LUM NESCENT DEVICE Field of the Invention The invention relates to a
| um nescent device using an organic |um nescent 5 elenent having an anode,
a cathode, and a film (referred below to as "organic conmpound |ayer"),
whi ch includes an organi c conppyifingdsaiired proviesf ect | um nescence upon
application of an electric field. In particular, the invention relates to a
| um nescent device using an organic |um nescent el ement, which is lower in
drive vol Fis{bobthg InsAEeR in service life than a prior one. In addition,
the |um nescent ﬂ@%h&&tﬂﬁs&ﬁdt&e%' “}mﬁegcgmsa@%éug o R arﬁgqulgfri%§§e%
application indicates an inmage display device or a [‘um neScent device,
whi ch uBeclameot branig an amdves@emode,l amlmﬁlrairelfumm@@@eno ag['engenic.comfosnd t he
| um nesceﬁte ;N m&l Sq (1’1 \M@i %h gcto nector, for
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Package) is mounted to an organic 15 |lum nescent elenent, nodules, in which
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or nodul e i ( u r y an
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inter posemsbgamuaeﬂuﬁse@r&rd@dﬁs indlB@R AP in6adlesn Fhicly 8 lcbagRtdrNRr &k8mnple,
electrons filled froma cathode and holes filled froman anode reconbi he
t oget her 2% 2Bisednpigclegiracopfiviveetive GFRCtIHéXMf'g@ﬁntedc@mﬂn@r palAB (Tep¢ or m
.excited 2 of Y h
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or gani ¢ conpound..can, i.nc e a singlet ci.ted te a atr C|ted
ot ot e, CuriPE Of et 3B oL TEPORF stodutss i, e 86 1F BB Sty s S e
wher e ei tfiganted oh Bg o@%ﬁﬁidlﬁduﬁés@érﬁ%ldiﬁiﬁ il tmt@ng@hqﬁ@n GlssNgsegnce. 1 n such
organi ¢ | um nescent el enent, an organic conpound |layer is normally forned
inathinfilmbelow1l m Also, since the organic |umnescent elenment is a
sel f-I “mﬁﬁéﬁﬁm’“ bYRE R¥MRed AR Whi ch the organic conpound |ayer itself emits

l'i ght, 1 ght used I1n a conventional liquid crystal display is not
necesly. Accofdiaiginic loménescent 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 organic compound layer to form excited

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

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

30 luminescence.

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

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



organi c |l um nescent el enent can be very advantageously forned to be thin

and lightweight. Al so, with, for exanple, an organic conpound [ayer of
about 100 to 200 nmin thickness, a tinme period having el apsed from
filling of a carrier to reconbination thereof 5 is i e order, of several
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el ements used for .displays in portable equipnents.. - :
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Lo fil! GidRLOARANRY Bhyfls CALKH, GbL 15! Rol £ 919133 gBGpIPOUNd | Ayer .

Furt her, I natlon crency of the carrjier 1s inproved b%_ | eaps
and 30 bounds (yingpplsuckpedomdnces g6 thjhanddightweight, hghapreed i rasRMSOHIS% hol e
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whi ch is expl ai ned bel ow. .
clen?ents are of self-luminescent type and large in angle of visibility, they are

comparatively favorable in viéibility and believed to be effective as elements used for
displays in portable equipments.
Hereupon, in the constitution of an organic luminescent element described in
95 Literature 1, a carrier filling barrier is-made small relative to an organic compound layer
by using as a cathode a relatively stable Mg:Ag alloy of low work function to enhance an
electron injecting quality. This makes it possible to fill a large amount of carrier into the
organic compound layer.
Further, the recombination efficiency of the carrier is improved by leaps and
30 bounds by application of a single hetero structure, in which a hole transporting layer
composed of a diamine compound and an electron transporting luminescent layer
composed of tris (8-quinolinolato) aluminium (abbreviatioq; 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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In the case of, for exanple, an organic |um nescent elenent having only a .
single 2 Alga layer, a major part of electrons filled froma cat hode
reaches an anode w thout reconbining with-holes, making the | um nescent
efficiency very low, since Alg3 is of electron transporting quality. That
is, in oflbrlayer, raamejqrn@rtspﬁg estrpay éilled fmrgaancethoﬂ@ﬁ%@@%éﬁtane%ﬁémout
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to use a' (refe ow'to as i a capa
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not neet_ such req rerre However | i cat. th l e het
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el ectron transporting |um nescent |ayer to be enclosed in the 10 electron
t r anspor ¢leefgprisianil holes émwelldypdancedugennati #ng 410s dpes et mpseépudhgegifgmanént | y
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As an exanple, there is a report, accordi to which success is . achjeved
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whi ch I's capa cking hol €s, betweent hol e transporting |ayer and
an el ect inghe elecaors pansporting layemesetntﬂweatmrevziﬁ f%@ﬁﬁ@m luggigaspgmeeNobut oshi
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_Japanese Journ ﬁpcﬁlnc%pé <Eh§}1§ P Camer%‘?%g%é%%%%%ﬁ h@gg’ﬂ q%%m&? so,
vit can bgossiilél tb hﬁintx’bhei of@iRAi recdribin{iRs expion.eAe rantxataple iiixee is . kdpoet at ur e
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el ectron trarnsportin m néscent | ayer ch concept of functional
separ at i whichds cfambzlh @uf bipaking hales b?@ﬁ@@pthedﬁ)l@i éramr@rtw leeernssan glectipr

(Lhree | o paine [Yet i fibranfie C2T Adoli ORIAMA, RobtBLACASAN! arld?¥fih-ibfliro

|nserted ranspor I'ng Tayer an

transpor TAM;U RAY eA BlatiQrgarit Wight EmiingBjaleADAGHIese Snrmaloof QKIliED Physics,uo
TSUTSU and_Sh El ectrol um nescence in Oganic Films with .
Thr ee- Lay@régé%éé r(gggg) apanese Journal of Applied Physics, Vol. 27,

No. 290L269- L2&1s0f #988)0e safPthat e drgait l@malescen® pRifint @8schigsd anLaekiane age
in that the functlonal separation nekes it unnecessary for a kind of

organi c Hds dased onosh iy speak, dhatethpught ef, frmctigpal separation, according to which

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 heterostructﬁre (three-layered structﬁrg), according to which a luminescent layer is
inserted between the hole transporting layer and the electron transporting layer
(Literature 3: Chihaya ADACH]I, Shizuo TOKITO, Tetsuo TSUTSUI and Shdgo SAITO,
"Electroluminescence in Organic Films with Three-Layered Structure”, Jap’anése Journal
of Applied Physics, Vol. 27, No. 2, L269-L271 (1988)).

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

example, it is unnecessary to unreasonably search for bipolar materials). That is, a high

3



(lum nescence, carrier carrying quality, filling quality of carrier from
-electrode, and so on) at a tinme, which provides a wide freedomin

nol ecul ar design or the like (for exanple, it is unnecessary to
unreasonably search for bipolar_naterjaa;%. That is, a high 3 |um nous
ef fi ci entymingns (séfieiangy yantbeaieatily BitamstbbhiRebipePacsalaliviee 2 §oed

| um nous | Jd ' Lithly. Fespectively. Onvng to

t hese ad\l/ugﬁﬁggge ‘faqit?ﬂ%&c%g%{g%‘teéaoﬁ %%%d%%téea’ SX[I’UC'[ ure (carrier blocking
function or fu@tingnel theepadatntagds, ithe elohcet soff ilize thminateilt @rature e(carrieas
been 5 widely utilized fill. nqw. However, hejng.a junction be e

" subst anc@?clﬁngdﬁ%nfc@%rﬂr é&{“ﬁﬂgm’gi %pﬁﬁxppp):&qsal?,deagn?e ntt ﬁgﬁr%‘gfvxieg’ﬁs been

i nsul aki RgqdTBLETEA §] nowhe | am nated structure described above will
necessarily produce an energy barrier at an interface the substances- Since
the presence d&lowaverbeing)a yactiorbetvenn suksianesy ahdiffierenpkings Carnardeulas at he

I nterface, t.ne t f.ol.l ow bl [ ens
o thae ikl oo iR, aptorBl W Tt AReg ASofted pholy A7

vol t age. néedssarilly produce imsereegnbaeipoat enl intetfhce s pebstanas eSinst ihegpresgani ¢

| um nescent elenents that an element of a single-l.ayered struc e .maki ng
USe of  aok@RjHGHCPIORY HBHbLS BORSHENT Ghs AT e ot eR PR &h%, BT Sl
hol ds boﬁr&ﬁéﬁsﬁﬁmﬁi son in lum nescence 15 fromthe singlet excited
st at e)1 i n power efficiency (unit:"ImW) (Literature 4: Tetsuo Tsutsui
"bul l etin. of @mgaofitbe poitdems s that Bacadtsriom basricklgpdivente fugher gedussionefy of

Appl i ed Physics, Voql. .No. .1, P =onj.ugat e
pol yrer 85&8 r Pﬁ%%e'i cuﬁ%&e%tgi% i rbgerﬁn?pso ggéélggg?e)g?eértrg? gglﬂg{;é 8&3?1%“@5%%6%{#% n a
{1 evel equieyiadn®that sn ¢lBAtenodf 4 kiaglealaycrad stustirelmbking usé bha cegpgat polymeie 20
reconbi nation_effjiciency of.a carrier. ordingly, it denmonstrates that a
Sinole. | By ERUERL R GBS RGN Talces HIASE LD 0 o B i S r e

vol t agg RiQY i dinkltflexaitdE5RRY inBIWARLEERNOS (#hibkilapiery (DREANral4: GRisugake |
an equival ent reconbination efficiency of a carrier wthout the use of any
| ami nat edsstsviucdbullein Dhi erganic eolesyhardipelactrepiee sikeoppniftie 9faSeciehntof
novenent s, of. ar.r i Epg .2 d at interfaces (for exanple,

bet ween 2‘395)‘@1)?‘?%%85}3@(3{1?15{01 gyﬁe)rg?gé@t)g | um nescent |ayer, and referred
bel ow t 0o as " ongaddicionjthecbamgate)pobphevedescrisipadtifevauteadsrasbipolammategrajani ¢

Cher o 1's 2B ap isin picvanconvatspace i oF b Rimeled RGN ENEP ey ChariRer 1s
i nser Had ;@lonindtretfRERCHSVERRRR. Abesitiinglls idemanstitgattiac aCsinglouagk:l ayer
to structure having less interfaces is actually low in drive voltage provided that a method
making use of a bipolar material can make an equivalent recombination efficiency of a
carrier without the use of any laminated structure.
This can be explained to be due to the fact that movements of a carrier are
- 25 prevented at interfaces (for example, between a hole transporting layer and a luminescent
layer, and referred below to as "organic interfaces") between respective layers in an
organic compoﬁnd layer, and so a higher drive voltage is necessitated.
For example, there is a method, in which a material for mitigating an energy
barrier is inserted at an interface between an electrode and an organic compound layer to
30 enhance a carrier filling quality to reduce drive voltage (Literature 5: Takeo Wakimoto,
Yoshinori Fukuda, Kenichi Nagayama, Akira Yokoi, Hitoshi Nakada, and Masami
Tsuchida, "Organic EL Cells Using Alkaline Metal Compounds as Electron Injection
Mateﬁals", IEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 44, NO. 8,
A1245-1248 (1977)). In Literature 5, the use of Li;O as an electron injecting layer has
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30 enhance a carrier filling quality to reduce drive voltage (Literature 5:
Takeo Waki not o, Yoshi nori Fukuda, Kenichi Nagayama, Akira Yokoi, Hitoshi
Nakada, and Masam Tsuchida, "Organic EL Cells Using Al kaline Metal
Compounds as El ectron Injection Materials", |'EE TRANSACTI ONS ON ELECTRON
DEVI CES, b&#dlsucdessful@ reg@pction2of5irive481tagd77)). In Literature 5, the use of

Li 20 as an elecfron injectin er h 4 been successful. in.reducti.on of
it e vortage. Hastoh theE sy et 5h VERD de Rk SHORRE itlind B v
qual ity gfterfiiceOkidgamitbech RbBleiaasd Rascpiesfieean Spvaant FIigk M @miRge&RNt S an

[ rrportanté&oi nt for comng level wth a lowdrive voltage in the single
| ayer st PWiGAIOY drive iRlage B B simgls IBpirstrupticePrldng use of 4 pineler mafraiabt her
probl egn caused FHXh@rn tﬁé‘%FlQX.&%@El’éheEads dﬁ)&l hx?\éﬁ%ﬁg%a?ﬁexa% bélﬂafv'eHe(Bthe gp the
service life of organic l'unm'nescent el enents. t 1s, novenents of a-
carrier amflenopedabc senvitehlifiel dfi agamicilsmimeseme dlethents dHauid, dnayenodtcdis ges.

VWhile any definite eory, h not ~been. establi.shed with respect to such
echani SYTET HEUEPPASL R RrLTEAGY s IPETEd A B e Of SR Fng of br 111 ance
can be suppressggile hyb¥efidifelifidory RashAbe bedd eslablishddaygih edpeeeivo ancprnode

and a hole transporting | ayer and enpl oying not DC driving but AC driving
of rect amgahamsmef deteriprasion; theee is:a rgporpthat %amlﬂg@,br@aw cap bp suppiessed W

popl 10 B cRf EHCIEWHERBRCRRH oeRELFER bt and AN FEaRithe Mr ang
sai d to pmpkyig ant &@eatrivientbal AQVidence of hactahglar wage |iLitbratirei @nSeAcan be
15 suppressed. by el.impatin ti f .ch d to. i ti f
ol o | nj GaRSKS, Fayr ChRD AR ot Wrndshe ¢ Quapib g ot FSH60 &V that on
t one handihhevb@Riabaligd Applust PhRidiasetns, WlV69)Nagel s, 216062 na9e@y. This

enhanci ng the reconbination efficiency of a carrier and _enlarging a range
of mat er faf bgesaid ttp drresamt tasy pEPesmeNicevidenge hahievasring offuilianaeneanopper 20

e 18 AP0y O T BE A R0 LGl of PYI B
i mpedes hyoearshA€ dvivisg.carrier and has an influence on |owering of drive
ovent on has &g stid o s Pag e apaR e it kel S158Rr artar.
whi ch nmek@mntdpe hestabling akilpenashcid A rddotibeidtionadffisRAsY fi 00)rrien add
| am nated structure used in the related art and enhances nobility of a
carrier enlarging garngegianatednkyclsetinnin tamspfdungiionghseparatiog and oncbaebisAd
| ayer g0 afgh dMrfatibs of Ay cjrgarﬁ{: iilYt@er&Jst(ﬁgﬁarticular, 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, whiéh makes the best use of an advantage (functional scpafation) in a laminated
structure used in the related art and enhances mobility of a carrier by mitigating an
energy barrier present in an organic compound layer, and which is lower in drive voltage
and longer in service life than those in the related art.
In particular, the invention has its object to remove organic interfaces present in
30 an organic compound layer and enhance mobility of carriers by manufacturing an
element of different concept from that of the conventionally used laminated structﬁre, n
which carriers in a luminescent layer are blocked for recombination, and at the same time

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

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

-
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and longer in service life than those in the related art. In particular,
the invention has its object to renove organic interfaces present in 30 an
organi ¢ conpound | ayer and enhance nobility of carriers by manufacturing an
el ement of different concept fromthat of the conventionally used |am nated
st r uct ursetucture. Therely, terinventon) hasats| abjgan ée providel ayargarie durpingsdeati clement,
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| ayer 1 s exenp l'ustrat e“use of an energy band diagramin
Fig. lﬁnjebnnglqer 1sA¢xeaxmlanlydélu$®atednﬁtlatmmse aof enesniei gygbdnadydingragpinakig.
joined djirectly to each other, in which case an energy barrier 104

associ at with the anode 101 and the 15 hole injecting |ayer 102 is

t | arge. Howeverp Fige 1A0@hGAH0BANDI &indCaholeinjteEhg Neftr i 1022ars tieipad Sreomy ner
(Fig. 1B) by inserting as a hole inj ectlng | ayer 103 a material having a

| evel ofeagh gtlest inowhigh; eage 28| @EIBYabasiehlP @P%ﬁc@r‘?‘b&“‘lﬁ‘e‘lh&ﬁnf’%e 491 apehipy

posi tyi tgybet [ V, t rk

P incti o, AR B R B o R o Yot e el
trans pordtepvgsé aypaner (g OEB) ggnmsgrtirt&assa bpw igiscene layyr HA? pireaterrdl vongna i n
Fig. 1B .ma oSS ble.to anc | ual i " I from
an el ectl% h’iﬁ'} it Ocscﬂplgfiymf)](?ﬁgg §1t o(ﬁ %e(“b o?v agoea WOIWO Z)Pt(%)gft onél
However 1mfeh1‘ﬂ6@1ate$b&%§1€€brﬁzd@foﬁtﬂ(ﬁéﬂtidn Qéqtﬁﬂaltrﬁotbemk fuﬂctidiem cusaiomeandl)

| ayers results in an increase in the nunber of organic interfaces. This is

t hought ofshe arpdeand@ HAMQ leveheh the hele gansportiag laysEi bl e for the fact
t hat gge singl Beélgxyﬁg‘%ﬁe stepw ik dhElgyl Barhiel ASsHiowh HAER. 1B HEkessit possitig g and

power efficienc
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 camier. 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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Conversely, by overcom ng such problem it is possible to cone level with
drive voltage and power efficiency in the single-layered structure while
maki ng the best use of an advantage (a variety of materials can be

combi ned, and any conpl ex nol ecul ar design is unnecessary) in a |am nated
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hol e trhyspohd holg injetting miatepfal héryhs hoteeeiveliolést fyoragadhef an Thode amlytheakes
It possiple for a. single |ayer to rsﬁ | ze functions of two | ayers

i ncl udi nBPls "@BPRAZHRS BRFIALIIEES\RBTY PRYSSS | ayer and a conventional hol e
transporting | ay®y, it sUsRfdrEIE toNfokecdiehtriticiNgR@Aldntsth HeXBsle tha¥gortinghe
hol e injecting material serves to_receive holes froma -side of an anode and
the hol mixadalagplodescribedrabaste; dhak s we showndarkig. hohegate gfdbe bple ingecting
pref efab f. [ ragient.s ..l h i - i xed
ayer 1§ obiirRL RERRES ORI S Ao I chf, 4"y B IeABORElY pfidord J

I nj ect i nihcrehBesad @r gads awwyr Eaae shd aneded Gwingntwdfrmatidn tdfiesuchtoencdntiahien hol e

transporti materi al increases as | oes away .fromthe apode. Oy ng to
format§ oBfagfon RIS e SHIORLTY Ghee BrhdreBh At SHigiebahd PROG AR Aryics QEURTLe

- from t heggiegftidf oftdng mlgetéﬁe@gcﬂ)aﬁ%r,r WhthWonhebiltes ©a8REARE BNdRVe ol¥agk AhGE
energy barrier, which contributes to |owering of drive voltage ang

pr ol ongi piglangingefiseedcd lifee. 15 In addition, for the sake of convenience
straight |inesgare.used:to,sh t rati ' ' L Q. but
Thereffs not  nibaddof oS RRe MocofRRFRL SBAIAE BREUhLRLaL MY sl e D1
it is suédrcenestion graticasnadtigr 2budthege it nicsesarilfychended of limdtirga®esuch

decrease. I.n fact, it.is thought that in many cases the concentration

o adh ont Sraighy G At it Bysoif Olshaf SoRREDTARGH SFABGNT PBITOMIHG W AHESHE o he
case W tfecpédie! InCABE ik ItAdu ghib titht 36l inBihyScaseOthd @96 Ed bRt oh Brddients BRCddfineat i on
of the present aP{)I I cation. Subsequently, a way to mtigate an energy

barrier Peraveyat ths tineet eoHEInke pame &5 therqeye dathptherroncentertionraadigdi ow t o

as " ShFChdsanpld ANROYI MG KEthel AUL i‘%qpqi&%med by mixing an electron

injecting material having.a | ow I'eve arge 1n electron affinity) of
Subsequently, a way to mitigate an energy barrier relative to electrons may be to

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

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

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

gradients, electrons are smoothly received from the side of the cathode and carried
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| owest unoccupi ed nol ecular orbit (referred belowto as "LUMJ') and an

el ectron 25 transporting nmaterial of high electron nobility together. This
way nakes it possible for a single layer to realize functions of two
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be pr ovi deehasydue i9 sBftsrenres, Of mowhLY PERVasaI Bty AEIoB UESPRIEE HehaPd e

m xed ﬂ@%)iz-nmemnix%dq%a{ REEH bW elh 4 ol BakipbRide RPSPMAA PipolRimafdrad Of
hi gh hol e bility and an el ectron transporting material of high electron
mobi | i ty mixgdddper.. In this case, the |lum nescent |ayer decreases in carrier

bl ocking functjion at.interfaces an_ both ufy, f I

reconbi nati on o‘éﬁ8a?tr fseprc?fémgfﬁ &12?“%[?811?%@%?1?{" ? é%gétss g‘f {hﬁogﬁ)ﬂw&%guer%\een
" an el ect npikell 1ayes Mesdribed abayerTian s, as $kbvim froFigr 4 kht wate df mhedissle aysportiag d
bet ween a hol e transporti ng | ayer  and . a, bi ggg?fr-na%ured m xed. | aé’l%r . ﬁl so,
it is prdRUPHB) MOAGSEHINAE AT ARDS: 1281 the Aefr it b Flequnn BrsprE e, Dalfria

m xed Ay REre&3 GovRRAhRRAMBDIe TOMing %o fMabiBR WA shéh Ec'brg:enl‘}ati(;ﬂ”'%raﬂﬁ:h%, Qlfepﬁ he
hole transporting material increases toward an anode, and the rate of the
el ect r on affeoms garryingdo meqombinatiasof kaleseanskadeqtions aee sraeothbit pratemedwyithput o
formation of che.concentrati ' '

recombi ndeTBAIgH e L g e Bpfs ViRh SonGibGRS o RadhAIBARNON B! fna
gener at i grolohgmgyflsarvie letaer gy barrier, which contributes to | owering of
drive vol tage and [ ol ongi f service life. In.addjtion, it .is thought
Chat i1 bi por annradcfic e yhchehs giat it itkuaresfise Rufblse? hophegpevig ?
exci t 3ig Qhwenet&tatiBiiichsrglicatits IEHt SnorfEXEkdifition Rn &R d@ycritRadh itlespecification

specification of the present application indicates enerlgas difference
bet ween 9OMbeape¢senyMmplication indicates energy difference between MO and LUMO.

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

thought to be equivalent to ionization potential. Also, defining the excitation energy at
ends of absorption spectrum for the sake of convenience;, it is possible to calculate
25 LUMO from the excitation energy and a value of HOMO level.

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

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

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

energy than that of the luminescent material (that is, capable of preventing dispersion of
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HOMO can be neasured by neans of the photoel ectron spectroscopy, and may be
t hought to be equivalent to ionization potential. Al so, defining the
excitation energy at ends of absorption spectrumfor the sake of
convenience, it is possible to calculate 25 LUMO fromthe excitation
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m xed{ha y ' ): X | ' i | of
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bl ock| ngimeTesing; (i <onGENEAEBUPL (e RICPRIRE  Piatsrial 1S i, 2087 (el £rom ¢ e

- bl ocki ngtpahesRd Byered | ayer is preferably formed with 10 concentration
gradients. This is because a carrier (electrons in case of the hole |

bl ocki ng mat eHezupopninorrsersf yaage arganse umiggsceRt plemests gpaklr < coanebiag
STOOL il R SrRtrdlf SR b s "IrHIECARIDD chdify GORRRALE AlsARe0] whbf bkl NY
mat eri al "‘as®{t goes away fromthe 1um nescent [ayer. Heréupon, I n recent
years, otaqganbasel staienfroneat triplenexitsd cagablimo ofumgnangces have bedib saeresgyely

(el er o Reh 00 S8 Barlin BB b Sy PkEBe) Tstppconss pren

have beeQBH&sadsAY Ha¥do, M EEEThE&dpsciNghd Ot R CBoMés, ligpiovedkabredf tradd@drrin

| um nous efficiency (Literature 7: D._ F. OBrien, M A Baldo, M E

Thonps onelafdomosphoresgengdevices’ nfypphietiP l@ﬁé‘rsg}ft&eraP@*- dt NR. 3, 442-444(1999)),

izgfzggp@g@gﬁfséﬁ YelRY | PESTSURP PMoBH-TEDY ARG L elhedyiki VOAHIRG, Mn;i3.
NAKAMURA, Teruichi WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKIMOTO and Satoshi MIYAGUCHI, "High Quantum Efficiency in Organic
Luminescent devices with Iridium-Complex as a Triplet Emissive Center", Japanese
Journal of Applied Physics, Vol. 38, L1502-L1504 (1999)).

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

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

is long in service life in addition to high intensity luminance and high luminous
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20 (Literature 8: Tetsuo TSUTSU, Mon-Jae YANG Masayuki YAH RO, Kenji
NAKAMURA, Terui chi. WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKI MOTO and Sat oshi M YAGUCHI, "Hi gh Quantum Efficiency in Oganic
Lum nescent devices with IridiumConplex as a Triplet Em ssive Center",

Japanese effl&b'ﬂé}fjﬂaséﬁoﬁm?lluhﬁﬁjce%'aQ§FleV6§iatc§§tateL1502 L1504 (1999)). 25 A

nmetal conpl ex, "of which central neta | atinum is used in Literature 7,
and a netal coﬁ?ﬂoedangkyf tlvmnwnnemtcpa¢r8rﬁ@ph¢at10§ o itgliagentent Jo s braplenlight
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| um nous efficiency than in the related art. 30 However, Literature 8 has
pr esentedaEierdiosmPuhen moygmens ahR FaiEk e of | uminance is about 170 hours
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a problemin servi ce ement . Hereupon, application o

i nvent i orme¢ahanismispset mlOldglhtm avhich moyenienday acemripr axei idwedechbyghbymdtiomodfi onal

| um nescent el e ‘H'E e which is long in service |life in addition to high

i nt ensi ty H‘é &%nd hi gh lumnous 9 efficiency based on | um nance from

a triplet eXCI trgbt, SdrRtof. thé\aeehaHisgs ¥ thblight ofiieRich NgaRYRES frapPnbeolapy of
its concept to,a triplet light  emtti ng di ode, accordl ng. to whi ch concept

a car filerof C523N)¢ iferfagrsr Adriereanic RemmoyRd hyer | i3 78 organie luminescent Plsgspt 150
reduce theay %nﬁio?wb?rfﬁﬁﬁsm(a{ a h%mg &AL @Hﬁ:‘hgx){lolc'éuf%@r(ff'ﬁr))rgtaﬂlc

snoot hen m)ve‘rirgnts of a carrier he inventors of the pr esent
_applicat |complc»ané atggm@h:t doé tbheaet interioldcoler rfgrcemhdmlmssd am dipotrddipolei n

whi ch nmovenen a carrier are i tian of ani ¢

i nt er f acdRter lf’gt B bt VPHR S Hﬁ%h%%gﬁge O)é IP?IS K lﬁ)fuseﬁi/\htf’cﬁ)rfns glé‘ﬁ%'ipat ed
from nor @hﬁbmge/(laﬂaﬁlzﬁ)éd Qh@Ritey; il mt;ﬁasilaréaﬁat ifferRCgaha is,@TRolid thiérdaes) oM an
organl c lum nescent elenment is npormally conposed of a filmin_ an am)rphous

st at e 1owthe Reiger seusters yr gaently yféted by siberonersdggreigatiar sae apd mejecular

i nt er mol egykAkrafigs.ce mainly based on dipol e-dipole interaction. However,
when such aggregate of nolecules is used to forma hetero structure

(1 am nat ed st r dotpartiujarj in the caseswhdsk enatérials havtieg treetly d(ﬁferramt mglec'dagsimSC

nver 20 oy Ao BB B LI S TR el i 8T
‘wher e matiewioadened dy hlignigetatThy conddpe Emiowﬁi)ilndﬁgl ar. Iﬂllﬁgs21 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 possible that the regions 2114 of inferior alignment shown in Fig. 21
make a barrier (or an energy barrier) for impeding movements of a carrier, it is suggested
25 that they make an obstacle toward further reduction of drive voltage. Also, a carrier,
which cannot go over the energy barrier, accumulates as a charge to possibly induce
reduction, described above, in luminescence.
The other of the mechanisms is thought of, which is generated in the process of
forming a laminated structure (that is, organic interfaces). From the view point of
- 30 blocking of a carrier and functional separation, an organic luminescent element of
laminated structure is usually manufactured with the use of a multi-chamber type (in-line
type) deposition apparatus as shown in Fig. 22 in order to_ avoid contamination at the
time of formation of respective layers.

Fig. 22 is a conceptional view showing an example of a deposition apparatus for
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are used to formthe hetero structure, it is believed that junction at the
organic interfaces is worsened in alignnment. The concept is shown in Fig.

