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 organic co ﬂﬂ'ﬁ apted to effect |um nescence upon
application of an electric frﬁﬁm ggﬁwﬁgﬁwlﬁ the invention relates to a

| um nescent device wusing an organic |lum nescent elenment, which is lower in
dri ve volFiagefahdindvemger in service life than a prior one. In addition,
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.20 An organic luminescent element is one adapted to effect luminescence upon
application of an electric field. A mechanism for luminescence has been said to reside in
that an organic compound layer is interposed between electrodes, upon application of
voltage thereto electrons filled from a cathode and holes filled from an anode recombine
together at a center of luminescence in the 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 pum. 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



backl i ght used in a conventional liquid crystal display is not necessary.
Accordingly, the 1 organic |um nescent el enent can be very advantageously
formed to be thin and [|ightweight. Also, with, for exanple, an organic
compound | ayer of about 100 to 200 nmin thickness, a tine period having
el apsed pramd '11|uhiﬂégce‘ﬁf AeBehit’ c&f B0 vrei%PQJBibhxﬁ@ééo%l thghRafl 1o e §h1h”aﬁche
order of several tens of nanosecond takKing account of the extent of
nmovenent lightwelghtcarri er |n the organi ¢ conpound layer, and |um nescence is
achieved in th tha ! r Qn

procedure fro Sitlsf(zoéq‘rﬁ{eh(’,‘g(f) ‘T"Xr?a o Ig? %C%}n Pﬁ?‘i?a gf tlgggﬂczéalrgn n

i ncl udedthidiarss, di tige periohawihg Telh@séd%ﬂbmrﬁﬂfkmg$)fTah:at'ndrh6 amﬂﬂﬂna&fon theégppnse

is very lar 10 Fuyrther ince the organic |um nescent elenent is a

carr i b- R gry aﬁsewetﬁht?f@ﬁéwos&ﬁe% Ing 3CCeuR OSéhwt%rwaom%pf age,
and i s hg{eOedrQeGRNGE %&f&n‘i@b&ﬁf)ow& Ryer, %ﬁcﬁ’%ﬁhm%&eﬁ&é i‘seac“ﬁfgv%@gﬁt ghgpuat e
| um nance of 100 cd/nz is achieved at 5. by first nmaking t e thlc ness

of an orlﬁﬁltharcon@oumcb beoped eveonwher mhe pmedumkﬁrmnfuhbnncﬁmlan@mm of 160 nm
sel ecti ng ct.rode nateri.a ich.r duces rrier.f barr

"ol a1 veorBRn B RRUDGEd s T st AoPHyBHS G R B it Do RELoL g
het er o stdspsiserievdrgdtatht.e structure) (therature 1. C W Tang and S. A
VanSl yke, "Organi c el ectrol um nescent _di odes” |ied Physics Letters,
vol . 54, No. 1Burtherg sines (thegengpnicojpminepesns u%lﬁmﬁe figr ArmprrEsT-HllinghitHpand

i ght wei aﬁame@egﬂﬂel@ﬁeﬁdm&mqﬁmw e v %Wd@hmqs ﬁerxe ncidkd wihie

o@‘éﬁé
| i ke, organi c lum nescént el enments have beeR gi ven tention as
next - genmspedt ém dfivavolepeehn eld@]mhayluailmmoﬁ 10Qcdioy” is actuevemlr@ anmy by flrst

| um nescent. el nts are.of self-|um nescent t and Iar

viet ity kg E6 kgL Br 88 oBnie s RGRTERr o YRRGRL P D UM STEPfl e 1o
be eff ecm(yﬁmaseled:tﬁig&m Eledtsit thoeriall mtitiapedubdy POIrtiaDIiBing HakdTablaGive to

Hereu in the constitution of an organic | um nescent el enent described

in Lihpe?rgﬁwéw@p%}né deyarepnd ifpnthergingadugiag aj snglgdietagpetmuciugs 4doupe t o an
or ga“' c &%&%?}Kﬁ Ve 103, YW @ﬂ%%ﬂﬁ §aAh@Q§51?1r<éo,ﬁ'c?r%hﬁA@'eXec?}oﬂH£@e

al | oy of unction to enhance an elec ecting quality. tA\Th
makes i tdijpdes| BbpliedoPlyisics Iattblar‘gﬂ élrﬁmtl20$13eﬁl5r(1§87j)nt o the organic

conpound Iayer Fur her reconbi nation. efficienc arr
i mproved by’ | e L dh pchormances 15" Qi Eghtwexg t, IYlgR spee%eresponmbllrlty

DC low voltagc drive, and the like, organic luminescent elements have been given
20 attention as next-generation flat panel display elements. Also, since organic luminescent
elements 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
25 Literature 1, a carrier filling barrier is made small relative to an organic compound layer
by using as a cathode a relatively stable Mg:Ag alloy of low work function to enhance an
electron injecting quality. This makes it possible to fill a large amount of carrier into the
organic compound Jayer.
Further, the recombination efficiency of the carrier is improved by leaps and
30 bounds by application of a single hetero structure, in which a hole transporting layer
composed of a diamine compound and an electron transporting luminescent layer
composed of tris (8-quinolinolato) aluminium (abbreviation; Alqs) are laminated as an
organic compound layer, which is explained below. |

In the case of, for example, an organic luminescent element having only a single
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30 bounds by application of a single hetero structure, in which a hole
transporting |l ayer conposed of a diam ne conpound and an el ectron
transporting |l um nescent |ayer conposed of tris (8-quinolinolato)

al um ni um (abbrevi ati on; Alg3) are |am nated as an organic conmpound | ayer,
whi ch i s,eXx j_n n r 0 ni_c.
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structure), according to Wwhich a |um nescent |ayer is
20 Also, it can be said that the organic luminescent element described in Literature

1 is based on, s0 to speak, that thought of functional separation, according to which
carrying of holes is performed by the hole tramsporting layer amd carrying and
luminescence of electrons are performed by the electron transporting luminescent layer.
Such concept of functional separation has further grown to a concept of double

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

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

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

3



inserted between the hole transporting |ayer and the electron transporting
| ayer (Literature 3: Chi haya ADACHI, Shizuo TOKITO, Tetsuo TSUTSU and
Shogo SAI TO, "Electrolum nescence in Oganic Filns with Three-Layered
Structure", Japanese Journal of Applied Physics, Vol. 27, No. 2, L269-L271
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and can attain a level equivalent to that of the laminated structure with respect to the
20 recombination efficiency of a carrier. Accordingly, it demonstrates that a single layer
structure having less interfaces is actually low in drive voltage provided that a method
making use of a bipolar material can make an equivalent recombination efficiency of a
carrier without the use of any laminated structure.
This can be explained to be due to the fact that movements of a carrier are
25 prevented at interfaces (for example, between a hole transporting layer and a luminescent
layer, and referred below to as "organic interfaces") between respective layers in an
organic compoﬁnd layer, and so a higher drive voltage is necessitated.
For ekample, 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
Materials", IEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 44, NO. 8,
1245-1248 (1977)). In Literature 5, the use of Li;O as an electron injecting layer has
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maki ng use of a bipolar material can nake an equival ent reconbi nation
efficiency of a carrier without the use of any |lamnated structure. This
can be explained to be due to the fact that novenents of a carrier are 25
prevented at interfaces (for exanple, between a hole transporting |ayer and
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hole injecting layer and AC driving. It can be said fromthe above that on

one handdvastape i rrankling eailyt eithanpiag the recombination efficiency of a carrier and

enlarging a range of material selection in terms of functional separation and on the other
20 hand formation of many organic interfaces (in particular, formation of organic interfaceé
for blocking carriers for recombination of carriers) impedes movements of a carrier and
has an influence on lowering of drive voltage and brilliance.
Brief Summary of the Invention
Hereupon, the invention has its object to provide an organic luminescent
25 element, which makes the best use of an advantage (functional separation) in a laminated
structure used in the related art and enhances mobility of a carrier by mitigating an
energy barrier present in an organic compound layer, and which is lower in drive voltage
and longer in service life than those in the related art.
In particular, the invention has its object to remove organic interfaces present in
30 an organic compound layer and enhance mobility of carriers by manufacturing an
element of different concept from that of the conventionally used laminated structure, in
which carriers in a luminescent layer are blocked for recombination, and at the same time
to realize functions (referred below to as "functional realization") of a plurality of various

materials in the same manner as in functional separation involved in the laminated
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advant age in enabling easily enhancing the reconbination efficiency of a
carrier and enlarging a range of material selection in terns of functional
separation and on the other 20 hand formation of nmany organic interfaces
(in particular, fornation of organic interfaces for bIocking carriers for
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j oi ned @tpgg@digtetb;meen 1onization potential (equivalent to work funcfion in case of metal)

of the anode and a HOMO level of the hole transporting layer.

20 Designing the stepwise energy barrier as shown in Fig. 1B makes it possible to
enhance the filling quality of a carrier from an electrode, and to surely lower the drive
voltage to some extent. However, there is caused a problem that an increase in the
number of layers results in an increase in the number of organic interfaces. This is
thought as indicated in Literature 4 to be responsible for the fact that the single-layered

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

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

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

First, a way to mitigate an energy barrier relative to holes may be to provide a
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each other, in which case an energy barrier 104 associated with the anode
101 and the 15 hole injecting layer 102 is |arge. However, the energy
barrier can be designed in a stepwi se nanner (Fig. 1B) by inserting as a
hole injecting |layer 103 a nmaterial having a |evel of highest occupied

nol ecul gr_or,bi.t ferred bel ow to as."HOVD' ositione | nt.er nedi gt e
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nunbelb ddyenragdniovalttemfibbals trafibpating layeh sughthagn fhediotatrabpprinlgithieat ure 4
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such pr %l@mnsF@nihg RR&sd| RESet & &oRFolavel with drive voltage and power
efficiency in the single-layered structure while making the best use of an
advant age (a \Ale9.eityis erefieb Fcaf@m:&ﬂﬂ%tfé‘@?ﬁ)Ef?é’éﬁmsaﬁd_%%bﬂlédﬁ%ﬂsé&ftmg

ol ecul ag;, APIAAD delHnANBEse ST | 8 Bol@Thiidbes. BEHGIN Ee 3 Hiftring
fundament’ar- ¢ ncep therer o nay Be to enabl e mtigating an eneréy B&rrier
presdlt matedal Dicgmsesc t@eadoam dinbdy,eandrithdosie afh then dokasensportinge mmaterddr  of
organic, interfaces and not_to |nped venents of a carrier. The inventors
have deVPQERCarS LIEGRAVRTUBHF CTOdpAONIE (O JUIAOR 1 B CBREERIOPn t he
fol I ow %QadI@rﬁE',el'ioiesFhfes‘},mo&hgayec&ﬂemﬂ?drﬁQﬁ@ SR8 FNBE WoBAkAd Qhrrledl Withoi® 10
holes may be to provide a | ayer (referred below to as "hole transporting
m xed | @peerajionbt alhazdsnengxbatgcn Watkecontiipwes folgwetng of driveroltaggnhiovo

l evel (spmll .in_oni l-on potential) and a hole transporting material of
hi gh hoﬁgﬁ%§EPEP¥§g#%%2#ﬁer. This way nmekes it possible for a single |ayer
to ra#l i ze funatddditiongffof we salens conaduihicogtaight luentdaronatd holshownihect i ng
5 layer and a convenfional _hole transporting | ayer, suc at .in the hol e

t r ans porCPRERFLRFIQR gradicpipm F ’c%@em’élt}gerie i E%ttrfeﬁﬁssﬁ'éﬁ'e@%’lec 8% \Bg’émf%mr VB ve

hol es f rsaModt $iadE Rk s 3NPREen@Mehit RdBcedtkidn igradisNe Vel REMBRKE ih@bass&frves to
carry holes. Also, it is preferable to formconcentration gradients in the

hol e t r alestsase: ilmdactnit jethoughicthadiasmrisoesen Byveoncaeation radignts gemielingdri g.
2, the rb§tc%r9gs zﬂqge Hﬂjleeof' JUnfiSE 118 same is the case with other concentration gradients

20 described in the specification of the present application.

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 (refcrréd 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 functioné of two layers including a conventional electron mjecting
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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10 material increases toward an anode, and the rate of the hole
transporting material increases as it goes away fromthe anode. OmMng to
formati on of such concentration gradients, holes are snoothly received
fromthe side of the anode and carried w thout generation of any |arge
energy barrier, which ntributes to,l ower] o] £ 0 .
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strai ght ydliddean@blosest bbsestiowlifdie concentration gradients in Fig. 2 but
there is not necessarily the need of limting to such straight |ines, and
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injecting material having a low level (large in electron affinity), of
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| ayer $0i bipblgivagired goxahlyennpal betveenradimlt rpmspbiting layerysd abigokr-natured
conventional electron transporting layer, such that in the electron

t r anspor M4 12¥§Txed | ayer, the electron injecting material serves to

receive el ectrang fif N Reife o Brm C@nbadationdshiRns! BCeOBipblanERREd i Ng
material serves to carry electrons. 30 Also, it is preferable to form

concent r atixashlagerattisenbest 4hovehEhasiis s sbewn imRigo 4r tierate ofitheble 552B5PUERE (i bed
above. Tha

1S, as in_Fi , rat.e t MY i
maceri al sl iadEe Rt e Lot alipas ot thg el SIS R PAAY RelcA0
t ransppr trichgsepforardkhe ¢anbodasbsinggo ifbrngoies ciwagh Comoentratéore gradpdts. s€pk ng t o

formati on_of such_concentratian dients, electrons e spoot hl v..recei ved
from t heO5{ra@ GITVMRELCEENBREAHAY Ogé&ref' & gl?"%?l%%??@%ﬁbr%?&’o egfvylglr%lllgl ar ge
energy _bgér{e'rﬁﬁon SinGNaGehnbidiesed Fhlcvntritgiaftodswitng ¥oddagelage and

prol ongi ig of service ['ife. Further, there is a way to nmtigate an energy

barrier pelengingof sgrece liffi nescent layer. That is, a |uminescent |ayer nmay
e DR e 1LY U BBl s 5 el o
20 lower e;(citation energy emits light more. Excitation energy described in the specification
of the present applicatioﬁ indicates energy difference between HOMO and LUMO.
HOMO can be measured by means of the photoelectron spectroscopy, and may be
thought to be equivalent to ionization potential. Also, defining the excitation energy at
ends of absorption spectrum for the sake of convenience, it is possible to calculate
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 transﬁorting material contained in the bipolar-natured mixed

30 layer. In particular, it is preferable to use a dopant (rubrene) of carrjer 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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material of high hole nobility and an el ectron transporting material of
high electron nobility together. In this case, the |lum nescent |ayer
decreases in carrier blocking function at interfaces on both ends thereof,
but frequency of recorrbi nation of carrier is higher due to differences of

mobi | it el veen a ect r ransport a n ol ar-natured
Txed | gapeilh fxdfhnsh e B sl o el ihGHraP! B ke 1DV, Rkt ed
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| i ght em ssi on: IS case, | um nescent material” being a dopant nust
have a Ilomreseemﬂayatl on ener gy than those of the hole transporting

mat erial and the el ect.ron transportin r

bi pol ar - nat ur TR 1%(56‘163 g?arg’ &gﬁlalrgtl?%‘i eS&e%lt [:E%Hﬂ Qag)g glrea ft& Vemn e a

dopants (dnldfgrye(mef):rrecﬁ belf foeds "ttriplpt ég/cﬁl@dfeﬂ&:gyf),lmhhrens |dms::hmé wh&ntrélmrned

reconbi natign effici ency of a carrier. A.so, the hol }am: gjékl n %/IélF by
al .

descri befl 7 Haps statedipm » tirley sxaifcd pipte, dRoLEymeCe,

The bl ng}&béégté@faﬁahféluce $a8 H26H Ahikeh amelﬁauﬂnﬁgoa éﬂlﬁ:ﬂﬁﬁy qmextaa;reozn D.ERer gy
than that of the [um nescent material (that is, caga e of preventing

di sper si@®Brish, M8 AvoBadey Mr Feddiompsey) andiSd Re Ferresir Fimeroyesl enosgt BaRsier Bapabl e
of bl OCkéle&rophosprﬁ%pe}éceﬂ’%Sd%vi!ces“ Applied Physics Letters, Vol. 74, No. 3, 442-444 (1999)),

20 (Literature 8: Tetsuo TSUTSUI, Moon-Jae YANG, Masayuki YAHIRO, Kenji
NAKAMURA, Teruichi WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKIMOTO and Satoshi MIYAGUCHI, "High Quantum Efficiency in Organic
Luminescent devices with Iridium-Complex as a Triplet Emissive Center", Japanese
Journal of Applied Physics, Vol. 38, L.1502-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 Litlcrature 8. These organic
luminescent elements capable of converting triplet excited energy into luminance
(referred below to as "triplet luminescent diode") can attain higher intensity luminance
and higher luminous efficiency than in the related art.

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

is long in service life in addition to high intensity luminance and high luminous
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hol es are bl ocked. The inventors of the present application have devi sed a

way to forma layer (referred below to as "bl ocking-natured m xed | ayer")

obtained by mixing a blocking 5 material and a material of the |um nescent
| ayer (or host materials of the lum nescent layer). In this case, the

bl ocki ng-natured m xed | ayer can also function as a |um nescent |ayer, and
so can befficépay Hestdam lnminpmicn Bogentriple paeitadayii®l e of efficiently blocking a

i d molecul it i . : i na-nat ur ed
mxed | ayer | rornieit Gt BVl apflibA L bonck b ARBICRdeR 1 2
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I

el ements capdabl e of converting 15 energy (referred below to as "triplet
excited ener gyWell,wh oivenoradobhhprepedt appdicatien haveeloughy of thatyeo &llovang rom a

triplet excited state, into |um nance, have_been successiV resented,
and”not | B ChEESRE &5 “apdsh By W BRLEOThID IE o SRRk WP ISR Y b BOE B B
O Brien, oPéanﬁ-in@@ﬂa@&x M E. Thonpson and S. R Forrest, "Inproved energy
transfer in electrophosphorescent devices", Applied Physics Letters, Vol.

s .
74, No. 3, 442Fmay opgobthe megmnpsms is thaughboh Witeh S B5NG8l9AIm RBACI9EE

YANG, InicY] Ig l&%{H UCHH oMARRNORENesta S mdeWd |
Yoshi %g??ﬁé%BA%%%%ﬁ%aw%ﬁo a éliﬁlsda{ggéhi M ?(*%UG—H , "el-sli gh analmt um
Ef fi ci enayrmailyOcgmpdsed bligi files dersn deeipbess wiatdy Whirkiingle e P rn apyganic
Triplet Emssive Center", J ese _Journal .of | i e LC of.. 138,
(15625 L1 Gomopidbapriesss auedd IR anepPacig: e cRRinbh el Barfipott divor?
pl at i nuMintk@ctis@dHoWekbs BXREIUKECH aggitdatedoNMBidlbculesTi exed ab fohhch heendr al
metal is iridium is used in Literature 8 These organic |um nq%%gent

el ement s SEapHIA @arpmatedrsimcturey ittip Ppssile dhatiinteagsidity 1S AT U SRRt of
(refepge Py ' | Q681 IndiduAtdial Bad iH@fR01

i nt englgt él%jﬁéﬁgwa%\tgleﬁgn éﬁ%@grdfﬁﬁaﬁgﬁgﬁrﬁfggg&t han iln the rel ata(rad
art. 30 komfyeatioriterature 8 has presented an exanple, in which half-life

o, e neree iRt 0TSl BB e ke 1
Her eupon grea@eldi 16 3bhe thedhetbfdesthiduenl it @bdlidved that junction at the organic interfaces
is worsened in alignment. The concept is shown in Fig. 21. In Fig. 21, a first layer 2111
20 composed of small molecules 2101 and a second layer 2112 compdsed 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 encrgy 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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triplet light emtting diodes can provide a highly functional |um nescent
el ement, which is long in service life in addition to high intensity

| um nance and high lumnous 9 efficiency based on |um nance froma triplet
excited state. Accordingly, the invention covers application of its concept

to a trigpl | i mtting diode, according to whi.ch concept .a carrier
carryi ngﬂgp%n agnhregﬁf%erﬁ‘ %e%{:%cﬁ"fre K%@Vg’f ‘h&?@ égrﬁ%?é%} C8PEPsto qfeaugﬁfet he
nunmber ofanspbingders, lnalindckntdais, aill adedyon ﬁalﬁﬁbﬂingrlhyér.omﬁpé)&&t%&ate
nmovenents of a carrier. Wll, the inventors of the present application have
t hought With gRenogy (b mdivin iy oxge KEseEer belewatorsddTO") A it bke)nipwerriadt s of
a carri e.. i . bl nt er f 4 FLI St of
he meonasf EnctRALES chimbel RS Aified 38 ABIGUL I WRAERI lab indBhS ¢

or ganix vactenf @omspheln ioragpanitaviderpoyndradigtemn Chmnaiver oo glaavie carlode snefacant

el enent is mal ].y .conpos of afilmin an r phous_state, whic

ot ecul cSpaolr i WHED i et dd Bl &0 Quaien ok RE ol AInBIRRAIE f or ce
mai nly has@dioanindi pelteadhditl @ambbt GruGkl, QR -ordWBVBEm re)RILIS4 Ty eR08f aRat e of
mol ecules is used to forma hetero  structure (lam nated structure), it is

possi bl damineted siruatyracts holmbransporting gsen ie shbiceief de dsposiion & 2 fepasiioar o
Struct urg,gier ?ﬁ@ﬂ%hé’ hﬂlflifnga?éeﬁglag&i ﬂhifete%ro?d}g?lﬁ:hhd}n%%c? Vel andl ﬁﬁe an& in
nmol ecul ar "configdration. 1n parttcular, in the tasé ere materrals
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conposed of large nolecules 2102 are |am nated together. In this case,
regi ons lpminpsesnt element robfaipgthment are produced on an organic interface

2113 fornmed. gk, 0sSl.pl-e t egi 3 ' i
al i gnment shov%}]&ﬁﬁinﬁ&“& : @f? ée%g%lteﬁg aﬁsgzrlrra}lle}(r-:‘hé{soég fgdrgéreeﬁlérltglﬁpg?@rdrglher 81{ E)hrc
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obstacle toward further .reduction. of drive,voltage. Al's arrier, which
Comnat gepbar Sy Ehay RS i Corbtfa byt BT kit o (6 ety
i nduce lﬁﬁ@y%iseﬂcd esictd Wall R@BQAUSEther. N | UM nescence. The ot her of the

mechani sns i s zglhoug t of, whichis clgene_r_at ed in the process of

though an interior of the deposition apparatus is usually depressurized to

around 10™ to 10° Pa, a trace of gas components (oxygen, water and so on) is present. In

20 the case of such degree of vacuum, it is said that even a trace of gas components will

easily form an adsorption layer, amounting to about a single molecule layer, in several
seconds.

