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1. Field of the Invention The present invention relates to BB 2908 tti ng
device usifig an organic light emtting 5 elenment having an anode, a

cat hode, and a film containing an organic conpound in which light emssion
can be obtained by applying an electric field (hereafter referred to as an
"organic conpound filnf). In particular, the present invention relates to
a light em.t#ing device using lﬁi@a‘rEMl’l'il’gﬁGlHﬁVI(ﬁEng el enents having a
driver voltage that is |ower than a conventional driver voltage and having
along life. Note that the, termlight emtting device within this
specification 10 indicates i mage display devices or |ight emtting devices
using organic |ight emtti nBACKGRAUNDIOF THRINVENTION ng el enents. Furt her,
modul es in which a connector, for exanple, an anisotropic ‘conductive film
(f 1 exi bl elpFiet efdhe inventidn FPC), a TAB (tape autonmated bonding) tape, or a
TCP (tape carrier package) is attached to organic light emtting el enents,
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tape or the TCP, and nodules in which an IC 1 (mtegrated circuit) i1s

direct |y semshfving ani8odd, d2aihedé, afdh fi?rH‘cbﬁthi'ﬁﬁngne({?%gﬁ@ dﬁnmﬁﬁ:ﬁ 'li@hpn

gl ass) nethod are all i ncl uded |n t he category of t emt
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are elements which emt e applicati
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10 indicates image display devices or light emitting devices using organic light emitting elements as
light emitting elements. Further, modules in which a connector, for example, an anisotropic
conductive film (flexible printed circuit, FPC), a TAB (tape automated bonding) tape, or a TCP
(tape carrier package) is attached to organic light emitting elements, modules in which a printed-
wiring board is provided on the tip of the TAB tape or the TCP, and modules in which an IC

15 (integrated circuit) is directly mounted to the organic light emitting elements by a COG (chip on

glass) method are all included in the category of the light emitting devices.

2. Description of the Related Art

Organic light emitting elements are elements which emit light by the applicatioﬁ of an
electric field. The light emitting mechanism is one in which electrons injected tf6in a cathode
- 20 recombine within an organic compound film with holes injected from an anode, forming excitation
state molecules (hereafter referred to as “molecular excitons”), by the application of a voltage
between the electrodes sandwiching the organic compound film. Energy is released when the
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1 nol ecul ar excitons return to a base sate, thereby emtting light. Note
that it is possible for the nol ecular excitons forned by the organic
conpound to be in a singlet excitation state or in a triplet excitation
state, and both cases in which either excitation state may contribute to
the emi ssion of light are included wthin this specification. 5 The organic
conpound filmis normally fornmed by a thin filmhaving a thickness | ess

t han 1, umoléaylareneitnas refpmdo o bassrsgienibereby ginittingdighti ng el enents. Furt her,
organic light emtting elenments are self light emtting elenments in which
light is em t{Natke that it Isepossigjaivrchemoieouladexcitbmssformdicysb¢ omgsnic aodpdundneber e a
back light like that is used in a conventional liquid crystal display is
not necedsasiygleGoriatipmeatutd gr,in & triplatlokditatipn statenand bbb thotasesén whieh eitlga ek dtatiog ht
emtting elements that 10 are extrenely thin and light is a big advantage.
Fur t her m3tate mayeomdibusrto thé emission of Hghttakeintcinfelwitisin tisi$ specitieationrer unti |
reconbi nation in an organic conpound film having a thickness on the order

of 19€0 to 200 Thebrdafic cEpoREldEilm iS néréhall Cormed B4 (i fIBENA/R] a thRREesOfess than
nanoseconds when considering carrier nobility of the organic conpound

film and @M e thése types&forini¢ Rt éiHithiflg sleMes S FortHer, OTaMtallh BRitERE é1b:BEnts

reconbi nes until light is 15 emtted, the |ight em ssion can be reached

W thin ong Wie ﬂi@lﬁte&ﬂﬁgng LlR&leRisOmewhich l'i%%t P emted! BE theC HRAAE L @Hpplhd Sihbat

light emtting €lenents have an extrenely fast response speed. In addition,

drive USitﬁlﬂns@v@é,raﬁﬁkhe?#&{eﬁrﬁacw ﬂ%ﬁtﬁ&@ tﬁﬁ? iSRS iy nb@rﬁﬁ‘)%ﬁiq&xniecr?gtﬂ‘?ﬁ%gayl ik ght

emtting elenent’s are Iight emtting el enments of a carrier injecti type,
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order of several tens of nanoseconds when considering carrier mobility of the organic compound
film, and even in a case of including a process from when the carrier recombines until light is
15 emitted, the light emission can be reached within one microsecond. Therefore, it is one of the
characteristics that light emitting elements have an extremely fast response speed. o
In addition, drive using a direct current voltage is possible because the organic light
emitting elements are light emitting elements of a carrier injecting type, and therefore it is difficult
for noise to develop. With regard to a driver voltage, it has been reported (reference 1: Tang, C.
20 —;N., at;d VanSlyke, S. A., “Organic Electroluminescent Diodes”, Applied Physics Letters, Vol. 51,
No. 12, pp. 913-915 (1987)) that a sufficient brightness of 100 cd/m*at 5.5 V was achieved by first
taking an extremely thin film of an organic compound with ;1 uniform film thickness on the order
of 100 nm, selecting an electrode material so as to make a carrier injection barrier of the organic
compound film smaller, and in addition, introducing a heterostructure (two layer structure).
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conpound filmsmaller, and in addition, introducing a heterostructure (two
| ayer structure). 2 Organic light emtting elenments are therefore under the
spotlight as display elenents for next generation flat panel display

el enents due to their thin size, |ight weight, high speed response, and dc
| ow-vol tage drive. Furthernore, the organic light emtting elenents are of
a self light emtting type and have a wde field of view, and therefore
their visibi| i ®rganig lightngaitting elephentspoe thefefem dnddrele spodighbassdispdayederhentbtor
effective as elenents used in the display screens "of portable devices. An
My: Ag al | mext gemeratign flatipenel display clemtiits duestn theirmitin sitae, dight veeigla) lgh speédresgonkd, e i s
used in the cathode as a nethod of making the carrier injection barrier

wi th respadtdctlowtvoitagy drdwe. CRurthepmoredhe bidaficslighk kmitting biemely atd6fr £681 ght t he
el ectron injection properties, in the organic light emtting 10 el enents
shown i n dmsittiganseant. halié a widd 1816 oP@isw| srldahérefordhei visibilitgig€onTpipativelyHood
carrier into the organic conpound film In addition, applying a single

het e50st rasat the ateNconbideted ao el éffeclivaPBleinbRd uséty BT the AigPRsy Sreenddf PoRBRE C

di am ne conpound and an el ectron transporting and light emtting l'ayer
formed ofgeyides- (8-quinolinolate)-alum num (hereafter referred to as
"Alga") are |lanm nated as the organic 15 conpound fil mremarkably increases

expl o ned oo 1o TEaEAlTHATHE AR ABuRoRRichbant wifch flivefisaplc Hudo bt ¢
have onl ycégno\%é F%l ﬁeﬂh@% of Qltmélhggar\fmite?ﬁgbﬁlgﬁ BBk vt reg(le\%ﬁ%) [t}l?f{:dggéengé gqutl & r om

the catho reach the ano reconbl nin cause

Al ga has e ti r ti, .and the efficiency of |ight

et asi on 1o ShIRE, hHBRPBRIGLE B ARRICH' e Hitpber s e R Pons eribe of
single layer organic |ight emtti el e ts.hetter or in order .to

per 19 (l%r m df TVe at oay IBWegﬁﬁnf%g?e;[{, 18 Fﬂ"s’l %osﬁglgég S atelgrgﬁg‘gloé{“ﬁ"r%ﬁ(@ﬁ‘edlmté’dﬂﬁl fe
of transc?orti ng_ bot h FI ectrons and holes with a good bal ance (hereafter

ref er r ed FEHECRPOYPA im,

In addition, applying a single heterostructure in which a hole transporting layer formed of

an aromatic diamine compound and an electron transporting and light emitting layer formed of tris-
(8-quinolinolate)-aluminum (hereafter referred to as “Alg,") are laminated as the organic

15 compound film remarkably increases the efficiency of the recombination property of the carrier.
This will be explained as follows.

For example, if the organic light emitting elements have only a single layer of Alg;, then
almost éll electrons injected from the cathode will reach the anode without recombining with holes
because Alg, has eléctron transporting properties, and the efficiency of light emission is extremely

20 I;ad. That is, in order to make the efficiency of single layer organic light emitting elements better
(or in order to perform drive at a low voltage), it is necessary to use a material capabie of
transporting both electrons and holes with a good balance (hereafter referred to as a “bipolar
material”). Alg, does not satisfy this condition.

However, provided that a single heterostructure like that of reference 1 is applied, electrons
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material"). Al ga does not satisfy this condition. However, provided that a
single heterostructure like that of reference 1 is applied, electrons 3
injected fromthe cathode are bl ocked by an interface between a hol e
transporting layer and an electron transporting and light emtting |ayer,
and are confined within the electron transporting and Ilight emtting

| ayer.. Carrier reconbination therefore occurs with good efficiency in the
el ectron injgctasstpem ttheepthndd akd igbeked by taniimerfaceybetweeanchold wirspating $dyenadbas ng
good efficiency is achieved. 5 Expandi ng upon the concept of a bl ocking
functi on dfctrdn teanspquiingxinddightrenettingidyel) ebmesnfiasd/withio the@idctron trifsporting inder
reconbi nation region. For exanple, it has been reported that a hole

t ranspor t lighy chrying ldyas @arder semmntssaiontheyeforecteci wathi gooll effitienby inaae tletrdig
holes within the hole transporting |layer through inserting a | ayer capable

of bl ocki trgnspolting ahd ikl ehliinkilayer, laad Bsht chadsinafaving éb@d @fftcreaéysa%ﬁlem | ayer
and an electron transporting layer. (reference 2: Kijima, Y., Asai, N, and

10 Tanura, S., Exﬁn&idg%p& ﬂﬁ@bﬁ‘ce i bl delink G bAUR type LRRATES § bé&ﬂﬁél%hsyo
Appl i ed Physics, Vol. 274-5277(1999)). Further, the organic

light eni Eotd:(ﬂﬁrol?'t&r%& fét:orh@:‘h@ﬁ&ﬂﬁ:%m% PESH &t gfegﬁﬁh%t bl reg,ortean&u 9%%&

that hole transportation is perforned by the h transport | ayer,

el ect 1 on RBsRRE IR 6, b&ﬂ@u%&?ﬁlﬁh&%%lﬁﬁ ' DARIRE pRies Wﬁ& h%g.ue

transporting and emtting e con

e gl S SApEB %a%@)%fﬁwgﬁﬁ%&gh@.e S o
08 e O o B iy RN 49

Japaiese ?ouPr%»Z% e“@lvspr%ﬁa%a%Erre@“%g%?&”%pﬁ‘r{ﬁ%?ﬂﬁaﬁg%é%@%%&se Vol
(1988)). fé) 05%25?% f the so-called separation of functions is that

t he need organic material possess several types of

functions (suc s _t.he abi.l tp.emt ht, carrjer
( lpurt er, the organic hgth emlcgtmg clementsg of reference 1 perform separation of functions

in that hole transportation is performed by the hole transporting layer, and electron transportation
and light emission are performed by the electron transporting and light emitting layer. The concept

15 of the function separation is further expanded upon to the concept of a double heterostructure
(three-layered structure) in which a light emitting layer is sandwiched by a hole transporting layer
and an electron traﬂsporting layer (reference 3: Adachi, C., Toi(oto, S., Tsutsui, T., and Satto, S.,
“Electroluminescence in Organic Films with a Three-layered Structure”, Japanese Journal of
Applied Physics, Vol. 27, No. 2, pp. L269-1L271 (1988)).

20 i - An advantage of the so-called separation of functions is that the need to make one type of
ofganic material possess several types of functions (such as the ability to emit light, carrier”
transporting properties, the ability to inject carriers from electrodes), and therefore separation of
functions provides a wide ranging amount of freedom in molecular design and the like .(for
example, there is no longer a need to search unreasonably for a bipolar material). In other words,
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transporting properties, the ability to inject carriers from el ectrodes),
and therefore separation of functions provides a w de rangi ng anount of
freedomin nol ecul ar design and the like (for exanple, there is no | onger
a need to search unreasonably for a bipolar material). In other words, 4
high efficiency light em ssion can be easily achieved by conbining. '
materials such as a material having good |light emtting properties and a
mat eri al Wightetiicigneyilight eraissipe can besnasihoachiener py apebiting snateriabsypels bs ¥ plajeriallhe
| am nation structure discussed in reference 1 therefore enjoys w despread
use at pr bawing godd ligheerittingpoperaehuad b agesial with sipetiofdaatssitagspbrtigtpréperiard
separation of functions). However, interface boundaries (hereafter referred
to as "or gapectivelyt er f aces”) devel op between each |ayer with a | am nation
structure |ike that discussed above because the structure is nade of

junction of di Thelamidation pesctat discUdssddanfeesencd MheRIGE b§HTs Wiﬂésﬁféa@@s\éﬁt ﬁr&%hlr
origininthe formation of organic interfaces are presented bel ow

Firsts, ongudioaidse ativantdpes (Pades Bloekin@ Furd6H irdae raﬁ&mf(fﬁﬂéﬁen%)n a dri Ver _
voltage. It has been reported for organlc light emtting el'enents that in

practice, si NgHBwkw¥Cintétidct Ghitidaried BIERA é’ﬂ:g toaasG%FgaHle%Ferﬂgés\z‘\gﬁéveﬂp

superior with regard to the driver voltage t hat ata

ef 1 01 el detn dyeraith Wk EH B i TREE S6 &@VL b%hs,gpﬂ% ?t‘?‘lg Brgt i s

a singlet exci tatlo state reference sut sul

Soci ety q“ga"“?@sg?mcdﬁ'd%mm%ﬁs 6k & §grag&Fc %r(ﬁﬁgx%é &’/Hicp Ole thelg blhléllné{l e P

8 (2000) are em Ssion

excitatio dfromatrlplet excitation
fbnﬁﬁ@(}}r?ofd’il iCHEHIES é %@F&)te%rge .

state.) Note that the conj ugate nmers di'scussed in reference 4 are

bi pojsar materi eve| arri reconbi.nation effici

equi Val ent to ﬁksg,ton@% gogl'jf}gﬁﬁ hﬁg SR ogf“? (fl r(?g'hcnr% n %ﬂﬂYeé\Y&!Eage has ?ﬁnr ce,
a single I truct.u hav ew organi c interfaces therefore shows a 20
"l ower driper edﬁr?a%a*@c?% el e, sl R aHbe s P ey
can be made eg ualté/ %ol%"mer are superior with regard to the driver voltage, and that top data power

(L.—r

efficiency (units of 1 m/W) is maintained (compared to light emission from a singlet excitation
state). (reference 4: Tsutsui, T., J. Applied Physics Society Organic Molecules — Bio-electronics
15 Section, Vol. 11, No. 1, p. 8 (2000). (However, this is compared to light emission from a singlet
excitation state, and excludes light emitted from a triplet excitation state.)
Note that the conjugate polymers discussed in reference 4 are bipolar materials, and that
a level of carrier recombination efficiency equivalent to that of a lamination structure can be
achieved. In practice, a single layer structure having few organic interfaces therefore shows a
20 ".iower driver voltage provided that the carrier recombination efficiency can be made equivalent,
without the use of a lamination structuré, by a method such as using a bipolar polymer. This ~
eventually suggests that carrier mobility in the organic interface is hindered.
In addition, another problem originates in an organic interface is er(ertion of influence on
the element lifetime (element deterioration) for organic light emitting elements. Namely,
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W thout the use of a lamnation structure, by a nethod such as using a

bi pol ar polyner. This eventually suggests that carrier nmobility in the
organic interface is hindered. In addition, another problemoriginates in
an organic interface is exertion of influence on the elenent lifetine
(el ement deterioration) for organic light emtting elenents. Nanely, 5
bri ght ness drops because the carrier nobility is inpeded and charge
accunul atteightriiss dreps bricause tiramrnjer haobilitg énimgetaddndshage seganttitesg t he
mechani sm of this degradation, but it has been reported that the drop in
bri ght ness carNddefinitp tiicossied bban dstubkisied Begabdin®ihe niehAGdm STthlsA¥Sadatiiat vaen
the anode and the hole transporting layer, and in addition, by performng
ac drive itliasdedn speited tNad ieldesioh Briphiaéss ash 8 supsregied U)einﬁd'rﬁri%f REBjeeting layer
VanSl yke, S. A., Chen, C. H, and Tang, C. W, "Oganic El ectrolum nescent
Devi ces Vetweeh!the antad afil @i Hold transpé¥ping i#yer, BhY & &flitll b pforyitlg adfive A9-
15, pp. 2160-2162 (1966)). This can be said to be experinental evidence
that st he shefwabélenkth inSteld bildnios Eeﬁ?éﬁc@?: VhENIRSS &, CRen2808!, Q?d*%lg,\/\tt\kv

elimnating charge accunulation by inserting ~the hole injeéting Fayer "and
has- ¢ he mergiaé Bcyctinlic X Shi IS M 1biived Sabiy; APl PHASI e YHERET 0
br eadt ' o1 S3r: 2RO0AGKTORR. M bbb saiidtbe el o Wl RS Gy

Ch parti Qappihits o bABRIRRARE el bl By RltaR et iof Y BsF B cos

t he reduci| -i.n.the driver voltage and in brightness. 15 SUMVARY OF THE
| NVENTI O%{’%Aﬁ&%b'i]%g{'ggafye{%nedebﬁ'rug*sn&?fz MVention is to elinknate organic

I ntexfaces exisSti i thin an ni.c conmpound,film thereby ipcreasing
car ‘rﬂli er nobi | ﬁ?fﬂ rﬁ%ﬁ“ﬁﬁ%ﬂﬂf%’é‘?lﬁ?’%‘gg@“@@ﬂg@““ﬂ‘f&ha tiL"f‘ frgits qfﬁe%‘gﬁglé?ﬁ? e3sil¥m
| am natian strycture conventionally used, d at the sanme tine, tqQ express
function m‘ﬁ?asﬁ%ﬁ Rt ﬁef‘if“wat'?é‘teg‘qléﬁ% ?‘”(’ﬁé‘? gﬁ’F‘f‘Bﬂ funghion),ang beipg ahle toripgiedst on
expressio "% sigilar to the function | . i o

the breadth of selection of materials (separation of functions). However, carrier mobility is

suppressed due to the formation of organic interfaces, in particular interfaces which block carriers,

and this in turn influences the reductions in the driver voltage and in brightness.

15 SUMMARY OF THE INVENTION
An object of the present invention is to eliminate organic interfaces existing within an
organic combound film, thereby increasing carrier mobility, by manufacturing elements that differ
in concept from lamination structure conventionally used, and at the same time, to express function
-:of- a plurality of materials (hereafter referred to as “function expression”) similar to the function
20 separation of the lamination structure. In addition, an object of the present invention is to provide
. organic light emitting elements having a lower driver voltage than, and a longer element lifetime

than, conventional elements using function expression.

Further, an object of the present invention is to provide a light emitting device having a
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20 separation of the lam nation structure. In addition, an object of the
present invention is to provide - '" organic light emtting elenents
having a | ower driver voltage than, and a |onger elenment lifetinme than,
conventional elenents using function expression. Further, an object of the
present invention is to provide a light emtting device having a 6 |ower
driver voltage than, and a longer lifetinme than, conventional devices by
usi ng t helosegdriver voltaggitharg mnd 4 longerdifetiree tian, ¢converttibinkl devicesiby adipgeiht offaniche
present invention is to provide electronic equipnent that has a | ower

el ectri c hghwemittiap slemehisorin bidition, andbjecl 6e prdsédt dhveliion 3a8 provedelédidohRrnal
el ectroni c equi pnent by manufacturing the el ectronic equi pnent using the
above- 5 equirhédinabatl haghd 16wert éledific GRWeE Qonshhptibi B, Ah8 DiodghelifktigReibhn,

i nvention considered the two nmechani sns which will be discussed bel ow as
nodel s f Ogonvertioakl é16roRi dquRimeRPby mbhufadtivrifOthgeRotrétic Qcﬁtﬂﬁtﬁérﬁ ubiRf el 6Fe-
First, one nmechani sm devel opi ng fromthe norphol ogy of the organic

i nt ersf acemdMfoned APRH HGftRY -defiBe. Or gani ¢ conpound filmin an organic Iight
emtting elenent s nornmally an 10 anorphous state film and is fornmed by

aggregati on of THDIGEHES Df the }Elﬁen‘i‘rix%ﬂii&n EQRRIRIADNE N@%Qﬁ%ewh%tvhufb%r ces

bet ween nol ecul es, nmainly dipolar Interactions. However,:-

het er oSt r e el Hefof ﬁﬁ&#ﬁi{ a%’ﬂi@x% %hgppﬁ?&fimm?l i ol fOh&tack NEN
f

there is the possi bi 0 ere ar size and

shape will havg .2 gr.eat .0
(nanely, the organic inter
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junction in the organic interfaceds .thought .t ecane wor se for cases in
whi oh o hEPERES (B Srdinicctortnonad oS in 4o eaid Bl et & Bl dfces
TP SN R U R RN
e o A DRSS, B%5cR SASOT Sll TS ol SRRt 2 70
heterostructure is forrned using this type of molecular aggregate, then there is the possibility of that
the difference in molecular size and shape will have a .great influence in the-heterostructure
interface (namely, the organic interface).
15 In particular, the conformity of junction in the organic interface is thought to become worse
~ for cases in which a heterostructure is formed using materials having large differences in their
molecular size. A conceptual diagram thereof is shown in Fig. 1. A first layer 111 made from
small molecules 101 and a second layer 112 made from large molecules 102 are laminated in Fig.
1. Aregion 114 having poor conformity develops in an organic interface 113 in this case.
20 i There is a possibility that the poor conformity region 114 shown in Fig. 1 will become a
barrier (or energy barrier) which inhibits carrier mobility, anq this suggests that it hinders the driver
voltage from being additionally reduced. Furthermore, carriers unable to overcome the energy

barrier accumulate as a charge, and there is a possibility that this will cause a drop in brightness

as discussed above.



