2 6 FEB 2006 ORGANI C LI GHT EM TTI NG DEVI CE AND DI SPLAY DEVI#%(;@J%%QTHE
SAVE BACKGROUND OF THE I NVENTION 1. Field of the Invention by ot
invention relates to a display device using an organic light emtting
device that has an anode, a cathode, and a filmcontaining an organic
conpound that emts light by application of electric field (hereinafter
referred to as organic conmpound film. Specifically, the present invention
relates to a full color display device using a blue organic light emtting
devi ce dPRGANIR REGETEFMITTING BEEGE ANRDERLAYR DENVACEHESING JHeE SAMyht

em ssion efficiency and longer lifetinme than conventional ones. The term

di splay device in this specification refers to an inmage display device

that enploys as a light emtting device an organic |ight emtting device.
Al'so included in the defPASIROY! THEJN 42l ce are: a nmodule in

whi ch nnect o such as an ani sotropic condcti ve film(FPC flexible
print egl'gfer@ﬂﬁ]??ﬂvgmﬁo@ (tape automated bonding) tape, or a TCP (tape

G S R R R R

nodul e in which a“printe _ _ r ?ﬁ%mtc_h _ _
tape Onh@ HsRin Mdde,3 BREWHS 2hd)a MHnCOntnih S ak o aﬁ&r&&@%gﬁa& y'ehﬁtsng%m ngnt ed
t he as

directly to an organic [1ght enitting device b h (chip on )
met hod. apBlicdBes of kRt Hichf (HehehaRet A&FdAD bis &;ga@iwal!ﬂb@uddi b, @m:éiﬁéaﬂ?, @evi ce
is a device that emts |ight when electric field is applied. Ligh

em ssi gnessacihaditidomrilives ®aif full 8olsAdigplhpddytceasing @lbhewhganfs Nk bRadEnd Sevapplri ed
to an organic conpound filmsandw ched between el ectrodes to cause

r econbi aralitepngapic legheantittorgsleving bhatheshithaiightchdsspatifotacand lbgeelkfeiimg et ed
fromthe anode in the organic conpound filmand, when the resultingly
exci t ecFoRptERntloneh ckhe tat display devageria dhis spegificaisingelsrsdp apimigeohyplavededicas to
base state t rel ease energy, in the formaf |light em ssion. There are two
types ofanURRICHH %rd agdi THHSEdeETP GF Qasinic %éﬁﬁ P <egie dsosnRiyret inqthe

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 emitting device by the COG (chip on glass) method.
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 crganic
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 excited 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 cxcitons from organic compounds; one is singlet
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2 0 FEB 2006 exciton and the other is triplet exciton. This specification

i ncl udes both cases where singlet excitation causes |ight 28 sEBaz(land
where triplet excitation causes light em ssion. In an organic |ight
emtting device such as the above, its organic conpound filmis wusually a
thin filmwth a thickness of less than 1 gm In addition, the organic
light emtting device does not need back |ight used in conventional liquid
crystal displays because it is a self-light emtting device and the

or gani cS¥¥apanfdhg piher is biplgt expitans Thighapecifitgionrigdwdes Hoilghasee milttei sigeletevi ce
is therefore useful in manufacturing a very thin and |ight-weight display
devi ce, SXHMARID Fa8ses lighbanissign s whage inlgs sxcitelien epvsrsnisht eoirgiound filmis
about 100 to 200 nmin.thi ckness, for exanple, reconbination takes place
within several PR BYNoSRIGTEINg:delce iSpshetst thh gbevsr 1§ @reanic Kampaunsinfilivh i