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

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

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

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

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

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

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

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

the first and second layers.
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formng a lam nated structure (that is, organic interfaces). Fromthe view
point of 30 blocking of a carrier and functional separation, an organic
| um nescent el enent of |am nated structure is usually manufactured with the
use of a nulti-chanber type (in-line type) deposition apparatus as shown

in Fig. 22 in : 0} ] | Loe - [ -of
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layers ang,Searrdtyedbeitd W aFPSBg?C ARRENE er YAk Epg&qgé'ﬂ BwkBd B6thQectbdtde

deposition apparatus 1s usually depressurized around 10" to 10-5 Pa, a

t r ace 186f hgabeworeporied (kitqratayy BnShigekidV A Kazubish SEHNY@sEneyuki PKADA he
f h. d f ! id th . .
conponentrithf PRUSEGAWKH BhedoFaStinar AR RdoRE RSl Bvices

si ngl e nufseguheviiseYSinglen_BeyeIapancsetonrdsl oAdpplie Rbysics, (Volt3% NaseBaher e
t he apparatus _shown in Fig. 22 is used to nanufacture an organic
| uni nescédt 7&Lddént19%)a 'ami nated structure, it is problematic

In Literature 9, a single-layered structure is formed by mixing 4, 4'-bis

20 [N-(3-methylphenyl)-N-phenyl-amino]-biphenyl (referred below to as "TPD"), which is
of hole transporting quality, and Alqs, 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 cathode are frequently passed to opposed
electrodes without recombination. Since the 1anﬁnated 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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25 that large intervals are generated while the respective |ayers are
formed. That is, there is a fear that an adsorption |layer (referred bel ow
to as "inpurity layer") caused by a trace of gas conponents woul d be
formed during intervals in the course of formation of the respective

| ayers, §n- |.C h i of -1 hr ough t econd. .
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first ang second | aye 11 I'mpurity layers fornmed between respecti
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(wor seni ng rphol ogy of organic Interfaces and formation o urity
| ayer¥) amslthedfuattionmd redizetien nepossiiedindikgdng discloseref gicbyerature i7s Figfifi r ed

that both the el enent structure and the 10 manufacturing process be free
from con PﬁsitB?‘l‘é‘i’nchteqf’é?Htée%&?)OV%m nated structure. As an exanple of an

organi ¢ | un negceipt 28| RBRRAEd id 5O BYMRICEMEERARISydr PUOB kagpssalr e twoaTRLt el y
renoved, an organic |um nescent elenment, in which only a single |ayer
conposedolomatsripls inckwdiagus Bolsfrapspytiag mpatpEd And Mg petf Y framspartnearatriakt r on
transport.i DAL, 8802 r Y Al Ver a)eil

provi ded£ IJB%% V\O/elen ﬁﬁoﬁlmeﬁ( %ggcﬁlo%@g,&ggﬁ%%iggggﬂle?{eﬁo (t?rg Li trliea‘rﬂil’a@tﬁterﬂ)éctsgo:ﬁl

Shi geki txAispprtitaz dgica28M KiGpodddr oy aik icldOaDAransprtiog hateNplAGANVe emxkdKazuo
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(1994)) . arknmidctieogttee While a9l f@kie-14ageiestosided Wnus Gubstrdt© 0L, Bytevirad ng 4,
o " ToDrSiche away be 2ddprea in which & Chthode 2404 12 FRoviad oh' e SubSiardt "
as " TPD'Struciife dHay de adopted, “in” whic p

addition, with such element, a definite layer structure such as a hole transporting layer is

20 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

25 carrier recombines in the mixed region 2407 for luminance. That is, unlike the single
mixed layer disclosed in Literature 9, regions capable of exhibiting respective functions
are present in the organic compound layer 2403.

Further, with the element shown in Fig. 24, the functional realization is possible
but there is present no organic interface in a conventional laminated structure. Also,

30 quenching can be prevented by separating the luminescent region from the both
electrodes as far as possible. Accordingly, it is possible to solve the problems
(worsening of morphology of organic interfaces aﬁd 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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of hole transporting quality, and Alga, which is of electron transporting
quality, at the ratio of 1:4. However, in conparing the single-Ilayered
structure with a lamnated structure (that is, a hetero structure forned
wi th organic interfaces conposed of TPD and Al g3), it is denonstrated that
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| ayer defom Bigd 26 nndtionéy thewrgaric imbidaces 2113 adves on Fige 2é, utalgor theiregdnd n an
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functi ongﬂgg?féﬂpeélgrgﬁg%‘?ng%mrﬁozlpméﬁmanode, whi ch functions as hol e
transporting, Aldop0i QRLARAN t@ foahhade of Wity URghs ORS siagple! Art klar. In
transporting, and a 12 |um nescent region distant from both el ectrodes
(that i smagufashiisg thmersanic wiamipgseent lememis 8y i ier34 @ hake tmpgperting

em sST ONyjaferldflis TEBULIATOE VAN MORD AY GRBIGn | BSPEARESmAkRal 1 ARYGEnaly NCC
the entire organi c conpoun ayer ‘functions as | um nescent layer, It 1is
possi b0 ed¢puaited Halfgley smithes fomarofanodeEpesitionde. fokm a mesd tegiop emch aftsr

caused i p energy transfer.to el ect.rode. .In this manner, taking into
consi der BFBHOR o e BOER ey GEafiapar i ut CamRnrare mHEsH Y e
fully, thephévendms @pokifibn RE @kLabctaRPlrhiGpbitig Ma¢ald e\ts@itholy, Wadte tage
realize an organi ¢ |lum nescent elenent, in which any organic 1 nterfaces are

removed DOHRASSEREHIVRLS) WRICh A e BRReT#PY HHUSIAY the deReHHOR APIErgfus ahqwen fnokiged as
a lum ne ' Q tihe; [ r 12 RNl glgﬁﬂ' l'i ke
t he di sc?%gﬁtrme;{ng Cﬁ??eaﬂla?rg%gc}pﬁgl{%%f S némzﬁz'%tﬁg’ concesp[tﬁ) SCI}JIQBZJHgbOVG.
In Fi§5 imapowef aedimpurigniageryani ¢ conpound | ayer 2403 conposed of two

A e e CAT R P S
hol e tr apge @ikl RGmAGLE OF algandintdreety, G0 tAf théwRseY of Nearfieghesmdddfand
conposed of an electron transporting material, and _a m xed region 2407, in
whi ch a hfeenq idirssontirerpemit &Hyeavolteed 28 SeIVECHHE 9T {hariemERt FHEDFRilErs al

is no problem in luminescent efficiency by virtue of involving the functional separation

20 like the laminated structure.

- Also, a conventional laminated structure is of simple hetero-junction between
different substances, while the structure according to the invention 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
Iumiﬁcscent 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 between the hole transporting

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

material and the electron transporting material.
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are m xed together. Wiile an anode 2402 is provided on a substrate 2401, a
reverse structure may be adopted, in which a cathode 2404 is provided on
the substrate. In addition, with such elenent, a definite |ayer structure
such as a hole transporting layer is 20 not fornmed, and so the term

"region” repre@emcllaan easi e GHhQld %h&%ﬁ‘% iy the £agsg. %E&n%j%g%sloﬁ' enment

is formed, the hole transporting material can Tecdive and carr es on
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That is, unlike the single mxed |ayer disc|losed in therature 9, regions
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| ayers) caused at the above-nenti oned organic interfaces i rst

expl dfatt HRCQiNEYS r@@w;nmtﬁ of a cawsioy &raphelegispdssrip wEgavic ermphordeyerofand 5a
or gani C ;i fo@étfv%‘iﬁ%hwlﬁ c‘éﬁrﬁl}@ﬁoﬁ gzﬂ'fgcsz.%ov@v f@ﬁgégﬁ}r’%s%f Qéoqé’lﬂg .
I e n"Fg. 24 an gi on

| um nescent el yp| rrses ar
2511 conposkdveinesnnahdd fnmh:ﬁmml eé 32150ﬂ:nplaitye13§zem,_ 2612 pce:fanabssed) gferfoange

nmol ecul es 25Q2, d a.m 2513 cont i ng bot. mal |

ol ccul SEPES0T Ao iBlsr ity BENTSEE WEgBoPACVEJUPE T 81T GRS, OFE8Ticnot
only the&oﬁlr%)ggﬂd[[@1 yeRt erfaces 2113 shown in Fig. 21, but also the regions
2114 of inferior alignnent are not present. Also, a solution to formation
of ifPurity | dErepans d Hiplnsefsradle | i@atermsn of nﬁ@fﬂﬁ’a&%ﬂqcﬁgcw’@loicgafﬁrfé

| um nes i 4 h i

deposi T SqieAaa0E fraEnS 10 ifed xlpiofafbr Qb RORPONS hER DBERE) | %10
deposi t exhttxdd]f anslythie reld:du@nftmrspmftmgadapusl tsicin tltao ticohote aranspatng elgatexml and

after of the m xed region, S|t|on of the hole.tran rting
ot or | 2B CRe RS PP e, TRBIPTG FEiRer Gl BOHGHL AHEN ¢ | ng
mat er i alincréee9ieividl ¥ cathD&E €rodf 8n anode. Also, it is desired in the invention that the
20 mixed region have- a thickness of 10 nm or more since it is also a carrier recombination
region.
Also, the invention covers a structure, as shown in Fig. 26A, in which an organic
compound layer 2603 provides therein a hole transporting region 2605 composed of a
hole transporting material, an electron transporting region 2606 composed of an electron
25 transporting material, and a mixed region 2607, in which the hole transporting material
and the electron transporting material are mixed together, and a luminescent material
2608 for luminance is added as a dopant to the mixed region 2607. In addition, while an
anode 2602 is provided on a substrate 2601, a reverse structure may be adopted, in which
a cathode 2604 is provided on the substrate. Also, a hole injecting 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 expcctcd. It can be said that one of

the features is that the luminescent color can be controlled by the luminescent material
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not present intervals, which are generated in using the deposition

apparatus shown in Fig. 22 to manufacture an organic |um nescent el enent.
That is, there is no opportunity for 15 formation of any inpurity |ayers.
In this manner, the organic |um nescent el enent according to the invention
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t ti terial, 14 In addition wth the, struct hown in Fig. 24,
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both the hol e WhesChenglotkigp Omateiall 2608 el akiedoto i) edtidgegioni 2607ale be

: zlsg::t ?ﬂr&c%:gp:[@giiéql% zceil%pc%rl or]fccearrtier}%nqgé.renigigd 1%Cg§olnn?6d:gaig ee%h:%llce rangld?sci}egs?gn

of molecule excitons is prevented, so that a high luminescent efficiency can be expected.
20 In this case, however, it is preferable that the blocking material be maximum in
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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material for reducing a carrier filling barrier fromelectrodes to organic

conpound |l ayers, 10 it snpot hens novenents of a carrier fromelectrodes to
organi ¢ conpound layers, and so is effective in elimnating accumnul ati on of
charges. However, for the purpose of avoiding the above-nentioned
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carrier reco In 1 on regil on. So, the In Nnt1on covers a structure, as
shown i nasFl'tgiple? BAmineascerti mhteainl"prigamsed ax drep bumidedcayte maPGG8 JH08varde the

therein qQle tran tin i on 2605, conposed of a hole transporting
mat er i all?alf’aﬁ“%}*’é‘&eﬁ’!agggdgrbafn%ﬁ%ﬁgf&Gsﬁ@ﬁiﬂgﬁ"2606 conposed of an electron 25
transporting n&itREq Rty adnmplés #fdbledBt MAndBbihre Will BOEdtrbbE ih@kGucture
transporting material “and the electron transporting material are m xed

t oget Herinvelvingathe ndiitioncefrihe duminepeant negergl fag shoyniln digse 204 addiad-d82a
dopant t t&% %@?& fq%gf%ﬁﬁﬁgﬂ In addition, while an anode 2602 is

. hows e . . .
provi dea&o a substrate , a reverse structure may be adopted, in which
a cat hode 2604wiith dar«dsmeedshowntihdFig 2y pratided bl siogrganihebmpbmydebtyeng7(Begi on

and an electron 30 injecting regi.on nay be provi ded bet ween. el ect d
or gani ¢ YEHPBREL l’%"ﬁ:éFE;é‘.SPQKlﬂgg I{lﬂg}l{l’ltﬁﬁdnékelﬁﬁﬁemh&%%oéﬁmgz 1 agegﬁilgfietez ? Ee

m xed ret%ﬁﬁoé,ﬁ%?reéi&? 2704 RBETRSH JRhehbR! 1REGHrliARPSaRHERT i lectf t hat
the reconbihation etfficiency is enhanced and a high | um nescent efficiency
can bkb exasporidg legiopa?/Mecempesetheft amglechpn LE4ISPIEAL UpHSipls apf 4 mixes

| um nescent c an ntroll . ], N JBLeni . 2608.
In this Cak® , ak@fwel\%leﬁh?% %i?es hp());t:)éeft %gsél%%%h?ﬁg%tgmﬁleg?%%ﬂ%esceﬁtﬂ ﬂ%?s %’lﬁé © 2608
be mi nimw@Yah agX Giiked itogetherengy eorang reepod nddunorsainh edatenalt AR0Srifoed

it or | al BIUBHCEAS G, Bh A G TG ™ B RECEET ‘FHghoRTTErBin ( he
bot h el egl109982 &Sprb?de@n a substrate 2701, a reverse structure may be adopted, in which
20 a cathode 2704 is provided on.the substrate.
In addition, Fig. 28 shéws a concentration profile in the case where the ratio of
concentration of a hole transporting material and an electron transporting material in the
mixed region is x:y.
In the case where such element is formed, the hole transporting material can
25 receive and carry holes on an anode side and the electron transporting material can
receive and carry electrons on a cathode side. Further, since the mixed region 2707 is
bipolar-natured, both holes and electrons can move in the mixed region 2707. Also,
owing to the certain ratio x:y in the mixed region 2707, manufacture is easy.
Here, it is essential that the luminescent region containing the luminescent
30 material is formed in the mixed region 2707. That is, addition of the luminescent material
to the mixed region 2707 prevents a carrier from passing in the mixed region without
recombination, and at the éame 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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5 possible. Accordingly, a region where the |um nescent material is doped
is not an entire region in the m xed region but may be a part (in
particular, a central part) of the mxed region. Further, the invention
covers a structure, as shown in Fig. 26B, in which an organic conpound
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he. bl ooty nctgredre sife FEPafnEant ST u e A RE TR OBRENE @t ata 1"

r econbi ngidraeuigf fatic] enCy lwhinesdent edgiod) Wwikleh 1§ pedideegh ofie 264 degicanhansed
and dispersion_ of nolecule excitons is prevented, so that a high
| um nescekbickpipmineprept Baierighadapisddp paesepidumipapgs 1§ agde®, however, it is

preferable t hatlntaﬁﬁlitmngcfﬂ(isgllﬂ'ﬁﬁﬁllﬁ% itlﬁ% tH@jlﬁ‘H%lEéEém hﬁter%l(@ Elﬁ%llil O GO

| evel anong materials cont e m xed region 2607. Al'so, since the
bl ockilly emetgyr askcompared vyitk dbe frofau matsponisng maldrat lkand nibe eledimhesanspoding

el ectrons, it. s t.i destroys. a carrier bal ance.in the m xed regi on when
doped ovBFeerifle TBds FE t RUBOS e 2 RaE SIARRERY e An FISIBIF SHEPEt he

bl ocki ng mat er i &so] with @pestnPurk Showh iR FiLM| b Boledidjefing Fedifiecdthp@dd bedi on
but may be a part (in particular, end part) of the mxed region, In

addi t i on,maisrial frsrethapeng g fllngequalisy ©fiheles gefepred belpw (ifriase Pokninjeriingr i al
2608 is ml | S; i i gur.at.i i i i it h
that in Aroc phay, b EnbRebh Lo B ATREERRC PO AR Pl o
bl ockilig adecatont injedting tegiimesmpnted30f matmatdral B668hamsinpdefiBingzi quaing [of

e TR LA R oo B o
Fig. 26B.caMo¥0,andpi¢ bahicOfbr@bountidaydiyBikthebdtd the heledhjekii@hteoedt hid Mg
di odes can provide a hjghly functional |um nescent el enent, which is |ong
in servi Glequopdnigeling ieERNJBAY PG Hserie.
In this case, since the hole injecting material or electron injecting material is a
20 material for reducing a barrier of carrier 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 is substantially determined in a mixed region depending
upon its mixiﬂg ratio. Accordingly, a luminescent material may be added over the entire
mixed region (Fig. 29A), but may be added to a part of the mixed region (Fig. 29B). In
30 addition, the reference numerals in Fig. 27 are referred to in Figs. 29A and 29B.
Further, the invention covers a structure, as shown in Fig. 30A, in which an
organic compound layer 2703 provides therein a hole transporting region 2705 composed

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

electron transporting material, and a mixed region 2707, in which the hole transporting
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that disclosed in Literature 8 in addition to high intensity |um nance and
hi gh | um nous efficiency based on um nance froma triplet excited state.
In addition, since triplet nolecule excitons are large in diffusion |ength
as conpared with singlet nolecule excitons, it is preferable that a

bl ockin tari be i i i L egi h 1S, ted with
r ef erengrégl %ﬁF?rgi. t%ﬁle%frﬁgﬁ%ﬂéggﬁp g&‘m ttaﬁglta mggngl%légt?éﬁg&é%%h%f% t%f w@%ﬁvgrti ng
triplet lexbicsesht enesriy is addad) ami nblocking medtenial @T0H & wldet vo thesmixedirpdiot

| um nescent materjal”) bhe used as Jum nescent nmateri al 08 and the
bl ocki et G OF PN BBOY e HdsataDnds JHRBCET 1B, = SUBSEYRGHDRy = GXERPI os
sui tabl %tﬁlgﬁréfﬁﬁyfb%%%@dyﬂd Whie LeSEsdPED4I B proalddISh tieSsubdartNM@bYhNg t he
addition of the lum nescent material as shown in Figs. 26A and 26B. Fig.

27 shéwhobu dijeesingneagions andi enuelectray injcetinge ragimm mayhbavprovided getwezn theovi ded
in an or er 278§Pmcontaining a hole transporting materi al
|

aniﬁ cqfﬁgund l a y

and an &SEULPHANY PEASHEH TRPNE 4l are a hole transporting region 2705
Cormoseg 82 a [hahie cggeagtsp@fetf}aﬂaglermmenhb dlockaiy Iabieﬁalrmmmlntmams amitatmgd
regi on 27 conposed of an electron transporting rigl, and a. m xe

regi on ZPOEY IFYELICEE MHEMSIceNPEASP SRt M&%@gwfﬁﬁaﬁﬁ Herhearaing bk
transporg,} Qg Mligg%iﬁg Lty & e‘r&gﬁ{#&'gﬁ?&gioﬁ &gﬁ&l@blﬂe le@tifons@Whed the

| um nescent mater 708 for um na s added to the m xed region 2707
to f dOmblodkimg masciah270% i ohied Withemared wavne 7070 the] recqynbinpiden cBisiecy

2704 | & Brauiadn e empacrardb Crfahied BRBLERy Jptflergtod Rt hode

concent ﬂ)%tﬂrgﬂzrﬁéd?fsb|tEatianhiFBQulﬁaﬁ§cdfq1ﬂ@ffﬁ:iédw dadthieexptcted.CoRBtar Adih@nthef a
hol e transporting nmaterial and an el ectron transpor%in? material in the
m xed r &dedking gnateyjal jn, maRy a8 THARKES si9c Rlosk ePRen P | hOIgSoRRE FletTRBS N e
trans porsbin%an{é%%é&(g)s LAicARhIdRESh ik ARLAGaEEY WiehGadaNARe RRGAESide and
the el ectron transporting nmaterial can receive and carry electrons on a
cat hddie regide. AEcortingty, asicgivm, thevhidhxthe blegjiing nRFQl jis addidpds net smewited,

bot h hol es and el ectrons can.npve. ip.the. n,xe egion 2707. Also, owng to
t he certr‘églﬂni’%medm%?@rﬁghontc?ﬁ I?T?Q%Iaoftehﬁir%r’fc ﬁ#?imanuf acture is easy. Here,

it is essenti ahiséhauall{effetivefiaba bldck@igomarpiat & ainngerddiewhiohi indeweint 30
TSR RO C T I RN W N AT
passi ng f fefilieo XRHodef9HO Pathb:l RO region, to which a luminescent material 2708 is

20 added, is useful as shown in Fig. 30B.

Further, application of a triplet light emitting material as a luminescent material
added to such element structure can provide a highly functional luminescent element,
which is long in service life in addition to high intensity luminance and high luminous
efficiency based on luminance from a triplet excited state. In addition, since triplet

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

Hereupon, since the above-mentioned mixed region composed of the hole
transporting material and the electron transporting material is required to be of
bipolar-natured, it is preferable that the ratio of mass of the hole transporting material to

30 total mass of the hole transporting material and the electron transporting material in the
mixed region be 10 % or more and 90 % or less. However, the ratio is believed to vary
widely depending upon a combination of materials.

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

electron transporting material contains a luminescent region, that is, a carrier
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reconbi nati on, and at the sane tinme keeps the | um nescent region away from
the electrodes to prevent quenching caused by the el ectrodes. Accordingly,
the invention provides a |um nescent device conprising an organic 17

| um nescent el enment conprising an anode, a cathode, and an organi ¢ conpound

RN e A R e T

conpound F'egi on“conpose ol e

t ransporgipags BRtRIdordingldNit i€ Hesled Ohat thQ BERAT fegh liRgiaohickasgased ah can
el ectron transporting material, a mxed 5 regi on provided between the hole
t r ans pormoisg Ay teling ator epnsilerrtion Jhat 3 A5 ifr Vhich beeymeh DIRH -THHES i ng

the ol Gb ANR0MLhENG iTBESHdiTha N HRLERL! 00100 ARRRRLI ng material at a

particular ratro, um nescent regl on, I's provided in the m xed
regi os and t o Awnnitieseenkt daviogsekdoh ismter imbrive apltayt 4nd Ipngsantseivigei lifance i s
added. Ip addition, it is preferable.that, t.he | um pescent material is small
"0 exci (R BRTION 6752 b5 ISP BGHE e AL T SragBPL T e &P o
and the &l &6¢ LBPLddANSRRML isNBwef Bl Béwél conblin®tibs ah@ mdrbalupallp @B Bf the
preventing energy transfer in nolecule excitons. Also, with the structure
shown i rprivirgrt, ean beprawided iwhice stanpfpciuses] nthe yspokagh pmipescent deviiea- f or
enhancing a filling quality of holes (referred belowto as "hole injecting

material") nmay be inserted between an anode and an organi c compound | ayer.
Al s0,10arBrlé mdsesipticmof th Setdraigvieegibbthedmapasesd of a material for enhancing

a filling qualjty of e|lectrans (referred bel.o 0. as.."electron injecting
material ™) ma 15% %@@rﬁaf%"é?%éfﬁ“’a“g Bﬁtrﬂgd’(g aﬁ‘?ﬁf PiEBE §3KF ¢ conpound

| ayer. Furtherg;sbptsh §i8& shol ol ddh&sitiafion bREicE. and the el ectron injecting
region may be inserted. In this case, since the hole injecting material or

el ectron i nj edtignyisrratievishpwing cencergratigm eradignts or reduci ng a barrier of
carrier filli ng f‘{ am ﬂgg%hggﬂ1%sco Jo agg.{lfg&d?e%g)ound | ayers, it snpot hens
a e rom e 0 i

novenent s of arrier ectrodes rgani ¢ conpound | ayers, and so
is efffecti ve iTiges isnd viewishgwagahestnaturenf afi ogdaarcdestindsicame vlement.or t he

rpose of avoiding the above-pentioned_ formatiaon of any j ity layers,
P;J Ps pr ef erav llé'ééﬁga Y)‘gY’ngPW}/’@etE%ginlﬁ%brﬁ ot ﬁfﬁ?{licﬂﬂlﬁ’é?e\??ﬁ% ekg:[%\%ianyt hey

respective filfibngidWBiewisBbwirbe bigcturdDf ah 0aRnk loaRel cleaats. Al so, a
part (substantially centrally positioned as it becones of bipol ar-natured)

for reconbi natFignd tfa viewshpwing the stsugbere f £ SIEapcIEmEIsIFs glemenh i xed

regi on dependi ﬁg 9 is a view showing the structure of an organic luminescent element.
20 Fig. 10 is a view showing the structure of an organic lJuminescent element.
Fig. 11 is a view showing a deposition apparatus.
Figs. 12A and 12B are views showing the sectional construction of a
luminescent device.
Figs. 13A and 13B are views showing the top surface construction and sectional
25 construction of a luminescent device.
Figs. 14A to 14C are views showing the top surface construction and sectional
construction of a luminescent device,
Figs. 15A and 15B are views showing the configuration of a luminescent device.
Figs. 16A and 16B are views showing the configuration of a luminescent device.
30 Figs. 17A to 17F are views showing concrete examples of electric appliances.
Figs. 18A and 18B are views showing concrete examples of electric appliances.
Figs. 19A and 19B are views showing energy band diagrams.
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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upon its mxing ratio. Accordingly, a lum nescent material may be added
over the entire mxed region (Fig. 29A), but nay be added to a part of the
m xed region (Fig. 29B). In 30 addition, the reference nunerals in Fig. 27
are referred to in Figs. 29A and 29B. Further, the invention covers a

