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USI NG THE SAME BACKGROUND OF THE I NVENTION 1. Field of the ] d807The
present invention relates to a display device using an organic |ight
emtting device that has an anode, a cathode, and a filmcontaining an
organi ¢ conpound that emits light by application of electric field
(hereinafter referred to as organic conpound film. Specifically, the
Present | RYSEANGE bRt Rd BEVIER ANDBISPLAY BEVICE USINGTHESARIE
organic lig emtting device or a ite organic light emtting device

t hat has higher light em ssion efficiency and longer lifetine than
conventional ones. The termdisplay device in this specification refers to
an i mage display device tIhBACERRAYNDGE FHEINNENIAONt i ng devi ce an organic
light emtting device. Also included in the definition of the display

devi ce arleField ofahkingentionwhi ch a connector, such as an ani sotropic
conductive film(FPC flexible printed circuit), a TAB (tape autonmated
bondi ng) tape, oThepresmt {nvepsionaelates tora dipplandeyics using an preapif dghtcaniting Jeyshi ¢
light emtting device; a nodule in which*a printed wirin ard .is.

br ovi ded ' IeRan pSG[a PR s M Conpim B, BRER TR SR PRI dighf by
(integrated.circuit) i.s nted.directly to an.or ¢ L lhght FEN

Gevi co. by PpligeRer PEAFE SH Urisge ot fo 3 oRBuC pHaR G i, SERGCLP e o
An organic_light emtt] | ' ' : I d-Siditd ifﬁ'ﬁgh ric
fieldis Pé%%?‘?’@‘éﬁ.“ 10p f"g‘ﬁ‘%?sg‘é’%ﬁ‘\é% Edlot ﬁ%@?ﬁ%&gﬁ%?'hg?g%“gﬁésﬁ@% h%’g be aegk%tr
foll ows. AuxRlda9e et GRRing8EviEANAMaOLi g lisht cmARTOA BRIt} ddIeHpdMiretiae!than
bet ween el ectrodes to cause reconbinatron of electrons injected from the
cat hode anglvéitioffl oney. eTHeqen  digpihy dvicerin des specifibationrrefarsito as anypeudixpldyi dewicand,
when the resultingly excited nolecule (hereinafter referred to as

nol ecul arthaxanploys) asr£lightremitting biesiee ah arganicdight enitting devies. gyplsonincluded by the of

i ght em ssion. . . . . .
definition of the display device are: a module in which a connector, such as an anisotropic conductive

film (FPC: flexible printed circuit), a TAB (tape automated bonding) tape, or a TCP (tape carrier
package), is attached to an organic light emitting device; a module in which'a printed wiring board
is provided on the tip of a TAB tape or a TCP; and a module in which an IC (integrated circuit) is -
mounted directly to an organic light eniitfing device by the COG (chip on glass) methodl.
2. Description of the Related Art

An organic light emitting device is a device that emits light when electric field is applied.
Light emission mechanism thereof is said to be as follows. A voltage is applied to an organic
compound film sandwiched between electrodes to cause recombination of electrons injected from
the cathode and holes injected from the anode in the organic compound film and, when the
resultingly excifed molecule (hereinafter referred to as molecular exciton) returns to base state to
release energy in the form .of light emission.

There are two types of molecular excitons from organic compounds; one is singlet
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There are two types of nol ecul ar excitons from organi c conpounds; one is
singlet 1 exciton and the other is triplet exciton. This specification

i ncl udes both cases where singlet excitation causes |ight em ssion and
where triplet excitation causes light em ssion. In an organic |ight

em tting device such as the above, its organic conpound filmis wusually a
thin filmwith a thickness of less than 1 Atm In addition, the organic
light em {t.in iC does. _,no ed C | u | t l. 1j.quid
crystal dreiaysihe s 8 RnBCbaREE TR frerindillon REal b GR SR RS sngled

or gani ¢ Ce?@fpﬂfdﬂ Qaqs. % H%Ht teﬁl?és{o]p%ml bohetet @Ikt exditfiof CHRBY ﬁaﬂlt leffNsiofm tting device

Is therefore usefu n manufacturing a very thin and |Iight-wei ght display

device, which ispRagbRahic 1BHY BRtBEE deV¥teduch BE tHRI BBV, Gts REMRUEINFduh IS is
about 100 to 200 nmin thickness, Tor exanple, reconbination takes place

W t hi n seae41Bia thidTHmNGI0S hickneks ofifebsthan NjMC Tn AdgitioRl the efganichighedniaihgidaeice
nmobility of the carriers in the organic conpound film Considering, the
process fdoesmataeadiback light usedin coavemionaldighidghystabdisplays becausditis o se}frlight emiittihg
emtting device is readied for light em ssion in_mcroseconds. o
Accor di ngleyice god ¢he prganie semppundofilyy itsplemits light. sHheapreame Sighf copifingodeyiagiis
light emtt]ng device. Since the organic |.ight em{ting, device |s of
carrier itAJTEROS B?‘F?"cl%é‘,‘anf‘f“&l&ﬁg Bevely ﬁ\%’éﬁ“ BHV idr‘se?l?ty-‘l?ﬁ}cF’eY{g@df P& and
noi se is r&grrﬂ# generated. Regarding a drive voltage, a report says that a
suf fici erft™f hance of 100 cd/nR is obtained at 5.5 V by using a very thin

fim i th 2 unif Q0 hobEAAESrbu bRl ishA0AN0R06 B B ARRIE: BB,

film choosing an el ect apable o ower | a carrier

i nj ect i onebshBihAfonadids Pce Withil? QR fens AERBECHdS htkdPinjREtthef daFridd€ based on the
I ntroducing the hetero structure (two-layer structure) (Reference 1: C W

Tang and shobility ofath®l calsters iOM@adtggnic eb@pdundl film. rGssidatngitid process Afpgah i cattier
Physics Letters, vol. 51, no. 12, 913-915 (1987)). Wth those features,
i ncl udi ngrebmmbigationito tight eamission, gt @ganig light lemitting derdes, is aerdiadi forkight emission in
microseconds. Accordingly, quick response is also one of. the advantages of the organic light
emitting device. ,
Since the organic light emitting device is of carrier injection type, it can be driven with
a direct-current voltage and noise is hardly generated. Regarding a drive voltage, a report says that
a sufficient luminance of 100 cd/m? is obtained at 5.5 V by using a very thin film with a uniform
thickness of about 100 nm for the organic compound film, choosing an electrode material capable
of lowering a carrier injection barrier against the organic compound film, and further introducing the
heterd structure (two-layer structure) (Reference 1: C. W. Tang and S. A. VanSlyke, “Organic
electroluminescent diodes”, Applied Physics Letters, vol. 51, no. 12, 913-915 (1987)).
With those features, including being thinner and lighter, quick response, and direct
current low voltage driving, an organic light emifting device is attracting attention as a next-

generation flat panel display device. In addition, with being a self-light emitting type and a wide
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current |ow voltage driving, an-organic light emtting device is attracting
attention as a next- generation flat panel display device. In addition,
with being a self-light emtting type and a wide 2 view ng angle, the
organic light emtting device has better visibility and is consi-dered as
effective especially in using for a display screen of portable equi pnent.
Anot her feature of organic light emtting devices is emssion of |ight of
vari ous yG&viag Sngle, theonglit lig@renfing At AESha b VisiIRG ahdl @R dnbiderdt WS EMédiiye Of
organi ¢ conpounds. In other words, the various colors are derived fromthe
f1 exi bi |dspeciallyiin hsindfor b displagistraésofaporthble eguipimédter ent col ors can be

devel oped by designing a nolecule (introduction of a substituent, for

exanpl e). From tAwether frafurg of organid light erhistingdeyiegs islerissionof tiglstof pamorissologs.
application field of organic light emtting devices is in full color flat
panel diBysi sl varigdcologsargsienpdsraon the diveayityd wrgpais compopndsp Iz gtheywprdsothe r

whi |l e consjidering the characteristjcs qQ rrganic.light em.tting devices.

Cur r ent | {p10ug q?éqrgargr&gweg h’ﬁf‘&?“’ﬂ’é’f’ I‘i"d’&'é”c}?%’rmﬁﬁ’hﬂ? %E‘E‘H’r&' renticglors g og

di spl ay deyi ce .using an _organic.l.iaht. enmitti devi ce. e of those mmjor
met hods (lggel? Bedstt’ayp%tef %Plélfgf} n?(g?mrﬁ P\ t5°r%§‘énrﬂnc° Fis‘é'?f lgjgrrﬁ’ fqtri%’r‘fbm &ice that enmits
red light, an on i i 1 4l i | | an
organi o 11 ght engerins: b, 5 i Pty il GEpb Borbiib Spricaith a4l oreic
nask, t eclight @hh@tingaevicddli€ Bfulladfhr Flabiardl GispIBR. PVArioRs ethoBs B&eQRbR SV to
light, and each of the three types of organic light emtting devices nakes

one pi Xedisplaylinll Sokewhidélconsidotngthe alidrfxeris@ésrif begnic dightenditting daviadse Cuerenty,i on

nmet hod. Anot her one of the major nethods obtains the primary three colors

of |i ghtthérg arssthrey meajér meshaedsdannenifaagiringenfutlicolog display deviesusing dni gpanieliglgsi on
source and converting the blue light into green light and red light through
col or comtinegdesise] ayers (CCM that are formed of organic fluorescent

materials. This thod is hereinafter referred to as.a. met hod., The
| ast one is a ’}‘Fd{ﬁl thyyse Hﬁi“&i"?ﬁ}h’as {Sie SHaF ¥§Pr’?‘tﬂ“é°éga%ﬂaltﬁ%géﬂ'8’fm?3 %P(fce'

Lransit ¢4 et el i U0 oo RN ool S b bR bt 2

device that emits blue light using a shadow mask.technique. Red, green, and blue are the primary

o

three colors of light, and each of the three types of organic light emitting devices makes one pixel.
This- method is hereinafter referred to as a separate formation method. Another one of the major
methods obtains the primary three colors of light by using a blue organic light emitting device as a
light emission source and converting the blue light into green light and red light through color
conversion layers (CCM) that are formed of organic fluorescent materials. This method is hereinafter
referred to as a CCM method. The last one is a method of obtaining the primary three colors of light
by transmitting white light from a white organic light emitting device used as a light emission source
through color filters (CF) that are used in liquid crystal display devices or the like. This method is
hereinafter referred to as a CF method.

The separate formation method is most efficient in taking out emitted light ;ince the
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t hrough color filters (CF) that are used in liquid crystal display devices
or the like. Thi$ nethod is hereinafter referred to as a CF nethod. The
separate formation nethod is nost efficient in taking out emtted |ight
since the 3 nethod does not suffer light loss in |light conversion | ayers
of the CCM nmethod (the conversion efficiency hardly reaches 100%, or
l'ight absorption by color filters in the CF nethod. The separate formation

net hod inferifydl R2PaSH du@ﬁr ngﬁthed ih lighfdohvasies Téyersfdf lthd QEMTRlched (B |c@¥‘€%r§on
di splay device to ful benefit fromthe characteristics of self-|um nous

or gani c effigidticy aﬁmtytremeamor%ge& lighiaibsotption Byltolos €GiRar & de OFm@ARID IThaséfanls

al so have sone problens. For exanple, the shadow nmask used in this nethod
finds diféimatioh medndiinamdgpealing ndthdd ia this xsplect] foathei isetborhdllosys al dispdayzdevice to
Furthernore, the mask has to change |ocations every tinme the manufacture
pr oceeddully bamefiiron theharagteristics of spdiuminaug hrgaeigilight exgjtting\devieest or one col or
to formation of _.an organic light emtting deV| ce for another color. The

oper ation of chIéIHUFWd tIhBE%HaF%@matW W?ﬁ}épdﬁﬁ's“‘R Ay ?&E:Pé?blﬁi?%r?]ﬂ@x%ﬂe’l theds
For ot QR otk veel s et i?’a%seﬂ%ﬁleser ety PLBR SR R S0 e
effici e%%’t{x@rﬂ%ré 'tlfa%ési{ﬁ)xs é%ﬁz}ﬁgP ﬁ\?er%f?ﬂ? kHe%tn Bt eﬁr@%sgft%rﬁ?owq%no reen

light emtting devi ce, I'ng devi'c

en SSi Ofprgh Bx‘gﬁﬂu@ﬂgybenflﬁilhgﬁéﬁ%?onetdaﬁ)r 't&fﬁf?rﬁ&tmﬁa%%ﬁ B@Qm@i&htfehﬁ&ﬁ déﬁ@é‘@lr S
to power efficiency, the unit thereof is IMW is proposed for €ach of the

primary anbtheecdlér. OTke SperaticBdf chudpiig!iocatfonk OF tit Spdkai¥ ridief GiediS@ind leads to
Yoshi haru Sato, "Journal of Organic Ml ecules and Bioel ectronics Division
of The JmpaisfaSwey poguaivitpppl i ed Physics”, vol. 11, no. 1, 86-99 (2000)).
According to Reference 2, there are many reports in which a green |ight
em tting devi cefambre: sptions piojlem ofii the isn@ratdefvm?éioaxmbwbd bt agmpiresshion

ef ficiency exceeding their respective required values. On the other hand,
the |i gf?@aréﬁ%@}% dight emission efficimey avfl lifeme) wamy betivaen desdi light emitiing dayicepal ow

“its require

eenqlgnt emlttmg device, and a blue light emitting device.

As to the light emission efficiency, for example, the lowest required efficiency (equals
" to power efficiency, the unit thereof is Im/W) i$ proposed for each of the primary three colors of light
in full color display (Reference 2: Yoshiharu'Sato, “Journal of Organic Molecules and Bioelectronics
Division of The Japan Society of Applied Physics”, vol. 11, no. 1, 86-99 (2000)). According to
Reference 2, there are many reports in which a green light emitting device and a blue light emitting
device exhibit light emission efficiency exceeding their respective required values. On the other
hand, the light emission efficiency of red light emitting device falls far below its required value.
Accordingly, under the present circumstances, low light emission efficiency of red light emi.tting

device is the stumbling block to a full color display device by the separate formation method.
. As to the lifetime (lowering of luminance with time), it is rare that the iifetime of an
organic light emitting device of one bolor exactly coincides with the lifetime of an organic light
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Accordingly, under the present circunstances, |ow |light em ssion efficiency
of red light emtting device is the stunbling block to a full color

di spl ay device by the separate formation nethod. As to the lifetine
(lowering of lumnance with tine), it is rare that the lifetime of an
organic light emtting device of one color exactly coincides with the
lifetime of an organic light 4 emtting device of another color. This
means t hehitfidpdetive Of advtlhe 0616r. STHN WPednl EhaPthe BBlbYbdldice emond the primafy thieg bblogoul d
be lost with time resulting in inaccurate coloring and irregular |um nance,
whi ch ar ef lighataild telostwith imeaesdltingliminacabrat¢ ¢rdoririgrad immegudhr lemimendef which titee
CCM net hod and the CF nmethod is that the nethods do not have the fatal

pr obl ensfasdl defieets gepdispier f or mati on met hod as descri bed above despite their

rather inferior efficienc i n takln out emtted |ight due to slight |oss
or absorption ofOpHhgpther fﬁ’ﬁﬁ:w“lq‘fé’déﬁd%%rﬂet%%‘s“%tmedé%‘a“f‘he

i 11 or onfo B31 508 tﬁf?éﬁéﬁéﬁkﬁéiok SeBrre tmaah Pifpg a oo boa%d?s?p?th@%?r o

device o in the
case of h‘n raf—f%reefﬁawg gﬁdﬁﬁ egpe%ngd ﬁ@gﬁggf llggtolg)liflge\grrglB %Eﬁﬂm Ialtt‘reld a
color filter canpecERf ABHoPYr e CEMERRYA d3BRhot nQéE’th@hhﬁd%C%IEefiMbﬁ fBFé&BﬁhﬁHﬁ
and no conplicate process is necessary. Moreover nmet hod and the
CF et ho€briing drgic ligh®emittivicdeviced of differédt E616krs 8siflg 4 SHaBGW hidkk dibd¥iah arpR\IcHgRY

ti me because only one type of organic light emtting device is used to
cause t hemitting devieefaginglearodpe (bine inchertase of thh GGNMmethadpowhithim thivcase of tha €RCCM
met hod and the CF nethod can be very effective nethods in nanufacturing a
ful'l col owethwdsige agedd s a colpr ¢anversiop dayei dsd@ cplor Eleraam bafopnedbys canveational
organic light enmtting device that has higher |uni nance and | onger

lifeti nephqtqeméq&raphmwbema? YA complinaie PERRCESS HEGETRAV M@?O&Wdthﬁﬁq\'émé‘fh@ﬁ?ﬁdc
light emtt have sever al e irst, shortness of lifetine
can be' oriF Hebi! o B GNP s oGP a8 g BH SR SIS bt
devi ces %\é%f g&%cﬁ@h eﬁﬁ&ﬂ@%%@é 1s%9e\éat8851sé Hlerh?rﬁﬁ%cexg @ﬁa%g@ﬁmfonnly with time.

From the above, the CCM method and the CF method can be very effective methods in

" manufacturing a full color display device if it is possible to obtain a blue or white organic light
emitting device that has higher luminance and longer lifetime. o -
However, blue organic light emitting devices and white organic light emitting devices
have several problems. First, shortness of lifetime can be given as a problem common to the two.
Blue organic light emitting devices have made an exponential advance in recent years as
aresult of development of a distyryl arylene-based blue light emitting material. The material rﬁakes
it possible for the luminance to achieve a half-life of 20 thousand hours when the initial luminance
is set to 100 cd/m? and the device is driven with a constant current (Reference 3: Masatoshi
Aketagawa, “Monthly Display, Oct. 1998, Special Issue on Organic EL Display, 100-104").
Despite this advancement, a blue light organic light emitting device needs to emit blue
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a result of devel opnent of a distyryl arylene-based blue [ight emtting
material. The material makes it possible for the |um nance to achieve a
hal f-1ife of 20 thousand hours when the initial lumnance is set to 100
cd/nm2 and the device is driven with a constant current (Reference 3:

Masat oshi  Aketagawa, "Monthly Display, Oct. 1998, Special Issue on Organic
EL D splay, 100-104"). Despite this advancenent, a blue light organic |ight
em t ti nojighe with @verSagiter idniBakck iPori&: to Sbthin®RhtiirdeR 12HEIMd IR inl rb4TiZ i n
order to obtain bright green light and red light in realizing a ful col or
di spl ay ¢utérdispldyasiaghhe €ChOAethdbdacinse ctflods®9 2 cbldr eonvelsivh IRV ahe litlirdefer ) .
The lifetime of an organic light emtting device becones shorter as the
devi ce em organic dgight emittingydryice| bepdmesrsherter afhbe dévieeegmivshiaght tah bighSMumidanoe i s
used, the lifetime has to be even |onger. For exanple, green organic |ight
eni t t i ngTepssfpree whemthe G anathnd is usedcthe lifatimethagto begyen dpnges iHor gxantmde Ssa¢8
hours if the .conditions are the sa and bl ue organic |ight emttip

devi ces feanig light apitting devices that ﬁ‘?‘ﬁcég? Inmesst lifgtime angﬂﬁ.f‘f%'élobﬁaﬂ‘ﬁlhgﬁ‘ﬁdf 8’§hort

eport SR ERae U Bpand e abiiF N ERARe 0t e et b iR ot

white orgapic light emtting devices formed fromlow nolecul ar wei ght
materials Ts on the order of several tens hours when the initial |umnance
is set to 100 cOfHEprétIé b Shod¥bGRS isthére 9riot8 PorWHiRR oRanRNEhABhitGAY dedftks.
(Reference 4: Yasuhisa Kishikam, "Mnthly Display", Sep. 2000, 20-25).
Low | i ghA regbrssayothag Efdepi 6h8 6ymple, thedifefe of tielitiitande ofRihite ofpafia Might dnifing
emtting devices. In the CF nethod where white organic light emtting

devi ces davices forbied émmibtvimaledutar weight materials fsconl thgybrder afisewesal dens dbbrs gihemthe | S
fatally low since a large portion of emtted light is absorbed by the col or
filters. initigl iminpagetis sehiosHIO0m/mT 4nd dheedeyices are deiven with alcemstanhcurtent (Reéremiehod
wher e bl ue orﬁ)ani c light emtting devices are used since loss of light is

caused dfre¥asBhisdKishikagy, Moty Displayy .Sep K402V THE | NVENTI ON

Low light emission efficiency is another problem of white organic light emitting devices.

In the CF method where white organic light emitting devices are combined with color filters, the light
emission efficiency is fatally low since a large portion of emitted light is absorbed by the color filters.
High light emission efficiency is desired also in the CCM method where blue organic light emitting

devices are used since loss of light is caused due to color conversion layers.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above, and an object of the present
invention is therefore to provide a blue or white organic light emitting device with high light
emission efficiency and long lifetime. Another object of the present invention is to provide a full
color_display device which has higher efficiency, longer lifetime, and better productivity than
conventional ones by combining the above organic light emitting device with the CCM method or
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The present invention has been nmade in view of the above, and an object of
the present invention is therefore to provide a blue or white organic
light emtting device with high light emssion efficiency and | ong
lifetime. Another object of the present invention is to provide a ful
color._ display device which has higher efficiency, longer lifetinme, and
better productivity than conventional ones by conbining the above organic
i ght enyetdmgettieyi ce With the CCM nethod or 6 the CF nethod.  Still

anot her object of the present invention is to provide a | ow cost electric
appliance that Silhaistesoljes 6f thopresentindention is3o proniges I ebetricappliandadhaiones
by manufacturing the electric appliance using the above display device. In
t he or gapémsuinegjliess pewiet dnidiaytsdengecibaniGopy¢mioeel ones Wraeaanfaniweing the blastric appligpcet he
carrier injection barrier_ against the organic conpound filmis |owered by
usi ng f opsingtheahetrodieplay dgyice- Ag all oy that has low work function and is
relatively stable, so that _nore electrons_are jnj %;ed. This. makes it.
possi bl e to inj ekthe organifelighy pRulting rdegise isglosed i3 Be eracsolgRasicallys dhp sIFeEr

film Furthes i ngle hetero. struct in which a.hole. t j

| ayer T oPiEqeBPRE: A h R RO A Al B B U SATE R MBS ng
light enmigt] ; iL SerdeBelyQlpRiokd curfhy dFL '
(ner ei nap ) BE RIS opk RREGH ard s SIdel bW R bR Jleculh iR Biied, Thiy

i s adopt gfhkéOit poRLAYVE ihjB& aQaYgE hEhbérE eArBER 3 A SEddiciRiingtonential ly.
This. is explained as follows. In the case of an organic light emtting

devi ce in which Pughif £ singleed strbdtifes GNehithS hélé vandportthgSiafg| forhetly 6f arDf
Al q, for exanple, nost of electrons injected fromthe cathode reach the
anode w tlomatic tianmige compodidrand ani didvtron tesspogingulight Andjting layerpfalohed of tris (8-
transporting el ectrons. Therefore the light em ssion efficiency is very
| ow. | n ghigelinolate)reiuminni (hdreinafecy referragite poAla) ate dayered assthe grgdnis gompoyrdiftimi n
bal anced _ampunts (lhereinafter referred . to as bipolar nmaterial) has to be
used i n Is adopted to improve the carrier recombination efficiency exponentially. This'is explained as
follows.

In the case of an organic light emitting device in which organic compound film consists
of only a single layer of Alqg, for example, most of electrons injected from the cathode reach the
anode without being recombined with holes because Alq is capable of transporting electrons.
Therefore the light emission efficiency is very low. In short, a material that can transport electrons
and holes both in balanced amounts (hereinafter referred to as bipolar material) has to be used in
order that a single layer organic light emitting device can emit light efficiently (i.e., in order to drive
the device at a low voltage), and Alg does not meet the requirement.

On the other hand, when the single hetero structure as Reference 1 is adopted, electrons
injected from the cathode are blocked at the interface between the hole transporting layer and the
electron transporting light emitting layer and trapped in the electron transporting light emitting layer.