21. 'In Fig. 21, a first layer 2111 20 conposed of snall nol ecul es 2101 and
a second | ayer 2112 conposed of |arge nolecules 2102 are | am nated

t oget herforimng ha stheeeslayeredgisongugzl {dodfle-hafeer | sirucire)y noverposed eofpraocheded  on
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to possi Y uhIHES h&%dﬂxchh%'ﬁr ﬂ&\%ﬁf&gﬁ%ﬁaé‘ﬂﬁ&ﬁ ’chh{ﬁgéym AESE GRGER: surfiReOt Ner
of the nechani sns Fs t hought o?, I I's generated in the process of

form ng dearsdi frapaicskar, uehan the (ahbdd isimsadecsfgmxide sitobrasddes )it is Bulgectetido vi ew

poi nt of .30.blocking of a carrier and functi.onal _separation, an or.ganic
P ne s cRRIBATL Fo AT AT QR Pt B 0L B G, SRaHINEEURe ALt h t he
use of aaffihdted SHAEHRY, the/RSle (ianspdriifg 147%P &) subRRes fol AUPosiHBA iR b WRpa§itishown
in Fig. 22 in order to avoid contam nation at the tine of fOI’ITB.FI on of

r espect | ghambey 2201, the Jumpescent dayes (dees cdom| indpdipedrdvgraen and blugrpics inf a

deposid i a j J .
(douciO Tk 2B APbtsliy cilinbAt 009, & 206 L MELRE, BabtEhitil taver in o

| um nes cdepositimpathambrd2205, @hd etcatdt iaa sppositiogcHamber 220%.r15h3llya ssahingtis at e
with an anpde (lan indiumtin oxide (referred belowto as, "1 TO") or the

1 ko) 1 SEETEAD § FEONE CoamihimGnd KGR OL @ SHEYRE Db EhuBOe, bP FEGt | on

-~ of ul trayhfih&cektdYSneHidEsbtainedvacuum at nosphere in an ul traviol et-rays
‘irradiation chanber to have anode surfaces cleaned. In particular, when
the anode is ndweh bf-ling typd depositian apparatey hpy aj featygmjine thas flepesition jofidh¢ on i n
a pr e cngmer- TN : r i ayer f the
| am ﬁfa e'%g@% r h'gt ure, tlﬁeE %{ngﬁ{dr é}ﬁsggﬁﬂi&{ﬁgkﬁ%ésﬁml s&gf&%}%fei@ght g&d%%%éi tion
i n a depespdctivnly. hatrizethe apyiaratibds lcomitruetedesvich | thytemaierialseef thel esective

i ncl udi nlg red reeB, and bliﬁf ones in 10 Fig. 22) in deposition chanbers

2202 to B3 ale FAESRIRE Vi WOt ng | ayer in a deposition chanber
2205, and a capiggeet AndinteRR St tRNd&HMRITAr appatftus [ Rabdlly, dggadsufiged o
performed in a seal |_gg chanber, and taken qut of a carrying-out chanber, an
or gani ¢ arpund AES éeAD” Brentaee plsgassomnengnts (opigeRnypienand 5o ankispsesent- &

appargy Wge irl%§% IB? %@a{ H%ﬁgé R VARkuHERAS s iidQHatoévetnrbetra%(g 8% 1%5@ EGhpY et WAL S 1S

per fornmne eren eposi t1on chanbers 2201 to
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 df the
respective layers, in particular, at the time of conveyance through the second carrying-out
chamber.

30 Fig. 23 shows the concept described above. Fig. 23 shows a state, in which wheﬂ
a first layer 2311 composed of a first organic compound 2301 and a second layer 2312
composed of a second organic compound 2302 are laminateq together, an impurity layer
2313 composed of a trace of impurity 2303 (water, oxygen or the like) is formed between

the first and second layers.
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respectively. That is, the apparatus is constructed such that materials of
the respective layers are scarcely m xed with one another. Although an
interior of the deposition apparatus is usually depressurized to around
10-4 to 10-5 Pa, a trace of gas_conmponents (oxygen, water and so on) is
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"inmpurity | ayer") caused gij a trace of gas conponents would be forned

f

duri ng i nindpipanance ps deseribediaaveof formation of the respective layers, in
particul ar, at ' - thr | hg~ .
Chamber . 30 Fi g 19uk B! of ACHARGRI BGiack RRRACAAEpEAGY [ diine
stat e, i nofnmioecphobbgn of arfarnistinieafyers 2Rl formmtipaseldiropuratyflayat) omgadiat the
conmpound 2301 and.a second |ayer 2312 co ed. o second organi c
conpound PSRRI ORRAN "’t%gaéfﬁe% 15 f&ﬂ“ﬁ‘ga}af P?tfhl ‘_gesﬁ‘/m%i'é“%mééae of a
trace @f mniRabiuYing IScds¥BL Ffee RO EBAVAIticnAECILNkR df arhBiafBtRRIMEEAS ah he
first and second | ayers. 11 Inpurity |ayers formed between respective

| ayers (oexgmmle ohtasy fosgandg Juminesicent elempent, feNe Wit iofganie gnisatacesytare h
are liable t rjer f 1.0 . anj

T neccertBFlhEReAoFEL: 4E o HmlrSecil Bh Tp UbicB bty B Srfle tayer

resul ti ngcomposediofionty h meixdire o€ avinld agespokting hmateriahbed an rjuetrion tranegprang ,

which are liab otrap a 5 carrier, a resent, . rges are accumyl at ed
' the r PSR GeleBisd oDy ¢ b ues!F atiaed FayRr S in PR e s BB
above. 5 aidsteA TSV @fitetditld ITEHARRE NEK A Ka2hkied SHINSICE HHes§RIkP OXA BAB
(worseni ng of norphology of organic int erfaces and formation of I mpurity

layers) cHireshd QNNAAWSbeve Kazne iIMRGASHIHanT ©Oeanie Hlegwduminesqgeat Degifies ed
t hat bot .he e . e h n ' p s \he e
from con\tl[eJ%llP goanéﬁg%f%ﬁ@{ élﬂ% 8&1 é%gﬂ%%ee%uﬁ)arllrpgt%é@%tdﬁ“agﬁ&s’ ggg%%f gﬁ) éfﬁg
organi ¢ |Imi7ekrEMt(1898ent, from which organic interfaces are conpletely

composed of oni IS & ch NPABTDETHL TGN g RATE, oY MR roof et r on
t r anspRy tNLB-methylphenyl)-N-phenyl-amino]-biphenyl (referred below to as "TPD"), which is
of hole transporting quality, and Alqgs, which is of electron transporting quality, at the
ratio of 1:4. However, in comparing the single-layered structure with a laminated
structure (that is, a hetero structure formed with organic interfaces composed of TPD and
Alqs), it is demonstrated that the former is inferior to the laminated structure in terms of
25 luminous efficiency. |
The reason for this is thought to be that with the single mixed layer, holes filled
from an anode and electrons filled from a cathdde are frequently passed to opposed
electrodes without recombination. Since the lam.inated structure functions to block a
carrier, such problem is not caused.

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

transporting, a region near a cathode, which functions as electron transporting, and a
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(referred below to as "single mxed_layer") is provided between
ctrodes, 15 has been reported (Literature 9: Shigeki NAKA, Kazuhisa
Hi royuki OKADA, Hiroshi ONNAGAWA and Kazuo M YASHI TA, ""Organic
um nescent Devices Using a Mxed Single Layer", Japanese Journal
of Appl i dumiPkgesnt gegivol dis@st fon bt electiqdes - (that 71, (a1 9eiPy)  where |3 tqaFmEarur e

PRl REGHEh Vi bfiso ¥ RRbis it Efbrfovndh pllelis ifbrtzces gy

ref@bvddo| Sifideans paritd ogaficadonipoundridyedl fgactiodsiasha fusninéscentelayerpit
ting quality, at the ratio of 1:4. Fbmexﬁr, I n Qonparing t he
ayRossible thatiadighe et iear pafleRUPey At R detily JUerdRap Pused4nifapEyo

?raggg{rﬁ(hé/gn%ﬁeprgani c interfaces conposed of TPD and AIg3), it is
ated t

at the forner is inferior to the |l am nated structure in

25 | dmithisusamsddrj tikémg ynto Témmsidezation thet thdistgles mikedidaer taanipet t hat

S i BT BReRr S b rh TR WP R RRFENY B o0

r econbi nggd128 . anSbipagict hnihevEematiethest, ridCWhich duynoiganitsintafdeboake gemowidr i er,
blemis not caused. 30 |In other words, i% can be said that this is
qrngeliag @ IPRInESEeTy &8RP Et ed

athendhe hipolaraptured gixehYPLHOM LIS # &% _
1,08 fe mdfgggngla%gfizﬂﬁﬁcfs::ﬁ}ﬁﬁblé"uﬁ-l'ciiﬁelefh%t 858 oSire Uratitdrimre 7URL98

€ provi I'n an organi ¢ conpoun

s as hqle. transporting, a region near,a c de. whi.ch .functions

" on’ v I it s RV g Gghit PpeRa 19eE2HaP et Bt IS

?% mdtétddls irfcluding QdHol) trﬁdﬁi@roeti%1 frRtdriat and fa@ Cdediionesnspaiting  haterisint
en organi c interfaces are renoved.

erenbpledranspaing resiap i comperedrefiichale fansportng My RS AR HPer |
gralﬁ#yerﬁ%é g@im&‘ 2408 %{@HSE& JFCR cRBuEY SGhERHng ARatBridiCaHl ta mAkRNCH

transtfer to electrode. Inthis manner, taking into

atgiom 260Bt intwikick iartgile tansedtibg yeterizd andtan egdiidsi trafspertingroateusl

he i nventors of .t.h resent l.i cati. \Y; ise

arf %(%geﬁ'tfﬁ“i We@%e% a@?@?’r&%@? TR “5&%.8‘2% %§n§ Sggs\g{%ﬁ? 24‘?%1’}[/\%% Je‘lzgsees are

renoved swh@brd hRybbdaliastedain ndichTaxathddey 2404 o provided=bg . thé substfave.nizd as

scent reqlon, 10 and the,fuqctional realizatiﬁ@ IS %gggib e unlike
Wi &ran

PG Bbove.

rdditios, with speluplement azdetinitg layer st sygheasy,
not formed, and so the term "region" representing each function is used.

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

receive and carry holes on an anode side and the electron transporting material can

receive and carry electrons on a cathode side. Further, since the mixed region 2407 is

bipolar-natured, both holes and electrons can move in the mixed region 2407, and a
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,
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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In Fig. 24, provided in an organic conpound | ayer 2403 conposed of two
kinds of materials including a hole transporting material and an el ectron
transporting material are a hole transporting regi on 2405 conposed of a
hol e transporting material, an electron 15 transporting regi on 2406
conposed osgarad iefeefecasowithr efisrpuee tndigmeer Fig-, 25 abovws rﬁlx@nganiCe}glirrdnesmm in
Wmchahletrasort neletrontr POy Lin ter
are mxe(f <'tn&eg“e’t EC% t?’?’giegﬁn:[ﬁgde‘l gf%m HSF(g)\?Irgél(?no?lﬂg GSU (fs'r%’%t S 1 a

reverse rﬁélequwmmyregﬁmmm &ﬁnpdsﬂd\(dﬂll@ﬂgean@laédled%@%dlzSnﬁXdDNte@Rﬁl on
the substrate. In_ addition, with ch element, a definjte |ayer structure
such as 2543 | centainipg heth megsrmaé&/éwlchleszﬁﬂﬁo%ndflafg?eraole&m* 2902n@s ppparent

"regi oy’ é’f e Sh3t 'n@gorﬁz(me Bt{%ﬁﬁfc' 19&&%(:&??@ sHoR i'?xeFl a’?ﬁF Glso tﬁé‘ﬁ% Glsement

is forme the”'hof e transporting material can recel and carry es on
an anode ZQMIefmfetmrrahgamenttarenottpramporti ng materi al can recei ve and carry
el ectrons on a gat hode .si.de. nce t e.mxed re

bi pol ar - nat ur ed™5%ofhSHBIYE tgng‘)r&aﬁﬂ’r#ném@gﬂ ety Hstﬂg‘p fé‘ ﬂ?@ﬁ o

2407, andna’:huzguﬁmg {iRrork A6 WahIRScent Blchitdt &b XEslvi &f FON 2a4emoi@fraﬁs¢a}tﬂ@nce
That is, unlike the single m xed Iayer di sclosed in Literature 9, regions

capabl e dnatesid isi denegited 9Pear j apede.u AR tFleHEN HaBSRoridas fateiialy ise addiganal
conpoygd é# BYSle Zﬁzﬁfw al;tfﬁttﬂgrforw FP ctogﬁgg&litﬁms% BAAVD ik &gl&fhanfdhsﬂer

function rea I'S possl b re is present no~organic
interf acéonmtmncoﬁwmmmﬂhlreglam deprasiticst pficheihele Aassporti®e m]alemzdhmag tean be
prevent ed by fromthe,bot ectrodes as

t th t ‘
Far as polhPeR & boubAchastian of e Flecpe ArresHns BRI EAL ACKHHBBE ere o

(wor seni gt plesEMiMRAIARY WHiéh %%%ﬂéﬁtddﬁh@fsfn%&ﬁ& dapebitict 4pakatis SHown Wil Y
| ayers) caused at the above-nentioned organic_interfaces. First, an

expl anat i23rfovinppulpeiugs yieAraapicsbivigescrat dmsehiThgt &% thﬁ?ﬂﬁé‘l‘)dmpoﬁfmlfnéof

or ganiy Q%&{ f ceto Fig. 25. Fig. 25 shows an organic

| um neg’ce tio?(eb?r%ﬁ%aﬁtglge?typl fied in Fig. 24 and conprises a region
2511 conposed dh thlsahannenolheoo,rgmscZBmmcsaemEﬁglﬁmmtmerfbngmsl@dimnﬂim gse

nol ecul e and ed r.e 2513 .¢ ntalnln

ol eoul S Ay et g §acsion i MoeleR ot Arlii? oo ang

only the navgadiadvérsd iffudeesor dtide ybDRNEe 4t fdrdice Kile obute edraentt Fenllicﬁ'gﬂh@fes
2114 of inferior alignnment are not present. Also, solution to formation
of i npur ii§ yoPaYRlem indumiingseent ghacieneaPy viifpe %WHPB’(’:‘E&J Fl}enémﬂ‘l‘é“ SERAYoN

| um n%cgﬁkretﬁéﬁﬂﬁﬁﬁtd@sinm&\é“ in Fig. 24, a hole transporting material is
deposited on an anode, an el ectron transporting nmaterial is additionally
Also, a conventional laminated structure is of simple hetero-junction between
different substances, while the structure according to the invention is of so-called
mixed-junction and can be said to be an organic luminescent element based on a new
concept.

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

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

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

material and the electron transporting material.
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10 deposited hal fway in the formof codeposition to forma m xed region,
and after formation of the m xed region, deposition of the hole
transporting material may be stopped to permt deposition of the el ectron
transporting Acc [ , there are _not present intervals, which

terj.al ordin
are gener at edrT?1 3199???@’ t‘ﬁ\ého‘g Lt‘i“&fﬁ %Fﬁb‘é‘?dfluglgsh%vwﬁ ibeleFiigjectim® region

-manuf act s6BpRdUrIRaErihY ra%ﬁm I
oppor t uni t'y for 15 foFlmat |ron of agngcﬁﬁn%ﬁmﬁ aye ofBFl%E&ek rredober%%v?' to

or gani ¢ #uThole iyegiingahatatiall) mey bedisegtet detvreni amaaote amd an;orgfanﬁfcoiﬂpbﬂhd

formati o | erf.aces, so that no nts af rier are snooth

and hav%yg{) ‘/%l gr?lséélelanéq (RCREEEn ?Pé“%F%‘é’gg‘ magriak apqipg adllinge

eI emend . quility grelectrogs greférsedbelpwabl SMeldetiod ﬁhj&@ﬁ&gﬂﬁiat&i‘afl")%ﬁyn BY iferiky ! tue
| nvoI VI ng the functional separation_ 20 |ike the |am nated structure.

AI s0, SHeemeicathare pagam gigegIcctampaunddayes. Bther, hetlethedioby imj§cting région
bet vveen struct ure according to the
arfa thE @[e2fbn gxgﬁi;ngr}e%a "E”gj‘*’%% 9

i nvention is of so- unction and can be said to be an organlc
~lumi nescent el bt cisessitco theahole injecimg apterial br Aecaddiifigtng tfAkrial %At i on

provi des nescent device_.co sing an or | umi nescent el enent
conpri si n%“’é‘%@ﬁ& el %g?rﬁ’(%é‘ﬁ %R’iﬁr gPﬁ’a‘?Jlf"if %ﬁ&b‘eﬁgamr:&ygwoubﬁl HyeHed
bet weHD it bmoatheas mvemehs ofal beder framtivdirides b 6xlgﬁn1‘ércgﬁ@oﬁn@ eRAULHg kayer
conpri ses hol e, transporting regi on conposed of a hole transporfing

mat er i al 'SKHEEHVE @ clipigndng aerumBllationse ¢hiarges: Haweyer, for dea puposeotfi dvioiding an

el ect rorthgrmgqﬁg 4 e tro SpOI’tI

material which is Iaﬁﬁer |nte1$lgctr§)%psi&%ﬁ 4 (E &ﬁ eqm) i P r?gmlthe
hol e t r adeppsition n‘glth@gl imterals d@t‘despcblmadespeetuw ﬁllmg hmeﬁhmiendi hae drihic

el ectron transp grtl ng region, and a m xed region provided between the hol e
transpor(i0 npé) @lef)sn and the electron transporting regi on and contai ni ng

bot h e hol e HeRapHQr il IY prevdretleain aBfiné Ner RhATT BAahéANDRADE | BY form
material. 14 In additjon, wth the structure shown in Fig. 24, a hole

i nj ect | FGRFEYTAion gaisatsein armixefwieaiana Wingh ceptainicheth the dwle |U@nsmrhmg ng
qual ity iR 8% (Heeélgétfcﬁfjtrgxgslp%% matttial,\Qch thil (fﬁg t oﬂ:gtrﬁrl?skﬁft r%l tenlaY be

inserted between an anode an ganlc ‘conpound | ayer ectron
i nj ecti rajadl@éﬁyodeﬁmp@sectmﬁemramneancmha‘ olec&mmaranspcmmgfmdatbnmlggﬁadqala} i ty

o o SIS FREHEYS AR T bR R ot b
the 1200 enixed ecgion glaﬁegltﬂi&knéﬁﬁd)ftlmﬁmﬁ'(ﬁ‘(‘{héﬁrkuhdﬂ ©6d hi8g ar&ﬁhé}f}cﬂaﬁbﬁﬁtlon
| nsertecilﬂégion.
Also, the invention covers a structure, as shown in Fig. 26A, in which an organic
conipound 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 ihjccting region and an electron
30 injecting region may be provided between electrodes and organic compound layers.
When the luminescent material 2608 is added to the mixed region 2607, the
luminescent material 2608 traps a carrier, so that the recombination efficiency is

enhanced and a high luminescent efficiency can be expected. It can be said that one of

the features is that the luminescent color can be controlled by the luminescent material

15



In this case, since the hole injecting material or electron injecting
material is a material for reducing a carrier filling barrier from

el ectrodes to organic conpound | ayers, 10 it snoothens novenents of a
carrier fromelectrodes to organic conpound |ayers, and so is effective in
el i m nat i2683-ade ¢his| eas.ohowevarhar dfe preferaiiey drat the luminesennt poateriak 260%itdi ng
t he above-. ' . | ' i . L1, ble to
por  orm Taupaer oh ekl oEk 8 splond S uloBRis by Ah e hbel Jodlof pBI R

materi al s and tAiso,oqgarthing campduiin ¢reygy Sranifer Her elepoade irhatedalpr edrertabl e
in terns of carrjer bal gnce control to form concentra iqn radients in a
m xed redFOIniGHhPY SeRRAtAE HhC HB’E“IH“etSﬁ%“thEﬂg@“Prfzci?%‘p ¢ holly CIFRIRdEs 5 RSt he

el ectrgn )y%ﬁﬁﬂ%pﬁ'&(grﬁﬂlg‘@taefekﬁim whsEht MathideS@nh flaferial ANERRALIE RGt TRERG!
gradual |y decreases in concentration and the electron transporting materi al

gr adual | yegipmdn ¢hesméxedowgion butonahbee garofin gartionbidea caited pait) of shadméteded i n
t he inver}t ii&p that the 20 m xed region have a thickness of 10 nmor nore
since it '¥8%lso a carrier reconbination region. Also, the invention

f:over s a str UCthgt(her, aﬁe siﬂmmiohhrbfb@ a 36icture) ashsholvnath Pigd DGB; in CWHiRh Wad
ayer 2603 provides therein a hole transporting region 2605 _conposed of a
hol e t r aR&EHG PHBPAHRIRYS| 2604 pPreyides theFeip Pélﬁgep%%fppgﬁmgéagleﬂ 2689 6ORBAYs ed

of anypl @¢ta RMleParlshArtinROMbieRdl, B Sleb@bn 1ARSpGHiNE ¥680h SB0BoRfiREed igf aghi ch
“the hole transportihg terial ~ and the electron transporting material are

m xed t oglectren traaspbriing umdtealc end armixedirggion 2608, mowhichirthe nkeetranspadibgd as
a dopant to the nm xed region 2607...1n_addition, Il apnoge - 1S
‘provi ded “baﬁeréaqsﬂbrgs? eategecg'gﬁlt,ra%sl)?g{/negr gleaq%tlarlu%r urrn\é%r(riagog%{eheédg%c?ead ,%?O%%m\%hi ch
a cat hodegnat&d 1699 ipraddedies i niikeal segicii REOR. InAlddlitiors wWitdleean apedd 26GL fsegi on
and an el ectron 30 in'ectinﬁ regi on may be provide -%&éween,electrodes.and

or gani ¢ PENGehan |agubsate tahféVFﬁﬁﬁiSH@%‘é‘hfnaﬁfa‘?ee?‘?% apavhish agepthpdeo t he

m xed{EeakeM ; ; ' € ¥ SRS & CREMDS ni t hat
the r égo%lgﬁéstnggldg?% ctihglr%gg)/ﬁi%z& ‘glﬁﬂgﬁgg{? 12]58%29%%(%@' um ngscgr)llt? Ig??‘c{?lcg I ency

can be exgsion sdy beproddediectyacniclcrtzades aad ofganichronfpeandifksrsi s that the
um nescent. colebaf WoGRL TPAbE, 08 I D 1658 Al o RRCS.
be m ni ReoPnbinaioa déffiticaty enengyr antigmiedpegiod 26031i¢ anltwaded and Hispedsioad
rater i al 88 BCHE SIS BEVEYCLaRHE AE ORI ELHIN g e OPERh ( he
bot h eheg) rffdesads Hoeves itdisPPREeAbR- (¢ GRE WIBSiNg Batchsi B8 WALMSuh hd
| umi nescent material is doped I's not an-entire
excitation energy level among materials contained 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
25 is-not an entire region in the mixed region but may be a part (in particular, end part) of
the mixed region. ) |
In addition, as a more preferable example in Fig. 26B, a luminescent material
2608 is added. That is, this configuration comprises a combination with that in Fig. 26A.
In the case where the blocking material 2609 is of hole blocking quality, the luminescent
30 material 2608 is made efficiently luminescent by adding a hole blocking material to a
side nearer a cathode than a region where the luminescent material 2608 is added, as
shown. in Fig. 26B.
Also, application of the invention to triplet light erﬁitting diodes can provide a

highly functional luminescent element, which is long in service life as compared with
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region in the mxed region but nmay be a part (in particular, a central
part) of the m xed region. Further, the invention covers a structure, as
shown in Fig. 26B, in which an organic conmpound | ayer 2603 provides
therein a hale transporting region.2605 c osed . 10 of a hql. ransporting
nat eri al Ehabﬁlséioé%‘ff“b ‘tF?a&Hg&o’t“t*?dﬁ‘g“‘?‘b@i ‘b‘ﬁgz‘ tGBS‘gyomgwec?ngﬂgléﬁ‘gBﬂpgﬁ

t 1 anspor LiraenBRblel dh luiithode ForeMpdiecREitcdf@fte. i N whi ch the hole
transporting material and the electron transporting material are m xed

t oget her, and In bdditionngincoetripldt amoles0ls ¢xcigas cde tlargehia diflusipny kgighnh 29607.
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bl ocki §9taklorting rédien 12706 neagRRed 30 amatlectial tAAGRiing mateiabf iidc henixey

-lum nescent by adding a hol e bl ocking nateri al é?é)o %s side nearer a cathode
than a region 29Rer dn twkich e nbale cWEnshattels J12'UE0sM theq glegtron, JTANSAYNRE i n
Fl g. 26Bma'taélr§a?’argprﬂﬂeﬁa{dgﬁfhe?fattah%chﬁ'ﬁ‘nefhtté,oﬁh& @ furhiRbRbnd eI 108i ARG

di odes can provide a hi y functional |um nescent elenent, which is |ong
i n servi beninafiee issadsiedpartbd mixed regiont2747 @i foemos buningsaent eseinyr¥hie jap
addition to, hi J nt ensi | umd nanc n ' ] f fdaGiean ed on
| umi nanc@n?qem L?Pf%"ilé?& é&%f{h}asér ag %z(gl.’qIr%%%d%t%%?%yn%egioﬁgegf g%/wpr%;ﬁecul e
exci t 90s adholanyes isproviiédisn die subsigith as

In addition, Fig. 28 shows a concentration profile in the case where the ratio of

concentration of a hole transporting material and an electron transporting material in the
mixed region is x:y. ‘
In the case where such element is formed, the hole transporting material can
25 receive and carry holes on an énode side and the electron transporting material can
receive and carry electrons on a cathode side. Further, since the mixed region 2707 is
bipolar-natured, both holes and electrons can move in the mixed region 2707. Also,
owing to the certain ratio x:y in the mixed region 2707, manufacture is easy.
Here, it is essential that the luminescent region containing the luminescent
30 material is formed in the mixed region 2707. That is, addition of the luminescent material
to the mixed region 2707 prevents a carrier from passing in the mixed region without
recombination, and at the same time keeps the luminescent region away from the
electrodes to prevent quenching caused by the electrodes.

Accordingly, the invention provides a luminescent device comprising an organic

-
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conpared with singlet nolecule excitons, it is preferable that a bl ocki ng
material be 5 contained in the mxed region. That is, stated with
reference to Fig. 26B, it is desired that a nmaterial capable of converting
triplet excited energy into |lum nance (referred below to as "triplet

| um nescelymipgicent glemenp eompaigingsant hrodey @i Gadivdenandran exgalic 260oandl layce

bl ocki ng i e e t ne tine. . Sybsequentl ex | es

sui tabl e @&%ﬁgﬁ%ﬁtég%ﬁﬁ% %m,?q%l% aglgatt%‘gscgﬁlloég?da nldnwggrsefnr ﬁ’&o e fﬁx'{pﬁ\‘}ﬁ‘?\r;%ﬁ@ t he
addi ti on cimptises| artiole seasporiag efdgiln @smpbsadnof B FolgStrard@értiipd maed3ial Fha -

27 shows such el enent structure. Wth an el enent shown jn Fi fgqr 27, provided
in an or gHAFECTE FRPSRATHRE F58ON2eAIBPOSEd lafh e GUAn HENSPRT R sHateriahg? maixed i al
and.  ans elegfdn HovidedBeRPde thE hBR! BInspdrtifk Sedo RhEiheldAMDNU dns PSuhg 9L H8n 2705
conposed oe?ﬁa Iﬁ[glvectransportti ng n%atdesééi)rg?,é %g;l}oel ec% reoeg 15 ?i%h@%g&??é%&
regi on 2798 ewgnpoingdtherhode trahsporting mateaiat pod thengleetetre travdportamgimateniak eda
region 2707,. 1 | C hol e transparting .nater.ial.and the el ectro
transport ar{tglc‘hrgrléilggirol’ EP& ta‘Jj(rahemnrlﬁ1 REFTS 8Ph‘é"kucgtls RTEAIeLIm e pied tegon and to

| um nescewhiciratlemimdsceht Gfatérivl adhpted rapresent Binddsied i§ adddae mi xed regi on 2707
to forma lum niasc t. region. Wiile an anode 2702 is provided on a
substrate 2701, a‘f‘gU‘é‘F’ iy, prefesablectbatthejumansspind gnaterialygsisarall roexcitetiemode
2704 i ' ‘ S L B :
concersy Al 88 BiaRR VAISHEIATe (KRRSARE Peadl Sha 4R SHON anportpe
hol e trarmpt@ritaf ddisnia fer the purpode afiprevertingenergy srassfor ini mgleowlt excitdnsi n t he

m xed region i S, X.V. . t he case where such, el.enent. is formed, the hole
transporting rra‘f“e(s i'glltlhggﬁ Sterﬂ%mpe%’é’l“(?em & aﬁr‘gP‘%D%%‘“&rre&‘ﬁnaCﬁBH’é’sgﬂraéa and
- the el ectmaribl f1S@iliahting AMIBA Juak§nof heleSi(MEertdiidbslat ¥ 8 CRIE AR cARs @
cat hode side. Further, _since the m xed region 2707 is bipolar-natured,

bot h hol d8atsHal"3 mean b iscrad beiween;an mode And g organis copmpernd Myss, Alsgwimg t o
the c ' fi VAN o ' r oi 7 re,
15 o0 R illecting, pébit oMphSe oo Al ror TRMAAGE L lide SRy BFTS,
mat er i al dlectfoms (eefeired bhlewntoxaxd"elegiamniniErig n¥eriall)spapddiibsentad dfetwémm a

| um nesce terdal to.the m xed regi 2707, .preyents.a carrier frao

passi ng |ér%h%qr% a%dxtga F 'aélll%ﬁow(t)%(ﬂ{ay egﬁgﬁ%rf ﬁgtthi %’ﬁ?ﬁoge’nﬁu%ﬁtmtgﬁgglgﬁﬁgdttﬁn%
keeps t hel¢dimvnrigfeceing raghgi by Bainseftédm t he el ectrodes to prevent quenching
caused by the eﬂqe%trodes., Accor di ngllw,%, .the invention provides a | um nescent
devi ce conpri silRERCasFgSIRfS theihole dneriing-material anelsetren MyestuieHateRabiftle, a

cat hod® pRdraNid Gaktifg LBRRP G| @¥$r filling from electrodes to 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 purpose of
avoiding the above-mentioned formation of any impurity layers, it is preferable to
perform deposition without intervals between the respective filling materials and the
25 organic compound layers.