structure, as Pﬁé}oignlﬁiar\'zie':i %ov%gggtcf;eﬁosmnce{bgﬁﬂwm gani ¢ conpound | ayer 2703

provi des thereéi ol'e"transp g regi 05 conposed of a hole
transporting rmg.e3 igh,viensisvaag tiefotmaispadraniimgurigdapsn. 2706 conposed of an
el ectron transporting material, and a m xed regi.on 2707, in which the hole

i
transporting P18 2fdf /i showing the Suslurs oAt Qrarn BIRIPR RERePFHl are i xed

t oget her, and d; LGRy Nal=tTetcls] L&k ol and a bl ocki ng
mat erial 2709 Fltlg %ggglﬁs%ﬂghgi xed %gg?%ﬁfgb%ggl%&p.@ﬂﬂggg?fl on, while an
anode 52702 i s Figoitdednd36B malyitwastowiiag the sirpatwrerafean grganictluménasegntbe
adopted, ,in which a cathode 2704 is provided on the substrate. Also, a 5
hol e injeé%‘?f?“rtrg region and an el ectron injecting region may be provided
between the gligci7igdeidinghdwiag eidiicture OMIOsHaehit Aydinesdent diinéntcase, it is
preferable that the blocking material be maxi mumin excitation energy

| evel anpng mdtigratas ¢ viomskavhiag aicAnemEalPke@iiegi on 2707 and be one having
the Tunct) on rbs DRCELNGoB SBVILR siRiwiRE THENH G HIORLORER AmiABLaRU] ©

exci tons. Wen cking materi a 709 Is added to the m xed region
2707,10t kemexdonbi nation efficiency of carrier in the mxed region 2707 is

h d d di. ' I I ' b .
i g | um noscai clPt anaalp Bay o sinoaedlt sEfar SLEER-TRmigeul g

mat er i aleldpflegi®ny cases functions to bl ock one of holes and electrons, it
soneti nes destroys a carrier balance in the nixed regi on when added to the
entire mxed Hg§SdAcwd AT JioNg POVEEBYAPEHUCE GPRITEH t he bl ocki ng

material is achgsdszksanﬁ%ZBZziﬂggWsrsﬁo P.%g;ef okifioh REpd¥hrged region but is a

part of the mi'x&d region. , usua ective for the blocking materi al
i's alfaterial ,Figdii3cih aiview shwwing thO¥Dcluey of an erganicilgminesceohglamert. of bl ocki ng

hol es. Accordingly,. a way (o add a b].ockin erial t.o a _cathode side
rather than a lprlg'g%o’ﬁ a Vt‘%”x\ﬁ#\?‘ﬁwgéhq ?fﬁllﬁréai(?%%tmﬁ‘%%?é %‘unﬁlﬁfgeiﬁs&evfg' added, is
useful as showmpi3s kiaGriew QRowinglthd)@ctiond pbhstaitiionofd lumihéscphtateviceght
emtting material as a | um nescent material _added to such ele

structure can igbdpadodohi GrNMEwsEEYIngas confrRuritaaia lamdmscrot c‘(rxlﬂtzﬁ'ch is
: 3”m9n1)3359““ G8g )47 8 a'VieR U inttnk QirBhiOfnidiignsi ty | um nance and hi gh
20
Detailed Description of the Invention
Embodiments of the invention will be described below. In addition, at least one
+ of an anode and a cathode in an organic luminescent element may be transparent
sufficiently to take out luminescence, while the embodiment will be described with
25 respect to an element structure, in which a transparent anode is formed on a substrate and
luminescence is taken out from the anode. Actually, a structure, in which luminescence is
taken out from a cathode ‘and a structufe, in which light is taken out from a side opposite
to the substrate, are applicable.
First, an explanation will be given to an embodiment of an organic luminescent
30 element formed with a hole transporting mixed layer with reference to Fig. 5. In Fig. 5,
there is shown a structure, in which a hole transporting mixed layer 503, a luminescent
layer 504, an electron transporting layer 505, and a cathode 506 are laminated on a

substrate 501 having an anode 502. In addition, it is possible that the luminescent layer

504 is not inserted, but the hole transporting mixed layer 503 or the electron transporting
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efficiency based on lumnance froma triplet excited state. In addition,
since triplet 25 nolecule excitons are large in diffusion |ength as
conpared with singlet nolecule excitons, it is preferable that a bl ocking
materi al be contained in the m xed region. Hereupon, since the

above- mﬁ”ﬁf f?ésxc%qﬁ eg 181%[ fesOhnee: fhholt %n%%k@n%ﬁl%@%%éﬂ s'q%ar it fleqdl and

t he elec on transpor er is require ur ed,
it is priefemibue dffttath bhehdslaﬁm]ectmfg masmlmhdtahmldmdrepdsmagsimdsrﬁalng mat eri al
|l e transportin i.al. and the electron

to 30 total s of the h I
transporting %taélfiitéﬂﬂ the tﬂ‘ﬁ% TRPSROgH ?eﬁ‘i”&ﬁﬁlglﬁﬁe 1@30}@ E9rmsy 85 SO Bigofs | ess.

However 1wftF% dot Eélﬁraltﬁntg%dlef{te%ﬁ& r‘!cﬂ{s}éts i t@@'h)éiéjﬁxﬁ)&ﬁﬁlfz N8 ERAMA RORBIcNat i on
of mater Al'so, since the m xed regi on conposed o he hol e

trans ﬁorttansgowwgenatanala&ﬁd thlh gaseeltds mmfnrabieathslp@ﬁtm&fglmi@giradtteziairhaaﬁ s a
Iunlnesc er ation_r n

oqui s ot FitRedy Bapichy (bl GhShine B MR IMANMG" HE Y TnsuldingS

by. Accangliefigh $uch bt alumia@s iokeld it h@dd dshige Nol¥ eedtivginaietidve a thi ckness of 10
nmor nore. Also, taking into consideration that a regjon whi ch becones
bi pol ar - nat ur e¥b SP%“CHHD’gﬂﬂlq?FPP@%'P%‘E Afitlebe ptvepsoqus embgdiopeay ofpan grsghis

t hi Ckneslﬁmﬁﬁeségg (ffkrfﬂéél{t thsed whAnl éfé'@tfb?lst?ﬁ@h orBBY ini&ed MYt vitis rdfOMBEe don

drive voltage an nger 1 n service an a prior ‘'one, can be provided
by prl-aD:tlFlga gl Weg. itthereiioshdes or stheturaboy whidbuz hhier transportisigcieyer @03, a

ot Lor - artmareg ez iaen TR irant Brbacsy e TRy bRk biccent

devi ce. mﬂmﬁrtedabn Reswstraid em @fathQmSﬁ)b@lE:é’dOZ\fIlewﬂdmifonI fteis Egroayybmgslamges 1A
and 1B are views showing the role of a hole injecting |ayer.

a
Vi ew shdﬁm#@escéﬁﬁéwﬁrﬁaﬂutﬁnotg‘ﬂ%teén?@ thg-igctran ngﬂsgowwwéﬁm ‘508 or the' ©
concent rlgﬁélz gfhéxgé(?rg V\}E er. 603 ﬁke% it %T%‘hﬂa@&\éd&g Q*BQC&E&MN LeaRs ggftﬂf%' ents.

15 Fig. W ng e structure of an organic |um nesc

el emellt . mixeildayd 60S ia fwmnl byle\mmgnc loé bethr efcaruelectoin mjeatinganateritlaridrigs cent
el enent . .a Vi howi ng -the structure of an organic |um nescent
el enent Cl“ﬁ"g‘ tr@SP%rtlﬁgﬂagWaihow ng the structure of an organic |uninescent

el ement. Fi g. In%ddgtich, VheeWestiaairagspbhtgSihiéatizyed 606 iy be ganied, hdgHonascent
element. 20 Fig. 10 is a V|eM/shomnng the structure of an_ arganic
| umi nesdartieep.afisya concentration gradient, which consists of the electron injecling material
and the electron transporting material. In this case, it is preferable that the electron
20 injecting material have a steep concentration gradient (rapidly damping to anode side)
when a highly insulating material such as lithium fluoride is used as the electron
injecting material.
Subsequently, an explanation will be given to an embodiment of an organic
Juminescent element formed with a bipolar-natured mixed layer, with reference to Fig. 7.
25 In Fig. 7, there is shown a structure, in which a hole injecting layer 703, a
bipolar-natured mixed layer 704, an electron injecting layer 705, and a cathode 706 are
laminated on a substrate 701 having an anode 702. The bipolar-natured mixed layer 704
is formed by a mixture of both of a hole transporting material and an electron
transporting material.
30 In addition, the bipolar-natured mixed layer 704 may be formed, as shown in Fig.
4, with a concentration gradient, which consists of the hole transporting material and the
electron transportmg material.

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

and an electron transporting region 2406 may be successively joined by using a
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Fig. 11 is a view showing a deposition apparatus. Figs. 12A and 12B are
views showi ng the sectional construction of a |um nescent device. Figs.
13A and 13B are views showing the top surface construction and secti onal

25 construction of a |um nescent device. Figs. 14A to 14C are views show ng
the top surf.ace, construction and sectional ruction of a.lum nescent
devi ce. FTSTCTKARTL YEHIaIRIe (RESOLROMERR CHD (o6 AMoYG FaRPEHITS materia

| uni nescegitaifled iif @he nfike® redibA 200, 6B w8ing ¥ iceNGitsdewhieriiines arniiawAti on
of a lum nescent device. 30 Figs. 17A to 17F are vi ews show ng concrete
exanpl estraspertéw ragiomm gt Aprcas clacirgy trapgporiing myeridr eonjqipgm ik Rasimiged

concrete Em_rr@ f..el ri ' ' r i

show ng Srer gyh(ggnlg tgﬁaga%g’n%h%reg%g@ g%ﬁﬁ%ﬁfd&?g@%ﬂ‘z‘ﬁ &@S\g&%&oﬁdﬁéxgﬁggy
band db agamepertingFingteridil and aa eldcewn humaparting heatstial) earoteran aptigaailgyegoipound

| ayer . 0 FLg. 22 is a view show ng a depositi.on aratus. Fig. 23 is a
view sholeri i YRR EPBIRTS? toin e e Pgrn gy EFOn FghnesgeRiciogion auf Hiowi ng
the strugksiéh @hnsporicORBicn. M IUNESE NEhoBER WBNShowFindFig224,| Shle hg¥ihow ng
the state of an organic conpound |ayer. 5 Figs. 26A an _268 are Vi ews

showi ng laier may be tingeeted bearecorageanode RA40Z aed therhole thesperting ®gpn 2405) enda vi ew
showi ng t h ructure o n _organi.c_lum.nes Fi 28 i.s a view
Show ng o EisErahERy 120 FEB0LR M BIRETE BRI D a0t P heoletiBo e

st r ucl@r gaspoatmgaegani2¢0é.umi nescent 10 el ement. Figs. 30A and 30B are

vi ews showi n h tructure of _,an orgapic |um nescent _elenent,. Figs, 31A
and 31B are 8i ék@ é%ﬁﬁhﬁr“&t%%b‘-‘o%f}"?c?cgﬁp RFEY %‘.mat’l@F‘dEf.a“S‘Z“R“‘éWdlaﬁengmare

vi ews shyd pgsed tl@@BRﬂeé& 8 ndRedAliig a&%ré:ahﬁ!c IARinkScedt ¥ldN¥n® NOWnRGrthdie
structure of an organic lumnescent elenent. Fig. 34 is a view show ng the

sect i onaHersoas ergropicowitabledor ameibed ehmagedaciweing such element structure will be
described.

15 Figs. 31A and 31B are conceptional views showing a deposition apparatus. Fig.
31A is a top plan view showing the apparatus. The deposition apparatus is of a single
chamber type, in which a single vacuum chamber 3110 is installed as a deposition
chamber, and a plurality of deposition sources are provided in the vacuum vessel. And
separately received in the plurality of deposition sources are various materials of

20 different functions such as constituent materials of a hole Injecting material, hole
transporting material, electron transporting material, electron injecting material, blocking
material, lJuminescent 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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Fig. 35 is a view showi ng the sectional construction of a |um nescent
device. Figs. 36A to 36C are views show ng the configuration of a

| um nescent device. Fig. 37 is a view showing the circuit structure. 20
Det ai | ed Description of the Invention Enbodi nents of the invention wll be

describeﬁ bel ow., I,n_addition, at.leasf on f an anode and a cathode. in an
organi c i %gﬁsgg%teﬁf: g ecr}rfte{r}f pr{%%?nbémtefl{é%% pv)vgtrhene USSP TR ﬁ]tt’loi) PRI out

| um nescearbesinglei dianitee tgpdodihniiérentd ko g dBER 1(h hedsswedctio?d viewpefthet 0 an
el ement structure, in which a transparent anode is forned on_a substrate

and | unt¥E8BemAENCE 3 akeobte smphtithel dhstiationdigal B shoyssthe peeqgdare in
whi ch | upi RESERDGR dr anid %5&?02&!% 1dveR M Rick Abhade cﬁ@h@iestrre{déﬁ&ﬂﬁ'hg’mbtlgrixw ch

light is taken out oma sid pposite to the substrate, are”appli cable.
Fi r st ,5 adllé&qidanaglcdromirdnsphrtingimaerial@ 147, with ¢t wendf aofacanmathgabierc3110

| um nescent 0 elenment fornmed with a. hole transport.ing m xe yer, with
Fof ef enciving Frg Gegosfitn splPES N brrafic Partafeobhpl Sl SRl Al o
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t anspor DG S PSE b Ay & veate) PLIT By Wated Qo BRUAT PR bl A porigey hataral
concent r 31igoAndaaghueR} a3 ¢hopensll firSsidfingher BRIt S&dri HroRES iR and
the hole 5 transporting materital.-In this case, it is preferable that the
hol e i nj ¢apopiignFatedpniy {nHdvle isreaehedp A¢ Gt e atviesss! B? Hidi le atso(heaisid arhjle

danpi ng i en a highly insulating material such as al um num
oxi de i sat %ls@tgpg%lt%lﬁggi%% injecting material. Subsequently, an explanation
will e given Therasftenialithesitutet adhlbopgenedcthel shoiterdsild ftis eperednid allowmred

i th | ect tr ting m | . with to 1Q Fig. 6. |
Fo o eheeerol uahaenis vkl 1 E g R Siieded MnbreopRRag b Seroma s ooz,
a lum nepig.eamj Ao B4 a Aked @ELHP10U HRAMAY holb Grafbpedng aopedn 013, TaRd a

cathode 606 are |am nated on_a substrate 601 havi ng an anode 602. |In
addi ti Orgpqrthqrgclggggifqgﬁgxxtl%pf fRdmpurity layer between the hole transporting region

3103 and the mixed region 3104.

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 dopant have a lower excitation energy than those of a hole
transporting material and an electron transporting material contained in the mixed region
2607.

In the case where a luminescent material is to be doped, the process of

30 manufacturing an organic luminescent element is important in order to prevent formation

 of impurities. The manufacturing procedure will be described below.

Fig. 32A is a top plan view showing a deposition apparatus of single chamber
type, in which a vacuum chamber 3210 is installed as the deposition chamber and a

plurality of deposition sources are provided in the vacuum chamber. And separately
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| um nescent |ayer 604 is not inserted, but the electron transporting m xed

| ayer 605 or the hole transporting | ayer 603 takes charge of | um nescence.
The el ectron transporting 15 m xed |layer 605 is formed by a m xture of both
of an el ectron injecting material and an electron transporting material.

In addition, the,.el n transportin nixed Ja er 60 be f rned as
shown | OG0 15 0% i oL A ERRR R sPBR bR A RS THFGTERs CpISPems RoPueHe

el ect r onsudhj e¢tdongtitdeite matdrialAMetlidifg & @old Q[t]e&tt@gt%m&ﬁdlngotgatﬁﬁép%hl od N
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i njecting nmate se guently, an explanation will be given to an

embodifrent of Entherdpansition Iappammsdmmgeiueﬁetapos‘mlrrenhm%etrm sutbtrae! @Rt ur ed
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d | f
St ct ur 8 o oI oFER SRS et et intg Sbe seheydios hamar. nas o o oea
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| am nated on a substrate 701 havi ng an anode 702. The bi ar-natured m xed

| ayer 70H0 (g gdditiasd abjroughnioitshewnon Figt32Asfit is ﬂm&ilbleur)emspdc & ngfravidler i al

and an e sportl eri ddi t| n, pol ar at ured
m xed | aé&%‘g’g i e Tof r(rit%g o actéeaél h%%naITOdeF?udﬁceﬁ \}ﬁrtpﬁr 'cgﬁ;c SI on
gr adi Hhtformimg: Iancmtgsmstmnﬁﬁes‘c&ﬁ él@in@nlt aeNSEigetted o N@dpRkitioh @anthet {?‘;ﬁzuum

electron tr mat eri al . as shown in Fig. 24, a m xed region
2407, %%népgg VR Rt ZH@S eafﬁﬂn%‘h“éﬂ'@c‘t’%ﬁmt ¢hadss PR 9T e gi on

2406 ”BYSeBSrawaéiﬁﬁﬁio\ﬁeéﬁérdH& BY piéided r f&%la@tan%flat&ﬁmde"n} shditliy &f the
hol e trans orting region 2405 for a hol e transporting material = cdntai ned

in the nutdeicrielap flepagtion disdcarspdhpua lndhstsmgiemacmnecrhaatbcoﬁzﬂnenmlact ron

t 4 t d
he. nt xecftitler ROKSHheA” Pohalfly (L ofaBle e SOM A R s gt P ek s
of colfpambitstddatchedating ir @anssqiont cingnbuetaadi akenbdt AonekehlOynte @RsHABEL | Ng

material) can serve as hhree layers in the prior art, which conprise the
hole tra ﬁ%&l%ﬁ?‘& L | umi nescent region, and the electron

transporting rﬁﬁ'%lanhﬂoﬁ‘dﬂﬂlt bQ%we%l fdren rdl@&[ut%h&"‘ﬁ]ahﬂfaaugm 9 aﬁf?:l €
injecting |ayer may be inserted between an anode 2402 and tﬁe

t r ans porlipigescenyi demenfosf, thgresent invention with the use of a deposition apparatus of
such single chamber type with reference to Fig. 32B (a cross sectional view of the

20 vacuum chamber 3210). Fig. 32B shows, as a simplest example, the procedure of
forming an organic componnd layer, which consists of a hole transporting material 3221,
an electron transporting material 3222 and a luminescent material 3223, with the use of a
vacuum chamber 3210 having three deposition sources (an organic compound deposition
source a3216, an organic compound deposition source b3217, and an organic compound
25 deposition source c3218).
First, a substrate 3201 having an anode 3202 is carried into the vacuum chamber
3210 and is fixed to a fixation base 3211 (the substrate is normally rotated during
deposition). Subsequently, after the vacuum chamber 3210 is depressurizad (10'4 Pa or
lower is preferable), a vessel a3212 is heated to evaporate the hole transporting material
30 3221 and a shutter a3214 is opened for starting' of deposition after a predetermined
deposition rate (unit: [nm/s]) is reached. At this time, a vessel b3213 is also heated while
a shutter b3215 is closed. _
Thereafter, with the shutter 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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an electron injecting |layer may be inserted between a cathode 2404 and the
electron 10 transporting region 2406. Such elenent structure is enbodied
to prevent formation of an inpurity layer. In this case, the process of
manuf acturi ng an organic |lum nescent elenent is inportant. Here, an

exanpl e sui.ta od of manuf.act such el enent, structure wi ||
o Hescriieh 220bitind a T lenfihsgon T et e R GREIRO0T ERB SRR ot
deposi ti an iRpRAfyAk e bdnkeen thd Idld SakpbAMgegionV32ew a%BQM\é: ﬁﬂxéchﬁe fRPRaL us.
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conveyande a¢raiobdransparting ggsubj ect ed to 25 oxi dat i on |n a pretreatnent
chanber in the,ca he_anode i s i n,addi tion,
al t hough not sﬁg ﬁ‘(:J‘Ellt}rllgﬁFOfa tﬁ%l&{me(ﬁm raldd O(gglb? ulfac(t?ﬁr(:u‘im PARA0T et

OSSI e tO |ns

i rradiat lmne:h:aﬁbererﬂsnts dbmmwg)reﬁoasmdxeu]s uefm@eesy .médsofchefor salving hie
mat eri al s ff iﬁganl c lum ne ent | ement are Bjub] ected to
deposi t i BIPP{eE: é’r\Féé‘WlE dndhpEepseatildingg ng MateH ) Jaheraix et 9888 hed i n

t he vacum&h@ﬁ*%afﬁéérﬂe% st 5%9%55%&&1 Qﬁmfotrld@?oé@orpbﬁmeeﬁo&m Reiprpvi ded
for formation of a cat hode. ort, it is sufficient that dep05|t|on be

carried aushdwn im&isid?y end/amnmtehmm@ne g courbed of feratatiodeofitse moxerkd.
Finally, E.b% organi c | um nescent elenent is obtained after being subjected
to seali n& I'n a sealing chanber and taken out fromthe conveyance chanber
through a carr iAéyo, bharhese oAforenpd Aolatinfeoting kdgidis @i eleirondnjebenPiaptagdyr e of
manuf act ur.i ng_an org, anlci 23 |l um nescent el Snﬁﬂt of the present invention
with theltds81IGrient gpsailin gie BpIsarstEE vpsel o4t denasfion SOHERSHEPT TESRFEMIVE t h

refere ncﬁﬂin%] fia@riaBl @of @xﬁﬁ RSP P '3QBa|m Yﬁeeé%sefof"ﬂ?@msibﬁ%%&l@%ﬂ}%@ﬁng? 110) .
For the sinplicity of illu ration, gh 31B shows t eﬁﬁocedure
tragsp

form ng esgiar betwieen émmmdi%ay@d thowbio ortiigsregfona3 M3 ey ar@n@qmmrt i ng
mat eri al formation of an impurity layer can be avoided by evaporating the hole transporting
20 material 3221 without an interval from a point of time a hole injecting material is

deposited on the anode 3202.