Recombination of the carriers thus takes place in the electron transporting light emitting layer with
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order that a single layer organic light emtting device can emt |ight
efficiently (i.e., in order to drive the device at a |low voltage), and Al q
does not neet the requirenent. On the other hand, when the single hetero
structure as Reference 1 is adopted, electrons injected fromthe cathode
are bl ocked at the interface between the hole transporting |ayer and the

el ectron.transporting light emtting |ayer and trapped in the electron

t r ans pomidnngridit treg\lmlﬁ inReridian Bibht end?R§dHT0I nation of the carriers thus
takes place in the electron transporting light emitting layer with 7 high

ef ficiency, resilchh Bgsdiditaf fheorgfic Hghfbhiteiy devicein Referdhad 1 hecHadictbrizbdby t he
organic light emtting device in Reference 1 is characterized by

separ at iseparasfonioffunttionsef thé hdldiearspdreing lagerapdtht elegrdnasaespostivg ligheensitiagtiayen
transporting light emtting layer in which the fornmer |ayer is assi gned to
t r ansporie Whishdhe formerlager iscassigned tayranspog hales inththd lattsr layenis pesigned &) eatsparhs
and emt _light. An advantage of this separation of functions is an

i ncr eas &lecteRy oW it lighte dibVRRagO B sSPHRIIN fammpms 3ny ipgregsed dpgree of

separatlon of fun 1?'38 savecé ani ¢_mat eﬁ from bearing various

Funct  orfeidh hect BgRvSEHCar B X85 pirertph SF bRl et B of
car v ef S0l S QM AL SELI R0 g{,&niatsﬁlgﬁ% 18loh, GHAL RIS ANGS arkiBeaBRBFALESE Of

functions na unnecess searc a Sul ri

ot her V"Qfdi'x% eleftbddls ) shg.maneans nfce Cth@&:‘g)(raﬁ@rpoﬁﬁﬁét}&bs Hﬁkesthmee&dalgt >

sinply conbining & materi al e ent em ssi on character|

With a rgeire b 3hitabkxb biaﬁﬂiatdnﬁl)a Iﬁ%ﬁ{ef ®ords| Righ Might &hisQ6n 8fficlenty can easily be
Applications of sim | am nate structures are enployed for conventi onal

bl ue or ghtiined blyisiplyily ecrmﬂimmgg nthtariat ecellont ind light emaisgian cliarddtgistic evithtatnhaneyial
devi ces. For exanple, the basic structure of blue organic light emtting
devi ces exeellgntio@ivhrien ansportadionabilit.e i n which a light enmitting layer is
sandwi ched between_a hol e transportl ng | ayer and an el ectron transporting
| ayer as shown A#pl mél%sffefﬁwlas amippie STEGtYETATE cMPlghigd @ﬁquvﬁwnalewpwgaraﬂ en

o B G R o RSBk P Bl GG "
blue organic light emitting devices is a double hetero structure in which a light emitting layer is
sandwiched between a hole transporting layer and an electron transporting layer as shown in
ﬁeference 3. White organic light emitting devices often use a laminate structure that has a blocking
layer, except for the case in which pigment is dispersed in a single layer of a high molecular weight
material. In other words, the lamiﬁate structure with a blocking 1a_yer is employed when a low
molecular weight material is used (Reference 5: Junji Kido, Masato Kimura, Katsutoshi Nagai,
“Multilayer White Light-Emitting Organic Electroluminescent Device”, Science, vol. 267, no. 3,
1332-1334 (1995)). A blocking layer means a layer formed of a material that has a large difference
in energy between the highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) (hereinafter referred to as excitation energy level) and that has a function
of preventing transmission of holes or electrons and of preventing diffusion of molecular exciton.
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material. In other words, the lamnate structure with a Bl ocking |ayer is
enpl oyed when a | ow nol ecul ar weight material is used (Reference 5: Junji
Ki do, Masato Kinura, Katsutoshi Nagai, "Miltilayer Wiite Light-Emtting
Organi ¢ El ectrol um nescent Device", Science, vol. 267, no. 3, 1332-1334
(1995)). A blocking layer nmeans a | ayer foaned of a material that has a

| arge difference in energy between the highest occupi ed nol ecul ar orbital
(HOMD) and the IppwRstr, tHe kiRl SGuctifed @BeHRE iPfhb abdve atd folvhdd Hyjemaightveh
referred to as excitation energy level) and that has a function of

pr event i diffefenesnbstamss and thdrefor! 20 Sntaface (legdinadrsrefectd of aspraviiiterigeedlisférardon
of nol ecul ar exciton. 8 However, the lam nate structures described in the
above artketveanntbe réspestivierlayegs. bOnevoé probitintst eaused bys fdwingnareergamid intedacefiorap an
interface (hereinafter referred to as organic interface) is formed between
t he resp@8uenge ondhe lifctimonf the orgawip lightscraiffingedeviep. b PHICH I OElS, Breduminance is
interface is %n_ i.nf.l uepce,on the lifetime gf t he orq,ani ¢ light emtting
devi ce. PHersAvinhikiraR of qarrier moyrment@ad fhe resuliapt AEITRNAYOR R RAES 1 BF ORARICT er
novenent. ?r&d t he resul tant accunul ati on of charges in the organic

i nt er f ac®““AFfhough there is no clear theory that explains the mechani sm of
this degradatio 'Wn ) 3 -lm.ted
by inserting a %Fgmgéumeég{ %Sonr%l’a(l;{%fltéﬁr-&é’e{h\j\e”%{rgia%% tﬂéﬁlg en%?}rﬁSﬁthﬁ%?ngﬁa!x&@a

t 1 anspor fehHiY sdyd Rk IRENL ¥ Rfitkntd/dal Be Knitd YRiRertiBY £ hd18 #i6R6n MyefierWtdn\dnng
(Reference 6 S. A VanSlyke, C. H Chen, and C "W Tang, . Oganic

el ect r ol anvde asdativle Eeigparing Midr Bnd Biicdvietig atsqdre WatyinsteAyTldt edvikb (Rdferdnce
Letters, vol. 69, no. 15, 2160-2162 (1996)). This is experinmental

veri fi caé:iSoA. VanSiyke, Cdd LhichandiCoWe Tang; < Ofgahigrlenolominesaenteviceswitietnfogved
avoi di ng accunul ati on of charges through insertion of a hole injection

| ayer angfakilityds Appligg Physics Letosnelt 69f ne by 86052162 BPYHoked hist isaaxperimenitlc
interface,_ a drive_vaqltage could be raised: t a{_ mu E Sol.ving this problem
i s signif§ %?°%f°s'(lj'ef1ﬁ"6‘rﬁ%?‘HQWW%prlb‘FH¥anﬁ? o iy X peidingraceymudptiqp of

because |oneL g, bl M1 Bl AR5 hnk 82afigy | TP Overrent. of I ght

When movement of carriers is blocked at an organic interface, a drive voltage could be
raised that much. Solving this problem is significant also from the view point of light emission
efficiency because lowering of the drive -voltage can lead to improvement of light emission
efficiency.

In order to overcome the problem, it is important to consider causes for blocking of
carrier movement at an organic interface and improve the causes. As a model of blocking of carrier
movement by forming an organic interface, the present inventors have thought of the following two

- mechanisms.

One méchanism involves morphology of organic interfaces. An organic compound film
in an organic light emitting device is usually an amorphous film, which is formed from organic
compound molecules aggregated by intermolecular forces, mainly, dipole interaction. Whena hetero
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efficiency. In order to overcone the problem it is inportant to consider
causes for blocking of carrier novenent at an organic interface and

i nprove the causes. As a nodel of blocking of carrier novenent by form ng
an organic interface, the present inventors have thought of the follow ng
two nechani sns. One nmechani sminvol ves norphol ogy of organic interfaces.
An organic conpound film in an organic light emtting device is usually an

anor phoustructuréris bkl 6ding SuchappRgatfoh@Mnwl@alRE, Aiffeenss tndzamdaetateas maefegat ed
by internolecular forces, mainly, dipole interaction. Wen a hetero 9

st r uct ur epuldgroatly influsice intarfecks @anelygagamanintdifanes) eCtht beterodiriftereences i n si ze
and shape of nolecules could greatly influence interfaces (nanely, organic
i nterfaces) of tlngaticular, if the hatero girecture is Yudli usiegnaterialy that kaye iirgediffesneaiat ur e
is built using materials that, have |arge _djfference in nolecule size, the
conf or maRekEcHlR sazen the FRPGTRABFGAINIBING Mt FEAHE BeTRAESS CB’éb“pERﬂ' A gopeshiahdiagiem

ot P e bl e A 0 o
114

2192 ol tokRaBt R SYEIEHs 102 LAIRR R nRRL, SOPLANRIRE EghONS 11

poor ConfiRRAG: koIS inkdhcs 19Y BerhBer hOlaydrs 491Ihh B0t s a barrier (or

energy barrier) tha | ocks novenent of carriers and therefore could be an

opposi tion to rerhéidop BobrhdiRe rédidng €14 ShdvadR: FigNE cduld Bét 8 basrdid@Tor energy
efficiency could be lowered as a result. Carriers that cannot go beyond

t he ener barriea that blockemoverhait of csricrk andyehsrefinel caudd be mdogpesitionvey tedgctioh of the

| um nance as descri bed above. The other mechani sminvol ves the process of
bui | di ngdriveheoltage.cFlae light emission efficiency could h¢ loyyeragragareslti rﬁamqrad@sqannmo
organic Ilght emtting device with a hetero structure is_usual

manuf act B$¥eRd ths¢neray barrienperaylate pyehargenand s indyerdowering s, rhatlmaweap deserbeds as
t he one shomm in Fig. 2 in order to

The other mechanism involves the process of building the hetero structure (i.e., forming
organic interfaces). An organic light emitting device with a hetero structure is usually manuféc-tured
by multi-chamber type (in-line type) evaporation apparatus as the one shown in Fig. 2 in order to

~ avoid contamination in forming the respective layers. |

The example shown in Fig. 2 as a conceptual diagram is evaporation apparatus for
forming a double hetero structure that is composed of a hole transporting layer, a light emitting layer,
and an electron transporting layer. First, a substrate which has an anode (formed of, e.g., indium tin
oxide (hereinafter referred to as ITO)) is brought into a loading chamber. The substrate is irradiated
with ultraviolet rays in a vacuum atmosphere in an ultraviolet ray irradiation chamber to clean the
anode surface. When the anode is an oxide such as ITO in particular, oxidization treatment is
conducted in a pretreatment chamber. Then the layers of the laminate structure are formed. The hole
transporting layer is fgrmed in an evaporation chamber 201, the light emitting layer (red, green, and
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avoid contam nation in formng the respective |ayers. The exanple shown in
Fig. 2 as a conceptual diagramis evaporation apparatus for formng a
doubl e hetero structure that is conposed of a hole transporting |ayer, a
light emtting |ayer, and an electron transporting layer. First, a
substrate which has an anode (formed of, e.g., indiumtin oxide :
(hereinafter referred to as 1TO) is brought into a | oading chanber. The
subst r atigud Ryérs iz A2)E6l foriMell in eapbRMOIPERINbERYD2 itd) 234, UAE the ¥l e3tro® ERRLPORing N an
ultraviolet ray irradiation chanber to clean the anode surface. en the
anode i dayen ioxfomedsincdn epbrhibn haabdri 2051 aA, cathoddiig ditrred by ealportidn iis an
conducted in a pretreatnent chanber. Then the |ayers of the |amnate

st r uct ureyaporatidnmhamber 20heldsty,sealing wieopdicted i sealjngrchimbdronditbelsubstrata is taken
evapor ati on_chanber 201, the |ight em t_ti.n% | ayer (red, green, and 10 bl ue
| ayers i9ht pf 3p unjgading chamherdo phfaig\fhgreanic igh ew&?;w*eéﬂczo Refegenge aymbole2 ke -

el ectron,transporting. layer is formed in an evaporation chanber 205. A

cat hoden%]56 8?‘%‘3&31’8{13%895% F&ion in an evaporation chanber 206. Lastly,
sealing is cond 2. ] ' h [ I s _taken ut
of an unl oadi ng@%?ﬁ%@%ﬁ%&%ﬁr‘aﬁ% #’R%g%(rga%%ﬂgs #lﬁqgaﬁfeﬁgéﬁhf' ?%agalf%ree\??}é&rs ard

Ref eren Cﬁrxﬁé’dmvﬁp&;tgbﬁ ifl difﬁegérﬁ cIHeRES08 YRR, 34 btlﬂﬁr \f(ﬁg%, Q?PP;;QES bRt YPe

evaporation apparatus as this Is characteri zed erent Iayers ar e

fornmed by iemamRinalof altdrialsdif ifereyattive aeRek avaiel Mot @omplefelt her words, the
apparatus is structured so that mxing of materials of the respective

| ayers is avoi dexithshgivtie pesdsgit &i tae jhieridr bhihs gtapblatiop aFmsdnisss nsuallp @edubédetol or
of the evaporation apparatus is usually reduced to 10' to 100 pascal,
t here ar "o A07 pasealpthatesirominptcsanamtsad gas eonfronetis Guchoasyagygencand wadremnpor).
vapor). It is said that, with the vacuumw th this degree, these mnute
amount s ¥is isthato Wish tesvasuwms adih) this degreenthespirivnie praentael 208 sompencars eadilyr
Wi t hin af f ew seconds. Ac%gr dj ngpl)y, v\glen t he or&ani c light emtting device
wi t h t he™ i HeRos etcP].?E_? Buog layrEK lﬁétfﬁ‘?’é‘if%_ ‘ng the apparatus as Fig. 2,
the problemis G}Xc!cglr eglg'(, nwtrt?ernvt%!: olr)geatmc I tfecﬁlrit%%é 'R ]:;vit%ntﬁe laminate structure is
manufactured using the apparatus as Fig. 2, the problem is a large interval between formation of one
layer and formation of another layer. To elz;borate, an undesirable adsorption layer due to a minute
amount of gas component (hereinafter referred to as impurity layer) might be formed in an interval
between forming layers, especially when the substrate is transferred through a second transferring
chamber.
A conceptual diagram thereof is shown in Fig. 3. In Fig. 3, an impurity layer 313 is being
. formed from a minute amount of impurity 303 (such as water vapor or oxygen) between a first layer
311 formed of a first organic compound 301 and a second layer 312 formed of a second organic
compound 302 when the second layer is laid on the first layer.
... - When impurity layers are formed between the layers (namely in organic interfaces) in this

way, they serve as impurity regions that trap carriers after the organic light emitting device is
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-layer and formation of another |ayer. To el aborate, an undesirable
adsorption |layer due to a mnute anmount of gas conponent (hereinafter
referred to as inpurity layer) mght be formed in an interval between
formng | ayers, especially when the substrate is transferred through a
second transferring chanber. A conceptual diagramthereof is shown in Fig.
3. In Fig. 3, an inpurity layer 313 is being forned froma m nute anount

of i Mpur bdnipldls tﬁ&é@bl@&iﬁ%&%n&ﬁﬂﬁ'ﬁhe@ﬁnﬁﬁyQ@Eﬁrdilﬂglér}’Ylﬁgﬁ'ri\?c Jﬂtggéfmm%aig?é ; 1

formed of a first organic conpound 301 and a seco ayer ornme

second Ofiiet theCIhP @ihiddioAC2ivibRYy. tHRh&ama)dhd pieinct of impslitpRedibiR thht $dp
| ayer. ., .. Wien inpurity layers are fornmed between the | ayers (nanely

i nor gani carriexts deafls egumniatidn of chagys, ahdthgrefwe loavesiag offutiindnye bedhseritedtabate
trap carriers after.the organic light emtting device is 11 conpleted,
t her eby powéRe imduepdvenent of the carriers. Accordingly, the drive voltage
may be raised to lower the light em ssion efficiency. Furthernore, the
presence of i npul®iarger iegeise thergbaye problsms dhat takes glare iderganic intertaeed (egradedof
char ges, herefore | oweri nance as.descrjbed above could be

_ f '
i nduced. H\%ﬁp ioﬂr‘&tube ?5%%‘"3?5%%%8'5(/’18%“88@ HEPYTHG (VB 1 RIPSSRENV PO JaY c
|nterfacgfvé&g%géﬁﬂ%%ém%&pﬂ%&gym% tJ’ue organic interface and fornmation of

i mpurity y present | hVentors have devised a joining structure

as shown in Fig.pg. 4 § fseciohal view 5€4d Gp&ic Yi¥udh fﬁrﬁ c?é%?%'&%ﬁ{%%@% N4q,fd Im

conposed of a regron 411, a region 412, -and ‘a m xe e r’egi on

411 consiepidh 412, &it0d hixdB kel A13. 40 regldt 1N BhsMls of shal GAMSEIE09T Thekdfon
nol ecul es 402. The m xed region 413 contain both the small nol ecul es 401

and | ar gd12wednsists| of $ardéRolelsles 4022 R msiRéd fegiofiviE3 gontdin bbiheh@srhall MBleLalgaN0IC
interface 113 present in Fig. 1, nor poor conformance regions 114. The
pr obl em ed ldrggmdkstilesddd e is gypadnt friwe Fig. dahére isinotoegahmdaterfadeuld 3 praserhén Fig.
sol ved.

1, nor poor conformance regions 114. The problem of degraded morphology of the organic interface

thus can be solved.

How the problem of formation of impurity layers is solved is simple and obvious. -When
the joining structure as Fig. 4 is manufactured, the region 411 of the small molecules 401 is formed
by evaporation, and the large molecules 402 are additionally deposited by coevaporation to form the
mixed region 413. After the mixed region 413 is completed, deposition of the small molecules 401
by evaporation is stopped and only deposition of the large molecules 402 by evaporation is continued.
This creates a situation!in which one or two materials are continuously deposited by evaporation
without forming organic interfaces. Accordingly, there is no interval that is usually present in
manufacturing an organic light emitting device using the evaporation apparatus as the one in Fig. 2.

* In short, there is no time allowed to form impurity layers.
... - By employing such joining structure, no organic interface is formed and therefore
movement of carriers is smooth and the light emission efficiency and lifetime of the organic light
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How t he problem of formation of inpurity layers is solved is sinple and
obvi ous. When the joining structure as Fig. 4 is manufactured, the region
411 of the small nolecules 401 is forned by evaporation, and the |arge
nol ecul es 402 are additionally deposited by coevaporation to formthe

-m xed region 413. After the m xed region 413 is conpl eted, deposition of
the smal|l nol ecul es 401 by evaporation is stopped and only deposition of
t he | ar genitiRlp@evice reHdLaidttedly FRAKE] dePitratich TFRIIOREH seculddi 8 iff e @bsenfonal
situation in which one or two materials are continuously deposited by
evapor atlamihatewtrubtates. f or mi ng organic interfaces. Accordingly, there is no
interval that is usually present in mnufacturing an organic light

enm tting devi celmsommst toghevayentinnalolnminateastmtiyse thet is hsirple joininEiof different | n
short, there is no time allowed to forn1inPurity | ayers. By enploying such
j oi ni ng sybstances(heterg PingHeminthe jeining stractire jof the ProseR) 1aYratioms Ve Fan begliedant

of carriers.iis snooth and the |ight em.ssion.efficienc nd lifetinme of the
oF gaa ¢ TG dnchan SRGH C4m pravidy 2R CLgABIc iant GPitaRg LeYice e heh 2 MONRRn of
functions is secured,as.in,the conventional, | am e strugctures,. .| .
contrast 1o t ho WeiaaRRitg s Wes IR RGN fehtors nAVK (1S BVEHERERS achuin

di 11 er enf piuS YA ESi{ Bk Sl AU yhich eah i NefskeS b HGHHEA: Qluckiare

present invention I can junction which can provide

an or ganjubsthitelly réfib¥edi g aflgiéisefe B ek Rfersispartlly SOMEERhctiohd O rakgoing Y
this idea, the present inventors have further devised neasures to obtarn a

bl ue or ckiidreamy Gfaniittingilight emi tting device in which organic interfaces of

a laminate structure are substantially renoved and at the sanme tinme the

| ayer s separ at elFjgseAiind $B éing condepingl difgramsaofi blve prganig lightemyiitivg deieas obfained

emtting light. Fi gs. 5A and 5B are conceptual diagranms of blue organic
TE

| i ght endtipiredpeingtheméxegienctine i the doubln hetrae strucyre. halthgugh @n pagdetS0d i pleredhe
doubl e heterqg str re. Although an_ anode 501 js pl ace on a substrate
500 here®® ﬁ‘ébsgf“re@btheée’ rﬁé’y“ﬁ’é‘“g%(f’éy §Ed°‘t°6s°€ I“%;lliﬂléc‘*aE Eﬁﬂ%d%‘)%@% thssuPpfEate.

substrat Benoted by 502 is an organic compound film.

The device in Fig. 5A has a hole transporting region 504 formed of a hole transporting
material, a light emitting region 505 formed of a blue light emitting material,' and an electron
transporting region 506 formed of an electron transporting material. As acharacteristic of the present
invention, the device is further provided with a first mixed region 507 in which the hole transporting
material and the blue light emitting material are mixed and a second mixed region 508 in which the
electron transporting material and the blue light emitting material are mixed.

The device in Fig. 5B has a hole transporting region 514 formed of a hole transporting
material, a light emitting region 515 obtained by doping a blue light emitting material 519 to a host
material, and an electron transporting region 516 formed of an electron transporting material. Asa
charac.t_e_riétic of the present invention, the device is further provided with a first mixed region 517
in which the hole transporting material and the host material are mixed and a second mixed region
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Denoted by 502 is an organic conmpound film The device in Fig. 5A has a
hol e transporting region 504 formed of a hole transporting nmaterial, a
light emtting region 505 fornmed of a blue light emtting material, and an
el ectron transporting region 506 formed of an electron transporting
material. As a characteristic of the present invention, the device is
further provided with a first m xed region 507 in which the hole

transport ki, mgﬁ{hb%%cﬁMtréﬁFox}ﬁh%ﬁa{e}iglmnd?ﬁg Hdst MateARta8E mPledar € N xed and a
second m xed region 508 In ch e electron transporting material and
the blue Iight enFiglisAGnIBE Seichcepiufl didgradshof White slgatiCRght Bmitiigh deSRBedtiaifed
hol e transporting region 514 fornmed of a hole transporting nmaterial, a

| i ght em by int@dicas de nfit& jahitnnete dyutdopéterg saudrhmee Alihgingh anninbdé 50 isplaeed al
519 to a host material, and an electron transporting region 516 fornmed of
an el ect r on atsubstspro50 heyenthe structire nay ke regérsgdalot ladest ¢athage S0 eonghe sehstrate.

i nvention, the device is further provided with a first mxed region 517 in
whi ch t he Deaoted by a0&iseporgagicramprend filllnd t he host material are nixed and a
second m xed regi 13 518 in ich.the electron t orti.n terial. and -
the host nateri al '?g"r‘éc"f‘ﬁe}‘é ig. phbasa °HWEP%'§“§F"§“B’O§;@3§$’EF§I°%?'8 r&r‘f‘?ﬁpoé{‘mg

Fnct Ség?fﬂait%’rﬁy%ii%%%?ﬁhf@%&? OB P St i, SRR, biRE ol EEey
I i R o e e S e e e

devi ce i N jfyedtio heliRPicaisTRthiRr plodidS@With h Fgst FidEId €ISV TR WHRE 1 hoe thadksortin
transporting material, a light emtting region 505 forrmed of a blue Iight

em tting nmteial sdd theblle fiphtehfting @aterial A6 sixediahd g second mixed@€gidro308Hd wdiichahe

el ectron transporting material. As a characteristic of the present

i nvent i on electien tianspomting snatagiat dnerthebloe ligg¢mifting matefrial are mikede dn pedgi tormBE7he n
which the hole transporting material and the blue light emtting naterial
are m xed davige emis adhitgdighi, shecregien S8 fozmed phthgilueHighhemitiingmateral is dapedywith 2 ng

material and the bluye light emttin erj are mxed. In order to e
t he second hight emittingm%terial 601 that ergitsr{?gsitw{thafonger wavelength than blue ﬂght. {’refeq;?b e

color of light emitted from the second light emitting material 601 is substantially yellow to orange.

Desirably, the region 505 formed of the blue light emitting material is partially doped
with the second light emittiné material 601 instead of entirely doping. This is because blue light
from the blue ligﬁt emitting material also has to be taken out in order to obtain white light.

It is an alternative to Fig. 6A to dope the mixed region 507 or 508 with the second light
emitting material 601. As an example thereof, Fig. 6B shows a device in which the first mixed
region 507 is doped with the second light emitting material.

A white organic light emitting device, in which the mixed junction is introduced to the
double hé_tero structure, may use a second light emitting materi-al and a third light emitting material
as dopants in addition to a blue light emitting material. The second light emitting material emits light

with longer wa\;elength than blue light and the third light emitting material emits light with longer
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device emt white light, the region 505 forned of the blue light emtting
material is doped with "a second |light emitting material 601 that enits
light with | onger wavel ength than blue Iight. Preferable color of |ight
emtted fromthe second light emtting material 601 is substantially yell ow
to orange. Desirably, the region 505 forned of the blue Iight emtting
material is partially doped wth the second |ight emtting nmaterial 601

i nstead QfavBiRhith Blak tRORIHEEmitiEl Eromi e REGRUEA Sthitglh@¥al. CoRekhg Helpkgaky oht
emtting material also has to be taken out in order to obtain ite light.