, mobi | i f the.carriers.in t organic_c und film | si der.ing, .the
process{;“)fﬁf1 0 aE:hau} Flﬁ%withraet ISfFfbels% ?SSH%PQ ‘Tr?‘gﬁt%g‘rtf?’é’é?eo‘?f,ga”ﬂ??gg F@HHP%gﬁ}"iIﬁht
emttin ' LS. headi.ed: f I -em SS1.on. i i Crosecongds. i
Accor di g ey bR EREISER el i Sk i e RCRL R e apiging
light  giide! dAnadkhe Q) ' G 1 i 1dngh Fdahi bifife 1aSvild
carrier injecti on%%(%/a%g}, C(ﬁlﬂﬁlgtrj] f{l)]]g 18&??\%2%&\/\1}%11& trg@g}éragig{lggggr%%ﬁgﬁ?g \?(%Tltg%glgse and
noi se i telvddrd uyefgeeinah Eatuiaga ketyNBindand Nighe weht é’i@}ga B8P iciSRYSglehat  a
sufficient |um nance of 100 cd/nR2 is obtained at 5. }</ by using a very thin
filmw advaatagmi f orm thi ckness of about 100 nm for the organi c conpound '
film choosing an el ectrode material capable of lowering a carrier

i nj ecti on- bar r i Whemdwimganie pranpugd filno it grmwo Ge@ tof 200mm ém thidkoesshéar example,
introducing the hetero structure (two-layer structure) (Reference 1: C W
Tang antfcgnbinatiqp jpkps Rlace withigsay@al tepscpanpesiconds RESTBIRCEE exders, baspp b st
Physi cs Lg%.zxer r vol .. 51, Beo. 12, 913-91(? ﬂ 19&7) Wth those features,

i ncl udi- BEOHYY 85 HenfHHES Bife Prghtermrgind e dngqiig RIpGest fron: GaFignt

| ow vol VI Ng:.wan organic |ight. emtiing, device i.s . attractin .
attent seoftibtiot BiorfBnRoBR ot s PR el B B e ton

wi th bepiGoRcsifkl -AdBRling c‘jutiél{'ﬁsﬁ&ﬁ&? i208h Bndhge 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
- =~ - oflowering a carrier injection-barrier against the organic compound film, and further introducing the
hetero structure (two-layer structure) (Reference 1: C. W. Tang and S. A. VanSlyke, “Organic
clectroluminescent 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 emitting 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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2 2 8 FEB 2006 viewi ng angle, the organic light emtting device has better
visibility and is considered as effective especially in usi g%fg(zlr

di spl ay screen of portabl e equi pnent. Another feature of org&n 52&@5
emtting devices is em ssion of |light of various colors. The well varied
colors are derived fromthe diversity of organic conmpounds. In other words,
the various colors are derived fromthe flexibility, with which naterials
emtti n different colors can be devel oped by designing a nol ecul e

(intr od E¥ingingle. he siggaicilighesmittingglevies Arsesy Visbibhi 19ds eonyisieradgs effective saf e

to say that the nost promsing applic n field of organic Ilight emtting
devi ces PEIFIY If JFinE (3 odgsﬂla}yasF %HEPOWSE&I%?E”M\MH ous net hods have been

d dt di d t.h t t f
o gan o 11 ght oot Rithise 6F0eRni¢ b e 0 B é‘“%??%’c‘{ PleBES ot larmods
for mangfaghithRg é'l‘)lcfry %116 (%HLQJ fr&h%ﬂé gi}éft:rg?y\ébtcor%an oun S, gﬁ?eltl?ef)l r?? U ine

em tting device. ose mj of par at

or gani CVAdogb&oleﬂglaﬁetdeﬂgec\c@Mﬁ t
emtting device that emts gg}%eﬂeeﬁﬁllltéWéhldﬁglﬁdeg?gggﬁtgﬁ% fﬁ‘?meccrﬂc{r%%be

devi ce ddvalopedby Seshniig o h@béulsGhRGinBHG IR !, tf&c‘ea@m?u. Red, green, and
blue are the primary three colors of light, and each of the three types of
organi ¢ |ight dhbmithesgpoiews & éssaftaloasy daethpinosd promiBhigeppldabiedfitia dief@hraf t er
referred to as a separate formati on net hod. Another one of the major

met hodsligteaiitiag dpecesris frafujl ctoﬂmébat paicbdisplefs. | Vayivus Ioyethusls haveabdsh devierdgani ¢
light emtti device as a %ht em ssi on source and converting the blue
light i ﬁliﬁlﬂ%ﬁ‘géﬁ f yHe C%fﬁtﬁlieﬁé&lt F chareciensigiefioraesicdight eeithingrdsyises. | Gyendy,