In addition, since a concentration gradient can be formed in the
above-mentioned mixed region, reference is made to an exemplary way to form a
concentration gradient. Here, the case is described where deposition can be made with
25 vacuum deposition due to resistance heating. With respect to the way to form a
concentration gradient, in the case where correlation is established between the
evaporating temperature of a material and deposition rate (ordinarily, unit is nm/s), it is
possible to control a deposition rate with temperature control. However, organic
materials used particularly in the form of particles are normally poor in thermal
30 conduction to be liable to generate unevenness in control with temperature. Accordingly,
it is preferable to prepare two kinds of materials for formation of concentration gradient,
in separate deposition sources and to make deposition rate control making use of a
shutter (the film thickness is monitored by a crystal oscillator). Such configuration is

shown in Fig. 11.
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5 3116 and an electron transporting material 3117, with the use of a vacuum
chanber 3110 having two deposition sources (an organi c conpound deposition
source a3118 and an organic conpound deposition source b3119). First, a
substrate 3101 having an anode 3102 is carried into the vacuum chanber

3110 and is fixe af| 1 t i

rotated duri ngf§1 ?Bg’t glepom ti lhl?ﬂloga%@}a%ée%‘t Fé/l,}gaflt‘%? ﬁﬂﬁté‘?‘\‘}ia?ug%‘:gﬁ‘l’i Ser 3110
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while a shutter b3115 is closed. 15 Thereafter, with the shutter a3114

opened 1Ha (HssubsiateB nosnally miedduting dgposiionan el ectron transporting

material 3117 uol p { i 31B)
and to forma %’%(Sggu 81 %?\S%%%b Q%Qﬁﬁje‘?daoﬁﬁg ?&lélﬁgrs]asg{)ﬁtt?%gwﬂé"igo%la(g’%l?,
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to form &S8O é‘ﬁgr EAPPsEAsHolbhei e #@gﬁmm Enelffﬁ ﬁﬁuﬁtéwafmsa sgppe

the shutdigimRr3bi41d sec \9§§QH te‘Pech%hWkdiﬁf)&nﬂg%éteﬁaloillt’fhﬁ NS §iglul@Rdok3l Th' S
operation elimnates formation of an inpurrty |ayer between the mi er

r egi 010m@mdaﬁhﬂe@ﬁélﬂétbbltlﬁoﬁclprﬁ%sport| ng region. Further, there is a way

o dope a | U ARSE R oP SRl i 265 FeR0I0N RO cerfRcs B[l 204

to nake the sa T Ui hesda i'S ‘case

| um nes Cmetshﬁwftrallladl 1@9&1&@1@ clogindndnavike gatheovire Im{(sht]t&trl tan1eneggdudinan
those of a h ransporiing materjal and a?oel ectron transporti tn?o N
T

mat er i ol OTSBRY 4T HeRP I i Hpsed spegi YrfhusZem7 fomms ¢ e cherdiea
| um nescalea iR Ao7! Thi Gpbifind GRE Uostles R TRATObet BAnIBIHEAGUHAE: an

or ganl C um nescent el enen 1S 1 erOI't er to pr event fornmation of
i mpurld |zdsll4Tm@11}ya¢igsedcth¢rmn@dp¢gioec2&B@ rwqhbs b@r@i@@éwr!féoﬁlbetwness #d 32A

5 oo SRR R IR AT R PRI Rl SRR SRR 185
pl ural i tife @fmelopaspdsitivn soa eRstrou eraﬁipnmm@ebgmm Eh(%)va“hmaftah&rﬂ)ﬁrectmmd
separat etlra)t/nspgrdtfmg region 2406 is formed while the shutter b1115 remains opened, and so an
element formed with a concentration gradient is made possible in the element structure
20 shown in Fig. 24.
In addition, this way is all applicable in the case of forming a concentration
gradient in other element structures than that shown in Fig. 24. Also, in the case where a
luminescent material is added to a bipolar-natured mixed layer or a mixed region, it is
sufficient to increase one more deposition source in Fig. 11 and to open the shutter for
25 the dopant deposition source only during the time period of doping.
| However, measures for forming a concentration gradient are not limited to the
above way.
| Hereupon, the several embodiments described above can be utilized in
combination. For example, a hole transporting mixed layer, electron transporting mixed
30 layer, and a bipolar-natured mixed layer are applied in combination. An example therefor
is shown in Fig. 8.
In an element structure shown in Fig. 8, laminated on a substrate 801 having an

anode 802 are a hole transporting mixed layer 803 composed of a hole injecting material

811 and a hole transporting material 812, a bipolar-natured mixed layer 804 composed of
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received in the plurality of deposition sources are various materials of
different functions such as constituent materials including a hole
injecting material, hole transporting material, electron transporting
material, electron injecting material, blocking material, |um nescent

Cerial _ | % . h d S
ol R R b S SRR LR RB B, sy epasf o
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transporti ng% material 3221, an electron transportin terial 3222 and a
| uni nescdff tharerraivesopsd WGYeR fffeSirsessbiely CO’{}%‘“&ER%EEH ﬁﬁ@l‘e $BPNEYE ng

Lhree depngl i 091 H GRS diaol GANfoSAMAHANIISROSIAICANs SOMEERCBRZI0. an

or gani ¢ conpou deposition source b3217, and an organic compoun 25
deposidi owvemenise@fe321®y.. First, a substrate 3201 havi ng an anode 3202 is

carried into the vacu cha r...321 nd. i i.xed.tq.a fi.xati se 3211
(the substrat egfﬂgseﬁg?'ﬂg}r fl{} efq@[%g%téodj ‘Hﬁ} .%% e etpc‘gius]ie |b8%£m§l} Z%%ﬁ%ﬁ%?ﬂ after
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20 structure is composed of a substrate 901, anode 902, hole transporting layer 903,
luminescent layer 904 formed by doping a triplet light emitting material in a host
material, blocking layer 905, electron transporting layer 906, and a cathode 907. The
blocking layer 905 is made from a blocking material, and blocks holes to enhance the
recombination efficiency of a carrier in the luminescent layer 904 and to serve to prevent
25 molecule excitons generated in the luminescent layer 904 from scattering. Also, the layer
is also a material for carrying of electron.
In the element structure shown in Fig. 9, the luminous efficiency can be further
enhanced by providing a hole injecting layer and an electron injecting layer. However, a
layer or layers are added to the five-layered structure shown in Fig. 9, resulting an
30 increase in the number of interfaces. Hereupon, the invention is applied.
That is, measures are provided, in which the hole transporting layer 903 in Fig. 9
is made a hole transporting mixed layer composed of a hole injecting material and a hole
transporting material, the luminescent layer 904 is made a bipolar-natured mixed layer

composed of a hole transporting material and a host material of the luminescent layer,
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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 forma mxed 25 region 3204 behind a hole
transporting region 3203. This operation elimnates mxing of an inpurity
| ayer between the hole transporting region 3203 and the m xed regi on 3204.
Here, a %@t yhe glectron drmapporsng |layar Bniagde @ar legtrogoanspertygdedxgdn layee
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Fig. 32B, in the case of provision of a hole injecting region between the
anode, 32¢catheged t he hol e transporting regi.on 3203 by a deposition |,

formati on of ap.i. L | ay.er ' Y. 0 i.n 2 hol e
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vacuum deposition due to resistance heating. Wth respect to the way to
forma edoeteirpsporidre griatiabi012) a hipadaceaisroghapeddayerel i epmpesed of a
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composed of the host material 1013 and a blocking material 1014, an electron
transporting mixed layer 1006 composed of the blocking material 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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possible to control a deposition rate with tenperature control. However,
organic materials used particularly in the formof particles are normally
poor in thermal 30 conduction to be liable to generate unevenness in
control with tenperature. Accordingly, it is preferable to prepare two

kinds of materjials for formation of concentration gradient, _in separate
deposi t i H3sast e dlegking matpsieb 1OEb ST Alsp 28 dhecelpgtrall rasRpTipeUBietr)).a
shutter £ ' ' ' by a crystal oscillator). Such
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m xed regi eni | Q8{. NY._snee . S0 t _when
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reaches redeterm.ned deposition rate (a rate at the tine of depQsition
of an e|§85¢8wwaﬂ¥§§rapﬂﬁa %P fiiSh h?ﬁl_ote?. CHREFUBPIES bENS iBfuluiqropodies
transppr ik NgracAgt R RNk Soff ﬁﬁé’dé’,‘ﬂhh%dl?&i&@ WiBtREviidnt 1) €SRicdSeRened,
and so an elenent forned with a concentration gradient is nade possi'ble in
t he el enwsstl. Eunthest inprganiocarhesvnds grerisgd, 2ud inclidgdyper-din Loy of slagninigmg] |
appl i cab ' ) t ratk | pent in other

el ement és’ﬁ?%@t@f?%é?i‘gﬁﬁ%%%{%s egﬂmﬁﬁ?’gigﬂg‘g.& é‘%ﬁﬁ%qg%(?{hl%gi@he case where a

| um nescent meMesi adiddlg waeltied the halebirpespartingamateeil] aiex aniaty ermiae-basqd xed
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g ' compounds (that is, one having a benzene ring-nitrogen coupling). Widely used materials

20 include, in addition to TPD described previously, its derivatives, that is, 4, 4'-bis
[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (abbreﬁation; 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 lke.

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

30 Be(Bq)3), 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 ligand, such as bis [2-(2-hydroxyphenyl)-benzoxazolato] zinc

(abbreviation; Zn(BOX),), bis [2-(2-hydroxyphenyl)-benzothiazolato] zinc (abbreviation;
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sufficient to increase one nore deposition source in Fig. 11 and to open
the shutter for 25 the dopant deposition source only during the tine
peri od of dopi ng. However, neasures for form ng a concentration gradient
are not limted to the above way. Hereupon, the several enbodinments
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the res piﬁhtunwe)xmexaﬂ Ithat:ybkfs are afmilubtntéy nesh edlsov alkali raetall qyeplsxar gich as
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of a KRAILigpind Hekearesintiveabdd expl anation will be given to an enbodi nent
in the case where an elenent, in which respectlve m xed Iﬂ)ﬁrs are

conbi ned in t has Akoblockinarpateripl theaﬁ?f?‘iee'@elﬁtépn& tB’HﬂI SXPi AL m-E TG
di ode. Nepyml Byp atnlaesof% 3 E%Ofc@éblébé&ﬁg@{h@ e Hgh [ eqécﬁsuod aggtgF gLt ng

di ode i s one’shown in as represente Iterature hat 1s, the
As the luminescent material (including ones used as dopant), various kinds of

fluorescent dyes are serviceable as well as the above-mentioned metal complexes such as

20 Algs, Al(mq) 3, Be(Bq) 2, BAlg, Zn(BOX) 3, Zn(BTZ) 2 and so on. Also, a triplet light
-emitting material is serviceable, and composed mainly of a complex, of which central
metal is platihum or iridium. Known as a triplet light emitting material are tris
(2-phenylpyridine) iridium (abbreviation; Ir(ppy) 3), 2, 3, 7, 8, 12, 13, 17,
18-octaethyl-21H, 23H-porphyrin-platinum (abbreviation; PtOEP) and so on.

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

in drive voltage and longer in life than prior ones.

30 [Embodiment 1]
In this embodiment, there is concretely illustrated an element, to which the hole
transporting mixed layer shown in Fig. 5 is applied. ‘
First, an 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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20 structure is conposed of a substrate 901, anode 902, hole transporting

| ayer 903, |um nescent |ayer 904 fornmed by doping a triplet light emtting
material in a host nmaterial, blocking |ayer 905, electron transporting

| ayer 906, and a cat hode 907 The bl ocking layer 905 is made froma

bl ocki ng_material, and bl oc hol es to enhance the recaqnbination

ef fi ci entdg- oubsequispil Y’ep“Pﬁ Q% PubPlseBicHpe | Byerialgoadapndikly Reiny e hele
prevent t?élsﬁ&ltlglg%gteﬁﬁ]c arrco@§b39@t@@rt@t&qc¢r(5&1ﬁ&leatl HE AgBCHBH &@&;109 4 rom

scattering ayer ‘is also a materi al for carrying o ectron.
| n the dosnerolstransporting nsixodvnyenS03, grhiéh hashdilinthickoess cébPingi.ency can be

further enhanced by provi Ie |n ectl a nd. an

injecting | ay% Hﬁ%v%@é?r Otgam?%@é o814 g%e %(y dglﬁéla]ﬁgu?qt?/‘igféyered
St r uctaurfgns Havihesdlof~l @am%o presidk tal lﬂﬁm@d%cerﬁ(?ayelﬁﬁﬂﬁaﬁﬁalﬂﬁ Alfeisndbpbsitedab
interfaces, Hereupon, the invention is applied. That is, neasures are

provi dech film tbmkleﬂﬁs PE40HER &0 PravRds R EICAGON HpBIPODR janer (P, a0d AlLimdles a
hol e t t d
ore tr 3(25 BEOLS W% Th x6ds Ikagﬁeﬁ ﬁgﬂ%@ﬁé&‘% Okt (RPkSesk ngﬁ&dlt g@(er 'ﬁg&e&{a pdki@nd a

hol e transporting nmater um nescent | ayer
bi pol ar -medthodad 504, xsedthh*ayes possihhadsedamﬁaaufwareotgamslpuﬂmdsngltrmd:reelitajf and a

host matehl aI1 of the ﬁ% ent h 28 and the el ectron transporting
| ayer 906'P¥ Hﬁ‘&éﬁsﬁwcﬁeﬁf FOHCY 8Tt| ng mxed |ayer conposed of an
el ectygon transporting material and an electron injecting material. The

triplet light emtting material may be doped in a portion where the host
mat eri al [BMbOAERENtdhi nescent |ayer is present. Also, it is effective as

shown i Fi 95. 1280 el Gick i MneRe GORGEAEA HARLAL RISl IPERIESHECT ] Ve

m xed | ayers. nadd rtron, i ng ayer 'S use e form
of a si rejdatrohassespdrting Emg:d lﬁyerlshowayn b. fixegpimidt h t he host material of the

| ayer may be. rhe? B eyt 4 Bfim hBkat ol o ouadie SRR AREE T

di sperssigm ith"BhRrng X Prdads dnt ah@daorsetelsabéequéalﬁ Q% NFD J&l@rﬁcgaﬁer ation
gradient so that the blocking material is high in concentration on a side

of a cdramepting aratagalais csmpsitesk tor s dilmpiicknessi ¢f SA omsitolisredy fex@mpheleof the
enbodi ng {‘atn %d@ngq%fwfn el enent with respective mxed | ayers conbined is

appl i ed Ight emtting diode. Mdrre particularly, |amnated on
a substrate 1Gﬁ&thlaavpengleaa Aanadendtoddyls fine thichotss off dfispor to pepvidexed
| ayer 1q81%1r(1:e%g31t ?ayer %64 anrglotlhgn -h%g Ieﬂl% anliaélggtlro%l trag'rg%(:)l'rtmgqnatenal and Alqs
20 being an electron injecting material, are subjected to codeposition at the deposition rate
ratio 1:1 to form an electron transporting mixed layer 605, which has a film thickness of
40 nm. Finally, 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 ipjecting region, which is composed of a hole injecting material, in the
30 organic luminescent element shown in Fig. 24.
First, a glass substrate 2401 is prepared, on which ITO is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2402. The glass substrate

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

31B. In the embodiment, four kinds of materials (of which three kinds are organic
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a hole transporting material 1012, a bipolar-natured m xed | ayer 1004
conposed of a hole transporting material 1012 and a host material 1013, a
bl ocki ng m xed | ayer 1005 conposed of the host material 1013 and a

bl ocki ng material 1014, an electron transporting m xed |ayer 1006 conposed

of the blocking material 1014 (serving also as 20 the el ectron transporting
mat eri al SPHPPHISS aakone alﬂB‘g) dh Mt orming aceathnsiehare deagsited1and sgrfpug

cat hode 1004tk s bt deRes gl?_specti ve |ayers are concentration gradients
shown in aph 1010. 1In adéi Ion, since the enbodi nent conprises a triplet

| i ght emittingFisodaPcthsbrgea hols ipjectinglathtaial imdapesitesinto a Bl Crick@e8of 2O
which a snmall .ampunt of. triplet light emittin 5 terial 10 i s doped.
The Iuri NBe B VRa off 5w €O L Pann Bl s Efen B R Pk anss ot ahlere it he
host et e¢dcatd IAd3dépgositiogNof TTuPeNGeMriahdted) dépositionwnof R-RPD béde AKRe Fi 0.
20B is a schematic view show ng% a band di agram expected in the case where
concent r FBRERPTLRG Mteil ds shastel G By deposiHenmate P. &gy becy 010, regganthwhidhe

el enent ok , : y : i i .

i ver| ay SrBATAH B e PinOM GofinRloh 46 Drivenb orfidibn S0 Mty fiver )
t ranspor tesegibed alywe, | um nescent | ayer, a blocking layer (serving also as

the electron transpqrting | ayer),, an electron.injecting layer in the
prior art. Besi“igfg,a%gié g%mquglﬂﬁ@@éﬁontPﬁFVf%fgWY Sg'ﬁ_ghe‘ﬁg‘gmﬁértpihé?’% are
presend uFilhkhic@SHEST 30 ani)idepskitidy 6f MigAbéing A c![é%&l@ﬁ%én‘éﬁ)rﬁh%%teﬂiﬁ)@r s
are successively connected by the hole transporting material 1012, host

mat er i al stapgd PO1he dappsitinn Mtedhd ma/pen whilalthg demostitsy WG 41-3F Dhgemaias

el ect ronfi&E@@fP%rﬁdl)an. "Hl,etd 3l t)xixedvyg i6f Jap7 Whe Eh%grﬁﬁb'%lwa@B"aex{EER} 59 a
carrier. ‘Final [y, enunerated bel ow are mateérial s suitabl € as constituent
mat er i al 3:1sisddrmasl bytdodepusiteon. nj ecting material, hole transporting material,

el ectron trans ti mat eri al | el ectron..injectin erial, blocking
mater! b, 1 am AQIE i TRt rIEr 24Th Fedraet AUABUETTSRR0b R0 Tk dPPRFSS fSoq
for amsorgmihdted doh BERPBNANE LARE AlGL Lokt 18 SN HepdIUEN it GBrAl & cRefron
limted to the above ones. As the hole i n}ectl ng material, porphyrin-based

conpoundaBsAOREngFgnT 8406 oY have fifre dhicliess afdOinel Guwelly, an ALLi
Ph bl oA LRI IR bt SOPED QLR YA g gy
obt ai nedlimyinegphtydlement foé grecallumoEscapce ceseltetfromclgguct i ve hi gh nol ecul ar
conpounds,
20 [Embodiment 4]
In this embodiment, there is concretely illustrated an organic luminescent
element obtained by inserting between an anode 2702 and an organic compound layer
2703, a hole injecting region, which is composed of a hole injecting material, in an
organic luminescent element shown in Fig. 29A.
25 First, a glass substrate 2701 is prepared, on which ITO is deposited to a film
thickness of about 100 nm with sputtering to form an anode 2702. The glass substrate
2701 having the anode 2702 is carried into a vacuum chamber as shown in Figs. 32A and
32B. In the embodiment, five kinds of materials (of which four kinds are organic
compounds and one kind is a metal forming a cathode) are deposited, and so five
30 deposition sources are necessary.
First, CuPc being a hole injecting material is deposited to a film thickness of 20
nm, and without an interval from a point of time when the film thickness of 20 nm is
reached and deposition of CuPc is terminated, deposition of o-NPD being a hole

transporting material is started at the deposition rate 0.3 nm/sec. The reason why the
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and i nclude pol yet hyl ene di oxyt hi ophene (abbrevi ation; PEDOT) doped with
pol ystyrene sulfonate (abbreviation; PSS), polyaniline (abbreviation,;

PAni ), pol yvinyl carbazole (abbreviation; PVK) and so on. Also, high

nol ecul ar conpounds being insul ation bodies 15 are effective in flattening
of an anode, and polyi mde (abbreviation; Pl) is frequently wused. Further,
i nor gam@?@&ﬁﬁ@dﬁ@@@ﬁ evithoad sughhéntervel Sde RIGHEY foHm#IaN ¢ihan FRPElyRTUM

oxi de ( ab@Se. el I as thin nmetal films of gold, platinumand the Iike.
Most wi ee1y useg as the hole transporting naterial are aromatic am ne-based
conmpounds (t haAftessa hoketriisponingdaparZeecompugedbf polyen-NRID[ forgled téitael y

used material s i pc| ude, i n addi t TPD escrl bed previously, .its
or 1 vat i Y63 Firiafiy dhickties; dgpbstio oriia ik Am REEHL AT PRHRCRA Bhimy
(abbr eyi gih&n;t ﬁleNﬁ@)sm@HQ‘a&t B813- PHfset &M&etheadébﬁﬁhbﬁ raf¥ H aCPPOMAfSsSUCh
as 4, 4', 4"-tris phenyl -am no)-triphenyl am ne (abbreviation;

TDATA) figedaat, 0. ﬁl‘nnt/srqcsTh{ith,(@nmdwﬂgmteZ@?) whengHboyaticaoh adyRRp raﬂéwemywam ne
(abbrevigiion. MBATALANdANEGZR | 1A, gt almoomplexes a6 Lraaue

used as 16N transSportrng mferi a inc in a nto

Al g3 de&p(d1bﬁﬁloﬂfeelwmwsizymeﬂﬁlal(pcdimettgmﬁmoityqul) mHprmn skel(eblﬁnawaabn
benzoqui nol i ne skeleton, such as tris &74 rret(r;%/ gui nol.i nol at o), al um ni um
eHEARpg

(abbr evi’dtMors afehEng )‘“mWic%Ce(‘?LGlaFF;F&I ¢ P ARIEI &?‘E)‘)'Ollfélrsﬁ’l Patym
(abbr tﬁg gzg d@q{,ﬁg 3aB@R{rL>g@d_;d .-1.gand conpl exes such as bis
y qul en

nol 1 no I'phenol at e) - al umi ni um (abbrevi ati on;
BAI q) and t he Aftekthe mlmj regmn@@h@anmsa flbnrfblcm@g Ar¥) oneslepesitionyisa

t hi le-b | ez b

5 Coonyaraagtden S snd Rof ARt hnals: PRl BEHtoSRl R foym 4 ¢
[2-(2- hydlé@x)@fnhﬁﬁpbﬁm@eeg@hmaaodvaicﬁ]haz larfilm( thidknessi eft400mm. Fﬁ@ll%m@%ﬁx 2)
and the |ike. Further, there are, addition to metal con‘g exes,

oxadl az ALY 1adepesiied e a gt Figkness ?Batﬂ?“ﬁﬂéﬂ)ﬂf@/ Ry asathpde 40 PORHR 91 BREAIA ) - 1,
4 Oxa azgﬁzﬂb&t e(e%élﬂ'f Sf’i'eatlhlﬂfhes‘?e%@ restiteBBinSDEM p- t ert - but yl phenyl ) -1, 3,

benzene (abbreviation; OXD-7) and the |iKke, trlazole
derlvat!ves such as 5 5-(4-biphenylyl)-3- (4 tert-butyl phenyl) -4-phenyl -

gi(j-}oi“ ﬁéﬁﬁﬂ%dfrﬁé}gﬁm?;?%ugﬁa hen | ) - 4- (4-ethyl phenyl -1, 2, 4-triazole
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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 Alqs
being an electron transporting material is started at the deposition rate 0.3 nm/sec while
the deposition rate of a-NPD remains fixed at 0.3 nm/sec. That is, a mixed region 2707

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

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

the ratio of 1 wt% with a fluorescent dye
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(abbrevi ation; BPhen), bathocuproine (abbreviation; BCP) and the |iKke,

t hese derivatives having an electron transporting property. 10 The
above-nentioned el ectron transporting naterials can be used as the el ectron
injecting material. In addition, super-thin filnms of an insulation body

made of al kali nefal ogeni uch as |ithi oride and the |like,
kel | v earaRb e BRIt G et R o o AR
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‘light emtting material are tris (2-phenylpyridine) iridium (abbreviation;
Ir(ppy) 3 2,..3 t7 8, 12, 13, 17, 18-octaethyl-21H, -
23H por ph k?'fj-dbﬁns?i@um (abbreviation; PtCEP) and so on. 25 By conbining the
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and applying-the materials to_an organic |um nescent elenent of the present
i nvent i ofPlYingi sconseBTHIQn gndisgh (R Hiat Gleaneh ©r RISk he GHKeb SR SvEhEht |

which is ' [ Vol -.and fey | [ 0, the30
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el ement , apparathé stiovithi Figl &1 ist usad $p oranifagtune shecelémegmtr Insthippmbadimery, tgeq s
applied., First, ;an indiumtin oxide (referre e .as " ) i

opost ¢ obinES o detesieh ik e PEautiy 8b” MRoneliebRilS el glefiron,

Wi th spuirb@ipbitthglBatprigltinde: 1amigssese mabdiab02. Subsequently, CuPc being a

hol e injecting material, and a- NPD bei rlllg a hal& tr spgr%i ng ,material, are
subj ected to cBHEpEEP LS depasited 9B aglptuPsiEHe LAY L G 3 dily thickness hayiged 2D hol e

transpor %%['gllngiélg@%lés@éﬁ{)uﬁﬂﬁ) i fR SP@%&I&% fo Bkl L knRRS2000. §Qb&q15§£g£ t her,

a | ayer y doping rubrene o W% on Alg3 is | am nated

o-NPD being an hole transporting material is deposited to a film thickness of 40 nm to
form a hole transporting region 2605.

20 Further, as described with respect to the embodiment, a mixed region 2607
composed of a-NPD and Alqs and having a concentration gradient is deposited to a film
thickness of 20 nm by gradually opening a shutter for the deposition source of the
electron transporting material (Algs in this embodiment) at the same time when gradually
closing a shutter for the deposition source of the hole transporting material (a-NPD). At

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

After the mixed region reaches 20 nm of a film thickness, an electron
transporting region 2606 composed of Algs is formed 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 organmic luminescent element of yellow

luminescence resuited from rubrene.

