant-current driving.
The i nvent i Hhumisegeactavivedompriemgbl e providing a | um nescent devi ce which
is small in power .cqnsu tion and excellent in life. Further, an electric
appl i ance, whf%ArgagIc B‘?‘?%E‘Eeﬂégl&m?ﬂra‘fqmﬂrﬁl%mer consunption and servi ceabl e
over a long termy, f£3febe obtained by using such |umnescent device for a
| i ght source or a display section. 15 54 CLAIMS 1. A |um nescent device
conprising: an orgdmide; | um nescent el enent conprising: 5 an anode; a

cathode; a first pixed reqgion adj acent,,to , el n;

i nj ecting nater iaa’rEll1rSt gﬁﬁ“g%ﬁb nea‘ﬁ%cée g{&oﬁeia&égﬁa‘?ﬁ&?ggla %grigglﬁ]b%e I?%El?ﬂe first

ni xed regi ofd holeRRPoinsethtéegiamadidds e firsomixed regibitode, wherein an

el ectron injecting 10 naterial and an el ectron t&%n.sportp{‘;g materjal are
ny:

m xed in the sewseont mixasdragion adiacenf iy the CAahe B0y By PERTN SUFHHE
bet n the first nixe i - I i ; hir t he
ol 6101 aneBPEFR SRR R fRing ARG RE ARt kS thd BURTmMIELELR, |

mxed in thgdthird m xed region. 15 2. A lum nescent device according to
claim1l1, wherein there_ is a concenfration gradient .in the first m xed
regi on that aactbﬁééﬁkxﬁétri?%ﬁnd’lm‘flﬁ@i hSq"‘{é:eP rtg‘?\z"-gﬁrlf‘}xﬁ& TEEPR 4G tijless"‘x’(?:%icr eased

toward the bR fg.H i&?%&%ﬂi A £d10MahBRrBNOHRtENY add TR eRBf6R tafspotiing he

hole injecting nmaterial is Increased toward the third mxed region fromthe
anode. 20 3matériblare nessienttheltwidgeixad cegiating to claim 1, wherein there is a
conc?g\t ration gradi ent

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 mixed fegion from the anode and a concentration of the
hole injecting material is increased toward the third mixed region from the anode.

20

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

25 cathode.

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

30 concentration of the hole transporting material is increased toward the first mixed

region from the second mixed region.
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in the second m xed region that a concentration of the electron
transporting material 1is increased toward the third m xed region fromthe
cathode and a concentration of the electron injecting material is
decreased toward the third m xed region fromthe 25 cathode. 4. A

| um nescent device according to claim1l1, wherein there is a concentration
gradi ent 51 0y liEnblbillcX Gled:aRE 90 clalll, JHERAEFHunRLAM AhietPisaloped T on
transporting material 1Is ecreaSed toward the first mxed region fromthe
second mi xedn apgiton et third igeduegonr at i on of the hole transporting
material is increased toward the first mxed region fromthe second m xed
region. 55 5. A lum nescent device according to claiml, wherein a

| um nescegt AMplRhkdlent ée\ﬁl&os&ordiﬁg o PRl i DRviRteih iBe thihescrh@diefi@Dison. 6. A
| um nescent device according to claim5, wherein the | um nescent materi al
is a % triptiget ummesesntdindedi ode. 7. A | umi nescent device according to
claim5, wherein the lum nescent device is an electric appliance sel ected
fromthe group consisting of a display device, a video canera, a digital
canera, ap iATAgRineRRHCAMGENECERINE @ cRITY)i Witergiartha hiainesutptitevice & ad 0
personal conputer, a cellular phone, and an audio._ 8. A |um nescent device
conpri si ng: esttisr gppkiancy saleaied Eom the) LRBMcORBHEG of A ¢lisplayndeiiesd & video 5