(Gav e for.ned of nlcfluore ent materials. This nmethod is
her ei naﬁﬁ]?lgrarc éq‘eéP?Jgramf’tB %s‘s{g gﬁlﬂ‘? ridiselay JRECT &S1ng FepTREIC HEht

obt ai ni t}@edegflmary three col ors of Ilght by transmtting white |ight
froma organic light emtting device used as a light em ssion source

through col or fahdd&hsost %osrtlﬂﬁﬁod@ﬁseto#§ﬁqatél Fach dpq%a%';cyﬁéh@' ,thggp O%Fﬂﬁxt' ces

or the like. This netho erei naf t'er 0 as
emits red light, an organic light emitting device that emits green light, and an organic light emitting

device that emits blue light using a shadow mask technique. Red, green, and blue are the primary
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. Thismethod is hereinafter— - . .

referred to as a CCM method. The last one is a method of obtaining the primary three colors of li ght
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 lquid 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 since the

3



The separate formation nethod is nost efficient in taking mi ,%% l'i ght
i de’n%%tﬁ 5

since the 3 2 8 FEB 2006 net hod does not suffer light |oss

conversion |layers of the CCM nethod (the conversion efficiency hardly
reaches 100%, or |ight absorption by color filters in the CF nethod. The
separate formation nmethod is an appealing nethod in this aspect, for the
met hod allows a display device to fully benefit fromthe characteristics
of self-I nous organic light emtting devices. However, the separate

f or mat i Hﬁlﬁ?étdﬁaﬂgoté%fér heghy doss ambist coYestien lapers o e, methed (t5heetoersimms k
used in {Ehls rret(tﬂod ffe 359% fficulties in dealing with a pixel that is
smal | er Sitgearyhardly geaches ’é’r 11$fﬁéb§?5}§}9nr‘i’éf§mpbfﬂ(‘:%§’f?dée Fberthogndheseryta i me

th f ds f f t | i ght tt
devi e ToRetdtlReBpO R pel Reredioion Uittt &0 %?eémd%@ﬁ#v E B EbTIER or
anot her flﬁlgé)gfxeflt ?n &Q%ﬁﬂ%&t 1? seﬁ'ritcx’mm% l OC&?‘ILCI: @1% egzn%gg rms-k I's rather

onerous a s to unsa Sry proaguce! Vi “$&Pi ous probl em

f th t t
of the separ at ey§Q&yRlhoR %m@gﬂa{@nm ds Qagoﬁv%%&la& robfAaT %ﬁ&g;ﬁ}i mﬁft, ng

(light em ssion effici ency and lifetinme) vary etwee ared

devi ce, siado@meeR usdDitthie nﬂatmddrmzcﬁmgﬁue@ﬁdje@m@ Weh hlpgéat th8Is a1 19%1%06
As to the light em ssion efficiency, for exanple, the |owest required

ef fi ci ehuyhefmauaths matiohgsonetangd btatiogneNry Hnketht Mahuthfi@fe@@cebds fHo MbmbiSon
proposed for each of the primary three colors of light in full color

di spl ay o{Refrganéniéght emitNos diviraior Batalor toFommatiah obdn dRpgdmiight hnitengiderscedod

Bi oel ectronics Division of The Japan Society of Aﬁpl ied Physics", vol. 11,
no. 1, Bk Cemodih)e OPAREER Of KbpnEEe Ipeationte e 2nask e Fasheaoacionnynd &Ry tes | n
whi ch a re ht emtting device and a blue light emtting device

exhi bit® Ct%%%%% USH"‘é‘f ficiency- exceedl ng their respectl ve required

val ues. - 01 the t em S|0n effi of red |ight

enitting devicée faPTe sgrigns Hjé'fql?)]\‘?\fnl P tt} gafi?aFaéed FERten m%\ r‘?j I?‘f’é’l §' PUHtREr t he

present clgdlric@éfﬁﬁ emlgﬁﬁﬂb Iilglgi%c Jﬂdaﬁ%tﬂﬁ%l OH bci;ltvs&lca rgél hg htglhtq%vm mLtting

device is the stu I ng y de
separ at gretRlipRehRMinFRENE 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
infull color display (Reference 2: S‘foshiharu 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 émitting 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 emiﬁing
device is the stumbling block to a full color display device by the separate formation method.