[Embodiment 7]
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5 filmthickness of 10 nmto provide a |um nescent |ayer 504. Finally, Alga
I's deposited to a filmthickness of 40 nmto provide an el ectron
transporting layer 505, and Al:Li alloy (Li of 0.5 w%in mass ratio) is
deposited to a filmthickness of about 150 nmto provide a cat hode 506, so

that it is possible to manufacture an organlc Ium scent ele
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Cat hotle 8651 PEgmE Rl oK 260 BLEIFCITS S TATIFACT IR0 SBPYART B3 T ABd cent
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| ayer 2403. .a hole injecti egi on, which is conposed of a hole injecting
mat eri al , ﬁ %ltf%esougﬁso%egrgﬁﬁ%g yter nescent el enent shown in Fig. 24. First, a
gl ass subst r at emgtf}(?[lmcsbeﬁr@@ao&dngeonngWaodnal TQlepesdabusa fibd tltuok@sﬂ of A

t hi ckness of about 100 .nm V‘% utterl nﬁ]%to fogfp an. ano\cjﬁj1 I ass
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whi ch three kinds are organlc
the deposition rate 0.2 nm/sec. The reason why the deposition is started without such

interval is to prevent formation of an impurity layer described above.
After a hole transporting layer 2605 composed of only TPD is formed to be 30
am 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 BeBqy is 1:4 is
formed by codeposition.

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

25 region 2607 of 30 nm) in the mixed region 2607 is doped at the ratio of 5 wt% with
rubrene as a fluorescent dye as the luminescent material 2608. Also, a last region of 10
nm (that is, a portion of 20 nm to 30 nm in the mixed 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) being an

electron injecting material is started to have a film thickness of about 2 nm. The reason
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conpounds and one kind is a netal formng a cathode) are deposited, and so
four deposition sources are necessary. First, CuPc being a hole injecting
material is deposited to a filmthickness of 20 nm and w thout an

interval froma point of tinme when the filmthickness of 20 nmis 5
reached d deposi tion of s term nated, deposition of NPD bei ng a
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The reasQfe \We¥crited abg@Posi tion is started without such interval is to
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rate & a- NPD remains fixed at 0.3 nmsec. That is, a m xed region 2407
wher e the ratlo of NPD and Alg3 is 1:1 is fornmed by codeposition. After
the m xed 5%6“2§$7 reaches a filmthickness of 30 nm deposition is 15

term nat ed fortnaul}mn%t;ﬁew tétﬁ?»isceatéreteﬁﬁ tﬂt%tﬁ?cdd%ﬁ()@t'gﬁﬂé f@nih&dcan@an
el ectron transporting region 2406, have a fil'mthickness of 40

nm Fi nagléementshowh i Fig. 30Boy i s dep05| ted to a fil mthickness of about 150
nmas a catho 0 n ent ree
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2701 is prepare ch ITO|s eposited to a fil'm thickness of about
100 nm vkindh is putntemllfngnmg i ontiode) amsodrpogit@R anttee fvasispesiben sarses 2201
havi ng the anode 2702 is carried into a vacuum chanber as shown in Figs.
32A and 5982 n the enbodi nent, five kinds of materials (of which four

ki ndsjzr e or ganfter aelamo@msna@dtameztmn@brhposad € toaly Nﬁl’mm trigah hotte) are
deposited, and so five .30 deposition sources are_necess Fi rsﬁ)F gJPc
0 nm

bei ng a FISBOTHECBRCF! ’f?aﬁoé'fﬂieﬁltol@"ﬁé‘p%@i‘ tligkaess f r30) By FRQ@H%@SO
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nmis
the deposition rate of MTDATA remains fixed at 0.3 nm/sec. That is, a mixed region

2707 where the ratio of MTDATA and PBD is 1:1 is formed by codeposition.

20 The mixed region 2707 is formed to have a thickness of 30 nm, and at this time
perylene as a fluorescent dye is added as a luminescent material 2708 to an intermediate
| region of 10 nm (that is, a portion of 10 nm to 20 nm in the mixed region 2707 of 30 nm)
in the mixed region 2707, the deposition rate being controlled so that the ratio of such
addition is MTDATA:PBD:perylene = 4:16:1. Also, BCP is added as a blocking material
25 2709 to a last region of 10 nm (that is, a portion of 20 nm to 30 nm in the mixed region

of 30 nm) in the mixed region 2707, the ratio being MTDATA:PBD:BCP = 1:4:5.
After the mixed region reaches 30 nm of thickness, deposition of MTDATA and
BCP is terminated, and only PBD continues to be deposited to form an electron
transporting region 2706, which has a thickness of 40 nm. Finally, AL:Li alloy is
30 deposited to about 150 nm as a cathode to obtain an organic luminescent element of blue

luminescence resulted from perylene.

[Embodiment 9]

In this embodiment, there is concretely illustrated an element, to which a hole
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reached and deposition of CuPc is term nated, deposition of a-NPD being a
hole transporting material is started at the deposition rate 0.3 nm sec.
The reason why the 33 deposition is started without such interval is to
prevent formation of an inpurity |ayer described above. After a hole

transporting |l ayer. 2705 conposed of only .a-NPD is formed to be 30 nmin a
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of a-NPD remains fixe ) nmsec. That is, a mxed region 2707 where

t he rat ifermfcoaceyrmtianzradigets i(Sraph 414 & Fig- ¥ dn this cothodgsenti die domositiea sane
time, a fluorescent d g

4- (di cyasrclj(%rmg mﬁﬁesrﬂgsteiréglﬁ%‘?rh% Ifl%'—](“lp%rgliursr'ci'aqi'hyI am nostyryl)-4H pyran

(abbr evi at i on;Firs)QWO issdepdsied @bsa gldsssilneacesil waibeni HI0 2MOBith Thatering
deposition rate is contrqglled so that 10 the.ratio is magde a- NPD: Alg3: DCM
= 50: 50:'¢ foEpasranode Sﬁ?xgabﬁeea%w 501 FaBRARENETF Y RE R g@f%@%fgp%ffed nm

deposi ti d‘ﬁem; %rmélﬁgfeeém Gha@riNAR 1241 QMD%ﬂagOé‘héﬂcAkaﬁﬁg&%kirﬂ&%alt 0 be

deposited to form an ctron transporting region 2706, ich”has a film

t hi ckned¥ 20dre 4l9perited Fo A Inny. AtthisAlime theagiohegptiagon gpikinteas shoven in Graph

t hi ckne of gobout 150 _nm as.a cat h g Q. obtain an organic 15 | um nescent
detiftedt

el enent ¥ Wﬂibﬁ'é’g%lgﬁ%émresu ‘%tg)errr%'DCM [ Enbodi nent 5] In this

egboqiorre nt, ther®is tmeansipelaehyturdd mbiaddard 569 havagroacdnwaiion geetidnts Bl enment
shown in Fig. 29B. 20 First, a glass substrate 2701 i s prepar n, whi ch
I TO i s depesiaddy 2051 by igradually, oprpag & sBrtef B the fsBOSHY (i”ﬁges?;ﬁ‘g{%%e'r?@ to

f . ) 102ucd
orm an \anagde4 Ql%nflpﬂ?férég éga?ém? 895tk & Lsante’ Qrhe VAW r@a%ﬁh@lg%é%@ﬁlﬁ% %tsﬁgttéls

carried 1nto a vacu as shown in Figs. 32A an .
enbodi ment thef duposikibndeuroé ofret MPDals tistimehee inttimaskatk regien 892obilGam i

conpoun nd .one kind i.s a met fQrm ng a_ cat re. d sit.gd. .and so
f our 2gﬁ%lg)b%%lf"f-f‘%tﬁmgoﬁf’ﬁegslagf're%h%co s&f@i liﬁ% 8{;&)%?)% &G g)ﬁgp(%‘}rt 9 r‘ﬁ@il ayer
2705 160 mpaEeghnometiyliohed 2NREILDE bg-dmbBiytamihbanspp4Hipyganmat er(abbreviatibmr med

to have a filmthickness of 40 nm deposition of Alga being an electron
t r anspor?¢NY asatlemingpeans mategial HP-at t he deposition rate 0.3 nmisec while

:Qgi gﬁpg$ '0t7' ONAf&t e HipAatFhlufaMRiE ThieesbAtcabhd FThSESE thidkbss, lqfism xed
deposited to 35 nm in a state, in which only the shutter for Algs is opened. By gradually
opening a shutter for the deposition source of Li(acac) being an electron injecting

20 material 814 at the same time when gradually closing a shutter for the deposition source
of Algs 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 rcsulted 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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30 where the ratio of a-NPD and Alga is 1:1 is fornmed by codeposition. The
m xed region 2707 is forned to have a filmthickness of 30 nm and at this
time an internediate region of a 10 nmfilmthickness (that is, a portion
10 nmto 20 nm in the m xed region 2707 of a 30 nmfilmthickness) in the
m xed region 2707 i.s_do t the ratio of. 1 W% w.th fl uorescent dye
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depositiQn sourc necessary for a .hole transporting material, electron
15"t 1 ansPRPETRY et SR PCREG BoF AR g rietid P ferteRia 46 demagiticp raie
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filmthi ckness about 100 nmw th _sputtering to form an anode 2605.
Subsequefermption af agEmmEity yandaserikediabgkgpor ti ng material is deposited to a
filmthickness I t] i

Further, as. deanrt Bag ririporl Tafer 8hffeld A0EAR o KB BAbARERD: 28, 7
conpos edinghickndRDdepudititingsl BAb] brang ag ekectontmnspoatinpmagradisedso startedposi t ed

to a fil hi ckness 20 .nm by.. gr,adual |.y. openi ng utter for th
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deposition source of the hole transporting material (a-NPD). At 25 this
time, anbidtErmedbycadsnosition- of 10 ran in the nixed region 2607 of 20 nmin

thickness is dpped;iatd 2edigh i tHmed W HaWd Ln{RBE|NST 36 fn,! MY HEERERIne
mat eri al 2608.

Ir(ppy)s being a triplet light emitting material is 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) 1 =
50:50:7.
After the mixed region reaches 20 nm of thickness, deposition of a-NPD and
Ir(ppy) 3 is terminated, and only BAlg continues to be deposited to form an electron
transporting region, which will has a thickness of 20 nm. Without an interval from a
25 point of time when deposition of BAlg is terminated, deposition of Algs; being an
electron injecting material is started to about 30 nm. The reason why the deposition is
started without such interval is to prevent formation of an impurity layer described
above.
Finally, LiF is deposited to about 1 nm and Al 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) s.

[Embodiment 11]

In this embodiment, there is concretely illustrated an element obtained by
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After the m xed region reaches 20 nmof a filmthickness, an electron
transporting regi on 2606 conposed of Alga is fornmed in a state, in which
only the shutter for the deposition source of the electron transporting
material (Al g3) is opened. Finally, 30 an Al:Li alloy (Li of 0.5 wt% in

weight ratiqQ) is deposited to a filmthi knes.?.of aHou&] 150 m S 13
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there is concretely illustrated an organic |umnescent elenent obtained by
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thi ckness of 20 nm and wi thout an interval froma point of time when 20
nmis rec@BReaddngingegnaseatrasion gradightsdp farmed toay thickass! Feppdvt gadvalyy TPD
being a hole_transport.i. erd alye g : | 1 raafen0. 2
R R R S R A R Sy S
t 0o preveNtditarbandlediphehybhfrefemed bietow tage'CBRYcwhishds abhostenatafialey0ig dial e

transport] | ayer .2605 conposed of only . TPD i.s fornme 0. be '

t hi cknes%‘,PP"gé’@ggFF’iltgﬁgd?atgé q%ﬁ’ﬁetflﬂiﬁ) arabrkg%ﬁn&w)beﬁi @Vgngbggr%qmr%%%%f) gﬁ‘%}f is
al so 120t BCPeRdaHavidiecdhepsitionaitadishe i fdimedlBedecydaking thh deghapingi taieon
rate of TPD remains fixed at 0.2 nmsec. That js, .a m xed region Z]gﬁ; wher e
the ratiof 6BPTPY wetagapdhe idgpasition gate of (Biekl Which dgapyesking materid lted

region 2807 8 pfkBnik8d MAYERR S filMHilineideis® Ah. 30 nm and at this
Since this embodiment relates to a triplet light emitting diode, tris
(2-phenylpyridine) iridium (referred below to as Ir(ppy)s), which is the triplet light
20 emitting material 1016, is doped during the formation of the bipolar-natured mixed layer
1004 and the bloéking 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
95 a width of 10 nm in total is made the doped region 1008 where doping of 6 wt% is
effected.
Further, the electron transporting mixed layer 1006 is composed of BCP and
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 Alq;
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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time an internediate region of 10 nm(that is, a portion of 10 nmto 20 nm
in the mxed 25 region 2607 of 30 nm in the m xed region 2607 is doped at
the ratio of 5 wt%w th rubrene as a fluorescent dye as the | um nescent
material 2608. Also, a last region of 10 nm(that is, a portion of 20 nm
to 30 nmin the mxed region of 30 nm in the mxed  region 2607 is doped
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deposition of TPD and BCP is term nated, and only BeBg2 continues to be

deposited to form el ectron transporti ng regi on 2606, which has a film
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mat er i alOriasPd f‘%’fcr%‘BStf’He 2‘&&5‘ ding3 PWW%?EQ%@Q@ egtsedo JEH?C’ @’é Jfﬁtaoﬁjﬁa%f 'BBD

bei “glaarlh@&ﬂﬁh%&fblﬁsr ﬁﬁﬁe&lﬁﬁﬁ%ﬁﬂhﬂ%rﬁ{ewn th§81§fa%éb@ﬂleadub§tt’£e deposition rate
0.3 nm sec whil deposition rate of MIDATA remains, fixed at_ 0.3

nm sec. That |@n thc suRsithte dg0dna pixel7poutionel 4Heandi divpe MISAIALH{d21BD i s
Llist (%(r)v byTﬁeop%% OSIrglbﬁ) 1211 will be described first.

The pixel portion 1211 is a region for displaying an image. A plurality of
pixels are placed on the substrate, and each pixel is provided with a TFT 1202 for

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

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

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

light-transmissive material, typically, indium oxide, tin oxide, zinc oxide, or 2 compound
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20 The m xed region 2707 is formed to have a thickness of 30 nm and at
this time perylene as a fluorescent dye is added as a | um nescent materi al
2708 to an internediate region of 10 nm(that is, a portion of 10 nmto 20
nmin the m xed region 2707 of 30 nn) in the m xed region 2707, the

deposition rate being controlled so that the ratig of such addition is
MIDATA: PEhgse{T@nter examale). 15 usqddfr thsapxeleclerirges 1§%3 a @P awingl Hegtereal 25
2709 to fﬁobaﬁltao?ﬁ%@&#oumlﬂm iﬁ(ﬂf"% fhSneg@ Portion of 20 nmto 30 amin the
m xed regioh o n In the m xed region 2707, the ratio being
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deposition af ATA and CP is rm nate and only .PBD td to b
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thi cknesss ef 340 wm Typicallly! the Altiokk 1205 QY forfed Grode ReShERMivE Gil abeiHtaid@ Nm as
a cathode to obtainan ofganic | um nescent el enent of blue [|um nescence

resul t ecanf alsahinsemgiab plsmenEapan iahatine-gprth metalj dergem ool Fram 2 condicive §ilm
concrete i-] 4 ; e . al 4.0.0@,m xed
Cayer . B RRER, 8 SLOFitioat Sl b Aapalh el bR B B KO0

| ayer sh@iheiof the gbov8 chadietibe Bibms.onbi ned and applied. In addition, in order

to formconceniration gradients (Graph 8 in. Fig. 8 in this e | ment,
the deposi ti pﬁ\ faé’%‘f‘l?%@gﬁ?f’ht I"Rli‘éle?rlg‘%é)r%\]/!%o##hﬁp&an’f}fo&?p@uﬂgz@fegga&’r st
| TO it dgiast %8s 1809} saevefdbsith atliRoR0dvd Alho0s. 1DR: pivtewtitvd fa@ULAvEr i ng
to forman anode 802. Subsequently, a hole transporting m xed | ayer 803

ﬁolrrposeds afrovidafctobpiotrst dhe cirganin] luprnesgeniaelemen] oM oxpgetn ARPONBISIYEG a
ole tr oLt (o ; i . 0_; - L hi i t he
Consent AOFRER A ol GORORIA G SdPplle MR bl e |
cl osi ng Dfmituai deids, tadtBluAt oxibié, anticarbon specifchhy, dimterdeldkendaximoh)] ayer 804

havi ng concentratiqQn gradients i d ifed.tq 2 b .ad . i
a shutter _ for ReE: glgpcggvingé gﬁcéblaﬁpewgﬁ %: gcrgnglgn g(%h? wgvé]gg(é?@gﬁﬂl& QRent ng
Lransppriebig fﬁ??c@ﬁt'r@ﬂinéli%ﬁﬁ% dffsﬁ%%wr%até §ienalb aid daadighdly) ©l tesieng t@twhut t er

for the deposition source of a . At thi's time, an internediate region
807 of IOxelmartion {Rbl,sindds arovidaduvil anshils degisign @ Wiler.omdzplaieh, a8 wedisd at

- o oyeofbe e FURH " Gt svekor foval Mbfiey i s i3 4 i ypi et these
(abbr evidtduits;is aRMOSasireuit vompesdentt amatahanail B 1207 and a p-channel TFT
1208. |

20 Known circuit structures can be applied to the shift register, the buffer, the latch,
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. 124, IC or LSI
may be electrically connected to the substrate instead of placing the driving circuit 1212
on the substrate,

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

30 The 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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After the bipolar-natured m xed | ayer 804 reaches 20 nm of thickness, A g3
is deposited to 35 nmin a state, in which only the shutter for Alga is
opened. By gradually opening a shutter for the deposition source of

Li (acac) being an electron injecting 20 material 814 at the sanme tine when

gradual 'y cl os] shutter fo depositigon source, of. Al ga | ast
region 5 nm atqﬂ%f ¢ PISH %F%{ﬁ%%oiﬁ%nlé%%%aﬁ%&é)gmg%thgf“%@gﬂmq Ezq,bo{oal is
fornmed. dhain 4 JuminBefOBGAEE Siiwidh BigadRBNt Id 6is khdepiRetionSof SRikrest 86
(while an electron injecting material 814 is shown in G.aph 810 as being

const ant thepixd elachade b3 aandelimpgioved sprpaisdite thertrgclgrppfdiigelfA-ri ses
abruptly). 25 fj I ! 0%/ K C mto
obtain an or ga@l ??ésf ﬁ%Aﬁlggé(l:Zlnz%? e Z‘%\%‘%’?d g%e?egdg%ﬁl}ﬁlgﬁggg%n%%ofg%htéﬁg}épom
DCM [Enpadisnplatedl@] the pidel poetidoodRie ftom tdver andtlserc oHcthet bhyk istrhctste &t ed an

exanpl e of an orgapic 30 |lum nescent el ement obtaiped.by inserting between
Ehe. AnodivSTaSSBrE hEoRRGRATIVSCR fip bRt RGeS 394RE Ziveh ATRE B
region, wWHigdl. i AcermRgIethetdof & Mk ihWigaui ng material, inserting between
a cathode 2704 and the organic conpound | ayer, an electron injecting
region, which IsFimidosediror dne dbe ceen af §) BERTRHEN PRI, APTMIgEE WHHISi ng a
triplet .. A rd a U t.eri i ani c
| um nes U T SRR STRRE 4ah, 2nt Wiagel P BESTFRE I 00 Fpaiaoh Jor 0
in Fipgo 38L0 showat jn RiggBdqaamelys b rsaieturs withepaeads obtaingd Iohlay¥ang s detpbsi t ed

to about 100 nm w th sputtering to form,I TO (anode). . The,gl a ubstrate
havi ng | e} FRNLHES B Vil Lipe L G IDRFT &leha thay tﬁ?é@as's@/&na‘ﬂ 32B.
I'n the ephogi T8NExangAYhdkhOfeicRingmdBinanA@! S ThRfshufd & frevd khardsiralie

organi ¢ conpounds and two kinds are an inorganic material formng a
cat hode) between @praghiade $404 rradsopixel elgcigedsoddd3 emths oviriagdingr e Undike sisiugl
First, Cu bej n lLe ini [ i ' i : .

wi thout ebveriupd sfoRockol SLAEL RERTRLEL sl OPyHR 1 SalPinile Ao 0F
deposi% i Big. 84 (Smfar iosa datlioderinb @dssivetiapoii devine).of a- NPD being a hol e

reason vhy el tiepban i 1@ shay the cEARGRE teuielor ey o resEal fraben
formati o QfraRA ih FRHIIDRY |HEYel3Aess idPerwalensr aMd FRY. 13Bh9lasctii@spRf | ng
| ayer conposed of only a-NPD is forned to be 30 nm 1.n thickness, )
deposi t i bienrlmal the biak RgP anf BigedBAon Thesnapors ngeseidetiaar 128 ardsedinr ¢ ed
at Figs. 13A and 13B.
20 In Fig. 13A, 1301 denotes a pixel portion, 1302 denotes a gate signal side
driving circuit, and 1303 denotes a data signal side driving circuit. Signals to be sent to
the gate signal side driving circuit 1302 and the data signal side driving circuit 1303 are
inputted from a TAB (tape automated bonding) tape 1305 through an input wiring line
1304. Though not shown in the drawing, the TAB tape 1305 may be replaced by a TCP
25 (tape carrier package) that is obtained by providing a TAB tape with an IC (integrated
circuit).
Denoted by 1306 is the cover member that is provided in an upper part of the
luminescent element shown in Fig. 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 1306¢ that are formed on the front 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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the deposition rate 0.3 nm sec while the deposition rate of a-NPD remains
fixed at 0.3 15 nnisec. That is, a mxed region (a-NPD + BAIq) where the
ratio of a-NPD and BAIg is 1:1 is formed by codeposition. The m xed region
is formed to have a thickness of 20 nm and at this time |Ir(ppy)3 being a

triplet |jght emfting material is .added a um pescent terjal. to an
it or et ABAEEE A B SOURR U arginif J0ineS ol els bRl RS pER: &RleR in e, o
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and Al is )0Si { to about 150 hmto 0 forma cathode and to obtain a
triplet ¢miorimens.t tThegpoienang alatohaype afest afiraddugedlections of insiient baht
I'r(ppy) [ ' ' ' el it

11 st v oo B8 SRR dibkeal bublp? IRRHITRL: cifibait IFRECR ot 4
triplE) vieght aBéretdilyy acdiimubar Potaviving) phitgis émplohel. diewerdt:, Btis podferablel s

shown in _Fig. 10.. Jn additi.on, der .to, f trat . gr.adi.ent
(G aph 19160 RORIGMEGfeitn N & WHEBEF duM 1% HUTRGORE I he L G aueE et
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substrate 1001 to about 100 nmw th sputtering to forman anode 10
Subsequefiembeing neBpcied atthe polarizing phatg ard (raxeding badavadnposed of CuPc bei ng

a hole injecti ' - ' ' I al
1012 are HoposhFudt pEEE (ihhoy R e Bphis 0B iheAoNE: BrestAIAPALIh LR € 2
shownl§ nused aghthel 6fp@niar linfioesvent blenepenncigdainth dieosimigestns deviterds. this

Consecutively, a bipolar-natured m xed | ayer 1004 conposed of a-NPD and
embodiment.

[Embodiment 13]
This embodiment shows an active matrix luminescent device as an example of a
20 luminescent device that includes an organic luminescent element according to the present
invention. Unlike Embodiment 12, in the luminescent device of this embodiment, light
is taken out from the opposite side of a substrate on which an active element is formed
(hereinafter referred to as upward emission). Fig. 35 is a sectional view thereof.
A thin film transistor (hereinafter referred to as TFT) is used here as the active
25 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
TFT 3502, is used as an anode in this embodiment, and therefore 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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CBP and having concentration gradients is forned to a thickness of 20 nm by
gradual ly decreasing the deposition rate of a-NPD and increasing the
deposition rate of 4-4'-N, N -dicarbazol e-bi phenyl (referred below to as
"CBP"), which is a host material 1013 of a triplet light emtting

mat eri al

and havi 1 b et G FARGEE 2P ety GRTPBL ARG M e pWBRY s on

rate of déﬁﬁbmmelatw@a@isrmnhmfrdﬁmmenemmag Righly BEEctivelireizni. s a bl ocking
material 1014. Thus the bl ocking m xed | ayer has a filmthickness of 10

nm Since thi s BndidifiiEnelerardy 83080 2R PrEARICeEOmPYHIU éﬁﬁﬁt t3594 i dereediri s
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reg| on bei,ng the host materjal is hi n concenfratiqn, that
ot eI G, AP G RBHEL RV b1 S RGREH Olnatp Ry €V 1004

and t he fi, n@ ekily)th BdndRetivaYdn dManing APalkaftd hRbl&idted sloppdivaRAl 05, 1008.