It is an tieé 65168 bf Nght}ibis preferatfl&fdr the@edond lipie emitiagimarehiand B2 fhied lighd Smstihd
the second light emtting material 601. As an exanple thereof, Fig. 6B
shows a omatérad to eminigreeh lighteand raddightyrespektivelggi on 507 is doped with the
second light emtting material. A white organic |ight emtting device, in
whi ch the m xed Jruthisdasm thessecondrlighiirreitfinganaterial agbihp thirdight pwitang meterialare nay
use a second |ight em tti,ntg material _and a third_|light emtting naterial

as dopantdssirablugre i¢ gepe; itgrep) mixed regifns dnamely, the finst Bpred regiomis dopedb b PPE Nt
emtting material emyts.light w.th |aonger elength than blue_light. . and
The ¢ hi P PR Checssread Figeitdriten o BP BF glfBYit AP POmBLE SPovh 05 Fuhfe
than the ]4 ' ' R lyal ' i ng
the pri md S {ogPlb] BucbbAilh PEchFRBfent Blimfthd 10 T A rne SRBEH I8
em tting igadRaiviin ﬁ'ﬂﬁdtligﬁtérﬁ]hfn mddiz@mtting material to emt green
light and red light, respectively. In this case, the second light emtting

mat erial and t he Thedésdripticaip 16 thid foim dedIBh Rk déViceatrBctuds Sbthinbd by &6udirg ope
different m xed regions (nanely, the first mxed region is doped with one

wher eas trixed poerion 0 the dlonklgiheterd srudmpee dDesctibed deat akellevice structiass ebtainpd By
shown in Fig. 7, a first mxed region 507 is doped with a second |ight

em tti ng inwedncing thg ixech fhngticnetoohel simgledidtare girenturs 0 &igsi §AcndeiB wietdonceptuad r d
light emtting material 702, The description up.to this point deals wth
devi ce stdiagns ekblpyergarie ighhemiting deiessiaitaingg by intedycing therpirgd junciomtodbtibl e

hetero s tsrixijg?et I'ijcrteerb st?uecsﬁ(xzrg.i Rﬁ:ﬂoung%)% ar?(gd% 88?\1@ pqaeccg E)Irl gg&b‘étrrgtg 886) h&gﬂﬁg stg}éture may
be reversed to place a cathode 803 on the substrate. Denoted by 802 is an organic compound film.
The device in Fig. 8A has a hole transporting region 804 formed _of a hole transporting
material, and an electron transporting region 805 formed of an electrnon transporting material. Asa
characteristic of the present invention, the device is further provided with a mixed region 806 in
which the hole transporting material and the electron transporting material are mixed. The hole
transporting material or the electron transporting material emits blue light.
The device in Fig. 8B has a hole transporting region 804 formed of a hole transporting
material and an electron transporting region 805 formed of an electron transporting material. As a
characteristic of the present invention, the device is further provided with a mixed region 806 in
which the hole transporting material and the electron transporting material are mixed. The mixed
region 806 is doped with a blue light emitting material 807.
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i ntroduci ng the m xed junction to the single hetero structure. Figs. 8A and
8B are conceptual diagrans of blue organic light emtting devices obtained
by introducing the mxed junction to the single hetero structure. Al though
an anode 801 is placed on a substrate 800 here, the structure may be
reversed to place a cathode 803 on the substrate. Denoted by 802 is an
organi ¢ conpound film The device in Fig. 8A has a hole transporting region

804 formed of a Figl ®A didUBWROdnkeual BRagamk 8t whiftdeganit lighQediltdg dévieedobAldedNg
region 805 fornmed of an electron transporting material. As a

char act ety introducifg thé mixeddsmetion tonhe singlerheterdigrudmve. cAlthongh an hdvele 801 de/plaked
with a mxed region 806 in which the hole transporting material- and the
el ect r onon 2 avlsspretet §00ghenatthe btalcture enagribeeraversed do iptace a cathades BT on the substeaté.al
or the electron transporting material emts blue light. The device in Fig.
8B has aDlensited by $Rdpan engarjc cermpamd &dm- f or ned of a hol e transporting

materi al and an el ectron transport.i regi on 805 forned of an el ectron
transporting nateeidgyice Wsl't ‘&a%t: raa{Pregﬁ“é qu“%‘Fg‘f’Hé&bg'g@é‘ng??R}%Hf“i‘s(?ﬂf,tmghe
device is _further ovided with a m reqi,on 8Q6.in. which the hal

L1 ans por Bl ap P ety BBniS sl e dilolupiibolibep et B2 e
m xed rggi ' -\ -1 L £ L i - orkD:

F o, opraftsiOof fio pAREH Miehliof il dtvice iPRink BB TRLY reffth sdbtn

devi ces @QhicRitReRble BYnspBiting GhHtér ahd he BletcREn irmpbrtial mhdtertal SreShixel.e THE h6leO
structure. Although an anode 801 is placed on a substrate 800 here, the

st r uct ur gam¥pyrting niabrRl Slle tRcPbGsPortiag hratkeiaBaBitoblut lights UDSidedt®makdieot ed
by 802 is an organic conpound film The device in Fig. 9A has a hole

t r anspor devixg emdgiitte 1ighy tHeoninetiregion 806is depddwithsysecdnd hight emdttiag ineateriah®D lathat
el ectron transporting region 805 forned of an el ectron transporting

mat er i al emitglight with langenveavelength than blugdight: dseferable aederfilight emiled fjem these¢and
further provided with a mxed region 806 in which the hole transporting

mat er i al U8 gmittee magszial YH it substoptally ieHOWR @RP8% are ni xed. The hol e

{ranspor i ng. MatSL by eS8 BO8 R AN SARE bl e lg miha & By
doped with the second light emitting material 901 instead of ent_irely doping. This is because blue
light emitted from a blue iight emitting material also has to be taken out in order to obtain white light.

It is an alternative to Fig. 9A to dope the hole transporting region 804 or the electron
transporting region 805 with the second light emitting material 901. As an example thereof, Fig. 9B
shows a device in which the electron trar_lsporting region 805 is doped with the second light emitting
material.

A white organic light emitting device obtained by introducing the mixed junction may
use a second light emitting material and a third light emitting material as dopants in additioﬂ toablue
light emitting material. The second light emitting material emits light with longer wavelength than
blue light and the third light emitting material emits light with longer wavelength than the light

emitted from the second light emitting material. Considering the primary three colors of light, it is
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device emt white light, the m xed region 806 is doped with a second |ight
emtting material 901 that emts |ight with | onger wavel ength than bl ue
light. Preferable color of light emtted fromthe second light emtting
material 901 is substantially yellow to orange. Desirably, the m xed region
806 formed of the blue light emtting material is partially doped with the
second light emtting material'901 instead of entirely doping. This is
because prefegabld foyliie seoordtiptt éminthgematbritd ahd e tthiahlight Emnitinginetetial to @nfigréwms t o
be taken out in order to obtain white light. It is an alternative to Fig.
9A t o dolighttahd rdddight,respectivelyt i ng regi on 804 or the electron transporting
region 805 with the second light emtting material 901. As an_exanple
thereof, Fig. 9Hn thinews. Besopnd Hehtemijing majerial addbe third lighkamigermaierial @gi on

805 is doped with the second light emttin terjal. A white ogrganjc
li ght enfl¢stiably uEF'éVPElgp‘?ﬂif aliewéarrwtrﬁw%laa&g%"? ?w@dw}edmfﬁ%ﬁan&fﬁwt?se a

dopant s PAPAJE v EksPR Uit efecueh omibectie Ppinh raseds P PiaiPh el B d
the LP?%W% o il o Bioh SO oAU bbbl %%ﬁ%r?&?@(ﬂ”
the Iightyg ﬁml&aﬁﬂ tf&%ﬁﬂﬁe?@ﬁ@@ﬁ%'dbﬁéﬂwﬂm ifiddN@ni&hiRidgdhatertA60£er i ng the

primary three colors 16 preferable for the second |ight

em tting materi athcugd nbﬁbﬁoﬁzmﬂ’ﬂlybfgigk 5Aot10] A thldinjeetidrdegion fétifiet 04 RARrial
"light and red light, respectively. In this case, the second light emtting
mat er i al fampdoréténg ihjectibnl of bles Grerditafiegrefatedto ad hode mjecdasmabibly mag be irtsertaope
different carrier transporting regions (nanmely, the hole transporting

regi on i Setwgemaniangde land ar osgaric sampeound e AAlsman eleaepvicction regiag formédsofdoped
with the other%% In an exanple shown in Fi 10, a hole transporting

regi on sowterigl pw%nghm@pt@e@sﬁlactmng ﬁher@mfﬁ%f rebeiTedde é&?laqfrommctwanﬁﬂ%wl)

at or | a1 PEHGS IR BTGt Siheth ard gt comgdn BT 6 10, %2 hole i nj ect i on

region for rmd of The FSHL ﬁlr écﬁbn material and the electron injection material are capable of lowering
the barrier in injecting carriers from electrodes to an organic compound film. Accordingly, the hole
injection region and the electron injection region have an effect of making moveme;lt of carriers from
the electrodes to the organic compound film smooth to prevent accumulation of charges. In order
to avoid forming the impurity layer as described above, an injection material is formed into a film
before or after an organic compound film with no interval.

The above blue or white organic light emitting devices can achieve high light emission

efficiency and long lifetime. Therefore, by combining such organic light emitting devices with the ‘
CCM method or the CF method, a full color display device can be obtained which has higher light
emission efficiency, longer lifetime, and better productivity than conventional display devices.

BRIEF DESCRIPTION OF THE DRAWINGS
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for pronoting 4 njection of holes (hereinafter referred *to as hole
injection material) may be inserted between an anode and an organic
conmpound film Also, an electron injection region fornmed of a material for
pronoting injection of electrons (hereinafter referred to as el ectron
injection material) my be inserted between a cathode and an organic
conpound film The hole injection material and the electron injection

material are capakeacBdmpRAyREidigvingsie barrier in injecting carriers from
el ectrodes to pin organic conmpound film Accordingly, the hole injection

regi on and the digdtisadidgrnestiomay the glarof bmugasin irédzei of nmaki ng novenent
of carriers from the electrodes to the organic conpound film snooth to
prevent accunul dig-Gris afdiagrean ghosving ¢vaperdiéon apparawsni d forming the inpurity

| ayer as described above, an injection material is forned into a film
before or after g 3o galingcan ghopousiermation ofian fpisity lyes val . The above bl ue
or whi-te organi i i ces can ,achieve high |ight em ssion

cF_I |4ght en’ittirlg‘ﬂde ]

efficiency and ITo&d"spiagramshoring Be sfate ol gyixehiPRPng such organic |ight
emtting devices.wth th CCM met hod or the, CE et a full..cql or. .

i 'spl ay devi co. iR GBY AFCEY SRECR. ML HE GREFOTE gt ibtos, Sréelie R fhitingcy
| onger | ggé%e e, and better productivity than conventional display devices.
BRI EF DE | ON OF THE DRAWNGS 17 In the acconpanying drawi ngs: Fig. 1

is a diagram shougdGA Bd $B34re didgrafs SHARY Stridhired bRGRite drédhic BohtSenfitting
di agram show ng evaporation apparatus; Fig. 3 is a diagram show ng '
formati oBevidesgan i npurity layer; Fig. 4 is a diagramshow ng the state of a
m xed region; Figs. 5A and 5B are diagrans showi ng structures of bl ue
organi c |ight enFigt7isg diagsam slesying-a gsnctigobmwhigBorganic lighi gmattieg denaed; ng
structures of white organic light emtting Lo o
Figs. 8A and 8B are diagrams showing structures of blue organic light emitting
devices; -
Figs. 9A and 9B are diagrams showing structures of white organic light emitting
devices; )
Fig. 10 is a diagram showing a structure of a white organic light emitting device;
Fig. 11 is a diagram showing evaporation apparatus;
Figs. 12A and 12B are schematic diagrams showing respectively a display device using
color conversion layers and of a display device using color filters;
Figs. 13A and 13B are diagrams showing sectional structures of display devices;
Fig. 14 is a diagram showing a sectional structure of a display device;
Figs. 15A and 15B are diagrams respectively showing a top structure of a display device
and a sectional structure thereof;
. Fig. 16 is a diagram showing a sectional structure of a display device;

Figs. 17A to 17C are diagrams of a display device, with Fig. 17A showing a top structure
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devices; Fig. 7 is a diagramshowi ng a structure of a white organic |ight
emtting device; Figs. 8A and 8B are di agrams show ng structures of blue
organic light emtting devices; Figs. 9A and 9B are diagranms show ng
structures of white organic light emtting devices; , Fig. 10 is a diagram
showing a structure of a white organic light emtting device; Fig. 11 is a
di agram show ng evaporation apparatus; Figs. 12A and 12B are schematic

di agr ans thérenfiand Figs SIRBCAndVIEIOshawligSpdtnalbviCtaR thérkdfg  Ccol or conversi on

| ayers and of a display device using color filters; Figs. 13A and 13B are
di agrams showi ngFigscl8/omal 188 areidiagranrs shéwidg tilsayctde\of a displaydegce; 14 i s a

di agram showi ng a sectional structure of a display device; Figs. 15A and
15B are di agr ams Figssifécand/iBare tiogiamg S@Wlopﬂ@tsmmmoéadfspaydeﬂpé ay device
and a sectional structure thereof 16 is a dla?ranlshomnng a sectional
structure of a dFigs 4 WeiPCased lpgrgglssgm ng the strecture of adisglesdevie; a di spl ay

device, with Fi 7 trycture_ 18 t ereof and Figs. 17B and
7€ showi ng ‘sect FEATASAIEct: SegrhBy Sispeiogshges < ol gl apiram

Shou 0"t e ST VA B et SEA s oG8 R B T R 2
show ng the StrUFigJQ§1soafd1§gr§lrh§H(lw§i¥ qﬁ“s’trﬁ&ure%fQ%ls }ée‘ég e;ond _are di agrams

showi ng specific exanpl es of an el ectrl c appl |an 22A and 22B are

di agrans showi ngFigmclbﬁld&gﬁa&ﬁa‘.ﬁbbﬁ@éﬁncﬂfé &éﬁlﬁd‘dnﬁ)oﬁﬂpé\}aﬁ&ﬁﬁon sdiéed: 23 is a
di agram showi ng the structure of a display deV| ce; and

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Modes of carrying out the present invention will be described below. Generally, it is
sufficient if either an anode or a cathode of an organic light emitting device is transparent to take
emitted light out. In an organic light emitting device of this embodiment mode, a transparent anode
1is formed on a substrate to take out light through the anode. However, the present invention'is also
applicable to other structures and a transparent cathode may be formed on a substrate to take out li ght
through the cathode §r light may be taken out from the opposite side of the substrate.

In carrying out the present invention, the process of manufacturing an organic light
emitting device has to be designed to avoid formation of impurity layers. Therefore a method of
manufacturing an organic light emitting device according to the present invention is described first.

Fig. 11A is a top view of evaporation apparatus. The apparatus is of a single chamber
type in which one vacuum tank 1110 is set as’an evaporation chamber and a plurality of evaporation
sources are provided in the vacuum tank. Store_d in the plural evaporation sources respectively are
materials with different functions, such as a hole injection material, a hole transporting material, an
electron transporting material, an electron injection material, a blocking material, a light emitting
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Fig.24 is a diagram showi ng concrete organic conpound evaporati on Sorces.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Modes of carrying out the
present invention will be described below GCenerally, it is sufficient if
ei ther an anode or a cathode of an organic light emtting device is
transparent to take emtted light out. In an organic light emtting device
of this enbodi nent node, a transparent anode is forned on a substrate to

t ake out mategihl, aiida magkial foefomninga cathodever, the present invention is al so
applicable to other structures and a transparent cathode may be forned on a
substrate to taklsthaevapdrafinn apparatusighich has seht dveplaation dhiamyber, nsapstiate havimganout
fromthe opposite side of the substrate. In carrying out the present

i nvent i ofnode kferpedefdd® asithedikedisdeought mlp lnadingehamber. | 1§ He anegy is ep pxideisughc e
has to be signed to avoid formatjon of inpurity |ayers. Therefore a

met hod ofS l%ﬁ’awggﬁwmﬂwﬂ&ﬁp YR APFGITRTIERS PP fg(ﬂévp%*b?%&*@&rﬁp fitg t1 he
present ga%‘ée”e} At avh %eg\g%iééjwelﬂag Pl 1eFt'rag,-in} laAtio'nScxtmamée% JLE W Qh o RUARRLAL T On
appar at us. T asf)lBet’Faet PO 2 ST G B T AT el ype In Whi CRMETE WA um

tank 111Qyi i : : j -at
Sour cos AN RERRR e RRTbaac FRIRIEDES, B iAtd oY ARRIA T

sources geuBRChAR €110, AR calfBi@Edn tR! foriédiif thl YalbRig finkf14NG, dr AR beStHfHe B 22
hole injection material, a hole transporting material, an electron

t r anspor képaghte@laporatidbn clidinbel B8iead Nini shp@dt is GGffIRRhEIf 1Bkrs pRedeting kheGuthvdt arel al ,
alight emtting 19 material, and a material for formng a cathode. In the
evapor at famed pp sreadnesvaginm Narkabl 16 hyrevepaagtona t liastly, shalinigas condusigd So naeding
having an anode (fornmed of ITO or the like) is brought into a |oading
chanber . chamheandine siebsirate dgtalpniogbofan vnloadiag rhpmbepie; Apkain Bie orgeaigtlighhemitiang
performed i.n a pretreatnent chanber (although not shown in Fig. 11A, the
appar at uS*Y1&y be provided with an ultraviolet ray irradiation chanber to

SRR S AR N RNE A L R R
cat hode ﬁg’iﬂg 91% sfn%[e%gmb& t&&eevxl?o(}'&ﬂm abﬁﬂgtug‘élsjtgis will bg@%c%dfvﬁm@%rén@e & Fig.
11B (a sectional view of the vacoum tank 1110). Shown in Fig. 11B as a simple example is a process
of forming an organic compound film (the organic compound film 502 shown in Fig. SA) that
contains a hole transporting material 1121, an electron transpbrting material 1122, and a blue light
emitting material 1123 using the vacuum chamber 1110 that has three evaporation sources (an
organic compound evaporation source a 1116, an organic compound evaporation source b 1117, and
an organic compound evaporation source ¢ 1118). |
First, a substrate 1101 having an anode 1102 is brought into the vacuum tank 1110 and
is fixed by a fixing base 1111 (usually, the substrate is rotated during evaporation). Next, the
pressure in the vacuum tank 1110 is reduced (preferably to 10 pascal or lower) and then a container
a 1112 is heated to vaporize the hole transporting material 1121. When a given evaporation rate

(unit: A/s) is reached, a shutter a 1114 is opened to start evaporation.
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separate evaporation chanber instead. In short, it is sufficient if |ayers
precedi ng the cathode are formed in the one vacuumtank 1110 by
evaporation. Lastly, sealing is conducted in a sealing chanber and the
substrate is taken out of an unl oadi ng chanber to obtain the organic |ight
emtting device. The procedure of manufacturing an organic light emtting
device of the present invention wusing the single chanber type evaporation
apparatus as t hisftaahbleBanspofingrdp@sh 108 ReadtRé ©hEVELthicknéss Bvapokdtn(ofthe blue
sectional view of the vacuumtank 1110). Shown in Fig. 11B as a sinple
exanpl e lightemittiag emeeriabf 12844 sranteg veliileahigitok wamsparfingimatefial 1M2{ ihlepoegpotacd
conpound film502 shown in Fig. 5A) that contains a hole transporting

mat er i al toifof a fiast miketregion 11 0%a(rspesponding todhestate showndg FimidBh Blenahd shghier
emtting material 1123 using the vacuum chanber 1110 that has three

evapor at # dh14isrlesed completely 9La1 6vaperabion Afithe halsdreasnoginggpiiedad 1421 andsforrg g
organi c I.C_cqnpound

onpound evapor at.i on source 1117.. and .an n ]
evapor a ﬁ%‘ﬁn%??@iﬂé éegefpnﬁwft}nfﬂfﬁ%% ﬁu%lg%*usgwfa& @:nghl 1%%33{15“%%91%{%2?3%2 s
rou e vacuum t an n is fixe a fixin ase :
(usugl I y!’qﬁﬁ%mgﬁﬁtg??’ﬁél Sﬁ@terré’t]é%gﬁ%aﬁdri ng evapora%/i on). Negt, the pressure
in the vacuumt a ' : I and
Rﬁe 2 ?rg{t%{?ggﬁe%ﬁg% {Iéﬁ thﬁﬁ%eg?_,l (t)lfégsﬁﬁ@ér bchlk & Eﬂcd

then a container a to vaporize t transporting

mat eri al addledhpord¥ie bfahdki¥@idn SYAPBHAL ntierfaf] 22 if idHeld to AR skl BRLEEgioR
shutter a 1114 is opened to start evaporation. 20 After a hole transporting
regi on 1L6s8lyl eapt@tion 6f the Blucaipht BltKipeHateridlVidpP® isadnidedaref ant diectdoh Unspgoriat
emtting material 1123 is started while the hole transporting material 1121
i s kept egampowasisting df dhef edeatmon transpettingimagetial Eipi2onfoied Al of the showedipagtions t he
state shown in Fig. 11B). Then the shutter a 1114 is closed conpletely to
end evapaicaueasssively eanducied withous aripistervah andhihereforamo impryity;layers eye formed|in gim
emtting region consisting of the blue light emtting material 1123. At
this poi Atthe Mt ai ner b 1113 is heated with a shutter b 1115 cl osed.

Concrete shapes of the organic compound evaporation source a 1116, the organic

compound evaporation source b 1117, and the arganic compound evaporation source ¢ 1118 are
shown in Fig. 24. There is a case in which a cell is used or a conductive heat generatoris used, and
the case of using the conductive heat generator is shown in Fig.24. In short, the container a 1112, -
the container b 1113, and a container ¢ 2411 are formed of the conductive heat generator, and the
container a 1112 containing the hole transporting material 1121, the container b 1113 containing the
electron transporting material 1122, the container ¢ 2411 containing the blue light emitting material
are sandwiched by an electrode a 2401, z;'n electrode b 2402, and an electrode ¢ 2403, respectively.
Then, the container a 1112, the container b 1113, and a container ¢ 2411 are heated for evaporation
by flowing current. A shutter c 2412 for the organic compound evaporation source ¢ 1118 is also
shown here.

All of the organic light emitting devices described in ‘Summary of the Invention’ can be
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After the light emtting region reaches to a given thickness, the shutter b
1115 is opened and evaporation of the electron transporting material 1122
is started to forma second m xed region. Lastly, evaporation of the blue
light emtting material 1123 is ended. and an electron transporting region
consisting of the electron - transporting material 1122 is fornmed.” All of the
above operations are successively conducted without any interval and

t her ef or gamfadtifed by applicaied 6f disemétBédYEForiifistéidy, in @lanbifeturiagaMesice QORI sBe
shapes of the organi c conpound evaporation source a 1116, the organic
conpoundwhbich peiweies ablus ighteeitting inbRriakasd guéseinaeigaon © adospauerihl,avapgioattioan

source ¢ 1118 are shown in Fig. 24. There is a case in which a cell is
used or spurasifauevaperetioneelithe beshmaterismay twsaéded tautlee compenerissef fig. 11Bi e hps
conducti ve heat generator is shown in Fig In short, the container a

1112, t mateHalis used for W&&@ewfﬁgl@tﬂﬁl@ﬁrﬁ@g the bﬁ&imé{%g 'PSIPHWC@PSQ’ light
conductlve heat r‘ierator gnd the cont al%je %%112 comﬁﬁ t he. hol e
trans por?q"rtltb“g(ﬂ?tg?? A% evpporpted jma mints amoyinf todops the hoy mater ’l ap(EFté‘E’t‘?fon
transporl;h st%tl%{all % ahQ oftﬂ hgﬁtr}ﬁ{ tlﬁ%%ﬁ%‘%cont aining the blue Iight

emttlngma yanee a 2401, an electrode b

2402, and an el Qﬁttﬁé)t.d«xge grég?’nolg { F@@&{ xleggh)br an Jl@&ﬂm infd t@‘gﬂgﬁhQ§for@m&JﬁZ

t he contai ner 1113, an a contal ner 411 are heate evaporation by
f1ow ng M?éﬁﬂ&n schr& ok badh df tRéihiechion mhiRHale (00 i the QARO YachufY AR #10. OFor
source ¢ 1118 is also shown-here. Al of the organic light emtting

devi ces ekaapid, bEohdl@injétionvggionas fdrimed bpweipbiadon ba@serie agbde A0 Athe held by
application of this nethod. For instance, in manufacturing a device as Fig.
5B whi chaispettingesgicn 1303 i Fig.JAB, herhole transpoming materiabkl 23 ispyeparated immediatelyn t o
a host material, an evaporation source for evaporation of the host

nat eri al aﬂtﬁay\ed@kam& pailendl ivdnppuied Ry gvappratipgon the modyd 207 viskout ppy igterval.
used for_form ng fhe m xed region SJ formng the light emtting region
wher eas FHfaiey f“nRé'ﬁ‘itX V‘ﬂﬁ"' #5APYPY s evaporated in a minute amount to

dope the host nBIElet gelow lf{rrel mhaterals ﬁ)re%ragfe%s the Bolc injection material, the hole transporting

material, the electron transporting material, the ¢lectron injection material, and the light emitting

material. However, materials usable for an organic light emitting device of the present invention are
not limited thereto.

For the hole injection material, within confines of organic compounds, a phthalocyanine
(hereafter, H,Pc) -based compound, copper phthalocyanine (hereafter, CuPc), in particular, is often
used. Among polymers, materials obtained by performing chemical doping on conjugate system
conductive pblymers may be used. Examples of these polymers include polyethylene dioxythiophene
(hereafter, PEDOT) doped with polystyrene sulfonic acid (hereafter, PSS), and polyaniline, or
polypyrrole, doped with iodine or other Lewis acid. A polymer that is an insulator is also effective
in terms of planarization of the anode, and polyimide (hereafter, PI) is often used. Effecti§e hole
injection materials are also found among inorganic compounds, and examples thereof include a thin

22



the host material (during formation of the light emtting region). In the
case where a hole injection region or an electron injection region is
formed, an evaporation source for each of the injection materials is set
in the sane vacuumtank 1110. For exanple, if a hole injection region is
formed by evaporation between the anode 1102 and the hole transporting
region 1103 in Fig. 11B, the hole transporting material 1121 is evaporated

i mredi atfghyof @id,Platiniimh Holile dthéranéthle Andratvesyl din filtn cegamitues okide ¢varEnifali on
on the anode 1102 without any interval. Formation of inpurity layers is

t hus avaefteed td asslwmlinkel ow are materials preferable as the hole injection
material, the hole transporting nmaterial, the electron transporting

materi al, the elMas¢nalnmpsijwadely usedaatherholeltranspestingatediajlate asornatid angine-based
material. However, materials usable for an organic |light emtting device of
t he pred@melyilesshrvng abenzensging nifpgea Jond) spmpeynds4pt thera, magiculariymadaly wigd

material , wthin copfines af .or ,C_conp S, ht hal ocyani ng . .