e As to the lifetime (lowering of luminance with time), it is rare that the lifetime of an
organic light emitting device of one -color exactly coincides with the.iifetime of an organic light
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As to the lifetime (lowering of lumnance with tine), it geq(grgglégat t he
lifetime of an organic |ight emtting device of one color B
coincides with the lifetine of an organic light 4 2 8 FEB 2006 emtting

devi ce of another color. This neans that the col or bal ance anong the
primary three colors of light could be lost with tinme resulting in
inaccurate coloring and irregular |um nance, which are fatal defects as a
di spl ay. ge .other hand, a nerit of the CCM nmethod and the CF nethod is
t hat thér‘Wé‘Pﬁ ghdce i @norber aqlase Thip @icpng tht thir olsir dplnGsfamone theapianany Grdeoplont i on
met hod gy lgtscrf[dboeq ?bo e. despite their rather inferior efficiency in
taking Out BEOPELS o5t gt timpreriting lfldll"ﬁc‘:‘i‘%@§°]8F1“%H‘§’dfr6¥‘il%‘rl“’6f“ap“?egH’@Ch'FF% CCM
met hod %talt&?ecg:s {E)?a does not need the mnute operation for separately
form ng organic mtting devices of different coI ors u3| ng a shadow

mask since an omaﬁwhér'hqa e O

case of the CCM net hod, |te|nthe case o

Al 'so, ade@oPhaveQny Rk |p%blér§§’@fr thaﬁ%aﬁt%}rﬁ&mﬁl'd}étﬁ‘& zf‘s%sé?]%eé %Jv%%@ﬁe%eu
conventional photolithography technique and no conplicate proce i

necessanythebieeioveficichdydn Chidgwit badteanight dudgo SightREN@dba Bl §ight. oM
i naccurate coloring and irregul ar | um nance over tine because onI y one

type of organi cThé GhM mweilbt onthe dnetod docs aechebdthe anisete bp@atisinfongpatel P
change uniformy with tinme. Fromthe above, the CCM nethod and the CF

met hod é‘afﬁl%@f%ﬂl?h&lﬂ paittingdevinss bistierent colvmmsinge Shadowgnask fintd anoogapic lighs pl ay
device if i ossible to obtain a blue or white organic light emtting
devi ce tcﬁlétl‘mﬁggw ‘@fﬁeﬁlnal‘h?ﬁl‘%{ﬁb’é i g cPSIRg el q:(FMétlfith@ WHEQEY e Casslofi hedEigani ¢

l'ight em and, white organic |ig mtting devices have

sever al “b&lb%jﬁg d%g i ‘E a CEWBF?W&E??H pyer ?l?deat‘i"?‘Pé i E?FaBé’e e DX 4 canvispigIrkm
o B A el 3 v
ey s LA S R A oL
t he i ni typaloflotbAhidaRGCemitting device is used to cause the luminance to change uniformly with time.

From the above, the CCM methéd 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. _

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.

<. -« s . . . . Blueorganiclight gmitting devices have made an exponential advance in recent yearsas. ... .
aresult of development of a distyryl arylene-based blue light emitting material. The material makes
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 biue light organic light emitting device needs to emit biue
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is set to 100 cd/m - and the device is driven with a constant current
(Reference 3. Masatoshi Aketagawa, "Mnthly D splay, Cct gﬂgﬁ ?@%CI al

| ssue on Organic EL Display, 100-104"). Despite this advang g bl ue
light organic light emtting device needs to enmit blue 5 2 8 FEB 2006 |i ght
wi th even higher [um nance in order to obtain bright green Iight and red
light in realizing a full color display using the CCM net hod (because of