20 There is a possibility that the poor conformty region 114 shown in Fig.
1 wll beconme a barrier (or energy barrier) which inhibits carrier
nmobility, and this suggests that it hinders the driver voltage from being
additionally reduced. Furthernore, carriers unable to overcone the energy
barrier accunmul ate as a charge, and there is a possibility that this wll
cause a drop in brightness as discussed above. 7 Another mechani sm

devel opi ng f r ofinpihet Esskaniss devaloning) frome progesseraef &erming thet lamdnation astmcipre
formng the organic interface) was al so considered. Oganic |light emtting
el ement s £neaelys frming the preanic i erfaceliwansilsoconsiderkd. i Orghrinbight enstiing dlefrientslarne
nmet hod) evaporation apparatus in order to avoid contam nati on when form ng
each | ayenomfally anhfagiurest ising aghultichember nasghah(@wling metkod).evafortionApparatus in
evaporation apparatus for formng a three layered structure of a hole

t ranspor t prdgr toayeid contaminatjor when fotring edchyayer ofaliedaraimaibretiue e, bs SROWAM FigNg

| ayer (a double heterostructure) is shown in the exanple of Fig. 2. First,
a sulbsstrae having anodes (such as indiumtin oxide (hereafter referred to
as "ITO")) is carried into an entrance chanber, and cl eaning of the anode
surface i s perAaevadration Bypardtiofdi Riming avhres Ryéred Qiuctur@éfia holelthinSporinAg M
at nosphere in an ultraviolet irradiation chanber. |In particular, oxidation
processi ngligkt ephtting layer andan dNciroR (rBSPERInE tayer @ABESIe hErosRRAie) i9 WU LR tlhe
anode is an oxide such as ITO 1In addition, hole transporting layers are

formed i nemnphy SOFIEAL. | IR, 2ABHRKS hatthl anbddTiuch T tddids tih%)(ﬁl%??}éé%{e‘??efgrgéfg 2 :

red, green, and blue in Ifig. 2) are fornmed in evaporation cC ers

204, el 2 ’ j LN i 15 ¢l

305" and cSoma LS Rélriel o W iffaRe bt BREILAALNABMANRL. RRAPRRE] |
| . Ofs: t: ' ‘] St [e. ' ' b . |.ast in-

cachiol 2 by el g AR LA A KL an BB L uRET OB T bl °

froman eﬁﬂﬁgﬁ&ﬂ%ﬁ%ﬁdﬂi@h él%@ésg{ng (i)sOfeSI%)prhgd l%l){lplg pr%]::eslsf?fglcthrr?berpteotrrg:gges %}/ \%l?i?:ﬂ %;[el on

appar at us | € evapor a

anode is an oxide such as ITO. In addition, hole transporting layers are formed in an evaporation
chamber 201, light emitting layers (three colors: red, green, and blue in Fig. 2) are formed in
evaporation chambers 202 to 204, electron transporting layers are formed in an evaporation
15 chamber 205 and cathodes are formed in an evaporation chamber 206 in order to form each layer
of the lamination structure. Sealing is performed lastly in a sealing chamber, and the organic light
emitting elements are taken out from an exit chamber.
A feature of this type of in-line method evaporation appaiatus is that the evaporation of
each layer is performed in different evaporation chambers, namely the evaporation chambers 201
20 -’;o 205, respectively. In other words, this is an apparatus structure in which materials for each layer
do not mix with each other.
Incidentally, although the inside of the evaporation apparatus is reduced in pressure to
normally be on the order of 10* to 10 Pa, a very small amount of gaseous components (such as
oxygen and water) remain. Even with this very small amount of gaseous components, an adsorbed
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each layer is performed in different evaporation chanbers, nanely the
evaporation chanbers 201 20 ,to 205, respectively. In other words, this is
an apparatus structure in which materials for each layer do not mx with
each other. Incidentally, although the inside of the evaporation apparatus
I's reduced in pressure to normally be on the order of 10' to 10-' Pa, a
very smal | anmount of gaseous conponents (such as oxygen and water) renain.
Even wi t hlayer en theropdesreflalsinghromolecwddr lgyes éomasilycfonpedimrse egralancands ar thisdeved of

| ayer on the order of a single nolecular layer is easily fornmed in several
seconds ataquuirs | evel of vacuum A large interval therefore devel ops
between the formati on of each | ayer when manufacturing organic |ight

enm tting el eneAt darpé ihepiahahéefors tdevelbpy eBtwtsh NGe afdrBRRA F Uaich 1%& hat S
of Fig. 2. In other words, there is a fear that adsorbed |ayers (hereafter

referred wanefactitinporgahiy lipkeaiiging clémbits 6Qktindtieh suRiciires @5iMg SNEIphrafi¥PiB thaPf
gaseous conponents during the intervals between the fornmation of each

| ayers i noPBigl RCU BthelBRisCIRENGY h Rr MaCatisSrb¥d B @rsgﬁ‘&@mér FEREVEMB as “EfIARRET -
A conceptual diagramof such is shown in Fig. g. Ig. 3 shows a state I'n

whi ch an iag&ld*)i will forl¥duel & very dalt HBAR gfigagéouél cé(rgﬁéheﬁgﬁuin i F{P%’r\sr%ig F&Qeen

I mpurity 303 ('such as water Or oxygen) IS forne bet ween ayer 311

made fromm fdrafio? 082S l%{éﬁglgr nté&?&’wﬁé}ldc&lvﬁgﬁg{%gﬁr?y\% asgb%oﬁﬁa%\g%lgp ma

second organi ¢ conmpound 30 am nat 1 on wo | ayers.
I mpurity Lﬁ%@kmthus formed between each of the layers (nanely, an organic
I nterface) econes an inpurity region that traps carriers, thereby.

T 0 e TS SR 5 g SR LB s
8 3 b UL S5 S 4 D S b el
I nduci ng gehr&ggnug Hs?f'ayierrh lq rnila%gtfrrcl)ef\nsg fill'sit greg\argi(r:] %mgéu%ﬁ L.J'aaiea%d %Egc\{)%'d layer 312 made
from a second organic-compound 302, during lamination of the two layers.
The impurity layer thus formed between each of the layers (namely, an organic interface)
becomes an impurity region that traps carriers, thereby inhibiting the mobility of the carriers, after
15 completion of the organic light emitting eleﬁxents, and therefore the driver voltage is increased.
In addition, charge will accumulate in the carrier trapping an impurity region if it exists, and
therefore there is a possibility of inducing a reduction in brightness ljke that discussed above.
Considering this type of mechanism, it is necessary to go beyond conventional lamination
structure elements for both the element structure and the manufacturing processes in order to
20 ':-overcome the problems which develop in the organic interface (deterioration of the morphology
of the-organic interface and formation of an impurity layer) discussed above. For example, organic
light emitting elements having only a single layer, in which a hole transporting material is mixed
with an electron transporting material (hereafter reférrcd to as a “mixed single layer”), formed

between two electrodes have been reported as examples of organic light emitting elements which
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Considering this type of nechanism it is necessary to go beyond
conventional |amnation structure elenents for both the elenent structure
and the manufacturing processes in order to 20 "overcome the problens

whi ch develop in the organic interface (deterioration of the norphol ogy of
the-organic interface and formation of an inpurity layer) discussed above.
For exanple, organic light emtting elenents having only a single |ayer,
i n whi ch campistely eliminaigorganisdntenfiaces (referenee GriNabal, S. \Shirnodtl, Ekad4, HoOnnagawa,
transporting material (hereafter referred to as a "mxed single |ayer"),
formed i wedkMiyashits| Ko t“Oogimic BRerolominescenp Mevizds AsingxaMik&b SigleOLgRHI, C
light emtting elenents which 9 conpletely elimnate organic interfaces
(r ef er endepdueseNakmal & Apglied PhgsicsKVbl. 38kN6la2Bpp. KMTNAQAYRS, (1964)). and

M yashita, K, "Organic El ectrol um nescent Devices Using a MXxed Single
Layer", Japanesifigld tayendtuctiire 3Foineddn Rivehess bWﬂixing?@A'-H&&{N-(Js%ﬁethﬂlahenyg-
L1772-L1774 (1994)). A single layer structure is fornmed in reference by
M Xi g 4,N-phéi thNng}' bIPhERY | aRANEY reférrdd b QB Y+THEIN) Nk DAIRh eRkich (RReerRit er
referred tg asy "TP )%‘tmh g\lﬁga, whi ch have hol e transplg?ti ng propel?‘%i es

and el eCttfaﬂébloh'i SRpérikd Snd ERBEIH irﬁl%poﬁﬁgﬁﬁgéejrt\f&l YngécP\sra?',:]?“ atf ofl1 : £

However, it is shown that the single |lay ruct ur erior conpared

to a | ampatdven it SHeWniha me(g?@ggig or ﬁ&ﬁ&ﬁ; &?&foﬁ’%xﬁ?aﬁg&@%ﬁg&n%@ﬁbﬂ Tﬁg@{}?gh t

Alga and 1n which an organic I ace Is forned)

areatl y (GG adREos BLLAGHAR dAETPD T ARGk B vk S o B B e By
wth o | R e i IR Bhletn SRTBRL UG, WETHAAT B Tabhtn H S T R
P e S T A S T
Funet | on SO BREE Lt BT Rac ity gapsd WHER Uk i Eireabisahor devel op- In of her

r his ig because function expression.is not perfornmed in the m xed
\évionglsé this he Catise or thlsfgthougl[;'t to ég that holes in]ectecf| from Phe anode and electrons injected

A

from the cathode tend to pass through to the opposite electrode without recombining in the mixed
single layer case. The lamination structure has a carrier bk.)cking function, and therefore this type
15 of problem does not develop.

In other words, this is because function expression is not performed in the mixed single
layer of reference 6. That is, if regions capable of expressing each of the functions are not formed,
for example a region near the anode exhibits a hole transporting function, a region near the cathode
exhibits an electron transporting function within the organic compound film, and light emitting

20 -:regim—ls (regions in which the carriers recombine) are formed in portions separated from both the
electrodes, then light emission with good efficiency cannot be achieved even if the organic
interfaces are eli_minated.

In consideration of these points, the inventors of the present invention proposed a method
for achieving organic light emitting elements that differ from those of reference 6 but which are
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| ayer of reference 6. That is, if regions capable of expressing each of the
functions are not fornmed, for exanple a region near the anode exhibits a
hol e transporting function, a region near the cathode exhibits an electron
transporting function within the organic conpound film and light emtting
20 -regions (regions in which the carriers reconbine) are fornmed in
portions separated fromboth the electrodes, then |ight em ssion with good
ef fi ci enceapeblarvdtfulntion chpressiech andein wihich legavicgateifecesiant elithinaed. ax eonceptual
elimnated. In consideration of these points, the inventors of the present
i nvent i ondipgramasfsuchds shewindnl Figl 4r Nete lhag)\althoughrag anode 402 g4 tormeed dritd sabstke4ant s
that differ fromthose of reference 6 but which are 10 capable of function
expr essi ohergkevdrsedstrbiuf if ahich 4 CltiRIdE 404 & fofGededn it RiblsBsle mAyGROGR Rk

di agram of such is shown in Fig. 4. Note that, although an anode 402 is

formed on a suliglblettfspéHing Reich 405 hAKarSRd holel thimbpbrngd MathhiA302af ALARRE
404 is formed on the substrate may al so be used. A hole transporting region

405 made M&ﬁbﬁngmgﬁmumﬂfaa@frsﬂnag B thabpdtith m&Rrif S £ hh@ P mixtule t@RGPAT | NY

region 409 nade froman el ectron transporting nmaterial 431, and a m xture
regi on 40 whi [ ' 1R .

L BnSpor o 85 iRl aROtL LRGP SOl ERR MG MBEA I,
n : " R . '. 5 N fnl . . .

xi¥") Al b OheiBihet Rrdibad6 8040 GRITBAHE n'ah og%a%%%%@d Bluffod Qfieaififl the

transporting materia ectron transporting material for e
h . ; . c < . o ! ot
Fegl on 4ot Biaipgffing sl G the LPSkdn b cinfinhiboiy Uy ngels HBGnlh Bi'B O

I n additi frst.co ration, change reqi 406 .and .a,second .
concent r aty oRE ‘§%§°§‘°%r‘£§3§%fﬁ’“ﬂﬁ m&P%“‘F%?‘r%EF%%?%‘@'n““FWé dng}‘f W@tl?ge@f‘%ﬂ"lm?
and bhe h & lﬁ.r nSﬁOﬁti ng region 405, and between the m xture regi on 407
and Phe el'ect PShoRHS orting region 409, respectively. A concentration

gradient is f .i N the concentration chan egj ons so that the
concentrat i on%gﬁﬁ’é‘(’%" gL ERRSFREAU0B CBIHES rﬁglﬁ‘ggﬁ)g ?'gi 3 $f60%d concgptratiogehange
m re regjon,,A schematic diagramof {he

xture re JonQOS are%onne c{ween Ithegmlﬁ)l:ture regEon 407 and the hole transporting region 405, and

between the mixture region 407 and the electron transporting region 409, respectively. A

concentration gradient is formed in the concentration change regions so that the concentration ratio

15 gradually becomes closer to the x:y ratio of the mixture region. A schematic diagram of the
concentration profile is shown in Fig. 5.

The hole transporting material can receive and transport holes at the anode side, and on the

other hand the electron transporting material can receive and transport electrons at the cathode side

when this type of element is formed. Further, a gentle concentration gradient is formed in the

20 ~concentration change regions 406 and 408 so as to avoid a sudden concentration change (the most
extreme example of a sudden change is a conventional heterostructure, in which the ¢oncentration
changes from 0% to 100%, or from 100% to 0%), and therefore the energy barrier with respect to
the carriers can be nearly eliminated.

The carrier input to the organic compound film 403 is therefore transported smoothly to
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concentration profile is shown in Fig. 5. The hole transporting materi al
can receive and transport holes at the anode side, and on the other hand
the el ectron transporting material can receive and transport el ectrons at
the cathode side when this type of elenent is forned. Further, a gentle
concentration gradient is formed in the 20 concentrati on change regi ons 406
and 408 so as to avoid a sudden concentration change (the nost extrene
exanpl e ofthemixtieeagioni yathpet bging ohsteusted by a largresnergy bamrigo t Thisis a verywhpartant he
concentration changes fromO0%to 100% or from100%to 0%, and therefore
t he ener gyolbhat thercopgentratiensghenge regions 406 and #08 plag. hamddbienibemiytusl egibnaded.
The carrier input to the organic conpound film403 is therefore transported
snoot hl y thes bipdlatitypamd thenefare itdgcammes4dgsibie fdrdioth the holgs adibélecione ¢ Byveain! the ge
energy barrier. This is a very inportant role that the concentration
change r egigtnge #@iond0W. 408 play. In addition, the mxture region 407 has
bi polarity, and therefore it becones possible for both the holes and

el ectsons to moWieat i) imfRtantrhest Us €hat @ig) thtéﬁﬁt-tinF r&%@ﬁ chiftainBOhE 3izht BRfifing S
that the light emtting region containing the l'ight emtting material Ts

formed i nnidigialMisdorhéd el AMxAHY regld 4U7NEh ofRRE WordsS 2drkikR ciin 58 prdientkel %ﬁ{’lt ed
from passing through the m xture region wthout reconbining, and at the

sane ti e phdimelthi@lifh SEIntikiuROreglof HifhBud 13 i f .and
i oy upt | oF o e HENEh (K rkiktuRhegloR WiBul SockRhp B oL b bl i€ RAIP AR

" quenchi Ngeglori8kep? SwhY SYR MeGibcrrbiesafld hl\?\ﬂpiéﬁr?%ﬂggﬁmy tmléé&oﬁ%c(g?ﬁe?%%%feééﬁo to

the m xture 10 region 407. Regions In unct1on
¢ ¢ e A ) Cexist o withio th
or gant o comouheR e B By, BE oFHBL BRI il flhal M4 ) Bgpittur
f ROR . [ C . f. like. & . of ti
S LECS el 47, RO B e B 5 S B PlmAR 58
af or eneht 'th(?lgg)gstwlﬁl% t%%réa&%%ogggu%h?ﬁm%b&tdl en%té \6%_ ez?lgxleggi%gle layer of reference
6. '

In addition, organic interfaces like those of conventional lamination structures do not exist
within this type of element. The aforementioned problems that develop at the above-mentioned
organic interface (morphology deterioration of the organic interface and formation of an impurity
layer) can therefore be solved.

First, an explanation of how the morphology deterioration of the organic interface is
resolved is made using Fig. 6. Fig. 6isa cfoss section of an organic compound film made from
aregion 611 composed of small molecules 601, a region 612 composed of large molecules 602,

20 -:-and z; mixture region 613 containing both the small molecules 601 and the large molecules 602.

Note that a concentration change regiof; has been omitted here for convenience in the figii€. Fig.

6 makes clear that an organic interface like the organic interface 113 of Fig. 1 does not exist here,

and that the region 114 having poor conformity does not exist either.

Further, formation of an impurity layer is resolved. When manufacturing organic light
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15 organic interface (norphol ogy deterioration of the organic interface and
formation of an inpurity |ayer) can therefore be solved. First, an
expl anati on of how the norphol ogy deterioration of the organic interface is
resolved is made using Fig. 6. Fig. 6 is a cross section of an organic
conpound filmnmade from a region 611 conposed of small nol ecul es 601, a
region 612 conposed of large nol ecules 602, 20 "and a m xture region 613
cont ai ni ngeobitsing eldmeenssibitel thosel afcRig.e; thdRolamendpbringangeriarid RaWIGFodbd on het e
that a concentration change regi on has been omtted here for convenience in
t he fi gur enoéé by evafonatiées; shen| diring! th@itvaporatiogafith€ holo tighidpaf gl nhdt@idl & NE8R1 C
interface 113 of Fig. 1 does not exist here, and that the region 114
havi ng poaransguifing niateyiallio 8tatedab beXbevafdiritb®in additidn!t6lthe Kol Hﬁﬁsb@r@ingfmeﬁ‘&ial
inpurity layer is resolved. \Wen manufacturing organic light "12 emtting
el enent s |viegetiynBeRixbire Fgion ié forinB, Anatien! the BvapefatibfoF tHRASE bidhs bﬁin'g@xltlgtérﬁllll y
formed on the anode by evaporation, then, during the evaporaplon of the
hol e §r anspabipeashilB iR ehaHoratdR ofIhE ElebRdh trdnb ARERARLEAE i led! Al to
be co-evapor al%ﬂed in addi?di on to the hole tr@s%t%ﬁglgn%%gﬂegﬁh%%&%&b@ t he
m xture rqgk@Ndhrng AhMEsot f BEAnict 1 L O ! i

g A TSecudiflol SBnic, iy HARRE MLt B eyeporion

transporting material 5 is stopp vapor at 1 on- o

t ti ' ¢S ' ' t hat dur i
ranut act ur P ik et £ XhorbHEC ool ot AT Mok onrBlifiGs RV St on
appar at us gl i ket hat lgﬁep&g#}gl?y%ht heref ore does not exist. Nanely, no

opportunity 1I's provi e formation of an inpurity layer. Organic
interfaces aredbus ot nic | em.tti el ement s of

L for in.the or i ght n

the present 10 fnvention. ag”ﬁgustl}%ioé?g?’é’q@%‘?rﬁ%? g&%ﬁ?‘ftfl‘?%/elf’rge@ﬁﬁfdbﬁpfé%‘ no
adveéée ilgfvl uence i@}?eﬁerted.on (Hi}e .dri V%eé vol tage or the el enent .
i fet] me. TTYSOUCR P BIFFeiprsSpEier maoility is spo a%f B9 pdyeres inflpenice dpexanted ogfthe 5
| am nation.structure,. and th there are no problens relating to efficiency
of |ight H1"%‘s"|°g‘ﬁ$e g ‘ir’]éff‘ﬁ%g@?m% e‘néﬂwewb@e &t fupgiionsepasetion similarie it ofhas
a mxed junctjon and not the

a lamination structure, and thus there are no problems relating to efficiency of light emission.

Furthermore, the structure of the present invention has a mixed-junction and not the
hetero-junction between different substances with a conventional lamination structure, and the light
15 emitting elements of the present invention are based upon a novel concept.
Therefore, with the present invention, a light emitting device is formed having an organic
light emitting element, the organic light element having:
an anode;
a cathode; and

20 = an organic compound film containing a hole transporting material and an electron

transporting material;
wherein:
the organic compound film has a structure in which:
a hole transporting region made from the hole transporting material;

13



hetero j unction between different substances with a conventi onal

| am nation structure, and the light 15 emtting elenents of the present
i nvention are based upon a novel concept. Therefore, with the present
invention, a light emtting device is fornmed having an organic |ight
emtting elenent, the organic light element having: an anode; a cathode;
and 20 an organi c conpound filmcontaining a hole transporting material and
an el ectron transporti rgfirse¢amceratation chahge wiiphdn which e progatidCofbeploctigh
filmhas a structure in which: a hole transporting region nmade fromthe
hol e transpsponting mukdrial inateases tadaally wikil a enjpteWden theivlChaRPEtINE Gla®iial dhd
whi ch the proportion of the electron transporting nmaterial increases

gr adual | ytheelectromtrirpbming @idsetad béddtheb Rl: § (WhBXPAE yiaRGpodRive ChbRhand)d  t he
el ectron transporting material beconmes x @ y (where x and y are positive

constants); a mxture reghiure ficl dahaﬁuﬁgme helk ﬁaﬁsrpaﬂfng%ra&érﬁgaﬂmhéélhé&onand
the electron 5 transporting naterial at the ratio of . y; a second :

concent I agrArRPoréifd Bheeriab et tROrakiB ofk: 9h t he proportion of the el ectron
‘transporting material gradually inCreases further fromthe x : y ratio; and

an el ectron transporti ng, d&8d¥6n gﬁlofnrcﬁ %&%ﬁfﬁﬁﬁmcE{@H@B{?hhh@%%ﬁm&

material; 10 exist in order |na Irectio e anoae to Cc

and a |i 4114113%;!01.. &hﬁ&r{aﬁ aﬁ&llg ng%gaes}ég]ﬂuftﬂer%rdn’l ﬂ%ﬂx Wﬁﬁé pgemt erial for

per form ng em'sston | forme m xture region.