(her ear s o (P henybiiadrBbetal Cewaiay TARY Sefahnasthar o pis N-Gipc)
in partig [y | ften sed.. AnDn . t BEI oht ai b

per For i SR Dar oh R at i vl Rt BB R BB U ey e
used. SAl , ' ' ‘o
(her eaf 1oy B e el R o e e P PR R
and pol yamp l4» R8s (00 N-afpREMRME ) fripidapeshiné (HRrdafié TBAQIA)OAMMES, 4Lanings petel. A
polymer that is an insulator is also effective 1n terns of planarization
of the anedgphaiyl)-Nphyrydaténo]mipirafitagtine Bekaftea, MTDATA)sed. Effective hol e
injection materials are al so found anong i norgani c conpounds, and exanpl es
t her eof i ncl ude MetalltompleX@s dre biterofsedjas thig elgrtron transpoving materiabt Erexmplesttbdreofand

a very thin filmof alum num oxide (hereinafter referred to as alumna).
Mat er i al @clydest melply eempplgxesdhaying auingliecskeleionsorobanzeginming rskgletosy sucdy anthei ¢

S e st TR - N R A B DN S
hydroxybenzo [h]-quinolinate) beryllium (hereafter, Bebq); and bis (2-methyl-8-quinolinolate)-(4-
hydroxy-biphenylil)-aluminum (hereafter, BAlq) that is a mixed ligand complex. The examples also
include metal complexes having oxazole-based and thiazole-based ligands such as bis [2-(2-
hydroxypheyl)-benzooxazolate] zinc (hereafter, Zn(BOX),) and bis [2-(2-hydroxypheyl)-
benzothiazolate] zinc (hereafter, Zn(BTZ),). Other materials that are capable of transporting
electrons than the metal complexes are: oxadiazole derivatives such as 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1, 3, 4-oxadiazole (hereafter, PBD) and 1, 3-bis [5-(p-tert-butylphenyl)-1, 3, 4-
oxadiazole-2-il] benzene (hereafter, OXD-7); triazole derivatives such as 3-(4-tert¥butylphenyl)~4-
phenyl-5-(4-biphenylyl)--1, 2, 4-triazole (hereafter, TAZ) and 3-(4-tert-butylphenyl)-4-(4-ethylpheyl)-
5-(4-biphenylyl)-1, 2, 4-triazole (hereafter, p-EtTAZ); and phenanthroline derivatives such as
bathophenanthroline (hereafter, BPhen) and bathocuproin (hereafter, BCP).

The electron transporting materials given above can be used as the electron injection
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are: 4, 4'-bis (diphenyl am no)-bi phenyl (hereafter, TAD); its derivative,
nanely, 4, 4'-bis [N (3- nethyl phenyl)-N phenyl -am no] - bi phenyl (hereafter,
TPD); and 4, 4'-bis-[N(1-naphthyl)-N phenyl- am no] - bi phenyl
(hereafter,ot-NPD). Also used are star burst aromatic am ne conpounds,
including: 4, 4', 4"-tris (N, N-di phenyl-am no)-triphenyl am ne
(hereafter, TDATA); and 4, 4", 4"-tris [N (3-

net hy| phagal: Sk enilthae] arue}y thin' T id6laide ihdedif@4lkfine M@A\Iﬁaes sﬁ&taﬁl
conpl exes are often used as the el ectron transportl ng material. Exanples
t her eof lithived floeriderdmidalikatioe et @gidoamich Qs Githingl dxide, skefteat wsad Olkaline metal
benzoqui nol i ne skel eton, such as the aforenentioned AlQ, tris

(4- met hydonglepes rsoth pellabiein adetyli acetondt dheredftesr Li(adaek))and adrduinpknd]dte-ithium
hydroxybenzo [h]-quinolinate) beryllium (hereafter, Bebq); and bis

( 2- et hy(hemakigri ki DPfﬁ@lSateéfFCt(VAF- hydr oxy- bi phenylil)-al uni num (hereafter,
BAIq) that is a_m xe gand cqnpl ex. The exanpl es al so_ include netal
conpl exes havi ngMesH BF e%%éﬂthﬁﬁﬂh'c Hiting ‘Batﬁ%gé‘ﬂe Y4ripah Juoresent pigmgts, in

15 o hy s%%ﬁ@v’%&ﬂaaﬂi’ﬁ? $Ra3!Pirplarbs Rrndig FE A1PG; B, BR 72808, chap
|

Conpl exc2 1D SERAARE B BulieadchE PR iBuaa SR AR B e Pheny

but y| phegmylehfrer, Df‘VBﬁt}f%f)fﬁ@lu’éZ&ha (&i&%n%ﬁfeﬁﬁrene)E’.BB)et}@[léL(ﬂ-dm?equﬁnxnost¥ryl)-4H-

[ 5- (p-tert-butyl phenyl 3 oxadi azol e-"2- benzene (‘hereaf

OXD-7) ; pyrh@eleaftetfDCVD that RIeddishlbrange. %ﬁﬁetuxghttmbsstw e x)mylalso be used and
phenyl - 5- (4- bi phenylyl)--1, 2, 4-triazole (hereafter, TAZ) and

3- (4- t erthe mainstredne thetepf ate (:éknpﬂbkeﬁ with@Jatinumer {ridhium phuentralyderal IKn@yn tiplet ligino| e
(hereafter, p-Et TAZ? and phenant hroline derivatives such as

bat hophesraissiom materials fredyde afis @rphemipyidjnchiridivza theralipn b(npylhandabi%s, 12BER) .
The el ectran trans‘?ortl n&mterl al s, gi ven above can be used as the el ectron

i nj ecti ol> 18Pciagthyl-2 4, 23 H’%PhYF‘Hd’rW’anB’s@efe%ﬂe&’eprtS’EFhl n filmof an | nsul at or,
i ncl udi | kal i t al h dithi fl id

ot al ox! des suceaESYIAHTAN BH areeive itcrihs Aioingt fhoansiip fresticlighi
conpl exe&nﬁ@de@fz oﬁhﬁ:ﬁ‘fggeﬁtcﬁ@ﬁlnoﬁ%?ﬁeﬁ)&?taﬁ ot At Shiteiky 43R Thd: 3P Bigher

8- qui nol 1no
light emission efficiency and longer lifetime than conventional ones can be manufactured.

This organic light emitting device is used to make a full color display device and Figs.
12A and 12B each shows the structure of the thus obtained display device schematically. Fig. 12A
shows the CCM method in which a blue organic light emitting device is combined with color
conversion layers. Fig. 12B shows the CF method in which a white organic light emitting device is
combined with color filters. In Fig. 12A, the color conversion layer for B — B is not always
necessary. |

Conversion layers 1215 and color filters 1205a to 1205¢c can readily be patterned on
substrates.by the known technique of photoliﬁogaphy. Therefore the full color display devices are
manufactured using this technique.
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(hereafter, Liq) are also effective. Matertals effective as the |ight

emtting material are various fluorescent pignents, in addition to the

af orenenti oned netal conplexes including Alq, Al ng, BeBg, BAlq, Zn(BOX)21

and Zn(BTZ)2. Exanples of fluorescent pignments include 4, 4'-bis (2,

2-di phenyl -vi nyl ) - bi phenyl (hereafter, DPVBi) that is blue, and

4- (di cyanonet hyl ene) - 2- net hyl - 6- (p-di et hyl am nostyryl)-4H pyran

(her eaf t ggmbbdiMenttjat is reddi sh orange. Triplet'light em ssion materials

may al so be used and. the mainstreamthereof are conplexes with platinum or

i ri di um as cent r @This embadimelishons & spepifietexarnplbdf a devicsstith strt@rd iadhidhndolde

tris (2-phenylpyridine) iridium (hereafter, Ir(ppy)3) and 2, 3, 7, 8, 12,

13, 17, idjectootregiomisl institeld be@idepan pivde iSA phdhan orgmi¢ hempaint dilm JO2QEMe, blifthe

above materials with respective functions are conbined to constitute an

or gani ¢ lorgphic lighhemitiingdeyiogiildustraied imidgp¥esent i nventi on, whereby an organic
n efficiency. and |

light emtting device that has highe light em ssi ) nger
Ii19 etine thangco V%‘nfricbﬁ ep?ﬁ‘f&@;tocagﬁtfl esﬁﬁﬁ{hoélb r'H’EI.gy RHEring PR ”lei”é'ﬁge °
emtting Vi IS U 0 ke, a full. colo i spl devj and Figs., K 12A
and 126 S0Ekndfi st BBV ofF Pl v oo e Ui o ) et
schemat | s siAfh inSR0Y 1 w16 OFB T RO Chb il OBy Peablif GRREE dhd ONt
emtting e\nu)&é:gﬁ%(ssgo .ﬁ:‘ﬂ%ﬁ%{? col or rﬂ_(?:oﬂ?né\iersc?atl)n_ t’ayers_. b@?tgl&q%%% és%ﬁtlr)%/vs
the CF nifebsashry ih ofder fte _%yteezxﬁfﬁﬁﬂfi@e kih@HYf nRiterials (16r I8 of SrghsSic coRpdiinpe d
with color filters. In Fig. 12A, the color conversion |layer for B- Bis
not al wayad onekiad sfingtal thanfeahstheBathadedr s 1215 and color filters 1205a to
1205c can readily be patterned on substrates.by the known techni que of
phot ol i t hogr aphy FirSthTE&IATF 4 a$ i kol irjéction hmteridl is gepopitetbyi evaporatien to a thickness
manuf actured using this technique. 24 [Enbodi ment 1] This enbodi ment shows
a speci f iof 28 pEmip|fermpe hele iRicqting regiony When the Slny thickngss\ipgches 20 nyaaed evaporation

of MTDATA is ended, evaporation of spiro dimer of TAD (hereinafter referred to as S-TAD), that

is a hole transporting material, is immediately started at an evaporation rate of 3 /7\_/5. No interval is
allowed here to avoid formation of impurity layers as described above.

After a hole transporting region 504 consisting solely of S-TAD is formed to a thickness
of 20 nm at an evapo;ation rate of 3 A/s, evaporation of spiro dimer of DPVBI (hereinafter referred
to as S-DPVBi), that is a light emittihg material, is started at an evaporation rate of 3 A/s with
keeping the evaporation rate of S-TAD. Thus formed by coevaporation is a first mixed region 507
in which the ratio of S-TAD to S-DPVBiis 1: 1. The thickness of the region 507 is set to 10 nm.

As the first mixed region 507 is formed, the evaporation of S-TAD is ended and the
evaporation of S-DPVBi is continued to form a light emitting region 505. The light emitting region
is to have a thickness of 20 nm. Then, evaporation of Alg, that is an electron transporting material,
is started,at an evaporation rate of 3 A/s with continuing the evaporation of S-DPVBi. Thus formed
by coevaporation is.a second mixed region 508 in which the ratio of S-DPVBi to Alqis 1:1. The
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injection region is inserted between an anode 501 and an organi ¢ cenpound
filmb502 in the blue organic light emtting device illustrated in Fig. 5A
First, ITOis deposited to a thickness of about 100 nm by sputtering to
formthe anode 501 on the glass substrate 500. The gl ass substrate 500
havi ng the anode 501 is brought into a vacuumtank as shown in Figs. 11A
and 11B. In this enbodinent, five evaporation sources are necessary in

or der tOthﬂiﬁ%'o?t}}%%eﬁ?{@@@gi@%t%lﬁhfﬁe kinds of materials (four kinds of
or gani ¢ conpounds one kind of netal that fornms the cathode). First,

MIDATA as a hol ead meegé&dlﬂrknmaa ‘i‘é%l@d 508 iFlRPASd, leRBpdMMiRVSPIDPVIBINs eRded and
thickness of 20 nmto forma hole injecting region. Wien the film

t hi cknesevapeattest A1g incontndedau &grar the electronafandfoingiregion 506G @ith aeMealnrsadfidon of
Spiro dinmer of TAD (hereinafter referred to as S-TAD), that is a hole

t r ans por winnbastly: wierkatm is deposited by emapbrption terthickness of abawy 4pbmaes thecatlznde 563. 3
Als. No interval is allowed here to avoid formation of inpurity |layers as
descr i bedhe;blyg ergapicdight emigingaleyice despyst o S-PEYRL is @momﬁng sting solely of
S-TAD is fornmed to a thickness of 20 nmat an evaporation rate of 3 A/s,
evaporation of spiro diner of DPVBi (hereinafter referred to as S-DPVBi),
that is fE ‘Boqn;l rtting material, is started at an evaporation rate of 3
Al's with Iﬂeepl ng he evaporation rate of S-TAD. Thus forned by

coevaporation i S‘Th'fis Efg[)?ch hwE Q?b&:ﬁf ioSbmpld ot NG cel Dith E%ﬁ&urgfm %hlcﬁw t 0

S-DPVBI is 1 : ness 0 regron 507 is set to 10 nm

first m zsle&rd:ﬁﬁje DIg\ﬁ/’Qéoﬁﬁﬂs@ftMtwéeﬂ@c@M@Ml@tah@ﬁh &thanic doMpolifid ﬁmm @,m the |
evaporation of S- is continued to forma light emtting region 505.

The | i ghblueBtgdahicriight egittixg devive illushiste@ineFig/fB kness of 20 nm Then,
evaporation of Alq, that is an electron transporting materi al, is started,
at an evapor at i orirst,dT® isfef®sitddsto withibkmpsnefi abauti@Omiredespmpening to dormothe $ndieVBi .
Thus forned by coevigoratl on is a second m xed region 508 in which the

rati o of SH ppYR; gless spbsiratesS1P. 1The1ai@s spstralg AR havisg cslve mede Selisobrosgly inte aset

to 10 nm
vacuum tank as shown in Figs. 11A and 11B. In this embodiment, six evaporation sources are

necessary in order to deposit by evaporation six kinds of materials (five kinds of organic compounds
and one kind of metal that forms the cathode).

First, the hole transporting region 514 consistiné solely of TPD is formed to a thickness
of 30nm. Then, evaporation of BAlq as a host material to the light emitting material is started also
at an evaporation rate of 3 A/s with keeping the evaporation rate of TPD at 3 A/s. In other words,

 the first mixed region 517 containing TPD and Alq at a ratio of 1 : 1 is formed by coevaporation.
The first mixed region is 10 nm in thickness.

As the first mixed region 517 is formed, evaporation of TPD is ended and evapération
of BAlq is continued to form the light emitting region 515. The light emitting region is 20 nm in
thickness,-At this point, the light emitting region 515 is doped with 5 wt% of perylene that is a blue
fluorescent pigment as the light emitting material 519.
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As the second m xed region 508 is forned, evaporation of S-DPVBi is ended
and evaporation of Alqg is continued to formthe el ectron transporting
region 506 with a thickness of 40 nm Lastly, ytterbiumis deposited by
evaporation to a thickness of about 400 nm as the cathode 503. The bl ue
organic light emtting device derived fromS-DPVBi is thus obtained.

[ Embodi ment 2] This enbodi nent shows a specific exanple of a device with a
structure in whiAstherighe emitting region $Stis kgmplegd pevapsraliois eff peegletreiswaded and

cat hode 513 and an organic conpound film512 in the blue organic |ight

emi t t i ngedhporation iof [BAdq imstél comtinPédy. SEmltamgously, evaff@atien oepbsihpels anoelectron

t hi ckness of about 100 nm by sputtering to formthe anode 511 on the gl ass
subst r at Bansporting pgaterjal issstagied of pmevaporpomeals ofg? Mie 1mAbEeWSrs, the seeopdigtted; nt o
a vacuum tank_as sho in Figs. 11A apnd 11B. Ipn this emhodijgent, siXx
ovapor ar RGPS EouamRE A stk ABiar  anSEF s e dhysBeFapS By St s o<t B
ki nds of mlat elg'héllns igfii k%eki nds of organi c conpounds and one kind of netal
that for & THE CAtHOAET "B rst, the hole transporting regi on 514 consisting
solely of TPD is j : : t:] f I q
as a host mater i%% %Eég%éﬁ’g@f@)é%{}e m[atejfl ?nla-%r%’ %ﬁméfa-#gﬁgg g\ré? g%( 1§|1§gﬂdé§1t aiglﬁ
evapor at g@dporatibf oPAlgiis Lomtintkd 1 520 he BRclrdPrANGREhRILPR 516 twath Afthitilesabs 3D
Al's. In other words, the first m xed region 517 containing TPD and Al q at
a rati o ai. Fuithdr, asanfedsctren idjsctiag araeegial; i (aoar) is fdfeediintositfilig widitla thixginess 2nfm 10
nmin thickness. As the first m xed region 517 is forned, evaporation of
TPD i s etalechnagiettron apjestmgiregion.of BAIq i s continued to formthe |ight
emtting region 515. The light emtting region is 20 nmin thickness w At

this point, the lasintanciis dqpagjted byievaporion jox thickeass of abauisl SQman asithgeathndene

that is blue fluqrescent pignment as the light emtting material 519. 26

As the I&&ﬁpl“éﬁfﬁ“‘f"rcﬁﬁf epitye §eid§“‘f?8rﬁﬂ"é?"éﬂ,gnee‘§§b’6|°§?f”gﬁ' of perylene is

ended and '
[Embodiment 3}

This embodiment shows a specific example of the white organic light emitting device
illustrated in Fig. 6A.

First, ITO is deposited to a thickness of about 100 nm by sputtering to form the anode -
501 on the glass substrate 500. The glass substrate 500 having the anode 501 is brought into a
vacuum tank as shown in Figs. 11A and 11B. In this embodiment, five evaporation sources are
necessary in order to deposit by evaporation five kinds éf materials (four kinds of organic compounds
and one kind of metal that forms the cathode).

First, the hole transporting region 504 consisting solely of -NPD is formed to a thickness
of 30nm. Then, evaporation of Zn(BTZ), as a blue light emitting material (acfual]y the color is
blueish white that is more white than blue) is started at an evaporation rate of 3 A/s with keeping the
evaporation rate of ®-NPD at 3 A/s. In other words, the first mixed region 507 containingo!-NPD and
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evaporation of BAIq is still continued. Sinultaneously, evaporation of Al q
that is an electron transporting material is started at an evaporation
rate of 3 A/s. In other words, the second m xed region 518 containing BAlQ
and Alqg at a ratio of 1:1 is forned by coevaporation. The second m xed
region is 10 nmin thickness. As the second m xed region 518 is conpleted,
evaporation of BAIgq is ended and evaporation of Alg is continued to form

the el e?ggﬁzgt LA0SRUFY L 1S e |°,§J‘%PW€§‘£}‘£?’E Bkt RREFe2dn 159 mﬂ?% 1h§<1!k\51\n£§t§ﬁré

as an e finjecting materi I's formed Iinto a

thi ckness 2nm A9 thefigh ke kégddh 507 &F bbmiglete@IévaPoratidts bf A-NBD idlenliéd and
deposited by evaporation to a thickness of about 150 nm as the cat hode.

The bl uevapogdion 6f Zi(BITZ),eGohiinutg taifevth the lightemiteidg fepipmSPEr FHedight ensittingwegzion

obt ai ned. [ Enbodi nent 3) This enbodi nent shows a specific exanple of the
whi t e olisRdmneinl thigkiess Mtithis pging éheilase 10 i ofithe Hglitenhitting Egipn S8A\(nafFiekys bgtwkdO i s
deposited to a thickness of about 100 nm by sputtering to formthe anode
501 on tlAampngd nhigh inthe 28 mm thickof ekt smiting sagion) is doged With Dixgvidhefl Rebdle
501 is brought into a vacuumtank as shown in Fi 11A.and 11B. In this

enbodi mht ,ls]ﬁ rﬁédlébéﬁmg&; fleprescertr fé&gle%lr@ thggaf@s%@af;ﬁti fﬁm&memateéahé%bsi t by
one ki nd of et & bhig gpiie ReicoqtoRepmbleivk e erpRUSRGE PR ol
hen, " eoasrapn SELABAz Sl ool il ARB™ b ofrl L FALis {20

the col gfandpdrtind rﬁﬁ%ﬁzg i%ﬂa&é‘(‘i dt Eﬂfevip%,rdﬁ% Rat¥Bf 3 A/d. @Rk Wakds! &e%%&fnh%‘ix@é an

evaporation rate o s with keeping the evaporation rate of x-NPD at 3

A's. | n reitie508wontdiingd iKBTEZY, ahd BAKEA a fRi0I001: B3 foraRd batdbvagstationNThe s9ddnd 27
Zn(BTZ)2 at a ratio of 1: 1 is forned by coevaporation. The first m xed
regi on msixddregioniisniQ i dk thixkness.
As the second mixed region 508 is completed, evaporation of Zn(BTZ), is ended and
evaporation of BAlg is continued to form the electron transporting region 506 with a thickness of 30

nm. Lastly, a Al : Li alloy is deposited by evaporation to a thickness of about 150 nm as the cathode.

The white organic light emitting device is thus obtained.

[Embodiment 4]

This embodiment shows a specific example of the white organic light emitting device
illustrated in Fig. 7.

First, ITO is deposited to a thickness of about 100 nm by sputtering to form the anode
501 on the glass substrate 500. The glass substrate 500 having the anode 501 is brought into a
vacuum tank as shown in Figs. 11A and 11B. In this embodiment, six evaporation sources are
necessary.in order to deposit by evaporation six kinds of materials (five kinds of organic compounds
and one kind of metal that forms the cathode).
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As the first m xed region 507 is conpl eted, evaporation of oL-NPD is ended
and evaporation of Zn(BTZ)2 is continued to formthe light emtting region
505. The light emtting region is 20 nmin thickness. At this point, the
last 10 nmof the light emtting region 505 (nanely, between 10 nm and 20
nm high in the 20 nmthick of light emtting region) is doped wwth 0.5 W%
of DCM that is a reddish orange fluorescent pignent as the second |ight
emtting mater! ﬁrsﬁﬁéhol@‘ﬁaﬁs’ﬁ@rtilng%@lon%&édsﬂﬂng’@ﬂ:’lﬂwﬁ% IsForeRARd £hREness
evaporation of DCMis ended and  evaporation of Zn(BTZ)2 is still

cont i nuest. 309 UTheR) e@ipslayion ©F SPOPVBI fa bfue Bihterhindig nstedsl iglaBStstHMRd at an
transporting material is started at an evaporation rate 'of 3 A/s. In other
wor ds, tdvepmetbmmndterof 3e\ls with geaping B8 evapntatiom rateo 2B A) 2 Agnndn Blegwatdsatheat i 0
of 1:1 is fornmed by coevaporation. The second mnmixed regionis 10 nmin

t hi cknesfitst pixed regionS0d pentainingd -NRIY austS-BFY Bi st agatimiidi: d dn teepsgisranorgionagite
Zn(BTZ),. is ended and evaporation of BAIq is continued to formthe

el ect r oris f9Esd Byrecvarpratiog: dhe Brbmied region ip 1Q pp dthickpesgoAt this pointaspgecogd |
Li alloy.i.s deposited.hy evaporatio 0,.3,,t hi ckness of aboui 150 nm as,.the
at hode TEH RERARE (g 70T ARmh o B, Ny gt Paionhe OBl f d Bid)

[ Enbodi r‘?%’i!.féae%?‘%"tsﬂ'%%gg’i}%"“f??@@%ﬂg specific exanple of the white

organic tting fated in Fig. 7. First, ITOis
deposited 10 a tAV GENGSSmPeddapich 5H90s Vet \Shigordiidd JrQ-NeDMs! Hfaeangade

501 on the gl ass substrate 5007 The gl ass substrate 500 having the anode
501 is bevapérition dTISODPVBMSEMiiRLEAB FormIh SN Emittingfrt @6n 5051 Ahelight ddiBtingd Reiohi S
enbodi ment, six evaporation sources are necessary-in order to deposit by
evapor atis@0 nsi in thickietss. OThenipévaporation ¢ff Algehdt isnahselartron trgasporting Gigoeriah tstared d
one kind of metal that forms the cathode). 28 First, the hole transporting
r egi on S@4nceyaporatiomugtesell 2 Ays withtconiDingsthe gvapoditioo of S-BP¥YBheJbus formed by

coevaporation is a second mixed region 508 in which the ratio of S-DPVBI to Alq in terms of
evaporation rate is 1 : 1. The thickness of the region 508 is set to 10 nm. At this point, 0.5 wt% of
DCM that is a reddish orange fluorescent pigment is added thereto as the third light emitting material
702. '

As the second mixed region 508 is completed, evaporation of S-DPVBIi is ended and
evaporation of Alq is continued to form the electron transporting region 506 with a thickness of 30
nm. Lastly, an Al : Li alloy is deposited by evapor'afion to a thickness of about 150 nm as the

cathode. The white organic light emitting device is thus obtained.