| oss by coI or El%erm on Iayerd)& The lifetime of an organic |ight

oni t t i nJEYSHR B BeBrdemEnare ia prdgstoohirinenght ereamlight and rghiizhitn rrakidieg a full

| um nang sed the |lifetinme has to be
even | ohQSt dlsr:’—]@?usé %FW&P&P@ﬁ (beﬁ?‘bsﬁﬁ%{‘j’sgl?yg"’n(fo ‘Er’i‘f"f“f‘?ﬂ%‘] lgesny- c@"é’ lfetipe plhve
the | on ast. fifty thousa d our s tions are
t he sanegﬁ%g%ahlc 1?%%@@}“%2 dewfe bff?f)mgyschr glg RE e?l‘% h&Es‘?t ﬁi‘“ﬁﬂ?ﬂcgve
lifeti nﬁ’h@ffef&@'v@lenlt&n@CMTﬁgthQ& gqllswl%fllf%ﬂ'ﬂé has!t ngvem?:?é{ MRy ex%%]?[lsggu]rée for

white organic light emtting devicés report

sanpl e, oigbﬁmh?hf ehitfigy @vitddghdt WAl afeqsn%&t m{@ﬂlﬁ]@ cs}r Bankify 'tﬁcg.@ind Bt l'ffe@e

devices formed from |l ow nol ecul ar weight materials is on the order of

sever al comfisorzatethe saheandbere orgintdlgtht dnifinganGessiafe B Gkedit®ach@Qe GENR @G t he
devices are driven with a constant current (Reference: 4: Yasuhisa

Ki shi kakng. "Mont hly Di spl ay”, Sep. 2000, 20- 25). Low light enission

efficiency is another problemof white organic light emtting devices. In
t he CF net hod \/\H@?E‘Obhmtfé sbery Hfetioelis gote serpustionghittevioes ligtemiitinbdeécbswi t h
color filters, the lig em ssion efficiency is fatally |low since a | arge

por t | on“oFPURTAYE Ief‘iﬂﬂf oRcsagipre s aihije efike upingncy of whitegyrganic lighgemitiight
oht offt %%s#ér'me A b Spls ot it merebde ot T T R IS TN of o
boon a8y FETseqh sed DRI Sl ht RN e e R s et KD EkEren 1 s
t .hSL ef ?gﬁggﬁh{gméﬁm, ABEnR DYAPCsG. 960, Sobsght em tting device with
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.

- : —eSUMMARY 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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em ssion efficiency and long lifetime. Another object of the present
invention is to provide a full color display device which h@sj fﬁ@@ﬂﬂ?
efficiency, longer lifetine, and better productivity than conventiona
ones by conbi ning the above organic light emtting device with the CCM-
method or 6 2 8 FEB 2006 the CF nethod. Still another object of the present
invention is to provide a |low cost electric appliance that consunes |ess
power Q@é ﬁx | onger than conventional ones by nmanufacturing the electric
appl i an 8 the above di spI ay device. In the organic light emtting
devi ce di scl os %1} ?ﬁ? enC{a basij cal | %/1 the carrier injection barrier
agai nst the or gaht & e PresnE oy SRl &OBVV&PW qoétreletc applimerdan My

Ag a nctl on .an rel at veI ta that
nore el E%I{g%{%]%@@%’ eall%rn%ng\% Ylﬁ&:gf his" 9 ﬁ’glongltonf)s bé'éliladllu g gﬁ‘] E'g?mﬁ“li’

nunber 9§1n§ﬁ{erab@&e5d1&ﬁ]£ﬁdévfb% organi ¢ conpound film Further, a single het ero
structure, whi ch hol e transporting |ayer fornmed of an aromatic

di am ne co ”pOU NG @e d)r%alﬁlc,ehgﬁ tehRiting RGP Adel R | ﬁ%re‘ﬁ?@ei ! ﬁﬁ%al Of‘ytﬁg ﬂrﬁ%fﬂa d

of tris (8- quinolinolate) al um’num (hereinafter r rre

| ayer edings:tibhbawicgagninst the BpRkittofpbind filirSis AWAREEHY §Ond BPHCELbMNE: KR rAger
reconbi nation efficiency exponentially. This is explained as follows.