—)»-

an electron transporting region made from the electron transporting
material;
10 exist in order in a direction from the anode to the cathode; and
a light emitting region, into which a light emitting material for performing light
emission is added, is formed within the mixture region. |
Note that it is preferable that the energy difference between a highest occupied molecular
orbital (HOMO) and a lowest unoccupied molecular orbital (LUMO) of the light emitting material
15 (hereafter referred to as “excitation energy level”) be smaller compared to that of the hole
transporting material and electron transporting material. This is in order to prevent energy mobility
of molecular excitons of the light emitting material. .
Further, a hole injecting region made from a material for enhancing injecting properties 6f
holes (hereafter referred to as a “hole injecting material”) may also be inserted between the anode
20 :and the organic compound film in Fig. 4. Furthermore, an electron injecting region made from a
material for enhancing injecting properties of electrons (hereafter referred to as an “electron
injecting material”) may also be inserted between the cathode and the organic compound film.
Both the hole injecting region and the electron injecting region may also be included.
The hole injecting material and the electron injecting material m this case are materials for
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Note that it is preferable that the energy difference between a hi ghest
occupi ed nol ecular orbital (HOMO and a | owest unoccupi ed nol ecul ar
orbital (LUMD of the light emtting material 15 (hereafter referred to as
"excitation energy level"”) be smaller conpared to that of the' hole
transporting material and electron transporting material. This is in order
to prevent enerqy nobility of nolecular excitons of the light emtting
mat eri al . refyging Hie, cagigrdpiscing barriemfjomehe clectiedse t6 thenorgamia tcempaind Him, and
enhancing injecting properties of holes (hereafter referred to as a "hole
i nj ect i ngthpigtase icarie) mehulity from the elastredesad thedigerin composmbiibn i28mastt. tThe
organi c conpound filmin Fig. 4. Furthernore, an electron injecting region
made fr onmaterials bavieah effest ofbdisgicapalgle bfglimtihating chargp edcuimattioh. Hb®eddr QRsn the
(hereafter referred to as an "electron injecting material") may al so be
i nserted vewpsintofatwiding forogGomothntitpurity Gaer like CRirpioctssed bbve, it ittfarableandiol e
~injecting region and the electron injecting region may also be included.
The bol e ndipeedal s@ursih Rinnatiorfstehd filfhs 6b1eEs Qith bithefifdctifg ABiefihls hd the olglhis
case are materials for 14 reducing the carrier injecting barrier fromthe
el ect r odesnippubdfiln@r gani ¢ conpound film and therefore carrier nmobility
fromthe electrodes to the organic conpound filmis snoboth. The naterials

have an ef f ectruphed @ichict ARBRbMalibn FirliTh &%h@d&&%ﬁﬂ&j t%%l:’ Wik edte 8{1? in the
or n

However, fromthe viewpoint of avoiding f tion of I mpurity Tayer

rovever, 11 o _ i
For mat | oraf ot R (ooe e s & B ELRETH: ook Bolie B el Bl fes MK e
et or m e by o peril oy SO aoBo ke Slind SERANIRM 48 BRI en 50T 1)

(1 5T Bt B 81 DB DB PR SFRRTEpad N i Dy T 1

mat eri al to e enti the m xture
regi on (see Fig. .10 7 nd. may. be .added to anly.a porti of the, m xture
Fegi on (see Fit 20t {¥rachie i BlicR Bbcxite Rt AisinBibe abRe e |
411 may br(e::"gi%lr(ii g@ﬂ ag ﬁxotwrlllem E{gx Ier ﬁote that although the anode 402 is formed on the substrate 401

here, an inverse strﬁcture in which the cathode 404 is formed on the substrate may also be used.
Furthermore, the hole injecting region and the electron injecting region may also be formed
15 between the electrodes and the organic compound film.

Note that the term blocking material denotes a material having the highest excitatidn energy
among the materials contained in the mixture region 407 and which functions so as to block
carriers. In addition, it functions so as to prevent the diffusion of molécular excitons. The carrier
recombination rate in the mixture region 407 increases, and diffusion of molecular excitons is

20 :prevcnted if the blocking material 411 is added to the mixture region 407, and therefore a high
light emission efficiency can be expected. However, blocking materials often have a blocking
function for only holes or electrons, and therefore the carrier balance within the mixture region
may break down if the Blocking material is added throughout the entire mixture region.
Accordingly, it is more preferable that the blocking material is added only to a portion of the
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region 407, as shown in Fig. 8A. Note that although the anode 402 is forned
on the substrate 401 here, an inverse structure in which the cathode 404
is formed on the substrate may al so be used. Furthernore, the hole
injecting region and the electron injecting region may also be formed ] 5
between the el ectrodes and the organic conpound film Note that the term

bl ocking material denotes a material having the highest excitation energy
among t he &WS eI cont ai ned in the nmixture region 407 and which functions
so as to block carriers. In addition, it functions so as to prevent the

di f fusion of ndiueben meteainlsiteving a loPhHOJED tevel; namedy. tholsi captbloof blatkéng Holdshare

m xture region 407 increases, and diffusion of nolecular excitons is 20

" pr event ecorhaliyhffastivefor thy biedkéng materddl 1 The teakitiqut dfadding the biddking maeiiam 1407,
and therefore a high |light em ssion efficiency can be expected. However,

bl ocki ng rareiicalchser tbahe bahaieaidel thakihe gegibn!ROWhieR tifeQigh® BiittiOMBR gl 410 is

el ectrons, and therefore the carrier balance within the mxture region my
br eaks dowaddéd, bfishomindia Fig) BYBitRérete difecadided throughout the entire mixture
region. Accordingly, it is nore preferable that the blocking material is
added only to dn pseeitiyedrsdrorh e viehpoiit 6 the GighChiftthg eFiCiEMS! orgdMRE B5H: Arftting
having a | ow HOMO | evel, nanely those capabl e of bl ocking holes, are

normal |y eidnemts c4patiost &da@fob;hﬁfg%h&gY BRitRAiwHen remﬁingffdm guﬁet%ﬁaﬁgﬁ ﬁﬂte%‘e

bl ocking material 411 to a place closer to the cathode si'de than the
region i naWascdiatt MRrddf@ fer&ldld hderipRt é;rcité’tkon%grgys) have 9&%@9 theas&)ﬁipgme:‘t@
Fig. 8B, is therefore effective. In recent years, fromt ;a vie gln ]9 t he
aht e b i enCy Ok gaDl Col i aht. RRLELi bl e

l'i ght fftlrlélﬂggl?fléﬂtﬁn%.?%’l gﬁﬁgg (eStekdndl¥: 6r§ﬁetn BYF. §£1§W A ffﬁf sof, M.E.... e

transform ng energy em returning Troma triplret exci

have boon T TORE S Sor e yed FisteS, Trafrelin Hebbobouh posicrr ¢
s ' , ... 10 _and
Forrost - Qe LAAchTOL 24, Snca 05 Wl aboor f BRERER b o doofipe M. 1.

 Devices”, YRR ¥i Nakamura, K., Watanabe, T., Tsuji, T., Fukuda, Y., Wakimoto, T., and Miyaguchi,

S, “High Quantum Efficiency in Organic Light-Emitting Devices with Iridium-Complex as a
Triplet Emissive Center”, Japanese Journal of Applied Physics, Vol. 38, pp. L1502-11504

15 (1999)).
A metal complex in which platinum is a central metal, and a metal complex in which
iridium is a central metal, are used in reference 7 and reference 8, respectively. Organic light
.emitting elements capable of converting these triplet excitation energy into light emission

(hereafter referred to as “triplet light emitting elements”) can achieve higher light emitting

20 ~brightness, and high light emitting efficiency, than conventional light emitting elements.
. However, the half-value period for the brightness for a case in which the initial brightness
_is set to 500 cd/m? is on the order of 170 hours in accordance with the example reported in-
reference 8, and this is a problem for thellifetime of the elements. A light emitting layer using a
suitable host material with respect to a light emitting material and a blocking layer using a single
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Physics Letters, Vol. 74, No. 3, pp. 442-444 (1999); and reference 8:
Tsutsui, T., Yang, M J., Yahiro, M, Nakamura, K., Watanabe, T., Tsuji,
T., Fukuda, Y., Wakinmoto, T., and Myaguchi, S, "Hi gh Quantum Effici ency
in Oganic Light-Emtting Devices with IridiumConplex as a Triplet

Em ssive Center", Japanese Journal of Applied Physics, Vol. 38, pp.
L1502-L1504 15 (1999)). A netal conplex in which platinumis a central

met al , an&logkipgmagteriab fiqylpesventingyhe diffusionioflmetaciler exaitent aralnecessaay for sreatripieed
in reference 7 and reference 8, respectively. Oganic light emtting

el enent s &ahtadphittingfelernenis and thyrefore becamaspl lemimmion siatdnoa aed @ myynbendfoorkarght
em ssion (hereafter referred to as "triplet light emtting elenents") can
achi eve hingéréaces deylelopdsiibotightgo b@8 cause bifht sigsselemead lifé.gh | i ght enmitting
efficiency, than conventional light emtting elenents. . However, the

hal f - val ue per Light tmittihg) letientg havig Sxtatiel highSendtionVil ivHicH Kigh bRkhtnéds light

- brightness is set to 500 cd/r2 is on the order of 170 hours in accordance

Wi th g he enagiohendeiigh light érittingeéfEitRAGLInBacedahdeviSh 1i3h@erhis@iBh ##0uf Q'triblRE
lifetime of the elements. Alight emtting |ayer using a suitable host

material ekdifatioes@RCind Dlodg bletidht 1HBHihé, ReomBpREbR! bﬁﬁﬁley%cﬁﬂr]'pg El%}ﬂ A% ESn

using a single 16 blocking nmaterial for preventing t si on of

ol ecul ar teiipldt Qirte B eARRRS SRMenfsONNStE ehdt rtliiﬁlatenﬁolel:ﬁlﬁhéxcﬁgﬁstf hdv8 S cﬁép%?g%ﬁ S

and therefore becones a |amnation structure and a nunber of organic

i nt er f acegjsAAYSNPEh isTarkdiR\OAbarisdn Reth&in ggﬁﬁ%@?&ﬁatéﬁﬂnﬁ uﬁ\%ﬁ?ﬂ? %”Jiﬁﬂé%?able

Light emtting el enents having extrene unction 1n

bri ght nesg,a“:,gf&ﬂdpgmg%ﬁjp&n dhhgl?m%n'u%%faﬂl tting efficiency in

accordance wth emssion froma tripl8  excitation state, and a |ong
Criplet state PeseRanpeioPRRylsbetssii AR RN B SR BB RHt R ons
ol ccul ar S Tp SR e UL E i yhebro sl B o e B e il o g s
materi al 3n or %E]l?l’*lll S ng%;T wellthn;eé(gelcj:tr t% tE'lee %tz?lnr'nass of the hole transporting material and an
electron transporting material. Note that this ratio is thought. to vary considerably in accordance
with the combination of the material .
15 Further, the mixture region contains a light emitting region in the present invention, namely )

a region in which carriers recombine, and therefore a thickness on an order such that carriers do

not pass through is necessary. It is therefore preferable that the mixture region have a thickness

equal to or greater than 10 nm.

K | BRIEF DESCRIPTION OF THE DRAWINGS
20 . In the accdmpanying drawings:

Fig. 1 is a diagram for expressing an organic interface state; -
Fig. 2 is a diagram showing an evaporation apparatus;

Fig. 3 is a diagram showing formation of an impurity layer;

17



10 Incidentally, bipolarity is necessary for the m xture region, and
therefore it is preferable to set the mass percentage of a hole
transporting material to be greater than or equal to 10% and |less than or
equal to 90% wth respect to the total mass of the hole transporting
material and an electron transporting material. Note that this ratio is

t hought to vary considerably in accordance wth the conbination of the
material . 15 él&rﬂﬁe?f,haglﬁ@ skpwingrastuetgrenf ap orgaaiolightierhitigg elementtt i ng r egi on
in the present _invention, nanely a region in which carriers reconbine, and
t heref ore a t hFigkhissasdiagramysbowingra conedntratiert profiles i ers do not pass t hrough
is necessary. It is therefore preferable that the m xture regi on have a

t hi ckness equBig. 6 & adiagmmedoreexpréssing 2 Gnirture BEOEGtaBESCRI PTI ON OF THE
DRAWNGS 20 In the acconpanying drawings: Fig. 1 is a diagramfor

expressi ng an BiggdtA and T8 ercfdiageamns sibwing shugtured of an ergdhia GightBnsitting elgnein
evaporation apparatus; Fig. 3 is a diagramshowi ng formation of an inpurity
| ayers, 17 Fi gFigd. 8/5aml 81 agrdtapraoshowingtstutiotes of A oghnio light @difting eldngit;
emtting elenent; Fig. 5 is a diagram showi ng a concentration profile;

Fig. 6 is a diBgsaA il IBieldepsdnishowiligdnlbvepdraiineppahate; Figs. 7A and 7B
are di agrans show ng structures of an organic |light emtting elenent; 5
Figs. 8A and SRgaI®isdi dﬂrﬁﬂﬁh&hﬁ%’a@Guéiﬁﬂé_lé‘fBﬁ'bx%%ni@ﬂigﬁt!'bnﬂ&ﬁ%@léinén‘t;g ht
emtting elenent; Figs. 9A and 9B are di agrans show ng an evaporation

appar at us; Fi grigd.O11iASaRi ﬂi@ﬂfe&[ﬁ%ﬁkﬂ%l’i&viﬁg lokISdcHb Rl eru&ﬁ‘regf)gé‘rl‘i'ggtc %r%]%t:l}{é

emtting elenent; Figs. 11A and 11B are diagrans show ng cross
structuregevide; @ |ight enmitting device;

10 Fig. 12 is a diagram showing a cross sectional structure of a light emitting device;
~ Figs. 13A and 13B are diagrams showing an upper surface structure and a cross sectional
structure, respectively, of a light emitting device;

Fig. 14 is a diagram showing a cross sectional structure of a light emitting device;

Figs. 15A to 15C are diagrams showing an upper surface structure, and cross sectional
15 structures, respectively, of a light emitting device;

Fig. 16A and 16B are diagrams showing structures of a light emitting devic;?' ”

Figs. 17A and 17B are diagrams showing structures of a light emitting device;

Figs. 18A to 18C are diagrams showing structures of a light emitting device;

Figs. 19A to 19F are diagrams showing specific examples of electronic equipment;

20 = Figs. 20A and 20B are diagrams showing specific examples of electronic equipment;

Fig. 21 is a diagram showing a structure of a light emitting device..
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10 Fig. 12 is a diagram show ng a cross sectional structure of a light.
emtting device; Figs. 13A and 13B are di agrans show ng an upper surface
structure and a cross sectional structure, respectively, of a |ight
emtting device; Fig. 14 is a diagram showi ng a cross sectional structure
of alight emtting device; Figs. 15A to 15C are di agrans showi ng an upper
surface structure, and Cross sectional 15 structures respectively, of a
light emtting delEdL yie THE BRE REREMBORIM uct ures of
alight emtting device; Figs. 17A and 17B are di agranms show ng structures
of a |i ghEmbpdimenhmodevi ce; Figs. 18A to 18C are di agrans show ng
structures of a light emtting device; Figs. 19A to 19F are di agrans

show ng speci f Ao embadipleas wbén ietpdarbenting thegueseqpiriaventio® & dischssgs belda@A Noneltha0 B
are di agrans show ng specific exanples of electronic equipnent; and Fig.
21 i s a dadeasaonesdf@aniangdecandarcathibde musifbe srahdpgieht iamirder toexteeigheemissid from
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nrent node An
enbodi mentn wipanic lighl @mtiig ddgndrte Aplehaent sthutWedin Which 8 trahspaieataddb & forned\ot e
that at |east one of an anode and a cat hode nust be transparent in order

t o extrachnhklsirate aﬁcﬂ\%@fs ekirfdied feord the QhQRAS disdubdthe RN frhdiide 81 i€ ABS possidle
el ement structure in ch a transparent anode is forned on a substrate and

light is %pbﬁ&b@ﬂre&éxﬁ ﬁﬂ%ﬁﬁo@@%btﬁréﬁh%@ﬁf‘gﬂt RkRactédYoRth @ datfdde hhd iosa
al so possibl'e” to apply the present invention to a structure in which |ight

i's extract@guloidWwhids h%ﬁtt i e cAAGdrdn? 1t sidRdppGsitd t&thaloMhd SlbsirhigNt 1S

extracted fromthe side opposite to that of the substrate. Production

processes for ﬁ%{eﬂf&ﬁﬁt bldiSesfof faLt‘uQH% O%ﬁh#ct 15%% eRIRHE @Ieﬁle}l}%c%%ﬁmg Sty 10

!n’portant in or r to prevent t OI‘ITB'[ Ul‘lty ayers
I mpl fgrent hﬁ&)r{anpmp&géretgtprevent the formation of impurity layers when implementing the present

invention. A method of manufacturing an organic light emitting element disclosed by the present
invention is discussed first.
Fig. 9A is an upper surface diagram of an evaporation apparatus, and one vacuum chamber
910 is set up as an evaporation chamber 943, and a plurality of evaporation sources 944 are formed
15 within the vacuum chamber, resulting in a single chamber method. Materials having different
functions, such as a hole injecting material, a hole transporting material, an electron transporting
material, an electron injecting material, a blocking material a light emitting material, and a cathode
structuring material are stored separately in the respective plurality of evaporation sources.
A substrate having an anode (such as ITO) first goes into an entrance chamber 940 in this
20 -;.'type -of evaporation apparatus having an evaporation chamber, and oxidation processing is
performed in a preprocessing chamber 941 if the anode is an oxide such as ITO (note that, although
not shown in Fig. 94, it is also possible to establish an ultraviolet irradiation chamber for cleaning
the surface of the anode). In addition, all materials for forming the organic light emitting elements
are evaporated within the vacuum chamber 910. However, the cathode may be formed within the
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I nvention. A nethod of manufacturing an organic light emtting el enent

di scl osed by the present invention is discussed first. Fig. 9A is an upper
surface diagram of an evaporati on apparatus, and one vacuum chanber 910 is
set up as an evaporation chanmber 943, and a plurality of evaporation
sources 944 are fornmed 15 within the vacuum chanber, resulting in a single
chanber nethod. Materials having different functions, such as a hole

i nj ect i ngvasuneychamber210,@nd thercathedrunay algp bederered i a separakglerwaporasion chamizpoFhe ng
material, an electron injecting material, a blocking material a |ight

em tting peintisitkdt a pariod np dwoghdierming theotathoide qragrdake plagk by ewapotatios avithin one
separately in the respective plurality of evaporation sources. A substrate
havi ng anvamonehémbehtha sadufifi)chambet91g.08=lingispedornediastin e sehlingrhamBer®42.n
this 20 -type of evaporation apparatus having an evaporation chanber, and
oxi dat i onthersobstatiifignoved fromfan exiechaiben apd thp oxparis fiptgniitiagblemef}td dreitherétie
anode is an oxide such as ITO (note that, although not shown in Fig. 9A

it i $ al sgbtapes.iNdte, 949 desdtadd &@b?a,ﬂchurﬁueavi ol et irradi ati on chanber for
cleaning the surface of the anode). In addition, all materials for formng

the organi c | i picesRtd fol ABuf@éBARShE orddhR 1 ﬁﬁﬁftﬂgeéieﬂéﬂt%ﬂ’thé sehd fivefiion
chanber 910. However, the cathode nay be fornmed wthin the 9 vacuum

chanmber 9gng Aidyb é‘@f ﬁ?%l@&%ﬂ%ﬁ%eﬂib& QreQ%Ffaﬁ{eﬂﬁﬁﬁng Rig2 9B]P 8/08d RchNRPGagainOn

chanber . The poi nt hat a period up roug orm ng the cathode may
t ake pl aCSfJBb’vs‘éﬁ%HPétéHb&: Pﬁmtﬂl Fbc%%ff&ﬂﬁ ShARD mpohH&’fMﬁ‘EﬂH ATRRS
910. Sealing is perforne ast y In a sea hanber” 942 istrate

is renov egﬁsﬁgﬁﬁg%a@'&iab ‘3&5)5@1[58 e&&@gﬁ&%@zﬁ Q8% 1 n%-ﬁﬂnﬂg %E?MBS

are there tal ned a conveyor c ' OCeSSESs

for i’ﬁa”“f 9&%}% rthg%ahnﬁn %B%Qér%id gg\fuéf u r%é c@?po%tﬁ]rﬁegjﬁcegf(gh hﬁ%l ne%&@xéound

i nvention type of “sin

Fig. 9B (a cro ctlo di a r.am of t vacu e 0 A process
of forning agﬁmﬁ BARTE® &o oﬁlﬂd’g meontal ni ﬁ%ora Kﬁ’ {]ou@e b 9317 b a’hé’rgamc

x: Si : :: g(%é ou%H eszllp%%t{o?lgoﬁrc:g QBP@% Ishr(])gvn 1ntFeg |9ﬁ as?h2 s’1mgleg c:%arlnI 1%ht em tting