In this enbodinment, a region of 5 nmabout the boundary, that is, a region

havi ng omegal\dlementopr roconductive Sl condaipageal pmenugnpeid a rlaginste mb@@eﬂh@y e
dopi ng o 9 t, rtin xed
pIng n}eg Ak ﬁlmlﬁ%ﬁuﬁ gi-f ﬂ;%&ﬁ §fl% 8? &%haﬁéﬁégér@%ﬁﬁgﬁﬂfnﬁ’s% uged Since

| ayer 10 I's® conpose I'n el éct
t r anspor an ngwaabamstmsn IGaieecdnt devion isgisediie niis embedinienr, tigtht staabmiskiat iBCP

decreases j n conce tion is di nt fr n anode, and Al ga 30
conver sel lqpﬁ{g?ag&s&gt @Zﬁ’tfrﬂéﬁ F‘?ﬁ’?nase C{ropg%gbgt ahReTEioFm Wika ‘éﬁ"’r@cf@r That

i's, in t{HeSseEiPelectRidR, mmﬁuap{sspr@ﬁeraampk&ﬁ@dngtor@@@rpltﬁﬂn A i S0&& 5PN
transportl ng mat erial, functions as the electron i nj ecting

mat eri al thl@m@SS The el ectron transportl ng mixed layer 1006 has a film

thi ckness' of A%aDiRcobiialh e olidd o8l 4o BEIDE 0 Sy aved ) 1

deposi ted to a as a ca t’0°ena orm
organig hnﬁnhamc@ni elettarderis0pr esanivered witle e protectivel félin B304, néﬂmepfroacneesul ted

fromlr( ) [Enbod nt 1 hi s enbaodi nment de cribes a | um nescent
devi ce tﬁgg “%r?él BB o'iogafdt%‘:t Erﬁrﬁ%‘é‘ﬁce)lﬁf"méqsé‘ﬁﬁn‘? CHEROHAM XY™

present @ikl Oy tHié Bmbddithdn®, ySBeleHian@in b @Wdahr t}@:rprafeulvsﬂﬁﬁta&uesng
| um nescent device that uses an oOrganic | um nescent elenent of
as it transmits light.
The first electrode (anode) 3503 is electrically connected to the current

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

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

25 formed of a resin.  The cover member 3507 may be any material as long as it transmits
light but not oxygen and water. In this embodiment, glass is used. An airtight space
35009 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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present invention. Athin filmtransistor (hereinafter referred to as TFT)
is used here as an active elenent, but the active elenment may be a MOS

transistor. 10 The TFT shown as an exanple is a top gate TFT (planar TFT,
to be specific), but a bottomgate TFT (typi caIIy a reverse stagger TFT)

may be used instead. .In Fig. 12 1201 denot s at The substrate
used here can ‘t&rpéﬁ%rf'ﬁl?g p&t i ‘fye@? |p6‘?1‘f1&e(g88m glsg gthglfg(s:es Ogu%élf:ngtn e, a
quartz smﬁg& ﬁ@ﬁi@pla@e@ kY B¢ dbsdthes By QURBKER 08 the mmaegaleﬁsddvecessml@sanr iatthis

(1 ncl udi n% plastic film can be used. The substrate 1201 refers to 15

the subsim® ﬁ‘lltus Ths quﬁmi%& phge has 30 eBeqhof reficingeredigetion et wicidenelight
substrat t | H bk

circuit tﬁ%giaﬁeg%rﬁ#(?@ﬁg@rgﬁy %ﬁ%nlt %eqoa%@ayl eed ffgf%l wi | Pg geefg%{rl? gg First.
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i xel s are | aced on he sybstrate, and el rovj de th.a TFT
D05 fodor sk BURIEBEIAHE 13 PEUF PTG oo P eTEe e Daii e b RSO e

el enent ;GA8r 6f RatdBibnligfquEeHh pRvES KHI Mited TRInk Ohd bggﬂnfEFaamp(ﬁxrﬂﬂl Pedr
el ectrode (anode) 1203, an organi ¢ _conpound |ayer 4, and a cat hode
1205. Alﬁm@gmganﬂs;ct@d@ tbeipelenzing plate and irangling acrl@vag%om in Fig. 12A, each

pi xel has a TFJ rrent
controlling TI'—'AI'n)f ﬁere%%ﬁé:f@glrlhg& %r%{ggﬂgﬁtg%gg&gmﬁﬁgﬁhgg?ﬁf%%lﬁv% OEF% gctérrent
cont rid hised aEFHhel@@2anibeluenihscpiteéleneht yndudedematireluniikdsceihdeghe cdnthis

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

control anht@)d‘\*Fqﬂrs nor e successful in reducing current consunption if the
current controlling TFT is connected to the anode of the organic .

| um nescent el ement as shown in Fig. 12A. Note that, the switching TFT may
be for md&nihpdinetidd] an n- channel TFT or a p channel TFT. 30 A drain of the
current contr t I

el ectrode 120C3)M1 glgllbgi-l S enggm%vssaﬁ% %?%er{ggﬁ Uctl I\?éél’g%ﬁa %Q}cg%shggf%ﬁg 0v%tsﬂrk

f unctifonumifinesderis dtcoldé tl&tehbluéesme-ﬁtgamctlhminmd:eeut ekimenf dtshl@sq:ﬂ metlhe graenr ode
1203, and ther ef e. pi xel . ctr i‘, bnctl 0{} as anode of the
or gani ¢ YAt i98sc Fﬁ iethiop ﬂewl f’?%\ 185 § & PN é’llew KSR EkMmey

i ndi um gyt fige PIPTHE@E dQA Zi NC OXI de or a conpound 41 of these (ITO for
exanple), 1s used for the pixel electrode 1203. On the PI xel el ectrode

1203, the or gdniligcpolsnateddye401ina spiastilsys Hidch iodo RIATHC BasPdund
| ayer 12here tjf’ﬁe Cﬁﬁﬂ&dﬁ]a{-&%gf, '»\%18{ %\éhdﬁg usyﬂels a plate or f11m of polyimide,

20 polyamide, an acrylic resin, an epoxy resin, PES (polyethylene sulfile), PC

(polycarbonate), PET (polyethylene terephthalate), or PEN (polyethylene naphthalate).
1402 denotes scanning lines (anodes) formed from a conductive oxide film. In
this embodiment, the conductive oxide film is obtained by doping zinc oxide with
gallium oxide. 1403 denotes data lines (cathodes) formed from a metal film, a bismuth
25 film, in this embodiment. 1404 denotes banks formed of an acrylic resin. The banks
function as partition walls that separate the data lines 1403 from one another. A
plurality of the scanning lines 1402 and a plurality of the data lines 1403 respectively
form stripe patterns and the patterns cross each other at right angles. Though not shown
in Fig. 14A, an organic compound layer is sandwiched between the scanning lines 1402
30 and the data lines 1403 and intersection portions 1405 serve as pixels.
The scanning lines 1402 and the data lines 1403 are connected to an external
driving circuit through a TAB tape 1407. 1408 denotes a group of wiring lines
comprised of a mass of the scanning lines 1402. 1409 denotes a group of wiring lines

comprised of a mass of connection wiring lines 1406 that are connected to the data lines
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material of the cathode 1205 is desirably a conductive material having a
work function of 5 2.5 to 3.5 eV. Typically, the cathode 1205 is forned
froma conductive filmcontaining an al kaline netal elenent or an

al kal i ne-earth netal elenent, or froma conductive film containing
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TFT 1207maﬁliera p- channel TFT 1208. 20 Known circuit structures can be
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12A, 1C or may be el ectricall’y connected to the substrate i ns?ead of

pl aci ng laﬂmfs dnd Vhehawisr eani physizally soprrttsethe dott irasel 4025Tatheongi soethea| edt r ode
I(ﬁngldg) p%%e 3 ort?m'{JF| t [ 'rﬁo%l l:lgd Bg HE S%Elﬁlgle}n% gﬁOgtgrshﬁn(%ff of‘:%@toru?étéié ? TFT 1202

e COnRect Frrent. con
TFT i nstsealéhg Imerhbédrs 1¢Bﬁs&onh€te qli xedesigl ectprodat is degradedo raﬁmhtehergnﬁicerl al
of the cat hode 1205 whereas the cathode is forned fromthe nmaterial of the

pi xell%|EACYAE 12¥Eanode) 1203. The current controlling TFT in this case is

preferably an m-@bapR&lesdehn bevi®e Jﬁetdrettnag%se@tn qgéﬂr@ﬁtc%hﬁ% then plesént 12A
is manufactured by a process in which formation of pi xel el ectro e

1203 pr doedsiont thef pixetepdrtien dﬂlﬁalrwitqmpf@edmehngygmngﬂmﬁém thpidatalinases s
coul B WA SPIIERS: 15 A0EBL o SERIERAR 2 e ! iiEped
organic de’vid:mcaﬁbemhhuﬁlc&ﬂmby swﬂ@almplelmoc&ss:ur rent-driven type el enent.
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. Generally, 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
front being reflected at the polarizing plate and traveling backward.
Any of organic luminescent elements according to the present invention can be

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

30 embodiment.

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

luminescent device shown in Embodiment 14 to make the device into a module.
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42 Then the pixel electrode 1203 is forned after formng the wiring line
1209 to obtain a | um nescent device shown in Fig. 12B. In this case,
injection of current from the pixel electrode 1203 can be inproved
conpared to the structure of Fig. 12A. In Figs. 12A and 12B, a

forwar d- t aper egy handauRd mwrm&lefigllﬂa,%emﬂ%ﬁé 1581655 araBtieeb s pbaegd 15 the

pi xel portion 1211 from one ano her.” I f this bank structure is
r ever se- (peiedydiag @opirelcportion WS6A antl e iagklines rivdBared dAd3h)hengiaxminted

I de . b i \ i i i g. . i g.
oo OB O Ao TR Rl bR 8, 34, 51

line and separ & filetipedltbledk 3hafim bhehs papRdafirinieboatd 15T |9 fRvvanth Fig.
separation portion 10 3410 shown _in Fig, 34 (nanely, a structure with
eaves) 9i $3Bpt AnEdfupGtioHyS A Algeast MO BPTtY HBPULQS9EtRY RPBONENEUR 45dnH0P; me and
a materighi,| Quen did ali¢h " &l AT H%f’é S%ﬁal@ﬁ@ldrivmé EirbGe 1568 are
exanpl e) an en etc m&t e | am nate. I's ape can prevent short
circuit pheideenitiantat proded d4lddg ordd 45@5.xel el ectrode 3403 or the wiring

line. Unlik | acti. i x| uni ' h 405
the pixel i ot PGPSt pepuler ChBRpg Madmii i vk PRedS s Whtritie i o'

a passi veitied bix¢l @eitioneormbd @8 . itslstrtuke and bh34thlchBlgonpiiied exitiki ardthat he
active matrix lum nescent device illustrated in Fiqg. 12B. Fig. 13Ais a
top viBwiunedpeoas adEvimecirepggo;the substiaty Grenghibe AR Bpe3s aPoYryistsmecipliie
P-P of Fli d : I icfgsuit 12 A and 12B are used in Figs. 13A
and 13B. EJirgecll %%@{ Swgfi?g{@g%gdggﬁgtcgsmg pi xel portion, 1302 denotes a gate
signal side dAnyiaofgrgamic lumineactit EBOEntedstloscdainddit presegnaivesiiaie car bei ng

circuit. Signals to be sent to  the te si,gnal .side driving,circuit .1302
Snd"the UHEAE (G oreiy Db iy el peiudl Bt ndiael tbi of oig
(tape autgpsdiginbondi ng) 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 (t&Pe carrier package) that is obtained by providing a TAB tape with an
IC (inte jreuit). Denoted by 1306 is the cover nenber that is

provi ded%lrﬁg(g(ﬁml?%{p{eéj part of the |um nescent elenent shown in Fig. 12B,
and i s bonded Whishembsbmkningrmiver arll 8 flo rafettaciofig a pregéch witline boardep thenber

1308, Ty e Rt 5 2o 8% OBk PE 0%k B4 0L 1 BB e
module. ’
20 In 2 module shown in Fig. 16A, a TAB tape 1605 is attached to a substrate 1601
(here including a pixel portion 1602, a data signal side driving circuit 1603, a gate signal
side driving circuit 1604, and wiring lines 1603a and 1604a), and a printed wiring board
1606 is attached to the substrate through the TAB tape 1605. A functional block
diagram of the printed wiring board 1606 is shown in Fig. 16B.
25 As shown in Fig. 16B, an IC functioning as at least I/O ports 1607 and 1610 and
a control unit 1608 is provided within the printed wiring board 1606. A memory unit
1609 is provided here but it is not always necessary. The control unit 1608 is a portion
having functions for controlling the driving circuits and correction of image data.
In this specification, a module structured by attaching a printed wiring board
' 30 that has functions as a controller to a substrate on which an organic luminescent element
is formed as above is specially named 2 module with external controller.
Any of organic luminescent elements disclosed in the present invention can be
used as the organic luminescent element included in the ‘lumincscent device of this

embodiment.
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is conposed of a plastic nenber 1306a and carbon filnms (specifically,

di anond-1i ke carbon filns) 1306b and 1306c that are fornmed on the front
and back of the plastic nenber 1306a, respectively. As shown in Fig. 13B,
the seal nenber 1307 is covered with a sealing nmenber 43 1308 nade of a
resin so that the organic |um nescent elenent is conpletely sealed in an
airtight space 1309. The airtight space 1309 is filled with inert gas
(typi cal [BmbaditnemgEt) gas or noble gas), a resin, or inert liquid (for

exanpl e, liquigd fluorogarbo pi cal exanp| e .of h.is perfluoro
al kane). It isiiass%ﬂ@dfl@e*eﬁ %r}@“%oafbmmraﬂea%p ISFB%‘??FG% eviceqiBo R PNt tiRiet he

space. Aupghafckad ledepélﬂ)t\ﬁl HPEmB@chH{eﬁié' aeshoi & diiv%ﬁh@éc&ﬁ&%c(e%ﬁ 31%?:91 on

which an inmage is spl ayed to be observed by a viewer) nescent
devi ceb sthimangiap &dales dlsetﬂyodlmntumlﬁmepfo dayice i afgthpd amémtiascrancaelf pemdeof

reduci ng_r. Jrl elct&1 an . 01;I mldent S‘%Z i ]{a m tu e exi.er. naSC E g Fr event
the di splHyPTFRERE ShHEBhIRG Sivesrls tsRlay &Y bine® HPF R%‘Ee ¥ 3l

ci rcul ar ot ezditGoplaad ehekdornphoyadefubovwever, it is pref erabl e for the

pol arizing plate to have a structure with less internal reflection by

adj usti ng the Fignd8R 5pWpdhe siceyibrryqiurs ey Pikel taﬁtewmamqr@qwc BHRINEEEDE r om

the orgafLg£O Y \El‘\;grcé&){se{h g/ra%sr Q8! b @élrép?és'eﬁfétaes@oréée f;zféb%cﬂ%’:' afh Flh@ L%@t €

and travel 1 ng back organi ¢ Ium nescent”e nts accor ing’to
the pl@sehen argatmtinoms sdectbd a Qlﬁrméwvessmm&rbrfgmmacmhm Iresoehs veltageent
included _in the scent . devi ce

i di 13
s e csiTeshigaing Th 168 S5 S0 UGl i cs S TRRG! ilbent CRRRTITRE mi’L

a 20 | ugdthesgestoleei(v FS) bREE2 fidred 1S TrPdhdohg Bilasid 1ummmeekn@henent
according to the presen invention. Unlike Enbodinment 12, in

| umi nescent dedftee Tof Bhidededodimsnitumegnff to Joldagsn velires l(‘éfmsn)tfﬁec'g
Opposi teAééd?&lng{yegcu%’QﬁtcBﬁﬂrﬁieg% AW GR aRAnf %Ed d’e%eﬁc!lc%?rgf'{/ I's forned

(hereinafter rred to as upward em Ssi o 1§ a sectional view
therebd. A thiFig. BbBmhbwanstistrofor(drerieg nhis toancuit elfl ectadaitce agh TEgial itisneused

nere 72,55 R g2 5L R et USLPTRbLS, SheTERL TN B
be specifubCrambiit FghoéB alb@ate® bit Fpkay tsyfle Galwiich @ankey@hs 6s shaggeintd ki) may
be used slurlljsftraeggs In this case, the ratio of light emission periods of the sub-frames is 32 :
16:8:4:2:1.
20 Fig. 36C schematically shows driving circuits of TFT substrate in this
embodiment. A gate driver and a source driver are provided on the same substrate. In
this embodiment, the pixel circuit and the drivers are designed to be digitally driven.
Accordingly, fluctuation in TFT characteristic does not affect the device and the device
can display uniform images.
25
[Embodiment 18] _
The luminescent devices of the present invention, which have been described in,
the embodiments above have advantages of low power consumption and long lifetime.
Accordingly, electric appliances that include those luminescent devices as their display
30 units can operate consuming less power than conventional ones and are durable. The
advantages are very useful especially for electric appliances that use batteries as power
sources, such as portable equipment, because low power consuiption 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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A substrate 3501, a current controlling TFT 3502 that is fornmed in a pixel
portion, and a driving circuit 3512 of this enbodi nent have the sane
structure as those 30 of Enbodinent 12. A first electrode 3503, which is
connected to a drain of the current controlling TFT 3502, is used as an

anode | nyLRyss ;£ ai{é cgz&h’ dl@@g}’é Qﬁ&%fa%ﬁ *%n Oéo’ﬁﬁﬂmiﬁﬁ‘ﬂf‘e‘}%mﬁe tﬁlp?r@s@‘

conductive materi cal exa es o t he
conduct i less thahelr pad. |"lﬁmkafd& niEtlahﬂnesmﬂn dasicnicak die, m@dfl t}ﬁnllaumhghungﬁghe.n,
si |l ver odi.mrent, the flrst e ect o e 35Q3

| d,
ggsi r agréleﬁtélé:s aﬂQ}fa“P?sar‘igarh fncf‘f%htt MHPIReSGRRL dexjsey as f'ér £Y LS &% or ned

froma npiefdiddly ttdnet Sinhli gglwr R4 QGﬁx}e\‘xﬁoﬁHl dm@ht Th@1 tddeakis r @itechl €@t r ode
3503, an organic conﬁound ayer 3504 is fornmed Provi ded on the organic

corrpouﬁwdcqnay@lﬁn%dh @e@s g@d:@ﬁmpedzte@asrmd@re%themamné)euavéss VBIyagsedul

cat hode [n rd| e 0., 88800 nd

el ect roo%argé@grﬂ SI Pa %@ulg&ggn q?fe\y/%th%’ra 8&?&”%@%‘%6 a Work °F LPﬁgh on of
2.5 to 3hin @Mvolulyipbesl ik Yioubtlenhdustfilvibrfall of thendledtric ngphimoeas kahéms oet al

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

cont ai ni FISEPTRAMUAE 8Feca nLEtbeh e aBIb‘Eaéicﬁ%&aBybe I té%F’éP‘PfFﬁj‘)aﬁ“dal ippritatianor
silver f%g@eg@vﬁ én Qfoddip @above conductive filns is used. Since 10 an
upward em ssi on um nescent device is used in this enbodi nent,

| i ght}Q r ansni sBéing Srzl§ lummuspémshJMIBesrcemt devécenmist @wwterufzdtbveh@en@rbdttcr

el ectrode re e cond rode. the . netal
s o ef PRy 18 THER hices ARE PR FoC Rl i FFAG0 i TR Diving dge

| ayer cormese: @Ifecttri&ea[fphhﬁéesedh@cirfcﬁdﬁ BB ABmireb&nd g it Gis GRETP Aikpthyl @yiey
3504, 15 and the second el ectrode 3505, are coveﬁﬁd with a protective film

3506, THES ¥EStAHENtIEE0Us AlShIBEDES 0§ cpitsss HoHeY B @et t he or gani c
| umi nescent el BB LAON AXYAERpBRthool B} K & lufndsblit RUROUFED bresBhlY

material can be used for the protective Imas long as it transmts
| i ght1l5 'ﬂhE‘eIﬁlqﬂSha‘@L eutadghieor( amade)jts wO@nvsnmrwétmg@acIlynmmﬁtfédnems,t he

current nn%ss lidld érs';-l:'m%Si% VISlEll a§v Pa‘ur 5 ?C?VE er %%XSU tion,
reht §F| 9 st f T

connect ecimfel € Ccu contr s case, e first
el ect roctﬁldrlmyg bty ﬂi&ﬂthfefeﬁdﬂﬁetalﬂeverm‘sahl al of t he cat hode wher eas the
second el ectrode may be fornmed from the rirailerl al of he ang le. The current

control Iing TRMIf eriidimenisghqves srappiesiatythe pleeit ARRdancpg-ghat 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 1s long,.