the casellftharhasdgamiock fingtitn &wiis talnyclhevibie sb hanhbehe | QEGRINrE GO UGS fl I m
consists of only a single |ayer of Alq, for exanple, nost of electrons

i nj ect eHlak?Sth@ﬂﬁé’l%fatlme@t@ lprga obmbdref Can@denmtmdmg&mcb@mgmn@ﬁmirbl ned with

hol es because Al.q.is capable of transporting electrons. Therefore the

| i ght enission }é‘frf}]e&l%ﬁ@§lell§t‘?\f%r5§f”¢t% iq whighgy kole rapgpegingapyer Hatmagaef an

transport el.ectrans s both in bal anced anmounts_ (hereinafter
Fef or  oRropB S SRS coP P apariien Canmer RediE AmtEG kever MEPShob AP

e D T M A MEE O T AN B,
requi r ef®efdopted to improve the carrier recombination efficiency exponentially. This is explained as
foliows.

In the case of an organic light emitting device in which organic compound film consists
of only a single layer of Alg, 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.c., in order té drive.
the device at a low voltage), and Alq 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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On the other hand, when the single hetero structure as Reference 1 is
adopted, electrons injected fromthe cathode are bl ocked gt ?:E% LM.erface
bet ween the hol e transporting layer and the electron-tran ;ﬁb “nguili ght
emtting layer and trapped in the electron transporting light emtting

| ayer. Reconbination of the carriers thus takes place in the electron
transporting light emtting layer wth 7 2 8 FEB 20,96 hi gh efficiency,
resultiel?r}(gliiﬁ. efficient light em ssion. It can be said that the organic

|i ght Pilggneie (3SR IENE i Rbfispidighbomispign.char act eri zed by separation of
functions of the | e transporting. |ayer and the electron transporting

i iR ceia

hol e . . ! .

light emitting | SVer Saidingiihereinelighiemitting d5dre indRefrencsricd chaagteriasd por t
hol - ter | i i gned t t electr and eni t
gt . A BBbn el e P uR et habtsRhE R ssEorSRe i Pelueoirag: e
Of 1" RGAMI e RRLRE & idesi0s R\hibig: AdikCnAtnd N6 SERALALL O O L HicLi ons

saves one organic materia Fom I'Ng vari| ous F BrfSSPLddh A% PP g ht

em ssi Oflect Ak bh@EmitNBAE PAK @ dnPide of s b%alecnﬁﬁﬁ 8P uRkaGR"S bE fr?re]@ydot{@.rgree of

el ectrodes) sinultaneously (for i nstance, e separation o unct rons nmakes
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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
Reference 3. White organic light emitting devices often use a laminate struc;ture 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 laminate structure with a blocking layer is employed when a low
= = . - Imolecular weight material is-used (Reference 5: Junji Kide;- Masato Kimura, Katsuteshi. Magai,
“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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When movement of carriérs 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

e 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 mechanism 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. When a hetero
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The other mechanism involves the process of building the hetero structure (i.¢., forming
organic interfaces). An organic light emitting device with a hetero structure is usually manufactured
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 transperting layer. First, a substrate which has an anode (formed of, ¢,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 formed in an evaporation chamber 201, the light emitting layer (red, green, and

10




formng a double hetero structure that is conposed of a hole transporting

| ayer, a light emtting |ayer, and an electron transporti ngggg@rzs&@ rst,
a substrate which has an anode (fornmed of, e.g., indiumtin® oxi"de™"
(hereinafter referred to as 1TO) is brought into a | oading chanber. The
Substrate is irradiated wth ultraviolet rays in a vacuum at nosphere in an
ultraviolet ray irradiation chanber to clean the anode surface. Wen the
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conduct 845 H R Prig reREAERY BKEHoE o FhaRb¥HED] 18y28f sandfthe Hectioariansrogting
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devi ce. Reference synbols 215 to 216 denote evaporation sources. The
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different layers are fornmed by evaporation in different chanbers 201 to
206. | nfasmaépy syeperstion inaliffppetcharuers 201stb 206 t ln e welsithadppaiaisigstektured
material s _of the respective layers is avoided al nost conpletely. Although
the pre¥sihrlmixipg ¢fanjisrialy ighe whpactee layupisraxpidohalapparatplselys usual |y