First, a substrate 901 having an anode 902 enters the inside of the vacuum chamber 910,
and is fixed to a fixture plate 911 (the substrate is normally rotated during evaporation). Next, the
15 inside of the vacuum chamber 910 is reduced in pressure (preferably to 10 Pa or less), after which
a container a 912 is heated, making the hole transporting material 921 evaporate, and-a shutter a
914 is opened when a predetermined evaporation rate (units of A/s) is achieved. Evaporation thus
begins. A shutter b 915 remains closed at this point, and a container b 913 is also heated.
A shutter b 915 is gradually opened when a predetermined thickness of a hole transporting
20 :regio.n 903 is achieved, and the evaporation rate of the eleétron transporting material 922 is
increased. The shutter a 914 may remain open as is, and it may also be gradually closed, reducing
the evaporation rate of the hole transporting material. A concentration gradient in a first
concentration change region 904 is formed in accordance with the speeds for (;pening and closing
the shutters at this time. |
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10 using the vacuum chanber 910 having three evaporation sources (an
organi ¢ conpound evaporation source a 916, an organi c conpound evaporation
source b 917, and an organic conpound evaporation source c-918) is shown
in Fig. 9B as the sinplest exanple. . First, a substrate 901 having an
anode 902 enters the inside of the vacuum chanber 910, and is fixed to a
fixture plate 911 éghe substrate is normally rotated during evaporation).
Next, the 15 Nexh shuttgropeniag ¢adelosingonerdsions 9¢ Stopped-at d poigtiwhen ppredstenmined
(preferably to 1WPa or less), after which a container a 912 is heated,

maki ng t hEalRGE:E 1§ aciveyied for thg prepastiompf e lhobs tipspatting meateriah 92Mub tier elactrdil 4

I s opened when a predeterm ned evaporation rate (units of A/s) is achieved.
Evapor at i Ganspoting niséegiah822, And hotistere togiod 905 isrfainms] 0 hesagar evipbrgiopeit A and
a container b 913 is also heated. A shutter b 915 is gradually opened when
a predet every smdll amositrof sise light amitthgmateainlsyB3haygso BOadded G WiRAFoiSing the
achi eved, and the evaporation rate of the electron transporting nateri al
922 iss | mixtereTeglon JB(salfshonh iRFRIYBYRY remain open as is, and it may al so
be gradually cl osed, reducing the evaporation rate of the hole

transporting mMBkedhufter a LR BEAIMANPEIORE veHeAdipRdtetdriind kHilisless 1§ QR foR tHeON
change region 904 is fornmed in accordance with the speeds for opening and

O e R ot b e R R T
o ectr on ok DOLE L Ne leRtestny s ity Busc B SRy peHE Reilly iMGrbpdife
et e o SEEARRCH Bl STnt Atdron fanfShine R el 92 A colbetidfin blta s
(stape ShQBedtfaribh Elhaggg)egio;hsefoﬁﬂg%ﬁ%% ?%éél “ﬁ%ﬁ )t(l?elrjs%géﬁlf!)ryog%h%g Er’(iid éﬁﬁ%gg ﬁlg

predetermned thic S reache e regi

evapor at i gn t e..0 I ran riin terial 1921 is refguced. The
shutter bﬁu'tfé&rr%} %iéﬁt 2’1’ {&% a%u:itgl?a?é P tcoﬂﬁ’g&%{y Sosgd 1y roé‘iﬁﬁa{f’l I, a0 Rleptron
thereby i tp&rsgoa}ﬁhgn %ggorﬂ?and heating of the container a 912 is stopped. :

905

'The aforementioned operations are all performed without causing any intervals to occur,
and therefore impurity layers are not mixed into any of the regions.

15 It is possible to manufacture all of the organic light emitting elements discussed as means
for resolving the objects of the present invention by applying this method. For example, an
evaporation source for evaporating a blocking material may be established in Fig. 9B for cases in
which the blocking material is added to the mixture region 905, and the blocking material may be
evaporated during formation of the mixture region.

20 - - Further, for cases in which a hole injecting region and an electron injecting region are
formed, evaporation sources for each injecting material may be set within the same vacuum
chamber, the vacuum chamber 910. For example, if a hole injecting region is formed by
evaporation between the anode 902 and the hole transporting region 903 in Fig. 9B, then formation

of an impurity layer can be averted by evaporating the hole transporting material 921 immediately
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evaporation rate of the electron transporting material 922. A concentration
gradient in a second 10 concentration change region is forned in accordance
with the speeds for opening and closing the shutters. In addition, the
shutter a 914 is conpletely closed in order to forman el ectron
transporting region, and heating of the container a 912 is stopped. The

af orenenti oned operations are all perforned w thout causing any intervals

t o occur , aftegevieporatingfadwole injepting mytetialyoarthe aode A2, withoatchni inteovahny of t he
regions. = 15 1t is possible to manufacture all of the organic |ight

emi tting el eneNed, atasples segias baloarts préfaredmesaiald fogmbtedale Bjehtds iokfinjedtthg
present invention by applying this nethod. For exanple, an evaporation
sour ce f omatexalpdokittanspaatiiyg markiidlg eleatrad tralspditiyg e fals, alkirshiafciing MatrialdB
for cases in which the blocking material is added to the m xture region
905, and blbekilg Mmatetitlg, diallight chittfRmderiale \NqO that Meteals t4AbEE BEihs 05dah tHehe
m xture region. 20 Further, for cases in which a hole injecting region and

an ekect r gganid]igiftletri@ing SR hts BF the prREADenBNPRE hadlinDitbdo tHeGRsertdN diS@Ritd
injecting material may be set within the same vacuum chanber, the vacuum

chanmber Ydlow For exanple, if a hole injecting region is fornmed by
evaporati on between the anode 902 and the hole transporting region 903 in

Fig. 9B, then popiRt dm oeﬁds%Fe égﬂ@ﬁ&é 5%8i@iﬁﬁfztiﬂfr§3@§?1?%55\7,’%“%0@{’%89%%ioPg

the hole transporting material 921 1 nmredi ately er evaporatin

7,0 DB s BRSAIPIESHR: Wk 82 A ol o PRI

materil a Suc S 'nj ecting
o SR AT I Tohel e BEL AR AT
et 5! 21 S e 0 B R B R Sl O
(rjr:ats g;,lls ngrefe%%gggv %sr‘JgWé g%g&ﬁﬁloéjogg%rg{e%uﬁ)fhfm%% El!:i\c[l ?he?‘esaftre]:? le enlregjtg g;[ J‘Prb%”),
and polyaniline. Further, polymer compound inéulatots are also effective in leveling, and
polyimide (hereafter referred to as “PI”) is often used. In addition, inorganic compounds are also
used, such as metallic thin films of gold or platinum, and ultra thin films of aluminum oxide
15 (hereafter referred to as “alumina”).
Aromatic amine compounds (namely, compounds having bonds between a benzene ring
and nitrogen) are the most widely used as hole transporting materials. In addition to TPD
discussed above, derivatives of TPD such as the starburst aromatic amine compounds 4,4'-bis[N-
(1-naphthyl)-N-phenyl-amino}-biphenyl (hereafter referred to as “a-NPD”), 4,4',4"-tris(N,N-di
20 :phenill-amino)-triphenylamine (hereafter referred to as “TDATA”), and 4,4',4"-tris[N-(3-methy
" Iphenyl)-N-phenyl-amino]-triphenylamine (hereafter referred to as “MTDATA”) can be given as
the widely used materials. |
Metal complexes are often used as electron transporting materials, and metal complexes
having quinoline skeletons or benzo quinoline skeletons, such as Algs, discussed above, tris(4-
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used, such as phthal ocyanine (hereafter referred to as "H2Pc") and copper
pht hal ocyanine (hereafter referred to as "CuPc"). There are also materials
i n which chem cal doping is performed 10 to a conductive pol ymer conpound,
and materials such as pol yethyl ene di oxythi ofuran (hereafter referred to
as "PEDOT") doped with polystyrene sul phonic acid (hereafter referred to as
"PSS'), and polyaniline. 'Further, polyner conpound insulators are also

ef f ect i vangthyliequinolinglate) alymiph (hereafter r¢fleredtabs “ilmyg.and bid(10dydxjtiRh29[h]-s
often used. In addition, inorganic conpounds are also wused, such as

met al | i ¢ quirokingte) begyltiimgbéreafter referad to s Beldyy”)exist,as o matekialssactods thd miedum
oxide 15 (hereafter referred to as "alumna"). Aromatic am ne conpounds
(nanel y, ligonpaumpex Hig(Qinmghi@aglindiziolaed (4-hytrory-eiperyl Rgumith (RérkdfRERrear €
the nost widely used as hole transporting materials. In addition to TPD

di scussedo aiftBalg Yl Euithie] there areiso hitithl SoigpleRes Habiing ok Sdoldd bBthia2bRBshfds28Uche
conpounds 4, 4'-bi s[N- (1-napht hyl)-N phenyl - am no] - bi phenyl (hereafter

ref esr ed dsbisfs(2-Ryddphenyl)- tenzdbxatdlate] Athd\heteaftd? referred to as “Zn(BOX),”), bis[2-(2-
phenyl - am no) -tri phenyl am ne (hereafter referred to as "TD TA"}, and

4, 4", 4" - thydflhpHeRyl®bhaothihsAR inc-(herbATRR Yoferfdd 1o 8d “'zlxgis'pﬁg?y 2 4H R on(th %{C?I\gz ;fr

referred to as "MIDATA") can be given as the w de used materi al s.

conpl exe Scoﬁfﬁféx_@i bR RUeAvatReESich m-ﬁiﬁﬁﬁbﬁﬁ[ E)fj-ggteﬂmu?}gﬁeh%lsli%llg%m%b

conpl exes avi ng qui nol i ne skel etons" or ui nol I et ons, such as

Al ga, di qRatesRAra2R8o ast‘di’hﬁ;?léndégg-?ﬁ%hﬁ?—?ﬁ%&{ﬁ(ﬁ%}}?,Iiiat—(%?adﬁ%ﬂjﬁﬁ_zgﬁ@enzcne

(hereafter referred to as "Al ng oxybenzo
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referred to as “BPheﬁ”) and vasocuproin (hereafter referred to as “BCP”) also have electron
transporting properties. |
15 The electron transporting materials stated above can be used as electron injecting materials.
In addition, ultra thin films of insulators of alkaline metal halogen compounds such as lithium
fluoride, and alkaline metallic oxide such as lithium oxide are also often used. Furthermore,
alkaline metal complexes such as lithium acetylacetate (hereafter referred to as “Li(acac)”) and 8-
quinolinolate-lithium (hereafter referred to as “Liq”) are also effective.
20 - | The aforementioned materials BAlq, OXD-7, TAZ, p-EtTAZ, BPhen, BCP, and the like
are effective as blocking materials due to their high excitation energy level.
In addition to metal complexes such as the aforementioned Alq,, Almg,, BeBq,, BAlq,
Zn(BOX),, and Zn(BTZ),, various types of fluorescent pigments are also effective as light emitting

materials. Further, it is also possible to use triplet light emitting materials as light emitting
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conpl exes, oxadi azol e derivatives such as

2- (4-bi phenyl )-5-(4-tert-butyl phenyl)-1, 3, 4-oxadi azole (hereafter referred
to as "PBD') and 1, 3-bis[5-(p-tert-butyl phenyl)-1, 3, 4-oxadi azol e-2-i1i]
benzene (hereafter referred to as "OXD-7") al so have el ectron transporting
properties. Triazole derivatives 10 such as

3-(4-tert-butyl phenyl)-4-phenyl -5-(4-bi phenyl )-1,2,4-triazole (hereafter
referred m(agpriaé, andppmplexeghgving platinum or iridium as a central metal are mainly used. Materials
3-(4-tert-butyl phenyl)-4-(4-ethyl phenyl)-5-(4-biphenilyl -1,2,4-triazole
(her eaf t 84ch asdfis{Zphenyipyridine) pidiury fergaften referpaden a8 fpoy s Nand @3, 484284 7such
as vasophenant hrene (hereafter referred to as "BPhen") and vasocuproin
(her eaf t @B-orteétbyl-2d],2H-porphBiiPplatiniis (heneafier refesred tagm “PHOERT3re khdwgas triplet
properties. 15 The electron transporting materials stated above can be used
as el ect light enmiftingtmateyiabat erials. In addition, ultra thin filns of

i nsul ators of al kaline netal hal ogen conpounds such as lithium fluoride,
and sal kal i ne Oeganid light exiitiag sishensshdvidgh dowedriler aoleaga) smi 9fémper vla@nt
Furthernore, - al kaline netal conpl exes such as lithium acetyl acetate

(her eaf t Hfetif{ elianecbniventRmal’ ligHtashbieting) elementS cas] be NDhdufRbidt® bl | doRibikiihg the
(hereafter referred to as "Liq") are also effective. 20 The aforenenti oned

nat eri al gabalshatdifdifferehf¥inctimkthhiife diSERS ab&eRnd aiflyihgBemitd e oRdaRic liﬁht
effective as bl ocking materials due to their high excitation energy level.

| n addi t t@fhihPelBRERS of @ERISAR IRHESh. @S the aforenentioned Alga, Al ng3,
BeBg2, BAIq, Zn(BOX)2, and Zn(BTZ)2, various types of,fluorescent pignents

are also effective as light emtting materials. Further, it is also
possible to use triplet light emtting materials as light emtting 23
materi al g, g%ﬁgrrpl exes having platinumor iridiumas a central netal are
mai nly useg. terials such as tris(2-phenylpyridine) iridium (hereafter
r ef redE BodSaent (ppy)3") and 2,3,7,8,12,13,17, 18-octaethyl-21

H, 23H porphyrin-plati num (hereafter referred to as "PtCEP") are known as

;r : g:/v:f’ d:’ : 82%,\ sgaéﬁ i '(% Ia(gi%lpg%(%fe argi q%%%&celﬁgl&mhg elle}ngrrﬁtin %%ctl)tzaj Bote Exke%ﬁ}?é‘ }'esgior}la\/i ng
made from a hole injecting material is inserted between the anode 402 and the organic compound
film 403 is shown in this embodiment for the organic light emitting elements of Fig. 7A.

First, the glass substrate 401 on which a film is formed from ITO by sputtering to a
15 thickness on the order of 100 nm and the anode 402 is formed is prepared. The glass substrate 401
having the anode 402 is then conveyed to the inside of a vacuum chamber like that shown in Figs.
9A and 9B. Five evaporation sources are necessary in this embodiment in order to evaporate five
types of materials (four of the materials are organic compounds, and one is a metal that becomes
2; cath-ode).
20 “The hole injecting material CuPc is evaporated for 20 nm first, and when the 20 nm
thickness of CuPc evaporation is complefed, evaporation of the hole transporting material a-NPD
at an evaporation rate of 3 A/sec is started without creating an interval. The reason that an interval

is not formed is in order to prevent the formation of an impurity layer, as discussed above.
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lifetime, than conventional light emtting el enents can be nmanufactured by
conbining the materials having different functions that are di scussed
above and applying themto the organic light emtting elenents.of the
present invention. Enbodinents 10 Enbodinent 1 A specific exanple of an
organic light emtting elenment in which a hole injecting region made from
a hole injecting material is inserted between the anode 402 and the organic
conmpound fil n?xfggioqrryng the hpleitrangpertingaegion40feeomposed aflealysr-YRD) with a Giikness
emtting elenments of Fig. 7A. First, the glass substrate 401 on which a
filmis ferifeamfthe phutteOope sisoronciransporting matetisl Aly; ckappsatioprsotie igrddualigf
100 nm and the anode 402 is formed is prepared. The glass substrate 401
havi ng t hepeagrbwhilel e evaporation ratovf eyMBD remdihefiketsit Ge Adkc.a Tha fitst torbaudion

| i ke that shown in Figs. 9A and 9B. Five evaporation sources are necessary
in this eshoogt negion 40Ghavingsr concentratipmgradientfis thas faryipdBavikg athickhéssbs tHefgpger Of
the materials are organi c conpounds, and one is a netal that becones a

cat hede) . of20 nmil HEhehwhporatignaaieiofl dldqyes REilated Sbl BetoibscaneP Arsat e 8 thidQesyBf
first, and when the 20 nm thickness of CuPc evaporation is conpleted,

evapor at i s relicheld @rehd fiRNEROEtIaliEn BRdngE teplonatodPD at an evaporation rate
of 3 Alsec is started without creating an interval. The reason that an

interval is noéxtf@e @dborfiohtateofl g, i9 HRECUEN R /Jeb So ki WRL dvaPordfiofud ARY! i LY
| ayer, as di scussed above. 24 After Tormng the hole transporting region

405 conpasafeedio-NPhYand AN Delbhés 21,0k s fire Rbion 2075 folh& %&%vﬁfngfaﬁoﬁ. he

el ectron transporting material Al g3 evaporation source Is gr opened

whi | e t herfRMRRAsAd: ggn{eﬂf ﬁ,wfdixggmﬁﬁmwgyem% @b (/a8 egdl%d-rl;’? l%i a]zsi!:l?r z;f}s

concentration chan region 4 I'ng a concentration gra
e T e R Y T
the proportion of MQd becomes on thé order of 1 wt% of the total.
Evaporation of MQd is stopped after the mixture region 407 reaches a thickness of 30 nrﬁ,
and the shutter to the a-NPD evaporation source is gradually closed with the evaporation rate of
Alqg, fixed at 3 A/sec. The second concentration change region 408 having a concentration gradient
15 is thus formed having a thickness on the order of 10 nm. Evaporation of a-NPD is stopped when
the second conceﬂtration change region 408 has reached a thickness of 10 nm. -
In addition, the electron transporting region 409 can be formed by continuing to evaporate
only Alg,. Its thickness is set to 40 nm. Lastly, an organic light emitting element tilat emits green
color light originated from MQd is obtained by evaporating an Al:Li alloy to a thickness on the
20 ;c')rder -of 150 nm as the cathode.
Embodiment 2

A specific example of the organic light emitting element shown in Fig. 8B is shown in this

embodiment.



10 nmis reached for the first concentration change region 406. Next, the
evaporation rate of Alga is fixed at 3 Alsec so that the evaporation rate
ratio between a-NPD and Al ga becones 1:1, and the m xture region 407 is
formed by co-evaporation. The fluorescent pignment N, N -dinethyl

qui nacridon (hereafter referred to as "MXY") is added at 10 the sane tinme
as the light emtting material 410. The evaporation_ rate_ of

control | ed so ¥iFshtthe giass 5%56&%406 rPhowhighng fHa Sniesmesh fromel 169 eé rSPE)‘fe“I‘gvSP% of
the total. Evaporation of Is stopped after the m xture region 407
reaches athidknessee g %qieraﬁllmﬁm anghe aede 40k s farmed i prepared. Njbpslassaybsteats 4H
source is gradually closed with the evaporation rate of Alga fixed at 3
A sec. Theavingthaighode AQ2istthendonyeyeh riheinsidg pbmvacogm ishambeg like hehshewnrimFigen
gradient 15 is thus forned having a thickness on the order of 10 nm

Evapor at i 94 and 98- RiPPevapogatiop paticeshasanecessary setbisrethbodimeahinradér dmevaparatpefive
regi on 408 has reached a thickness of 10 nm In addition, the electron

t r anspor t iypes ofenptarialsi@i@urod thetmatérinl harel otggnic compounids,gntl one isapoetal that beodrges
Alga. Its thickness is set to 40 nm Lastly, an organic light emtting

el ement taedthek)ts green color light originated from MM is obtained by -
evaporating an Al:Li alloy to a thickness on the 20 order of 150 nmas the
cat hode. EnbodAfrentbreind tiseild tidnsp&KﬁgmeE@n ab5 tdexhRk B8 bL30 hrf BhlyEron them@le

el ement shown in Fig. 8B is shown int enbodi nent. 25 First, the gl ass

subst r at exdfdpor@ig Wdtérkhl MTDIAMA evhpdraish fatc0bt B ALY, thoWhitedritd ghé MPDATA
t hi ckness on the order of 100 nm and the anode 402 is fornmed is prepared.

The gl assevapbatib@écirdd n%rahamyrwosw SvRAREsHAREr th Bn EVHPBrabiBR ¥6ELottiRe £18&ron

i nsi de of a vacuum cha li'ke that shown in Figs. 9A and 9B. Five

Lot RO ERLSLEPAROFRARAAL fridd MMM RRILAD Qo il
one is a yﬁ'ﬁ&hegs Iaﬂhleta)‘?&é? BP0 nm having a concentration gradient is thus formed. The evaporation

rate of MTDATA is regulated so as to be 1 A/sec, and the evaporation rate of PBD is regulated so

as to be 4 A/sec, o-nce the first concentration change region 406 has reached a thickness of 10

nm.