Also, a part (substantially centrally positioned as it becomes of bipolar-natured)
for recombination of a carrier ié substantially determined in a mixed region depending
upon its mixing ratio. Accordingly, a luminescent material may be added over the entire
mixed region (Fig. 29A), but may be added to a part of the mixed region (Fig. 29B). In

30 addition, the reference numerals in Fig. 27 are referred to in Figs. 29A and 29B.

Further, the Invention covers a structure, as shown in Fig. 30A, in which an

organic compound layer 2703 provides therein a hole tranqurting region 2705 composed
" of a hole transporting material, an electron transporting region 2706 composed of an

electron transporting material, and a mixed region 2707, in which the hole transporting
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provi ded between the anode and the cat hode, and wherein the organic
conpound | ayer conprises a hole transporting region conposed of a hole
transporting material, an electron transporting region conposed of an

el ectron transporting material, a mxed 5 region prOV|ded bet ween the hol e
t r ansporatagalr end dhe bwttohetrasporting Hla’im pBE tirgdr ©gedsn add te ovhigh i ng

t he hoI trans LN t
parti cul lerfeéf%)[g aé?fgalés ?%{ﬁd hes(ggcr% elJl1%%{1\/\;"1?7 q?r‘ggagﬁ{?: tﬁggﬂ?gh&{el e maxeg
regi on 7t gn Addith, avﬂlebﬂeﬁmaetZMt Br pavidedapt edsibstpree 8€0ilt, 4 wevemsnce i s
added. In addition, it is preferable tha e lum t t ' |1
' oxci (SHUFBRe n'm htopyeiadh BOUPER SR ATVNE HBFS PariDpSPEALE: Adeerd al
and the ) g(i Qgg %ﬁa' ﬂgele@m}ﬁ rlhﬁ:t:tmg hegioh SmAPbet fovRied ARERed the

preventlng e erg I'n mol ecul’e excitons. Also, with the structure
shown |rel&:tx@dcaﬁdtladtgdmcccnmpmndrigymegl on conposed of a material for

enhanC|ng a fi n uaj it f .hol.e rre I ting
mator al 7) ek gt iR AL e o dhg gt e plunl Sl i
A ?0| | arbnéigyelleeatarn%hg RhRshis@ntAgEdMm tenpase degibn a70mbrd babné davieghianci ng
a filling quali

té electrons (referred belom%% electro cting
mat er i alfupctinyohblockingra eaTise OPEGY eALNG MIMETHP™ “‘P?Fé:“!fr s 2%) rl?ﬁlé T
' ayerlO Fﬁi{)&gﬁé mJBéH;{t 23/66 &‘9&%& {3 RE hiRed "r@%ﬁ) 97@71 dné B&onfigsionEfitieh&Ft i Ng

regi on nay nser is case, since the hole injecting material or
el ect r orofi oame:rtmnge ket region 2707 lsmhmedrandldxsmrswreaﬁmqlr@%@ Peitong earbf

carrier fillin electr esto or gani ¢ comppun ens
~ novenentk® eV qE‘L ?“‘f ’&1?1 PURGSEERY SIS BY ﬁanl cc’gf())er(r:pegy%fé)%‘fevExt qug%d
- is effeofibMéng nm%hm! RRtrhdly BEHNEINRLOAN t@fblﬁd‘kalbgesof hiolee vierkd, elfeotrorisheit

purpose of avoiding the above-nentioned formation o y urity | ayers,
it is pr@hmt@!ﬁseieﬁﬁoyspﬁa%rﬂph?ﬂéﬂ%?sﬁntth%ﬁl%dt KN ‘P’h‘f‘é?‘éfg‘}sm g‘?%ﬁﬁ MK

: f || | :
resp Su b ' ' yﬁ%%nt ré}:]% aPdvhikE the BiRkHR thteFAIMROAHMI] BVt 9 MBO, @

part positioned as I't becones of bi pol ar - nat ur ed)
for recqras@ionaﬁnlmmofedaegxambue:s aipmrtsefitbe minddakegipndet ernined in a ni xed

regi on dependi n Al I

material may b@ﬂﬁdﬂgﬁﬂ&ﬁgpr it fgﬁ qe?%O&ln%%ﬁﬂF’rg%ﬁgr?y Tllé?er aPZ %@ﬁ‘fﬁiﬁw my be

added t ojeMONEvS thath®, moapableeglmmsbk(m‘g goleggegcordmgly;%@ vsa@dotaﬂdm blo¢iing

reference numerals in Fig. are referred t n Fi

Furt her ,mategial e fathgde é%@é?g’eéﬂ&nr%{:"cg&‘?‘é to <¥g“%fh8\»h F'??Sf—ff"é magﬁrb?%%gv% ch
Qi(gaéyd%da‘ggp%“pg éhé%%rm%@%oﬁ ovides therein a hole transporting region

2705 conposel a hole transporting material, an electron transporting
regi on 2706 coﬁquﬂmdappﬂlcatmn of adtiplehlight-amiyéng mﬁgfra#hﬁ%aul%pmemt Hafgrigdg

region 27(%6d to'such'e emcnqestrrh%tuerc tc'ﬁ%nfrggfdlé'dqglghly functional luminescent element,

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

efficiency based on luminance from a triplet excited state. In addition, since triplet
95 molecule excitons are large in diffusion length as compared with singlet molecule
excitons, it is preferable that a blocking material be contained in the mixed region.
Hereupon, since the above-mentioned mixed region composed of the hole
transporting material and the electron transporting material is required to be of
bipolar-natured, it is preferable that the ratio of mass of the hole transporting material to
30 total mass of the hole transporting material and the electron transporting material in the
mixed region be 10 % or more and 90 % or less. However, the ratio is believed to vary
widely depending upon a combmatlon of materials.
Also, since the mixed region composed of the hole transportmg material and the

electron transporting material contains a luminescent region, that is, a carrier

19



18 material and the electron transporting material are m xed together, and
to which a lumnescent material is added, and a bl ocking material 2709 is
added to the m xed region 2707. In addition, while an anode 2702 is

provi ded on a substrate 2701, a reverse structure nay be adopted, in which
a cat hodeccdiinitonpegiondeds mquirbeé tehivgt 7 scinee thidlaess s0 & inglte penpe atdanger
region and an .electron injectin i may pe provi ded. bet wee e

Gl sctrodls BIE DhAcrEmale £ ot B s Mite eRn REd P g I Bp.gsi o

t hat 't hefr@C K10 tAkBd £ it coRSidBRNbAIRAL aflr?mﬂ,t\ﬁhiicﬁ bec6ies BipolAURiursdORY
material s contained in_the mxed region 2707 and be one having the

f unct i onhigh ipregKang, # icdasipé thap thepbeye Arickngsabes P} amen Ies- nol ecul e
excitops. Wen g . J: [ Ny gﬁl&ﬁ -m regi on
2707, ?he recoﬁﬁ%&gg‘ gsgghtg(?ﬂé(}gméy}F{S&? lNgglrzr{r)|8rellr’é?,n t gan%qgé%q rlfe%lég’gcc 71is
enhancedtlanc phicpaies canboproviled byl practicing trsneanionbiesqitedebbed, Fisthet,hat a

hi gh I um nescent efficiency can be expected. However, since the bl o%ki ng
mat er i al eleRTHaRPIRRCE SVRIGR At IQFY IPPHY S SOnSHEPYPD ABf $ROTS {iiraitie dpathifsthe ¢
sonet i me n@ﬁeﬁﬁ,rﬁx He dr&Aldd WhePRhANESutdd By e W SOsuch BhRihe¥handagded to the
entire xed 15 region. Accordingly, a région, to which-the bl ocking
material is added, is not an entire region in the mxed region but is a
part h j I egi-on. ive for the bl ocking materi al
is a %ét ie3fll%£1 ,eéﬁtlgﬁqﬁkgl{%%ﬁe?agmw é\‘?z%‘j” at is, is capable of blocking
hol es. Accor di FigsylAanddP dre viesd shotvimgcthe moje offathetd iajecting layeat hode si de

rather than a regiaon, to \gg)l ch a lum nescent_ material 2708 is 20 added, is
useful as showhl§ @ IR JIEVSHOWIRG CORERIrAUOMBIAIENISon of a triplet |ight

~emitting mater ilzeg.s%aaiéwmd%iﬁﬁge&sceﬁ&h@dd Sadiegfdded to such el enent

structure can provide a highly functional | um nescent elenent, which is
| ong in servi c&ig. dfisaivievasithiwing gonegniiplagn gradientsi ty | umi nance and hi gh

| um npus effi¢ienc ' L ' tate. In
addi ¢ 10, oi nobié pigp S Enoing M SRR, bEATMAabie) Bnfles RAELERRAET O 0
as conpared w Fig. $iingividw sinlvaag tle stexctirté ofian oighnicdupireteemablemenhat a

bl ocki ng material _he contained in the n‘ixEd r%%im]. . Her eupon, since the
above- ment i oned'8m748A VI¥ShOVipg HiscLRGMES Of HLORBIS ?‘?‘H}‘?g‘be&kjgllcﬁ’ﬁnhateri al and
the el ectron tFaNSROhViNIsHIWIRE tIR sthuetir@Elad 8ffahie RiMEcenbElRfeat - Nat ur ed,

it is preferable that the ratio of mass of the hole transporting nmateri al
to 30 total mEis 998 ayiraw shewang theipehre phamargaricdiminsgcent ele@estt r on

Lransperting MLoH a vt dRwih 8 siBdhelobs, gil/&é%%g%mag&naa@m%&%or | ess.

However, the ratio is believed To vary w I ng upon a conbi nation
‘of materials. Fig. 11 isa 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 lumihescent 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?grams.
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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Al so, since the m xed region conposed of the hole transporting material and
the electron transporting material contains a | um nescent region, that is,
a carrier 19 reconbination region, it is required to have a sone thickness
so as not to permt _a carrier to pass, by. Accordingly, it is desired that

the nixed regi Big- Ralea siewrhoriega defostionippyptusnpre. Al so, taking into

consi deration ghab & gpg}] “)Mg i : x red, is highin
resi stance, it g; %Zsszlir% toat ﬁgfa ov@ﬁﬁﬁ?gﬁﬁé@wg@%oo nmor less. 5 A

| um nescent deFigc24 isvhiiel shewlimgehe stmctdre of anvooganagmnmeandctrdgmerntn servi ce
life than a pgior_one,. can be provided b racticing the invention

descri bed abovgl.g' éﬁ,ﬁ%%‘ﬁ” SglﬁWlléé) %fﬁg%gﬂaab%qrg%m%g?m% A< 1 ower in power
consunpt i on angighDPEA HAIIEE atd¥ewis shbWeng el Rfuchiré of GAMbrPMibevif8eknphen
“manufactured by the use of such |um nescent device. 10 Briref Description of

t he Seveglgment ews of the Drawings Figs. 1A and 1B are views show ng the
role of a hol epjgnheed] ) BbRine hEishuctird oF o4 OHEANE RIANEIGN GoGRT T 31T 0N

gradients. Fig a view sh ng concentratton gra g. 4is a
vi ew show ng cBigc28is avicorshgwae £odscenttfionipgofils. i s a vi ew showi ng the

structure of aﬁ or g&ic | ym nescent Iementh. Fig. 6.s a view show ng the
Structure of ahESr GoniHad 1R ABSEENS BPEtRntte sticfie pEa8 CIERRIEIPBHISTHY  he
struciyr&@embn@an organic | um nescent elenent. Fig. 8 is a view show ng the
structure of an organic |um nescent element. Fig. 9 is a view showi ng the
structure of akigsr 3%ia¢1dl?aﬂﬁ AES EiSHS sipwiighthe spctrg of pg qrganic Jpmipeserahi ng

the stru LUES of an organic |um nescent elenent. Fig. 11 is a view show ng
~a depositiron apparatus. Figs. 12A and 12B are views show ng the secti onal

constructi on oFiga. 31Aand2HB ard viewy sloving aglspositdvh gppdral®@B are vi ews show ng

the top surfacg copstruction and secti.onal, 25.construction of a
| uni nescent de ﬁgée&‘AFP’b‘g&égﬂﬁ YigWs sowipg 2 feRORUUHARRRIANS he top surface

constygicti on apg 38¢dd PRA shoGSihe Yahéare SHfandrgdhid RBHAGRENARMN&GR, Fi gs. 15A
and 15B are views showi ng the configuration of a |um nescent device. Figs.

16A and 16B arEBigv3éiss vinevihayingidic sestongleoasirentionfofa lpminesesst davicelevi ce.
TS TAl § e T
electric abpl [ EngséiﬁA 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 appliéable. _
First, an explanation will be given to an embodiment of an organic luminescent
30 element formed with a hole transporting mixed layer with reference to Fig. 5. In Fig. 5,
there is shown a structure; in which a hole transporting mixed layer 503, a luminescent
layer 504, an electron transporting layer 505, and a cathode 506 are laminated on a
substrate 501 having an anode 502. In addition, it is possibie that the luminescent layer

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

-~
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Figs. 19A and 19B are views show ng energy band diagrams. Figs. 20A and 20B
are views show ng energy band diagrans. Fig. 21 is a view showi ng the
state of an organic conmpound layer. 20 Fig. 22 is a view showing a
deposition apparatus. Fig. 23 is a view showing the formati on of an

: mpur i t ylalyerys05 taE'e:gchade oflumiveanchdhe thglet toanspontng tromxed tfyenh0Db rsgfared
um'nesc nt el enen 5 is.a vi he state of .an organic
conpound”Y %Wt“r%oé?(ﬁg %gé‘ﬂ CARiFCURRT. Fe a@‘i‘%‘%’/\éﬁgﬁ APPSRt Cturg of an
organi ¢ | um negcamfitio!tRerRble. trdﬁlsﬁertl?l% nhiXedldye£ 803 BOfoimed, talehewh 4e Fig. @, of an
organi c | um nescent el enent. Is a view showing a concentration
profi | e. WithgsConzomrating gragicat, é”WP’é\ﬁ@n%ﬂB\ﬂf thy hole Iyeeting {E‘PE}T‘G“ anghthsrhpdei ¢

I um “%CEQ&SP ﬁ%ﬁ#ﬁfgﬁgf Infth@%ase Qs apg'gfe"lgﬁﬁe A i RYR ﬁﬁ%%}ﬂla{ebﬁl ﬁﬁ\;e_ué:t ure

of an organrc nescent el enént. 31A and 31B are Views show ng a
deposi ti stae;appmeatrason gFadjent (Wdlamthrﬂﬁm 40 envdesisics Wwi rghighlyeppoglatingn

appar at us. is a view sho pet ur an organic

| uni nescBate “@} @‘P‘Fgr’l‘ts aﬁ"%‘?’@m% §8 uﬁe‘%s'e& i‘ﬂgev\'/fl 1?51@2‘%83{ i onal .construction
of a | um nescegibsdquéiiB, anFéxplanddiohSwill Be Eg&béhﬂy\ﬂaﬂgcrﬁlftﬂluﬁeﬁtt b0aalorganic
construction of a l'um nescent device. Figs. 36A to 36C are_views show ng

t he confluginescenielement formpd gt clgetyor ganspprtglg myxeddayen, Wl refeBRACHEC t he
circujg ﬁg gctﬂvfmrpﬁ% %,Othg.%ts R Ar@gﬁDﬁgfrg%mer gﬁ' gﬁ{dcﬁ Q%dlavﬁﬂ§ﬂ&an§gqﬁgﬁlsg§,ng f} of

t he inven n cri Ition east
anode anlnfnesthiokiger ﬁﬂzamnoslgardmtrhnﬂpbnﬁgcmixeddhm\aﬁ% By abJatltqdarﬁﬂpaaTe nt

sufficiently to take out escence, i.rent Wil
descri beﬁ“ﬂ%‘l‘ ﬁ‘?ﬁ 3 Subsirate ggll VHg&M ﬁf‘(\’l@eﬁ bﬁ%‘t’gl “l“?f’ \RHE LRl éﬁagptg? ent
anode i sphAhoREnOAyé 60408 hbBiRedét] but umammnfaasp&uhg kEReDlalef 60501t the
anode. Actually, a structure, in whi ch | uminescence is taken out froma

cat hode bold tmanspeniingulayer i6@3wiaken charghtofi BiminescanesutThe: slerHon (t@SPAHRSS t e
Lo ! s SRR AL 60Y & BRRLA BIR Bixibile”ottborf b & RINIRh ifficithd maRSiafki@int 0 an

enbodl ren n organic nesce
electron transportmg material.

In addition, the electron transporting mixed layer 605 may be formed, as-shown
-in Fig. 3, with a concentration gradient, which consists of the electron injecting material
and the electron transporting material. In this case, it is preferable that the electron

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

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

luminescent element formed with a bipolar-natured mixed layer, with reference to Fig. 7.

25 In Fig. 7, there is shown a structure, in which a hole injecting Iayér 703, a

bipolar-natured mixed layer 704, an electron injecting layer 705, and a cathode 706 are

laminated on a substrate 701 having an anode 702. The bipolar-natured mixed layer 704

is formed by a mixture of both of a hole transporting material and an electron
transporting material.

30 In addition, the bipolar-natured mixed layer 704 may be formed, as shown in Fig.
4, with a concentration gradient, which consists of the hole transporting material and the
electron transporting material.

Also, as shown in Fig. 24, a mixed region 2407, a h;)le transporting region 2405

and an electron transporting region 2406 may be su(_:cessively joined by using a
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30 element fornmed with a hole transporting nixed |layer with reference to
Fig. 5. In Fig. 5, there is shown a structure, in which a hole
transporting m xed | ayer 503, a |um nescent |ayer 504, an el ectron
transporting |ayer 505, and a cathode 506 are |lam nated on a substrate 501
havi ng aspmstibwet 8@krial of ald:dlilqli: m;lspon’timgrqmsil‘tmefqrhdtolc hrendportingeswe@Enial | ayer

ol ect r ontAAiRED A i, g PR P 4Bg PR APRT T AL e ecEIeSRE ol

t r anspor tram@ortingetbgicy 240683k b5 cleetroR dramByordingl nchtetiel obnchiatd ifthé nliRée
injecting material and a hole transporting nmaterial. In addition, the hole

t r ansporgiy Atk dn| Hipesassothers is g ﬁé‘dam%&e b Rrio ikinds of C(ZUPO‘Wdﬁ Ha abOle
concemgr ﬁ‘élgﬁartg{ 'aéﬁtal it h:l&:?x%ﬁ ' txgatn§?<ﬁ{tmg hﬁat@x%l chﬁ'k@r%: ' &Etl%ér p and

t he hol e tranmsporting materi al s case, S pre at the
hol e i nj thetpring argtvelrichlcotnpvise aheshdeprmpm@mgrragnonnhgmadscem re@rcap iadd ythe

danpi ng t.o ano when hi, ghl i mate as. al.um num
oxide i's elgeop ggnslpﬁé '%ﬁ) eglq"n?‘éég&ﬁﬁxnﬁ Pg IIl P4 g{‘?eé%‘}fs Mat i on
Wil be B?ré!xeﬂﬂa& ®e dhkefBd OdiveRAtaninodd 20T and the ﬁdl@‘trﬂﬂéiﬁ)@t’iﬁg &gﬂjﬁeznosf ahdred

with an electron transporting m xed layer, with reference to 10 F|g 6. In

Fig. 6, ahelestrpn iBissURe daver mux O dnseried prtwren ancathoder ¥HMpand thegeleajer 603,
a l ur’ricfpe%%gggn “§¥§%°§94@6 an electron transporting m xed | ayer 605, and a
ode

cath m nated on a substrate 601 having an anode 602. I|n
addition, it |Suqimiemb1htestltuhmre ishembddied toereeerit fbayzﬁronﬁcffzam impuooty lageeilt ed,

but the lectro rans ed | ayer 605, 0r.the | e tr.ansporting
ayer oo S tuhBgeRopt rihReling 8 Srearie 1BRieAtEat Ao it RGORET xed
| ayer 60FerfeS ah @kﬁmgletsmtablm 8t WifetRbd BPAnGfacARing! Reh eRindndk@edtiROwIBbET i al
and an electron transporting material. In addition, the electron

transpor‘iqsﬁgb‘?ﬁ xed | ayer 605 nay be forned, as shown in Fig. 3, with a

concepi ration g{ adi &0t g ??Bq}e %8{]'&#)%1?31‘1)‘1(:&? ghcﬁilﬁ tar&'i')okxﬂbﬁ %Béﬁ?tgggfég al

and the el ectroff transpo r e t hat
t he el ec:ﬂrfbms 2Qop rglzenvlemgshmmaglthé apparatua. fhedppmumeappaaatumm of adlr@iﬁ

R e e T

Subs equetHaliber, aihdex pluralal i sTdepobitioR SoGicee ard pro&iﬁeﬂrﬂhotﬁb FRaiun® fveal. QAgaNi C
| um nescent el enment. fornmed with a bipolar-natured m xed layer, with
r ef er encPEigtaty geceived g {hg plygality of depesitian $RBYGSS aargtmwar@aterlﬁlwf ch a

hol e g fifkidd® fuR%Ens/Sh s bdoﬂ@tln%ntnﬂ{a‘t'érﬁﬂs X g hd1@Yifect R mALri&l §id on

injecting layer 705 and a cathode /06 are |amnated on a substrate 701
havi ng amlmpodmgmenalhelebirpm kransposting mdteriakcadedtrppdnjegldg 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). Fufther, all the materials forming an
organic luminescent element are subjected to deposition in the vacuum chamber 3110.
However, a cathode may be formed in the vacuum chamber 3110 or a separate deposition
30 chamber may be provided for formation of a cathode. In short, it is sufficient that
deposition be carried out in the single vacuum chamber 3110 until a cathode is formed.
Finally, the organic luminescent element is obtained after being subjected to sealing in a
sealing chamber and taken out from the conveyance chamber through a carrier chamber.

An explanation will be given to the procedure of manufacturing an organic
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Is formed by a m xture aof both of a hole transporting material and an
electron transporting material. 30 In addition, the bipolar-natured m xed
| ayer 704 may be forned, as shown in Fig. 4, with a concentration

gradi ent, which consists of the hole transporting nmaterial and the

el ect r onlumiapssor elemgnivaf gei priesenilisrentian vailbille 15¢ ofi ¢ deposition appasyus €§i on
2407, a hole._: n i ' a |l ec | gi on
2406 may B0 SiieReSERr 9ph TG et (61a 18 GRUDRT SLARRIERIM B9 (9 1
hol e t r ansqaid cliwnber G100). 240 5hd simpdichtploé illustratpor Figngl Bahews die prooeduae ned
in the m xed region 2407, and using a c¢onstituent terial of .the electron
transpor of FRITHERi8PIEAD SOBtPORRT dF¥e: PO SmERor f g rHpRIROHInE B hed i n
the mxegi1d a0 MeddPon trkﬁhpbmrﬁgt Hakfial 3NE ¥ithShes@eVARhaGeh Eldibdr8a1i nds
of conpounds (a hole 5 transporting material and an el ectron transporting
mat er i al hawiag twerdaposition moweces {ge osgdnic compowd depasiion ghirehadbPpandsant he
hol e transporting region. .| um nes region, and the electron
transpor?ﬁgﬁalcrcé’ 8HI.1&’F?Pdggfﬂntsloblﬁc,%%g’?ﬁ?()ugh not shown in Fig. 24, a hole

i njecting | ay®irstyaguberatdSE01 Rsvibeanesnded10arniodarizd Gitoahd vidvanhciamber
transporting regi on 2405, and, an electron injecting |ayer may be inserted
bet ween Alhepdde fMMOaﬁdfl{‘?fémePé??t b ?@B %fﬁgf)d? tqqgéa.[lggrp\éﬁecggggpg Such
el eneqyh aégdé&idﬁz.esﬁﬁse i Gfled thePVRUGAL cHaRIbERBI 0 iPlicBssufiBad (107 Payer . In
this case,” the process of "manufacturing an organic |uninescent element is
i npor t antower g pesferahledxampisel allil2dpheatédto evaperaio theoolahranspaeting magerialich

el enent cture wi |l described. | . | onal
_Views shgil\ﬁiéng adélb‘g qrtq%§ﬁ4alf5p°fre 3?%5?“ %?Sﬁlgg §£E§ ﬁ S “z&géé%“ﬁagé‘%\?%ggvﬁ‘g’ {i)vvi ng

' the appaggiosgionTag @RROfirhisPris apaedtAtsthissimé, aavasba¢i3a13 ehasbheated pailei n
whi ch a single vacuum chanber 3110 is installed as a deposition chanber,
and a pl apbuter P35S §&iRssdt i on sources are provided in the vacuum vessel .
And geparatel ghg&?géef et thelsiBud a1akich¥ndd, tlegiRvicl bON SRUWPeRSsd &5 BINAT | OUS
material s of 20 different functions such as constituent materials of a hole
i nj ect i ngn ekecHPn dtapspotieg matenial AT ita dersubiseied| to colerasitim (ardiais 5bewn g
materi al .. e rom.ipjectin ter] | Lal ' _

mat or 1 a1 Fise daRoa80 ¢ Forg piGeT Biefod 3104 Buaidy Mie (Bl e ol 1057 RA
chanber , operatibis elinfieatbaniixiggaot araimpleity|ld@rdretvben Hhekk)leitmnfparsing cegivryed

I n a conyeyance chanber, _and | s subjected to 25 oxidation in a :
pretreat and hpguxed Feeie’ i %se where the anode is an oxide such as | TO

20 Further, in order to form an electron transporting region, with the shutter b3115

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 material being a dopaut havé a lower excitation energy than those of a hole
transporting material and an electron transporting material contained in the mixed region
2607.
In the case where a luminescent material is to be doped, the process of
30 manufacturing an organic luminescent element is important in order to prevent formation
 of impurities. The manufacturing procedure will be described below.
Fig. 32A is a top plan view showing a deposition apparatus of single 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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(in addition, although not shown in Fig. 31A it is possible to install an
ultraviolet irradiation chanber for cleaning of anode surfaces). Further,
all the materials formng an organic |um nescent elenment are subjected to
deposition in the vacuum chanber 3110. However, a cathode may be forned in
t he vacuwssephdihelic Bliditpof deswpivnadoardepesvirian Baedilawbdiffaregt fhactjpnevi ded
for formation of a_cathode. .In short, it is sufficient that deposition be
carried 8ifh iah qometiveplgmaterialy UReluAmgoRholg infpCling i atgriala ol drATSP PR d.
Finally, plhgidr 6Lt !tﬂéH!;;Slﬁﬁﬁ% Hhat€iQMeMctrb iﬁ}%%t?ﬁé‘%@at@:fizh,ebldéﬁin%gmﬁtéﬁbﬁc'[ ed

to sealing 1na sealing chanber and taken out fromthe conveyance chanber
t hr ough #mimesdest matednbarcathade.expl anation will be given to the procedure of

manuf acturing an organic. 23 | um nescent el nt. of re ' i on
W th oo use ofh 4t A Honcipratills BRGEE byeh &doRioR cplBeR 3 Bt Bl

r ef er encan tafodid @TOBdBhedike!) & first @afriedralo the @onedyahbe chandisdsamdcRanbietted110) .
For the sinplicity of illustration, Fig. 31B shows the procedure

. . of
formi ng #nosidaten i e msesrimealdambgp it the e pEthe wedg bRigean PGPSR ng
mat eri al rh NO; ' _ i deM se of
e Vacuunt B A B B 3 R e e
deposi t i imnadiatioc ehasbdrSimoddeanto degarthe anodp surfdcasy pbuithdroall stharmatetials19) .
.nt Q ttge yvacuum