reduced to 10"4 to &/&F gascal, there are mnute anmounts of 3as conponent s
(such as oxygerf &ipyehitearcsyusar she intpgiorjaf thesvaporpion appiratys istsuallyaedneeshia h
this degree,.  tshes i nute amgunts of gas conponents readily forma
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undesi rabl e adsorption |ayer due to a mnute anount of gas conponent -

(hereinafter reA@bfdghly,onid haEAnEY liERYSEDing @hce RE BETREida afichid ¢f val
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.

_....Aconceptual diégram.thexeof is shéwn in Fig. 3. In Fig. 3, an irapurity 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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between formng | ayers, especially when the substrate is transferred

t hrough a second transferring chanber. A conceptual diagra gﬁ)f f
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m nute amount of inpurity 303 (such as water vapor or oxygen) between a
first layer 311 formed of a first organic conpound 301 and a second | ayer
312 formed of a second organic conpound 302 when the second layer is laid
on the firslt Iaﬁer. %\h n inpurit%layer_s are forned between the |ayers
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and formation of inpurity layers), the present | nventors have devrsed a
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organi ¢ conpound filmconposed of a region 411, a region 412, and a m xed
regi on davdsedPheninggiroctukhs sbonsindlis. 40f smal | nol ecul es 401. The region 412
consists of large nolecul es 402. The m xed region 413 contain both the

smal | nol ecul eslgl&{)‘hls pgrdtipral géevheld ancerbasc a@epouad fils capypasedndf af egion BiLy.a 4,
there is no grganic jnterface 113 present in Fig. 1, nor poor conformance

regi ons™FLR M aBEEd FReym AégThe edionotlp vensyy obimalleolordesrOd. Tt evdface
thus cap, eonsolsv(tegaﬁ%eHo t‘ge o og[hlem of formation of inpurity |ayer S. i S
sol ved & SIRpEE IB\éY\?F B UAn e miKed egion Hhe catipip beiirthe gmalmglecules 401
manuf achiy lgl%e n%oli]e%ufeg%f Q\s‘lig' g‘pp%IenE il;‘gm ﬁgﬂ |4,| the[pe) }sexl((:)l'cl)lrgea?}ic%gt%rfglcse lflg Ii)gggnt in Fig.
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. -thn
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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based on a novel concept. Then, adopting this idea, the present inventors
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emtting device in which organic interfaces of a |amnate structure are

subst ansubsthhtjallyermeed! zuddt dic sine tisanbe tayem® sépamtdlayariisit Sepadmatc®hyngshingi t
functions of transporting carriers and of emtting light. Figs. 5A and 513
are conexapereand of eagjitingdigbt. bl ue organic light emtting devices obtained by
introducing the _m xed junction to the double hetero structure. Al though an
anode 501 is pliged® aBHhoBE 2 spatcppkdinggnyeible ofgaaicdightramitting degigessdtaineder sed
to plac§ya C thoqg 503d0n the s bstr?te. Denot ed b% 502 is an_organi c
conpound PP © FRRRCENGHRD ] é." deyblnheterg sipptwes pYRQYESARiRRYIS Vgiiorlaesds

formed &I a%utr&ﬁjal% §d()a1{§é3, Qﬂé 5 ture may be reversed to place a cathode 503 on the substrate.

Denoted by 502 is an organic compound film.