15 Next, with the evaporation rates of MTDATA and PBD fixed at 1 A/sec and 4 A/sec,
respectively, so as to form an evaporation rate ratio of 1:4 for MTDATA and PBD, the mixture
region 407 is formed with a thickness of 30 nm by co-evaporation. The fluorescent pigment
perylene is added as the light emitting material 410 to the intermediate 10 nm of the mixture region
407 (namely, between the 10 and 20 nm levels of the 30 nm thick mixture region). The addition

20 -of pe'rylene is implemented such that the ratio of perylene to the entire weight is on the érder of
S wt%. Further; BCP is added as the blocking material 411 to the final 10 nm of the mixture
region 407 (namely, between the 20 and 30 nm levels of the 30 nm thick mixture region). The
addition of BCP is performed such that the evaporation rate ratio becomes MTDATA:PBD:BCP

= 1:4:5 (in other words, BCP is evaporated at a rate of 5 A/sec).
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a cathode). After form ng the hole transporting region 405 to a thickness
of 30 nmonly fromthe hole transporting material MIDATA (evaporation rate
of 3 Alsec), the shutter to the MIDATA evaporation source is gradually

cl osed, while the shutter to an evaporation source of the electron 10
transporting material PBD is gradually opened. The first concentration
change region 406 with a thickness on the order of 10 nm having a

concent r at i on Byararatiae of BCP s storped aftes themmixtusg saginnA07 seachesathickiessmisOmn.i s
regul ated so as to be 1 A/lsec, and the evaporation rate of PBD is regul ated
so as t oansdheshatteraf thedfEPATifeeviaporationsonseis graduabiy closesivedlerteesvepordOéh s
reached a thickness of 10 nm 15 Next, with the evaporation rates of
MIDATA anef FBDi fixedat 4A/sec AThesecamticoficgutsition changes peni4d8|hyying @ cascehatfoar m
an evaporation rate ratio of 1:4 for MIDATA and PBD, the m xture region
407 i s f ogmdigntvis thusgotnirdokitie 8 shickne3$) om thebyrdercofeldapn.r Evagpitatiohhsf MTDATRS ent
pi gnent perylene is added as the light emtting naterial 410 to the

i nt esnmedi @galattd sorms ob bt kemplexd when theGecohd cbdentradsi® thangd edIL408 Racke@ 1@nd
20 nmlevels of the 30 nmthick mxture region). The addition 20 of

peryl ene am. i npl enented such that the ratio of perylene to the entire
weight is on the order of 5 W% FurtheBCP is added as the bl ocking

material 411 tigabidifod,itkedleckOn &%%Brtﬁ@%@ﬂ@ﬁ@forﬁl@&ﬂ)%nﬁ%né W@ﬁd{'ate Qﬁfywee n

the 20 and 30 nm.levels of the 30 nmthick mxture region). The additron

of BCP i sppB! Th RUn&Y &findde . ' ] mi
MTDATA: PBD. BCP = 1:4:5 (i n%ﬁ%ﬁoﬁ?’%&%@@g@%@% S%ﬁ%? R emits by

A sec). 2&1(5\{%&96@;1&& 2bm BEH1dne isscglfmﬂﬁf%ﬁﬂévtaﬁ&aﬁ tnh%l%ﬁilﬁﬁlgﬁﬁseﬁla Ui a

reaches a thickness of 30 nm” and the shutter o e MIDATA evaporation

sourige i SthitkAdYah e dTiQoed50hil € the evaporation rate of PBDis fixed at 4
Al sec. The second concentration change regi on 408 having a concentration

gradient is thus formed with a thickness- on the order of 10 nm
Evaporati on of MIDATA is

Embodiment 3
A specific example in which a hole injecting region made from a hole injecting material
is inserted between the anode 402 and the organic compound film 403, an electron injecting region
made from an electron injecting material is respectively inserted between the cathode 404 and the
1.5 organic compound film 403, and a triplet light emitting material is applie‘c'i"é.s the light emitting
material in the organic light emitting element is discussed in this embodiment. The element
structure is shown in Fig. 10.
First, the glass substrate 1000 on which a film is formed from ITO by sputtering to a
:thickness on the order of 100 nm and the an ITO is formed is prepared. The glass substrate having
20 the ITO is then Cofiveyed to the inside of a vacuum chamber like that shown in Figs. 9A and 9B.
Seven evaporation sources aré necessary in this embodiment in order to evaporate seven types of
materials (five of the materials are organic compounds, and two are inorganic compounds that
become cathodes).
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5 regul ated so as to be conplete when the second concentration change
region 408 reaches 10 nm |In addition, the electron transporting region
409 is forned by continuing to evaporate only PBD. The thickness is nade
to be 30 nm Lastly, an organic light emtting elenent that emts blue
color light originated from perylene is obtained by evaporating an Al :Li
alloy as the thode to.a 10 thickness on the order of 150 nm Enbodi nent
3 A specific g'fhﬁhﬁleénwﬁlwaéwaécﬁ%q 18 eyappratedifor2Onanfigh apshwkerra 29 nmythickness
injecting material is inserted between the anode 402 and the organic
conpound HiGuPe £yaporatipne isceommigied, gy aroratien of shyi ke trapspertinganatenial ei-NEDratan
injecting material is respectively inserted between the cathode 404 and the
15 or ganiSy2RurHIA of 3| A/sep0s starediwithaut crghténg 4nj igletvabnThe ieaspnrthdteniisterviisis
applied as the light emtting material in the organic light emtting

el enent imot firmed éssis drden ta priegeng tHeddinmtion of Ahimpeirieniapdr, assdisausdedraboves shown i n
Fig. 10. First, the glass substrate 1000 on which a filmis fornmed fromITO
by sputt eri ng After forntihg the heBsranspdriireg gide compostA0f oy @nNPDheittan thick@edsof
‘formed is prepared. The glass substrate having 20 the ITOis then conveyed
to the i 29ime, the shutteaofivim cbardnaranspdeting materishBAMy évapbiagen sSfce RdgrB@allpeven
evaporation sources are necessary in this enbodinent in order to evaporate

seven typesnal whilkathe eivajosatichi rie oble-NPB réfiifs finddSat ¥ &/s€d. TR BrsC&smReMRMsn and
two are inorgani c conpounds that becone cathodes). 27 The hol e injecting

mat eri al cGuife régo N BavhE 8 corREntfion BaflichSt shuétfbdm\e@ﬁmﬁ%Midi&H&s% BhgleneRs  of

CuPc evaporation is conpleted, evaporation of the hole transporting

mat eri al o 10\, e 8VapoRMRAR4E bf BAI]i8f@uldfed30 A RYecdrie $AACL Gl IHAQUESs of
creating an interval. The reason that "an interval 1s not formed 1S In

ordeg 1O 1Y RREachbProk e st QAchtradbh LHARLY fefivn! @yer, as discussed above.
Next, with the evaporation rate of BAlq fixed at 3 A/sec, the mixture region 1002 is formed
with a thickness of 20 nm by co-evaporating o-NPD and BAlq such that their evaporation rate ratio
becomes 1:1. The triplet light emitting material PtOEP is added as the light emitting material to
the intermediate 10 nm of the mixture region (namely, between the 5 and 15 nm levels of the 20
1.3 nm mixture region). The proportion is set such that PtOEP becomes on the order of 6 wt% of the
total weight.
The shutter of the evaporation source of a-NPD is gradually closed after the mixture region
reaches a thickness of 20 nm, while the evaporation rate of BAlq remains fixed at 3 A/sec. The
second concentration change region 1003 with a thickness on the order of 10 nm having a
20 ;;:oncentration gradient is thus formed. Evaporation of o-NPD is regulated so as to stop when the
second concentratioil Change region reaches a thickness of 10 nm.
In addition, the electron transporting region is_ formed by continuing to evaporate only
BAlq. Its thickness is set to 10 nm. Evaporation of the electron injecting material Alq, is started
at the same time as evaporation of BAlq is complete, without forming an interval, and a thickness
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5 After formng the hole transporting regi on conposed of only a-NPD with a
thi ckness of 20 nm the shutter of the electron transporting material BAIq
evaporation source is gradually opened while the evaporation rate of a-NPD
remains fixed at 3 Alsec. The first concentration change region 1001

havi ng a concentration gradient is thus fornmed having a thickness on the
order of 10 nm The evaporation rate of BAIq is regulated so as to becone
3 Al sec wprethe ardehef30masis evdporaigl. The reasinghaten iterdalfionot fdrmed isrig prder to prevent
concentration change region. Next, with the evaporation rate of BAIq fixed
at 3 A sethe formation »f am Enpueigy operl@0iiscusseieboed with a thickness of 20 nm by
co-evaporating a-NPD and BAI g such that their evaporation rate ratio
beconmes 1:1. The datliodk é fokmerhliastiynbyt dviaparatigf IdFita b tHRtKoES orstha doieeofib ninhand
light emtting material to the internediate 10 nmof the m xture region
(namely, 4enirenotahbicknesson the ofder bf050nm, aid 4 thiple? lght Bmitingtémentahategiie fidd

The proportion is set such that Pt CEP becones on the order of 6 w% of the
t ot als wei gér1i heﬁgihuea%nmtoquqs g pbtaimbd.on source of a-NPD is gradual ly
closed after the mxture region reaches a thickness of 20 nm while the
evaporation rate of BAIqg remains fixed at 3 A/sec. The second
concentration change region 1003 wth a thickness on the order of 10 nm
having a ERbs@hkesiMration gradient is thus formed. Evaporation of a-NPD is
regul ated so as to stop when the second concentration change region
reaches a thic . . Al (=T t QG001 on
o formed by cons aneirhth@erbts ARl ihfithe dopfee MaPRLAAR oARRAIGM GEARD 0
nm _EvapoghlAeOfrahio eGbLAN i BARR! 1190 13 SLdBhal ViR of S BUREEllix Bt e
same time as evaporation g I's conpfete, wthout Tormng an I ntefval,
and a thigckness, 2 he order .of 30.nm i.s evapqgrated. .The reason that an
Mterval iRl (80 obdmdoics Ry B et DR BB BR 30" e £y
Layep, as discug e el D AL AOCE Al 4 OLIFE T 8 S hofdVas S BB LG F

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. |
In Fig. 11A, 1101 denotes a substrate. The substrate used here can transmit visible light.
Specifically, a glass substrate, a quartz substrate, a crys_tél glass substrate, or a plastic substrate
(including a plastic film) can be used. The substrate 1101 refers to the sﬁbstrate plus an insulating
film formed on the surface of the substrate.
| On the substrate 1101, a pixel portion 1111 and a driver circuit 1112 are provided. The

“pixel portion 1111 will be described first.

20 _ The. pixel portiéni 1111 is a region for displaying an image. A plurality of pixels are
placed on the substrate, and each pixel is provided with a TFT 1102 for controlling a current
flowing in the organic light emitting element (hereinafter referred to as current controlling TFT)
1102, a pixel electrode (anode) 1103, an organic compound layer 1104, and a cathode 1105.
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alumnumto a thickness on the order of -150 nm and a triplet |ight
emtting elenent that emts red 5 color light originated fromPtOEP is

t hus obtai ned. Enmbodi nent 4 This enbodi nent describes a light emtting
device that includes an organic light emtting elenment according to the
present invention. Fig. 11 is sectional view of an active matrix |ight
emtting device that uses an organic |light emtting el enent of the present
i nvent i onAlthough oty the chment camsoliog TFThisrshowafit dlig. ridheedchpbited 1S aTFRT oS
used here as an active elenment, but the active elenent my be a MOS

t ransi st orontipHinglFiolspoappliad tan gax afHeccuirsntacohplligg IFThéreinaféradftred b as t O
be specific), but a bottomgate TFT (typically a reverse stagger TFT)' may
be used swithiegdTFT)0 Fig. 11A 1101 denotes a substrate. The substrate used
here can transmt visible light. 15 Specifically, a glass substrate, a
quartz substr atEhe cuneny&dntlollipgaEST $102SHeté tsSprefefably Hpaadnel THPS trhahgh an n-
(including a plastic film can be used. The substrate 1101 refers to the

substsr at ectipinbiél BFT sy Wealised Gnstdabl] Mpf Man@dl 19T ’éshﬁle%&%ﬁ‘lc@on%llﬁg?l{lsf‘l %ﬁlbﬁet e.

On the substrate 1101, a pixel portion 1111 and a driver circ are

provi ded. advagtagedd’ %iff tedBink c@ent ddnsuMiblidn # thedBREAH BREL H)ﬁ _’Z%T isf/(%(r)xg&geﬁh !

1
portion 1111 isS a region for displaying an imge. A p It I xel's are

pl aced 0naﬁdﬂ@oﬁﬂiééﬁgaﬁ‘ikﬁﬁxt%ﬂﬂttﬁgﬁfénﬁh%%h&% iﬂrﬁg}lgﬁgotwagtt&ﬁgﬁg@ﬁe 9Ly

controlling a current. ow ng-in the organic em tti nt

(herei ”afﬁéfor&x@ci?i%i?%g%x?n—%ﬁarﬁx@f’fﬁﬁ&r&%ﬁin%éﬂ hg TFT) - 1102, “a pi xel

el ectrode (anode an organi c conpoun ayer 1104, and a cat hode 1105.

29 Al t hough onl e r nt.1: 0l i ET.is.shown i ig. 1la, eac
pi xel has a TF 1;1%1?1 Ofg%rﬁgl rﬁglltltlc?ﬁr)ltédgn io]% {glg lsé’ﬁ???rfcgﬂy f%’"ﬁaﬁ‘gttogheo‘?’x‘%ﬁ@% rent
Contlr()oI i ﬁQBT'I:r;r thgsheef‘rgb%dﬂr?én ,earcoqlglflcef‘irwt< (ran%tetn%l l?a%ingsawwct)ri%nr}:%og EP- 3.'5 t0 5.5 eV is used

as the material of the pixel electrode 1103, and therefore the pixel electrode 1103 functions as the

anode of the organic light emitting element. A light-transmissive material, typically, indium oxide,
tin oxide, zinc oxide, or a compound of these (ITO, for example), is used for the pixel electrode
1103. On the pixel electrode 1103, the organic compound layer 1104 is formed.

15 On the orgénic coxﬁpound film 1104, the cathode 1105 is provided. The material of the
cathode 1105 is desirably a conductive material having a work function of 2.5 to 3.5 eV.
Typically, the cathode 1105 is formed from a conductive film containing an alkaline metal element
or an alkaline-earth metal element, or from a conductive film containing aluminum, or from a

laminate obtained by layering an aluminum or silver film on one of the above conductive films.

20 A layer composed of the pixel electrode 1103, the organic compound film 1104, and the
cathode 1105 is covered with a protective film 1106. The protective film 1106 is provicied to
protect the organic light emitting element from oxygen and moisture. Materials usable for the
protective film 1106 include silicon nitride, silicon oxynitride, aluminum oxide, tantalum oxide,
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The current controlling TFT 1102 here is preferably a p-channel TFT. Though
an n- 5 channel TFT may be used instead, a p-channel TFT as the current
controlling TFT is nore advantageous in reducing current consunption if
the current controlling TFT is connected to the anode of the organic |ight
emtting elenment as shown in Fig. 11. Note that, the switching TFT may be
formed by either an n-channel TFT or a p-channel TFT. A drain of the
current cawtsashan (specifically, dggmand-lkesapnkal | y connected to the pixel

el ectrode 10 1103. In this enbodi nent, a conductive material having a work
function of 4. 5Nexs, the Brivey cireniybldd wilhbe déseribeslt dihe dtiverfcircdiel i2xmdludeb e cdgiande
1103, and therefore the pixel electrode 1103 functions as the anode of the
or gani ¢ | faglkenteotiing timmgef s gmit (gatd sighghtnd dasnsgratsy ioke semtte@thie pixel porpore Bll1lLy

i ndi um oxide, tin oxide, zinc oxide, or a conpound of these (I1TO for
exanpl e) , andsmep inglukien shifieregister; la batfer andalatch] 408ell §ant dnelogisweich Gkaeter pste)
1103, the organic conpound | ayer 1104 is fornmed. 15 On the organi c conpound
fi | msl104or lett shifieh dd &igl 104, the bgsiowiitkFdhesd bigcui i CRIOirculi@ompéded 0Flgn 4105
is desirably a conductive material having a work function of 2.5 to 3.5 eV.

Typi cal | ychmamtnmgnaggihmeimmg_r om a conductive filmcontaining an
al kaline netal element or an alkaline-earth netal elenment, or froma

conductive fil nKgnt @tdiitREudbiedtaibbapplied tb o0 sBift fepidlen M@RE M18Edh Whd the
| ayering an al um numor silver filmon one of the above conductive filns.

20 Al ayeﬁnmﬁﬁrﬁgfep%égoi‘%bel%hﬁﬁl’.é&l\jﬁ\;{%{l%ﬂg@ Bixtehﬁor%rgﬁ'i; ?T(Pntqﬂwgﬁdétl m

1104, and the cathode 1 1S covere rotective

protectiv f“11f2i alr x%g‘ﬁﬁd bl?i t}fysgfﬁie q%tga in gﬁ) gf&t I(,{ (;}S]Sei rrr%giye%}]ég{rg:glﬁl)b ?Jeﬂn%&&p &

el ement from oxygen and noi sture. t s’ usa ctive film

erent from oxygen and i stur s, “Meferfal & u e prreetTye

oxi o8, " SuealTARedd deplelfe B bR B B o B 0 e e i ver
[ it 1112 wi j Sse.Ldrihver o it i.ncl ud . j

For “control 1 n tiRReAGEaTodeGiar L iPa Rl el petiched kPt Seghiebly T "

sent tot %2%'1 lx*'legl 108 {)ltltl tﬁ)enca%‘hlo%% nay be connected to the current controlling TFT instead. In this

case, the pixel electrode is formed from the material of the cathode 1105 whereas the cathode is
formed from the material of the pixel electrode (anode) 1103. The current controlling TFT in this
15 case is preferably an n-channel TFT.

The light emitting device shown in Fig. 11A is manufactured by a process in which
formation of the pixel electrode 1103 precedes formation of a wiring line 1109. However, this
process could roughen the surface of the pixel électrode 1103. The roughened surface of the pixel
electrode 1103 may degrade characteristic of the organic light emitting element since it is a current-

20 :drive'n type element.

As a modification of Fig. 114, the pixel electrode 1103 is formed after forming the
wiring line 1109 to obtain a light emitting device shown in Fig. 11B. In this case, injection of
current from the pixel electrode 1103 can be improved compared to the structure of Fig. 11A.

In Figs. 11A and 11B, a forward-tapered bank structure 1110 separates the pixels placed
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and may include a shift register, a buffer, and a latch, as well as an

anal og switch (transfer gate) 5 or level shifter. In Fig. 11A the basic
unit of these circuits is a CMOS circuit conposed of an n- channel TFT 1107
and a p-channel TFT 1108. Known circuit structures can be applied to the
shift register, the buffer, the latch, and the analog switch (transfer
gate) or level shifter. Al though the pixel portion 1111 and the driver
circuit 1mts pixel Ppriops 4bid f5m opranoihes Hithistberk stryciureisyeversetapéra,arconBict nay
be electrically connected to 10 the substrate instead of placing the
driver ci Peteen thebanlpsiructise anddbe piaclelecthde ginbe aveiiet tAndrmpirtheredf it 08vi s
electrically connected to the current controlling TFT 1102 in Fig. 11A but
t he cat ho#ieFigal2.be connected to the current controlling TFT instead. In
this case, the pixel electrode is forned fromthe material of the cathode
1105 wher eas t hin Eigt i devirig lihe nise deresoay a separavidreportibn, dbrmiihg a WiKgg line and

el ectrode (anode) 1103. The current controlling TFT in this 15 case is

pr ef & abl yeparation phaiond10\FTHehshape affilie wifing ling gndparatobsriith 1710hewn inlkisi S
manuf actured by a process in which formation of the pixel electrode 1103
precedes 12 (maielya swictire Withicages) isdbtainkd By 1dyeMmy/Lietal thhconRitAEEME wiRHg Bne
roughen the surface of the pixel electrode 1103. The roughened surface of

t he pi xel andd Reterigid6wdrif 3tcHRite S IRGRLA (Bhae! Afrdds! ﬁoseﬁinﬁlé)%n@{&aeicﬁingitwt
emtting elenent since it is a current- 20 -driven type elenent. As

modi fi cat isdiné. Fhigskhpleartgiéveni sttt cRLEFSHREE akdB3ad ’ffz_ds%&“ﬁ gix@f él@cftrrgiﬁgifﬁ g

the wring line 1109 to obtain a light emtting device shown In

In thi's caaflewirligaiel ORLRSa usHRENmd Ok BRirBhe Rice tgg&ftrﬁiglgélsoﬁxl@gﬂixgle

i nproved conpared to the structure of FIg. 11A

for wgy d- t aRetRd iRaRkIeict UERY £ %ﬁgag%&gggﬁﬁn%ggﬁgwemﬁ BLAG .g 31 in the

pi xel portions 1111 from on€ an structure
a2 i TR OSBRI o 8 e
in Fig. 11B. Fig. 13A is a top view thereof and Fig. 13B is a sectional view taken along the line
P-P’ of Fig. 13A. The symbols in Fig. 11 are used in Fig. 13.
In Fig. 13A, 1301 denotes a pixel portion, 1302 denotes a gate signal side driver circuit,

15 and 1303 denotes a data signal side driver circuit. Signals to be sent to the gate signal side driver
circuit 1302 and the data signal side driver 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 (tape carrier package) that is obtained by providing a TAB
tape with an IC (integrated circuit).