AR IR TR HE T R L e e

e 1S

nor mal |y chahBéresh 10U HoWeEved O 80RO8E HiaMhe fovuledciauBatvayuunfdhambtns21morum
chanber 3110 is depressurized (10-4 Pa or |ower is preferabl eg,l a vessel

a3112 i ssenasatedlepesiion shrmber mAR bR gravided fartormation phadrthode. I shert gyis,
~shutter agdld | p faryst 4N ot } ged

deposi tion rg%ncltaﬁ?%n?%}gg,[t{r??rli gf)c%frﬁsédr ggganeg?ﬁog?g%éh?gcﬁfrﬁne%?lagbereggg? %%?113 S
al so heatatiodhiis dormed hkinady, theldganic bimigestent] SleTeat dafobgrinedyjaftpr bpiag

h 114 . th hut. b3115 j I I
1 ans §Br SHIEC R Rar A 15 # 48 BE <capee pid PRRCSH bBurt BBl KEEbARL,

in Fig. tﬁé@h@@&n’éﬂcﬁa@m&a m xed regi on 3104 behind a hole transporting
region 3103. This operation_elimnnates_m xing, of rogn i n;?turi t.}{ | ayer between
the hol e transpgdy eXpianatiss yall by gyenng tgepiorsdie (A gPaRUISSEHNE 28 PigRRier |

in order 1t ik OLR BlknflnE OF R phdsBRSREAIIWitR AhO Mise ¥ lahddpbsitivh Wpbaratd 15
opened, the shutter a3114 1s closed to termnate heating of the vessel

a3112. Thiuch simgbr ehdmberetyipei with asferenaatol Big- 12Bafa ichgssr sectionadyaew el theen
the n.béeg/acrzuei\xgr.x Ocrl]mgl 9.?' 33'18) %ﬂge 392133%%\99, Lg N §i9rﬁfl£§t n&a&rﬁgé,oﬁre procedure of
forming an organic compouhd layer, which consists of a hole transporting material 3221,
an electron transporting material 3222 and a luminescent material 3223, with the use of a
vacuum chamber 3210 having three deposition sources (an organic compound deposition
source a3216, an organic compound deposition source b3217, and an organic compound
25 deposition source c3218). " |
First, a substrate 3201 having an anode 3202 is carried into the vacuum chamber
3210 and is fixed to a fixation base 3211 (the substrate is normally rptated during
deposition). Subsequently, after the vacuum chamber 3210 is depressurized (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 staninngf 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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Further, there is a way to dope a lumi nescent, material in a mxed region
2607 25 shown in Fig. 26A to make the sanme lum nescent. In this case, it
is required that a |um nescent material being a dopant have a | ower.
excitation energy than those of a hole transporting material and an

el ect r on regian$364 belngd aeiode 'txahspmﬂn@fagﬁm 3203 ﬁ&ximpmmtimegimimatez Gﬁ)&ingl of t he
case where .a | um nescent nmateri I s to.be dape oces .

ranut ace GRIRGURR By oo eP e Rl SARSRITURE FEDS S b o Hisid PR Joat
prevent frpreBhiRipy safall BRYGAT bE SumiREcaRBNHAREAUBDIY iPTaaed ¢ §h¥M dobirsBCof
descri bed bel ow. ig. 32Ais a top plan view showi ng a deposition apparatus
of si ngl dompriigpet the mixed regionBloh (astata shevin émbigbé2ZBR210 is installed as the
deposi t-i on cha n in
b Vatguum Chaﬁg@eﬁ Af ?dseéF?Jé %lﬁl }n‘i e L{oﬂ‘?&%é/&r{dﬁg ré@ﬁx';é(‘x%ﬁ ?tg h@h@%’#éiﬁ%
deposi t i @pesalrheshatter ¥32idus clmb@rtbaﬂesmﬁfatejlhfeﬁtﬁ@nf thelrktefs$dbrhs3213u¢hlsas
constituent materials |ncI udi ng_a hol e |n{ecthﬁrg\trrater|al hol e

t r anspor OPRGUOEtiBNPales foimatio &f ap1HpURLY 13YRE DARteER (B mixsdreein330 A i ng
mat eri al wpdlieGkddanPéidins ¥ gion.! UM nescent nmaterial, a cathode. 5 In the
deposi tion apparat us haV|ng such deposition chanber a substrate having an
anode (I TO or tAmplicaties) of sthisi peacedencr maled it oowﬂéec@nm@yaﬂ@@lr@ wélnb@amcand
IS su eted t o, oxidati o t.he f.eatnen t he
anode 1o heaccd @ Rt PloM T Bloo R Bleanttet 10 SO e

32A, it ipsotjlemsi Phreedampdé,Ovii tiie case of atddinigod Blocking mdieial m‘ltlfehﬂxliﬁ’&elrregfbnor der
to clean _the anode_surfaces). Further, all the mater

lals 1 I ng an
organic P rn‘éé%%‘rﬁftw‘é!“etﬁéﬂﬁta'éraéieé’ﬁﬁf@’étS%EFCF doudsnositiongif tbﬁgmglwe%sﬂ#
chamber 32%fRowhQHaNer 328 aﬁatebgg&aﬁame%ﬁe%nﬁe doBrse6¥ OAGREHGR 6 AHRExc3210
or a separate dep05|t|on chanber may be provided for formation of a
cat hode. ré¢gioghort, it is sufficient that deposition be carried out in the
si ngl g ,vacuum ¢ gani c
| um ngécent el éﬂne%rgsnltbsc b fQ’al Esélén theor?e%1 Elgl‘%g{og %Fg s {?%égetg ‘Qg“’%
seal i ng GhigRLEIcianntb indtadinnahé sim@mauﬁnﬂmymme delpasrhen sotifaeOftg I‘ﬂe@e@t&l‘d’l er
chanber. An expl an t|on w | | .ven . to the procEdure,of rfmﬁg)f act.uring an
organi ¢ Olipg FTER RO &vampl etafmt % CiAVeRt PEY PR R Ig dgeginegg

deposi ti Q&Iaﬂ%{@&ﬂ&h%m@l@ﬂmﬁ aﬁw bR mamagpémag r¥4ibh 3768 efy%a@pésglo%l
32B (a cross sectional view of 20 vacuum chanber 3210). Fig. 32B shows

as a si momaationxefph dmpuney ;bame@urbe evoided by syaparatingahd doleofrprspadingayer |
whi Ch26°';'r§z{tt§rgaﬁ 3)5213‘\%)&31)& bh aneRdt fr&g g%o%t' 3% tf6é & 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 .
concentration gradient. Here, the case is described where deposition can be made with

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

30 conduction to be liable to generate unevenness in control with temperature. Accordingly,
it is preferable to prepare two kinds of materials for formation of concentrationgradient,
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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an electron transporting material 3222 and a |um nescent material 3223,
with the use of a vacuum chanber 3210 havi ng three deposition sources (an
organi ¢ conpound deposition source a3216, an organi c conpound deposition
source b3217, and an organic compound 25 deposition source c3218). First,
a substrate 3204 HigvihgamrexphwdgoB20l bs given ted way oot ﬁﬂmva%umbmmimer
3210 and is,.fi ed to ? tion base 3 (the. substrate is nornal

r ot at ed &U’rdlleﬁﬁ Ya¥BH S tt{“bﬁ eme@&lﬁgéﬁfﬂéﬁng}l@"“ o g %@Wﬁ%ﬂﬁﬂcﬂ@%@fﬁ‘wlo is
depr essupig@fhld 19edd iP&i®r24 hi@WeFertedl ® &f £f %3bﬂle)€ars@ " ?ﬂat@ﬁ?dizhé\ﬁng%? ed
to evaporate the hole transporting materia 21 a utter 4 1is
opened f arodst B2 ig ganfeddaisos flﬂmcfnrramcer chamhres d31@ and mefixediepo ixbii@nbasat e

uni | ¢ 5 TLH e pibgls 8RS Rl ol R e BB " Che shut ter adond

opened, the sh%bﬁqua&Eﬂﬁ sanlp eshachbed adl 120veceving b €6l¢ CRnbpAIARP hidtkHial
mat eri al ﬁfﬁ be subjected to codeposition to forma m xed 5 region
3204 behihtf 5 lPﬁﬁ‘rf‘é‘ %I}daﬁéb'&ﬁn%l‘i &yPRFhed 2o sausedeposiion-ph 3 Role| ranspartiag

M Xi NG OfegigH) 2h0$’%hﬁ%sécﬁ)ﬂ?'ih@ﬁ&l‘é’%zihs&»@ﬁm@%ﬁtehﬁ?'ﬁ?@r}\l s el %sﬁﬁ@% and
the m xed reg| on 320 Here, a very anount of | um nescent I al
3223 is elntelbr billd Aaeeiving enoflectfar transporting makeiabilied is ebypmim8R&Eoslyst at e
shownyhn order to forman electron transporting

10 " wRBCh s PSS iy -

regi on, '‘ened, the shutter a3214 is closed to

term nate heat M@r e hdle tuass@ting 3edion 2305 $eachLs prddeferlindd fildh @fckiRksmt i on
of an i rr&url t?/t ]ér“ between the m xed region 3204 and the electron
i

“transpor %\ﬁfﬂdi“élé! cloged and pt @erﬁa&?éﬁﬁ? thepghutter pili5ois graduallyo
manuf act H;Sefr')eal Th@ Bgé’ﬂ?hg and gldslr‘%‘ é@)ﬁg& &0thi }d'ﬂe%hﬁs qec%ﬁEérRFaqloH irgﬁé(dlﬁﬁ{sﬂoy AWM th

respect to measure sol vi problens. For exanple e case of
addi ng amitesicicginp 217 Tihalopevinghendnilasing spefidomay $2G44 so that svieuafthe shmmr to

chownt? LTSl AR VAC Finlr-BRR RN AR R Bl BENeT Rk 0 e

m xed r&@dkb’btrob&ra‘ﬂsp&,tmg ﬁnitbﬁalcﬂie rédchko brprededialiged ﬂd:;ﬁﬁttidﬁs;tafee(gl fafesatOr
el ectron_injecting regions, is sufficient to install in the sane vacuum

vessel 3%261%669?9%%0% efiae é&ecfrep trapsprating yegion 2400 h g hesgadier.dihe elgcgpon
exanpl e, wifypbiteh e%ﬁm bA0d RerorRs8 vilildPiRVinateNb Pf152rnpliss g%'értpcﬁt b so a§YI ONn

bet ween the ano 202 and the hole transporting region 3
deposi t i dament fasmedtwith a gonegntiagipn rgradientais gnadegpossiblerim tlwedemymesxamrrat i ng

the heY eolARAfE 419

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



20 material 3221 without an interval froma point of tinme a hole Jnj ectlng
material is deposited on the anode 3202. In addition, since a
concentration gradient can be fornmed in the above- ment i oned ni xed regi on,
reference is made to an exenplary way to forma concentration gradient.
Her e, t hea dwie tragspdetsng imaétialv8d 2 eandegpoelictiram traaspolingmadeeriad 813 250 ¢Retigm

d i ti due t t ting., Wth t to th f
Concent r sl PRGN RTERT 147 SUrocaHRGoimhras LR GHmBiring RAEel FLhgen on

bet ween taectr@va;psmagIrxfweriaeawra@mr@twdeazomt erial and deposition rate
(ordinarily, unit is nms), it is possible to control a deposition rate
with tenperat ur B adshition withgigerissent @rrgj)&ﬁireentnﬁﬂ@mnawnwgwrp%ﬂlm wWhaeh g in
the forgn ghaipahidutl 68 llﬂﬁﬁlﬁ%@dté’rlﬁ%& fsrhotpgg rﬁﬁé}m%e& ?ﬁ'%g %i' nat r@d
| iabl e to generate unevenness in control erature. lf

i's prefermipesl tagepB@pahbsof wondentrdsom fravi¢rss ishdwn finra gmpMOMemf formed in
concentrationgradi ent i epatat e, deposition sources and t ke
deposi ti off® P%ﬁq’é(e ghEr o™ ﬁaﬂ’?’ﬁg Eége jo(ﬁfds S HREERIC (YiRY ShPMRg ﬁ?’én%ﬁj_é%a‘f@
noNi t or edeAptcRdGh Wl cake WR6le!shalh 86ncenShitdh Sadith@drefoald.i s shown in Fig.

11. 26 In Fig. 11, an explanation will be given to a way to forma
concentration Yfilidthsnelemgnizatyucsare; pethedeclpsered stugre (Bigs AN cpntamngou24.

Accor ¢

g 10 Hpferch Vb e D2 PoafbiibRecd oo Hofenfebling 355181 abiind o’
film for needctoom u’ampoetung’le:yer amd drs electrenl itjecting 1a>yat uothebmcﬁ arb Bélsldes( hhe
substrate_ i s nor iﬁiﬁ ni\)z'it ed durin ep05|t|on) equently, a_sanple
Chanber SPOPR Pdig; KOs ST RBT P JC RSB 31100 UG e Thiaad BaBng a
‘shutter adgliléhd &s?wﬁ@dmmdcpa%@ st%pgfcb&gsmbofcoané&éd%& MtRE RN ttx‘a'ﬂgporﬁﬂg' on
2405 conposed of the hole transporting material 1116. At this tine,

sanpl e cRatepel 3321a8l the slapineg WANPORRG @Fﬁtm%\n&%rwhlﬁg ma«bfam&algemsl?m s.
al so eated while a shutter bl115 is closed. After the
hol e tslranspgér}?(%#gweﬁérgﬁpMOS reaches a predetermned filmthickness, the
shutter alll4 |Sulgethmﬂl34 yn explsedioandilbbe pivensane enibodicdie is i Eae v&lileléLS i's

gradual ly ene peni ng. and.cl 0 eed at this ti fornms a
concent r &8 Sﬁ“ber“ dife ?‘C?‘OFCSBF Wx‘é‘&f‘erde%ﬁyﬁ'% ?Eocf’mbrﬂ%’t b ABOUN B AP iifg
speed rrayaplpﬁea% aSfiple dightBRRtihp AlicdM NRmallp, hd Fldddnfentdl stoick®Ld triplRe

m xed region 2407 reaches a predetermned filmthickness and the electron

transpor tighy emifting diodg 13 pne sheviadn Figr @ s trepieserl Hepberiured. rHwab ig, 4he at e
at the 4Rt egg@&glﬁ@ o0h albsEh&CHHPLNahdRNGHL" hdiBIrkRBbAML G} 903,

Thereafter, the el
luminescent layer 904 formed by doping a triplet light emitting material in a host

it

material, blocking layer 905, electron transporting layer 906, and a cathode 907. The
blocking layer 905 is made from a blocking material, and blocks Hoies 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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transporting region 2406 is fornmed while the shutter bl1115 remai ns opened, .
and so an elenent formed with a concentration gradient is nade possible in
the el ement structure 20 shown in Fig. 24. In addition, this way is all
applicable in the case of formng a concentration gradient in

ot her' el emdnthe sdl¢dsinutresspbltip ldyat 966 d¥inade mm @lec#dn tAlnSporting hbeddass
where a | um nedsgfr;}l qaterial IS added to a bipolar-natured m xed | ayer or

a mxed FBHIPERS <lecipns franpspATingomatsgiak 3ad PnderEreinrisesi prisHak diece in
Fig. 11 angiel fighPeRithiRe npdittidi Ghay BE doped e r@ﬁﬂﬁﬁ@vhgﬁplﬁé hbstORa Ul §€1RN! Y

h i
during the tine peri od_gof dopi ng. However, asures for formng a
concent r dwmineseanhdiyant isapresensdt All§ogiit esl effoctivee as sbowe makigsHerteupan, forme
sever al ' scri bed aboye can utilized in conbination. For
exanpl e5, %gH%g.lkﬂgﬁpé %‘r?g%&?%lf‘ﬁge XE VFE%?CPE(X?IBN ron transporting mxed 30

|l ayer, and a bilpadaitionaivtiile tha'blsekink aysr 986 6s agdd inalle fornt oNBsinald Rfer AN
exanple therefor is shown in Fig. 8 1In_an elenment structure shown in Fig.
8, | ani ndi®d>dhmay dsyaixedivaitipthe ot maderal of shohanigessenl layy Indiracticing the
t ranspor i iohxadt QY b - $ Lo, ' laloinSdl and
a hole ttrl%‘{\%ﬁor;(?%g frat erlggﬁngﬁgaﬁﬁfgéa&&gﬂgﬁﬁ%gdF{(r;ﬁwfg%’ a%gﬂe@ﬂm o
conposed vidw Qf7 mevmitingt dspsysomt iafgmultaald adxcBe@s dndisapreférebler om form a

compod0d cPeLATALPB sri 0 4 o5 HPHE R A Bigh 1B aPoehEaugrE iy p e of
I nj ecti ngathpieri al 814, and a cathode 806. In addition, with the present

enbodi nent, a | um nescent regi on 807, in which a 5 small anount of
I uni nescent rmtl@king acgeunt;of the gbave, iFigptd shayedan gxamelesif st smbadimangcin
m xed | aygy4894- : il RAH | MatE 810, per e
Formed | el AGhER pERTEGRE LB TR EmoRgER, oL B Ao,
showi ng lbanitingi digdeaoreepaytciledy,i lamieded as @ sibstrate SIOOh hagimgent amideck02

gradi epts_ar l{ormad. Wth the el t strucgtuyr a.three |; ereggtr cture
CFi o, LRose & Baedriponiiie mixed Fayse 0 compased ol = alg inisssing mafsil ond
hol e i nj adidi@grangysting heAteridll BOIPQr bipbBirnadeed migt®edyedn0D4 aBERPOkEd BE a
| ayer, and an electron injecting |ayer in the BI’I or art, Besides, as shown
in Fig. bol uapyrtgenmrisrishd0 s anhahost pagral gPédenblackingtieiied dpwert 1008
m xed | ayshposed@df {Ha€ hbKS RREdraY €101 3Xqeld! §Yﬁ&kﬁ?enﬁk&&?sml‘4§| oh GaRpRGt ed
by the hole transporting naterial 812 and the el'ectron tranSporting .
mat er i al tr8nsporipg ohx¢d laydy 400G geropesedrof the biavkengemateriol 1014 (serving also as
20 the electron transporting material in this case) and an electron injecting material 1015,
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 are formed as shown in Graph 1010. _
With the element structure, a four-layered structure (Fig. 20B) contains
30 five-layered structure (Fig. 20A) composed of a hole injecting layer, hole transporting
layer, luminescent layer, a blocking layer (serving also as the electron transporting layer),
and an electron injecting layer in the prior art. Besides, as shown in Fig. 20B, only gentle »
energy barriers are present in the respective mixed layers, and the respective mixed

layers are successively connected by the hole transporting material 1012, host material
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Subsequently, an expl anation WI |1 be given to an enbodi nent in the case
where an elenent, in which respective mxed |ayers are conbined in the
above manner, is applied to a triplet light emtting diode. Normally, the
fundamental structure of a triplet Ilight emtting diode is one shown in
Fig. 9 a . IS.
composed O eI gt sByink o e WEER BhEHEAE FoghGian

| um nescehich myldvarﬁeig@oﬁmmmdvhyexﬂs)pfmgaraett riplet, light emtting materi al
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st uct ur SRS AR by fian Pl DnfRbaBhEAbREN of B BRe R B NonptR anced
by provi dotﬂgnnedltmlthelahg)mdneng Iayer and an electron injecting |ayer.
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he | d
e ! ) AR e AR £ LY SoaBRaRe
layer, ai mnd:dbhml;&itleﬂém@mokyaﬂm;ehé (abYrévastivn; PEHOF) dupde with oleaifean
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“transporti osed o cir.on ra sportin rraterlal and
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present. Al'so, it is e€ffective as shown in Figs form

concehd r e foﬁcgwadneﬂﬁt@nmg pﬁ@nr@géecmdxgolmrw@ld (Ia'a‘yr@muon,nPdeufmcmntlymu | e
t he bl ockj.ng r S a.l I 9, it
may be m&fgd%ﬁ%{% I%ggh st &r%rlﬁg‘éﬁla "L’]%? Jc?ﬁgh ?%C%gdneegsurc&gﬁ ! glxeF OI% ﬁluﬁrr"é] ci ng
the i nvexite (Jeﬂm@ix’mahs well at hieinbhaslilng dﬁgnm;l platiyemn amsﬂyhdohakef or med) .- However,
from the point wof preyentin ersion of rmlecule excitons it i s
bt of er bl 6t 0. Mshvdals s Esne Hal0 ragpmiiion g A (Y SRR B

mat er i al cdnipdindl (that &Oﬂﬁ@ﬂiﬁﬁg |a%n£¥!he&m%|—ﬁﬁogén Soupliak ) WRlel yTddeld ﬁﬁhtél‘?&l@unt
of the above, Fig. 10 shows an exanple of the enbodjnent, in which an

el eme? inchudes e%p?é@m% toi KBR pesgaibed qurtindy its desiypiiess, tthatais, r4.pfi'his| i ght
[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (abbrev1at10n a-NPD), and star-burst type

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

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

Metal complexes are frequently used as the electron transporting material, and
include, in addition to Alqs; described previously, metal complexes of quinoline skeleton
or benzoquinoline skeleton, such as tris (4-methyl-8-quinolinolato) alumini.um
(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 Iigand, such as bis [2-(2-hydroxyphenyl)-benzoxazolato] zinc

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

30
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emtting diode. More particularly, lamnated on a substrate 1001 having an
anode 1002 15 are a hole transporting m xed | ayer 1003 conposed of a hole
injecting material 1011 and a hole transporting material 1012, a

bi pol ar-natured m xed | ayer 1004 conposed of a hole transporting materi al
1012 andZa(BiBA},) ramtiethé dikelBidhera tidroakd, rig adilitied tbayeanl déiflex&oRAGeLbIOf t he

host material. 1013 apd a bl LN ter] 1014, an electron transportin
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transpor kinfign "BX& bRl thO like, BRSEreRNAY! Bed. A%ol Ah1iOREal Q@m{ﬂle%g s?&h as .
material 1014 (serving also as the eléctron transporting material), whic
i s advanlithiun ecetyhaaetonatee (abbreMiation; deiacac)), Brquandlynolasorlitinet Gdbizsliaivnar e
mat erj.als. sui I 0 l,t.uent materials such as the hole injecting
mat eril% ?lqﬁ%(]iea{%rlg(ﬁg%%rg?f}lﬁ%% g't erial, electron transporting material, 5
el ectron i nj ecAknle bRickingaatdpiaf ki RBovehhtiahed BANg,NOXTEN! TAB! pIHEIETAZ, and
t he cat hode. However, materials used for an org@gi,c | um nescent el enent of
- the preséhten Ridnindy o are seryicepbleibeganse theyree Bighyr cxialion prerghlsvelol e
i nj ecting mat epk qhe HBRMRENNE ddasa Lif ARy PSS AHING Ll CariGRBROGE are
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-emitting material is serviceable, and composed mainly of a complex, of which central

h

metal is platihum or iridium. Known as a triplet light emitting material are tris
(2-phenylpyridine) iridium (abbreviation; Ir(ppy) 3), 2, 3, 7, 8, 12, 13, 17,
18-octaethyl-21H, 23H-porphyrin-platinum (abbreviation; PtOEP) and so on.

25 By combining the above-mentioned materials having the respective functions,
respectively, and applying-the materials to an organic luminescent element of the present
invention, it is possible to manufacture an organic luminescent element, which is lower

in drive voltage and longer in life than prior ones.

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

thickness of about 100 nm on a glass substrate 501 with sputtering to provide an anode
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and i nclude pol yet hyl ene di oxyt hi ophene (abbrevi ation; PEDOT) doped with
pol ystyrene sulfonate (abbreviation; PSS), polyaniline (abbreviation,;
PAni ), polyvinyl carbazole (abbreviation; PVK) and so on. Also, high

nol ecul ar conpounds being insul ati on bodies 15 are effective in flattening

of an angge, saps Q&{tw nawie ()é‘f‘ﬂ%r §Vﬁcﬁéhﬁﬁctlﬁg )métérlzilr %ﬂHe&tI‘lIIyD 15{3? a helet her,
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as 4, 4'4 fﬂm tth'idk%e£s'\bchr mn%gs}xsbld@rannakawd GQ&%%MHH{% BAfer 5@395&\;41% a‘?l{a
TDATA) 4, tris met hyl phenyl ) am noJ-tri pheny gm ne

(abbr evi Qi erO 5 mr%NnAyla%rrdtmhr@ depgsitadite.a film mlclg@ﬁpbémt 4p@ nfiy @quemdby
used as -0 NSOk terl | in ad nto
Alg3 des%‘:‘:kl?i bh%é‘gg"gv?%hhﬁ? §E)Srr%éssﬁ)qcorrp aé’xg a&u?rﬁo?lcﬂgmglkegf:eé}? g

benzoqui pellowimsikedceh@resilted fraan ribrese. ( 4- rret hyI 8- qui nol i nol at 0) aI uni ni um
(abbrgél ation; A (ng3)), bis (10-hydroxybenzo[ h]-qui nolinato) beryl!lium
(abbre&vi ation; .30 Be(Bqg)3), and m xed |igand conpl exes such as bis

(2- et hyl @nw&ﬂgﬁgﬂol at o) - (4- phenyl phenol at e) - al um ni um (abbrevi ati on;

BAI Q) and the like. Also, anpbng the netal conpl exes are ones having a

't hi azol e- basedld ﬁ@ar@n@d@nm, thargzis| eonissetey liugaatdd apuelemest, tioswhich the

J[2-(2- hy zol zipe fabbreyiation; Zn(BOX)2), bis

[ 2-(2- hy ox%g{:ené? “%en%‘gé aygrzatf ‘%Ibn lﬁnc (agggrc\éw ation; 30 Zn(BTZ) 2)
and the |ike. Fitst OBO,is dopdsitedrte a fikin &ﬁdkﬂe&@ﬁf hl@mﬂﬁ'ﬂ)@ mﬁ@ii’mi g&Ssubstrate
oxadi azol e derivatives such as 2-(4- b| pheny ﬂ4 tert- butylphenyl) 1,

3, 4- baf0h it sPEHeERE |9 oyl mmno dg 6%2 b$‘é‘{SSQ‘( bere SR Pepigenyhle1, 3,

4- oxadi ag@hpodidd lnai%?ﬂ? ?s”&epcfsﬂ@@&@‘ﬂ ﬂhh Qﬂmk@@o?)sdﬂ‘m thﬁﬁe}c'b %nh rd ﬁ‘&l@' e
derivatives such as S- (4-bi phenylyl)-3-(4-tert-butyl phenyl p enyl -1,

2, 4-tri ameﬂ(@dbyeeﬁﬂé-t i on TAZ) ,
ot o PR Ykl $abcle BB £ SHRAD S b, B SECLS,
as bat homlnﬁﬂmteim@yctrr@zt éﬂbﬁreaanhémbelngEBhe[b)ctrohaialn@pmﬁngmwer(aa,bdﬂdemqat| on;
BCP) d the I| e, these derivatives havin el ect.ron trapspartin
prop (? being an e ectron Injecting material, are subjectedgto codeposmon at the deposition rate
ratio 1:1 to form an electron transporting mixed layer 605, which has a film thickness of
40 nm. Finally, Al:Li alloy (Li of 0.5 wt% in mass ratio) is deposited to a film thickness
of about 150 nm to provide a cathode 606, so that it is possible to manufacture an organic
luminescent element of blue luminescence resulted from perylene.
25
[Embodiment 3] .
In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2402 and an organic compound layer
2403, a hole injecting region, which is composed of a hole injecting material, in the
30 organic luminescent element shown in Fig. 24.
First, a glass substrate 2401 is prepared, on which ITO is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2402. The glass substrate

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

31B. In the embodiment, four kinds of materials (of which three kinds are organic
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10 The above-nentioned el ectron transporting materials can be used as the

electron injecting material. In addition, super-thin filnms of an
i nsul ati on body nade of alkali netal hal ogenides such as |ithiumfluoride
and the like, alkali netal oxides such as |lithiumoxide and the |ike, are

f r equent | goruswmohds Alngloonea ikl is Befnetal CORAINEX @ Scaftiob) afe dbpdstedMand so four
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conposed ({grgi nly of a conplex, of which central netal is platinumo

i ridium 9ERBRHORIS stapte pyighout jsyeh intgrval isfp peeveRt frmatien of jag impurity layer

(2- phenyl fuygkstai®bvé ri di um (abbreviation; Ir(ppy) 3), 2, 3, 7, 8, 12, 13,
17, 18-octaethyl-21H, 23H porphyrin-plati num (abbrevi ation; PtOEP) and so
on. 25 By conbiAfterp héle tmbsporting tiyieo 2405 tahposed| of onby o NP e fdrBRARE hh Ve

functions, ... respectively, and applying.the materials to an organic | .
i e an e TR 57 3Bt feudBftioh otpltched o1 plepSon Gedinorians aeral i
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vol tage and longer in |ife than prior ones. Enmbodi ment 1] In this
_enbodi nmedixediat & bnméseeofbatds.cd pnixed rpgiom24y whews thewatio of o-MADcindtAlgs; bl e
“transpor ti.ng i n in Fig. 5is applied. First, an indiumtin
oxide (referred ﬁ‘ﬂ?%?%{% ogg | TO') is deposited to a film thickness of
about 100 nm omftergthagsixsdbegiont2#090ckavhesha Sipmtthizkhesy dfa3@AAY iddposifiompode
31 50 ubsequ |y c bei hol e .injecting materjal, and a-NPD bei ng
2'hot 45 RERERET tor s-hRE And oty Alag isptabbrica b sepiss 10 Gprmmian, slecron
deposi t i eranspdreing égion 2406,! Whichok M AaOh Filky AGRRES bNG0 ik SdndiBY Gk ROS:
which has a filmthickness of 50 nm_ Further, a |ayer obtained by doping
rubrene 8Ho¥ isfopastedtq)a film thigknasy efjabgpt 450 mng ps mcatodk e obtabf ar Organict o
provi de @rhiftRes88Rkn! @lemBfrind8 ! ' eposited to a film
t hi ckness of 40 nm tonpr o%‘?%’lle an el é&géter%%m??gﬁ)%%%%i ng | ayer 505, and Al:Li
alloy (Li of 0.5 W% in nmass ratio) is deposited to a filmthickness of
about 2650{%5&11%9&'. de a cathode 506, so that it is possible to
manuf acture ‘an orgam c | um nescent el enent of

In this embodiment, there is concretely illustrated an organic luminescent

element obtained by inserting between an anode 2702 and an organic compound layer
2703, a hole injecting region, which is composéd of a hole injecting material, in an

organic luminescent element shown in Fig. 29A.
25 First, a glass substrate 2701 is prepared, on which ITO is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2702. The glass substrate
~ 2701 having the anode 2702 is carried into a vacuum chamber as shown in Figs. 32A and
32B. In the embodiment, five kinds of materials (of which four kinds are 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 a-NPD being a hole

transporting material is started at the deposition rate 0.3 nm/sec. The reason why the
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yel | ow | um nescence resulted fromrubrene. 10 [Enbodinent 2] In this
enbodi nent, there is concretely illustrated an el enent, to which the
el ectron transporting m xed |layer shown in Fig. 6 is applied. First, ITOIis
deposited to a filmthickness of about 100 nmon a glass substrate 15 601
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el ement Iol bisueformad ndye evedeposiian e A r e p83Ye eritne,25a [ HisaeRcaint dgg | n

t hi s enbpdi.nment here.is _caoneretel.y il r rgani c ] nt

el ement ‘fc)ig‘i‘%’(aﬁlg@e&%ﬁ?f}@'ezﬁf“faﬁ‘d'?'t?éép\ﬁé}eﬁr? kljé?’r%yrg}r\nggé’?@fggg%rggan o¢a§§}rﬁ(}§a§‘c gh‘pound
|l ayer 240®) ia aieddEad ajl@ainebent agitaial 2008.CThd deppenjoasact efcoatrbidddsd thaect i ng
material, in the 30 organic |lum nescent el enent shown in Fig. 24. First, a

gl assiGsuhe ratisris mpde o-NED; AdguPEeM =)= Wilch 1TO i's deposited to a film
thi ckness of ~akg a{/hﬂtglgi@[}?el‘@gm S Labhdl0a il BIdKnER GN90!%ne ARposifibe ig! ass

substrate 2401 node 2402 is carri gad into a vacuum chanmber as
shown i rnefmnigatedXoA caNdPD 34dB.DCM, tand ambp ddijsmeontinues e bki degositdfd tpafaemi a0 s ( of

“which three kinds are organi 32, ¢ y ] e Kij I 8. al,..form ng
ot hoddsign iapRifedeedn Hog #pERRe 1 koot . Bl EaLte !
First, QuBy ibdepesirrdholacsilnnjickiesg ofrabeuti 130 s ad @pmstiddedo tobtain fahlodganic
t hickness of 20 nm and without an interyal f ‘a point of time when the
fi 1 mkohilummeseenselemengaf fed lus‘meé%ﬁéaesé‘ﬁﬁf\{g@ﬂbé&ﬁ'on of CuPc is ternminated,
deposition of a-NPD being a hole transporting nmaterial is started at the
deposition rate 0.3 nm sec. The reason why the

[Embodiment 5]

In this embodiment, 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 deposition sources are necessary.