[Embodiment 5]

This embodiment shows a specific example of a device with a structure in which an
electron injecting region is inserted between a cathode 803 and an organic compound film 802 in the
blue organic light emitting device illustrated in Fig. 8A.
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of 30nm Then, evaporation of S-DPVBi as a blue light emtting material is
al so started at an evaporation rate of 3 A/s with keeping the evaporation
rate ofoa.-NPD at 3 A/s. In other words, the first m xed regi on 507
contai ningot-NPD and S-DPVBi at a ratio of 1: 1 in terns of evaporation
rate is fornmed by coevaporation. The first mxed region is 10 nmin

thi ckness. At this point, as a second |Iight emtting mat erial 701, about
0. 5wt % of N, N - 44 RE i licldd dagicdal 16 AR cKrles SHTab&el 100 n}'nfism;b)merm;lts BorSth@ af§REN
fluorescent pignent is added. As the first m xed region 507 is conpl eted,

evapor at §6anordihe \glashshbstrateesnde drha Nbhss SYREME BOO BAviag tHe-JA0NBB01 & Krerdh imed t o
formthe light emtting region 505. The light emtting region is 20 nmin
t hi ckneseacuiithamk ssvshpwnah Figs. DA Ahdj11Bialin this eatbodineent, four dvaporstior dourugs are
material is started at an evaporation rate of 3 A/s with continuing the
evapor at hesassefy B OvBto dapmsit Hyoevaporatign foywdirdsoriamatenals {thaeeskind of wrgesis
region 508 in which the ratio of S-DPVBi to Alq in terns of evaporation
rate i s gompopndsiand angikingpf saetal that frms e BHI08Y8 i s set to 10 nm At this

oint, 0.5 wt % qf. th is a reddi sh agrange fl uorescen i nt i
Do t her et o adbishaner s bale fa3peorifi tEioR SO Shiine SolpBoot Sxive Pl 8 Tediegl f =
m xed regi.on 508,4s conpl et e eva tion of. S- I, 1S ended and .
evapor at Fskiep S5y SElgiolthon HESRLSh P MptathoR ol BAEREFon T maging,

506 wi t hogeei ic kRG Et%l(':t ataf] ev tfoﬁ?ﬁt%é{? AR with keegiing alel ¥p .rﬁidjrﬁ(gfg\?ﬁ{x?gPﬁy

evaporation to a thickness of" about nmas th cat hode. _
or gani ¢ frhedTomedd byl dobeapBfivibe & d hixkdHgionlB0E ieEich therIRAUfoENPD % BERIIST : 1in
enbodi ment shows a specific exanple of a device with a structure in which
an el ectermsof evaperhtiorgratec The nhicknessfahd e gioh 806vsast ta 20aihode 803 and an
organi ¢ conpound film802 in the blue organic Iight emtting device
il lustrated i n FAgthe@&dxedxegipn Ba6 is completed, atepuationad® P13 is dpdek arelsyapdratidnout
100 nm by sg}tgt_teri_ng to formthe anode . . L o
of BCP is continued to form the electron transporting region 805 which is 20 nm in thickness.
Further, without interval, the evaporation of Alq that is the electron injecting material is started to
form an electron injecting region with a thickness of 40nm.
Lastly, an Al : Li alloy is deposited by evaporation to a thickness of about 150 nm as the
cathode 803. The blue organic light emitting device derived froma-NPD is thus obtained. Note that,
if the blue fluorescent pigment such as perylene is added to the mixed region 806, the form shown

in Fig. 8B is possible.

[Embodiment 6]
This embodiment shows a specific example of the white organic light emitting device
illustrated in Fig. 9B. |
—«=First, ITO is deposited to a thickness of about 100 nm by sputtering to form the anode
801 on the glass substrate 800. The glass substrate 800 having the anode 801 is brought into a
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801 on the gl ass substrate 800. The gl ass substrate 800 havi ng the anode
801 is brought into a vacuumtank as shown in Figs. 11A and 11B. In this
enbodi ment, four evaporation sources are necessary in order to deposit by
evaporation four kinds of materials (three kinds of organic conpounds and
one kind of netal that forns the cathode). First, after a hole transporting
regi on 804 consisting solely of oc-NPDis formed to a O thickness of 40 nm

at an evapafl tagR a§ Qﬁcﬁvrpfn leigﬁ/ 13A £YARA! 3h 'tlﬂperﬁlgooﬁggntt A} elapoBof Iscggzx%oag?

transporting e material iS also started at an evaporation rate

with keepiecegsdriién @vdepas afepéiit by lefapdflibn k. kind b nfa&rrmd(tme @&ﬂ\{a&%@m@”
is a mxed region 806 in which the ratio ofa-NPD to BCP is X in “terns

of evaporampownds ab&onclkied bfinetehibsiSfonids théieathiodlg).on 806 is set to 20 rim As
the mxed region 806 is conpleted, evaporation ofc-NPD is ended and
evapor at i on of Biow, pltercobnle framsgorting fregion 80feconbisiity sotely pfodYRID is fogmedewi DN
805 which is nbl n thickness. Further, wthout interval, the

evapor at i ’b‘ﬁk‘?‘}FS ﬂFé TR AL A8 eV pROTRIOB Rte R 3 Ay eV erpgatingt efr Balg that it an elsdtrom

form an Iectronl ion with a thickness of 40nm Lastly, an Al :
Li all oy?lagsr’(%t é‘bﬁﬁ %\F‘a%@? a&%nﬁﬁaW@thf%? §§“‘Bﬂ<e%’aﬁ1@e THPOTFHPR EALY he
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[ Enbodi ment 6] Thi s enbodi ment s a IC ex

organic |ight enis theﬂﬂlxé@ o 806 id déﬁ%[e@éde&ab&aFérgofagﬁPD_m erfdefl §hd evap&iati
deposited to a thi ckness about 100 nm by 'sputtering to ormt%e anode

801 on t lvéBéligissontinusd toetban 8RGleckbretrgdsparting wiidn S0SevBEDis ha‘{lhﬂﬁ thibiehea1 0AE
801 is brought into a
this pomt the first 10 nm of the electron transporting region 805 (namely, between 0 nm and 10 nm
hlgh in the 40 nm thick of electron transporting region) is doped with 0.5 wt% of rubrene that is a
yellow fluorescent pigment as the second light emitting material 901.
Lastly, an Al : Li alloy is deposited by,evaporation to a thickness of about 150 nm as the

cathode 803. The white organic light emitting device is thus obtained.

[Embodiment 7]
- This embodiment shows a specific example of the white organic light emitting device
illustrated in Fig. 10.
First, ITO is deposited to a thickness of about 100 nm by sputtering to form the anode
801 on the glass substrate 800. The glass substrate 800 having the anode 801 is brought into a
vacuum tank as shown in Figs. 11A and 11B. In this embodiment, five evaporation sources are
necessary.in order to deposit by evaporation five kinds of materials (four kinds of organic compounds

and one kind of metal that forms the cathode).
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30 vacuum tank as shown in Figs. 11A and 11B. In this enbodi nent, four
evaporation sources are necessary in order to deposit by evaporation four
ki'nds of materials (three kinds of organic conpounds and one ki nd of netal
that forns the cathode). First, after a hole transporting regi on 804
consisting solely of a -NPDis forned to a thickness of 40 nmat an
evaporation rate of 3 Als, evaporation of BAIgq that is an el ectron

transporting mat gfjsah hbfe tﬁhﬁarﬁ@@i&%@coa&@mry@&mm Rle6mRM tPa Bickntdst h
keepi ng the evaporation rate ofYY-NPD. Thus forméd by coevaporation is a

m xed r egofD W anRvioridnirite of RAjsO AOES polde[Ihé Rst 1BANPofitRe Kol t#dnspdrting region
evaporation rate is 1 : 1. The thickness of the region 806 is set to 20 nm

As t he m &&dnamgiyentdédn 30amemdgD aindigh ie the@dOnaithiok ofifodd tradSpdriisg regidayis dogtd
evaporation of BAIq is continued to formthe electron transporting region
805 whi chwith 04Dwiffn at PMhithdt ne s greemifluotehdent piginent ast the s¢dond tightOemittingf matapal
el ectron transporting region 805 (nanely, between O nmand 10 nm high in
the 40 nmQ%ick of electron transporting region) is doped with 0.5 wt % of

AT 55 L el MR LSS Bl e SR B
o T et A e SO AR AR s vy
speci ¢ Bk i LB 15,06 RR0N bl ket sgo o Lk 2k |

sput t er i ngfot-SPDOHMBALGSn RAASIEE evBfbratith rhid®s D! BSEheXhidRics SRS Gion BOS iHeBHS0
substrate 800 having the anode 801 is brought into a vacuumtank as shown

in Figs. #hA and 11B. In this enbodinment, five evaporation sources are
necessary in order to deposit by evaporation five kinds of materials (four
ki nds of organi c ABengtamited regiod 86his cianpldtedfevapsrationof®iNPLGs ersled el eyapdraittm) .

of BAlq is continued to form the electron transporting region 805 with a thickness of 40 nm. At this
point, the first 10 nm of the electron transporting region 805 (namely, between 0 nm and 10 nm high
in the 40 nm thick of electron transporting region) is doped with 0.5 wt% of DCM that is a reddish
orange fluorescent pigment as the third light emitting material 1002.

Lastly, an Al : Li alloy is deposited by evaporation to a thickness of about 156 nm as the

cathode 803. The white organic light emitting device is thus obtained.

[Embodiment 8]

This embodiment describes a display device that includes an organiﬁ light emitting device
according to the present invention. Figs. 13A and 13B are sectional views of an active matrix display
device that uses an organic light emitting device of the present invention.

-.-A thin film transistor (hereiﬂafter referred to as TFT) is used here as an active device, but
the active device may Be a MOS transistor. The TFT shown as an example is a top gate TFT (planar
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31 First, a hole transporting region 804 consisting solely ofa-NPD is
formed to a thickness of 40 nmat an evaporation rate of 3 A/ls. At this
point, the last 10 nmof the hole transporting region 804 (nanely, between
30 nmand 40 nmhigh in the 40 nmthick of hole transporting region) is
doped with 0.5 wt%of DMy that is a green fluorescent pignent as the
second light emtting material 1001. Next, after a hole transporting

regi on 8PgrT,its bé Qgee_ﬁié?, &V@B?Ecﬁﬁ bAeTPT &t%kﬂlytmeerﬁesst@@q BFT)§h&WBe38d instead.

transporting material is also Started at an evaporation raté of 3 A/ls with.

keepi ng the evapvigai3AN30atehotdsa sistlate TThssubSifaieahet) Here ofMadmOmA visthle lighta
m xed region 806 in which the ratio ofOO0O-NPD to BAIq in terns of

evapor at soathatriggheisitakeh out fronthige substokasides Specifibadlyr eglhssrsuBO6itd, 8 gsatz fubst8e, nm
After the m xed region 806 is conpleted, evaporation of (-NPD is ended and
evapor at# %StalcglaSBA‘I%??tfP@, eorplashigsubstrate (igelyding @ plaste filophrap pe usado rihe Agpskralgi on
805 with thi ckness of 40 nm At this, point, the first 10 nmof the

ol oct ol BdP theyPsteals RIps mswlﬁmlwom%éﬂew G5 Af8e SEPSEHEhi gh i n
the 40 nmthick of, el ectro ransportin ion,).is.da with 0.5 % of
DM that 1 a r SRS RTEEpERAAL A P8 okt f gl PR Pl proyiggy e
emtting .gatectal 2 . Al . Li alloy is deposited by
evaporat?‘gﬁp?)(%ﬁ% %%?%ﬁ%é’égé%bg%%% 150 nmas the cathode 803. The white

organi c |ight enfyetding pdRinCGB11 & 4 REDnTHE displefng hiEFRRE! TEPlrBly dfpiRels are

enbodi nent describes a display device that 1ncludes an organic |ight
em t t i ngpldésdionthe sabsifite] bitDeatPpikels progidedWith AYED t 302 Tor don@6Uing 3 Aurddil fldwiagar e

sectional views of an active matrix display device that uses an organic

| i ght enix the pgeadeviight eofitting deyice Gerdinafter exfidrredrto ag\ ctinem cbntrolling aHT), st pikel

(hereinafter referred to as TFT) is used here as an active device, but
electrode (anode) 1303, an organic compound film 1304 according to the present invention, and a
cathode 1305. Although only the current controlling TFT is shown in Fig. 13A, each pixel has a TFT
for controlling a voltage applied to a gate of the current controlling TFT (hereinaffer referred to as
switching TFT).

The current controlling TFT 1302 here is preferably a p-channel TFT. Though an n-
channel TFT may be used instead, a p-channel TFT as the current controlling TFT is more successful
in reducing current consumption if the current controlling TFT is connected to the anode of the
organic light emitting device as in Figs. 13A and 13B. The switching TFT may be an n-channel TFT
or a p-channel TFT..

A drain of the current contr(;lling TFT 1302 is electrically connected to the pixel
electrode 1303. In this embodiment, a conductive material having a work function of 4.5t0 5.5 eV
is used as the material of the pixel electrode 1303 and, therefore, the pixel electrode 1303 functions
as the anode of the organic light emitting device. A light-transmissive material, typically, indium

oxide, tin oxide, zinc oxide, or a compound of these (ITO, for example), is used for the pixel
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the-active device may be a MOS transistor. The TFT-shown as an exanple is a
top gate TFT (planar 32 TFT, to be specific), but a bottomgate TFT
(typically a reverse stagger TFT) may be used instead. In Fig. 13A 1301
denotes a substrate. The substrate used here can transmt visible light so
that light is taken out fromthe substrate side. Specifically, a glass
substrate, a quartz substrate, a crystal glass substrate, or a plastic
subst r atefclrbdtc1308] 06 tRe Bilxé‘l%ﬁécﬁof:lé 130B; meergaslc%ﬁgounﬁhﬂnmmw@hﬁed 1301
refers to the substrate plus an insulating filmformed on the surface of
the substrate. Of thd\6rganibsdmpdund Fdm 11304 the mlhodpqsm Bpldcdd.1 Tae thakeridr dimhé1g
circuit 1312 are provided. The pixel portion 1311 will be described first.
The pi xehthpdy 13061is de3ikdbly 8 canduetgicomatérinl haliimgd wyikifgncdion phag e 3. el Typikaltyy of

pi xel s are | aced on the substrate, and each pixel is provided with a TFT
1302 f orthe eathedsi 1308 ds formed from a fcpesiiciiye film confainisggarilkaling gietal elgment ayan
device (hereinafter referred to as current contralling TFT), a pixel

el ect rod@‘all%ﬁﬂ& wétghelemeny, o5 fipIm 2 CoR ‘F‘?’!t%"%@&?mé%%r"d i 3 ntipate
t d t hod 5. Alt h h th t
Gont r ol 1THRRHEY erSh Shupii g Sty Amor gpest f PoRA R BHE BB "Cont ol 11 ng
| t |
Feforrod to s ranefenARtfatihe bR SbbAI0SIRL bt Mockda RIEABEBIE
pref er abbiode %W@Jed%’ﬁia prolQUQB RN 1306. THE Tm?écmTé:an{@Y)sheerﬁ@éh tbpRi&ed, a

p- channel TFT as the current controlling TFT is nore successful 1In

reduci ngh Fﬁrﬁﬂhgiﬁ@ﬁh&blﬂ@ﬂévﬁh& fiom é:tyRercatidmeiiétuie0 Matedlalsiusbidlfor the proieviRetingd t 0
the anode of the organic light emtting device as in Figs. 13A and 13B.

The swi t1306 rinclideTsitfegn hitriden silicoh ampetrideFdluminuna ogideh tanreddm Oixide, add dadon of
the current controlling TFT 1302 is electrically connected to the pixel
el ect r odepetigally, dinmdnddikegadbdi)rent, a conductive material having a work

function of 4.5 to 5.5 eV .is used as the material of the pixel_ el ectrode
1303 and, t her espeted brE32giisagolencaptertiemlayesona eqlerdiliepprthose shown in Figs. 12A .

and 12B. In the example shown here, the layer or filter is formed in a dent that is obtained by
processing the substrate 1301. When the organic compound film 1304 emits blue light, a color
conversion layer is used whereas a color filter is used when the organic compound film 1304 emits
white light.

Next, the driving circuit 1312 will be described. The driving circuit 1312 is a region for
controlling timing of signals (gate signals and data siénals) to be sent to the pixel portion 1311, and
is provided with a shift register, a buffer, and a latch, as well as an analog switch (transfer gate) or
level shifter. In Fig. 13A, the basic unit of these circuits is a CMOS circuit composed of an n-
channel TFT 1307 and a p-channel TFT 1308.

Known circuit structures can be applied to the shift register, the buffer, and the latch, and
the analog.switch (transfer gate) or level shifter. Although the pixel portion 1311 and the driving
circuit 1312 are provided on the same substrate in Figs. 13A and 13B, an IC or LSI may be
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as the anode of the organic kight emtting device. A light-transm ssive
material, typically, indium oxide, tin oxide, zinc oxide, or a conpound of
these (1 TO for exanple), is used for the pixel 33 electrode 1303. On the
pi xel el ectrode 1303; the organic conpound film 1304 is formed. On the
organi ¢ conpound film 1304, the cathode 1305 is placed. The material of the
cat hode 1305 is desirably a.conductive material having a work function of

2.5 to Jieufdily dorecd indiead bhfladingd i dAvihg @Rcdis1 F10loRekt fubsfiie conducti ve
filmcontaining an al kaline netal elenment or an al kaline-earth netal

el ement, or fr ofThapixeldettiotis/@ndde) 1303ds¢ledtrically canactedionhe atrefivcomrallihgTFNat e
obt ai ned by layering an alum numor silver filmon one of the above

conduct i 138211 Figs 13A ahd {38 batdhpathede mhy béheonpectal to Hiecotrers dentidlg; TH hiesteadyani ¢
conmpound film 1304, and the cathode 1305 is covered with a protective film
1306. THa this gasecthe pixel ¢lpeiroig 0wy ibs faymed ifiearithe majsrigh efthe cathpdedd@amiherers gt
emtting device frogla_(r)qugcjfen and noi st u%e. Nat eri al s Zsabl e for the

pr ot ect i FEofp |MAY Resdyme cframm dhes mafexigh oh ther pigel, eleqtiofde danogel ki3 i dBe curremti num
oxi de, tantal.u i.de.. and.carbo speci fi |y, dianond-I|ike carbon).
Penot ed ‘B’?h‘?@‘% I?i “Aﬁg%f%? lscp(S?Fg@Blgiagﬂ'ﬁ% cb “a color filter as those
shown in Figs. . A | .t -e%qmgl r, r adplter
is formed in a eﬁtdls? E‘gtdg‘l?lge soht())?/g:ipnglé y [‘)I?a (I)lgfeagt\gfbﬁ%?'td eoéhggm‘%efo%‘ﬁffh

Wen t hefQh IRREICIHBEOSM gfrée’e&@s?f@ﬂﬁti@ﬁhﬁ Switirdink 1969, . HOWERL, Wis pFoeBN @bSIaoN
| ayer is used whereas a color filter is used when the organic conmpound film

1304 em fofighettihe sirfatdbtithe piRdlelect:bd 1308 VTRrotgHeted SurthSelet thd pikelkeecgCrioBed.
The driving circuit 1312 is a region for controlling timng of signals

(gat e " si mapdegrada chalattaistic of thd arparticlightersitting device $inceii ix aturpat-tiiven tyge Hévicand
Is provided with a shift register, a buffer, and a |atch, as well as an
anal og switch (tThareforetheqixebylegirode 13Qdmayhr formed afienfopning theawiringtiae h3(3 to
unit of these circuits is a CMOS circuit conposed. of an_n- channel TFT l1307

and a p-%@ﬂ Ak dispipy flgyjge shown in Fig. 13B. In this case, injection of current from the pixe

electrode 1303 is improved compared to the structure of Fig. 13A.
-InFigs. 13Aand 13B, a forwar(-l-tapercd bank structure 1310 separates the pixels placed
in the pixel portion 1311 from one another. If this bank structure is reverse-tapered, for example, a
;:ontact between the bank structure and the pixel electrode can be avoided. An example thereof is
shown in Fig. 14. The same components as those in Figs. 13A and 13B are denoted by thé same
symbols. | |
In Fig. 14, a wiring line also serves as a separation portion, forming a wiring line and
separation portion 1410. The shape of the wiring line and separation portion 1410 shown in Fig. 14
(namely, a structure with eaves) is obtained by layering a metal that constitutes the wiring line and
a material lower in etch rate than the metal (a métal nitride, for example) and then étching the
resultant laminate. This shape can prevent short circuit between a cathode 1405 and a pixel electrode
1403 or fhe wiring line. Unlike a usual active matrix display device, the cathode 1405 on the pixel
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Known circuit structures can be applied to the shift register, the buffer,
and the latch, and the analog..sw.itch (transfer gate) or |evel shifter.
Al t hough the pixel portion 1311 and the driving. «circuit 1312 are provided
on the same substrate in Figs. 13A and 13B, an IC or LSI may be 34 .
electrically connected instead of placing the driving circuit 1312 on the
substrate. The pixel electrode (anode) 1303 is electrically connected to
the currgririped i theldbviegofTHid. 14XsiBdlat 1 ada@ivde th3fpaadite haBxMlicthe cat hode may
be connected to the current controlling TFT instead. 1In this case, the

pi xel el ectrode Figsy1PeaddiiSBatiow therxtetor oftieartivwlmanfix difgaydevive dstAeSinMer eas
the cathode may be forned fromthe material of the pixel electrode (anode)
1303. ThBE UrigdAan is g opiviest thenaof anf Fid. hSB Isiasedinnd view ke adorgshe/limerP-RB efifiginel
TFT. The_display device shown in Fig. 13A is nmanufactured by a process in
whi ch f o3kt yopplstip Figs 134 and 158 arp yeed inbgs Ji5écanddSBf or mati on of a wiring
line 1309. Hovveveh, ﬁ%&]gﬁg}ess could .roughen the surface_of the pixel

el ectrode 1303. B ole§  pixelpogion, 12 dpales agaisstanglide ostyng cirgyit,
degr ade I Lstic . of the organic light emtting device since it.is a
current- g ri \/5251 h%’ﬁ% e e psf%ee(l{’ef’ﬁcérc t"ﬁg&ﬁ‘%eﬁotbg F%’g {3 _@8 84§ §§§aq g dging
formed af; ] el | ] ' i i

shonn i oF DT e TR AL diviE cheE B arb el o TABRLBY g afed

el ect r odsonliRigY taps 150 thRER at RipREXise tife 1302, Thénshindt it i gs.
13A and 138,3%2 dPorvvard-tglgered bankgstructure&%lﬂg %gg,grug%}gsdr%ﬁég’pt)}iliﬂg?g

pl aced iape 1505 npaytelreflavet bpa TCB {thpd ¢aoiier phckape) tab Blobtalded 'blbl) bfovitiiia BABHeUr €
is reverse-tapered, for exanple, a contact between the bank structure and
t he pi xevwitkphe ¢ (iogeratedieirogt)avoi ded. An exanpl e thereof is shown in Fig.

14. The sarre'conl*?pponents as those in F]i_n%s. 13A and 13B are denoted by the
same synbol s. |Yenoed by11306 is the e9ven member thitd® proxided én ansuppes ppst phithie gitsplay
portion, ,formng a Wri | i.ne, and, separation portion 1410. The shape of
the wiri %9 S‘gaﬁaw%@g’ﬁlﬂ %”‘H’BF‘E W&}ﬁ a gl meapRshd >0 hfopngd ofiyresin. . The cover

member 1506 may be any material as long as it does not transmit oxygen and water. In this

embodiment, as shown in Fig. 15B, the cover member 1506 is composed of a plastic member 1506a
and carbon films (specifically, diarﬁond-like carbon films) 1506b and 1506¢ that are formed on the
front surface and back surface of the plaétic member 15064, respectively. .

As shown in Fig. 15B, the seal member 1507 is covered with a sealing member 1508
made of a resin so that the organic light emitting device is completely sealed in an airtight space
1509. The airtight space 1509 may be filled with inert gas (typically, nitrogen gas or noble gas), a
resin, or inert liquid (for example, liquid fluorocarbon typical example of which is perfluoro alkane).
It is also effective to put an absorbent or deoxidant in the space. |

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 display device shown in this embodiment. The
polarizing plate has an effect of reducing reflection of incident light from the external to thereby
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(nanmely, a structure with eaves) is obtained by |ayering. a netal that
constitutes the wiring line and a material lower in etch rate than the
nmetal (a netal nitride, for exanple) and then etching the resultant

| am nate. This shape can prevent short circuit between a cathode 1405 and a
pi xel electrode 1403 or the wiring line. Unlike a usual active matrix

di spl ay device, the cathode 1405 on the pixel 35 is striped in the device
of Fig. Jfevestithd bdplay Bace fionf HeWg the FefRaRoh ofQ vidWdrl Gef@Nily: Q)circhibGolarizdy and
15B show the exterior of the active matrix display device illustrated in
Fig. 13BlatdisEmpldRd] Howvev@pit\s grefetddiy fob theqothrizing. pladtb B have a sgeatieoviet leyd ew
taken along the line P-P of Fig: 15A. The synbols in Figs. 13A and 13B

ar e used internkl gectibb AyaadihstibgBthel inddxi of . reftdcfion Ib0ledoétest hgipierettedpiporhition,
1502 denotes a gate signal side driving circuit, and 1503 denotes a data
si gnal siomganigydogipagndfikme fipm. beBiggeflactediabthe @olariping plate dnd tgaglmgdiageyeard.si de
driving circuit 1502 and the data signal side driving circuit 1503 are
inputted froma Aagof ‘Préﬁ‘éc Hehtsrmitting de"b‘iﬁ"ﬁ AFS9E3ing tofBe ATEESR! NKEIYoR FAmbr 1SR At

wiring line 1504.. Thou ot shawn A pe 1505 may
be. ropl adBRerBgIe inksn g 8o e prifed 3 e B R ot bimlicdineal) o7 oUT 0l ny
TAB tape wth an IC (integrated circuit). Denoted by 1506 is the cover
menber that is provided in an upper part of the display device shown in
Fi g. 13B,[EaBddimgpPeinded with a seal menber 1507 formed of a resin.. The
cover nmenber 1506 may be any material as long as it does not transmt
oxygen and wat er ThisrenibotiEnent Sl didttive aRtrEndi¥flay Bevitedas ahdRamblecofCodigplay
menber 1506 is conposed of a plastic nmenber 1506a and carbon fil s

(speci f i clabicy thatlirchmlesiah digenic dighoemittingndeyict a6&hdiagitb o Pocsenthiaventioe Untiked
on the front surface and back surface of the plastic nenber 1506a,
respect i anBodiment Shinthe display devicesis this prabedimentnight &y takeaopt fromabe eppositekidtr a
seal i ng rrenber 1508 made of a resin so that the organl c light em. tting
devi ce i Ltaswhstraieonwhichanagtivedevige isiformed Khereipafies referigdo aspipaagd enpisgion)- Sigace

1509 may qsfalséclnggalv%éwhthmeft gas (typ| cally, nitrogen gas or noble gas), a

A thin film transistor (hereinafter referred to as TFT) is used here as the active device,
but the active device may be a MOS transistor. The TFT shown as an example is a top gate TFT
(planar TFT, to be specific), but a bottom gate TFT (typically a reverse stagger TfT) may be used
instead.