20 - | Denoted by 1306 is the cover member that is provided in an upper part of the organic light
emitting device shown in Fig. 11B, and'is bonded with a seal memBer 1307 formed of aresin. The |
cover member 1306 may be any material as long as it does not transmit oxygen and water. In this
embodiment, as shown in Fig.13B, the cover mémber 1306 is composed of a plastic member 1306a

and carbon films (specifically, diamond-like carbon films) 1306b and 1306c that are formed on the
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in Fig. 12. In Fig. 12, a wiring line also serves as a separation portion,
formng awring line and 5 separation portion 1210. The shape of the
wiring line and separation portion 1210 shown in Fig. 12 (nanely, a
structure with eaves) is obtained by layering a netal that constitutes the
wiring line and a material lower in etch rate than the netal (a netal
nitride, for exanpl e% and then etching the I|amnate. This shape can
prevent skoptand bagkpt the plagie membentIP6aiacspeaiyebind a pi xel el ectrode 1203  or
the wiring line. Unlike a usual active matrix light emtting device, the
cat hode 1205 on#§iseow jnefig. 13B,ithe stal msetber 1307He coevidoeitivh stilipg ndintesila08 ar
to a cathode in a passive matrix device). Figs. 13A and 13B show t he

exteri or ofadehia msiniso thantheokganid light emitiirg dlexgert svcoawpleidly seateddi awlairtight §page
11B. Fig. 13Ais a top viewthereof and Fig. 13B is a sectional view taken
‘al ong t he 180 eTheRifHghtipade 109 ISfledhieh mpirigad (Sypicallfingtrogta gay ¢t rak@@as)] reking-
13. In Fig. 13A .1301 denotes a pixel portion, 1302 denotes a gate signal
si de dri ver inertrliyuid (for exkampiv] LifBidFudesratbon tﬁné’iﬁ&ﬁmﬁ:ﬂﬂﬂﬁd\/hi&h #Epeflof6 halkane).
circuit. Signals to be sent to the gate signal driver circuit 1302
and the datialso gffedtive talut@h iabdibent bEdbokidamn tdfspadelput ted froma TAB (tape
automated bonding) tape 1305 through an input wiring line 1304. Though not

shown in the drawolgizidgslaié Ay BApoviba®on Fispisy faEPhBCHY BM@&BCP il 208
carrier package)vﬁhat |grgﬂobt alyned b;; pr03| dlsnﬂg%aaTAg taToe vvltl n % >

(i nt egr at g@playédidbt dbseAkd B9 A QIR thEFMt én%tt r{é‘?leﬁ@é’ SowiBH RS erﬁmﬁrﬂérﬁ. The

provided in an upper part of the ‘organic emtting device own I n

Fig. 111 olﬁrﬂ- h% gﬁﬁﬂ%‘h\’%ﬁ&& o@reﬁﬁéhg%ﬁ Jf%defnpfx FoRf 1h8 ekEfalto tﬂ_%}gby

cover nber may be any materi ong as |t oes not trans

OXYygfn an VBt Ble di ”p;ﬂ j%&égmxﬁrsrp afé] |ct fl iofl g%gg{v& laegerjriﬁ acxrcx?lac Stizing -

nmenmber 1306 1S co er a and cat’bon
on’the | Bl oftbRYBI ‘ké‘%{ﬁﬁéﬁp rabiy B ool Pl 1 P sl e

internal reflection by adjusting the index of refraction in order to prevent light emitted from the

organic compound film from being reflected at the polarizing plate and traveling backward.

Any of organic light emitting elements according to the present invention can be used as

15 the organic light emitting element included in the light emitting device of this embodiment.

Embodiment 5
This embodiment shows an active matrix light emitting device as an example of a light
emitting device that includes an organic light emitting element according to the present invention.
:Unlike Embodiment 4, in the light emitting device of this embodiment, light is taken out from the
20 opposite side of a substrate on which an active element is formed .(hereinafter referred to as upward
emission).” Fig. 14 is a sectional view thereof.
A thin film transistor (hereinafter referred to as TFT) is used here as the active element,
but the active element may be a MOS transistor. The TFT shown as an example is a top gate TFT

33



As shown in Fig. 13B, the seal nenber 1307 is covered with a sealing nenber
1308 nmde of a resin so that the organic light emtting elenent is
conpletely sealed in an airtight space 1309. The airtight space 1309 is
filled wwth inert gas (typically, nitrogen gas or rare gas), a resin, 5 or

inert liquid (for exanple, Iiquid fluorocarbon typical exanple of which is
perfluoro al kane It is also effective to put an absorbent or deoxi dant
in the sdr ptﬂ berspedifig), putatettom gatsd it (opcalivia mvere siaggsr A7 T) mepdq used

face on whi ch an image is displayed to be observed by a viewer) of the

| i ght eniipsteadg devi ce shown in this enbodinent. The polarizing plate has
an effect of reducing reflection of incident light fromthe external to

t her eby 10 pr evesubstrite 1401 plcayertaontréltiogTEHdWOD that is donmefilie e pixehp@tios and
viewer. Generally, a circular polarizing plate is enployed. However, it is
pr ef er abladriver citduét 14D af this embgdiraéme haee tha yamastaictuse dsthesewf Bmbodisent 4Nt er nal
reflection by adjusting the index of refraction in order to prevent |ight

emi tsed from t Refirspeleptidde 14030which & donhetrddto AuR& 6tthe Rikdemaontolihg THE 1402,
pol ari zing plate and traveling backward. Any of organic light emtting

el enent s jQ@sedr 4 anthinbée fnhbisPinsto@ithent,Mhanhérofors RToRfedUsieRradly frdm al dbadadtEaNi C
light emtting elenent included in the light emtting device of this

enbodi Nenhateri AR MBfe work RinsticHTIY) w%ﬂimﬁmea:anmlwﬁa@ﬁmrmau& A&this

em tting device as an exarrpl e of a'light ‘emtting device that includes an

organi ¢ |d,gfs el tphmnﬁhqmtenaga@ra% e@ve}%ttﬁseem@&ﬁleﬁt (hR ¥R klePhode T4 | ke
Enbodi nent 4, |n t e light emtting device of this enbodinent, light is .

taken outyef; OoABAASIE MofiSieRtard, HANABLEIsrribll il QBBa?&El 4is

6| ement IS OI‘ITE ﬁer el nafter referre 0 as upwar em SSiI on

ti e A thin filmtransistor (hereinafter referredto
?ﬁT |séhdz}e Ea"?’egﬁ%kg he active elenent, but the active el enent may be

o VS a1 g R ATHY 3B BT e B e e
TH ) ey be anic cgmpound film 1404 is a second electrode 1405, which serves as a cathode in this
embodiment. Accordingly, the material of the second electrode 1405 is desirably a conductive
material having a work function of 2.5 to 3.5 eV. Typically, a conductive film containing an

15 alkaline metal element or an alkaline-earth metal element, or a conductive film containing
aluminum, or a laminate obtained by layering an aluminum or silver film on one of the above
conductive films is used. However, being light-transmissive is indispensable for the material of
the second electrode 1405. Therefore, when used for the second electrode, the metal is preferably
formed into a very thin film about 20 nm in thickness.

20 = | A layer composed of the first electrode 1403, the organic compound film 1404, and the
second electrode 1405, are covered with a protective film 1406. The protective film 1406 is
provided to protect the organic light emitting element from oxygen and moisture. In this
embodiment, any material can be used for the protective film as long as it transmits light.

The first electrode (anode) 1403 is electrically connected to the current controlling TFT
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i nstead. A substrate 1401, a current controlling TFT 1402 that is forned in
~a pixel portion, and a driver circuit 1412 of this enbodi nent have the
same structure as those of Enmbodinment 4. 5 Afirst electrode 1403, which is
connected to a drain of the current controlling TFT 1402, is used as an
anode in this enbodinent, and therefore is fornmed preferably froma
conductive material having a |large work function. Typical exanples of the
conduct i va40indtig.dl4 tiunthe wdibodeiay be coamediedts the Qltrht copabiling TFMindtedad 34 &ids
gold, and silver. In this enbodinent, the first electrode 1403 desirably
does not tasentnifirstlelegiadde ib/Eormed GO b naterfaD6f tBE efthdde Feheteas fHRIsB&MAd IR b &
material that is 10 highly reflective of light. On the first el ectrode

1403, an ¢ foantdireanROmMadiill df thelddde.i Bhd QirfBconRoRE SEd iR it BRe ié)ﬁrgéﬁib ,
conmpound film 1404 is a second el ectrode 1405, whi ch serves as a cathode in

this enbafinfhadnel FETOrdingly, the material of the second el ectrode 1405 is
desirably a conductive material having a work function of 2.5 to 3.5 eV.

Typi cal ly, a copetidd pe1do7!iéh 66Vt leRibBlards bohdal kAt aEal Tl iber ?h%%eé) I{th]' agr

al kal i ne-earth netal elenment, or a conductive filmcontalining alumnu
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above conductive filnms 1s used. "However, g ransm ssive 1

i ndi Al ] . tro 1405. . Ther.ef

when used Poriohe b5 FROERAY, B & et TRRANER G 007 g BRRUETREY
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noi sjure. In this enbodinment, any material can be used for the protective

fil Oas I%ﬁe'as it transmts light. The first el ectrode (anode) 1403 is

electrically co§me ted to the current controlling TFT 34
ignals to be sent to the gate signal side driver circuit and the data signal side driver

circuit are inputted from a TAB (tape automated bonding) tape 1414 through an input wiring line
1413. Though not shown in the drawing, the TAB tépe 1414 may be replaced by a TCP (tape
carrier pa_ckage) that is obtained by providing a TAB tape with an IC (integrated circuit).

15 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 light emitting device shown in this embodimept. 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 for the polarizing plate to have a structure with less

Z0 :internal reflection by adjusting the index of refraction in order to prevent light emitted from the
organic compound film from being reflected at the polarizing plate and traveling backward.

Any of organic light emitting elements according to the present invention can be used as

the organic light emitting element included in the light emitting device of this embodiment.
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1402 in Fig. 14 but the cathode may be connected to the current controlling
TFT instead. In this case, the first electrode is forned fromthe materi al
of the cathode whereas the second electrode is formed fromthe material of
t he anode. The current controlling TFT in this case is preferably an
n-channel TFT. 5 Denoted by 1407 is a cover nenber and is bonded with a
seal nenber 1408 forned of a resin. The cover nenber 1407 may be any
.material &mbodimens8 it transmits light but not oxygen and water. In this
enbodi ment, glass is used. An airtight space 1409 is filled with inert gas
(typically, nitThigembgdismeorshoasa pgssive matrik tightremitingideeics ad drtixathplef &¥1a light
exanple, liquid fluorocarbon typical exanple of which is perfluoro

al kane) . Ekmitting ddvice thdt imbidey én 6xfgarﬁutnglﬁ@nﬂh§?élbﬁh8ﬁt di’icldié‘&?ﬁ'tﬁ'@ﬁ%sénf‘mﬂrmlonlo
space. Signals to be sent to the gate signal side driver circuit and the

data si gn#lg. 3546 sltdpWasw therdof Bhd Fa! €SB iUNck@Ghal 1o e hAR ML UAPEndPpo d
bondi ng) tape 1414 through an |n;%t W ring |r?el 41§ Tﬁ%ugh not sﬁpaﬁ
the drawi nga. the TAB tape 1414 may be replaced by a TCP (tape carrier
package) that is obtained by providing a TAB tape with an IC (integrated
circuit). 15 A Ratgrisal Hgnd?écﬁ;flﬂm% DeutREr ﬁg'»glﬁ%x ﬁrfoﬁnc%o?f Sth a?%r (h Bgref ace

on which an. image is "displayed to be o serve y avie

emtting qlﬁyi,lgg{ﬁm '\{;hl&n{aﬁ b@P}%ﬁ%E” g{e orﬁ %ﬁp%ﬁjn%{dezé]&%gﬁl{l%faﬁ Sﬁb aﬁ%resm

ef fect of reducing re l'ection o |hC|1 omt

LorelY, BN GHEpleo Sl 885 O SOR A R SEbL . Rl
preferabl g pﬁﬁééﬂﬁﬁ % rlzhﬂg?pkate to have a structure with less 20

-internal jUS g the index of refraction in order to
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emtting el sent inventjon can_be used as the
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t his enbodi .35
genotes data Imes (cathodes) formed from a metal film, a bismuth film, in this embodiment. 1504

denotes banks formed of an acrylic resin. The banks function as partition walls that separate the
data lines 1503 from one another. The seanning lines 1502 and the data lines 1503 respectively
15 form stripe patterns and the patterns cross each other at right angles. Though not shown in Fig.
15A, an organic compound film is sandwiched between the scanning lines 1502 and the data lines
1503 and intersection portions 1505 serve as pixels.
The scanning lines 1502 and the data lines 1503 are connected to an external driver circuit
through a TAB tape 1507. 1508 denotes a group of wiring lines comprised of a mass of the
20 :scanning lines 1502. 1509 denotes a group of wiring lines comprised of a mass of connection
wiring lines 1506 that are connected to the data lines T503. Though not shown, the TAB tape 1507
‘may be replaced by TCP that is obtained by providing a TAB tape with an IC.
In Fig. 15B, 1510 denotes a seal member and 15 11 denotes a cover member that is bonded
toa plastic member 1501 with the seal member 1510. A photo-curable resin can be used for the
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Enbodi ment 6 This enbodi nent shows a passive matrix light emtting device
as an exanple of a light emtting device that includes an organic |ight
emtting el enent disclosed in the present invention. Fig. 15Ais a top
view thereof and Fig. 15B is a sectional viewtaken along the line P-P' of
Fig. S 15A In Fig. 15A, denoted by 1501 is a substrate, which is forned
of a plastic material here. The plastic material, which can be used, is a
pl at e or fsedlmenfbeptilgi A pteferaplelnyacrialef thaseabmembdrds ane sihich allaws Bplexxys ledgige,
PES (pol yethyl ene sulfile), PC (polycarbonate), PET (polyethylene

t er epht halaad ehich absorb¥ittle poistereh Theawenmpibérdd preferablyl adeém demaing snaterial
scanning lines (anodes) fornmed froma conductive oxide film In this

enmbodi Mentas tidWabaiel UsO1, Rd Srssi@ndiiding durte Blasd)re @ldtic B ged] MerXipiatwi t h
gal I i um oxi de. 1503 denot es data |ines (cathodes) forned froma netal

film a blmﬁgplsfdsgmorltﬁhmhsmgﬁggdl ment. 1504 denotes banks formed of an
acrylic resin. The banks function as partition walls that separate the

data fines 1503gf 5. S i Ak R¥iew bie SEEMH: BEa bkﬁgé%,aéogs@ruin&@@mﬂ yBhic

| i nes 1503 respe rmstripe patterns a he patterns crosSs each

other at g,%gclﬁfyghﬁ%@wgﬁ oP e batIR804 fro BhowerlRiihug Bl 1/ AR GORRAMET

filmis san et ween e scanni ng I nes I nes

and i nter $o6iJ o B ch@@e&ja?a‘?é HR=datd 1ifles P4055Gm oTlg anﬁﬁx@P” ElXﬁft B&‘rﬁﬁ&ﬁ@ﬁ and

the data |1 nes 15‘L 0 an external river rou
TAB t 1507 8 '
the 20 s ufeiie 7 Sk EBmREES s Thudef oPlr 51T, TRV A
f L 1506 t ted.to the dat

"l nes. TeodSmelanaresy DeHataod of @%iegnfcacsemwﬂ%ﬁ%&?%sﬁsescZd by TCP
that i s obtai neﬁbt% EhOVI .di n a TAB taé) I n Fi g 15B, . 1510 '
denot®s a seal i t;fﬁﬂ“‘fs 18%%6‘?%‘5 dasa Er‘“’r‘f'ﬁ ance; vt ¢ FEICB%HB(G““?"O a

| astic nenber (1501 wi t he seal 1510. hot o-curahle resin can be
E sed for ttlpf‘é)ei\xel portion 15”1 is composed of tHEscanmng l?nes 15()62 e data lines 15%3 the banks 15084

and the organic compound film 1513. Therefore the light emitting device can be manufactured by
a very simple process.
A polari;zing plate may be provided on a display face (the face on which an image is
15 displayed to be observed by a viewer) of the light emitting 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 for the polarizing plate to have é structure with less
internal reflection by adjusting the index of refraction in order to prevent light emitted from the
20 :orgar—ﬁc compound film from being reflected at the polarizing plate and traveling backward.
Any of organic light emitting elements according to the present invention can be used as

the organic light emitting element included in the light emitting device of this embodiment.

Embodiment 7
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36 seal nenber 1510. A preferable material of the seal nenber is one which
allows little gas | eakage and which absorbs little noisture. The cover
menber is preferably made fromthe sane material as the substrate 1501
and glass (including quartz glass) or plastic can be used. Here, a plastic
material is used for the cover nenber. 5 Fig. 15C is an enlarged view of
the structure of a pixel region. 1513 denotes an organic conpound film

Lower |ayers of This@mbodisfenisodwalag eRahpie Ve arthdhip #?@g%d ]lc,v?rgrﬁg{ %"r?g‘f'g’n%‘?ﬁféﬁt O'rb\e

the banks can physically separate the data |ines
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outside air by a sealing nenber 1515 forned of a resin. Degradation of the
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structured as above in accordanCe wth the " present 1nven
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em ttd ng %@gﬁ&ﬁdq@&ggggﬁggwh?ogl gl%d?%gp?tlﬁ@y si npl e process. A polarizing

pl ate may provi face on which an image is 15
di spl ayed to be Y b Vi e af the.light 1.t.ting device shown in
this enbodi ment‘.‘?'?'i"g"°“a§$‘%°¥id§a}gﬁ%j“\é\ﬂi‘%’@f‘ﬁ‘&é Wéﬂnge‘?‘%aé%f flS-F‘E’g'{Ibliﬂrfgg-rléﬁ @4t i on
of incide ight. from.th xternal to thereby. npr nt the display face

Pt om shontnriefing pPTHAE KO 0% Wt ol Reiandy BI85k 10 SpaBraset sang
plate is | ayed. wever it is.preferable for the polarizing plate to
have a st gﬁ%’ﬁ’ﬁmwﬁﬁﬁ’ alné§§bteﬁ'ﬁ{1@|5’rﬁigfin?"é}°}r%‘€i 1608 arsyproyidedyithin the pented wisingo f
refracti ﬁF iﬁ? fer to prevent light emtted fromthe 20 organi ¢ conpound
filmfronPH ﬁ%f eflected at the polarizing plate and' traveling backward.
... Any of organic light emtting elenents according to the present

i nveltion can 0B this seFcificationa medestructurehby dtecking aTAR epeist a substratel@dthian

the light emitting device of this enbodinent. Enbodi ment 7
pixel portion formed on its surface and by attaching a printed wiring board that functions as a

driver circuit to the substrate through the TAB tape as above is specially named a module with

external driver circuit.

Any of organic light emitting elements disclosed in the present invention can be used as

15 the organic light emitting element included in the light emitting device of this embodiment.

Embodiment 8

This embodiment shows an example of attaching a printed wiring board to the Light

emitting device shown in Embodiment 4, 5, or 6 to make the device into a module.

In a module shown in Fig. 17A, a TAB tape 1705 is attached to a substrate 1701 (here
20 including a pixel portion 1702, a data signal side driver circuit 1703, a gate signal side driver
circuit 1704, and wiring lines 1703a and 1704a), and a printed wiring board 1706 is attached to the
substrate through the TAB tape 1705. A functional block diagram of the ﬁrinted wiring board

1706 is shown in Fig. 17B.
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37 This enbodi nents shows an exanple of attaching a printed wiring board to
the light emtting device shown in Enbodinent 6 to nake the device into a
nmodul e. I'n a nodul e shown in Fig. 16A, a TAB tape 1604 is attached to a
substrate 1601 (here including a pixel portion 1602 and wiring |ines 1603a
and 1603b), and a printed wiring board 1605 5 is attached to the substrate
t hrough the TAB tape 1604. A functional bl ock diagramof the printed wiring
board 1605 is. AnshewniimFig 47B,06BC functioni} dsaneastdia) pogts 430 Zind| 19a84ndd donpor t s
(i nput or output portions) 1606 and 1609, a data signal side driver
circuit 1606 }70#isprmvied witbinghaprisedieirthgbuam 1806. AlinemdBAMidre9 RipeovidiRcthere
within the printed wiring board 1605. 10 In this specification, a nodule
st r uct ur etlutiyis abt aehysngeassabABT he@atrbburdt. 1508 $4 o ftr@oriMak thgdunddioklor BHtiol By
formed on its surface and by attaching a printed wiring board that

functi onstiesiriver drciteinddoni@ttidn dfdmugedataibst rate through the TAB tape as
above i-s specially nanmed a nodule wwth external driver circuit. Any of

orgarsi ¢ |ight efithisispeifida6ioRNY Modils Sirai@dd by althéhily £58AIEd Wﬁg‘r‘x%a&)@gﬁé‘ﬂasbe
used as 15 the organic light emtting elenent included in the |1 ght
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exanpl e of attaching a printed wiring board to th mtting devic
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nodul e shown iHﬁEigJﬁT%A, a %%h tggg %?%SGFQQgttached to a substrate 1701
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board 1706 is shown in Fig: 17B. : .
10 Embodiment 9
This embodiment shows an example of light emitting device in which a triplet light
emitting element shown in Embodiment 3 is driven in accordance with digital time gray scale ’
display. The light emitting device of this embodiment can provide uniform images in digital time
gray scale display by using a light emitting from the state of triplet excitation and therefore is very
15 useful. It should be noted that the driving method of the present invention is not limited to this
embodiment and other known methods may bé used.
Fig. 18A shows the circuit structure of a pixel that uses an organic light emitting element.
Tr represents a transistor and Cs represents a storage capacitor. In the circuit configuration of Fig.
:18C, the source line is cbnnected to the source of the transistor Tr1, and the gate line is connected
20 to the gate of the transistor Tr1. Also, the power supply line is connécted to the storage capacitor
Cs and the source of the transistor Tr2. Since the anode of the organic light emitting element of
the present invention is connected to the drain of the transistor Tr2, the cathode is on the opposite
side of the transistor Tr2 with the organic light emitting element interposed therebetween. In this
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38 As shown in Fig. 17B, an IC functioning as at least I1/O ports 1707 and
1710 and a control wunit 1708 is provided within the printed wiring board
1706. A nmenory unit 1709 is provided here. but it is not always necessary.
The control unit 1708 is a portion having functions for controlling the
driver circuits and correction of inmage data. 5 In this specification, a
modul e structured by attaching a printed wiring board that has functions
as a cont CEFYibwhes azgata ling isselectod, aireht flows inya T frbinghtouede lirtei and actobtagent
is formed as above is specially named a nodule with external controller.
Any of or gem¢spondigito drisignalny acdueraiaitdsindlss (Thes eduirenttchatr@iedtgnhe pns-eirteon
can be used as the organic light emtting elenent included in the |ight
em tting delagedVg) oft Tri2<loswstintdi Tr2 and tht Ordandediphn@mittidg eldmeant.enbodi ment shows
an exanple of light emtting device in which a triplet light emtting
el ement shown i Afterfdds seberted3 Tiisis dirhatPOFF Wo liulé teddNgg (W) Bf 0§ 9At@kdihgIYEa
gray scale display. The light emtting device of this énbodi nent can’
provisie uginfancontimees fiow Hi i dnduni déPendedt v gcal e display by using a |ight
emtting fromthe state of triplet excitation and therefore is very 15
useful . I't shouFid. IBB shewed chidforldieingthiy tichit TR bodeiaate WL dREESEM gxiaW%ﬂe“ on
ed.

is not limted to this enbodiment and other known methods "nmay be~used.