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

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

The mixed region 2707 is formed to have a film thickness of 30 nm, and at this
time an intermediate region of a 10 nm film thickness (that is, a portion 10 nm to 20 nm
in the mixed region 2707 of a 30 nm film thickness) in the mixed region 2707 1s doped at

the ratio of 1 wt% with a fluorescent dye
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deposition is started wi thout such interval is to prevent formation of an
inpurity layer described above. After a hole transporting |ayer 2405
conposed of only a-NPD is fornmed to have 10 a filmthickness of 30 nm
deposition of A1 being an electron transporting material is started at
t he depodi(tlicyansratthylénd)-Daakyl-6Mp-diméthelagepasyryl)tH-petad of gab¥PlYistesRi NS

fixed at @a nmisec_. That is, a §1xed regi on 2407 where the ratio of a-NPD
and Al gaDM) as a luminesgentamatgrial 788 0si ti on. After the mixed region 2407

reaches, a fil milhitkknazsd pgid? 2007 _rgagageggt '19ntﬂi&ne;§o%%brﬂﬂ,a{xefp%s{tﬁhi - NPD

and only Alg3 continues to be deposi orm an el ectron ansporting
regi on 2td@jnaptyd €or wilNPDhawnd euly iAlg tdonthuesst® bf défosited tbi foainl 3n ehietrdh L

alloy ks, depaosited to i | m.t.hi ckness .of . abou 50 a cat ho t.o

obt ai n5 aga%ﬁ%ég H}%:‘egf"u%@n&eds (‘:Ng}r‘fh é?se‘?rgr?ﬂ‘ ks é’h 4&%‘2@@%@& &8 @é@tﬂqﬁ’é d5f rom
Alg3. 20d¢gosheditoeatfild] thiokidss Sofeabadi TRNthm B es Rattode ORCHBLR ¥nidrkmstr at ed
an organjc |um nescent elenent obtained by inserting between an anode 2702
and an olERiRFCeRSIgBEm ®f red, Wyminesgence rgsuligd drammPEMi ng regi on, which is
conposed of a hole injecting material, in an organic |um nescent el enent
shown in Fig. 29A. 25 First, a glass substrate 2701 is .prepared, on which

| TO i s dejfmsbadagentcd]a fil m thickness of about 100 nmwith sputtering to

form anode 2702. The gl ass substrate 2701 having the anode 2702 |s
carried into alzl\/g%'ﬁu‘?ﬁ‘ﬁ?fgﬁﬁgf’ é@res ﬁ%\féﬂnﬁ’rﬁt"é{ dg‘§5t@?’?§géﬁde CHRISH OPH‘"F%eLY
enbodi nMegyplyink\eecdiicafiGatidn BRidRInk 36 $hdt AendtitCd Whith tht NHXcA162i0h SRMWE in

conpounds, and_one kind is a netal formng a cathode) are deposited, and so
five 30Figeg6Bihasdieesspplied Iaradditionedn grder tpifprm theogemeepbpiiop gradisng the

“injecting {ma%t L ' ' [ C : .1 hout
anJ I nt er%’ I ?%ém a pgll ﬁgpgfksil?sgngtt%ﬁl{lﬁ??r% |h-}err‘15 %?@kg&eg@so%?g%n%?np itl‘ge&
reached kinds dépdsposition sfur@isPerei se¢essary nfat ed holte ressporting afateridiPBlcogbnmg a

hol e ransporting.materi.al, is started at the deposition rate 0.3 nnisec.
The r%%sé?‘?sﬁﬂg}mtgﬁlgate%%la&gﬁ&gﬁnﬁe&ﬁeqt@ag"t%a‘t ed without such interval is to

prevent for mat Figgt, DFO adépasited bt 4 ?&ﬁrsubﬁi‘?ﬁé R60EE alnyethickhtRrhaidyod 20
transporting | ayer 2705 conposed of only a-NPDis forned to be 30 nmin a

film t hi RRAEES Migknsss pbownl (9 nmivih septigringntocfosmy #1bAnqdeatflo Subseguerttier i al
'O? a? NISD E&{N{;}ﬁg ib%isngt 0 nIRACHshb R AhRril & dUPbsiRd W Fifin tRRKAKE T 40! R S at e
form a hole transporting region 2605.

20 Further, as described with respect to the embodiment, a mixed region 2607
composed of a-NPD and Alqz 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 (Alqs 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 mﬁ of a film thickness, an electron
transporting region 2606 composed of Algs is forméd in a state, in which only the shutter
for the deposition source of the electron transporting material (Alqs) is opened. Finally,

30 an Al:Li alloy (Li of 0.5 wt% in weight ratio) is deposited to a film thickness of about

150 nm as a cathode 2604 to obtain an organic luminescent element of yellow

luminescence resulted from rubrene.

[Embodiment 7]
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fixed at 0.3 nmsec. That is, a mxed region 2707 where the ratio of a-NPD
and Algais 1:1 is forned by codeposition. At the sane tine, a fluorescent
dye 4-(dicyanonet hyl ene) - 2- net hyl - 6- (p- di met hyl am nostyryl)-4H pyran
(abbreviation; DCM is added as a |um nescent material 2708. The

deposi tion rat elni shis camhbalilment, sthetehdd cofi€retehe iladtiated snmacanz- NitbinesfdeqB8: DCM

= 50:50: 1., After, the,m xed regjon 2707 rea a filmthickness of 30 nm
Genosi b1 dlementohshingd By Serine beRusen dihe: vt JOLRcprih 1S ORgATe CORBPIRIEYT o be
deposi t echdoa, fa0 hBPeaﬂllj__@&ilngflternggl, tvalﬁeﬁ e rdohlﬁgsé&g’if% h KD fhjedMHeC H,arefafall,?naéd I'm

Y \

thi ckness of 40 nm Fina , an . Li alloy is deposited to a fi
t hi cknesgngsfrting dgtwas0a mathede 22604t anskdthet organic sgompoundriggen 26031 5| elnttiners cent

erboal feticchfi BB AR B EFBheR et pREASEh iR FEp,oa B bbb o

]
S COncr &t &
shown i n lhingnes@&iB eledtbnkslicdin ingFigl 2658, substrate 2701 is prepared, on which

I TOis deposited to a fil t hi ckness of about 100 Wth sputtering to
forman anode 2/6%. a'ﬂlﬁsgﬁ%gtéat% 01 rl%upéepa?fi@imh‘ﬁl{}‘ichgqunés g‘fﬂ?ﬁ‘é""é?‘b? t%én

carri ed if{RnéssVACIIOM 166SR vtk §519&@ﬁn'g o FEbAR -an330d8M$0232Re oldds khfstrate
enbodi nent, four kinds of materials (of which three kinds aré organic

conpounds268hdhaving the adodes2G)2nis catrieddnie pcavmaehaode) asshovaejpokigs.ed A amdl so

f our 5 i t,i on_sqQurces are cessary.. Afte e.transporting lLayer
2705 A AB G, RrbBUinth, BiRgRRos S whre b olosr IRy skt BPILAN opmidLg
to have &ohigoimi$iaal neeskial 4G RivraldRpdsig h watldePaga defissited, amd b aetéon

transporting material .is started at.the deposition rate 03 nmsec while
the depoicPPHHOR sQWCEsarg DEESEFATBnmi ns fi xed at 0.3 nmsec. That is, a m xed

“region 2707  30:pherEpd Béink AltidRe ﬂf'e&fngeﬁ)a@ﬁﬁ #hgpodiRd o h filh KR Y20
codeposition. The m xed region 2767 IS formed to have a filmthickness of

30 nm aman,znd: Witbouttdonmtegvali freraranpainbeletime gihen 2 nm is geanhed iahdndepositiores s

i1 o QERB S ke ooy UE o 8 A SR e B s Gyt 5,

wth a flthedepestién dye 0.34m/sec. The reason why the deposition is started without such

4- (di cyanonet hyl ene) - 2- net hyl - 6- ( p- di net hyl ami nastyryl) - 4H pyran
(abbr evi dRiCHRL 1s tOEWveRs foyma ﬁ?ﬁgé%%?“rﬁﬁtl%'ﬂ gc}scg%l}/o fter the nixed region

2707 reaches a A#dm hBlekRpSAL 3P IB0sIBRGVELd 8P ohly TEB R RLA%0 R 30
a-NPD, and only Alga continues To be deposited to forman el ectron
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, a mixed region 2607 where the ratio of TPD and BeBq; is 1:4 is
formed by codeposition.
The mixed region 2607 is formed to have a 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 rﬁixcd region of 30 nm) in the mixed
region 2607 is doped with BCP as a blocking material 2609. The deposition rate of the
respective materials at the time of doping with BCP is TPD:BeBq2: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) béing an

electron injecting material is started to have a film thickness of about 2 nm. The reason
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5 transporting region 2706, which has a filmthickness of 40 nm Finally,
an Al:Li alloy is deposited to a filmthickness of about 150 nmas a
cathode to obtain an organic |um nescent el enent of red | um nescence
resulted fromDCM [Enbodiment 6] 10 In this enbodi nent, there is

concr et ewtyithd dejositicedis amaredeneinjut sbtninxadalldy to preptyti fognmatioocaninimiritpn

gr adi ent tghéhat e enent, to which the m xed region shown in Fig. 26B has
been applayeideseib O¥Fon, in order to formthe concentration gradient, the
appar at us showgidafly Fii@midulm ii$ défiRfled & MaMHItARkISS of BBoR! 1BUBHA as h'lam&it%
enbodi nent, three ’kl nds of deposition sources are necessary for a hole

t ranspor to oigaxnainexrgmq lugtigescentrelemanttof ypldgw tumingsoraceaicsulteddram subiremd. nescent
material. First, 1TOis deposited on a glass substrate 2601 to a film

t hi ckness having. a 20 nmfilmthickness about 100 nmw th sputtering to
form an ofEmisodigea: 8]Subsequent |y, a-NPD being an hole transporting
material 1s deposjted to . a filmthickness of lfilo rimto formi hol e
transporting rgb this ombadimegt.rihereds | copsreiel¥ ciliupiaaied 3 OrgAlie dHminssee
enbodi megt eﬁtsrﬂomanfqgl . 2607 corrposed of a-NPD and Alg3 and having a
concentratl on gradient-is deposited to a film thickness of 20 nm by
gradual | y openFirst, a gidsatstlestrate27Qhis ptegaoed, onovhish FQds dépasied taeilemxt A6H

or acobd | o B SRt e kD) oF ahShs 2 R o Bt s Bhbe 2 L bl iR

transporjg‘y(m; isrefagiddlintoaa Whunﬁbh&ﬁbéﬂww showh, indFigsnt3XATeRidaB2B) ¢githe of
10 nmin the m xed, region 2607 of 20 nmin thickness i s doped at a ratio

of 5 wt ogmbedimenhtisiedinds of matsrialsdebhichdoer Kinds sssaganis cepbewss nd oge
regi on. rr%ggglgeas F?e%l“f&rﬂlfin féa’tﬁBdez A& 148 §s1te§nal'?d ‘§8tﬁ\%”deﬁo%ﬁi&'ﬁp§futréé§9aréegl on

2606 co als rmed 1 h a st 1n which onl'y the shutter for
t he deposecessary. source of the eI ectron transportl ng materl al (Algl3) is

Fi nal | , % |
depostT ed 1o anfer iRty Spitoctiys Mish 705 pemvisdt oty BRI Bl g, i o
an or ganirgnspuftiniefacitial &4 €ofeidd ©f hyel & dln thivknesseeMt ant, elepbiition fof FBD
rubrene. [Enbodinment 7] 35 In this enbodl nment, there is co rete

i || ust r JPEBE AR clecyRR; EanspARtingsRalerial is Siarady at dht denpstiionrafe, /ﬁﬁgﬂé‘fl\?\een
the anod%?&%%sﬁeﬂ ﬁ&eopwmA?AC&ﬁpﬁﬁwﬁx&@meb 3 REA3c. @hmlsealxﬂixe@tregan

regi on, I's conposed of a hole injecting materi al i nserting
bet ween A7Q7awhﬂzrdehQ@04 o MTPAFAcg B2 I%blip%g)meﬂéy«ﬁﬁdql@@@lonan el ectron
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 mixéd region 2707 of 30 nm)

in the mixed region 2707, the deposition rate being controlled so that the ratio of such

addition is MTDATA:PBD:perylene = 4:16:1. Also, BCP is added as a blocking material

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

After the mixed region reaches 30 nm of thickness, deposition of MTDATA and

BCP is terminated, and only PBD continues to be deposited to form an electron

transporting region 2706, which has a thickness of 40 nm. Finally, Al:Li alloy is

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

luminescence resulted from perylene.

[Embodiment 9]

In this embodiment, there is concretely illustrated an element, to which a hole
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5 injecting region, which is conposed of an electron injecting material, in
the organic |um nescent el enent shown in Fig. 26B. First, a glass
substrate 2601 is prepared, on which ITOis deposited to a film thickness
of about 100 rimwi th sputtering to forman anode 2602. The gl ass substrate
2601 haviangpdriag anixde 12962 al SipoRE-hhfded MiiRed IyRgULNd ahadi@@fonafasdpoyihg N
Figs. 31A and 10 31B. In_the enbodi nent, seven kinds of materials (of which
si x ki ndBixss daysr ghawa indgapd iye basm cembingdrand apphiedpinpdditieny igPrderia hode)
are depgs) : i r I | CuPc
bei ng. a e SoperiREinR s RKER (CRREEL A e R R e dEbdRlop, T
and wi t soutceawithrishetterabhdwmwin Eigpbi are uséd.t i ne when 20 nmis reached and

L1 Bnsfor {1 ng. rbS] Pt e 5Es pESRRLR0 U ol b B0y el

reason Wh¥oih@ndepdsigi2oBubseqasmly acthdl thasportne mixéd ey 803 iconiposdd event
formation of an inpurity |ayer described above. After a hole transparting

| ayer 2608Pcclaingad@lomienting maderials8 Floanshg-NBDeinga hgly rppsppstingaatgrial
deposi ti d Be! ERCRME N AREARF Aol LrABEAS hekhdwn 3 BRapt?0
started 8(aitaa? él eposi(t?i‘tggu@gt\ehgs%&ln’ sec(?:)av\ﬁ?f e1 t%é depOS?tionnrat eapof TPD
r enai ns Sliaecfaxtned bg openlisg and Flosingiof shuttars.xed regi on 2607 where the ratio

of TP and BeBg2,is.1:4 i.s . formed, b de tion. The mxed regiagn.2607
s fdPred to HAEISIi 4 RipalaERaREal mixeddarh S riie copteltqioperagionts i

| nt er "eQepbsitedad 20mn®by headually bpéding 8 shatt@fot tHedepbsiliOn Bourt® o2 AldyBeing) t he
m xed 25 region 2607 of 30 nm in the m xed region 2607 is doped at the
rati o ofth&elgegppinapsponting matetial §13 jaf Hreosamas HmgBhepsgragwal] HpFBg @ethutter

mat eri al 8. Al: regHho : . .S, i nm
fo 30 Pt Aoiisp0hifin bl Pt o SPDER: Mis Hohe, Bihichlajh reBoBRO3 cfJ0%m E 00
wi t h BCRhe dipolad-naiied gmiveedelayedt 8040, 20 man deploped iadrthe abgo of 1t ve% with

respective.materigls at .the ti of._daping. wi th i s TPD: - BCP =

| “ar 98 gringirenent -2l Bap e BRI SeiptBaERHb e on JRE LRV BORES s
depositimfas'glﬂl;}na@gcenmteirﬁlgps_m nated, and only BeBg2 continues to be
deposited to forman electron transporting region 2606, which has a_film

thickness of 4dftemthe Wipolaunatared mixedvayer $hreaghesoth pmopf thicknegheas is
deposi t 0, G{edB5832h $n bR, R WAt ch gﬁgptt%gtshﬁﬂexotfor Wlf]fnﬁtaﬁa}m&? 'ByYg@lually

el ectron Pnj ecting nmateri aél'&i's starte ave a fil ckness” of about 2
nm The opesimgna sB6ttehfort He depwitian sourcs 6ft hifaeat) it @n elaeton Anjeeting i s

to Py V%léte;igrmt eixt(%ﬂe (s):];mé’:1 [t}rr{en@Hér{ tg?ﬁduéll"i‘y %fosgl%sacgﬂut?tgg foe}qgg %Eposition source

of Alqs in a last region 5 nm, an electron transporting mixed layer 805 of 40 nm in total

is formed. That is, the concentration gradient for Li(acac) is set steep (while an electron
injecting material 814 is shown in Graph 810 as being constant in inclination, the last
portion in this embodiment rises abruptly). -

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

luminescent element of red luminescence resulted from DCM.

[Embodiment 10] _
In this embodiment, there is concretely illustrated an example of an organic
30 luminescent element obtained by inserting between the. anode 2702 and the organic
compound layer 2703, a hole injecting region, which is composed of a hole injecting
material, inserting between a cathode 2704 and the organic compound layer, an electron
injecting region, which is composed of an electron injecting material, and applying a

triplet light emitting material as the luminescent material in the organic luminescent

-
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Finally, alumnumis deposited to a filmthickness of about 150 nmas a
cathode to obtain an organic |um nescent elenent of yellow | um nescence
resulted fromrubrene. 5 [Enbodinment 8] In this enbodinment, there is
concretely illustrated an organic |um nescent elenent shown in Fig. 30B.
First, aeghmasshwowsinrRig.298Gich slepieapsarnedire issholindh Hig:G3i s deposited to

about 100 10 gpmw th sputtering to fqQrman .an .2702. .The ass, substrate
2701 havi ng ChETimacas RbaT e x%wrga ?wa"@? ﬁ@dﬁﬁ?@%&ﬁ%& TSN
Figs. 324i@hudéBng & thhe ITORRALIEENhe élhéées_dbgﬁ{é’t% i idRIRD 18 lcardedf inwhhch

four kinds are organic conpounds and one kind is a nmetal form ng_a

cat hode) vagusnt ehusberead, shoveh soFigsy828ees32Bol Hsuerobeediment, saevesdsyof 15
After hal e. rti ayer 5 ¢co f AT I hol e

{ ans plr P el RAFPRIch 8% kEr¢ SRanGECBRBS R apdie MEGSERY, B8 ifidhafinit
deposi t i piatedfal RiBinde catfody) aéd éplosion, hiidiss gokeh ideposiddresouddes iage wdcasshnd at
the deposition _rate 0.3 nmsec while the deposition rate of DATA remai ns
fixed at 0.3 nfigetuP ?_ﬁ’&’cngi aholg ipjecime ‘Pé@?ﬁﬁg depgsitegiacy R 1RO an
MIDATA apdeRBrb® alpoind & diRE Widn 28 P RGRAH 38 degShitdBE o NCYBYis B RRed, 07
Is formed to have a thickness of 30 nm and at this time perylene as a

f | uor escdepositiom ofsaddiie dbearsg a hblenfrarspoding matesial i st2iTOB at theadeposition metdi at e

regi on.of ,10 nm (f.hat is rtion.of 10.n 0. nmin_ the mxed region
70750 03 TR TP rab i By RRE G AR B SR Fufu e b L B

cont r ol | fgnftioh B4 irhsuritfldyer 8ésciibedaborddi tion i s MIDATA: PBD: peryl ene =
4:16:1. Also, BCP is added as_a blocking material 25 2709 to a | ast region
of 10 nm (t hat After ajolpranspartyie ageramressd of eplynohRD i fameddgibs0 wn 30
‘nn) int 2! Wl | e dPin A bk Roltdhied ot Af t er
t he m xe rh (%kl)ﬁg%’ ngé:%&gégﬁﬁ#% E%n%%?]ceg%ess,qg%e ??;E?i Ign ngﬁqgwﬂagg']rs&ﬁé%dat BCP
is term thetdspositiod retel §:3 PBUseowhile tles deppsBmndepo of telPDoreming fixedhte@.Br on

transporti regi.on 2706,. whi c a l,ckness of 40 n paal Ly Al Li
ol | oy T st T s heien (eagPRar G BEER. B oo BEPaTRDInalhalicc
| um nescentis ebratedty @tefsiteon. | uni nescence resulted from perylene.
[ Embodi ment 9] In this enbodinent, there is Qoncretgl% I 11 ust rattﬁd an

-

el ement, to whilBfi TiXRS|TEI08 7St IOEREH &P (g grfRIEkResS, Bmyagd)| 3L thisaHRE e
m xed | ay@spy)RBEingh RIS dfiflipPRhleiafis added as a luminescent material to an

intermediate region of 10 nm (that is, a portion of 5 nm to 15 nm in the mixed region of
20 20 nm) in the mixed region. The ratio of such addition is a-NPD:BAlq:Ir(ppy) 5 =
50:50:7.
After the mixed region reaches 20 nm of thiékness, deposition of o-NPD and
Ir(ppy) 5 is terminated, and only BAlqQ 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 Alqs 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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m xed | ayer shown in Fig. 8 have been conbi ned and applied. In addition, in
order to formconcentration gradients (Gaph 810 in Fig. 8) in this

enbodi ment, the deposition sources with shutters shown in Fig. 11 are
used. 5 First, ITOis deposited on a glass substrate 801 to about 100 nm

Wi th spupfyin ggthet;ﬁeieﬂt mashtidnodea Shglet &gbs eqmmglqnodea shoke ih rEipspoThe ng
m xed | ayer 3 conposed of CuPc¢ bein haole inje¢ting _material 811 and
a- NPD bePlﬁgleat rstnl@mfer anspevni g Figat ¥} ad‘é‘i‘?“’afré WLEFoS {FF (CONARPUIHPN Ar

this ti & gwﬁfs g@& ﬁni ﬁ%lr?rh g@éjlgﬁ]ttﬁlsaﬁmﬁmm%ni r‘th@@dﬁ@mn@ﬁoso"i’xf&sfﬂftl?‘?d by

openi ng utte At this tine, a bipolar-natured m xed
| ayer 80shuhaw showndndentilate osedgr adi ents Is -deposited to 20 nm by

gradually open hutter. f r th source a be|

el ect ren transEHgtt ?ﬁé gRasity °§f§ Fﬁ% aé%ﬁ@)lt rﬁ?o%gio GLTYS g&‘f‘%& ng
a shutt efy fofef arf S1HdEQAPOS] $hERRqSRUIYCE hble teardPOMHinAlmikbd Sayet nrao3 asmposed of

i nternedi ate region 807 of 0 nmin the bipolar-natured m xed | ayer 804 of

20 nm i sCdBpébdingta hale injaeting whteriahi 04 hpnchof¥PD being a hole transporting material

4-(di Cya[l"@ﬁ%@ydew&:d?to %trPX | APnfiPaflle ”&U&Sh x@ﬁﬁmﬁ idie én"té1 19 ﬂmﬂn Graph

(abbreviatton; mnescent’ material 815.
bi pol ar - netQuire domedesy dpeying Bidtlosagdieshursnm of t hi ckness Alg3 is

deposited to 35 nmin state,, in whi th utter f r Al

openedV By gr a@&&?q‘%}“"% %13(’1&“%&‘}(‘? Fm?“’d* }{Zlyﬁéei@@go%qnfﬂoé b ¥ gé)%fand

Li (acac) Cppl i fAViks 86ideARtalion BFddidhes AFoRBE@td althiBlidesalof RD&S By RraduaBywhen
gradual ly closing a shutter for the deposition source of Alg3 in_ a |ast

regi on Sdnmaasmg teedepositionr eate pbro-NRP and derreasing theodenositiop R1ta ph4todhl s.
is for maﬁl‘ -dica q%azolse-blbﬁglgg ?&?@rp&f ?élb\nggig gkﬁnf v{}lﬁEh ke d ﬁ&s@?ﬂ%&r?al 99439k §eP

(while a ron. own In 810 as being
const ant tripleﬂ Mtiemttirrgrmatehal |'Btds timpor blockingmixiedl dayemrloas Wemposqu@fsCBP
abrup i s de 05|ted as a 06 t Jout. 50 famto
bt o Wb ki BLr and havise FeasRnacer BrdiaR Puil] BY Relain bRt R0
DCM [ En‘BP@JBPeaﬁd 1redsth hiesdé%?%hrm&t of BOF &hich M@[(ﬁikﬁigymbiclrilas 1opt.ed an
exanpl e of an organic 0 lum nescent el enent obtained by inserting between

the. anodbustheblegking mixedrlgrasihes a Sibmybickerss 8§49 1703, a hol e i nj ecti ng
regi on, which S?nc ’Tﬁgs%ﬁin%fdnﬁeﬁmr@la'téy gpt i aGriplERt & Iggal emhﬁﬁgl‘ Hidag, beisween

a cat hode 2704°ah organi ¢ _conpound | ayer, Pan elect ron Tnj ecting
regi on, (mphdfnyllsyrubnq:)osaﬂumf (lafarmldebelpwnto rapdc(lppmb) merhoh; &l theaﬁtplqpbgl}ﬁl ng a

tripl géc ?itnggnnz]lt;[:rtizlﬂri%lga ec{oped d%rmg Qﬁe {“orma 163 58 e %Eﬂ% 'n%!uré&m&ﬁ% lgfzeqam ¢

l um n
1004 and the blocking mixed layer 1005. A region where CBP being the host material is

high in concentration, that is, a region near a boundary between the bipolar-natured
mixed layer 1004 and the blocking mixed layer 1005 is most Suitable as a doped region
1008. In this embodiment, a region of +5 nm about the boundary, that is, a region having
25 a width of 10 nm in total is made the doped region 1008 where doping of 6 wt% is
effected.
Further, the electron transporting mixed layer 1006 is composed of BCP and
Alqs, which are high in electron transporting capacity. Concentration gradients are
formed such that BCP decreases in concentration as it is distant from an anode, and Alqs
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 Alqs
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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el ement shown in Fig. 29B. Such element structure is shown in Fig. 33.
First, a glass substrate is prepared, on which ITOis deposited to about
100 nm with sputtering to form|TO (anode). The gl ass substrate having I TO
is carried into a vacuum chanber as shown in Figs. 32A and 32B. In the
enbodi nents cabudn 180N ds endbls fombiagial ergaoic mhiindscéntvadekéntdpresansing rggeani c
conpounds and two kinds gre an inorganic material form ng a cathode) are
deposi téHPleéHHn@Ssc%‘%Ferﬁs‘a@gcfE‘?‘?#IgW@burces are necessary. First, CuPc
being a hole injecting material is deposited to 20 nm and w thout an
interval froma point of tinme when 20 nmis reached and deposition of CuPc

i s terni[Eattedimerdd@dsi ti on of a-NPD being a hole transporting material is
start at the.depositj.on rate . 0.3 F ) LEAS :
deposition i segqlér?r’%%ocw“?ﬂtoﬁte Scsfﬁ)cj?g afr@%‘r vgﬁ&ﬁsd%{})&prﬁ%eﬁ{a‘}@%r%? Sh of an

| npur i t Yulniy@eer @fsmhédtadecriiingao thé peserm ihodntionr aFspdRA isg deay@ral eewposed of
only a-NPD is fornmed_to, be 30 nm iB t hi ckness, deposition 0]:‘ BALg gl?i ng an
el ect r orelt GRS {rRiReesenk deyice dhatouses A1 grgagtc lumypessapt slemeshof % 0. 3

N Sec Wikddhs IRaHGROSAN ﬁrﬁﬁ%t@nsg%oasﬂx@namfmﬁiw &8 THT) Gs SsclitheRsThsec.