A substrate 1601, a current controlling TFT 1602 that is formed in a pixel portion 1611,
and a driving circuit 1612 of this embodiment have the same structures as those of Embodiment 8.

A first electrode 1603, which is connected to a drain of the current controlling TFT 1602,
is used as an anode in this embodimeﬁt, and therefore is formed preferably from a conductive
material having a large work function. Typical examples of the conductive material include nickel,
palladium, tungsten, gold, silver, and like other metals. In this embodiment, the first electrode 1603
desirably does not transmit light. More desirably, the electrode is formed from a matérial that is
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resin, or inert liquid (for exanple, liquid fluorocarbon typical exanple of
which is perfluoro alkane). It is also effective to put an absorbént or
deoxidant in the space. A polarizing plate nay be provided on a display
face (the face on which an inage is displayed., to be observed by a
viewer) of the display device shown in this enbodi nent. The polarizing
pl ate has an effect of reducing reflection of incident |ight fromthe
exter nalhlgmyt»dm&@&zyoﬂgﬁt prevent the display face from show ng the
reflection of a viewer. Generally, a circular polarizing plate is

enpl oyed. Howev@mn the first deqrodé @608hhreorzanic tdepqnodl film 1604gs foratde Rrovided/én the
structure with less internal reflection by adjusting the index of

r ef r act i @gatin comgeyndt Blop 1684 st a Iseepnd adevirode d66, ovhicth servesy grani athoderpo v
filmfrombeing reflected at the polarizing plate and traveling backward.

Any of orhadimcnt; dicordingly ithrgmateval o shergacerdiplagrads 1002 ispdesehly 2 sopdvativen
b d th d d th I

devi ce oPAEHADURBEYPF ”c'n%peh%Eeﬂ AR BiFertly st i coohEE S kB v

matrix di 2 mgn?\él gl? alﬁ%m%ncaﬁﬁ %{g?al% dﬂB‘Icn? 095 ?zﬁldﬁ),{twe%%[c%gtagm al'urrr]nC luuﬁlgl%a'%

organic l‘Inl g emt evi ce accor resen nve

Embodi megfnide 63@311&&@)3@3?&#1’1@)511 QExYﬂmﬁn er sﬂJ%} By BP%HJ: BERE abdve Bﬁddcﬁvé ﬂhfé"l out

fromthe opposite si a substrate on which an active eV|ce I S

(her ei nafse@r Ho®ePér! Bsing Rt Sratfiieditk B IMdspeable o1 Ble malebial &f the SREAd QB od¥ | ew
thereof. Athin filmtransistor (hereinafter referred to as TFT) is used
her e as 16408 since ipveard emission is dmyiloyeld dn thixt dmbedibeent. CEheneyre pehem ubEdot theretomtior .
The TFT shown as an exanple.is a top gate TFT (planar TFT, to be

speci f i cglectivde, the otal isipraferably Tormed intp agetyl thindilmeabewt 20 no imghickneSs-T) may be
used instead. A substrate 1601, a current controlling TFT 1602 that is
formed in a pi xetlagercompasedef !l!lc Tirgtelpctoder §603.be %rgfuemmmm fign 1604, gnd the

embodi rTesrletcon \igctrtoge 1(?0%%cosvterre wit raepsrotggtwte Ig'?mei\68g "Ene protectlve ¥1lm 1606 is provided

to protect the organic light emitting device 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) 1603 is electrically connected to the current controlling TFT
1602 in Fig. 16 but the cathode may be confxected to the current controlling TFT instead. In this case,
the first electrode is formed from the material of the cathode whereas the second electrode is formed
from the material of the anode. The current controlling TFT in this case is preferably an n-channel
TFT.

Denoted by 1607 is a cover member and is bonded with a seal member 1608 formed of
aresin. The cover member 1607 may be any material as loﬁg as it transmits light but not oxygen and
water. In this embodiment, glass is used. An airtight space 1609 may be filled with inert gas
(typically, nitrogen gas or noble gas), a resin, or inert liquid (for example, liquid fluorocarbon typical
example of which is perfluoro alkane). It is also effective to put an absorbent or deoxidant in the
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A first el ectrode 1603, which is connected to a drain of the current
controlling TFT 1602, is used as an anode in this enbodi nent, and therefore
is formed preferably froma conductive nmaterial having a | arge work
function. Typical exanples of the conductive material include nickel,
pal | adium tungsten, gold, silver, and like other netals. In this

enbodi nent, the first el ectrode 1603 desirably does not transmt |ight.

Mor e desg ly, the electrode is forned froma nmaterial that is 37 highly
reflective of light. On the first electrode 1603, an organi c conpound film

1604 is forned. Bﬁﬁﬁﬂzcﬁ%ﬂlﬁﬁ id1Blor CbHRRIGR lgﬁm&%rft"ihtkfﬂsmélsﬂo%Vﬂn F%QS@S&
Accordingly,

el ectrode 1605, which Serves as a cathode 1n this enbodi nent.

t he mat enh@l2Rfintheexsapie skbval 1Red, RUSed&idhtet 8 gﬂﬁ&ieﬂ ahthycoveCABEBGENE When
material having a work function of 2.5 to 3.5 eV. Typically, a conductive

fi | m contlm orgagc eompduka film d 604reahiad bled Hgied codor canveadibmlayerds esad whereas akolor

el ement, or a conductive filmcontaining alumnum or a |am nate obtained
by | ayer ifiligr isrused whdintheroxganis compountlifilim 1604 emis white hghtabove conductive fil s
is used. However, being |ight-transm ssive is indispensable for the
material of the Yebissmbedigent dydistapsobetypenco2 puktheorearis sprappund filmi lasged i n

hi nmbodi . Th , N . cond. e .rode, th |
< pr of SRS ERSeRGEFTY fr Shreler PR UER IS JEXGO AR |G20h RERALSEPYDY -
I ir | . i Ji1lm 1604,
and t ho. PRASEEReopld U alred LR R o o P A OB st
It ting

prot ecti gpidyedin @R nibddRiaY iodeden glgtimlghgé:&f 1 H?enﬁgtgdiﬂbrﬁ abijaBdH

devi ce .from oxygen and noi sture. In this enbodi nent, any matePl al can be
used for the proSpahlsYebd dchifodise a%‘ﬁ%xﬁﬁsihé driviad &irdultand tghtata sighal didd &lvin

el ectrode (anode)E%GOS IS eIectr%caI y connec?%d to the curré%? control%ing
TFT  1602ircuit dtednpultéd buin 4 TRB{AbE aviemary bomiing) napecliced throughh iaputiafihg line
controlling TFT instead. In this case, the first electrode is formed from
t he mat erli6d3. Bioughaotshewmwidhedrewingsthe NABsamdi0d4 miapbe repldecd ty afRGTh(tape chnriem
the material of the anode. The current controlling TFT in this case is

pref er ab|p9clﬁlge),{hg,tﬁ§?m§ped by providing a TAB tape with an IC (integrated circuit).

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 display 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 a structure with less

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 devices according to the present invention can be used as

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

[Embodiment 10]
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TFT. Denoted by 1607 is a cover nmenber and is bonded with a seal nenber
1608 fornmed of a resin. The cover nenber 1607 nmay be any materi-al as |ong
as it transmts light but not oxygen and water. In this enbodinment, glass
is used. An airtight space 1609 may be filled with inert gas (typically,
nitrogen gas or noble gas), a resin, or inert liquid (for exanple, liquid
fluorocarbon typical exanple of which is perfluoro alkane). It is also

ef fective to pufrhBrRmbBamidacadscitics dpassivdandtrit &Sﬁﬁlﬁlﬁdev&% a8 A eLample 64 aidplhy
1620 is a color conversion layer or a color filter as those shown in Figs.

12A andiedi2Bthal incluties aaxsgaplcdightmanirtingeleeice dfhise presgarinemtibin.| Figrl7iAsis prapwicked i n
the cover nenber 1607. When the organic conpound film 1604 emts bl ue

| i ght, efchs displaydeviseandFig AR s 4 ssctipnaliview takemaloag tbelliop P-K’jof Fig: 174. used
when the organic¢c conpound film 1604 emts white |ig In this enmbodi nent,

t he di stance bel®E&n %Z’Gn‘ﬁﬁ‘ﬂbx h01ds 'gé}msEatE’dY%QUﬁéorﬂepr‘?f?glaﬁ%ﬁ’yéﬁ“berth‘?&h in

Enbodi Th f d 1620 f d

Soor "Ebhe alstic BERBH LB it Hmos RO PRI O i SRS
i | t 2 h d t

P oncer) S ?%‘?f’ehnc o Wi ke Do REbEhOC EATRbANi o gARac N | O

sent to i at |de driving circuit and the data signal side
driving b&?? @It a eﬁlllgr?p tted froma TAB. (tape autonated bondi ng) tape 1614

through an i npuReRréncOsurhérle 701&hates JARMIAENIRS lansMBYMArTh &Y frdif a ESrAVERS oxidE e
TAB tape 1614 may be replaced by a TCP (tape carrier package) that is

obt ai nedilhy Ipthiyvémbodiment,iABcominetive dxidediimliColtaine gy dopat zinaoxidet with gullium

pol ari zing plate may be provided on a display face (the face on which an

i mage i soxidf. sipTQBydenotes data litse(wb@ﬂeb»fcamw &ney 3 metaltfie, @i Wiphath filleyiisdhishown
in this enbodinent. The polari zi ate_has an effect of reducing
reflecti mb@tmfmﬁcmérﬁpmtpwks fom(? ?fgm@ﬁlwb? Teain- The bm&ﬁ Bimgtiongsapaetfiontvridls

di spl a ace fro refl ectjon of ner a circul ar
pol gr i ZI h@t separate me datanesgl B?rom one another. A plurghty o? cannmg 1nes 1%2 :%d a plurality

of data lines 1703 respectively form stripe patterns and the patterns cross each other at right angles.
Though not shown in Fig. 17A, an organic compound film is sandwiched between the scanning lines
1702 and the data lines 1703 and intersection portions 1705 serve as pixels.

The scanning lines 1702 and the data lines 1703 are connected to an external driving
circuit through a TAB tape 1707. 1708 denotes a group of wiring lines comprised of a mass of the,
scanning lines 1702. 1709 denotes a group of wiring lines comprised of a mass of connection wiring
lines 1706 that are connected to the data lines 1703. Though not shown, the TAB tape 1707 may be
replaced by TCP that is obtained by providing a TAB tape with an IC.

In Fig. 17B, 1710 denotes z; seal member and 1711 denotes a cover member that is
bonded to a plastic member 1701 with the seal member 1710. A photo-curable resin can be used for
the seal member 1710. A preferable material of the seal member is one which allows little gas
leakage and which absorbs little moisture.. The cover member is preferably made from the same
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_plate is enpl oyed. However, it is preferable for the polarizing plate to
have a structure with less internal reflection by adjusting the index'of
refraction in order to prevent light emtted fromthe organic conpound
filmfrombeing reflected at the polarizing plate and travel i ng backward.
Any of organic light emtting devices according to the present invention
can be used as the organic light emtting device included in the display
devi ce ofpdtétiat aifbaBiinRO1701] SAR0REE RMdidgNlicABlad)osplastizesh beaRkd. dese hiphstc a
passive matrix display device as an exanple of a dlsplay devi ce that
i ncl udes ndteriil saused foritlphdovermémberg devi ce of the present invention. Fig.
17A is a top view of the display device and Fig. 17B is a sectional view
t aken al ong t he DenetedPbyP1728fis F¢ajor comygrsiomlayrir gr a aofey filigeprdhesg shgwnindrigs: £24
substrate, which is forned of a plastic nmenber here. _ The plastic nenber

used is aan9|1aBe Igrthg F’F*W?Ri? Smwhﬁr’i?sdbﬁ laps%ﬂ g filieés foarnedaw/ﬁ% thas 4§ pbtaiged Bpoxy
resin, PES eth ene | fi ol car bona PET t hyl
t er epht haArege gz é}e Li h?/‘% %’h@rgﬁ p ef;] %T"e c@g‘ﬁh rél%m(%ggZ

denot es scanni.n nes odes fro n | \Vi

Dy NS e%eﬁm S pouSl B s ‘5" Wﬁe £BP S oSS I Rkl
wi th gal | jipyspxi de. 1703 denotes data Ilnes (cat hodes) forrred from a netal
film a bi srrut film in this enbodinent. 1704 denotes banks forned of an

acrylic resin. Thg hooksad s écpﬂe»a%fmarstrhém@nn\@btzsplxélhegmrsems%eot&me
data lines 1703 from one anot A plurality of scanning lines 1702 and a

pl ural it yorgdific étdtipbubd GGiA. AZ@BOWIEﬁ)ﬂﬁgtﬂmloyvc"f yers ©F thebanksal 208 rarsnaaiothet than
patterns cross each other at right angles. Though not shown in Fig. 17A,
an or ganiuppeoiapasiam thedefore thebanidwiag plridaBy seperatet the date Hines 1763 Ifiomesne ahdder. and
the data |lines 1703 and intersection portions 1705 serve as pixels. The
scanni ng A PiebportioplFdsuirpendgd by theisead empgl HPds shyheté of e ontsidg air by ¢ spakiag

d
| Ir In\ells ngonp(é;:r;lgélc}t 5% o gfsaa @gétB Ilit@%radatil'oiogf thelozggnéj gorr]r?];[oﬁlsld gln? thllgjs prevevr\lllt(-:rdI ng

In the display device structured as above in accordance with the present invention, the
pixel portion 1714 is composed of the scanning lines 1702, the data lines 1703, the banks 1704, and
the organic compound film 1713. Therefore the display device can be manufactured by a very simple
process.

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

Any of organic light emitting-devices according to the present invention can be used as
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scanning lines 1702. 1709 denotes a group of wiring lines conprised of a
mass of connection wiring |ines 1706 that are connected to the data |ines
1703." Though not shown, the TAB tape 1707 may be replaced by TCP that is
obt ai ned by providing a TAB tape with an IC. In Fig. 17B, 1710 denotes a
seal nmenber and 1711 denotes a cover menber that is bonded to a plastic
menber 1701 with the seal nenber 1710. A photo-curable resin can be used
for tthegﬁgéniGﬁ?]h%hi&iﬁéQevi& RENHST ia PhecdispMedevitk oPthid difbcagAdntETDEr IS one
which allows little gas |eakage and which absorbs little noisture.. The
cover nenber is preferably nmade fromthe sane 40 material as the substrate
1701, and glass (including silica glass) or plastic can be used. Here, a

pl asti c [Embbdimeat 11]s used for the cover nenber. Denoted by 1720 is a col or
conversion layer or a-color filter as those shown in Figs. 12A and 12B. In
t he exanpl e shovhisitabedimeneshospan esample pf attachiag p pripisd Winngbegsthto the display

obt ai ned by processi n%_the substrate 1701. Wien, an organi c conpound film
1713 enideicp shawn indimbodiment 16 fo maksthe devigsinfoAnedyle ysed whereas a col or

17C 5 an ot ar Samo B R G RaeE JAP e B S o e L4 here™
17C i's an enl ar b 5uGet 42 299 700 TS f
he. ban 2 1pg% A8 Sorf T bs WiiB S 80U 180aD) Toq 4y} e oIS 0

physi Calil;Xtta%ﬁé@fo%@s&b%tgﬁ&lghitMAﬁ?%J% 186@m one another. A pixel portion
1714 surrounded by the seal rmenber 1710 is shut off of the outside air by a

seal ing member Alfth&ridnal B16¢k ddgram bEfhie Prinfed Biinskotdann1 Y6 i$ dhewa @RIy te@.oxpound
filmis thus prevented. In the display device structured as above in

accor darfCefunttidnirghss gpleasteii® porty énpit@n outpoeporons} | 1806 nhd @809] 41dhta sigiabsidesed
of the scanning lines 1702, the data lines 1703, the banks 1704, and the
or gani ¢ driyingsinedit 1807 andzigdte signal sideiriyingrnircult $§84y pigeided witbiaghegginted wiring
manuf act ur ed bg a very sinple process.

board 1805.

In this specification, a module structured by attaching a TAB tape to a substrate with a
pixel portion formed on its surface and by attaching a printed wiring board that functions as a driving
circuit to the substrate through the TAB tape as above is specially called a module with external
driving circuit.

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

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

[Embodiment 12]

This embodiment shows an example of attaching a printed wiring board to the display
device shown in Embodiment 8, 9, or 10 to make the device into a module.

In a module shown in Fig. 19A, a TAB tape 1905 is attached to a substrate 1901 (here
including a pixel portion 1902; a data signal side driving circuit 1903, a gate signal side driving
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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 display device shown
in this enbodinent. The polarizing plate has an effect of reducing
reflection of incident light fromthe external to thereby prevent the

di splay face fromshowing the reflection of a viewer. Generally, a circular
polarizing plate is enployed. However, it is preferable for the polarizing

pl ate t ke 2964, Sihd wWitingmes\ 903a bME B04h)) bl A \Hntécebiriag bb£a 1906 B ditathkd Rthé he
i ndex of refraction in order to prevent light emtted fromthe organic

conpoundubsttam throngh thei TAPB tapé 1 205t Acfuadtionbld!qpildiagram ofth@prrted wirthgtboarddl006 g
backward. Any of organic |light emtting-devices according to the present

i nventi dn ean be suséd as w4lnt he origanic |idht iengtt.i ng deli & iBicl.uded in
the display device of this enbodinent. [Enbodinent 11] Thi s enbodi nent
shows an exanpl ésghovm indis 1B, aa 16 funstieningdset lsast HODoHs 1Y 7and 1 0npr agontiwdyi ce

h in E X 1 . nake. t he devi ' dul e.. dul h
n Pl MBADOH Rice gl il ik et o 06 <Rt i gl S n
i ncl udi Pl xel L] 1802 AT P ' d 1803 d
pri i el S Fif el FE R Ml gienpBn dRER 0GR G BRbuq AR
tape 1804hyi é&éﬁﬁéh%he%@‘ﬂfiﬂh&%a@am of the printed wiring board 1805 is

shown in Fig. 18B. An 1C functioning as at least |/O ports (input or

out put por ti ons)in 489 86peditidatict0? moRuRatractiicd b3 lattadhilfy a hirtdd Witingi Hoard thatlBe 7,
and a gate signal side driving circuit 1808 is provided within the printed
W ring fopctiohs a8O&ontblerttt b sutspste of ivhivhian brgaaic Mghit drdttinip Kendtais éshded asibore hi ng
a TAB tape to a substrate with a pixel portion fornmed on its surface and
by at t aclispeyially gallestasiodule with extemabicontrallerf uncti ons as a driving circuit to
t he substrate thr ou%h the TAB tape as, above js specially called a nodule
with external d¥nA ﬁ@:&g]crh(gm qmitting devices according to the present invention can be used as

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

[Embodiment 13] ,

This embodiment shows an example of a display device in which an organic light
emitting device is drivenata consfant voltage in accordance with digital ti_me gray scale display. The
display device of the present invention can provide uniform images in digital time gray scale display
and therefore is very usefuol.

Fig. 20A shows the circuit structure of a pixel having an organic light emitting device.
Tr represents a transistor and Cs represents a storage capacitor. In this circuit, when a gate line is
selected, a current flows into Tr1 from a source line and a voltage is accumulated in Cs in an amount
determined by the signal. Then a current controlled by the gate-source voltage (V) of Tr2 flows into
Tr2 and the organic light emitting device.

When Trl is no longer selected, Trl is turned OFF to hold the voltage (V,,) of Cs.
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Any of organic light emtting devices according to the present invention
can be used as the organic light emtting device included in the display
device of this enbodi nent. [Enbodi nent 12] This enbodi nent shows an exanpl e
of attaching a printed wiring board to the display device shown in
Enbodi nent 8, 9, or 10 to nake the device into a nodule. In. a nodule shown
in Fig. 19A, a TAB tape 1905 is attached to a substrate .1901 (here
i ncl udi Ng\cBorBingBY, a Péxkdnt eshthB8%0 fRwda A afofftdepdildei® ofl'v Vi Ng circuit 1903, a
gate signal side driving 42 circuit 1904, and wiring fines 1903a and
1904a), and a prFigt 208 shioti Aghdiofer drivifgthis reait incaecbdarice with digialingé gay ecale
t hrough the TAB tape 1905. A functional block diagramof the printed wiring
board 19@®play. dn digitaldime gray senld-displgy, .ond framBis difisied nowpluiah si-ffamdO FKigaz0H C
functioning as at least 1/0O ports 1907 and 1910 and a control unit 1908 is
pt ovi ded ShAWs bit grag spple i vekichpie frgnais divdderigote sixssupefastey. Imthis casr thej rgtio of
provided here  but it is_pot always necessary. The control unit 1908 is a
portion H&MWSSFW%%“FBFWC%?W%F P2 hbé’cﬁexz%i'r}'vi ng circuits and
correction of i e,data. In this speci.fication ule structured b
et achi ng-apri nEBe0E semeiialy SRo FEFRASRMT R » TrTSaigbse S s srbaboed »
substr at J | i 4ot f L i . . IS
A échafﬂ? ﬁ‘@g? Bndds Qf&%ﬁb& drd gx'tahd@@x‘i fre anéjﬁﬁgt?a?e. /iﬁ tﬁ1§)§lﬁg&llﬂ§nta‘gﬂ? ¥g‘ﬁ{

specially a nodule wth external contro ny of organit

emi ttingcHeui aRs tIRCEVH AR dRidhbe tcplbeﬁﬁ‘élial]? MRBA.| HecbRiglE MRSEhtids in tHEr
organic light emtting device 1ncluded 1n the display device of this
enbodi mewharadtéxishio doesaiot aft@l thEhiesice sibille devite GhAwplaginBxamagen! a di spl ay
device in which an organic light emtting device is driven at a constant
voltage i h accordance with digital tinme gray scale display. The display
device of the present invention can provide uniforminmages in digital tine

gray scallEmbpdimenyld]

This embodiment describes an active matrix constant current driving circuit that is driven

by flowing a constant current into an organic light emitting device of the present invention. The
circuit structure of the driving circuit is shown in, Fig. 23.

A pixel 2310 in Fig. 23 has a signal line Si, a first scanning line Gj, a second scanning
line Pj, and a power supply line Vi. The pixel 2310 also has transistors Tri, Tr2, Tr3, and T14, an
organic light emitting device 2311 of mixed junction type, and a capacitor storage 2312.

Gates of Tr3 and Tr4 are both connected to the first scanning line Gj. Tr3 h-as a source
and a drain one of which is connected to the signal line Si and the other of which is connected to a
source of Tr2. Tr4 has a source and a drain one of which is connected to the source of Tr2 and the
other of which is connected to a gate of Trl. In short, the source or drain of Tr3 is connected to the
source or drain of Tr4.

A source of Tr1 is connected to the power supply line Vi, and a drain of Tr1 is connected
to the source of Tr2. A gate of Tr2 is connected to the second scanning line Pj. A drain of Tr2 is
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andt hereforeisveryuseful. Fig. 20A shows the circuit
structure of a pixel having an organic light emtting device. Tr
represents a transistor and Cs represents a storage capacitor. In this
circuit, when a gate line is selected, a current flows into Trl froma
source line and a voltage is accunulated in Cs in an anount determ ned by
the signal. Then a current controlled by the gate-source voltage (V& of

Tr2 f1 oWsoninBdtéd to hipfxeh Bldctidie oPihed aﬁ1c|ligﬂmm1&ﬁ%TdEi'lﬂﬁ231@VfIﬁ@or meﬂgﬂ_tre%nhﬁx no
| onger selected, Trl is turned the voltage (V,,) of

Accor di nddvice 281a Whas @l pirelndléondds dnCoppbsiw dlectrade, Eumdmntor@ﬁxeﬁgﬁrﬁrmﬂi’ng\ﬂlyer
Fig. 20B shows a chart for driving this circuit in accordance with digital
time gr aiptespaskdbetdegpthapixel aiectiods amll the oppesitpredsctrodal Bhedipppriteyelectinde fecaves i s
divided into plural sub-franmes. Fig. 20B shows 6 bit gray scale in which
one fr aneconstagl valgaeifrpmiaposiex supgly- eprfms,othp Hghtiemittigg anelt he ratio of i ght

d f b-f
schormt E ol y S FotgherddbToste @n%(%?i@asﬁwﬁmamlef r%.}r% SpeticFent
A
thi's. oot MR BRI TG B sab pREr! Tripy b B St TP E SR aRiRR P "
g7l gl e ﬁ&ggychamewabh@ s coRRRBIE ol BRSO

affect t devi ce an vice can di sp ay ‘uni form i nages

14] Thi soepbaght®Riing @8REd 43%%5 adarPfilold Snd Mt bih¥r eRRS hEatltdde! SWHlendirh ¥ 19
circuit that rs driven by flowng a constant current into an organic 1ight

em tti ngcle@u¢lCRFID1t i§ Besirble teade thérpiael dierodel fcan Mbd€aiid ths bppisiiel ERcPddet 3@
driving circuit is showm in, Fig. 23. A pixel 2310 in Fig. 23 has a signal
line Si, cathdder S9n theantherrignd,ithe pi3e] elactamie s dessrablynisexas & icatbodg whiddsing ewer
supply Ilne Vi. The pixel 2310 also has transistors Trl, Tr2, Tr3, and Tr4,
an orga?@R?SIt‘?@}mﬁoémmmdﬁé\ﬁféﬁazﬁ@lmelmed juncti on type and a

capaci tor st oragrh 2312.
e capacitor storage 2312 is formed between the gate and the source of Trl. The

capacitor storage 2312 is provided to maintain the gate-source voltage (V) of Trl more securely,
but it is not always necessary.