Fi g, 18A alapus. gl biiéldray e Rsilg. Gie X Blvideli o PR s BTG 10Nt
emtting element. Tr représents a fransistor and Cs tepresents a storage
capaci t or shdvik 4 Biegray Sl in MRS bftUtAld 8Rividedhd six shB u e s
connected to the %Igzrce of the tra%;s%%{ag}r?ée rl+t,gsg{ns}i’§?ﬂaé&eg'asz?l :’Sgg) iL[léA‘Sthe
connect edy2@8nb Bofeh f Lstor Trl. . Also, the power, supply, |ine
i s connected om{ehgn g‘?%‘%géd)éhetc%g%élf?%ﬁ e&&gfogﬁﬁll l?q?gfzh&us?’égra esfsn%z t&gﬁgs'iﬂ'st or
M Since sh oRss, At organic light emtting element of the present

i nvgjr??i onéi'g_agonnep@éhdéﬁgnghe drain of the transistor Tr2, the cathode is

O ermey OPPOSt L g SRl ) B0 Y birdti oD sdar R oo ene. e, ' "9

substrate configuration of Fig. 18C, the power supply line and the cathode as shown in Fig. 18A
are connected to the pixels of the light emitting element. Also, the shift register is connected to the pixel
portion in the order of from the shift register, the latch 1, the latch 2 and the pixel portion. The latch 1 is input
15 with digital signal and image signals can be transferred to the pixel portion by the latch pulses input to the latch
2. A gate driver and a source driver are provided on the same substrate, and 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.

“Embodiment 10

20 In this embodiment, an example of an active matrix type constant-current driver circuit is
described, which is driven by flowing the constant current in the organic light emitting element of

the present invention. The circuit structure thereof is shown in Fig. 21.
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39 circuit, when a gate line is selected, a current flows into Trl froma
source line and a voltage corresponding to the signal is accunulated in
Cs. Then a current controlled by the gate-source voltage (Vs,) -of Tr2
flows into Tr2 and the organic light emtting elenent. After Trl is
selected, Trl is turned OFF to hold the voltage (Vpe) of Cs. Accordingly, a
5 current continues to flow in an anount dependent of V. Fig. 18B shows a
chart for driVheyxéll2l$0 stiowalih Fig. D1 Rty GgiatBne/sil the Girsy bdadhink A€ Gg)rthy/ses6i €
display. In digital tinme gray scale display, one frane is divided into

pl ural sufrahiiagtific Pfdnd.thelfdvver Shiavslire Vil n gdayonS thalpexel D1 MITag TrQMe2 fIrdme4) s
divided into six sub-franmes. (SF1 - SF6) TAis the witing tine. In this
case, thetheairgmi®light hiktifp1EHER21RE0F @G8ixed jinkSors We fand RS rekehtidR capabfior 8
4 : 10 2: 1 as shown in the figure. Fig. 18C schematically shows driver
circuits gf12IFT substrate in this enbodinent. In the substrate
configuration of Fig. 18C, the power supply |line and the cathode as shown
in Fig. 18A are connected to the pixels of the light emtting el ement.

Al so’ the shiPethiaigs of Tr3 and Tat arecoprsgtedovithihe firsk sgannigling b As feribe spueer of
fromthe shift register, the latch 1, the latch 2 and the pixel portion.
The | at chand the dfajipef Tr3pthajopnisgopnectsd withghesigaal ding frhdhe atheyrisonneeted with the
transferred to the %ixel portion by the latch pulses input to the latch 2.
A gat e drsopege ofl32a Futharcthe gourcecandghedigingafi Tadcho one i sosnented swithsthe seuace efnd
the pixel circuit and the drivers are designed to be digitally driven.
Accor di ngTs2, thelother isstonoectédto TheTgatehafi Bt t Thuss theeitbored thersotircahifidthie drdie of /Ex3i ce
and the device can display uniforminages. -Enbodinent 10 20 In this

enbodi nendnd theeitheaopthe sodrcaor the titaiteofiirt hiecohygeedovitséaahbtherir r ent dri ver
circuit is described, which is driven by flowi ng the constant current in
the 1gf gani ¢ lh%kktpmlrecgog h‘tﬁ% c?)#r?egﬁeg_[wi%_he h%v?er%ggrscg ﬂ%e J‘/qu,vtgen&rla&r}s C(-)rx;]n%ct%h I;N(itlflxl t

strucCture thereo
the source of Tr2. The gate of Tr2 is connected to the second scanning line Pj. And, the drain of
the Tr2 is connected with a pixel electrode in the orgal'lic light emitting element 2111. The organic
light emitting element 2111 has the pixel electrode, the counter electrode and the organic light
emitting layer provided between the Rixel electrode and the counter electr&ie. The counter

15 electrode of the organic light emitting element 2111 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 Tt3 and Tr4 are the same. Further, Trl can adopt both n-channel type TFT and p-
-channel type TFT. TrZ can adopt both n-channel type TFT and p-channel type TFT. With respect

20 to the polarity, in the case of the pixel electrode of the light emitting electrode and the counter -
electrode, the one is an anode, the other is a cathode. In the_ case that the Tr2 is a p-channel type
TFT, it is preferable to use the anode as a pixel electrode, and the cathode as a counter electrode.

On the other hand, in the case that the Tr2 is an n-channel type TFT, it is preferable to use the
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The pixel 2110 shown in Fig. 21 has the signal line Si, the first scanning
line G, the second scanning |line Pj and the power source line Vi. In
addi tion, the pixel 2110 has Trl, Tr2, Tr3, Tr4, the organic |ight
emtting elenent 2111 of a m xed junction type and the retention capacitor
2112. 5 Both gates of Tr3 and Tr4 are connected with the first scanning .
line G. As for the source and the drain of Tr3, the one is connected with
t he si gnalkathodecas@i pixdl leiecobdes ind dhe anmizas hedunttrtdiecttbde. source of M Furt her,
the source and the drain of Tr4, the one is connected with the source of

Tr2, the oth ' t h f Trl. Th th i.1h f th

sour ce and t neeRARBEFRBor 20123 FordBoreon i earsid s S Tt Ehcieigpiion

The pouer CUBIEEIEHAOTAS] dbtRaIYE CBRL SR ar o EBUFBITANE The

gate of Tr2 is n ted’to.the second scanni ng Jni ne Pj. And, the drain of
s b ¢

the Tr2 i$§ OYeV Ff- 1f 1$HR0L BFCeSTAL VAEPTPHehe or ganic |ight emitting
el enent 2111. The organic light emtting elenent 2111 has the pixel

el ecty ode, t hin e yiXePshodnEia FiQPE, 6 durkdhe supliad icthk isighbl 1irRIYi tid édtérol &V &'the
provi ded between the pixel electrode and the counter el ectrode. The counter

15 el ect r ggleer®EodrBLinAh&SiBhA link BRYer@iFtdit. i Ng el enent 2111 is applied constant
vol tage by a power source provided at the external of a light emtting

panel . Tr3 ang Tr4 can adopt both n-channel type TFT and p-channel type
TFT. However , oY RBPIY[S) U japresmeRtionsd Cpel Fructifh.cibe Renstantneurrent rdriyéng capy be can
adopt bot h p-channel txpe _TFT and p- channel type TFT. Tr2 can adopt both
n- channel T@l#rd: Pr-vhighdhe brighinsss can Yokept oy flowngta gasstigaiceurzpt inghe prsapis|light t y |
in the case _of the pixel electrode of the light emtting electrode and the
counter enitng plgment hEheoprganis light emitting elementduaming 2 mixture sedionief therpresent
case that the Tr2 is a p-channel type TFT, it is preferable to use the
anod¥ as wvpitioahagh lomgerdifetimethdn thatofpaiohongenia tight eouiting elemehte The oggenic light t he
other hand, in the case that the Tr2 is an n-channel type TFT, it is :
pr ef er abl emitidngelementeis effective because longer lifetime can be realized by implementing above--

mentioned constant-current driving,

Embodiment 11

The light emitting devices of the present invention, which have been described in, the
15 embodiments above have advantages of low power consumption and long lifetime. Accordingly,
electric appliances that include those light emitting devices as their display portions can operate
consuming less power than conventional ones and are durable. The advantageé are very useful
Lfespeéially for electric appliances that use batteﬁes as power sources, such as portable equipment,

because low power consumption leads directly to conveniences (batteries last longer).
20 _ The light emitting device is self-luminous to eliminate the need for back light as the one
in liquid crystal displays, and has an organic compound film whose thickness is less than 1 um.

Therefore the light emitting device can be made thin and light-weight. Electric appliances that
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cathode as a pixel electrode, and the anode as a counter el ectrode. The
retention capacitor 2112 is fornmed between the gate and the source of Trl.
The retention capacitor 2112 is provided to maintain nore certainly the
voltage (V(;s) between the gate and the source of Trl. However, it is not
necessary al ways provided. 5 In the pixel showm in Fig. 21, the current
supplied to the signal line Si is controlled at the current source in the
si gnal | i inelude ihedightémittinig devidy aghpir disphay pbrioabare acdvedihgly fithet biCligHter than
structure, the constant-current driving can be realized, by which the

br i ght neseonvaitidnel deest THiytoblleads digectly Gdsveiidnced (lighféss bid doAehabinesiin Cartyirght
emtting elenment. The organic light emtting el enent having a m xture

regi on of theMearbuRheamd &Gy usyRbl @ditiaﬁm)afdr%w@meld'qh@rnieﬂ?aﬁmﬂefoh@} efeerRy 1 Or
organic light emtting element. The organic light emtting elenent is

ef f ecti veaghBanies.c MEBER, $éir§j§§ﬂirﬂﬁnﬁ6ﬁnﬂﬁoﬂs}3 & dciBHesdly UseR ESTBE biGhe JRRME:
ment i oned constant-current driving. Enbodinent 11 The light emtting

devi ges ofpiiffeR PR of NS IriaRbh (2 f '%e guaaefreoffasﬁﬁnéé%sﬁ bb%shgh?&oiﬁg mass)

enbodi nent's above have advant ages o w power” consunption a

lifetime. : als] g ric appliances that include those |ight
ﬂ'@&ﬁﬁﬁlﬂti’aﬂ (Space Qvglfgé

emtting I ces as elr play portions can operate -consuming |ess

th ' - du L e.. e advant ages are Ver\V.,.
oerul oapeci Ariye HibmARES, AORREE ML BcEis HBAMAN AOhe B fert Fitiy

, e b oW . i on, | ead
directry RoHistREBR BARGE A By JRRER SRS &vgﬁﬁag‘éﬁiéﬂ}@%%ﬁ’?ﬁcﬁ% )
devi ce i L £ -1 i el jm.pate th d.for b i t i
aui d oryepate i RaEe b rh OB oo e SRS ol Bty ERBss |

IS Hﬁss tpan ..M .Therefo.elthe light emtting device can be made thin

and i ght “U& GrieSeS R YV PEBR Pances that 42 include the light enitting

device as their_di spla?iy p(l)rt [ ons,_ are accordi n?I y.thinner and lighter than
To summarize, electric appliances that use a light emitting device of the present invention

have, in addition to merits of conventional organic light emitting elements, namely,
thinness/lightness and high visibility, new features of low power consumption and long lifetime,
and therefore are very useful.

15 This embodiment shows examples of the electric appliances that include as display
portions the light emitting device of the present invention. Specific examples thereof are shown
in Figs. 19A and 20B. Any elements disclosed in the present invention can be used for the organic
light emitting element included in the electric appliance of this embodiment. The light emitting
device included in the electric appliance of this embodiment can have any of the configurations

20 “illustrated in Figs. 11 to 18.

Fig. 19A shows a display device using an organic light emitting element. The display is
composed of a case 1901a, a support base 1902a, and a display portion 1903a. By using a light
emitting device of the present invention as the display portion 1903a, the display can be thin and
light-weight, as well as durable. Accofdingly, transportation is simplified, space is saved in
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conventional ones. This too |leads directly to conveni ences (lightness and
conpactness in carrying themaround) and is very useful particularly for
portabl e equi pnent and |ike other electric appliances. Mreover, being
thin (unvol um nous) is doubtlessly useful for all of the electric 5
appliances in ternms of transportation (a |arge nunber of appliances can be
transported in a nass) and installation (space-saving). Being

sel f-1 um hesuslatibd)@nd lighimedisidngi ng device is characterized by having better
visibility in bright places than liquid crystal display devices and w de

view ng angl e. FienoBehéwsh Orded icEmerdPRhicR i &smpdied of £ alatidsodyN®0Lb, @Mdisplay
emtting device as their display portions are advantageous also in 10

ternms of @88&ioRa962Y,an \éhcﬁWiirgﬂt o8B 2Y03b] SpesBRRGiERos 18DAS; ubafterd RDOIARGEM
that use a light emtting device of the present invention have, in
addition ¢ Ldisi | i ' ki | el ly,
t hi nness/ }“iﬁa t n%%?ngkgﬁﬁ?ggﬁéﬂ %ﬁ‘%@@rﬁgﬁh‘?gﬁ%ﬁ%@s&% d g%nggﬁweg{rl%n LU

consugrpt i Qﬁgﬁg\%ghﬁﬂQQb?g,%é \Hﬁeohca Faéaﬁ%@ﬂiﬁ A ?%ﬁ-\%?éﬁf a‘ﬁﬁ%f)ﬁgufneg'ﬁsg lvSer.

" enbodi nment exanples of the electric ap ces that 1nclude a

Spoci 11 SPEmraRs. bifery bRl Bl & (oS sty TR IR Bl

di sclosed in the present invention can be used for the organic |ight
emtting elenent included in the electric appliance of this enbodi nent. The

light emttin deyi ce, i ncl yd n the.electric a i ance, O LS .

oo mont - cag 06 Soovira et camefay Fikn i kmbos B b ARHET b ATONs aiplay 1
to 18. Fig. 19 ows a di.splay.deyice using an organic, light. em.tti
CFemont - oR, RPay e isR St VSBE 47 atedon SRRk "1 myc it A
1902a, and a .displ.a ortion,.1903a. sing a.li mgti device of the
present i ﬁWé‘HPé a‘{r)}"?f%fﬂ’r‘?@mlcﬁ\e%‘b‘?"@“%f e(ﬂlijﬁphag%ggl,onltlﬁ@c& H}géflﬁlncgﬁlﬁra\tl?lé“ PHH and
| ight-weight, as well as durable. Accordingly, transportation js

si mpld fi ednd gggc\gexglg, and comsyrpes lgss power. Accordingly, battery consumption is reduced and

carrying the digital camera is less inconvenient.

Fig. 19D shows an image reproducing device equipped with a recording medium. The
device is composed of a main body 1901d, a recording medium (such as CD, LD, orDVD) 1902d,
operation switches 1903d, a display portion (A) 1904d, and a display portion (B) 1905d.. The

15 display portion (A) 1904d mainly displays image information whereas the display portion (B)
1905d mainly displays text information. By using a light emitting device of the present invention
as the display portion (A) 1904d and the display portion (B) 1905d, the image reproducing device
consumes less power and can be thin and light-weight as well as durable. The image reproducing

:-devic-:e equipped with a recording medium also includes CD players and game machines.

20 Fig. 19E shows a (portable) mobile computer, which is composed of a main body 1901e,
a display portion 1902¢, an image receiving portion 1903e, a switch 1904¢, and a memory slot
1905e. By using a light emitting device of the present invention as the display portion 1902¢, the
portable computer can be thin and light-weight, and consumes less power. Accordingly, battery
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installation, and lifetinme is long. Fig. 19B shows a video canmera, which is
.conposed of a main body 1901b, a display portion 1902b, an audi o input
portion 1903b, operation switches 1904b, a battery 1905b, and an i nmage
receiving portion 1906b. By using a light emtting device of the present
invention as the 5 display portion 1902b, the video canera can be thin and
| i ght -wei ght, and consunes | ess power. Accordingly, battery consunption is
reduced anchsosuptign isgeduved undieeryingthe Corpsutdras fesd MEOHVEBRIE Mthe pofthle cdBfuteNOVs
a digital canmera, which is conposed of a main body 1901c, a display portion
1902c, ancaysiop mfematon ind fad0@emon st ORes@ing Rediih lob@fed 10t kegraig Wohng 2
light emtting device of the present invention as the display portion

1902c, t heoldiilginiexhorfes @Rd anCreproBscelthd flored higfshibbhght wei ght, and consunes
| ess power. Accordingly, battery consunption is reduced and carrying the

digital camera Fig, 195shows GQRMERII %Bﬁ.pm%},gvhiéhgi?c%ﬁgsﬁd%ﬁainmgﬁoc{svsg’o?gld‘%!a@.
d h ed of a nain

devi ce equi pped with a recording nedium The device 1S conpo

ody 5190169028 4 @EPH b&?xoﬁqgf)m:fdszi‘%%ba%s ggg?@%yd ggmgly?%ré%%gtgiﬁ deQRe %g}ﬂeon

swi tches 1903d, a display portion

whereas t ReSF AR dsplad olbh 104 e Rl ol o ARG bk, By
port on (1 SeBined, 18 8B i S5 e M GE R e i e B e ng
dur sl . Rl 858 LARNES, it octce nalshedlh et ol PhEE oF i enai

al so i ncl&qgﬁtgpﬂ%kg%%ﬁsﬁggg%ﬁggne machi nes. 20 Fig. 19E shows a (portable)

nobi | e conputer), sed of a main body 190le, a display portion

1902e, an i nmage.receivin ortion 1903e,,.a switch 1904e, and a nenory sl ot
190!25@. By using B¢ ?q‘@ﬁ\g‘i’c %ﬁﬁ?’l"ﬁfﬁ’wo%?ﬂ?%yé” ifyingrrasing feequency in{o@RAtion senk threygh

di splay pqrtion 1902e, the _ portable conputer can be thin and |ight-weight,
and consufESTORESOTRRRIGationdines syshas the Intermet apd jadioommunications such as radio wave,

especially, animation information. Since organic light emitting elements have very fast response

e

speed, the light emitting device is suitable for animation display.
Fig. 20A shows a cellular phone, which is composed of a main body 2001a, an audio
15 output portion 2002a, an audio input portion 2003a, a display portion 2004a, operation switches
20052, and an antenna 2006a. By using a light emitting device of the present invention as the =~
display portion 2004a, the cellular phone can be thin and light-weight, and consumes leés power.
Accordingly, battery consumption is reduced, .carrying the cellular phone is easy, and the main
body is compact. |
20 - | Fig. 20B shows audio (specifically, car audio), which is composed of a main body 2001b,
a display portion-2002b, and operation switches 2003b and 2004b. By using a light emitting
device of the present invention as the display portion 2002b, the audio can be thin and light-weight,
and consumes less power. Although car audio is taken as an example in this embodiment, the
audio may be home audio. |
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consunption is reduced and carrying the conputer is |ess inconvenient. The
portabl e conputer can store information in a flash nenory or a recording
medi um obt ai ned by integrating non- volatile nmenories and can reproduce the
stored information. Fig. 19F shows a personal conputer, which is conposed
of a main body 1901f, a case 5 1902f, a display portion 1903f, and a
keyboard 1904f. By using a |light emtting device of the present invention
as the displ ay e etfectiveltd @dfe, the BRctpie applibhkescshBRH i€ Figg AT0 A €0 2OB & fadution of

| i ght-wei ght, and consunes |ess power. The light emtting device is a
great nemdduldting e Temianbb éfidted GEHD Si/dGebidanteavith the BREHIRSES oL 8&iréUndingh OF a
not ebook personal conputer or other personal conputers that are carried

around. léheld 6 eletrR@bplidhca Rt LRABY pravithinging Elc@ﬁic\/ﬂbf:lﬁhnbwﬁﬁlﬁﬁdlg séds8@4ency
i nformati on sent through electronic comunication |[ines such as the

I nternet paRcureaed Qe 'Urfg%bé%rﬁf I:'Bb'%&r&ﬁxdfn%@! A WeetSoan r’é‘édﬁfz%Ha e or text
animati on information. SinCe organic li1ght emtting elenents have very fast

response jpeneg mﬁodticﬂmcu Q%Eft thD SoREd Effiol ot (¥ h&rem&ef&rega%mgﬁt% th
di splay. Fig. 20A shows a cellular phone, which is conposed of a nain %ody
2001a, ' . ' 02 i Q J . ticon.