That is,"a m -region (a-NP g) where the ratio-of a-NPD and BAlq is

1:1 is faravtise blenment dpbthetactve cltment may bela MQP ¢rnsistofor ned to have a

t hi ckness of dat this ti ' rd

em ttithg mat erzﬁbﬁnﬂ?gs R s 8% e}éaql%lgmgsnaey e Zflé/malt e ?%ar ??h%meﬁhf éeﬂrtlggyiutat e

- regi on of bk BAte IFA (typical By Prevéisestagier THIMrhay Hesusedninsteatthe ni xed r egi on of
20 20 nm in the mxed region. The ratio of _such addition, is .

a- NPD: BAI q: | r (sphig- 32A5d;2§@);dp_no§§§ tdetubstater; B UR “F%%é‘ﬁre@scafotrﬁ?ﬁngf

S thi C.knes\ﬁs'bﬂee@%ﬁi t 'Sg@clﬁ&g?)i u@as‘%'ﬁqmt{d’té,wq\)ar& dubsirRE 8RR gla88 Sutirhie, BAlq
conti nues 1o depbsited To Torman el'ectron transporti nag regi on, which
wi | | hasora plastiksubsgatef(irzDidimg a plastio film) gan be vssfal Thesybsiras 120 rfergfo ¢ j ne

when posi tion of BAl g is..tetm 4 1.0 bei ng an
el ectﬁ%nt Fﬁ}ﬂésgrtaf‘ﬂb‘u?rﬁ‘f @FP‘Z&P“%? ms’tqglﬁ%dp ’f@eg%‘%e [gotﬁén%ms'%ﬁ‘g reason why the
deposi tion is Oftet@Osttatt NN, supixel poeiomil2it and pdevery crarindlidrerof an

impurity |layer descrjbed aboye. Fipally, LiE is deposited to about 1 nm
and Al iprodissdsi Theipixsl paHoR 1%]5bWHLB?Sesyc§Be¢ gfsttn a cathode and to obtain a

triplet |ight ey tiidGoBbehd i9fa SRR fhumsPRIERNER imags ul Agstufatiomot
Ir(ppy) 3. [Engg@di%rrentq) 11] In tﬁisz,l enbodi rrpnt? ?ﬁ%ﬁe | S _concrete%
i | | ust r apizelsaare gilecndnon dhe subsrhtgyand each pixel is provided with a TFT 1202 for

20 controlling a current flowing in the organic luminescent element (hereinafter referred to
as current controlling TFT), a pixel electrode (anode) 1203, an organic compound layer
1204, and a cathode 1205. Although only the current controlling TFT is shown in F1g
12A, each pixel has a TPT for controlling a voltage applied to a gate of the current

controlling TFT (hereinafter referred to as switching TFT).

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

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

light-transmissive material, typically, indium oxide, tin oxide, zinc oxide, or a compound
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39 applying the present invention to a triplet light emtting di ode shown _
in Fig. 9. The elenent structure is shown in Fig. 10. In addition, in
order to formconcentration gradients (Gaph 1010 in Fig. 10) in this
enbodi ment, the deposition sources with shutters shown in Fig. 11 are

used. 5 &f these (ITODfdrexdePy) isededforahgpixsbelsctbsder B08. 10Rltht i electrd@ nm
with sputtering tq forman anode 1002. Subsequently, a hole transporting
mi xed | al4B; thsogeaneporapennsklayerJpe4 eforged hole injecting material 1011 and
a- NPD being a gl et §305#R0dh EGEE 8boa 1042 cAR6uHEPOS L GHoliBedO Al
this tine, thebcoﬁlgeél%r alt [ o&n %@Jggﬁgﬁts as ’showﬁ I n Graph1 ?(i)i?LOI gre ?g@i med
by openimgteaiatiottheshthgpdefl 285 ist desirsbly BoGdungtsrcutateehlyhavings wotlafunetiompéd

m xed r 1004. conpas of a-NP, . P havi ng concegntration

o aar nidSit Sop oo ety fhe S £ s Tmal o AR SRR SakiRtng e
deposi t i fnalkalife fletA MRty annkAdsidaaht Hietalelefeht, iod rond&ofliudive filbh

N -di car bazol e- bi phenyl (referred below to as "CBP'), which is a host

mat er i al coptaigingralgminup, o &rom p dgminatei abtained hnlayering an Pymingmps sgvey fflaki ng
m xed | 15 and BCP and havi ng concentration

gr adi en?%f{;%el%?%%%;&gg%@gg?ﬁg the deposition rate -of CBP and

i ncreasi ng t heA tigposomposedreditibe pixeBEECtradei K103 theargdne kompourst layeral 208014

Thus e bl ocki m layer has.a fi L hick 0f, 10 nm. Since S

erbodtrard Percalte 568 it fkGred Siinuproldibiv Fi B ye Tof prafelive AT 1566

(2- phenyis pyfovliedlo ipfdtettUiRe( 6@hfic RitniREIceit eRmRt IfFdMKygkn Al Gldidierel he

triplet light 20 emtting material 1016, is doped during the formatjion of

“the bi poMaterialy usable fardbel prefpetivelfla 1209 mcﬂedfbﬁ@ékm RYrigexadcomoEynitElss. A

‘ region [ t o B | Ses | y tion, that
is, a r\é%ﬁ%lgnuﬁgjr(ﬁg’ %gtﬂln%’g?gﬂ%’e? weeggdtnﬁ(ép %c?%cc?pg’r - ?\Il{al??f?ggg%}nbé d layer 1004

and t he bl ocki Ngxtyitheedriviay eirciid 12312 svilldst desaiibeb| dhasdravini pecuit @115 a 1008.

In thjs enbodj nment ‘region of 5.n bout the.b da hat is, i
navi ntp Z8spnvicapling fmert demt (Rngaetind R HRrl B ovd wis o "
dopi ng gfix81 pér¥oh 321 Ef drRCk @Rlovilfed Widra shiftere Sls@E,td BUfdr] anbpedtth, g Wik as

S

| ayer 1006 is conposed of BCP and_ Al 3, which_are hi gh i n_electron
t ransporan Agplegsudichy(trauyfpt apte) &f ilovel ghitsrentns Fig: d 24 dhenbasic vowt ehthessep

dect eas erduits GOUCEOS o8l Rmlpbsdd of bt AHanhE OTF AN 2870 2 ARMaidIr

conversely increases 1n concentration as It 1s distant fro —Fﬂe anode. That
I's, in t1¥08.case, BCP functions as a blocking material and an el ectron

L S0SRPY 109, Rt 2 TR cob RSB S B BT A,
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 placing the driving circuit 1212
on the substrate. |

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

30 The 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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1006 has a filmthickness' of 40 nm Finally, A:Li alloy (Li being 0.5 wt %
by weight) is deposited to about 150 nm 40 as a cathode 1007 to enable
form ng an organi c | um nescent el enment presenting green triplet

| um nescence resulted fromlr(ppy)3. [Enbodi nent 12] 5 This enbodi nent
~describes a | ur’ﬁhﬁ@éb@mxeh@wéred@ H893 iih Eorogd aften forpagitee Winng Hasdefp to

el ement gbtand - gi IGx%fJchén*E%le ?Ssg&twn IH‘@‘?Q i[ﬁ? o' flis chgd dﬁ%ﬁﬁ%%ﬁ&&ﬂ' tré’xhe"" of

an active scen lises an orga um nescen
el enent dfe pikel elgiteaen203 oaebed ingprovdi ¢dmparéd dorthe starcsurs OFig h2Aei naf t er

referred to as TF]) is used here as an acti enent , t he acti

el enent may be 13 Nes H‘%r?é‘ldsilgl? al%”fﬂg't?ﬁefe‘gﬁ’é‘ﬂk stictyre le)l;i?rpﬂega’iaées tBeop
gate TETofp h@gﬁfcea' R theop&a so&h! 1201 fBHI on@ aR6MMEAMIPARIS Jdnk dhadpieals! y a
reverse sta may be used instead. In Fig. 12A, 1201 denotes a

subst r at eevcmetap@:bd; aa@oeltmémmmth@abmkr stire angj Hicppiael plgptrode can be
Speci fi Cg%ﬁﬂeda gn féQﬁ lxngP&m? @ubst rate, a crystal gl ass
, or a

substr at ) I'nc d| ng a plastic film can be used.

The substrate mcmg r}xfefs/nﬁ@g 1ihb aldvesesudssisr akepapatiom portibnsioraingg wiringm
formed on the surface of the Eubstrat On _t he subsbrate 1201, .a pi xel
portion !EQ?LP“QrFGP%FaB?W‘\PPFﬂj’DC? Wi T pg of the, Wiring dpe a%éc%r%&n SHORon

1211 ypl b4 P sAGwA A @?% 34 (rﬁﬁncl{ r'hesti;\lc)f \Wﬁi EhRR) ﬂszébkaﬂl@d By rlﬁﬁ!r 4 Hetal

di spl ayi ng an 1 mage plurali pi xel s are” pl aced on"t he substrate,
and eachtlpit xensutstep tthoc v Vine Iand annatemabww in eb resrihpthe mgtak (¢ meataint

fl ow ng n | u nes rrent h
o b RS LR e SRl S bt Sl BASER B
+ conpoundbbixeeh a dathdde 34(!5 @&atﬂ“&&dﬁzlel‘ﬁﬂae 3408 h@lﬂlg%'lwﬁmﬂg/hhdﬂe Idhlllikeaﬂtusual

controlling TFT is shown in Fig 12A, each_pi xel s a TF ntralling
a vol t agachysymatE lﬂlgllﬁesﬁaﬁtéiedfcet the Céﬁ’rofjél:’ff‘g EBmerP)‘F‘F ‘ﬁ@t"Pﬁ; oy ﬁ@r‘évﬁﬁf‘{ fer

ref er § 50ekP 3aSsihilal 654 BSETn o FRsTRGAHE biGIkycoNtrol | 1 ng TRT 1202 here i's
pref er abF;}é) annel TFT. Though an n-channel TFT nmay be used instead, a

p- channel TFT nggSt Aé(2) wand eﬁl(b)cﬁm“r thel exitriorof the actifgrmatsiidasdrdsgent| dgvice

T o T B L R Y U

that, thekewdledy thg LifcP-Payf R f AT dTly syanbdigin AigsniZ IAamtblZHlﬁ'fe osedain
p- channel TFT, 30 A_drain of the current controlling TFT 1202 is
el ect ri cKigsy 1343R8d8Bd to the pi xel electrode 1203. In this enbodinment, a

condugpi ve mat g imgh §8xi Ng0R Mblesk & Petdl Por@én, 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. 12B, and is bonded with a seal member 1307 formed
of a resin. The cover member 1306 may be any material as long as it does not transmit

30 oxygen and water. In this embodiment, as shown in Fig. 13B, the cover member 1306
is composed of a plastic member 1306a and carbon films (specifically, diamond-like
carbon films) 1306b and 1306c that are formed on the frpnt and back of the plastic
member 13063, respectively.

As shown in Fig. 13B, the seal member 1307 is covered with a sealing member
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4.5 to 5.5 eVis used as the material of the pixel electrode 1203, and
therefore the pixel electrode 1203 functions as the anode of the organic
| um nescent elenent. A light-transm ssive material, typically, indium
oxide, tin oxide, zinc oxide, or a conmpound 41 of these (ITO for

exanpl e) 1308smade df h aesin ke thmtxbd omapit lupdrestemZlenmenttif coppletdly s¢aded foae

1203, the or.ganic ound |. r 1204 4., .f d...On the i nd
ayer 1oBME BaEa RBae Feg i spit g > FHEE gt lefrdfs ShARALS SRRBEL " 205
i s desirghl yr hiobRNEAN! aVRsTRIAT indkt Hgwidn@or exdxfslcf Uigaid Gmonfcarbon2typidad 3. 5
eV. Typically, the cathode 1205 is fornmed from a conductive fil m contai ning
an al kal exaenpietefl whichnisnperiuogm alifaeg)-i nlé-18 A5 cHeete 1 BHEAR 2BSPTOERLAT a

conducti ye fi j.,ning alum num or froma |am nate obtained by .
Iayeri%’mgg%’ﬁ&%%ng}rﬁ{rifggb%dre’si | ver film on one of the above conductive fil ns.

A | ayer conpos@adpoifriting glateeinaglbecprogited 18038, disfay Gaagalthe fassproudch ayer

1204, 10 and, the cathode 1205 i,§ covere ith.a protective film1206, The
pr ot ect i ¥eags S HIPIBEd 1P ep(gl?ﬁﬂvﬁgg)yt%vff?" d)eé\#t ﬁ‘le‘}gmgrfeégﬁ’i?geYlﬁﬁlSiﬁJé‘g%é%& 1

el ement  Er epuigyehfle TR foldRE Bk Wiste habRhesfieat 6f tsiabing réfectiohefnddentlighe film
1206 include silicon nitride, silicon oxynitride, alum num oxide, tantalum

oxi de, afrdmcthebenterabtec thiereby| prgventi th 3y kase dEomp Sh9Wingethe retlpgtion 942 ng
circuit 1212 wi Ll b esGl | A i iyt LS :@: Lon
For ol FEIEFnOrL o itE g dfiftal e IS iyl Hebieuks i6s dordeltly
sent to fdiahe Pokeizingoplaicow HRAEla sancduieswith dessdeml réflectionibyt adjestingttbe, a

buffer, and a |atch, as we|]l as an log.sw tch ((transf.er gate r |evel
ohi f ter . mdxratgetrastion n@rdsndp provent TgRt Erudel B fb GRS coRbbha Myete
' conposedggi, §idin f&fé&@&%&th@%ﬁa}?z@:z? ?HQ AMdRraBR kWi, 1208. 20 Known

circuit structures can be applie o the shift register, the buffer, the
latch, and t hényeflaganigilemineseant slemeantgyageeyding t9 theapresant ARVEALOMCER BEgh

t he pixel rti.on L VLNO: ¢ is oy the
same. Lhpuae 0 opple 13hep Qg U ROinEhiaElih, e EnBikp bl WAZEOE B % e
subst r at embodineme of placing the driving circuit 1212 on the substrate. 25
The pi xel electrode (anode) 1203 is electrically connected to the current
controlling TFT 1202 in Fig. 12A but the cathode nmay be connected to the
current rgapbditlent 19 TFT instead. In-this case, the pixel electrode is
formed flomthe material.of the cathode 1205 whereas the cathode .is _forned
from t he mat er This eRbadiment showscaAncaative qRatrix AwgHiescond devicerppan gample of a

contrghl | NG LEL Beill Siaf ARFudeS aR 0T ARnindit et G8ABRGcdiihg to the present
| invention. Unlike Em.bodiment 12, in the luminescent device of this embodiment, light
is taken out from the opposite side of a substrate on which an active element is formed
(hereinafter referred to as upward emission). Fig. 35 is a sectional view thereof.
A thin film transistor (hereinafter referred to as TFT) is used here as the active
25 element, but the active element may be a MOS transistor. The TFT shown as an
example is a top gate TFT (planar TFT, to be specific), but a bottom gate TFT (typically
a reverse stagger TFT) may be used instead.
A substrate 3501, a current controlling TFT 3502 that is formed in a pixel
portion, and a driving circuit 3512 of this embodiment have the same structure as those
30 of Embodiment 12.
A first electrode 3503, which is connected to a drain of the current controlling
VTFT 3502, is used as an anode in this embodiment, and th;refore is formed preferably
from a conductive material having a large work function. Typical examples of the

conductive material include metals such as nickel, palladium, tungsten, gold, and silver.
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30 The | um nescent device shown in Fig. 12A is manufactured by a process in
whi ch formation of the pixel electrode- 1203 precedes to formation of a
wiring line 1209. However, this process could roughen the surface of the
pi xel electrode 1203. The roughened surface of the pixel electrode 1203

may degr & dhis fambadinments the fistt demradegiaiBcdesighliyndessepat Eansmilight nMoret i s
a curren o ﬁ”rﬁ% T, | Is fornmed
after fopﬁgﬁ%ﬁgﬂle %&‘r?rlo% [ neai%g Qﬁﬁt&-%fg@%égll%ﬁk‘?ne%ggﬁ?éﬁé& ce shown in
Fig. 12B. In ti0ms tbadest ielgcgotde A3H03f apuorgamic fcomppunmdayﬁrxéﬁOf’elledbnocté 1203
can be i ro ed conpared. to the struct of Fi 2A and
158, "o t BRALGH o8 Qo e ORI 2997 s aptitid SECiad B0 or bR p e
in thesphyql ciRbdd A tHhig blntodamemne A&@QE&T@]K {hk hbicsiabankhé sédombUeiEcticie
reverse-tapered, a contact between the bank structure and the pixel

el ect r 0d@5@%ris tiesirablyi alceondpetivex mapirial t hwingp Werk HeugtiannoFiZg tg43.51eV-Fi g.
34, aw ﬁ‘g@gzahgnae BhERSE rfﬁﬁbﬁ@@aﬁ%% B0 rﬂ(?hf bl%ﬂaeni BF %%ka%mg' | dak 19
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eaves) obt ai n%? lg nmet al at const | {jut es’ wring.line and
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_ exanphg) aﬁ‘@l wahEBmekionl lﬁﬂnﬁé&@er{t%\/ﬂ:@t@ uséﬁﬁn&hﬁf@ﬂ%cﬁﬁ@n@hgﬂﬁt@ﬁnsﬁh%@e is

circuit ween a cat hode 3405 and a pi xel electrode 3403 or the wiring
line. Un ind@easah@ﬁrbr tha anatemalmeft the e¢and ¢leetradet 3xovi ddierefors, waenaged 8405 on

2 pass vinePhd DR BT B rdpoiy bl 45k i Mo Bofh AFRAGHT 0

©active matickness.umni nescent deV| ce |IIustrat ed in Fig. 12B. Fig. 13Ais a

top view thereof and Fig n view taken along.the_Ljne
P-P of Fig. 1é’Aanrh%0f§WSé|° t}i“hfff’lt ‘fﬁg" ig%dh*‘i%aa’rce"%%’b‘n ﬁayeﬁ?aéf 13A

and 13§. aﬁ’@tﬂéka%bﬂd elb3fodel 355, Q%l@é&%e@wnh&eém&@ﬁw ilm 35862 ¥ROPtAsctvegat e
signal side driving circuit, "and 1303 denotes a data signal side driving

ci rcuit . fitngds0G it prayédesbie protect Hie gEaABICS fugpiapsesnt €lemany i frm co%ygan 1angd302
and the ARiudl Oflns'e %%oﬁmeAtlg@gq felld ¢ %&%@ BLF for P PHAeEctiver AR 25 1B

(tape au 54 bon rough an 1 nput Ing [ine
Though na$ itstxawmits tighthe dr awi ng, the TAB tape 1305 nmay be replaced by a TCP

72 (Fape oo Tl e PR Hek bl oh I DS, B, Sophed P BREEaLAC
provi dodchitraling PPET 3582t inPFig.h8S 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 fofmed of a resin. The cover member 3507 may be any material as long as it transmits
light but not oxygen and waier. In this embodiment, glass is used. An aiﬁight space
3509 is filled with inert gas (typically, nitrogen gas or noble gas), a resin, or inert liquid
(for example, liquid fluorocarbon typical example of which is perfluoro alkane). It is
also effective to put an absorbent or deoxidant in the space.

30 Signals to be sent to the gate signal side driving circuit and the data signal side
driving circuit are inputted from a TAB (tape automated bonding) tape 3514 through an
input wiring line 3513. Though not shown in the drawing, the TAB tape 3514 may be
replaced by a TCP (tape carrier package) that is obtained by providing a TAB tape with
an IC (integrated circuit).
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| um nescent el enment shown in Fig. 12B, and is bonded with a seal nenber
1307 formed of a resin. The cover nenber 1306 may be any material as |ong
as it does.not transmt 30 oxygen and water. In this enbodi nent, as shown
in Fig. 13B, the cover nenber 1306 is conposed of a plastic member 1306a
and car bon fi |Awolasizées plateimsy dbeipzavided |onke d*S@é?rYbE?ﬁef(fheniafe PIOBHICRNP 1306¢
that are_f C t Ho3P
respecti vea%é n?ggsﬂﬁ%@?o EE%I@E”@Q(???& {;‘ﬁ%r mhph‘%ﬁﬁb&fggg$§égover?dthﬁ h a
seal i ng dﬂiﬂfﬁd&hent43 ’[ZhBQﬂ)lmaz:i&g platahnesn eifsd dfhaduding rdtagtion @f Immqimsxghht
~elenment is conpletely ﬁ din an  ai rtlg,n&; gace 309 @ t space
7305 15 fromIiby el anegu PG RSyt BanhoReehe teftion )
resin, r ( wmk Adiidehblége@CapbABvErY Ri 8 refembwple
of V\hlscﬁh?‘g&geﬁénﬁgh;ﬂgdg ({iﬁlﬂeﬁ Z?Islglgllsg effte)gﬁl ve to putryan gibsor bent or
5 deoxi danthd polatizingpate. to/hapglaasmz:iturg witlatass itgrnpbraflestipy by adinstingitbp| ay

of the HirhaCcamelfaun Ben lTRRThE EAC BaER 1Ol (HE RBRE KRB LY ITe

has an etdBekingirefi@deinge polatieiigiptate ahd iravilibgrtackwadt  from t he ext ernal
to thereby prevent the display face from shor\[ﬁléngg the reflection of a 10

vi ewer. Gener a‘N‘X/O STE?PFQ:UH“&F‘C%P%{?IFEFCH@ Y o BRATSTBHINVERYRR I DS ¢ i s
pr et efallseq afsoir afiel RiniAtBnPbRhfent GndAN&] 3n ShE UGthileScai tdevicesst i er nal
refl ection by ad justing the index of refraction in order to prevent |ight
emtted dmbmhmm organi c conpound layer frombeing reflected at the

pol arizing plate and traveling backward. Any of organic |um nescent

. elements according to the present invention can be 15 used as the organlc
“lum nesq@mboahﬁémrm]l ncluded in the |um nescent devi ce of this enbodi nment.
[ Enbodi nent 13] Thi s epbodi ment shows an active matr Ium nesceni dpw ce

as an exanpl e Biis gmbodimentisRAWs 8Ras¢IEG ML X mF%&‘?h e Br GaHPE

l um n@qﬁﬂﬁ e%t:@ﬂ‘{%%(féQEﬁerl@geé Qn bifanR! RafRdscentBY&RéNt @isclddal ik ehepsroast ment
2, int ? m nescent device of this enbodinent, light is taken out from

t he oppdavemioni d&Fipfldh subsep wiew thereufiand Fig B jseseqtiopahyievdaker sene

(herein erred to as upward em ssion). Fig. 35 is a sectional view
t her eof aﬁlﬁﬁflﬁ%? qu rlrg‘t]r@nm stor (hereinafter referred to as TFT) is used

here as the achiRig. 145 ddneradty, 1401t istahmbstcdte,wehieh Tanii@ntledraf/alpbisac M@&rial

transistor. The TFT hovvn as a exanple is a.to ate T (
be speml}qr@) TBﬁtPIQStHbﬁ%Fﬁlﬂat it p-rc 3 b %Sffii 93 ap te or Flrm 5 %

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

f‘ylml to

this embodiment, the conductive oxide film is obtained by doping zinc oxide with
gallium oxide. 1403 denotes data lines (cathodes) formed from a metal film, a bismuth
25 film, in this embodiment. 1404 denotes banks formed of an acrylic resin. The banks
function as 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 compound layer is sandwiched between the scanning lines 1402

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

comprised of a mass of connection wiring lines 1406 that are connected to the data linés
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a reverse stagger TFT) may be used instead. A substrate 3501, a current
controlling TFT 3502 that is forned in a pixel portion, and a driving
circuit 3512 of this enbodi nrent have the sane structure as those 30 of

cur ont Tt  BrPveio ph el e Tt iy o TR T B SR 1 0°

thereforb plr(_s,Vlﬁ rﬁeﬂqpmj‘eewﬂbhlylcf roma conductl ve material having a |arge
wor k functl on. 1%5' cal exanples of the conductive material include netals

such as ni ckelln K 14591449 dengiest aonl myanber apdd 441 dgrotes a gavermempey that
enbodi ”?anmtp%u Bt ChEBbECIRBRAR (HESEd HnibddAAT0NOR HHASLEbId Gl

More désrr Sl'ectrode 1's {orned roma material that is highly
refl et icue befusd:d fprtthe E2ul venberriddOel Acprefriabld 50Bsrial wf thegzenl memdapumg | ayer

R R RN TR N e s

Accor di palptrablyendiRt 8binAtheOfarkdAGEANS Heesibsade B50S dndl glasy (labmmg
conductive mat'erial having a work function of 2.5 tg 3.5 eV pically, a

conduct iquertf jglaasy entmasticnepraRe disré | Herenet Rlastds éﬂ"éﬁ‘t‘aloﬁs ENh aﬁoké ¢ Y8Y%art h
met al eggr}ggt or a conductive filmcontaining aluminum or a |amnate

obt ai ned™ By ayering an alum numor silver filmon one of the above
conduet i ve fi IRig. 14C msaachnlﬁgerbeerOofahe stouetntt @ piselorgion ﬂ\é&éfmotw ceis

used in this enbodi l'i ght transm pens

mat er i alOT&NIG FETPLALY cgﬂgﬁ’é laycyy 0 h% gp%? e146when nt?gegv ? J’g“ B“’second
el ect ro@%eré Bgd 'E'Fé Eénldsscaﬂr[ﬁfy@fc@m' Yepdrht¥ttle idatDlinesVE40B frBinnorel :irmtl&bOUA 20 nm
in thickness. A |layer conposed of the first electrode 3503, the o(r?ganl c

{ corrpound)l)tféyiertl%bﬂ” sumuaﬁ@fi bhthesseabmembred¢Hbigshusel of feowgdered i th a
prot ectiygifd | 30014791 %oRh0H Gl b VBsinl 16 BrandP 4 SIcBERMIIGE bl tePbAR! T he
F fﬁgnescenet (5

organi c el €nmen rom oxygen a noi st hi s enbodi nent
any mst eobimpousdiaybe used for the protective filmas long as it transmts

R e A e

current ode

connect Q\qvérﬁohhﬁle%ﬁ;éleﬁl{moﬂ Q914 ¥ Edmfostl bfithe seaging lindshi492¢ &&edatzi heed i r st
el ectrode nay be forned fromthe material of the cat h(F)Fg‘)@Wg‘a eas the

second di4831 tho bankmlA0deand Fh?éd%@% grmpeuniayey k3o The m‘?ﬁ%:eﬂ'u rrent

control | feaRbdesgn Nn-channel TFT. Denoted by
3507 |sd60%8%bé %Hfa@tu? ggﬂcﬁ’hﬁvﬁa‘?h 2 seal nenber 3508

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. Genérally, a circular polarizing plate is employed. However, it is preferable

25 for the polarizing plate to have a structure with less internal reflection by adjusting the
index of refraction in order to prevent light emitted from the organic compound layer
fronﬁ 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 prmted wiring board to the

luminescent device shown in Embodiment 14 to make the device into a module.
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25 fornmed of a resin. The cover nmenber 3507 may be any material as long as
it transmts light but not oxygen and water. In this enbodinent, glass is
used. An airtight space 3509 is filled with inert gas (typically, nitrogen

gas or nobl e gas), esin, or_.in | .qui d . exanple, |iqui <

f1 uor ocar bon t %E‘éﬂ%“g%wnemcﬁ‘gmﬁé’r? Jirg%pt&?cf ﬁ%(gz{g aétlag%ﬁietf).a Siut%s'irgte 120%,
effectl Ve A 20RO P ibn Q509 @RI Wik lirks! 13938 RaE &.5036), Shanapsnte be
sent to the gate signal side driving circuit and the data signal side
drivi ng winiegibeard 1807 isatiached tb tmsulpstralp througheths kA tape d SBdndi ng) t ape 3514
t hrough an inpu Al LLN8; . : i i A0 4 he
TAB t ape 3514 %aé““\t,?we‘g“a?g’&%‘gg‘&g%ﬁ 8@?@’?9‘383}“52‘?%?" 33@%3339%%2? F‘gts'

obt ai ned15B. preMICifungtienifABs helpastWiQ portsi(inp@ driowtey pettahsy L 5Muand) 15085a A

pol ari zi ng pl.ate n be. praovi de a display. face (the.face on LCh an
i mage | sdﬁﬁﬁg‘%ﬁe‘g@‘génﬁ@%ﬁé‘éﬁ/ga‘?ﬂy@f%i%‘\%)r%g“g]f S‘F%e&fvlﬁ% ﬁérgglén]t%ge'\lffce
shown i nptRided iR M BMed WignPBd28 130519 pl ate has an effect of reducing
refl ectign of incident light fromthe external to thereby prevent the

di spl ay face fimthisbpssificgtiohea medulecstiushired by agachinga TARBEIRe 19|13 §pbsigate
circul ar larizing pl i 3 ido 4 Sribfaf & i Qkatt he
pol ari zi Hgt%p? R Xg’i grt Oél\?%)%gegtor%uc %%‘gﬂ\?\n a'taﬁ@égtgaclhﬁ{geé zralP er ef {rg% l?%aﬁr bya

adj ust0ngurickiens anddxivifg ¢isduitaotthe substratr deoughothp (AR tepel dsgivove is speedilfr om
t he organi c conmpound | ayer rom being. refl ected at the polarizing plate
and t r avBMPed2 Bedely Hb eﬂﬁ?‘%ﬁ“&%&ﬁ g“‘l unmi nescent el ements according to

the present inugRtiofs5AR 1BRinedent ehindits HRE1REDAN IR Predinh eSeRlibn Rak RNt
included in the Fum ngscent device of this enbodinment. [Enbodinment 14]

. This enbuskdrentths lnogmia lpminsseeat dement inghidad dacthe lyaynessenisdgiice RhrtpiSe of
a 15 lum ge&ﬁntt devi ce that includes an organic |um nescent el enent

di scl oseFPRAIE ‘present invention. Fig. 14A is a top view thereof and

Fig. 14B is a sectional view taken along the line P-P of Fig. 14A In

Fig. 14A, denoted b%/ 1401 is a substrate, which is forned of a plastic

mat eri al [EWBP@menhLOh| astic material, which can be used, is a plate or film

of polyimde, 120 ARLYAMHAEshAs AF eXAhflel SSdtchi ae?@md IveiSing , boBESto the
(pol yethyl ene sulfile), PC (polﬂ%‘::ar bonate), PET (pol yet hyl ene

t er epht hhiminejcend dePiEhl showviny it Bmbadimentphi.n3P.apk)l4 to1make dhe slesicesipihii ng
l i nes (anoocllee) formed froma conductive oxide film In this enbodi nent,
the condVe oxide filmis obtained by doping zinc oxide with

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 withfn 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, a2 module structured by attaching a printed wiring board

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

Any of organic luminescent elements disclosed in (he present invention can be

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

embodiment.