30 Fig. 17B shows a video camera, which is composed of a main body 1701b, a
display unit 1702b, an audio input unit 1703b, operation switches 1704b, a battery 1705b,
and an image receiving 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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Denoted by 3507 is a cover nenber and is bonded with a seal nenber 3508 25
formed of a resin. The cover nenber 3507 nay be any material as long as it
transmits |light but not oxygen and water. In this enbodinment, glass is
used. An airtight space 3509 is filled with inert gas (typically, nitrogen

gas or nphk& 19@&1)vem%n{ esin, or inert liquid (for exanple, liquid
fl uorocarbon typical exarrpl e of which is perfluoro alkane). It is also

ef fective to ptig diCatiwosbedigiel caneni Mfé:lmh lSrﬁoﬁm'@Sgbaf:é m30 t@idgnleﬂoéc,ta) be

h d d
G i ng OSPRER P Bcef ik 3705 i ahe™ e shBe A BT nBy B ss1a

t hrough &aiminkstent demicd (b‘ﬂhlslplﬂ@eﬁﬁih3enﬂ_d]ﬂ&£gﬂhe RIplSNeN 170Dt (e dlpaal dagherd he
TAB tape 3514 may be replaced by a TCP (tape carrier package) that is
obt ai ned<#y bﬁr‘é&htm’%éhtaa@ABO@WSV\ke% POWR: | @f(qomlé@lwabétépr&u GQISPRpLion 8 A
polar|2| ARV Play,kace (the face on which an
i mage is sp aye‘%Pr or%gthp sgg%gndé?gf/ﬁggyvl;ﬁeéver 1E:of the | um nescent device
shown in this Fignisdolsmewdt an iﬁh@epepmdumggepﬂcabemppsi wrthefrftentlingfmeddmci ng

et Bl Bhrofs Shntat OPha i Bk et i Bl ol
circular Dmbpn(zzungpd}h@érﬁsw&c&mhgy@cb dlkeﬁ?‘ﬁﬁft (A} 17044, Refaedighhe unift @B) t he
pol ari zi ngQ | ate to have a structure wit ess internal reflection b

adj usi®nj Theddisplay wnet (AL /04 imainlyadisplaps pnagie iormefin Wtataédng rom
the orga d te
and 1 avapag R IARY Rlinl B O e Y e oAl e

t he presehtheipresent ingenti@nasibe diplaysedt as) 1mdcamgah¢ displamungd B rlﬁﬂéd ehe nt
included.in the | um nescent device OII this greg \&Eggodl

Thi's enbBBR&RHPTAUHERE dEVISEEPFRIHHTS 1585 IPB‘Pﬁ“"hé% 8?% RIS re of
a 15 | urheeas @treﬂ@uu@ﬁgtcn;aicel Eli pistRIS wavh @rraa:rﬂumglmeamﬁsaaatmeiuae@m
disclosed in t present invention. Fig. 14Ais a top view thereof and

Fig. 1&Bpha§er§a§fég@m@ﬁ@r:hww taken along the line P-P of Fig. 14A In
Fig. 14A, den%ﬁgfgh f;lh%% hs(nﬁ;bﬁefgf)ﬁ% Wﬁ’co\é‘mu@eq whidhol, sn&qngésea & 2tdig

material here astic nmater can be used llate or film
of pol yi bodie 170R0 apd:ilsphgn whet 1a0Reacanyiniager reseimingawnie paltie, rcesram,onFﬁﬁtcheq
(polyet h¥J7(?JI':, Hl fl ory s c:lot 1705e. By using a luminescent device of the present
invention as the display unit 1702¢, the portable computer 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 now increased that these electric appliances display
frequency information sent through electronic communication lines such as the Internet
and radio communications such as radio wave, especially, animation information. Since

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

suitable for animation display.
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(pol ycarbonate), PET (polyethylene terephthalate), or PEN (polyethyl ene
napht hal ate). 1402 denotes scanning lines (anodes) fornmed from a
conductive oxide film In this enbodi nent, the conductive oxide filmis
obt ai ned by doping zinc oxide with galliumoxide. 1403 denotes data |ines

(cat hodes) 'f or 1§, s HEdcMuldrighBhe, v 8 B din ol ok Mok oS seTRog ment

1404 denotes barks forned of an acrylic resin. e banks funcCtion as
partiti camdialousput hatit $8¢ aneaudie idpataunii 18834 40 gisplagnmiwih d 88t eraration
plurality .of t canni ng_l.ines 2 d Lyral f | i.nes 1403
respect i %@?ﬁpes P@P?ﬁs i E?fgalgg??ae}gr\@&‘an?}t ’ﬁsgn%gtq F%rlrf'\etssgecn ?cgig glt&gaogﬁthgtpﬁ%’? Gt

ri ght angkesionlhomgligndy eiieWe044, Bhd-tgluldrdhonaraw bgalih andaimhowrdetayer s
sandwi ched between the scanning |ines 1402 30 and the_ data. linpes 1403 and
i nt er SectINERMEdessiPeieT. 1 406casdingly, Rattgsy capsumpHoB 18 Rt h Gy ngshe 49/3:1ahd t he

data |i @%n%jggasg’ra%dqgg&gﬁ{}%hgtcgn%g Cgmﬁjg&_nal driving circuit through a TAB

tape 14 enotes a group of wring lines conprised of a mass of the
scanni ng | i nesFi402B shd®9 adendioaspecifjcdlypcafaudia)i whichiisesmposadprli sedinof a

mass of connectjion wring.lj 1406 t hat ar.e,co ted t he_data |ines
76 1403, Sorol g brb@Selasiti 1905 s snsp oS ags TEEE 1Rah bpYHeBarhar i s
obt ai nedyunhiesREMVdeidtdofchd AfedeaPBrvohiidh atHeGisplily bhiy. 18048, thd AbQicdendies a
seal nenber and 1411 denotes a cover nmenber that _is bonded to a plastic

menbel0 1light-wiight andeconazpe fskpawen 4 Althoughicar udio isipken 1541 fample ghihie used
for the ffﬁﬁédiﬁ%p?{eajﬂ%o a@ pLelenakl,e nmaterial of the seal nember is one
ows Ti1tfle ‘ine E

whi ch al gas age and which absorbs little noisture. The
cover nenber iRk is pifedtereabloyventhd eldctromapiiensarmbowatie Figd 134 toHEFsudsi®dat e

1401, and ss. (includin uartz.glass) o lastic.can be . used..Here, a
pl astic %%iaaq“gftéo%g H‘Qﬂﬂlra%flﬁéh%835]?‘3“‘1)’?9%%[51.&%0[15%{ J af%d?%cea‘ﬁltgglimar ged
view of @ieniSdss Wkt tHE QuRbumliRiX ¥hefee@le Wlectiid hplitaited ef ard 1 gAviding @pound
| ayer. Lower |ayers of the banks 1404 are narrower than u&p | ayers and

the bbhkeeesn pinjienes Mjths ppeaipatcaiseeat MUSTERS 9l ico lg‘?r*féeséne’? M. A
pi xel pogutr}o%%di]n#fl EL{FSEPHMFB%BQMZ Q’ii%gtee&l teRE AR mahidd ithoub Bitfic@lils #fnd he
y ng rl

outside air seal | e formed of aresin to prevent a
degr adat ¢amitrasf ratioeofothg dmininants of enpoehtghtatpethe birightriess plithenssmandingevs ce

struct urﬁ% (tjlos 1§B.Ov%iithn tha}sc Oﬁg%?l??hgﬁl&&inggge Bf %ISI elrnr;[age can be raised for bhetter
viewing when the surroundings are bright whereas the luminance of an image can be
20 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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i nvention, the pixel portion 1414 is conposed of the scanning |ines 1402,
the data lines 1403, the banks 1404, and the organic conpound |ayer 1413.
Therefore the | um nescent device can be nanufactured by a very sinple
process. 20 A polarizing plate may be provided on a display face (the face

on which an image ispdigp aéiﬁﬁ’oélﬁleﬁﬁ QHS%&MﬁﬁlebYQfa a‘ﬁ' SWEIL Y %athi@et
| um nescent device shown in th di ment . pol ari zing plate %as an
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General |y, a ci reut poll1 art 23 n fna els WeverC
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internal reflection by adjusting the index of refraction in order to
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enbodi ne odi ment hi's erbodi’ment ows an exanple o attachi ing
a pri nt endizedriongiondppedanda teheatioh gapacgsT B3#2. devi ce shown in Enbodi ment 14 to
make the device into a nodule. 47 In a nodule shown in Fig. 15A a TAB tape
1504 i s at t aBbﬁcgaltats @ BobsitirBterd bodnec(dderith i:twcﬂinsdiscmgnmgﬂinedﬁj p’mrﬁoirdm 1502

and wj I|n 3a a 5 anda rin 5is
o ol st RGP e Qi BB b, R hre, R orResid, Bt e e Find 5 Shebpiogy 681
di agram (Q;nntea@d RFitNERAsMréd B T@%&tf&%%els@uﬁ:‘é%ﬂ‘d th® drhid. of '5:4151% ofhid C

functioning as at |east I/OEorts i nput or output portions 1506 and 15009,
a dat a ¥ingaekd syite ther saprergot Ted uhe 0115@713 capeeciedyiax desgagmal Tsl.dBhugs itha ng

cireult e]xfh%? oftlfe so%@q".‘arﬂ:eﬁle"}irﬁﬁﬁ'd}” eanBrtthe Hor V8 thé}%%u?x%é‘%g i 8Rin {')TM"' S

speci fication, 'a nodul e structured by att acmga tape to a substrate
Wi th a pirgebnipetedivaith éahrmglteron its surface and by attaching a printed
wiring board that 10 functions as a driving circuit to the substrate
through the Mduamomlabemdc&dwiﬂciml pdower nauree line Wodid thewdrain of e isnal
driving circuit of orga |c | ym nesc ifﬁel enments _di sclosed in the

present Famperted vt s sute ' OPhART & FURFHES LR M HBREAEATHE uded
in the Ixud pesgRMt th@ed’riaﬁneopfthet *T'l’? is connected with a pixel electrode in the organic

luminescent element 1811. The organic luminescent element 1811 has the pixel electrode,
a counter electrode and an organic luminescent layer provided between the pixel
20 electrode and the counter electrode. The counter electrode of the organic luminescent
element 1811 is applied constant voltage by a power source provided at the external of a

light emitting panel.

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

25 n-channel type TFT and p-channel type TFT. Tr2 can adopt both n-channel type TFT
and p-channel type TFT. With respect to the polarity, in the case of the pixel electrode
and the counter electrode in the organic luminescent 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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enbodi ment. 15 [Enbodi ment 16] This enbodi mrent shows an exanpl e of
attaching a printed wiring board to the |um nescent device shown in
Enbodi nent 12, 13, or 14 to nake the device into a nodule. 20 In a nodul e
shown in Fig. 16A, a TAB tape 1605 is attached to a substrate 1601 (here
i ncl udi nphearddéntRIn EPatit@N18BOR, providied Ao ThAfAln Hicie celitdiMiynGie Gidl@gé SvgggOB a
gate signal side driving ci rcwt 1604, and wiring lines 1603a  an O4a),
and a prieivedn i gategud sk spuraeadidlrl sHawevwse ki nEbNEqeEsaEy My aPEVididough the
TAB tape 1605. A functional block diagramof the printed wiring board 1606
is shown i n Imithe ppeBshown psFighddrthe ﬁml:ply supgiEd @rihe Egpalniénd Yb nenialedt
| east a?tl?o&}rﬁ:n}9(9%c9&§h%glégaﬂ&% drf 0fd.pl unit 1608 is provided wthin
n

the pri Wrin unit 1609 is provided here but it
i s not. al ways Reces n
funct |5ons for ¢obAP Pg thc ﬁ rl\E}l%ng (é]iréuétlgg Ct":l'f%’dﬁigoc?)r ge%?p%uﬁpey dngm&e

data. | reahlbesrealigdl by @v&ﬁtmme lmgmdssis ears b kejtihyefowingat ¢omstannguréerpria reed
wiring board 30 that has functions as a controller to.a substrate on which
an or garfgamgmiesesHt clemepbnthe qrganip fyripescenpigpent kavinge PHF‘F‘{F%&% of a
modul e V\‘(IJI: ?r&éﬁﬁﬁ@@rﬁl&c}% 2Qbh & 1if&it%e ﬁfanQﬁz&EH?'p%olr Hf%aﬂﬁﬁﬁﬁﬁﬁes@érﬁ'&é?ﬁéﬁ

di scl ose n the present inve t| on can used he organi ¢ | um nescent
el ement Thecongamid lumnteh®n|t elemess (SeaffeCdE@/ b@(@u@f variilenges s greant be walized

[ Enb of lum nescent device in

nbodi
whi cﬁfﬂarﬁﬂnlﬂ][%[{’entf%ﬁbﬁ&%&eﬁggﬂ? %P@St'gﬁtc entggpn dinents 10 and 11 is driven

in accordance Thd hwdhgoh & prztibéd® ehdye pe@liingi & Plraescthe déwioe Resee Bt
device of this enbodi nent can provide unifaqrminages in di Qfl tal tine, gray
B

scal e dispAlhip PRV HSORSRPH grcsten mrhé?nﬁ%@%taateéectf& apRljapre Wikt i at i on
and thengigh end SmdR5Y H&@I %nsu!%quaonéﬁd\s&bmé@mg *ae;epa [mitErmS Bk Wogiifa @

pi xel that” uses an or amc escent ~ element. Tr répresents a transistor
and Cs rigpustgesich lemiteoreat dedapfie atlight sduncet driasdisplaxseiction. 10 when a gate
l'ine ibs selected, a current flows into Trl froma source Iine and a voltage
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corresponding to the signal is accunulated in Cs. Then a current controlled
by the gate-source voltage (Vgs) of Tr2 flows into Tr2 and the organic

| um nescent element. After Trl is selected, Trl is turned off to hold the
voltage (V,,) of Cs. Accordingly, a current continues to flow in an anount
dependent of V. 15 Fig. 36B shows a chart for driving this circuit in
accordance with digital tine gray scale display. In digital tinme gray
scal e display, one frame is divided into plural sub-franes. Fig. 36B shows
6 bit g %i%% ERdSeh one frane is divided into six sub-frames. In
this case, the ratio of light em ssion periods of the sub-franes is 32
16:8:4:2:1. 20 Fig. 36C schematically shows driving circuits of TFT
substrate in this enbodinent. A gate driver and a source driver are

provi ded on the sane substrate. In this enbodi ment, 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

di splay uni forrm i mages. 25 [ Enbggl g .he | um nescent devices of the
pr esent inven#fon, whi ch have bggﬁﬁggég%? gya?n, t he enbodi nents above
have advantages of | ow power consunption and long lifetinme. Accordingly,

el ectric appl CAREESINg 4R 0TgaNes uauneseodel¢menteompentngdevi ces as their di spl ay
30 units can operate consum ng | ess power than conventional ones and are
durablke. The advanhaggsdeare very useful especially for electric appliances
that use batteries as power sources, such as portabl e equipnment, because

| ow power consunption |eads directly to conveniences (batteries |ast

| onger). The | um neE&MPdYevi ce is self-luninous to elininate the need for
back Iight as 49 the one in liquid crystal displays, and has an organic

conpound | ayer whose holt Gkigs&idgSlayérgsidvideabedwdBn (hBQANSAOLR iR kYA Nescent
devi ce can be made thin and l[ight-weight. Electric appliances that 1nclude

the |um evice as their display units agre accordingly thinner and
Iighteraﬁﬁgﬁgggﬁgg#fﬁgﬂﬁ?“%ﬁ% ?S$WWECP OPB% M Cdi rectly to 5 conveni ences
(l'i ghtness and conpactness in carrying themaround) and is very useful
particularly for po#tabiresequipreprodded betecotthehok eaispbainapPRlérasces.
Mor eover, being
10 the cathode, said luminescent layer comprising the second compound and a third
compound,
wherein the first compound is smaller in ionization potential than the second
compound,

wherein the second compound is larger in hole mobility than the first compound,

15 and

the third compound is larger in electron mobility than the first compound or the

second compound.

2. A luminescent device according to claim 1, wherein there is a
20 concentration gradient that a concentration of the first compound is decreased toward the

cathode from the anode and a concentration of the second compound is increased toward
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thin (unvol um nous) is doubtlessly useful for all of the electric
appliances in terns of transportation (a |arge nunber of appliances can be
transported) and installation (space-saving in a room. 10 Being

sel f-lum nous, the |lum nescent device is characterized by having better
visibility in bright places than liquid crystal display devices and w de
viewi ng angle. Therefore electric appliances that include the |um nescent
device as their display units are very advantageous also in terns of
easiness in view ng display. To sunmarize, electric appliances that use a

| um nescent device of the present 15 invention have, in addition to nerits
of conventional organic |um nescent elenents, nanely, thinness/|ightness
and hi ghthgicathere frop thgapodeeat ures of | ow power consunption and |ong
lifetime, and therefore are very useful. This enbodi mrent shows exanpl es of
the electric appliances that include as display units the | um nescent
device of the present invention. Specific exanples thereof 20 are shown in
Figs. 17A to 17F and 18A to 18B. Any netal conpl exes, disclosed in the
present invent?-on can beUYBHNGSEENt: Hevieh é‘ﬁ?ﬂrgmgu'rﬁ ﬁ@gﬁe t WaFEHe e iRl uded
in the electric appliance of this enbodinment. The | um nescent device

i ncl udedcdmpddﬁa ohgeistd £phdplokiaigecahpddiids enbodi ment can have any of the
configurations illustrated in Figs. 12 to 16 and 34 to 36. 25 Fig. 17A
shows g di spl ay device using an organic |um nescent el enent. The display
device”is conposed of a case 170la, a support base 1702a, and a display
unit 1703a. By using a |l um nescent device of the present invention as the
di splay unit 1403a, the\ tispmkesyentddevice aceording tohclaim |1, gitereie ithd tsecondd
durabl e. Accordingly, transportation is sinplified, space is saved in
install at | i fet] [.Si:l [ shows a video canera, which
i's conpoé%%&%¥ﬁggﬁgyﬁgi%g§0k%8iggggyﬁgﬁgﬁgg?%ﬁﬁ%t 1702b, an audi o i nput
unit 1703b, operation switches 1704b, a battery 1705b, and an inage
receiving unit 1706b. By using a |um nescent device of the present
invention as the display unit 1702b, the video canera can be |ight-weight
and consunes §ess powera pfigneEdhnabvice Ratdi@hy BOAKHTR! WS Wediamd and
carrying the video canera 50 Is |less inconvenient. Fig. 17C shows a

digital canera, which is conposed of a main _body 170lc, a
10 Iuminescent clement has a luminescence from a triplet excited state.

6. 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

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

7.1 A luminescent device:
comprising an organic luminescent element comprising:
an anode;
20 a cathode;

an electron transporting layer provided between the anode and the
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di splay unit 1702c, an eye piece unit 1703c, and operation switches 1704c.
By using a |um nescent device of the present invention as the display unit
1702c, the digital camera 5 can be |ight-weight and consunes | ess power.
Accordi ngly, battery consunption is reduced and carrying the digital
canera is less inconvenient. Fig. 17D shows an i nmage reproduci ng device
equi pped with a recording nedium The device is conposed of a main body
1701d, a recording medium (such as CD, LD, or DVD) 1702d, operation
switches 1703d, a display unit (A 1704d, and a display unit (B) 10 1705d.
The display unit (A) 1704d mainly displays inmage information whereas the
display unit (B) 1705d mainly displays text information. By using a

| um nescenhodigvomprisiog atthg qongoend anhyeerand comportil agilspl ay unit (A) 1704d
and the display unit (B) 1705d, the inmage reproducing device can consune

| ess power and can bg || - Wei R j Yol

devi ce equi pped wt hgé‘!“?g‘g%‘%eg?%%%é@?ﬂ%g%bg@%?ﬁJf‘ggzes&%%g@?‘fﬁﬁ%@gg?@and
gane machines. Fig. 17E shows a (nobile) portable conputer, which is
conposedamf tlee meéde, shiddpminetent kydl spmayisigai the spomsl campoyndgand aclbirdi ng
unit 1703e, operation switches 1704e, and a nenory slot 1705e. By using a
Iuninesc&gh(gﬁche of the present invention as the display unit 1702e, the
portabl e coﬂputér can be thin and |ight-weight, 20 and consunes | ess power.
Accordi ngly, battery consunption is reduced and carrying fhe conEuter IS

| ess i fdconveni whereimT ke Fist sHMPoEBHpist egecdh degiam iaﬁffla%nﬁ}ﬂqnoﬁ‘q §eePnds | ash
menory or a recordi ng medi um obt ai ned by integrating non-volatile nenories
and canahaﬁﬁg@gce the stored information. Fig. 17F shows a persona

conput er, ich is conposed of a main body 1701f, 25 a case 1702f, a

di splay unit 1703f, d a keyboard 1704f. By.using a |um.nescent evi ce of
the present inV ﬁ??‘bﬁﬂeas?e‘f GPEpPYr %il?rg’f%ﬁéfe, cc%ﬁ’& B‘é’g]g%-‘ﬁat a%é%gfr%tr can
be thin and Iight-weight, and consunes |ess power. The | um nescent device
is a greadmpdi@id, tnd n terns of battery consunption and |ightness especially
for a notebook personal conputer that are carried around. 30 The
opportunity is_,now.i,ncreased that th e i i j

frequency i nf o%&ilrgncoé% un? hY gﬁréﬁ} éleg%cr %’%ﬁ%ﬁ%g%%upﬁ{ecg{g?gﬁmﬁ)%gisgﬁs/bhg h as
the Internet and radi o communications such as radi o wave, especially,

ani mal0osedonfl gpmpoummh. Since organic | um nescent el enents have very fast
response speed, the |lum nescent device is

8. A luminescent device according to claim 7, wherein there is a
concentration gradient that a concentration of the first compound is increased toward the
cathode from the anode and a concentration of the second compound is decreased toward

15 the cathode from the anode,

0. A luminescent device according to claim 7, wherein the first
compound is sclected from the group consisting of alkali metal halogenide, a metal
complex having a quinoline skeleton, a metal complex having a benzoquinoline skeleton,

20 an oxadiazole derivative, or a triazole derivative.
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suitable for animation display. 51 Fig. 18A shows a cellul ar phone, which
is conposed of a main body 180l1la, an audio output unit 1802a, an audio
input unit 1803a, a display unit 1804a, operation sw tches 1805a, and an
antenna 1806a. By using a |um nescent device of the present invention as
the display unit 1804a, the cellular phone can be thin and |ight-weight,
and 5 consune | ess power. Accordingly, battery consunption is reduced,
carrying the cellular phone is easy, and the main body can be conpact.
Fig. 18B shows an audio (specifically, car audio), which is conposed of a
main body 1801b, a display unit 1802b, and operation swtches 1803b and
1804b. By using a |um nescent device of the present invention as the
di spl ay unit 1%@2b, t he Aubintnesganthéevi®@ heogdingudd ghimahdvkaeiadie speond
power. Although car audio is taken as an exanple in this enbodi nent, the
audio ma Q. ' [ [ it i l18{aces
shown i nx‘i‘-‘?g‘%mﬁﬁ@%gﬁ“‘??ﬁ II;lar?(]*]é %?KBQ%%k%gnBé gffg urﬂn%tall %ﬁ“@%ﬁﬁgﬁhgé ngdltﬁ{r%e
| um nance of emtted light in accordance with the brightness of the
sur r oundbkrigontremetal gemplex daving apyizegwiaeline pkelefgnpnpgxadiasoledieniy it 215
el ectric appliances with photo sensors as neasures to detect the brightness
of the /ULHRURGIVAGR:, of\a YEEKanBRDIALEQHAKIZE. | Mage or text information
without difficulties if the contrast ratio of the:lum nance of emtted
light to the brightness of the surroundings is 100 to 150. Wth this
functi®8n, the |um nance of an i mge can be raised for better view ng when
the surroundings are bright whereas the | um nance of an i mage can be 20
| onvered to reduce power @ohsifigcemndéevi@nadcbriisg td olatdi M) geheadit thabkganiar i ous
el ectric appliances that enploy as |ight sources the |um nescent device of
t he present. i nvention can he al so thin and.light-weight and can operate
consumi n rﬁ”@%%:emp%%?lfﬁ\%ﬁiw}%ﬁ%?c? REm @g‘}@c%é{&%&ﬁg%pl i ances. 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
| um nescent device of the present invention as a |light source.
accordingly, the I um nescent,dexiseay CABDE idbRind IENLrMRT gNtwhadd gRISUTE
| ess power. en liquid crysta I spllays are us as the display units of
the el ectric appliances shown in Figs. 17A to 17F and 18A to 18B according
to thil@ bmbioesosphdeviehds ag| deetriccanpbioheselested drotpethe ngraup r@npipdng ohed ght
and consune |l ess power if those liquid

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.

13. A luminescent device comprising:
15 an organic luminescent element comprising:
an anode;

a cathode; and
a luminescent layer provided between the anode and the cathode,
comprising a first compound, a second compound, and a third compound,;
20 wherein the first compound is larger in hole mobility than the second compound,

wherein the second compound is larger in electron mobility than the first
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30 crystal displays use as back light or front light the |um nescent device
of the present invention. [Enbodinent 19] 52 In this enbodi nent, an
exanple of an active matrix type constant-current driving circuit is
described, which is driving by flowng the constant current in the organic
| um nescent el enment of the present invention. The circuit structure

thereof is shown in Fig. 37. 5 A pixel 1810 shown in Fig. 37 has a signal
line Si, a first scanning line G, a second scanning line Pj and a power
source line Vi. In addition, the pixel 1810 has transistor (referred bel ow
toas "Tr") 1, Tr2, Tr3, Tr4, an organic |um nescent elenment 1811 of a

m xed junction type and a retention capacitor 1812. Both gates of Tr3 and
Tr4 are conpaukleandy th the first scanning line G. As for the 10 source
and the drain of Tr3, the one is connected with the signal line Si, the
other is conn | : r2hi t ; ; he
drain of Tr4, fﬁﬁgel%g]n%‘aﬂ %‘gkrégghf?]egﬁcgg)e% ?e}é %lﬁl ’égglj;ragﬁ 1%% ml%')rle;d,aﬁ{rﬁgblgtaﬁ%r% IS
connected to the gate of Trl. Thus, the _either of the source and the drain
of Tr3 aleveshamepqupiad afoledudarsethitcén dhethddeampowd 1y smalipe thah$8LEd with
each other. 15 The source of Trl is connected with the power source line Wi
and the giaidhcef vbiwednS a GRABRCHEG PN dlARIAOHARE 288 ddwedth@nGatugical Tr2
is connected to the second scanning line Pj. And, the drain of the Tr2 is
connected with a pixel electrode jn the organic |um nescent el enment 1811.
The or Bamoleculaprtwdhe Tyt spmppundand tlliﬁ§e‘i°%g CBMPEFAG| ectrode, a counter

el ectrode and an organic |um nescent |ayer provided between the pixel 20

el ectrode and the counter el ectrode. The counter el ectrode of the organic

| um nescent elenent 1811 is applied constant voltage by a power source

provided at the external ,of a light emttin nel . Tr nd .Trd can_adopt
bot h n- channel fdtl'ype TFT %B‘%P%ﬁ?ﬁﬁn‘iﬁ‘”‘fey%%oﬁ‘g‘lg% ﬁiﬂ%vlg? ,war[ eemﬁg?rgrl? i es of

TO and Tr4 are the sane. Further, Trl can adopt both 25 n-channel type TFT
and p- chesmvehtritiqpegAdEnt Mala carceaulayiin dothh finstchenpoehd isyjeerchfed wmargthehannel
type TFT. Wth respect to the polarity, in the case of the pixel electrode

and the EQHREhof!(BE LA mldh LB ALARR & hé/BBEE EBRPoGI PR readeB%RAR 1S AN

anode and"

10 the cathode from the anode.