i spi ay” RSPyt of i ARl 100, 136 Sun 8 A, hERUkRR &GN 5

' L 1 L ' f th .esent, i nventi o t.he displa
bort Con Faaed T el et iftn He buSuREFAGRE ot RREERIn urfiifice S ke
consunes | ess, power.. ccor di nal attery . .consu i on | educed, carryin
CheCoar T SPEPeIRBE v oS Bodendimatioh Whel pfe PR B Jark S0VEC O So5 Y M
shows audi o (specificall ar aydi o),. whigch is conposed of a i.nb
001D, U5 o SN aotssictd aomanss g Ghijok A i sowtrne B souBe JRcoouht. By
using a light emttin device of the present invention as the display
portfon 2 ?‘H,m‘fqﬁ‘é‘o’éﬂigﬁ s tip #nd lightriveight and gan ORFEAG FRNSUMMEJ eSS RN FRe¥hiClR s 5

power. Although car audio i s taken as an exanple in this enbodi nent, the
audi o nayPakes hemyeriRsel appliances. Light sources of liquid crystal display devices, such as back

light or front light, or light sources of lighting fixtures are typical uses of the light emitting device
of the present invention as a light source.
When liquid crystal displays are used as the display portions of the electric appliances
15 shown in Figs. 19A to 20B according to this embodiment, the electric appliances can be thin and
light-weight and consume less power if those liquid crystal displays use as back light or front light
the light emitting device of the present invention.
Alight emitting device having low electric power consumption and superior longevity can
be obtained by implementing the present invention. In addition, electronic devices which are
20 {Jright', have low electric power consumption, and a long life can be obtained by ﬁsing this type of
light emitting device as a light sourcé or as a display portion..
In the preferred embodiments of the present invention, the concentration changing regions
are disposed between the hole transportation region and the mixture region and between the
electron transportation region and the mixture regi.on, respectively. However, the present
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45 It is effective to give the electric appliances shown in Figs. 19A to
20B a function of nodulating the |um nance of emtted |ight in accordance
with the brightness of the surroundings where the electric appliances are
used by providing the electric appliances with photo sensors as neasures
to detect the brightness of the surroundi ngs. A user can recogni ze imge or
text 5 information without difficulties if the contrast ratio of the

| um nanc einvéntivii hdyddclud@dlight emittifg ddicegh Whih®nbf onk kencentiatiou ebanpiisy regior®0 t o
150. Wth this function, the lum nance of an inage can be raised for
better vi eié%c&ﬁd bhwReh R Mithire vipibn gl dsRedbneddtithyvhsle @@sspohatidnigpidange tf an
i mage can be |lowered to reduce power consunption when the surroundi ngs are
dark. Var pledtforatRSpdriatioRRigidrances that enploy as light sources the Iight
emtting device of the 10 present invention are also thin and |ight-weight
and can operate consum ng | ess power, which nakes themvery useful
appl i ances. Light sources of liquid crystal display devices, such as back
light or front light, or light sources of lighting fixtures are typi cal
uses of the light emtting device of the present invention as a |ight
source. Wien liquid crystal displays are used as the display portions of
the electric appliances 15 shown in Figs. 19A to 20B according to this
enbodi ment, the electric appliances can be thin and 1ight-weight and
consune | ess power if those liquid crystal displays use as back |ight or
front light the light emtting device of the present invention. Alight

em tting device having | ow el ectric power consunption and superior

| ongevity can be obtained by inplenenting the present invention. In
addition, electronic devices which are 20 bright, have |ow electric power
consunption, and a long life can be obtained by using this type of I|ight
emtting device as a light source or as a display portion. In the preferred
enbodi ments of the present invention, the concentration changing regions
are di sposed between the hole transportation region and the m xture region
and between the
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el ectron transportation region and the m xture region, respectively.
However, the present 46 invention may include a light emtting device in
whi ch only one concentration changing region is disposed between the

m xture region and desired one of the hole transportation region and the

el ectron transportation region. 47 WHAT IS CLAIMED IS: 1. Alight emtting
devi ce conprising an organic light emtting el enent, the organic |ight

el ement HAHAIIS GHOAIMMEDAES: 5 a cat hode; an organi c conpound fil m contai ning
a hole transporting material and an electron transporting nmaterial;
wherein the organic conpound filmhas a structure which conprises in a
direction from the anode to the cathode: 10 a hole transporting region

made from the hoh@ightcRiiGRGHEiBEcIRYRIgah orgaﬁlcfnghﬁémlﬁmgceféaﬁerna&mémgmngﬁ
region in which the proportion of the electron transporting nmateri al

i ncreases@héflalihy until a ratio between the hole transporting material
and the electron transporting material becones x : y (where x and y are
positive constants),,dnd & m xture region containing the hole transporting
material and the electron transporting material at the ratio of x : y; a
second concentration ﬂﬂge region in which the proportion of the electron
transporting materi ? gradually increases further fromthe x : y ratio; and

an organic compound film containing a hole transporting material and an electron
transporting material;
wherein the organic compound film has a structure which comprises in a direction from
the anode to the cathode:
10 a hole transporting region made from the hole trmspoﬁing material;
a first concentration change region in which the proportion of the
electron transporting material increases gradually until a ratio between the hole transporting
material and the electron transporting material becomes x : y (whére x and y are positive
constants);
15 a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and
E an electron transporting region made from the electron transporting
20 material; and
wherein a light- emitting region, into which a light emittiné material for

performing light emission is added, is formed within the mixture region.
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an electron transporting region made fromthe el ectron transporting 20
material; and wherein a |light- emtting region, into which a light emtting
material for performng light emssion is added, is formed wthin the

m xture region. 48 [II111111 1 111 11fill, g 2. Alight emtting device
conprising an organic light emtting element, the organic |ight elenent
havi ng: an anode; a cathode; 5 a hole injecting region formed contacting
the anode; an O2.gdlightentippdevite omprisngirrorpadi@light baltEnd E18ASROE bAdnidlLpyr i al
and an electron transporting material; wherein the organic conpound Tilm
has a st reletentchawingch conprises in a direction from the anode to the

cat hode: 10 a hole transporting region made fromthe hole transporting
material; a first caneagsder ati on change region in which the proportion of
the electron transporting material increases gradually until a ratio
between the hol e transhmold;ng material and the el ectron transporting

mat eri al beconmes x : y (where x and y are positive constants); 15 a

m xt gre region contagmkﬂgqﬁgﬁgg?ggn6ﬁﬁ%§egégaﬂ%tﬁyﬁgggal and the electron

transporting material at the , a second concentration change
S 1§ e Rac . P ARS8
transporting material;
wherein the organic compound film has a structure which comprises in a direction from
the anode to the cathode:
10 a hole transporting region made from the hole transporting material;
a first concentration change region in which the proportion of the
electron transporting material increases gradually until a ratio between the hole transporting
material and the electron transporting material becomes x : y (where x and y are positive
éonstants); |
15 * a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and
an electron transporting region made from the electron transporting
20 ;‘naterial;

wherein a light emitting region, into which a light emitting material for performing light

emission is added, is formed within the mixture region.
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an electron transporting region made fromthe electron transporting 20
material; wherein a light emtting region, into which a light emtting
material for performng light emssion is added, is formed within the

m xture region. I/1ILIIfIl 49 /~I~/1I1l MS *Il 3. Alight emtting device
conprising an organic light emtting element, the organic |ight elenent
havi ng: an anode; a cathode; 5 an electron injecting region forned

contacting the T atlightienitiényteaive osrapising aagamicliett Ehmis0Némém] Aomaelight
transporting material and an -electron transporting material, wherein the
or gani ¢ celementmdvibgd m has a structure which conprises in a direction from
the anode to the cathode: 10 a hole transporting region nade fromthe hole
transporting materi abhnandlef i rst concentrati on change region in which the
proportion of the electron transporting material increases gradually until
‘a ratio between the Behfiodd:ansporting material and the el ectron
transporting material becones x : y (where x and y are positive

consksants); 15 a m XLYERcEGn mg%),lg R oAkt ﬁta&ﬁkethé .@ﬂﬁ}go ting material
and the electron transporti n%erra efiral at the ratio % X *.£n3‘/i;
an organic compound film containing a hole transporting material and an electron
transporting material,

wherein the organic compound film has a structure which comprises in a

direction from the anode to the cathode:
10 a hole transporting region made from the hole transporting material;
a first concentration change region in which the proportion of the
electron transporting material increases gradually until a ratio between the hole transporting
material and the electron transporting material becomes x : y (where x and y are positive
constants); _
15 a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and
an electron transporting region made from the electron transporting

"

20 ‘material; and

wherein a light emitting region, into which a light emitting material for

performing light emission is added, is formed within the mixture region.
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a second concentration change region in which the proportion of the

el ectron transporting material gradually increases further fromthe x : vy
ratio;- and an el ectron transporting region made fromthe el ectron
transporting 20 material; and wherein a light emtting region, into which
a light emtting material for performng light emssion is added, is
formed within the mxture region. 50 11111111211111111 1111l &%g S 4. A

| i ght em tting 4éJigheemintiny desica goraprisimgyarvrganid light erritiing dl¢ifert) tREGghnic lipik
organic light elenment conprising: an anode; a cathode; 5 a hole injecting
regi on f otlementeonipesihg:ng t he anode; an el ectron injecting region formed
contacting the cathode; and an organi c conpound film containing a hole
transporting materi ahnamsliean el ectron transporting material; wherein the
organi ¢ conpound filmhas a structure which conprises in a direction from
10 the anode to the gahdjg@e: a hole transporting region made fromthe hole
transporting material; a first concentration change region in which the

propgrtion of the emsreriﬁfecﬁrrgaregiem&&n@@camaéfnka&;naget&ﬁeases gradual l'y until

a ratio between the hole transporting materia e electron

transporting materiaby, PREQJPRjekting ¥l RGhRatoftRing Y GuRRE! &ddVe 15

constants);
‘ an organic compound film containing a hole transporting material and an electron

transporting material;
wherein the organic compound film has a structure which comprises in a direction from
10 the anode to the cathode:

a hole transporting region made from the hole transporting material;

a first concentration change region in which the proportion of the .
electron transporting material increases gradually until a ratio between the hole transporting
material and the electr-on tr;msporting material becomes x : y (where x and y are positive

15 constants);
" a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and
20 - an electron transporting region made from the electron transporting
matérial, and -
wherein a light emitting region, into which a light emitting material for performing light

emission is added, is formed within the mixture region.
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a mxture region containing the hole transporting material and the

el ectron transporting material at the ratio of x : y; a second
concentration change region in which the proportion of the electron
transporting material gradually increases further fromthe x : y ratio; and
20 - an electron transporting region made fromthe el ectron transporting
material, and wherein a |light emtting region, into which a light emtting
mat eri al for péerAdight emittingglevice agvoriiniglo anyonadliedimsildo #pwtmeein victlighteniikting

m xture region. 51 I LL0L1™0 Ler bl ~teer 1t~ 11r 1" * CLMS5. Alight
em tting weiwncigtoawkioh therlight emating roaterialfis addad,is a pottion 4vithivhihe enivtutdieglonght
emtting region, into which the light emtting material is added, is a
portion within the mxture region. 6. Alight emtting device according to
any one of clains 1 to 4, wherein a blocking material, having an energy

di fference bet \ﬂeenli'gﬁt&nhit’ggeﬁbic@@é‘déﬂii@%j to&tlyasié! Eiclanbiltal4, Wdrdih § IQRWER! 5
unoccupi ed nol ecul ar orbital which is larger than that of the hole

t r anspor t inagriflpliainigah eddtfly differenéd tREV el its higARS 6Qupicd tholRURF brdltal ahd n@fé@%& to
a portion within the mxture region. 7. Alight emtting device according

to clkai M gockpéce mdlecalaPbditkl WHich R 18k Pthan (havdiiHe Rble %ﬁgpgg\lll\%'sr{ﬁt&’iaﬁ A& the

between its highest occupied noleculrar orbital and itsl unoccupl ed

mol ecul are1a{:ﬁahttﬁhsﬁlefﬁiirfg1nst§rm,%qeaedttaagoﬁia%iﬂﬁ Gk Pregth, T ANSPO LI NG

material and the electron transporting nmatertal, is a 0 a portion
within the mxture region; and the light emtting region having the |ight
emtting material added thereto is positioned closer to the anode than to

the regi on haviig i ieeRlRhak-TokSihEt 24598 LRgLE o
a blocking material, having an energy difference between its highest occupied
molecular prbital and its lowest unoccupied molecular orbital which is larger than that of the hole
10 transporting material and the electron transporting material, is added to a portion within the
mixture region; aﬁd
the light emittiﬁg region having the light emitting material added thereto is

positioned closer to the anode than to the region having the blocking material added thereto.

8. A light emitting device according to any one of claims 1 to 4, wherein the light emitting

15 material performs light emission from a triplet excitation state.

9. A light emitting device according to any one of claims 1 to 4, wherein mass percentage
of the hole transporting material within the mixture region is greater than 67 qual to 10%, and less
than or equal to 90%, with respect to total mass of the hole transporting material and the electron

transporting material.
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8. Alight emtting device according to any one of clains 1 to 4, wherein
the light emtting 15 nmaterial perforns |ight emssion froma triplet
excitation state. 9. Alight emtting device according to any one of clains
1 to 4, wherein mass percentage of the hole transporting material within
the m xture region is greater than or equal to 10% and less than or equal
to 90% wth regpect to total nass of the hole transporting material and
the el ectron dPahedight smiingdeytcearcordipg jo anyope pf ¢laims|1 tg 4, whergintheimixturg S
[l 10. The light emtting device according to any one of clainms 1 to 4,
wher ei n t/REORH3E aﬁ@ckqeéb%ﬁteha@na)rteﬁw Ko dQ Daperaeieisy andhless than @qegnaltto 100
nanoneters, and |less than or equal to 100 nanoneters. 11. An electronic
devi ce uéPﬂ@nﬁﬁﬁ light emtting device according to any one of clains 51
to 4. 12. The light enmtting device according to any one of clains 1 to 4
wherein the light emtting device is a passive matrix type. 13. The |ight
emtting device according to any one of clains 1 to 4 wherein the |ight

em tting devi cdliAn electamiic deviceatsingathé lighe emitfing devids dccgridingaoiahy dirgofttealing e
conprising: an anode; a cathode; and an organi c conpound film containing a
hol estraristpatti ng material and an electron transporting material, the
organi ¢ conpound fil m conpri sing: '

12. The light emitting device according to any one of claims 1 to 4 wherein the light

emitting device is a passive matrix type.

13. The light emitting device according to any one of claims 1 to 4 wherein the light

emitting device is an active matrix type.

10 14. A light emitting device comprising:
an anode;
a cathode; and
an organic compound film containing a hole transporting material and an electron
transporting material, the organic compound film comprising:
15 a hole transporting region comprising the hole transporting material adjacent to
‘;he ar;ode;
"7 an electron transporting region comprising the electron trapsporting material
adjacent to the cathode;
a mixture region disposed between the hole tfansporting region and the electron

20 transporting region and comprising the hole transporting material and the electron transporting
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15 a hole transporting region conprising the hole transporting materi al
adj acent to The anode; an electron transporting region conprising the

el ectron transporting material adjacent to the cathode; a m xture region
di sposed between the hole transporting region and the electron 20
transporting region and conprising the hole transporting material and the
electron transporting 53 Iqlilillllh,/,11//11111 material at a constant
proporti omapenlagatca eanstapbpropbntiog it kalimotimhealemglthe emodaaitoie cathdéd, &ilierdif €he
m xture region is doped with a light emtting material at |least partly; a
first conoextureatgionisglopedivith alighi amittitigapaedd ableasvpemlyf he hol e transporting
region and the m xture regi on wherein the proportion of the electron
transporting materi ala firsl atncstiratibn charighty fgio dispafaneiwdeAdhdBoIE tadbporting
nmonotonically increases in the first concentration changing region ina

di rect i onregfonrant tie nhigluge fegion Whercin he pfopitien of Be blBErdH nenbydRtifEHABRal rGy A
second concentration changi ng regi on di sposed between the mXture region

and st he ®tRholOFarkperifPRhicHNnSRURANYRIRT RS irf HEARI QRCLdraR8n Qan%iﬂgrge ion
el ectron transporting material relative to the hole transportin £E al

oot oni Gl ol #6mAe hdle IRpBRERALIGPRIROLERLE Wrion nghangi ng region in
a direction fromthe mxture region to the electrorf transporting region.

e

emtting device is a passive matrix

acoor o MOk UcliBh Rabdpo b RefbrdBhétab G0 brepllidh GE LSy | SpoBidohhitSal

matri x type. roni c devi cé conprising

devi ce acxf%%iqje %ﬂfe%o‘fé H’hﬂ(;%&émg\maﬁ&%l Pnozl%;;)?'l(ifg }? %%Eﬁ%?%?in SF% iiseg:cgpcil %019(:21?[1’3&011

sel ected fromthe group nsisting o

10 changing region in a direction from the mixture region to the electron transporting region.

15. The light emitting device according to claim 14 wherein said light emitting device is

a passive matrix type.

16. The light emitting device according to claim 14 wherein said light emitting device is

an active matrix type.

15 17. An electronic device comprising the light emitting device according to claim 14
wherein said electronic device is one selected from the group consisting of a video camera, di gital
“camera, an image reproducing device, a mobile computer, a personal computer, a cellular phone,

—

and an audio.

18. A light emitting device comprising:
20 an anode;
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-canera, an inmage reproducing device, a nobile conputer, a persona
conputer, a cellular phone, and an audio. 18. A light emtting device
conprising: 20 an anode; 54 1111111 21221212 [1E0E 1l 1 11l CL as a
cat hode; and an organi c conmpound filmcontaining a hole transporting
material and an electron transporting material, the organic conpound film
conprising: a hole transporting region conprising the hole transporting

mat eri al adj acarhthbde; abdt he anode; an el ectron transporting region
conprising the electron transporting material adjacent to the cathode; a
m xture regi onaflicygsedopdut@ciint Etdifhe b HRRSPMsboHidg MEGrRAN adddn telRtron
el ectron transporting region and conprising the hole transporting nateri al

and the qlR6idiGil hERASD W drBshic ddnpBRhE fild oMpridngonst ant proportion in a
direction aﬁ%ﬁgﬂ%he angde égdl%he %gth&de,omkgrggn the mxture region is

doped with a |ight egihbiedsdoRbe kb thORSIL ¥ :

changi ng regi on di sposed be?&ggﬁﬁigenﬁ%wgggggnspor{¥ﬁ8a$§g?%ﬁgﬁgﬁﬁk$ﬂgo

m Xt gre qﬁg&gﬁemherein the proportion of the electron transporting materi al
0

relative € hole transporting nmaterial nonotonically increases in'the

first concentration LG, Lon in. S5 dir i romthe hole .
transporting region %gét@ %{a m %(I]tgg(&rrg% (ra%f og’n?O%Egln%ﬁgé Fgég}ﬁén %%ISP ?ri%ﬁé n&agwa(l:e
according.ta ¢claj,m1l erein said light emtting device is a passive
natriX'tggipm§63h$ﬁ@%9&ght em tting device according to claim 14 wherein

said light em tting e(lj r%\llylct&l% nlegh;on disposed between the hole transporting region and the electron

transporting region and comprising the hole transporting material and the electron transporting

10 material at a constant proportion in a direction along the anode and the cathode, wherein the
mixture region is doped with a light émitting material at least partly;

a concentration changing region disposed between the hole transporting region

and the mixture region wherein the proportion of the electron transporting material relative to the

hole transporting material monotonically increases in the first concentration changing region in a

15 direction from the hole transporting region to the mixture region.

19. The light emitting device according to claim 14 wherein said light emitting device is
a passive matrix type.

20. The light emitting device according to claim 14 wherein said light emitting device is

-— —

an active matrix type.

20 21. An electronic device comprising the light emitting device according to claim 14
wherein said electronic device is one selected from the group consisting of a video camera, digital

55
-

e



an active matrix type. 20 21. An electronic device conprising the |ight
emtting device according to claim14 wherein said electronic device is
one selected fromthe group consisting of a video canera, digital 55 I
L1~ e e 1L 11t~ 11 1"l camera, an inmage reproduci ng device, a
nobi | e conputer, a personal conputer, a cellular phone, and an audio. 22.
A light emtting device conprising: an anode; 5 a cathode; and an organic
conmpound dairer, enithagereproduwinpaleeict, raanshilercompatetiatpersoad] cemgutar) aetidarphone,
transporting material, 'the organic conmpound filmconprising: a hole

t ranspor tand@nraedioon conprising the hole transporting nmaterial adjacent to
the anode; 10 an electron transporting region conprising the electron
transporting material adjacent to the cathode; a m xture region di sposed
bet ween the hole transporting region and the electron transporting region.

and conpri si ng 2bhR 1l @niktidRPRE CompridiRg:eri al and the el ectron transporting
material at a constant proportion in a direction along the anode and the

cat hode, wher eiaf ahéife; 15 mixture region is doped with a light emtting
material at |east partly; and a concentration changing regi on di sposed

bet wgen the m xtueqé-6djon and the electron transporting region wherein
the proportion of thé electron transporting material relative to the hole

transporting n%q{r%%ic bl i lféfmiiﬂlﬁgeﬁ%%?e {rghsbgﬁinggﬁa(?%}%lt%ﬁ@%%rgléc%hon

changing -region a ditection omtHe mxture'reg e electron
transpor tt}arﬁngrgrgé I%Qterial, the organic compound film comprising:

a hole transporting region comprising the hole transporting material adjacentto
the anode;

10 an electron transporting region comprising the electron transporting material
adjacent to the cathode;

a mixture region disposed between the hole transporting region and the electron
transporting region and comprising the hole transp;)rting material and the electron transporting
material at a constant proportion in a direction along the anode and the cathode, wherein the

15 mixture region is doped with a light emitting material at least partly; and

a concentration changing region disposed between the mixture region and the
electron transporting region wherein the proportion of the electron transporting material relative
to the hole transporting material monotonically increases in the second concentration changing
;egim-l in a direction from the mixture region to the electron transporting region.

20 23. The light emitting device according to claim 22 wherein said light emitting device is

a passive matrix type.
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20 23. The light emtting device according to claim22 wherein said |ight
emtting device is a passive matrix type. 56 1!11111 1121112 1lijl 12111 11
dill ¢ L 24. The light emtting device according to claim 22 wherein said
light emtting device is an active matrix type. 25. An el ectronic device
conprising the light emtting device according to claim?22 wherein said

el ectronic device is one selected fromthe group consisting of a video
canera, digit al24. Thelight emittingidévicegecording tuclain2p wiereio said ightdmittingalamiperiser |,
a personal conputer, a cellular phone, and an audio. 57 1111111111111
111J1 111amactive miajrix (gpq.

25. An electronic device comprising the light emitting device according to claim 22
wherein said electronic device is one selected from the group consisting of a video camera, digital
5 camera, an image reproducing device, a mobile computer, a personal computer, a cellular phone,

and an audio.

) AN