pri si ng: el & . . e, id
i oot g it B U SR LT QAR IR ARG MIBBE R (o1

m xedjgr egi Opersansl eompdteriaxetluleghar, satid guddus to the first mixed region,
wherein the hole transporting material and a host material are mxed in
the second m xed region; 20 a third m xed region contiguous to the second
m xed regéo i tesnaterial and a bl ocking material are m xed
in the tﬁ%‘rd@‘%ﬁggﬁ%ﬂe{g}%ﬁﬁgﬁgﬂ% ‘ourth m xed region provided between the
third m xed r eqi engasiodurbinescenatiémee comipasiegn t he bl ocki ng material and an
el ectron injectin nea%grial are mxed in the fourth mxed region. 25 9. A
| um nescent devi @€ 28 rding to claim8, wherein there is a concentration
gradi gnt in thefdfigke.m xed region that a concentration of the hole
injecting material 1Is

a first mixed region contiguous to the anode, wherein a hole injecting material

and a hole transporting material are mixed in the first mixed region;
a second mixed region contiguous to the first mixed region, wherein the hole
transporting material and a host material are mixed in the second mixed region;
20 a third mixed region contiguous to the second mixed region, wherein the host
material and a blocking material are mixed in the third mixed region; and
a fourth mixed region provided between the third mixed region and the
cathode, wherein the blocking material and an electron injecting material are mixed

in the fourth mixed region.

25
9. A luminescent device according to claim 8, wherein there is a concentration gradient
in the first mixed region that a concentration of the hole injecting material is
decreased toward the second mixed region from the anode and a concentration of the
hole transporting material is increased toward the second mixed region from the
30 anode.
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decreased toward the second m xed region fromthe anode and a concentration
of the hole transporting material is increased toward the second m xed
region fromthe 30 anode. 56 10. A |l um nescent device according to claim
8, wherein there is a concentration gradient in the second m xed region
that a concentration of the hole transporting material is decreased toward
the third mxed region fromthe first m xed region and a 5 concentration of
the host material is increased toward the third mxed region fromthe

first mped neghabent Hevicdateoriingsc ehim @ewheeimtherridianmgneantrstion gragienvher ei n
there is a concentration gradient in the_th(i%trtg‘ m xed regi.on that a

concent r at iotheofecentbminss regigpdhtg coneepEatiodld em%a?@Sp%ntg R I i xed
region fro h e i - heg: cent | @ike@f rdgiéh Bh@cki ng

mat eri al i?e‘lgrﬁ%reéa@e g%/\lgr 1@hg{1ggu?%%o€ﬁ§(gg ?ieégiﬁgsﬁ fromthe second m xed
regi gn. 12 cofcchtraiisiestthe hod eviteral écinorediadgowarddhe thindgmixgH segomitomdbe | s a
concentration gradient 15 in the fourth m xed region that a concentration
of the bl ofK§tAYXAAIEI9%| i s decreased toward the cathode fromthe third

m xed region and a concentration of the electron injecting nmaterial is
increased toward the cathode fromthe third m xed region. 13. A | um nescent
devi ce ati oy Himigescentalesicmagsordingrteickrim 8, (wher gwere 1spagapeeniratips ggadidd 20 in

a portion Qf both second regjon and thi.r i . ] devi ce
accordi ng i®the rmﬁc{]’iﬁﬁ’é’rng ﬁ%%@c?lﬁﬁklﬁgggg%th%gnta %tl‘%{lg S!dgé%&%?rl ) 4

| um pescenty dikqde: m2&dlRgiop ol iReseMd wWieiaegiananddi ogncentraticni of e
wherein the blocking material is an_ el ectron t({anspo&ti ﬁ1ge material .. 57
blocking material is increased toward the fourth mixed region from tiie secon mixed

region.

12. A luminescent device according to claim 8, wherein there is a concentration gradient
15 in the fourth mixed region that a concentration of the blocking material is decreased
toward the cathode from the third mixed region and a concentration of the electron

injecting material is increased toward the cathode from the third mixed region.

13. A luminescent device according to claim 8, wherein a luminescent material is doped

20 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.

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

electron transporting material.
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