48



gal I ium oxi de.. 1403 denotes data |ines (cathodes) forned froma netal
film a bismuth 25 film in this enbodi nent. 1404 denotes banks fornmed of
an acrylic resin. The banks function as partition walls that separate the
data lines 1403 fromone another. A plurality of the scanning |lines 1402
and a plurality of the data |lines 1403 respectively formstripe patterns
and the %thernsgﬁﬁ@ss each other at right angles. Though not shown in
Fig. 14AM% Oglrnbe i ¢! conpound | ayer is sandw ched between the scanning

lines 1402 30 iyl ebBdin® shows sinldQthpdd df ilithRieS@at devicPaf twidols aldpletser ve
as pixels. The scanning | ines 1402 and the data |lines 1403 are connected to
an ext er Hgnineggany dipge shewaiip Emhadigents 19apdld je daveyin aconlagehni@digityr oup
of wirkng.ld il t Q8i&C 8P MthidYerhbltimehdt 0
denot cf mis 35y sPABRALAES, PTng IR A% R e A T JHOUCe: ng
| i nes l4@fifoimtimages inaligitadttanke paytsoaledbgday by esing 48uhii@3cernth drogh throgtatshown,

the TAB tape . 1407. may be replaced by TCP that is obtained by providing a
TAB tapeoafrfﬂlletaﬁ%“:}t@g“l?Pdﬁilﬁ‘%kofﬁﬁvqiﬁf notes a seal nenber and 1411

denotes a covergjgresethdwidthe difcuRQBdeird of @ pdtoh$hdt GseRaDefgad#Ohmihdsbedthe
seal nmenber 1410. A photo-curable resin 5 can be used for the seal nenber

1410. A pleatest-abTereprasenis &l trapsistdiand £ ICPASHYINY 2 POTARSCAMMIIOR ol BissCiTcuity | e
gas | ggk ! s | I r j

o oD T o AR PR S 1 G € 4Gt FRRORL St

(i ncl udi egrrespoading @l drsignsl Bl asuinblatah ibdCsus dlien Hecarer qingrstled byather i al

is used for the coyer n 0 Fig...14C.is an enl arged view of the

st ruct ur 6rSOYresy gtflgff %@o‘?feﬁ%ﬂ%’?’ Sdﬁg?o?ésa“ﬁrtpe YEYHR Lﬁmgeo'sr‘r‘ﬁ’atueﬁ%f“?‘gyer . Lower
- layers of the bapksTHAGE RIeRtedaI TR tirhed JPRET holl aher oltipd (VIE) nks. can
physically separate the data |ines 1403 from one anot her. pi Xel portion

1414 sur Asgordénglpa qunsnsenntingesiodiow man mowH depaydentgi Yene outside air by a
[ nb 4 L0 . i;
seal | g menber np%%l]}%&i QSRS 2 Unaft, fof iy BYGHH irfa dBMABWiBNaieal e

or gan 15 co ayer. escent device structure
i n accor gaycscald tisplahe pi dipgal tiniengragtscale, dispiay, pinedramois diomded4inth pliral

conposed of the scanpni | ines 1402, the data lines .1403, the hanks .1404,
and the 8‘1’%5‘??1“%?500%% F}Ié‘%? 6hi§?ayrﬁ‘@tleeflbl’”é“?lhgmf arivels. Fﬂdegdlg & can
be manuf gef-WagtsDY IR (€ Icdses itAP kRidPHP GEESemBBioA eplods ioZ ity syd-alate Y 3D

provi ded on a display face (the face on which an inage is displayed to be
observedlpy8a 4i%ikr) of the |uninescent device shown in this

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

30 units can operate consuming less power than conventional ones and are durable. The
advantages are very useful éspecially 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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enbodi ment. The pol arizing plate has an effect of reducing reflection of

Incident light fromthe external to thereby prevent the display face from
showi ng the reflection of a viewer. Generally, a circular polarizing plate
is enpl oyed. However, it is preferable 25 for the polarizing plate to have

a structdeendih ghﬁﬁ(&yétﬁl &ﬂ’sﬁl&kls,raﬁhﬂﬂﬁﬁfah@i\gdhﬁ &dhpk&fddﬂgyérhehoskﬂﬁiﬁkn@% is
refraction in order to prevent ght emtted fromthe organic_ conpqound

| ayer flesnihsai hyoy ef Theselore the lﬂlﬁén‘fﬁﬁFI&r‘ieZi“ﬁgcaﬁl g @a%&“f‘ reRddighty dekiwar d.
Any of OfQARHLC ab%{mrfesé GRAY iRIGIE S 1@&19;%9&@9(1&90& he ﬂ@ﬁsﬁﬁbla&”}iﬁﬁ’é 20 can

be used as the"organic 'um nescent elenment included in the | Uum nescent
devi ce ofccondisgly 3tirereh otidniighter [tharb ednventiondls pndhi slesriioalilpasist diretthyngo an

| f attachi d board . | u d
Chown 1 rREYBLIR B R EeRD M ReHRECHR, P e 1ibg BT At 5 Fvem Mot e
shown i npdrtiulardtpAer forlabie E?ﬂgnﬂaﬁpﬁnd Ek@biRe BROtricoapplishds! I Mdedhd lbeifper e

I ncl udi n% a pixel portion 2 and wiring |ines 1503a and 1503b), and a
printed thig (uwglm@pus)lsosmbsle%ﬁu asefebifaroalt RE theyplseirigt PPUARGS IR tefias PAR

tape 150 f‘ﬂsé‘oitytg&ltl égnﬁ%@ ?lh)eg 8874 1'91{cc£ h@anp 'i)l: n{r Ip}%é&?)n Qnﬁ) O?{sgillgxégé s

shown in tio ng as at |east orts (Input or
ou'éput mspadeemsjnghﬁaﬁoanm 1509, a data signal side driving circuit 1507,
an ate si

elgdrlv mt’lg rcut 15%8 .are rovide%t\;vi&lhlnth

o e B g aghncsn tae hpteen Aewit S oRieiHR O Pt Bl by
at t achi ngsmilithBnt Giight {lacdes SHRS MqRIE crydtal WighlH} deVicoidd Widd QfevEEg Aglel S
surface and by attaching a printed wiring board that 10 functions as a

drivi ng 'E)imreisnr@ elegtrichapplianses thab indluds, e lupuneppgntidgyiceas thpgvdsplay g4piei al | y
: hamed a Jgawa,gggegaﬁggiga% (&= e Uhsifideh i fowidl Misfihy.OT 9aNI © | UM nescent

elenents |'0se sent invention ca sed as the organic
| um nescent el "Ememhmambudedrmmgphendeﬂrthatameentundevsiccm ddvitehofstheeprbsxait nent .
R ORI R SR e
to nmeke gdigelgemimRsd/MiMndss ARAHIgh. v13@11it8 AevngeltiRs TTasw powdr ebnsd@Ptiod TAB
tape 1605 is ‘attached to a substrate 1601 :

and long lifetime, and therefore are very useful.

This embodiment 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 included in the electric
appliance of this embodiment can have any of the configurations illustrated in Figs. 12 to
16 and 34 to 36.

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

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

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

less power. Accordingly, battery consumption is reduced and carrying the video camera
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(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

t hrough the TAB tape 1605. A functional block diagramof the printed

W ring bisdest ité@Benienshown in Fig. 16B. 25 As shown in Fig. 16B, an IC

functioni ng as_at t 1/0,p0rts. 1607 and 16 C r bt 1608 is
provi ded wi t hi Fig ijré%’;%oﬁ’fse%l d%l{ai ﬁ%}m Oar 1%5%6‘%@%%%?? %ﬁ%n[ 9&%%61'%9
provi deddf3grag aid 1700c] sn BRS pirbyvayi 11686 smdroperation ssarheoll 704 t By6@8ng 8 a
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enbodi Nefihe dédfict BRRMHERALE 4 Thail body anh0diaRBsrdsdioMEdRM @l €MILD, or

| um nescent device in which a tr|7pl et |um nescent diode shown in .
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f r om t hediphilyanitqB)tlr70pd etaimyclispddysaextanforivatiorf 0By using\eelugningsetnt| devitieg.

36A shows _the circuit structur f a pi t es,.an or b \C I hescent

el ement . Ofthe RIpieak myyeRtian % é‘ﬁs‘ﬁ%‘ﬁ%’? “’é‘ﬁ@aﬂﬁgﬁ%@i‘ﬁtdésl)aays‘t"g?@g)elﬂ}cdagg‘a@l%t or.

In this ﬁhﬁgéQeProdué&gM@%@cﬁ%shmeQeg'sq)os\esr eatedn b lipht-weightfandwirabie.o Tr |

froma source ine and a voltage corresponding to the signal is a(fegugﬁ)l at ed
f

in Cs. THoe imagerrepioduging: deyicce 8qHPPech avithy 3t eCQGie BSHHIE A0 kY o)
flows{kn ic lum nescent elenent. After Trl is sel ected,
Trl i %stéfr%X%}gag?ga%g%a%F‘g%?'he voltage (Vgs) of Cs. Accordingly, a current

continues to fIFigy i7E atowesreumobdie) odable cfmputer] SviHchy is I8BPY f & opart

for driving this circujt in rdance with di.git '

di spl ay. k’?‘gy &ng‘?’eﬁ d’tsplﬁy 'é?léa(}ég%l B U e uﬁ irtafr?eoglg’so%rgt}f 2 egallgtglileg
plural  guud rames. mehdry 368 $hoses GBPidsigy aylwsinkseehn debice hoforie preaemt i s
divided into six sub-frames. In this case, the ratio, of .li ghtl Em’ SSi on
peri ods étventien aakher disphay unit E4)2e; ghegpotableicomputer can be thin and light-weight,

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, which is composed of a main body 1701f,

25 a case 1702f, a display unit 1703f, and a keyboard 1704f. By using a luminescent
device of the present invention as the display unit 1703f, the personal computer can be
thin and light-weight, and consumes less power. The luminescent device is a great
merit in terms of battery consumption and lightness especially for a notebook personal
computer that are carried around.

30 . The opportunity is mow 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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20 Fig. 36C schematically shows driving circuits of TFT substrate in this
enbodi nent. A gate driver and a source driver are provided on the sane
substrate. In this enbodinment, the pixel circuit and the drivers are
designed to be digitally drlven Accordingly, fluctuation in TFT
characteristi cF@oQSAmhbwafaf @dhllatrhﬂlode,vwb@haﬁdomnesedeﬁfl cmaichedydl &plaagn

uni formi nages i ment The I scen e S t ent

i nvent i GRAQuEREME H‘H\[Veng@gan IFedt Pb‘EBml H™ nl]t8ﬁ§ enb‘%%?q@éhﬁ 13 L6% ﬁeﬂ%&?
advant ag&sit@ls 118050 MM arf MSHAD 1 BO6K. a'Bly bsing d luhsihéstent deAdaooflitrgprgsent

el ectric appliances that include those |um nescent devices.as thejr display

30 unit sm&amcz;p@r tae alispdars umit A§0¢a dhe pefidar phens @Brdhtn Prblignggehhand, e
d bl Th ;
ura Lie 06’3&?15? é NLRAGES A LG Al %L;?,’Cgé@lfy & gﬁuﬁﬂgﬁéxﬂs erJ&H &lrBkhg tife @RRBlakances

t hat NS power portabl e equi prnent, because
| ow powephdie s edsptandrthe aadsbeldy emtbeycotpaciconveni ences (batteries | ast

| onger). The lum nescent device is self:lumno i mnate n for
back 1ight as FigolPReshows aPr?“Flqu{?PBCIEFw & %Hdéé é@'geh g C(?“I‘*Pe(l)sseaf%r'%g%l c
conpoundyd g PS'OW‘Q%% taﬁ" &Kﬂ‘ﬁﬁﬁb‘ 8nd bﬁ‘éﬁuéﬂ@ﬂu&heﬁlmﬂfﬁlﬁﬂd 08@IL. heBy wsthgescent
devi ce can made tR and |gF1t wei ght. Electric a&gy ances fhat 1| nclude

the | uni h&un@crbntd@rln@eOh@etMGﬁqm m‘@pnag agthq display unic 3dipcAmEF and
light f(il e’é@’ S;H%g glcc%)lnal e?&%%)ow-g;" SAItR?lF%‘Ie&Q%UQf @:Me){ ak Qn%x%ﬁ%@ﬂ'tﬁ?ces

(l'igh ReSS TR Foart yi ng maroun IS very usefu
particul aﬁbodlfrﬁﬁt,mﬁnﬁlkﬂ ﬁlagq;almmmudand li ke ot her eI ect ric appliances.
Mor eover, bei ng thin, (unvqglu

1o

n i s doubt| essl ef o I t he

electric appli ége‘?twett@rg?ée ‘R‘f‘?‘ if 2BRANGES ?)hf‘?vf%%#% eﬁrﬁ‘) {ﬂg Jf)d %A
- appl i ancﬁslsz?'% RRcliéRBE E}Rfdh@ﬂ?ng?dﬁ@ lamSiantt JF iefitted HPRCHr wmdaxgcd: with theon) .
10 Being se | um nous, the |um nescent device is characterized xﬁé\gh Vi ng

bet t er lvmgltm:slm afythe mubpugﬁmgplvet@@g thq]glﬁcqrﬁcqqugaeq?sa(rgpsaq gw;g?v s and
w de ié egﬁ&%ﬁ elgpggzmges-r[\}ﬁl Ip?léﬁ) %{n?s%trsr la§ ﬂ@@uké’%nﬁ?%&&?tthé WrlghtiRst N the

| um n units are very advantageous also in
terns of sgasindess. | A NSeeWhﬂilgeddigﬁpJeamagél'or saxnnaformmoneWéhwtlbefmpblqsaﬁ&l@s

a1 ororgHEHISO e g AT DRG0 (i sk el SR GendiBn i

t hi nness{hd ght13eSS v ik Fandticd, bk i hdhindhew Jfesi ungge odn beWatsedveEor better

consunpt I\flcf):\r;nn; r\:ghelnotgg slurrfo?xilclhrrrlgs a?en%rltglrllte \rav(lalfegerag tl?é ?umvl?ll;i ce ote an 1mage can be
920 lowered to reduce power consumption when the surroundings are dark.

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

25 included in the luminescent device of the present invention 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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Thi s enbodi nrent shows exanples of the electric appliances that include as
di splay units the |um nescent device of the present invention. Specific
exanpl es thereof 20 are shown in Figs. 17A to 17F and 18A to 18B. Any
nmet al conpl exes disclosed in the present invention can be used f.or the

organi ¢ | uninescent énerthint emhodimer, i At KE2BPCIH| AN AFPVF aMATDF B s
embodi ment . The | AMneaee | G&sci fih! 8 difBngb§chswing @BRondase of
this enSQ8ARR urf:egrgnd 131@[1; g;%%/lﬂgyg tgﬁsgh?géf??guralti or_nsn?fl. ust rat_ged. in Figs. 12
to 16 amereddintthe dfgani@mnkinesceii7dembnef the piresehiaipveeiide d hg Sirgyit SiTugigani ¢

| um nescent el enent, The__display device is conposed of a case 170la, a
support thereef 18 emn kg 37-di splay unit 1703a. By using a | um nescent

device of the present .invention the display unit 1703a,.. t i y
devi c® can I piyst 4814 showin M’éh%ﬁ?ﬁ%ﬁn‘ﬂ“&ﬂ?é&eg%’ %gé%rsﬁ?nﬁlél?a%/ g ?gr?ggﬁg(?llt“gti on
is simlifiigd i Al 1St W, IAtddaiionanek pixbel 81t hastramigor 30
Fig. 17 cgs“%{ég\g llgé\%?ccfglg %grérgvrgg,govm?ch IS corrpos}gcltl1 of. g mai n body 1701b, a
di spl ay (wfetred PO, toams KTad) &, TnpuTr3udi4, arorsgnicoyrynsscel dapsihkdloioup, a

battery 1705b, .and an i,ma . | Vi iht 1706b. By using a | um nescent
devi ce o‘PlXFaéﬂ'EPBE eanfir?vrg%ﬁhgl?\asac{]ﬁre |2épl ay unit 1702b, the video

canera can i ght - wel ght consuy cokdi agl ery

consunpt i onbﬁ‘étkréﬁﬁﬁ@ﬁrgﬁadg@? AF ﬁ%m{%ged\/\%/@ggheggﬁ %?ﬁgﬂ% dlc}gsAs(S foq%.é

Lngowrgoﬁfge- arﬁ;jﬂlc (lirZﬁi SHaYS the Brgi i adonnesred avithmtiectignal loenPio skl otffer 4s mai n
ody 1701c, a isplay unit 1702c, an eye piece unjt 1703cC operalion

swi t chesconnedted vaih thsi seyree of Jrd-nButhent P“Ge‘{;’f“ﬁ‘? ?ﬂ‘{' {hr‘gre&rﬂpleg%rrq%{)ﬁﬁ?/%ﬁ?il%n as

the display.yds it/ (eCs u}&eofjﬁg%,ttﬂl: JERFEIS oRnéciéd e thd gt -ofeirghThas)dhe

. consunes, eSS power. Accordingly, battery consunPtl on is reducedﬁ%rr]zga

iage

carryi neeithlee oflilgi fomkcecamethe drainl afsEr3j andothe eithenef thejsqurce7qy the giun @
r epr oduci ng devi ge .equi pped with a recording nedium The device is
conposed® %“eﬁﬁfﬁr’f"lﬁba?gf%fﬁd, a recording nmedi um (such as CD, LD, or DVD)

1702d, operation swt s 1703d i spl i J . , : i a
unit ¥B) 10 I‘?%%H‘Fcﬁ?ﬁ(e;ﬂgi% ﬁ?wctﬁﬁ’ia‘?’ﬂ@% %‘%&"%‘é‘%ﬁ?"? ]‘Zr?‘i“%f%??*q."ﬁ%ﬁgﬁ% -

i nf or mat i pRewhE HARS tHeRurd SPITEY Tl faté BY TtZ G5 dommeicteidytodthe sbenpd scaming
information. By using a_ |um nescent device, qf the reiseint i.nvention :as t he
di spl ay kimd Pj.(And,1thesdraimef the Ta2 dpicaynsstsd Wil 2 6@0"; Stppgle i, fhg organ

r epr 0ducy o, deyl e fial BAISYAPolhif MRMRsARCIGAR B ihgh thoifikghicarde,
dur abl e. € 1T nmage reproduci ng device equi pped with a recordi ngh medi ym

al SO i nch useateEleledfode! aydran anghniatumigasi¢Helayer provided between The pixe

90 electrode and the counter electrode. The counter electrode of the organic luminescent

element 1811 is applied constant voltage by a power source provided at the external of a
light emitting panel.

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

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

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

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

electrode, and the anode as a counter electrode.

The retention capacitor 1812 is formed between the gate and the source of Trl.
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¢ | um nesceé

Fig. 17E shows a (nobile) portable conputer, which is conposed of a main
body 170le, a display unit 1702e, an inmmge receiving unit 1703e, operation
switches 1704e, and a menory slot 1705e. By using a |um nescent device of
the present invention as the display unit 1702e, the portabl ter can
be t hi n Biredreténgion-cephgjiar, 1818 Brriokigad doraaipials %%Fﬁalﬂ%&hc ‘ﬁtﬁ Veak tery
conSuMDt] Q0. | St SAICRS AN P i SHoWVer GPRRI RbcdsSar) 65yt RRRNENI ent . The

port abl e onput er can s ormatl on in nenory or a recording
medi um obt ained b [ g [ ]mrﬂh% NfinE 8 is'SRigukice the
stored inf orlf'?aflI B&Ci fr—ﬁ()% lt—& %Z\%\rge\ggﬁ@tssluﬁ% onput leg?’ ml ch 1S| S c[orrposed
of a maidd toelireht Sokirce mZEe algnalslmejdi‘ﬁ'i’dgcnmudlspl ay unit 1703f, and a
keyboard 1704f. By using a |lum nescent device of the present invention as
the disspl ay ungy aﬁﬁl@ﬁfg, thte%opexmnahed:omut structens, te cdnistant-awgent driving

l'i ght - ht | t d t
mor i 1 | resndiAeaicdn Y Fegh s AHGESRS R PEIPRIGH SR Aok U o 3he ™

ot eb00k, HafiS Yilnes GATBII R AR orfAfic Kbl GnabRURM: h3n RanRBAGELNLL Y 19

''now i ncr ase at these electri ¢ appliances display frequencty
i nfor rratthelpresemnnvmmnghsel lengardifetéme dramthatcaftririon organes lugpiapscaat elerent.

I nternet_. and radio.co cat| on
ani mat i oh1g NEBRIGATRITSCE ﬁ aent 154 CCHV? B%I%Hé(ggéer tlwegr%ef%?@g%g@teﬁ geearhf/m%

I es POJTP ySigRcmertiiy dbalt-nemeionéd @kﬁi«sta@ecmrsentﬁuwt@bl e for ani mation display.
51 Fig. I8A shows a cellular phone, which is conp sed of d{ral n bad% .1801a,
| .

an audi o out ple imentianad® arackised (@iieB2hle Previdig ‘8‘65‘55“&“ ghf ghiis

1804a, CRE IR akB86@ric RyplisicegwRich is
Sonﬁ{iigle@&er%glt ,eu%x%gxggﬁ%ccﬁ?ﬁ\}gmf?[ﬁ] as the di splagg uni qu1804a t he

cel | ul arbriginmad smlallbne pbbvlencmsdniptnghtand/@c!gmeablamesaé@ﬂ&i@ﬁ@’ sasshe eRfiaed

Accor di ngI Y, bat con tio duc g e cellular phone

i s easy, Ya\‘?dnﬁﬁ*é’ H’cﬁ%ed@gg‘gﬁe & 2 ? S S g&l é%gg&ﬁ%&/s an audi o

(specjgically, car audio), which is corrposed of a main body 1801b, a

di splay unit 1802b, and operation sw tches 1803b and 1804b. By using a

| um nescent device of the present invention as the display unit 1802b, the

audi o can be 10 |ight-weight and consune | ess power. Although car audio is

taken as an exanple in this enbodinent, the audio may be honme audio." It is

effective to give the electric appliances shown in Figs. 17A to 17F and 18A

to 18B a function of nodulating the lum nance of emtted. light in

accordance with the
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bri ghtness of the surroundi ngs where the electric appliances are used by
providing the 15 electric appliances with photo sensors as neasures to
detect the brightness of the surroundings. A user can recognize inmage or
text information without difficulties if the contrast ratio of the

| um nance of emtted light to the brightness of the surroundings is 100 to
150. Wt hgmABMBunction, the |lum nance of an inmage can be raised for better
vi ewi ng when the surroundi ngs are bright whereas the |um nance of an inmage
can be 20 |lowered to reduce power consunption when the surroundi ngs are
dark. Varijous e gelihdscetiRlicances that enploy as |light sources the

| um nescent device of the present invention can be_also thin and

| i ght - wei ght and cemprisipg amorzaoisrisuneseent elementeprisifgii ch nakes t hem very
useful appliances. Light,sources of liquid crystal display devices, such
as back Iight or fr8RE™4Sht, or Iight sources of lighting fixtures are 25
included in the | unipRggeaat device of the present invention as a |ight
source. Accordingly, the |lum nescent device can be thin, |ight-weight, and
consunme | ess power . ahpleinjacting regian adiacgnt tgithpanads; ae used as the displ ay

uni ts of the el ectrig Anpld A0ess,MRMPOIRidE Ry dTnd Roll el i bty 165

according to this efiB ric appliances ca n and

| i ght - wei ght and tigoaode, doagsisp@Veliole trahdposting regiohdomphisingyadtold di spl ays
use as back light or front light the |um nescent device of Ihezgg sent

i nventlPon. [ Enbodienshertinggpatstial 3ndian;clecion S@PFROSHNS LeglatComprisngran.ghection; | o
matrix type con - -driving circuit is described, which is
driving by flow %ﬁ%gﬁg&{r}g@g?}g current in the organic |um nescent el enent
of the present i mhendn the. holdhearspotingtregion beihg disposddarcerst ta theshodathamthei g.
37. 5 A pixel 1810 shown in Fig. 37 has a signal line Si, a first scanning
line G, a sdedrm transpRTHNAEFEIOThEN®] and a power source line Vi. In

addi tion, the pi i ' tfaBsh RGO WatePiaPand'he ") 1,
Tr2, Tr3, Tr4, aﬁﬁ%gégéﬁgg?ﬁﬁ%%ggge t gﬁé&%§§@18lﬁjof§§ m xed junction
type and a reltern teamsparfing intaterial &lstovided hetyyger thedfoleriransppriingragion and the
connected with the first. scanning line G. As for the 10 source and the
drain of Tr3cleqlan HASPETENg B3t ed with the signal line Si, the other is
connected with the source of W Further, the source and the drain of Tr4,
the one is connected with the source of Tr2, the other is connected to the
gate of T2 . THubiminessentsievicgmcesrdingdo sloime b whgreinihergisg ponsentifenang t he

either of the Sg(r)éjc{iecn? i {hetmq?(eg rl.'e%ii(;h fﬂfat d Edhcentration of the hole transporting material

20 is decreased toward the cathode from the anode and a concentration of the electron

transporting material is increased toward the cathode from the anode.

3. A luminescent device according to claim 1, wherein a luminescent material is

doped in the mixed region.