In the pixel shown in Fig. 23, a current to be supp!ied to the signal line Si is controlled
by a power supply of a signal line driving circuit.

Adopting the above circuit sfructure makes possible constant current driving in which
the luminance is kept constant by flowing a constant current into an organic light emitting device.
An organic light emitting device that has a mixed region in accordance with the present invention has
a longer lifetime than a conventional organic light emitting device, and can have an even longer
lifetimé when constant current driving as described above is employed. Therefore this circuit

structure is effective.

[Embodiment 15]
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Gates of Tr3 and Tr4 are both connected to the first scanning line G. Tr3
has a source and a drain one of which is connected to the signal line Si
and the other of which is connected to a source of M Tr4 has a source and
a drain one of which is connected to the source of Tr2 and the other of
which is connected to a gate of Trl. In short, the source or drain of Tr3
I's connected to the source or drain of Tr4. A source of Trl is connected
to the power supphy dispiag dévicesiid the Piademt @bentibh wisicle hane Gbar dedcfibédén sigrur ce
of M A gate of Tr2 is connected to the second scanning line Pj. A drain of
Tr2 is 4hbodimeststabdve lmva agvaneigesedidowrpoder ainsuhgiionragd hong lifetihe. Ancardingly,
device 2311. The organic light emtting device 2311 has the pixel

el ect r od&lectis apphanspy thakhavet thesgedisplayddeires ag their displayhunits or thej ke ¢ap\aperate

i nterposed between the pixel electrode and t&a qu site el ectrode. The
opposi t e EPVEIREIFES paves tRasconventipnal pa?ﬁa aren @ 58 agh ‘@Wésess%ﬁ?fy useful

an, n-

Exiﬁ;ﬂﬁ'a eSipetp Se‘éf' bl EahplibngiS L RS bangtes 5eonal sl 1Y el b,
FT. Tr2
o e S bReEe R & #’éﬂ“sgﬁﬁ’%%*%‘#anngﬁ‘%%?ﬂ%’“g@ RO T T

the opposite el eghl e dfd Elayla@vlkesg.m seﬁrmﬁﬁﬂoegmcéﬁmme t%@hé’t%sfoiaﬁacﬁnigﬂﬂﬁq{i‘e and
the other serves as a cat Tr2 1s a p- channel TFT,

desi r abl ent & i@l driptal BispRs, BAERVE OEEnia SorAgbudd AT 164 thabh hammahie@s tebeaid ode
as a cathode. On the other hand, the pixel electrode is desirably used as

a cat hodendhigheweightn gEketteic apploces thachave tthesd alisplayatevimesoahetheir displayi unitarare
n-channel TFT. The capacitor storage 2312 is forned between the gate and

t he sour cecasflinglythinnpreandclightarithas conventiogal opest Thig tqyr lowdsglingetlyptorgonmeni¢nses he
gate-source voltage (VAS) of Trl nore securely, but it is not always
necessar Wightpess 3ad pmpactiess ihcariying hem psound)and is vept uehil for degine PEE)‘”PBCSt he

stgnal 1l RicRlany fortadie dqipntent. MiredveR Betog i tBiotuntthod) Rt essly bStulfor #vey?

electric appliance in terms of transportation (a large number of appliances can be transported in a
mass) and installation (space-saving). . |

Being self-luminous, the above display devices are characterized by having better
visibility in bright places than liquid/ crys_tal display devices and wide viewing angle. Therefore
electric appliances that have these display devices as their display units are advantageous also in
terms of easiness in viewing display.

To summarize, electric applia;xces that use display devices of the present invention have,
in addition to merits of conventional 6rganic light emitting devices, namely, thinness/lightness and
high visibility, new features of low power consumption and long lifetime, and therefore are very
useful.

| This embodiment shows examples of the electric appliances that have as display units

the display devices of the present invention. Specific examples thereof are shown in Figs. 21A to
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Adopting the above circuit structure nmakes possi bl e constant current
driving in which the lum nance is kept constant by flow ng a constant
current into an organic light emtting device. An organic light emtting
device that has a m xed region in accordance with the present invention has
a longer lifetine than a conventional organic |light emtting device, and
can have an even longer [|ifetine when constant current driving as

descr i bezi Fodnd\Regsi 324 aid ZBE‘dThe'B%%diﬁ 19¢he erahfissy dsviceslinkluded inlthé elé@rit Sppliances
effective. [Enbodi ment 15] 45 The display devices of the present invention
whi ch haofighib embodimsutrcaiy belaniyrorganis lightdmittingelavise @oardnghathe peederditvagean. dthel ow
power consunption and long lifetinme. Accordingly, electric appliances that
have t hodisplay dpviess meludeddn dhe elpetrie aaplsarylc@wom%ls smpedimget ¢4nk haveagnyopfethat e
consum ng | ess power than conventional ones and are durable. These

advant age8 T2 bt igasul 1ldshetraltied f o Nel dckEFc appl fanced t B Cuse
batteri f |y, . t abl e i t h .
consunpt on | eadiEPIb SRS o S BirtcH: s diehh PRGDY deMPoad oF RRIERI )
Th b i i f i . i, B at for. k
T S0l o 5 L G 1 L0 8 D 3
films | egsnt Eﬁ&n@iﬂ%ﬁt%ntag'twgg%a@ﬁ d’ég@ﬁ, M eispMyah b0 Win Y 98H-webdne Gk Well

appl i ances that have these di vices as their display units are

accor di gy durdtid. "AGLrdingly, | thaa§ortatiéhB RBinssHTi¢8 Hph @18 baved BSinstdition] £ HiGBASs
directly to conveniences (lightness and conpactness in carrying them

around) kg is very useful for electric appliances, particularly portable
equi pnent. Moreover, being thin (unvolum nous) is doubtlessly useful for
every el ectri c KipZlBshevws i vidéomamerapwhich scompesed of omaifhod 2 1@dbadispday wit
appl i ances can be transported in a mass) and installation-(space-saving).

Bei ng sePIW2bamiandigdnput wit 2980operrEen sijtchesAl Ot 2 pterHA hapd an Iage peiningi ng
et el iiThtleh! BY ubie Ry aBlaS S Baftot bt fhnSE ¥R b 2R LR S8 o
camera can be light-weighf, and consumes less power. Accordingly, battery consumption is reduced
and carrying the video camera is less inconvenient.

Fig. 21 Cshows a digital camera, which is composed of a main body 2101c, a display unit
2102c, an eye piece unit 2103c, and opéi‘ation switches 2104c. By using a display device of the
present invention as the display unit 2102c, the digital camera can be light-weight, and consumes less
power. Accordingly, battery consumption is reduced and carrying the digital camera is less
inconvenient.

Fig. 21D shows an image reproducing device equipped with a recording medium. The
device is composed of a main body 2101d, a recording medium (such as CD, LD, or DVD) 21024,
oﬁeration switches 2103d, a display unit (A) 2104d, and a display unit (B) 2105d. The display unit
(A) 2104d mainly displays image information whereas the display vnit (B) 2105d mainly displays
text information. By using display devices of the presént invention as the display unit (A) 2104d and
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electric appliances that have these display devices as their display units
are advantageous also in terns of easiness in view ng display. To

sumari ze, electric appliances that use di splay devices of the present

i nvention have, in addition to mefits of conventional organic |ight

em tting devices, nanely, thinness/lightness and high visibility, new
features of | ow power consunption and long lifetinme, and therefore are very
usef ul . ihbidispiyhmiti (Bl 2105 thedmeagereplodscing déviee @hamtasiless pppei ardoms belight-have
as display units the display devices of the present invention.* Specific
exanpl esweighbtasofellas dushlpuThisimaggeprogduding deviat@quippedawith #regardinzomedivrd nRB.
The organic i qht emtting devices included in the electric appliances of
thi s enbbti? FElaeR? ggmeapachisequthelife ght enitting devi ce according to the

b “thi's 'egivagg.t e AR RS Hqﬂo'el 50%%4’?‘861‘%&{528}??8&65 Pﬁ%ﬁl&@@@ﬁﬁl@?égé
13A 20 di

dovi co. _ ThEPY St 202esei e e e s 2R B BOR e 218 BT BB tet ang
ot ool g AR B G of o O An O 5y RIS, BRORBAL heGRbleon

as the dlsplay un ay can hin a |1 ght-weig

vel | asaHnad! 8n bé¥hind h?ﬁll\ye1gﬂtra%ﬁé&i%ﬁfn€§lh&'bow& S&&Bﬂdiﬁgl;ﬁgattéﬁéb(ﬁ?urhﬁno‘ﬁwed
ininstallation, and lifetime s long. Fig. 21B shows Vi deo caner a,

whi ch i siscednedemdofangingbthe comgite? 01k indomliesighiy TH |pbrtatﬂelearlaputaxncaudm

I nput unit 2103b, operation swtches 2104b, a battery 2105b, and an i nage
recei vi nipformmation drSdindingmedis obtgined lwhi ispgmimginsh memofiet digoprelstlememuviesdridon
as the display unit 2102b, the vide€o canera can be |ight-weight, and
consunesC4IH§Bf06m9éh°StméeﬁfGﬂW°y battery consunption is reduced and

carrying the video canera is | ess inconvepnjent i g
canmera, which isF ‘80@%@8\3‘“’ gpergo F‘anb’é?iyw?fb§c°°“§’°g‘“1ds"élaé’§ra"&H?‘{y 21019 a Case

2102f, a display unit 2103f, and a keyboard 2104f. By using a display device of the present invention
as the display unit 2103f, the personal computer can be thin and light-weight, and consumes less
power. The display device of the present invention is a great merit in terms of battery consumption
and lightness especially for a notebook computer or other personal computers that are carried around.

These electric applian‘ces now display with increasing frequency information; especially,
animation information, sent through electronic communication lines such as the Internet and through
wireless communication such as radio. Since organic light emitting devices have very faSt response
speed, they are suitable for animation &isplay. .

Fig. 22A shows a cellular phtsnc, which is composed of a main body 2201a, an audio
output unit 22023, an audio input unit 2203a, a display unit 2204a, operation switches 2205a, and an
antenna 2206a. By using a display device of the present invention as the display unit 22044, the
cellular phone can be thin and light-weight, and consumes less power. Accordingly, battery
consumption is reduced, carrying the cellular phone is easy, and the main body is compact.
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2102c, an eye piece unit 2103c, and operation switches 2104c. By using a

di splay device of the present invention as the display unit 2102c, the
digital canera can be light-weight, and consunes |ess power. Accordingly,
battery consunption is reduced and.carrying the digital canera is |ess

I nconveni ent. Fig. 21D shows an i nage reproduci ng device equipped with a
recordi ng nedium The device is conposed of a main body 2101d, a recording
medi um (such as HR,22Bishoves aulldiBperifioalty, car ayatic))awhiohnissumpashé sf aAidiB todyR 2015 pl ay
unit (A) 2104d, and a display unit (B) 2105d. The display unit (A) 2104d
mai nl y da display enit 2802b, and opanationswitehes2363b ade22@ls pBrysing p dispBy detiosdf thei nl vy
displays text information. By using display devices of the present

i nvent i oPregeRt inyentipnap theisplay unit A302b theapdigean ba ghtiyeeightanf sonsumes legsBOweL.05d,
t he i mag eproduci ng. devi ce consunes |.ess wer and cap be |jght- weight
2 wel |~ AUbRHERERF Endicrisiaken g5 R STABDIGIA (iF R OUBPFECH B PPRRRS 4% & r ecor di ng
medi um may be . . ' t.he- L ike. F.g. E sho a
port abl e {rmobi 1 & Seet e P ARR RIS bt i 2f R 1o gtpthng Flgr 2104

di spl ay E%EJ b runtfigfor nz‘{lig%a'ﬁﬁg %8 fafifhnee DBerhittbd light BRecor@thcP RAth ﬁ{e}b‘i‘fgﬂﬁl\ééstb? the

2104e, and a nenory 5e. By using a display device o e present

i nvent i OBurfsimbmgs Whérd biRdeldeftictapgiidhées aré iRd B pioa i thé€ A1BRHE S¥pliaades Rethiphbia and
| i ght -wei ght, and consunes | ess power. Accordingly, battery consunption is
reduced sen€ors as myasiafes tddetezothip biightndss of tREsurionndingse A &8 can Tdvogfiod firkigt or text
conmputer can store information in recording nedia obtained by integrating
fl ash neinfeinmsiopwithom difficulti¢siittheomtsast exsioghidie luminancepieotueddighhte thetboigbupess
information. Fig. 21F shows a personal conputer, which is conposed of a

mai n bod§f the gyroundings iscl003a §3G. With this Bmghjon, thelumipgnge of ap imageicay be eisgd farp4f .

By using,a display devjce of the present invention as the displ uni t

21031 , 1 RS S DR TR i AFLOREN WhcHFRE (b FEIAAES e ImasecoR Dot

| ess poyer The di% devi f the resen&m&nvention is a great nerit
I o .

in terns ooxred%caet;{oglgly ¢ gnéﬁﬁ{ { wlge% tﬁe:sunounc?mgs are

S
A display device using as a light source an organic light emitting device of the present

invention is also very effective since the display, device is thin and light weight and can operate
consuming less power. A white organic light emitting device in particular can be used for a light
source such as back light or front light of a liquid crystal display device. Acco-rdingly, an electric
appliance that has this liquid crystal display device too is thin and light weight and can operate
consuming less power.

When liquid crystal displays are used as the display units of the electric appliances shown
in Figs. 21A to 21F and Figs. 22A and 22B according to this embodiment, the electric appliances still
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 devices of the present invention.

By carrying out the present invention, a display device that consumes less power and has
long lifetime can be obtained. Furthermore, a durable electric ﬁppliance that displays a bright image
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and lightness especially for a notebook conputer or other personal
conputers that are carried around.. These el ectric appliances now di spl ay
wi th increasing frequency information, especially, animtion information,
sent through el ectronic communication |ines such as the Internet and
through wreless conmmunication such as radio. Since organic light emtting
devi ces have very fast response speed, they are suitable for aninmation

di spl ay. wih {gss g@ershosumpgion et bd ehtaiptibbiyeysinghihishlisptaycdeniee a€al displag uiebfitheody
2201a, an audio output unit 2202a, an audio input unit 2203a, a display
uni t 220appliamgger ati on swi t ches 2205a, and an antenna 2206a. By using a

di spl ay device of the present invention as the display unit 2204a, the

cel lul ar phone can be thin and |ight weight, and consunes | ess power.
Accordingly, battery consunption is reduced, carrying the cellular phone
is easy, and the main body is conpact. 48 Fig. 22B shows audi o
(specifically, car audio), which is conposed of a main body 2201b, a

di splay unit 2202b, and operation switches 2203b and 2204b. By using a

di spl ay device of the present invention as the display unit 2202b, the
audi o can be light-weight, and consunes |ess power. Although car audio is
taken as an exanple in this enbodinent, it may be hone audio. It is
effective to give the electric appliances shown in Figs. 21A to 21F and
Figs. 22A and 22B a function of nodulating the |um nance of emtted |ight
in accordance with the brightness of the surroundings where the electric
appl i ances are used by providing the electric appliances wth photo
sensors as neasures to detect the brightness of the surroundi ngs. A user
can recogni ze imge or text information without difficulties if the
contrast ratio of the l.umnance of emtted light to the brightness of the
surroundings is 100 to 150. Wth this function, the |um nance of an inmage
can be raised for better view ng when the surroundings are bright whereas
the lum nance of an inage can be lowered to reduce power consunption when
t he. surroundi ngs are dark. A display device using as a |light source an
organic light emtting device of the present invention is also very
effective since the display, device is thin and |ight weight and can

oper at e '
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consum ng |l ess power. A white organic light emtting device in particular
can be used for a light source such as back.light or front light of a

liquid crystal display device. Accordingly, an el GW has
this liquid crystal display devicetoo is thin and |ight weig

operate consum ng |ess power. Wien liquid crystal di "Hmm s the
display units of the electric appliances shown in Filcs¥ Ak md

Fi gs. 22WHATISCBARMEDNSI ng to this enbodi ment, the electri¢ afplFances
still can be thin and |ight-weight and consune |ess power if those liquid
crystal displays use as back light or front light the light emtting
devices of the present invention. By carrying out the present invention, a
di spl ay devi ce tlhAbluesnnganiadight amiying@gice GRIMPIIREg an PEZABIC CPMBRUNgED iHerpesed
obtained. Furthernore, a durable electric appliance that displays a bright

i rage  4@°tHPENAN D9 W"@Hﬁé’ﬂﬁﬁﬁ%ﬁc‘ﬁ%‘?‘?uﬂg%&F%%ﬂn%y using this display
device as a displ,ay unit of the appli.ance.. 50 ---:----------- .

VL PERT R e tsborthe fedfiy,gRiBrisiRef Rolepaniverting mdtisal o e gagdes o, gani c
l'ight emtting LGEs oS : It dtlafy (FeleY-To e

bet ween an anodgﬁg&\{(}ﬁggggg%dgyg%{lﬁggg{eg‘g%: gmglorrp%n%e{“} Iaﬁnaégfr‘rlgrhgm ng?tmg

hol e tr apaRAkldiNfe 610 aRspeAMIREgdéIY @ hol e transporting material on the
anode; a first mxed region conprising the hole transporting material and a

bl ue |ight em ttdKght effittifg regionaddniphicing aheblue Apbaittinggnatefil on thafilst Gidted
emtting region conprising the blue light emtting material on the first
m xed regioon; '
" a second mixed region comprising the blue light emitting material and an electron
transporting material on the light emitting region; and
an electron transporting region comprising the electron transporting material on the
second mixed region.
2. A blue organic light emittir;g device comprising an organic compound film interposed
between an anode and a cathode, the organic compound film comprising:
a hole transporting region comprising a hole transporting material on the anode;
a first mixed region comprising the hole transporting material and a host material on the
hole transporting region;
a2 light emitting region comi)rising the host material to which a blue light emitting
material is added, on the first mixed region;
a second mixed region comprising the host material and an electron transporting material
on the light emitting region; and
an electron transporting region comprising the electron transporting material on the
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a second m xed region conprising the blue light emtting material and an
electron transporting material on the light emtting region;- and an

el ectron transporting region conprising the electromtransporting materi al
on the second m xed region. 2. A bl melﬁm:lnulm m mtting device
conprising an organic conpound filmi ﬂ n an anode and a

cat hode, the organi c conpound film conpri‘si ig: ®a hol® transporting region
conpri si ggofd Mdted régignsporting material on the anode; a first mxed region
conprising the hole transporting material and a host material on the hole
transporting region; a light emtting region conprising the host materi al
to which a blue light emtting material is added, on the first m xed
region; .a second3-#whits orgagiclishtemiting daving cemprifieg:an onganiceapoykfilmintarpesad on
transporting material on the light emtti ng regi on; and an el ectron

t r anspor PEEGeR ehRnode arshrathqdshe prgaRic SeP PRI COBBHNEy mat erial on the

51" o drtrrrrrrrygpdtrterrrtry S d m i .. 3. it i | i ght
omi tting devi ce &1 IPRPREME AN RRRLSE %%s&ﬁ%‘n?%rm wé*s&%égi*aé’arr%@”fméen' an
anode and a cat hgguest i OGS %&gnﬁ%ffe felds rﬁﬂgmategama %1 it emitting

transporting region COITpI’I%I ng o eetranspo Ing matertal on e anode; a

first m xed .60 &Qhﬁﬁmﬁﬁpﬁ)&ﬁ}%ﬁ%@&'hm e transporting material and a first

light emtting material "on e hol e transporting region: a region
conprising the fj fepion doftiptisiagthetfirsiJighBérsikting maAeyidl be tHel firsitmixek Rgionegi on;

a second mixed region comprising the first light emitting material and an electron
transporting material on the light emitting region;

an electron transporting region comprising the electron transporting material on the
second mixed region; and

a second light emitting material,

wherein the second light emitting material emits light with a longer wavelength tﬁan that

of light emitted from the first light emitting material.

4. A white organic light emitting device according to claim 3, wherein the second light

emitting material is included in a part of the region comprising the first light emitting material.

5. A white organic light emitting device according to claim 3, wherein the second light -

emitting material is included in one of the first mixed region and the second mixed region.

6. A white organic light emitting device comprising an organic compound film interposed
between an anode and a cathode, the organic compound film comprising:
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a second m xed region conprising the first light emtting material and an

electron transporting material on the light emtting regign: r
transporting region conprising the electron transporti ngimaﬂimll %l ?Hml
second m xed region; and a second |light emtting material’,x Tyt .
second |light emtting material emts light with a | onger wavel ength than
that of light emtted fromthe first light emtting material. 4. A white
organi c |ight ematholengnegriiteregion 06ipiiing Dhalt &hﬁsfaming/lﬂﬁﬁeei_anort fhe afidieond
light emtting material is included in a part of the region conprising the
first light em t@ifng mimedregiah compristnghe hele tragsporting mayérial end 4 fitsbligld ewittiag
according to claim3, wherein the second light emtting material is
i ncl uded MacEH Ondhe haketranspertingtegion; r egi on and t he second ni xed regi 19'ni 6. A
white organic light emtting device conprising an organi c conpoun ilm
i nt er pos gd bet \Agéﬁg‘%‘hc%%&@géh"dﬂ‘ét light goyétting mn@%k%% @ﬁ&?‘ﬁi&éﬁﬂoﬁ;i Im
conprising: 52 111111111113111.1ij1 11111111111 .C L S a hol e transporting
reg}j on co?rpri si nd ¥°WS B d?ﬂé%‘bf:?’f‘?@s‘?ﬁag[’égéﬁﬂ h%ﬁ egmdgmg;{%g}al i‘i‘"i’ EPset]eC_Ff{’?(_ed
region c l.e t-nansporting material and a first light emtting
matgeri al qﬁ%@ﬁ%%@%&%&@%%@?ﬂ%"r“';e}gcigg’rlllf a region conprising the first
light em tting mMah&ldefbn §ndpBRink!rEgibn %Iﬁgﬁisilffgl'e fectrfn %ﬁﬁ@%ﬂin@‘ xfi&grizﬁeo%' e
conprising the first light emtting nmaterial” and an el ectron” transportrng
mat eri al secoridhgixkd Hgionem tting region; an electron transporting region
conprising the electron transporting material on the second m xed region;
a second light emitting material; and '

a third light emitting material,

wherein the second light emitting material emits light with a lonéer wavelength than that
of light emitted from the first light emitting material, and

wherein the third light emitting material emits light with a longer wavelength than that

of light emitted from the second light emitting material.

7. A white organic light emitting device according to claim 6, wherein the second light
emitting material is included in the first mixed region whereas the third light emitting material is

included in the second mixed region.

8. A white organic light emitting device according to claim 6, wherein the second light
emitting material is included in the second mixed region whereas the third light emitting material is

included in the first mixed region.

9. A blue organic light emitting device comprising an organic compound film interposed
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a second light emtting material; and a third light emtting material,
wherein the second light emtting materi-at—ents—tHght—wttr a | onger

wavel ength than that of light emiited fro ' ' emtting
material, and wherein the third li'ght em tm‘inml“m“m”ﬁmts light with a
| onger wavel ength than that of light emtte rom tthe sseeond | i ght
~emtting material. 7. A white organic light emtting device according to
cl ai m 6, LWRRERShNaddde afEs Sdikbdel lﬁ@hrgaﬁi@cbﬁlh&&dﬁﬂﬁﬁbh@ﬁsihgz included in the
first m xed region whereas the third light emtting material is included
in the second m xhéle traf¥poningPegidh tdmprisingragmid teanspoyting watetislionghelaode;e
according to claim®6, wherein the second light emtting material is

i ncl uded in the seniaediregionedmpdsjngthewokerteasporting mitenal ahd gheleedronttranpgprting
material is included in the first mxed region. 9. A blue organic |ight
em t t i ng miteriat en theolej tranprpriing ogigayAnd conmpound filminterposed: 53 CL MS
bet ween an anode and a cat hode, the organj¢c conpound film conpri si %:

hol e transporti nd? FEETBNIRSAYFPS F"r%°“a°‘i‘¥?ﬂr§mtgrt§?1§l§6tm FYPspetiag i‘%ﬂter@ﬂ PH@C
anode; a mixed region conprising the hole transporting material and an

el ectron "EENEEYPting nmaterial on the hole transporting region; and an

el ectron transporti r eqi | Sl . : 1 | al
on the i xed r eEie S B nERTRbpHIR hatBi b QR IRRHA b PRIIA T,
el ectron it ARhPohitifInieiarial is a blue light emtting material. 10. A
bl ue organic Tight emtting device conprising an organic conpound film

I nt er posed

10. A blue organic light emitting device comprising an organic compound film interposed
between an anode and a cathode, the organic compound film comprising: |

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole transporting region; ;lnd ,

an electron transporting region comprising the electron transporting material on the
mixed region, '

wherein a blue light emitting material is added to the mixed region.