15. A luminescent device according to claim 13, wherein the first

compound comprises an aromatic amine-based compound.

15 16. A luminescent device according to claim 13, wherein the second.
compound is selected from the group consisting of a metal complex having a quinoline
skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole derivative, a

triazole derivative, or a phenanthroline derivative.

20 17 A luminescent device according to claim 13, wherein the organic

luminescent element has a luminescence from a triplet excited state.
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other is a cathode. In the case that the Tr2 is an p-channel type TFT, it
is preferable to use the anode as a pixel electrode, and the cathode as a
counter electrode. Reversely, in the 30 case that the Tr2 is an n-channel
type TFT, it is preferable to use the cathode as a pixel electrode, and
the anode as a counter electrode. The retention capacitor 1812 is forned
between the gate and the source of Trl. 53 The retention capacitor 1812 is
provided to maintain nore certainly the voltage (Vcs) between the gate and
the source of Trl. However, it is not necessary always provided. In the

pi xel shown in Fig. 37, the current supplied to the signal line Si is
controlled at the current source in the signal line driving circuit. 5 By
appl yi ng the above-nentioned circuit structure, the constant-current
driving can be realized, by which the brightness can be kept by flowing a
constant current in the organic |lum nescent elenent. The organic

| umi nescent el epent havi ng A Wintedcdt gdesiceobiccdriiag proeski i By euhietein thas a

| onger lifetine than that of prior organic |um nescent elenent. The

organi c_l um.nescent el enent is effective because very |longer lif.eti can
ber eal B 2BERNGBE, vy Bl % BBORE AT S o e OB VISP v ng.
The invention is practiced to enable providing a | um nescent device which
is small displapderice,covidewrpirmen, adikiek cahérendn inmgeirtprodicing ldevice anmebdet ri ¢
appliance, which is bright and small in power consunption and serviceable

1 gt “soupetiof i PRy Qb eDucld LIGPRRMTCR T RERS PG 17 T °

| um nescent device: conprising an organic |um nescent el enment conprising:
5 an anode; a cathode; a hole transporting | ayer provided between the anode
and the cathode, conprising a first conpound and a second conpound; and a

l'um nescent | aygy provided PgiMRERERVIYR @nipraigporting layer and 10 the

cat hode, said |uninescent |ayer conprising the second conpound and a third

10 an organic luminescent element comprising:
an anode;
a cathode; and
an organic compound layer provided between the anode and the cathode,
comprising a hole transporting region comprising a hole transporting material and an
15 electron transporting 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,
wherein a luminescent region is provided in the mixed region, and

20 wherein the luminescent region contains a luminescent material.

20. A luminescent device according to claim 19, wherein the mixed region
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conpound, wherein the first conpound is smaller in ionization potential
than the second conpound, wherein the second conpound is larger in hole
nmobility than the first conpound, 15 and the third conpound is larger in
el ectron nmobility than the first conpound or the second conpound. 2. A

| um nescent device according to claiml1, wherein there is a 20
concentration gradient that a concentration of the first conpound is
decreased toward the cathode fromthe anode and a concentration of the
second compound is increased toward 55 the cathode fromthe anode. 3. , A
| um nescent device according to claim1l1l, wherein the first conpound

conpri ses a phthal ocyani ne conpound. 5 4. A | um nescent device according to
cl ai m 1, regiet epmprises theclkale transnontegmatcsichpid he sleghon frepsnoriéngmaissiabaiged
conpound. 5. A lum nescent device according to claim1, wherein the organic
10 Ium nesgentk (&ig¢ment has a luminescence froma triplet excited state. 6.
A | um nescent éeV|ce according to claiml, wherein the |um nescent device
is an electric appliance selected fromthe group consisting of a display
device, a video canera, a digital canera, an inmage reproduci ng device, a
nobile 15 portable conputer, a personal conputer, a cellular phone, and an
audio. 7.( A lgm nescent gdeVif$nescvi&d NGcaing’ Rl U NER&GERL 1)) ement
conprising: an anode; 20 a cathode; an electron transporting |ayer

provi ded_between the anode and the 56 cathode, conprising a first conpound
and a SeHURANCEERPBEHY: 1S 3ROt i iRed B0 ayer provi ded between the

el ectron transporting | ayer

22. A luminescent device according to claim 19, wherein a blocking

material is doped in a portion of the mixed ;egion, in which an energy difference between

a highest occupied molecular orbit and a lowest unoccupied molea_llar orbit is large as

10 compared with energy differences in the hole transporting material and the electron

transporting material.

23, A luminescent device according to claim 22, wherein the
Juminescent region is disposed nearer to the anode than the portion added the blocking

15 material.

24. A luminescent device according to claim 19, wherein the

luminescent material presents luminance caused from a triplet excited state.

20 25. A luminescent device according to claim 19, wherein the ratio of a

mass of the hole transporting material to the total mass of the hole transporting material
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and the anode, said | um nescent |ayer conprising the second conmpound and a
third conpound, 5 wherein the first conpound is lager in electron affinity
than the second conpound, wherein the second conpound is larger in

el ectron nmobility than the first conpound, and the third conpound is

| arger in hole mobility than the first conpound or the 10 second conpound.
8. A lum nescent device according to claim7, wherein there is a
concentration gradient that a concentration of the first conpound is
increased toward the cathode fromthe anode and a concentration of the
second compound is decreased toward 15 the cathode fromthe anode. 9. A

| um nescent device according to claim7, wherein the first conpound is

sel ect edafd g eleiragrisanspebingimatera) iafthamizgd regianals 192700y enPigend PO il
conpl ex having a quinoline skeleton, a netal conplex having a

benzoqui pQline skel eton, 20 an oxadi azole derivative, or a triazole
derivative. 57 to. A lum nescent device according to claim?7, wherein the
second conpound is selected fromthe group consisting of a netal conplex
having a qui noline skeleton, a netal conplex having a benzoqui noline

skel eton, an oxadi azol e derivative, a triazole derivative, or a

phenant hrol i neageri vati ve jygnihéscedt ddtitNLR6RTIEg €S Ia6R 13C Sl Ghd Rikddal m 7,
wherein the organic |um nescent elenent has a | um nescence froma triplet
excited state, 12. A |lum nescent devic ccord&n to claim7, wherein the
10 | unP nB&i¥hhasetpickaessoid ”é‘i‘@&?ﬁof%a"&jgb(?q HROE %Sg'l ected fromthe group
consisting of a display device, a video canera, a digital canera, an imge
reproduci ng device, a nobile portable conputer, a personal conputer, a

cel lul ar phone, and an audio. 13. A |um nescent device conprising: 15 an

organi ¢ | um neilient el err-e&t 1Eaeseeht "dkvid" a%goc%gfﬁ;g to claim 19, wherein the
luminescent device is an electric appliance selected from the group conmsisting of a

display device, a video camera, a digital camera, an image reproducing device, a mobile

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

28, A luminescent device according to claim 1, wherein
the third compound is selected from the group consisting of a metal complex having a
quinoline skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole

15 derivative, a triazole derivative, or a phenanthroline derivative.

29. A luminescent device according to claim 7, wherein

the third compound comprises an aromatic amine-based compound.

20 30. A luminescent device comprising:

an organic luminescent element comprising:
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a cathode; and a | um nescent |ayer provided between the anode and the

cat hode, <conprising a first conpound, a second conpound, and a third
conmpound; 20 wherein the first conmpound is larger in hole nobility than the
second compound, wherein the second conpound is larger in electron
nmobility than the first 58 conmpound, and wherein an energy difference

bet ween a hi ghest occupi ed nol ecular orbit and a |owest unoccupied

nol ecul ar orbit in the third conpound is smaller than energy differences
bet ween a hi ghest occupi ed nolecular orbit and a | owest unoccupied 5

nmol ecul ar orbit in the first conmpound and the second conpound. 14. A

| um nescent device according to claim 13, wherein there is a concentration
gradi ent that a conc@h®®¥ion of the first conmpound i s decreased toward the
cat hode fromthe anode and a concentration of the second conpound is
increased toward 10,th@c&atzh@de from the anode. 15. A lunminescent device
according to claim 13, wherein the first conpound conprises an aronatic

am ne-based conpound. 15 16. A ] um nescent device according to claim 13,
wherein the second. a&&ﬁﬁ%ﬁﬁﬁﬁigy§épgﬁﬁ§ﬁi#?BWFPh@ngBGﬁ @%%éh%ﬁ?ﬁﬁggf a

metal conpl ex having a quinoline skeleton, a netal conplex having a

benzoqui n@bxinﬁﬂsiagelfﬁstmmp@nn@,ww@dxﬁnptﬁmﬂymd ¥ thirdeconiponadol e derivati ve,
or a phenanthroline derivative. 20 17., A lum nescent device according to

claim 13, wherein the qrganic | um nescent el enent has.a |um.nescence from
o ripPer exc podredt e dir G mippund B R SOk oo AR s OREORR G m 13
wherein the 5 |um nescent device is an electric appliance selected from

t he group consiwdieteig thé sacalids pbrapowdelicéarger i ddsrtroamaohility ttamgitbalfirstaner a,
an i mage reproducing device, a nobile portable conputer, a persona

conputer . . a &@%{ular phone, and an audio. 19. A |um nescent device
corrprising:P an organi c | um nescent el enent conprising: an anode;

wherein an energy difference between a highest occupied molecular orbit and a

lowest unoccupied molecular orbit in the third compound is smaller than energy

10 differences between a highest occupied molecular orbit and a lowest unoccupied
molecular orbit in the first compound and the second compound, and

wherein the third compound is added to an intermediate region of the

luminescent layer.

15 31. A luminescent device comprising:
an organic luminescent element comprising:
an anode;
a cathode; and
a luminescent layer provided between the anode and the cathode,
20 comprising a first compound, a second compound, and a third compound;

wherein the first compound is larger in hole mobility than the second compound,
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a cathode; and an organi c conpound | ayer provided between the anode and the
cat hode, <conprising a hole transporting region conprising a hole
transporting material and an 15 electron transporting region conprising an
el ectron transporting material; wherein a mxed region is provided between
the hole transporting region and the electron transporting region,
conprising the hole transporting material and the electron transporting
material, wherein a |um nescent region is provided in the m xed region, and
20 wherein the |um nescent region contains a |um nescent material. 20. A
l'um nescent  deweR.iaCERr $icBEd (@nfpo@hdNid Yarghh 8k &lftidAe nfBbNRY 1hedi Ae R0

regi on conprises the hole transporting material and the el ectron
transporting material at a constant ratio. 21. A |lum nescent device

accor di nFOEPoEPGi m 19, wherein the 5 luninescent region is a part of the
m xed region. 22. A lum nescent device according to claim19, wherein a

bl ocki ng mat enifalreinnd9BRY diffe@npObétvedn athigHest sdcpiédrtdieoilar ombitvdddch an
energy di fference between a highest occupi ed nol ecular orbit and a | owest
unoccupi ed nol ecul ar. Qrbif is large as 10 .c ared wi.th ener di fferences
e HhaPueRts SHRESOER (e RGUIEF | AP el hendiE QRRPBHRY (i aGHGr HAG TRETEY | o
23. A lum nescent device according to claim?22, wherein the |um nescent
regi on i differepesetetnean ex Highdshecamged mblaoulttherpiordridon  boebat] wnoecupliaac ki ng
15 material. 24. A lum nescent device according to claim19, wherein the

| um nescen erial_pr ] riplet excited
state. Zdné‘g{mé{ (Frhﬁ‘ilrhglsegzrg{]éozneﬂv%%g‘%@@%r%?‘%%ﬁ%éﬁ 1%’[?‘%}1 M19, wherein the ratio
of a mass of the hole transporting naterial to the total nass of the hole
transporting natterdinlthe thirdgnmpohed michded parthyrinteplontingsgentdayeri al in the

m xed region is 10 %or nore and 90 %or |ess. 26. A lum nescent device
according to claim19, wherein the m xed

10 32. A luminescent device comprising:
an organic luminescent element comprising:
an anode;
a cathode; and
an organic compound layer provided between the anode and the cathode,
15 comprising a hole transporting region comprising a hole transporting material and an
electron transporting 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,
20 - wherein a luminescent region is provided in the mixed region,

. wherein the luminescent region contains a luminescent material, and
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5 region has a thickness of 10 urn or nore and 100 nmor less. 27. A

| umi nescent device according to claim19, wherein the |um nescent device
is an electric appliance selected fromthe group consisting of a display
device, a video canera, a digital canera, an inmage reproduci ng device, a
nobile 10 portable conputer, a personal conputer, a cellular phone, and an
audio. 28. A lum nescent device according to claim1, wherein the third
conpound i s selvdiereid the dumingscept oupteralnisi addedglootn dntgEnediateoiggioaxohald ng a
qui nol i ne skel eton, a netal conplex having a benzoqui noline skel eton, an
oxadi azoljgmigkrcd@tdgi@.i ve, a triazole derivative, or a phenanthroline
derivative. 29. A I'um nescent device according to claim?7, wherein the
third conpound conprises an aromatic am ne-based conmpound. 20 30. A

| um nescent device conprising: an organic |um nescent elenment conprising:
62 an anode; a cathode; and a | um nescent |ayer provided between the anode
and the cat hodeg3. conpri si Rluhihdsesdt deoirpev@risiagsecond conpound, and a
third conpound; 5 wherein the first conmpound is larger in hole nobility
than the second conpound,. wherein the second conpound is larger in

el ectr&h nDbiIﬁPf”%ﬁ&hmPH@$F9F§ﬁﬂn%Bﬁﬁ@ﬁﬁﬁ?gmherein an energy difference
bet ween a hi ghest occupi ed nol ecular orbit and a |owest unoccupied

nol ecul ar orbit in thaahdde;d conpound is snaller than energy 10

di fferences between a hi ghest occupi ed nol ecular orbit and a | owest
unoccupi ed nDIecuIar(BﬁBh&E%g the first conmpound and the second conpound,
and wherein the third conpdound is added to an internedi ate region of the

| um nescent layer. 15 31. A lum nescent device conprising: an organic

| umi nescent el enent ewvwrgang ¢egnpoand daysd provadeddietves, theadode and the cathode,

comprising a hole transporting region comprising a hole transporting material and an
10 electron transporting 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,
wherein a luminescent region is provided in the mixed region,
15 wherein the luminescent region containg a luminescent material, and

wherein the luminescent material included partly in the luminescent region.

34. A luminescent device according to claim 30, wherein there is a
concentration gradient that a concentration of the first compound is decreased toward the
20 cathode from the anode and a concentration of the second compound is increased toward

the cathode from the anode.
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a lum nescent |ayer provided between the anode and the cathode, 20
conprising a first conpound, a second conpound, and a third conpound;
wherein the first conpound is larger in hole nobility than the second
conpound, 63 wherein the second conmpound is larger in electron nobility
than the first conpound, wherein an energy difference between a hi ghest
occupi ed nol ecular orbit and a 5 | owest unoccupi ed nol ecular orbit in the
third conpound is snmaller than energy differences between a hi ghest
occupi ed nol ecular orbit and a | owest unoccupied nolecular orbit in the
first conpound and the second conpound, and wherein the third conpound
included partly in the lum nescent layer. 10 32. A |um nescent device
conprising: an organic |um nescent el enent conprising: an anode; a

cat hode; and an organi ¢ conpound | ayer provi ded between the anode and the
cathode, 15 conprising a hole transporting region conprising a hole
transporting material and an electron transportlng regi on conprising an
el ectron transporting material; wherein a m xe n is provided between
the hol e transgéftlng regi on and 9H%mngﬁgﬁﬁﬁﬁﬁcﬁ?%%§§B$F?ﬁ@“?é gi Wherein
conprising the hole transporting material and the electron transportlng
mat eri al theBrsnbghgiundaohipriseest adiatie giine-basepicompdadt.i n the m xed regi on,
wherein the | um nescent region contains a |um nescent nmaterial, and 64
whereip the |lum nescent material is added to an internedi ate region of the
| um neScent region. 33. A lum nescent device conprising: 5 an organic

| um nescent el enent conprising: an anode; a cathode; and an organic
conpound | ayer 3provi ded bet ween tAduamhedecnaddvitdecaadihgdeclaim 30, wherein

the second compound is selected from the group consisting of a metal complex having a
quinoline skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole
derivative, a triazole derivative, or a phenanthroline derivative.
10
37. A luminescent device according to claim 30, wherein

the organic luminescent element has a luminescence from a triplet excited state.

38. A luminescent device according to claim 30, wherein
15 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 celtular phone, and an andio.

39. A luminescent device according to claim 31, wherein
20 there is a concentration gradient that a concentration of the first compound is decreased

toward the cathode from the anode and a concentration of the second compound is
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conprising a hole transporting region conprising a hole transporting
material and an 10 electron transporting region conprising an el ectron
transporting material; wherein a mxed region is provided between the hol e
transporting region and the electron transporting region, conprising the
hol e transporting material and the electron transporting material, wherein
a lum nescent region is provided in the m xed region, 15 wherein the

| um nescent region contains a |lumnescent material, and wherein the

| um nescent material included partly in the |um nescent region. 34. A

| um nescent device according to claim30, wherein there is a concentration
gr adi ent _t hat concentration of the first conpound is decreased toward the
20 cat ho¥¥T$456 ‘?ﬁﬁggﬁﬁagmﬁﬁgﬂﬁlgﬁﬁ@@ﬁ?ration of the second conpound is
increased toward the cathode fromthe anode. 65 35. A | um nescent device
according to claim 30, wherein the first conpound conprises an aronmatic

am ne- based conpound. 5 36. A |lum nescent device according to claim 30,
wherein the second conpound is selected frgm.the group, consi sting of a
metal conpl ex éVing a quinoIine£§W%F§§%WF83”ﬁ%?§%“§6§ﬂ?a?“ﬂgéiw Crgin
benzoqui nol i ne skel eton, an oxadi azole derivative, a triazole derivative,
or a pheganiit cdmpindeoipaisésm ardthald aménd-bascd esmpoindlevi ce according to
claim 30, wherein the organic |um nescent el enent has a | um nescence from
a tripket excited state. 38. A lum nescent device according to claim 30,
wher ei 15 the lum nescent device is an electric appliance selected from
the group consisting of a display device, a video canera, a digital

canmera, an imagé. reproduci ng devi#&dymmenespi Hevicpaecoabhe te olajnBér wherein
personal conputer, a cellular phone, and an audio. 39. A lum nescent device
accor di ng, .t ' j e, ' ; [ j hat a
concent 1 8 SeTFEFhphnd RRUELE rebh WAk Gup SR SRR BEk PPmPe RSl 4 o

t he anode and a concentration of the second conpound is 66 )
quinoline skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole

derivative, a triazole derivative, or a phenanthroline derivative.
10
42, A luminescent device according to claim 31, wherein

the organic luminescent element has a luminescence from a triplet excited state.

43. A luminescent device according to claim 31, wherein
15 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.

44. A luminescent device according to claim 32, wherein
20 there is a concentration gradient that a concentration of the first compound is decreased

toward the cathode from the anode and a concentration of the second compound is
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increased toward the cathode fromthe anode. 40. A |um nescent device
according to claim3l, wherein the first conpound conprises an aronatic
am ne-based conpound. 5 41. A |lum nescent device according to claim 31,
wherein the second conpound is selected fromthe group consisting of a
metal conpl ex having a quinoline skeleton, a netal conplex having a
benzoqui nol i ne skel eton, an oxadi azole derivative, a triazole derivative,
or a phenanthroline derivative. 10 42. A |lum nescent device according to
claim 31, wherein the organic |um nescent elenent has a | um nescence from
atriplet excited state. 43. A lum nescent device according to claim 31,
wherein 15 the | um nescent device is an electric appliance selected from
t he grouprceasned Wiapdthefcathodgfiop e ageds-ce, a vi deo canera, a digital
canera, an inmage reproducing device, a nobile portable conputer, a
personal conputer, a cellular phone, and an audio. 44. A |um nescent device
according to claim32, wherein 20 there is a concentration gradient that a
concentration of the first conpound is decreased toward the t hode from
the anode and %-concentration of 4?\‘%“%18%‘"8%‘?“6’6?%6%@@0 A ProrvdEn
toward the cathode fromthe anode. 45. A |um nescent device according to
claim 32the\m§tr&inEApouhh%oifnipﬁ§és AOFORENCaSTEFdss@ Sodpoudkionat i ¢ am ne- based
conmpound. 5 46. | um nescent device according to claim 32, wherein the
second_conmpound is selected fromthe group consisting of a netal conplex
having5a qgui nol i ne skel eton, a netal conplex having a benzoqui noline

skel eton, an oxadi azole derivative, a triazole derivative, or a

phenant hr ol i nedéleri vative. 10 47.A Arhinssaeesderite sevidiny modand3hgviacial ai m
32, wherein the organic |um nescent elenent has a | um nescence froma

triplet gxcitoth Sidb&ndd® selfery HoRPREe b E¥sFfing S QA0 drfpiSk Rhvth3 2

wher ei n
quinoline skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole
derivative, a triazole derivative, or a phenanthroline derivative.
10

47. A luminescent device according to claim 32, wherein

the organic luminescent element has a luminescence from a triplet excited state.

48. A luminescent device according to claim 32, wherein
15 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.

49. A luminescent device according to claim 33, wherein
20 there is a concentration gradient that a concentration of the first compound is decreased

toward the cathode from the anode and a concentration of the second compound is
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15 the lum nescent device is an electric appliance selected fromthe group
consisting of a display device, a video canera, a digital canera, an imge
reproduci ng device, a nobile portable conputer, a personal conputer, a

cel lul ar phone, and an audio. 49. A |um nescent device according to claim
33, wherein 20 there is a concentration gradient that a concentration of
the first conpound is decreased toward the cathode fromthe anode and a
concentration of the second conpound is 68 increased toward the cathode
fromthe anode. 50. A |um nescent device according to claim33, wherein

the first conpound conprises an aromati c am ne-based conpound. 5 51. A

| um nescent device according to claim33, wherein the second conpound is
sel ect edirfareased toovagd thepcathmds ifsm thy apbde. net al conpl ex having a qui noline
skel eton, a netal conplex having a benzoqui noline skel eton, an oxadi azol e
derivative, a triazole derivative, or a phenanthroline derivative. 10 52. A
| um nescent device according to claim 33, wherein the organic |um nescent
el ement has a |um nescence froma triplet excited state. 53, A |um nescent
devi ce accordi A8 to clai m 33, wheAdwmines®nt fevicupsaeeding in claisy Béewheseian

el ectric appliance selected fromthe group consisting of a display device,

a video ganfeBeoripdtindichHpriS R fonAflc biRGRLIRRLOMEIY devi ce, a mobile

portabl e conputer, a per onputer, a cellular phone, and an audi o. 69

5

51. A luminescent device according to claim 33, wherein

the second compound is selected from thé group consisting of a metal complex having a

quinoline skeleton, a metal complex having a benzoquinoline skeleton, an oxadiazole

derivative, a triazole derivative, or a phenanthroline derivative.

10

52. A luminescent device according to claim 33, wherein

the organic luminescent element has a luminescence from a triplet excited state.

53. A luminescent device according to claim 33, wherein
15 the luminescent device is an electric appliance selected from the group comsisting 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.
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