25
4. A luminescent device according to claim 1, wherein a luminescent material is
doped in a portion in the mixed region.
5. A luminescent device according to claim 1, wherein a blocking material is doped
30 in the mixed region and an energy difference between a highest occupied molecular

orbit and a lowest unoccupied molecular orbit in the blocking material is larger
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are connected with each other. 15 The source of Trl is connected with the
power source line Vi and the drain of Trl is connected with the source of
W The gate of Tr2 is connected to the second scanning |ine Pj. And, the
drain of the Tr2 is connected with a pixel electrode in the organic

| um nescent el enment 1811. The organic |um nescent el enent 1811 has the

pi xel el ectrodehan eRer@9 diff&@enck &F theddte @atpaing hiyadriat ahdiin thesteetron | ayer
provi ded between the pixel 20 el ectrode and the counter el ectrode. The
counter el ect r f@espoftingqeateriglani ¢ | umi nescent el enent 1811 is applied
constant voltage by a power source provided at the external of a 1ight
emtting panel. Tr3 and Tr4 can adopt both n-channel type TFT and p-channel
type TFT. 6. HoweyvRimindsbentpeviae atdoedingfio Tiadn dndrhdreih the ldckimgsaarerial s dopedr |,
Tr1l can adopt both 25 n-channel type TFT and p-channel type TFT. Tr2 can
adopt both n- chamRetiopphthermred fegidf-channel type TFT. Wth respect to the
polarity, in the case of the pixel electrode and the counter electrode in
the organic |um nescent elenent, the one is an anode and the other is a
cat hode. Fn the\ madrestémidetibe aduording t@olapn Shwhereln a lppenaseant materjial and the
preferable to gg@ t he %yg 3 3 Erxel el.ectrode, and the cathode as a
count er el ect r QfEkinganais qpedii thedpixed 2e8i9%hat the Tr2 is an n-channel
type TFT, it is preferable to use the cathode as a pixel electrode, and

t he anode as a counter electrode. The retention capacitor 1812 is formed
bet weed tBe gate lemideschet deviec ecairding|to clgimn Thavhersie it portion afemed twith 812 | s

Phe sour ce of - immersigpaeaal b Ydpoet momi3 il T e RELUR SRR FifBle =

pi xel shown i npicling3datedidle current supplied to the signal line Si is
controlled at the current source in the signal line driving circuit. 5 By
appl ying the above-nentioned circuit structure, the constant-current

driving §an bg\ itfi\ﬁlln%s}z%:gn eQXceV\’Qéc%Fdl%?? Q)%Q)Ii}t RO3 (E?Ql Qﬁoﬁeeg{" R¥mf7 R¥BN9 2

constant curre r ani'c nescent enen organi c

| uni ngscent el gffRAdin tt&vluﬁgne%céﬂtxmleniaegxrmneﬂumtﬂaacqocmemfromwmpretcmcmt a
longer lifetime than that of prior organic |umnescent element. The
organi c | unmi neS®&nat element is effective because very longer lifetine can
be realized 10 by inplenmenting above-nentioned constant-current driving.
The invention is practiced to enable providing a | um nescent device which
is small 10n po%r\/hnnmmemrdevioemcamdirgxoeldimrﬂt, wherdin the, rafiaof hemass ahthelhobe ri ¢

e i, ol e Tohl mssP S 130 SRR Bl AP e G680 ©

20 electron transporting material in the mixed region is 10% or more and 90% or less.

11. A luminescent device according to claim 1, wherein the mixed region has a

thickness of 10 nm or more and 100 nm or less.

25 12. A luminescent device according to claim 1, wherein the luminescent device is an
electric appliance selected from the group consisting of a display device, a video
camera, a digital camera, an image reproducing device, a mobile portable computer,

a personal computer, a cellular phone, and an audio.

30 13. A luminescent device comprising:
an organic luminescent element comprising:

an anode;
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by using such |um nescent device for a |light source or a display section.

15 54 CLAIMS 1. A lum nescent device: conprising an organic |um nescent

el enent conprising: 5 an anode; a cathode; a hole injecting region

adj acent to the anode; and an organi c conpound | ayer provided between the

hol e injecting region and the cathode, conprising a hole transporting

region conprising aa@tRdd0 transporting material and an el ectron

transporting region conprising an electron trans on%hgﬁ.ga erial; wherein
e

the hole transporti wgdqsgp@mnj%mgegpsﬁ_e%téﬁe%whé © ¢t ode than the
el ectron transporti rggr}ig ’lt)glﬁﬂﬁnd’"%g&et)fbv?deﬁ‘ BRednSOb Moo IRY 't Blcitdie
erral and the e

hol e transporting na ectron transporting material 1s
provi ded bet wednjettig hogient rcanppisingi agholegiramsparithgt hegior| @ouprismg a hole
transporting region. 2. A Iuningsceqt devi ce aqcordLnﬁ to clains H@ wherein
there Ps a condEARSPAIIPG Maiiiahdnd A §lerHORCHASRYYNE JG818H CHRISDEPhEERTM Nt i on
of the hole tr ] terial 20 is decreased toward the cathode from
t he anode and g&?:lgﬁc%{el%?%g |E)a§ of the electron transporting material is
i ncreased toward t hewlxatihabe hbleotranspertangostgion3being disppsedsasarar tdethe @pode
according to clﬁin11, wherein a |um nescent material is doped in the m xed

region. 25 4. Abantheslectrem rapfporting 5B g to claim 1, wherein a

l'um nescent mat eri alyjeein dORBLdI BgiBn RBMpkiSMgithe hbR tHNHSHiHE Bhatérial and Abe

| um nescent device according to c%al m 1, wherein a blocking material is
doped 1030 i n t ledectior énsmgiingymatediabis prordded batveersthe hole ranspriting segipy ied t
occupi ed nol ecugar orbit anr(il a | owest unoccupi ed nol ecular orbit in the
bl ocki ng mmat er it8F CEETLYSPOBE reAN oner gy differences in the hol e
transporting material and in the electron transporting nmaterial.

14. A luminescent device according to claims 13, wherein there is a concentration
gradient in the mixed region that a concentration of the hole transporting material
15 is decreased toward the cathode from the anode and a concentration of the electron

transporting material is increased toward the cathode from the anode.

15. A luminescent device according to claim 13, wherein a luminescent material is
doped in the mixed region.

20

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

doped in a portion in the mixed region.

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

25 in the mixed region and an energy difference between a highest occupied
molecular orbit and a lowest unoccupied molecular orbit in the blocking material is

larger than energy differences in the hole transporting material and in the electron

transporting material.

30 18. A luminescent device according to claim 17, wherein the blocking material is

doped in a portion of the mixed region.
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6. A lum nescent device according to claimb5, wherein the blocking materi al
is doped 5 in a portion of the mxed region. 7. A lum nescent device
according to claim5, wherein a |um nescent material and the bl ocking
material are doped in the m xed region. 10 8. A lum nescent device
according to claim7, wherein a portion doped with the |um nescent

mat eri al 119, di gphssdeseerrdvideactdrdirgnioddaitrhiy whepeinta mmicksped mitthaltdnd

bl ocking material. 9. A lum pescent, device accaording to one of claim3 to 4
or one of cl ai theplpeking matesialgrg daped infhe MIXRITEGICENt naterial presents

| um nance caused froma triplet excited state. 10. A |lum nescent device
according to claiml1l, wherein the ratio of a mass of the hole transporting
mat eri al 20. t h&A twhiabscemisdevide adverding ¢o clasmsishrwhenejn reapertion|dogad withethe20

el ectron transporting material in the mxed_.regiqn.is 10%.or nore and 90%
or Tes 11 AN TrRuCBHEerALY Do 1y e oRa A PRt 0T W oo
region has a pyckiRS§Sse@fl. 10 nmor nore and 100 nmor less. 25 12. A

| um nescent device according to claiml1, wherein the |um nescent device is
an electric appliance selected fromthe group consisting of a display

device, a,vide canera digital. canera n. i e rodugin 168, a
nobi | e po?¥ab| h@ﬂgﬁyg#f%vge%gﬁggﬁgﬁo83%85?%V?q§%%éﬁﬁgpﬁ%3@1%%%?6§%Zshn
audi 0. 30 13. Ayhetbih BRIGAMesEBY infiferfud PRiskists Meninafice0daysdll Romiiriphs eedited

el ement conprising: an anode; -56 a cathode; an electron injecting region
contat®ed w t hstalee cat hode; and an organi c conpound | ayer provided between
the anode and the electron injecting region, conprising a hole
transporting region conprising a hole 5 transporting naterial and an

el ectron ppanspohinifesceROdiceCaEprding kg chaim el3g ethieedin ther eatiopefrd inrags ofitler i al ;
wherein the hole transporting regi on being diéf sed nearer (o the anode

than the el ect hol¢ ranaperipe mnaierialdgithe F‘?@n‘ﬂa%h ole traspartinggpaisrial an .
conprising t heutéog‘?%}o[glat?ﬁﬂgéﬁipg GBI i e IﬁBQ:dtrQ%lon 101®8k hB ahd 80P ti Ng
e et ween e hole d

material is provi transportihg region an
15 less.
23. A luminescent device according to claim 13, wherein the mixed region has a

thickness of 10 nm or more and 100 nm or less.

20 24. A luminescent device according to claim 13, wherein the luminescent device is an
electric appliance selected from the group consisting of a display device, a video
camera, a digital camera, an image reproducing device, a mobile portable computer,

a personal computer, a cellular phone, and an audio.

25 25. A luminescent device comprising:
an organic luminescent element comprising:
an anode;
a cathode;
a hole injecting region adjacent to the anode;
30 an electron injecting region adjacent to the cathode; and
an organic compound layer provided between the hole injecting

region and the electron injecting region, comprising a hole transporting
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the electron transporting region. 14. A lum nescent device according to
clainms 13, wherein there is a concentration gradient in the m xed region
that a concentration of the hole transporting material 15 is decreased
toward the cathode fromthe anode and a concentration of the electron
transporting material is increased toward the cathode fromthe anode. 15. A
| umi nescent devi ce aged einfigtisitg £ halierttahSporithg nxtatiahahdian elest@ntransportingal i s
doped in the m xed region. 20 16. A |lum nescent device according to claim
13, wherein a | uni neegieyRomRLisig 3 eledrondmReperfipg Bafsiati on in the ni xed
region. 17. A 1 nesce ' C Lng ks [ , (=Y | geki ng
material is dopegil eﬂb?&:l ﬁ&teﬂtgé(ﬂr# §ré%§r% g)(lrjlnfl}'a%1 %h@eﬂr%%g;omﬂfgfag?ghn?%&bgﬁmen
a hi ghest cleegstpiratportink @egibarandr bi t and a | owest unoccupi ed nol ecul ar orbit
in the blocking material s _larger, than ener differences in the hole
transpdrting ndtbereim mixe el ROTITSERe ﬁ%(’fer%mﬁlf‘g H&‘t‘?ﬂ?ﬁ é’r“&tal}e. gefémf& A
| um nesce ce : i oaiy } Kiotheed|&dtionl 1S
doped in gg%s%rgﬁn nmg%&%n;}feg érl?ﬁedgd?deeg’ivéogr?. t%-e SH#?%EQﬁh %OIHE%] %Igiszgleﬁmdevi ce

accor di ngtrhamspottiigmedion. wherein a | um nescent material and the bl ocking
material are doped in the m xed region. 20. A |um nescent device according
to claim19, wherein a portion doped with the 5 |lum nescent material is

di sposed pgaremn P&nih@s%eﬁtn@éiﬁcé Radrding 36 tdlAs AN ahafbih thédaeis Dt@ehttgion
material. 21. A lum nescent device according to one of claim15 to 16 or
one of0 cl ai m 1@raden2y thewhixediregiom thak ardonesntiation phtherhale tprwedingsmatgritinance

caused froma triplet cit 1 tate. ,22. ] . i rdi ng
to claim13, V\ﬁe‘iegf‘??s‘i‘ﬁ ' (ﬁ?‘fi c8€‘°§e ﬁ‘ﬁg’sth&an?#eén%?%%g ‘?‘gér%‘é’g?r% e:?1%1Qé:[mgot%eri al
to the total nmyggspRktiddBateAhlSs incaaseDidwand theRsatioda froanthe ahdde. el ectron
transporting material 1n the mxed region is 10%or nore and 90% or 15

| ess. 23. A |l um nescent device according to claim 13, wherein the m xed

b AT e

| um nesce rding erein t um nescent device is
an 15 doped in the mixed region.
28. A luminescent device according to claim 25, wherein a luminescent material is

doped in a portion in the mixed region.

20 29. A luminescent device according to claim 25, wherein a blocking material is doped
in the mixed region and an energy difference between a highest occupied
molecular orbit and a lowest unoccupied molecular orbit in the blocking material is
larger than energy differences in the hole transporting material and in the electron

transporting material.

25
30. A luminescent device according to claim 29, wherein the blocking material is
doped in a portion of the mixed region.
31. A luminescent device according to claim 29, wherein a luminescent material and
30 the blocking material are doped in the mixed region.
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el ectric appliance selected fromthe group consisting of a display device,
a video canera, a digital canera, an inmage reproduci ng device, a nobile
portabl e conputer, a personal conputer, a cellular phone, and an audio. 25
25. A lum nescent device conprising: an organic |um nescent el enent
conprising: an anode; a cathode; a hole injecting region adjacent to the
anode; 3032n elpehinfiaescemt dsidengcoriingn aldjnaddnt whereinhe pora'tohodirppd avith the
organi ¢ conpound | ayer provided. between the hole i |on and the
el ectron i nj ectymigesce Bateriglgsgispesgigiesres &p Q‘etqné?ﬂ%%P Wégon g e”&’iﬂbﬂ’
conprising a h%hﬁkﬁ%@&%&%It'”g material and an el ectron transporting
region conprising a ectron transporting material; wherein the hole
transporting region is dlsposed nearer to the anode than the electron
transporting regjon, and 5 wherein a mxed.re r|S|n t he

transport Phyg mét l%ﬁsc%mdiei"ﬁ@ aggarding do, ong PQH‘&&%&? t‘hg PR LBY P plajng 3 B?%giz’ded
bet ween the ho'\ﬁlefeg;?ﬁl%gﬁﬁﬁﬁéggenrt | %Féieﬁt@ SuRin8fdd @sed fraMSP@ipldt REcitAgi ON.
26. A lum nescent device according to clains 25, wherein thereis a
concentration st@.gradient in the m xed region that a concentration of the
hol e transporting material is decreased toward the cathode fromthe anode
and a concentration of the electron transporting material is increased
toward thggcat RodgnihERBM N&iRLE6rdidy to HlalH DSNQFREM teritiocofas aRks b ghet 0
claim 25, “wherein a | um nescent material is 15 doped in the m xed region.
28. Al uni nescbale wnsperanaseaierialiig the taiplamassef thm@lleerrwon% HalsHgln
material is Q I scent
devi ce accordi ﬁg‘* ?q% t{ﬂng‘fa%sli‘gjtm&h a%er&aﬁ an %I% ed%gélﬁgfl ® f(?{aoﬁ)% mdt aﬁﬁ‘gﬁﬁ’l ﬁlet he
m xed regi on afpgsan energy dlfference betmeen a hi ghest occupled nol ecul ar
orbit and a | owest unoccupi ed nolecular orbit in the blocking material is

| arger than energy differences in the hole transporting material and in the

el ectron 3! an%%fn@&eﬂ?ﬁ@&ib@'acc&éing to claim 25, wherein the mixed region has a

15 thickness of 10 nm or more and 100 nm or less.

36. A luminescent device according to claim 25, wherein the luminescent device is an
electric appliance selected from the group consisting of a display device, a video
camera, a digital camera, an image reproducing device, a mobile portable computer,

20 a personal computer, a cellular phone, and an audio.

37. A luminescent device comprising:
an organic luminescent element comprising:
an anode;
25 a cathode;
a hole injecting region adjacent to the anode; and
an organic compound layer provided between the hole injecting
region and the cathode, comprising a hole transporting region comprising a
hole transporting material and an electron transporting region comprising

30 an electron transporting material;
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30. A lum nescent device according to claim29, wherein the bl ocking
material is doped in a portion of the m xed region. 31. A |l um nescent
device according to claim?29, wherein a |um nescent material and 30 the
bl ocking material are doped in the m xed region. -59 32. A |um nescent
devi ce according to claim31 , wherein a portion doped with the

| umi nescent natwkicn aimsixdd squieeds prosided betwdehahaholddransporting pegion and thgped

with the blocking material. 5 33. A |lum nescen evi ce accordi .1.0_ane of
claim 27 to 28 or QPROHs rFISRPHANG (regiong SOmpIigpg é\!‘er\gf’lﬁetrﬁ‘lﬁﬂ‘i"rg‘l’%%#gnﬂa i al

presents | um nanc s ol ited state. 34. A | um nescent
devi ce according ﬁggg{%gﬁ%gé%gﬁgglﬁkﬁﬂéﬁﬁti o of a mass of the 10 hole
transporting matherdimb limintsrent wgain dopsd voth a hmihescenttmaterdgl o piovidedan &id al
and the electron tragsgorting material in the mxed region is 10%or nore
and 90% or | ess. BECAAG nescent device according to claim25, wherein
the m xed region has a 15 thickness of 10 nmor nore and 100 nm or | ess.
36. A |l um nescent device according to claim25, wherein the |um nescent
devi ce is38n & bmtinesceuntplsivicaraseordisigetotalainy 3B rivhenein dhe) mixedoie8T08GORPIISES a
di spl ay devi ce, video canmera, a.digi.tal ne < -I1ERT.0 '
devi ce, a nobi Iﬂéealb%lF g%f@r@%ﬁlﬁe@ra} an gleaelﬁ?catr?? o{r@?‘q‘pgglrrwlﬁ{}ﬁ g‘rgr,l‘{daaqc?l e %E‘agérg
phone, and an augj.o. 37. A lum nescent device conprising: an organic

| um nescent el ement conprising: an anode; 25 a cathode; a hole injecting
regi om0adj acent to the anode; and an organi c conpound | ayer provided

bet ween t hol e, injecting .reqi . t ; E.Si g
Cranspor t PRy r Aol BREGsp FeaidRoReBRET® b 35 WRARin BETRhELAG Tl & =

el ectron transpastlof i el eepieenpri sing 30 an el ectron transporting
material; -60 wherein a m xed region is provided between the hole
transporting region and the electron transporting region, conprising the

hole tr anggort iA[' M&s%@ﬁ@dev%%ccording to claim 37, wherein a blocking material is doped

15 in a portion of the mixed region, in which an energy difference between a highest
occupied molecular orbit and a lowest unoccupied molecular orbit is large as
compared with energy differences in the hole transporting material and the electron

transporting material.

20 41. A luminescent device according to claim 40, wherein the luminescent region is

disposed nearer to the anode than the portion doped with the blocking material.

42. A luminescent device according to claim 37, wherein the luminescent material

presents luminance caused from a triplet excited state.

25
43. A luminescent device according to claim 37, wherein the ratio of a mass of the
hole transporting material to the total mass of the hole transporting material and
the electron transporting material in the mixed region is 10% or more and 90% or
less.
30

44. A luminescent device according to claim 37, wherein the mixed region has a

thickness of 10 nm or more and 100 nm or less.
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the electron transporting material, and wherein a | um nescent region doped
with a lum nescent material is provided in the 5 mxed region. 38. A

| um nescent device according to claim 37, wherein the m xed region
conprises the hole transporting material and the el ectron transporting
material at a constant ratio. 10 39. A |lum nescent device according to
claim37, wherein the [ um nescent region is a part of the m xed region.

40. A Ium nescent devi ce according to ¢ bl i i al
i s doped 435 ﬁlgnﬁ@qsgqtgﬁle&cetaﬁ@r %é‘(‘jcia g]gnWhFﬁ‘?l ﬁmgﬁsceoghé‘ﬁge fi3her! @

difference b et @fé@t?xcaa gh&ﬂ:@ssrelec&g%kﬁhQﬂe gﬁ;'uﬁcdéhﬁgtn@g bf & dﬁk@diy&ie]vib&eatwdeo
ul ar

unoccupi ed nol ec rbit is large as conpared wth energy differences in
the hol e transpam¢raymdigiitlerainara, anahnageereercél@@mﬁrdevwmm@pblﬂ% POTERbIEG RIS, 20

41. A |l um nescent devi ce accordi erein the | um nescent
regionis di spESEL" &8?‘8}“6{&%6?1‘8%588%3 > P ‘g] 1hdég\,;c])ortl on doped with the
bl ocking material. 42. A |um nescent device according to claim37, wherein

the lum nescent material presents |um nance caused froma triplet excited
state. 254643. A luminesesrddaviceeetpasiagicording to claim 37, wherein the ratio

of a mass of the hole transportin .he total mass of the hole
transporting mat er i 41 OHTGC rlPﬁ‘é eé?ecte{rgg{ﬁ:‘ﬁiMj}.h IIE)SgIrl ‘ing mterial in the m xed

region is 10%or nore andn@R8de)r |ess. 30 44. A |umi nescent device
according to claim 37, wherein the m xed region has a thickness of 10 nm
or nol@ and 100 rimor | @$8thodg1 45 A | umi nescent device according to

O e N b U BER6 i Ai SEeibR afcor i chodeBance sl ect od

fromthe group consistin a vi canmera, a digital
canera, an image repr oduahmggaiﬁa/émpomdrmyﬁrlpempde:d bdiveerc thepaleotnon injcting

personal conputer, a cellul.ar an audi o. scent . devi ce
conpri sing: an organic | lﬁ‘?ﬂl%saé‘gnalee%t q’ﬁ* COPRIRG ﬁ‘ghOIA {ranSpme[mg region

comprising a hole transporting material and an electron transporting
15 region comprising an electron transporting material;
wherein a mixed region is provided between the hole transporting region
and the electron transporting region, comprising the hole transporting
material and the electron transporting material, and
wherein a luminescent region doped with a luminescent material is

20 provided in the mixed region.

47. A luminescent device according to claim 46, wherein the mixed region comprises

the hole transporting material and the electron transporting material at a constant

ratio.
25
48. A luminescent device according to claim 46, wherein the luminescent region is a
part of the mixed region.
49. A luminescent device according to claim 46, wherein a blocking material is doped
30 in a portion of the mixed region, in which an energy difference between a highest

occupied molecular orbit and a lowest unoccupied molecular orbit is large as
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an anode; 10 a cathode; an electron injecting region adjacent to the

cat hode; and an organi ¢ conpound | ayer provided between the el ectron
injecting region and the cathode, conprising a hole transporting region
conprising a hole transporting material and an electron transporting 15
region conprising an electron transporting material; wherein a m xed region
i s provided betwapited héthrabgytdifiaspastin thg hokgirasporting materiad hed theahectron
transporting region, conprising the hole transporting material and the

el ectron transﬁ@@%ﬁﬁg%ﬁﬁﬂﬁmﬂal, and wherein a | um nescent region doped wth
a lum nescent material is 20 provided in the m xed region. 47. A

| um nescent device according to claim46, wherein the m xed region

conpri ses50t he Ahbinginéscemsjrvidel mgordimgetd elainardd, wherash ¢log hominescanisysgion; isg
material at a constgnt ratjo. 25 48. A |luym ngscent vice .according to
clai m46, wher leﬁo%eaéle?rﬁmoﬁhgé’é e tharyihg poftion Jopad with ge t’]ﬁgklﬂg?ba&erfa \gi on.

49. A lum nescent device according to claim46, wherein a bl ocking materi al
is doped 30 in a portion of the nmixed region, in which an _energy )

di f f er encélbet vebmiaestegthdsiice awoubingdo retdimcdt, avheseini the dnminestesignaterial
unoccupi ed nol ecul ar, orbit is |lagrge as. -62 cO red with energy

di fferences i npfeﬁ%mﬁmn?qcﬁr‘@%atfg’%a?Fﬁfl‘étreixg ecg‘ﬁ%et he el ectron

transporting material. 50. A |lum nescent device according to claim49,

wherein the |lum nescent region is 5 disposed nearer to the anode than the
porti th d6ped i lumin¢seens) deyiderapopming foaflaing #6, wheig Hestadntof fepegeof the

according to claim46 erei.n.the d um ne i : ljnance
caused froma kﬁeprpfa@fp%)@g tnéaﬁerg{lg? éﬂ.le %;515@8&2&‘ Itg?n&lﬁfeés%éenﬁp %@gﬁg%tég%%F di ng
to claim46, wagr&édrohhtnsgirtifg afataialias theahixet eegitwisel % an sype tind §0%¥tedrer i al
to the total mass of the hole transporting material and the el ectron
transporting ms&rial in the mxed region is 10% or nmore and 90% or | ess.
15 53. A lum nescent device according to claim46, wherein the m xed region
has a

15 53. A luminescent device according to claim 46, wherein the mixed region has a

thickness of 10 nm or more and 100 nm or less.

54. A luminescent device according to claim 46, wherein the luminescent device is an
electric appliance selected from the group consisting of a display device, a video
20 camera, a digital camera, an image reproducing device, a mobile portable computer,

a personal computer, a cellular phone, and an audio.

55. A luminescent device comprising:
an organic luminescent element comprising:
25 an anode;
a cathode;
a hole injecting region adjacent to the anode;
an electron injecting region adjacent to the cathode; and
an organic compound layer provided between the electron injecting
30 region and the hole injecting region, comprising a hole transporting region
comprising a hole transporting material and an electron transporting region

comprising an electron transporting material;
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t hi ckness of 10 nmor nore and 100 nmor |ess. 54. A |um nescent device
according to claim46, wherein the |um nescent device is an electric

appl iance selected fromthe group consisting of a display device, a video
20 canera, a digital canera, an inage reproducing device, a nobile portable
conputer, a personal conputer, a cellular phone, and an audio. 55. A

| um nescewhe@iva ax&iorgionds peivided tetwedni the holi trenspating edgoreatd the rebacirenng:

25 an anode; a cathode; a hole injecting region. adj acenag to tﬂ}% atilode; an
n B¢ g i

{ J
el ect ron HIPERINGg re8ieR-0fOBPTIERE N the oh‘«‘[f‘i"letr AGEHE; aaier C€HMound

| ayer proyids grti?lﬁtrﬂﬁ%lteﬁﬁ el ectron injecting 30 region and the hole

i njecting regl on,” conprising a hole transporting region conprising a hole
t ranspor t ivhgreina amiiatscemtcegion eloped with a luenvsgscent inregerrad ¢s provided ip thesmixgdan

el ectron transporting material; -63 wherein a m xed region is provided

bet ween t¥#8 %ol e transporting region and the electron transporting region,
conprising the hole transporting material and the electron transporting
material, and wherein a |um nescent region doped with a |um nescent

materi al 5& pr Aviuoeabstent dhecerasmading to elpino P, Bderein therinixed cegion dempases
according to cl.aiim55, wherein the mxed region _conplises hal
transporting nﬁ?ﬁ%gawanwgﬁe% ?"B‘E&F re;‘??gr% Bfainﬁ%@ gnraltearfatf% agogsot%nstt ant
ratio. 10 57. Agum nescent device according to claim55, wherein the

| um nescent region is a part of the m xed region. 58. A lum nescent device
accortdlng to claimb55, wherein a blocking material is doped 15 in a
portion of,the,m xed region, in i . L f :

R ghest tcupfatribiobdt daics alhtting do Sl Whcish fC ROGReREhRERN e a)
is large as cpapaf e mikédregivar gy differences in the hole transporting
material and the electron transporting material. 20 59. A | um nescent

devi ce according to claim58, wherein the |um nescent region is

58. A luminescent device according to claim 55, wherein a blocking material is doped

15 in a portion of the mixed region, in which an energy difference between a highest
occupied molecular orbit and a lowest unoccupied molecular orbit is large as

compared with energy differences in the hole transporting material and the electron

transporting material.

20 59. A luminescent device according to claim 58, wherein the luminescent region is

disposed nearer to the anode than the portion doped with the blocking material.

60. A luminescent device according to claim 55, wherein the luminescent material

presents luminance caused from a triplet excited state.

25
61. A luminescent device according to claim 55, wherein the ratio of a mass of the
hole transporting material to the total mass of the hole transporting material and
the electron transporting material in the mixed region is 10% or more and 90% or
less.
30

62. A luminescent device according to claim 55, wherein the mixed region has a

thickness of 10 nm or more and 100 nm or less.
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di sposed nearer to the anode than the portion doped wth the bl ocking
material. 60. A lum nescent device according to claim55, wherein the

| um nescent material presents |um nance caused froma triplet excited
state. 25 61. A lum nescent device according to claimb55, wherein the ratio
of a mass of the hole transporting material to the total nass of the hole
transporting material and the electron transporting material in the m xed
region is 10% or nore and 90% or |ess. 30 62. A l.um nescent device

accor di ng68o cliuminsscenfiiavienceprding tﬁéélalF’eiﬁ Sherein the luppnesgept devige isign nm

or nore and 10Q i
cl ai m 55, wher ellér’?%n%%qhﬁﬁen%esl%cgﬁ ﬁgglvtﬁgélﬂ Sﬂéﬁ &ﬁ&gﬂ g’? \rél ({éﬁg%gﬁggﬁéce%g\ggi&ect ed
fromthe group camesi, aidigigl cdmeaa Chlﬁlma@y rqﬁudm.mg daewuede oobdapertahle aompygfet, al

canera, an inmage reproducing device, .a nobile portable conputer, 5 a
per sonl conputagersogakeommiety 2 pHByr Phane: aad 284 ?? - 65
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