11. A white organic light emitting device comprising an organic compound film
interposed between an anode and a cathode, the organic compound film comprising:

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole transporting region; |

an electron transporting region comprising the elecfron transporting material on the

54



bet ween an anode and a cathode, the organic conpound filmconprising: a

hol e transporting regio rising a hole transporting naterial on the
anode; a m MH IH ﬂml ng the hole transporting material and an
el ectron tr Al Tal on the hole transporting region; and an

el ectron transporting region conprising the electron transporting nmateri al
on the m xed region, wherein a blue light emtting nmaterial is added to
t he m xeglived@égidh; add. A white organic light emtting device conprising an
organi ¢ conpound film interposed between an anode and a cat hode, the
organi ¢ conpounck dophmty conpri sing: a hole transporting region conprising a
hol e transporting nmaterial on the anode; a m xed region conprising the hole
transporting matveieren opgef thinale Bansperting matssplong theglecap bppspprtigg makrsiahisae
transporting regi.on; an electron transporting region conprising the

el ect r onblog Hgltsaptting matgriabapdy on the 54 11111111111111111111111111111
m xed region; and a.d t, wherei.n one ,of the hol rapspart i . rial
and the el ectron” ef%{ﬂg'%gdg)ﬁrﬁﬁmﬁ%ﬁ%}?iwé{?’ﬁlgn%r WBY{]%H %?téﬁ'f éﬁqc%thlgmegmﬁ% §?'i“al ,
and wher gj e at L.t light wwth a | onger wavel ength than that of

| i ght emﬁe{%é%ﬁ.@g%ﬁﬁ'g&%rﬁ%%% light emtting material. 12. A white organic
light emtting device according to claim1l, wherein the dopant is

included in a part of the blue light emtting material. 13. A white organic
light emtting devigehieoganlt Hghttemitingdevidelaccoriidiged Hainh €1, kgt the dopant is

included in a part of the blue light emitting material. -

13. A white organic light emitting device according to claim 11, wherein the dopant is

included in the mixed region.

14. A white organic light emitting, device comprising an organic compound film
interposed between an anode and a cathode, the organic compound film comprising:

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole transporting region; -

an electron transporting region comprising the electron transporting material on the
mixed region;

a first dopant; and

a second dopant,

wherein one of the hole transporting material and the electron transporting material is a
blue light emitting mat;erial,
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included in the mxed region. 14. A white organic light emtting, device
conprising an organi ¢ conpound film interposed between an anode and a

cat hode, the organic conm“ WHINWM| sing: a hole transporting region
conprising a hole trans on the anode; a m xed region
conprising the hole transpo?tlng material and an el ectron transporting
material on the hole transporting region; an electron transporting region -
conprising the giRehl M8 ﬁrit@ﬁf&@éﬁxit@ﬁgkﬂﬁﬁlﬂnrd 18hge? WabddengtiNink e that Eighbemateli I St
dopant; and. a second dopant, wherein one of the hole transporting :
mat er i al fréih thetthee l§ghe einitting inarAslpeodd i ng material is a blue light emtting
material, 55 1O QG 111111 111J1 11111 1l 1111 L wherein the first dopant
emts |ight w thwherdimthgeecond\dopan gimtits lighrwitlhaiongfr wayghengtintban dat 6f hmfirsie
blue Iight emtting material, and wherein the second dopant emts |ight
with a |¢®8® wavel ength than that of the first dopant. 15. A white
organic light emtting device according to claim14, wherein the first
dopant is included in the hole transportlng region and t he second dopant

e t i g devi ce L céﬁ'rhﬁt%taéé’ae”w‘gﬁ? g e fdeB B i 4, Wb Sptlopand O
I ncl Udegls 1Hc1{njli|b% ﬁo@g tlfofyqtrgl{sglgx?iﬂg r%éx&g aﬁ@%eo&cmdéﬂlﬂt ?seﬁgﬂqedjﬂp%t clé&ron

included in't trans regi on
transporting region.

16. A white organic light emitting device according to claim 14, wherein the first dopant
is included in the electron transporting region and the second dopant is included in the hole

transporting region.

17. A full color display device comprising:
a blue organic light emitting device according to claim 1; and
a member comprising a fluorescent material that is capable of absorbing blue light

emitted from the blue organic light emitting device and emitting green light or red light.

18. A full color display device comprising:
a blue organic light emitting device according to claim 2; and
a member comprising a fluorescent material that is capable of absorbing blue light

emitted from the blue organic light emitting device and emitting green light or red light.

19. A full color display device comprising:

56



17. A full color display device conprising: a blue or g&m—c-—ﬁ""g*rﬂ"m

device according to claim 1; and a nenber conprising a ““J\L
material that is capable of absorbing blue light em ttesj\“\mm\fm“ \s \!
organic light emtting device and emtting green light or *red | I“gh'f. 18. A

full. color display device conprising: a blue organic light emtting device
according to claim2; and a nenber conprising a fluorescent material that

is capable of ahsficlirg@idligheehit@tl devRRiabddtding toWRilE ahd e organi c | i ght
emtting device and emtting green light or red light. 19. A full color

di spl ay device @aangnibiesico@prisid® a fluokdsteht Inakdrial tHat Il dabhbié of abdokbind blueSight

bl ue organic light emtting device according to claim9; and a nenber
conpr i siengtted from diedsdoeorzametighticalitting devicesandzpating geen Hplgwr bedigghlbl ue | i ght
emtted fromthe blue organic light emtting device and emtting green
light or red light. 20. A full color display device conprising: a blue
organic light emtting device according to claim10; and a nenber .
conprising a fl&Br ésft‘ﬁﬁi’hﬁﬁlﬁ%lf“?{ devigeoMmPriSing:anapl e of absor bi ng bl ue |i ght

emtted fromthe bl ue or ic Li.ght emtting devi.ce and emtting green
Tght Cor req |1 e SSaictih gy de i actarile SEHECE RN | 51 ng: o e
organic light et} L I i X hofllter.
22" ful 1 “col of e iEtefe ARRRELAR dhderkd Aol chpaBE Lt Bl b
devi ce agRREdEoE thebltd SigARic AghiRiting device and emitting green light or red light.

21. A full color display device comprising:
a white organic light emitting device according to claims 3; and

a color filter.

22. A full color display device comprising:
a white organic light emitting device according to claims 6; and

a color filter.

.23. A full color display device comprising;
a white organic light emitting device according to claims 11; and

a color filter.

24. A full color display device comprising:
a white organic light emitting device according to claims 14; and
a color filter.
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a color filter. .23. Afull color display device corrpriw_r\
organic |ight emttlng device according to clainms 11; and a color filter
24. A full color display device conprising: a white orga mwmﬂﬂm

device according to clains 14; and a color filter. mm”"?
col or display device according to claim 17, the full color dévi &e M

included in one of the group consisting of a video canera, a digi taI

camera, a portabbse d&l‘?fﬂﬂ%ﬁfrdxsﬁia?@éﬁ&'}%&rdlﬁgfm%ﬂ 17, aRcuR c818} devicalis inBlaael
26. An full color display device according to claim18, the full color

devi ce i.$n bicdtuBtegtoup BorRREN®SF 4 ViGecdamti¢rs, 6 aiitalsdaineey, & bomablé chmpurarmepasonal
digital canera, a portable conputer, a personal conputer, and a cellul ar

phone. 2Zomputef, uhd a cellubar pdomepl ay devi ce according to claim19, the full
color device is included in one of the group consisting of a video canera,
a digital canera, a portable conmputer, a personal conputer, and a cellular

phone. 28. An full color display device accordj t he. full
col or device is ?QCMGB’CFOIQTH‘SBHQSd6‘f‘°°c4‘|’§°r61“§&b fégﬁéé dhg ‘IHQCB‘PI Evisedsipcluded

,,ad
cel | ul a7 %a%eﬁ@tﬁagr%ﬂﬁﬁ&?smnps BER wieR Py sl iRt e BPARG oTEPBH, F R,

full col or de\él Geq! F}w lll, n in one of the group consisting of a video
carmer a, W&Hé’fl &§ § PR portabl e conputer, a personal conputer, and a
cel l ul ar phone.

27. An full color display device according to claim 19, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.

28. An full color display device according to claim 20, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.

29. An full color display device according to claim 21, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer; a personal

computer, and a cellular phone.
30. An full color display device according to claim 22, the full color device is included

in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.
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30. An full color display device_aQQQLdLng_LQ_QLaL__ZZ the full color

device is included in one of consi of a video canera, a
digital canera, a portable corrput eiﬂ!ﬂimmu eﬂllﬂm uter, and a cellular
phone. 58 11111111111111111Ji 1111 An full color

di spl ay device according to claim23, the fuII color device Is included in
one of the group consisting of a video canera, a digital canera, a portable
conputer, a persg@naAn fllDdabstidisplaydediceaceaidinglid iclafth 0Biahe BR.coldn dévidd is Gelvded

di spl ay device according to claim?24, the full color device is included in
one of t heogg cithe gronp carsistigg of a gideo chaerg andigit] canetid, gippethble avmpaer, a pgesriabbl e
conputer, a personal conputer, and a cellular phone. 33. A full color

di spl ay G@Wé@r,éﬁﬁﬁﬁﬁlbﬂﬁ@hambl ue organic light emtting device conprising

an organi c conmpound filminterposed between an anode and a cathode, the
organi ¢ compound film conprising: a hole transporti ng region corrprl sing a

e hol o L anspor?t B LTI IS & BEOROIB Bt b ) o RRORRralr i
nol & ¢ A5RCL4 0ok B8 cOieng ek LABY oL sl SOAGE (SRR St hgpgré%naén

I ght emtting ma st xe second
corrprl Si an{paﬁr,ghggcgm‘gggphgmttl ng materi al and an electron transporting
material on'the light em'tting region; an electron transporting region
conprising the electron transporting material on the second m xed region;
and

-

33. A full color display device comprising a blue organic light emitting device
comprising an organic compound film interposed between an anode and a cathode, the organic
compound film comprising:

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

a first mixed region comprising the hole transporting material and a blue light emitting
material on the hole transporting region; ,

a light emitting region comprising the blue light emitting material on the first mixed
region;

a second mixed region comprising the blue light emitting material and an electron
transporting material on the light emitting region;

an electron transporting region comprising the electron transporting material on the
second mixed region; and

a member comprising a fluorescent material that is capable of absorbing blue light

emitted from the blue organic light emitting device and emitting green light or red light.

34. A full color display device comprising a blue organic light emitting device
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a nenber conprising-afluereseent material that is capable of absorbing

blue light em ' e organic light emtting device and
emtting green Ugﬁ !“j“!} | Ht. 34. Afrill color display device
conprising a bl Isgh emtting device 59 * CL IIIJI S

conprising an organi c conpound filminterposed between an anode and a

cat hode, the organic conpound filmconprising: a hole transporting region
conpri si gugnpRisigl M drgais pempiung it itfeippsedberivien anarbde afd fai dathbdd]itke Orgamigi on
conprising the hole transporting material and a host material on the hole
t r anspor¢omppuné filmrompridingght em tting regi on conprising the host materi al
to which a blue light emtting naterial is added, on the first m xed

regi on; a second helseansperngregionepmpssinga hole taaspertingtnest¢rial om the agedes| ect r on
transporting material, on the light enmitting region; an electron .
transporting rediis RiFadIEROP compRungihe bole HATSPPEIAE BRterialand ks matgriah o th e
second rr%qyleg region' and a nenber conprising a fluorescent material that is
capabl e oG] ’Blinﬁﬁegb?rhe light emtted fromthe blue organic |ight

em 11 ng devi ce gk STkl BSR4t oot Sftclio!widPy bl e Gl

di spl ay devi ce conprising®a emttr.ng deviceé orrplrngsi ng
an or ganj,G;.GATR QuHy ,cfﬂﬂh%ké?hﬁie_‘&%@gmbet ween an anode and a cathode, the

d
organi ¢ compound filmconprising: a hole transporting region conprising a
hol e transporti ngessidetiked re@6n édhprRiRdR: hodt thdtérsll artl ab @R clr QO PBpdARERAEHAI]

the hole transporting materral and a first light emtting material on the
hol e t r aorsthe Rightrgnittengiregion; '

an electrdn transporting region comprising the electron transporting material on the
second mixed region; and

a member comprising a fluorescent material that is capable of absorbing blue light
emitted from the blue organic light emitting device and emitting green light or red light.

35. A full color display device comprising a white organic light emitting device
comprising an organic compound film interposed between an anode and a cathode, the organic
compound film comprising:

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

a first mixed region comprising the hole transporting material and a first light emitting
material on the hole transporting region;

a region comprising the first light emitting material on the first mixed region;

a second mixed region comprising the first light emitting material and an electron
transporting material on the light emittinig region;

an electron transporting region comprising the electron transporting material on the
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a region conprising the first light emtting material on the first m xed

region; a second m xed region conprising the first lightemtting material

and an electron transporting material on the light emtti ion:
el ectron transporting region conprising the el ectron trajiﬂﬂmmgi M‘
on the 60 1111112111211121112111211211211111 * CL MS sec a

second light emtting material; and a color filter, wherein the second

| i ght engecbndw@izeBieioral emits light with a | onger wavel ength than that of
light emtted fromthe first light emtting material. 36. A full color

di spl ay devi ce acsecoml light emitddgrnare3q; andherei n the second light emtting
material is included in a part of the region conprising the first |ight
emitting materi écol@filten full color display device according to claim 35,
wherein the second |ight emtting, bmaterial is_included in one of the first
ni xed regi on and¥hesentesesond Hghtemittingmaisrialemits Hehtyyith adengsy wayedgneththerethatc e

conprising.a white organic |ight emtting device conprising an organic
conpoundogli‘g%ﬁf%" eglff%‘gtglﬂf‘tﬁ%ll\ﬁg[eﬁrfnﬁwg%ﬂgl'and a cathode, the organic

conmpound filmconprising: a hole transporting region conprising a hole
transporting material on the anode; a first mxed region conprising the

hol e transporti ng TRiACHRE ARy aevﬁéeraééorbihgmdﬁmstst WhGein TR LEdfdl1igBPehittheh0! ©
transporting region; a region conprising the fi rst Ii ght emtting materi al
on the fidatetialis kRthde@ @i HPart 6F theF@ida Oinpdsing BQIfR lighraittighitatéde. first |ight
emtting material and an el ectron '

—

37. A full color display device according to claim 35, wherein the second light emitting

material is included in one of the first mixed region and the second mixed region.

38. A full color display device comprising a white organic light emitting device
comprising an organic compound film interposed between an anode and a cathode, the organic
compoimd film comprising: . .

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

a first mixed region comprising the hole transporting material and a first light emitting
material on the hole transporting region;

a region comprising the first light emitting material on the first mixed region;

a second mixed region comprising the first light emitting material and an electron
transporting material on the light emitting region;

an electron transporting region comprising the electron transporting material on the
second mixed region;

a second light emitting mate;ial;
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transporting mater 1tting region; an electsron

transporting region ¢ risj ectron transporting material on the
second m xed regi on;“ milt“i“ U mtting material; 61 HIl CL Ma
third light emtting iy ds r filter, wherein the second |ight

emtting material emts light with a | onger wavel ength than that of |ight
emtted fromthe first light emtting material, and wherein the third |ight
emtting materiaahir@n'glﬁt&‘exﬂiitﬁgfmavﬂrian a | onger wavel ength than that of |ight
emtted fromthe second light emtting material. 39. A full color display
devi ce accor di regcolay'fitfegi m 38, wherein the second light emtting .material
is included in the first m xed region whereas the third light emtting
mat eri al is i novhnieintheseconflighy emiting material ematg light with( longef whielengthghardhapl ay
device according to claim 38, wherein the second light emtting nmaterial
is inclaﬂeﬁiﬂFW"?@H@%@S%SWBMIF@QW%@%as the third light enitting
material is included  inp. first mxed region. 41. A full color display
devi ce conpri siHfTER BTCJEII%P@HI‘?F‘&“‘W Emfené'rﬁnflgi] t‘dé@ﬁ&‘g‘gefdﬁﬁﬁfﬁﬂgﬁﬁg‘“%ﬁﬁ
organt C,£9 Qﬁmggff#ohrﬁh%’@éc%ﬁ@ﬂéﬁ%nﬁﬁih&ﬁﬁfkn@{) anode and a cathode, the
organic npoun I'Tmconprising: a®hole transporting region conprising a
hol e transporting naterial on the anode; a m xed region conprising the hole
transporting material and an electron transporting naterial on the hole
transporting re. ofullaBlof Hiepihy SVideadebrdiag to diim BIwhREtemRaNetsdNght fitting
el ectron transporting material on the

-material is included in the first mixed region whereas the third light emitting material is included in

the second mixed region.

40. A full color display device according to claim 38, wherein the second light emitting
material is included in the second mixed region whereas the third light emitting material is included

in the first mixed region. p

41. A full color display device coniprising a blue organic light emitting device
comprising an organic compound film interposed between an anode and a cathode, the organic
compound film comprising: |

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole trémsporting region;

an electron transporting region comprising the electron transporting material on the
mixed region; and

a member comprising a fluorescent material that is capable of absorbing blue light
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m xed region; and a nenber conprising a fluorescent material that is

capabl e of absorbing blue light 62 111111) 11111111111111%’“}“ ﬂl,ummmm"l
emtted fromthe blue organic light emtting device and e Lone

light or red light, wherein one of the hole transporting nmaterial and fhe”

el ectron transporting material is a blue light emtting material. 42. A
full color display device conprising a bl ue organic Iiglht emtting device

conpri si FfgPiled Beydhs blue gragaigAight soithing dewicy gademigiing gess light arsdlightnd a

cat hode, the organic. conpound film canpri si.ng: hol e transporting regi on
conprising a hol &q'tefeéﬁg‘ﬁfo tt%’egﬁ’l‘?“r‘é*f“é?‘?‘a%@ﬁtef@%nﬂﬂl?c?ge,c"ﬁn HATSPQTt g gndisyial is a
conpri si rbquctrﬂ t@ﬁktﬁné@%&?ﬁpr“ ng material and an el ectron transporting

mat erial on ]t e hol'e®transporting region; an electron transporting region.
conprising the electron transporting material on the m xed region; and a
menber conprising a fluorescent material that is capable of absorbing blue
light emtted fuoma lfgl Rolée dNplANi&idel SdthpriHgt b Iy QYdBR APl &hididd B&vice
green light or red light, wherein a blue l'ight emtting naterial 1s added
to the micoatprisigiadrorgdiic cémboilrd filgl Diterpised batweere wh afodeQiidrd &dtitidle 2thdhyrdic
organic light emtting device conprising an organic compound film.

i nt er pos exhripetndBlm eompuisinge and a cat hode, the organic conpound film
conprising: a hole transporting region conprising a hole transporting

mat eri al on the arhotitransportingtgioagomprisiogp hoksitragsportingrmiteridl oankparotie;ng

material and an el ectron transporting o )
a mixed region comprising the hole transporting material and an electron transporting

material on the hole transporting region;

an electron transporting region comprising the electron transporting material on the
mixed region; and

a member comprising a fluorescent material that is capable of absorbing blue light
emitted from the blue organic light emitting device and emitting green light or red light,

wherein a blue light emitting material is added to the mixed region.

43. A full color display device comprising a white organic light emitting device
comprising an organic compound film interposed between an anode and a cathode, the organic
compound film comprising:

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole transporting region;

an electron transporting region comprising the electron transporting material on the
mixed region;
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material. on the hole transporting region;, an electron transporting region
conprising the electron transporting nmateriat—on the mxed region; 63 CL
M a dopant; a color filter, wherein one o uﬂ mnumorti ng materi al
and the electron transporting material is [a‘m“ﬂ“ “‘L tting material,
and wherein the dopant enmits light with a | enger wavel é&ngfh than that of
light emtted from the blue light emtting material. 44. A full color

di spl ay device a(?c‘éﬂpémng to claim43, wherein the dopant is included in a
part of the blue light.emtting material. 45. A full color display device
according to claﬁﬁf%§f1Wﬁere|n the dopant is included in the mxed region

46. A ful | color g splax. 4Kl fe GRIRLISE N Arthld Ge QLR Fakidifile SHELLI 09

devi ce conpr|5|ng an organi ¢ conpo er pose g At S Ang

a cat hodey, gh Hfﬁ‘i?a mund filmconprising: a hole transporting
regi on corrprl Ing a e transporting material on the anode; a mixed region

conpri si ng the hokgerbin@MsdPhitietfits MahOwitRh oABEr WaveRh &6 thANhdt bARSA @hdiftdirom
material on the hole transporting region; an electron transporting region

conpri si nghetne: 1§ghe einittng inbrfisporting material on the mxed region; a first
dopant ; : .

44. A full color display device according to claim 43, wherein the dopant is included

in a part of the blue 1ight emitting material.

45. A full color display device according to claim 43, wherein the dopant is included

in the mixed region.

46. A full color display device comprising a white organic light emittjng device
comprising an organic compound film interposed between an anode and a cathode, the organic
compound film comprising: |

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

a mixed region comprising the hole transporting material and an electron transporting
material on the hole transporting region;

an glectron transporting region comprising the electron transporting material on the
mixed region;

a first dopant;

a second dopant;

a color filter,
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a second dopant; a color filter, 64 illlllllIlIll1lvii 11111(11111 * CL S
wher ei n one of”lﬂmmll "'ﬂmn[)rtl ng material and the electron transporting
material is a ﬂm ing material, wherein the first dopant emts
light with a |ongér WwavBl ehgt’h than that of light emtted fromthe blue

light emtting material, and wherein the second dopant emts light with a

h he f |
et et e\ el e S PR g e P

hol e trafsPR. &&nhgﬁhﬂgmﬁnd t he second dopant is |ncluded in the electron
transportlndgheglon A full color display device according to claim

46, wherein the ekt th@?ﬂﬁ%p&lﬁ ehfts h%qgﬂtﬂ ef‘loh%tg »@Jv@féﬁ 10 Phdn RRDP AL dADtted

region and the second dopant i1s incltded int hol e Transporting region.
49. An fredrh teedied light Spfitig dReE asgcording to claim 33, the full color
device is included in one of the group consisting of a video canera, a

di gital camera, whepshi tilSecondaivpaitemitsdighewithadbnges orgoelesgth timcthat ofehd filsar
phone. 50. An full color display device according to claim34, the full
col or dedopemt.is included in one of the group consisting of a video canera,
a digital canera, a portable conputer, a personal conputer, and a cellular
phone. 51. An full color display device according to claim35, the full

col or device is jncluded in one of the group -consi stin % of a video camera,
a digital camer éﬂ éfﬂ%gqlgqﬂlg) W&ﬁﬂﬁ? g;cordgxgﬁgp ’6‘1‘1 ,wherelnt eﬁrstdopant isincluded

~ in the hole transporting region and the second dopant i$ included in the electron tran_sportmg region.

48. A full colordisplay device according to claim 46, wherein the first dopant is included
in the electron transporting region and the second dopant is included in the hole transporting
region.

49. An full color display device according to claim 33, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.

50. An full color display device according to claim 34, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.

51. An full color display device according to claim 35, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal
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65 11111111121212111111 M 11111111111 conputer, and a cellul ar phone. 52.
An full color display device according to claim38, the -va\c:LmQrﬂir%le\
is included in one of the group consisting of a video ca "a digl
canera, a portable conputer, a personal. conputer, and a galﬂ

53. An full color display device according to claim4l, the !Mmlm”ﬂﬂyn*"l

device ig.J iin,one of the group consisting of a video caner', §
di gi tal g%ﬂl rggg‘gdj?)gérl{ﬁé ngo%e()nputer, a personal conputer, and a cellular
phone. 54. An full color display device according to claim42, the full

color device is included in one of the group consisting of a video canera,

a digital caneras) aaPRLRR): BispRYBENES accBrdi'ts Ubih 38CALRHT Bior dBNde R ifflded! ar
Pay a the fu

phone. 55. An full color disp device according to claim43, f
col or dewi & dfshd Gohp e@fistihgoLNEAES cantPa, AdPsifA]l E4Rdrh, St pondble ompierl @ Pe AR .,
a digital canera, a portable conmputer, a personal conputer, and a cellular
phone. 56omputer, ahd a callutar poiepl ay devi ce according to claim46, the full
color device is included in one of the group consisting of a video canera,
a digital canera, a portable conmputer, a personal - conputer, and a cellular
hone. 66 ' :

P 53. An full color display device according to claim 41, the full color device is included

in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.

54. An full color display device according to claim 42, the full color device is included
in one of the group consisting of a video camera, a digital camera, a portable computer, a personal
computer, and a cellular phone.

55. An full color display device according to claim 43, the full color device is included
in one of the group consisting of a video .camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.
56. An full color display device according to claim 46, the full color device is included

in one of the group consisting of a video camera, a digital camera, a portable computer, a personal

computer, and a cellular phone.
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