The device in Fig. S5A 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 theblue light-emitting material are-mixed. - s

The device in Fig. 5B has a hole transporting region 514 formed of a hole transporting
matérial, 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. As a
characteristic 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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material, a light emtting region 505 formed of a blue light emtting
material, and an el ectron transporting region 506 forned oé ag EI ectron
transporting material. As a characteristic of the present BvER i BHE the
device is further provided with a first m xed region 507 in which the hole
transporting material and the blue light emtting material are m xed and a
second m xed region 508 in which the electron transporting material and
the-blue-light-emtting material are-m xed. The device in Fig. 513 has a
hol e trahSgbrihishghs elgstenm tmpeportinaraeteridl apd thelhestmasriporettiingd. naterial, a
light emtting I?Sgsi ﬁ?fg 515 obtai ned by dopi n‘%ﬁa blue light emtting nateri al
519 to a host f4 41d OBgsgicongentyal dipgriams el easeniclighteaitos deviesbbiined of
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di agranms of whi'te organic lig emtting devices obtained by introducing
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pl aced on a substrate 500 here, the structure may be reversed to
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The device in Fig. 6A has a hole transporting region 504 formed of a bole
t r ans portranggpriipgiegion 806 foaméd fhan electidnttiangporteginenerbl 5SS ohamdiedfticas ik Beséitght
emtting material, and an electron transporting region 506 formed of an
el ect r onPTSPHAB AT 49virg Infartberipavidedsvith affrstmaigebiegion 567 wfwltittethphals gatsporting
inventioné tt]e ‘?ﬁ’\él e »Irgfx further provided with a first mxed region 507 in
whi ch t HBHigH gn r‘i’@’ﬁd  srittingeRaeiad preamged 406 aseerndmiged region 008 mgvhish tei al
are m xe nd.a second n xed Lon 508 in . which the electron transporting
mat eri al“ and-t rﬁIéSPBfgtng rﬁrpa?ﬁ alé‘iﬁ%g#)r“r‘?dlgﬁb‘?“é‘ftp’él mafenial greqged. | Ip Qsdedde meke thke
the deyj I j l.i . eqgi,on..505 forned.of the blue |ight. .
emittin gdegrrgf' gﬁ%‘fmsﬁ% g pdéﬁg\%}of] hslag f&gr%g S 2 g e?"ﬁ‘éehﬁglge rerf“t“?li“% Elaﬁﬁé‘tale’rsi dgp ecgUEh fhat

emts | isgmnd\ﬁghherﬁiﬁﬁ@%até&‘ﬁygj1@5‘29%1%&&ﬁ@ﬂ“ﬁh%glaﬂvgﬁ%lengﬁ)%a%%ﬂgllﬁht. Preferable

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 emitting méterial 601 instead of entirely doping. This is because blue light
from the blue light 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 hetero 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 wav.elengt'h than blue light and the third light emitting material emits light with longer
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color of light emtted fromthe second light emtting material 601 is

substantially yellow to orange. Desirably, the region 505 forﬁr&fi’%g ﬁg
blue light emtting material is partially doped wth the second |g?hﬂ¥

emtting material 601 instead of entirely doping. This is because bl ue,
light fromthe blue light emtting material also has to be taken out in
order to obtain white light. It is an alternative to Fig. 6A to dope the
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an exanplaeiengh sym thedight eisted frowghascdend light ¢mittivg raderidheConsidstingibe@dmaregi on
507 is. glgrged wth. the second light emtting material. A white organic |ight
eni t ti ndMaBEIRIs of lightyihis preierRde fAr ihisdeqonn dightemittias materialiue dit thisd ight emiluh| e
betero structure,. may use a second light emtting material and a third

i ght emt%f.*aigo %?&%&_ﬁgh‘é‘gda“dﬁbﬂﬁf%esr’ "WEfition to a blue light emitting
material. The s nd. Light emtti material .emts ligh wi th | onger

wavel engt h t hanﬁﬁ?ll%eca % istSesHy lighgg’fﬂﬁgd”?t?r&rlu?meﬁttl}l{cﬂbgﬁ‘ﬁﬁ‘?ﬁ?‘i‘gaqna‘éﬁ?ltaée
light Wigk§dnRneeh td dofeiBs e.ljaht .emtted fromthe
second |ight ‘emtt] n{é& rratfglrgf]g&?&%g%g%ngéél G ’E"It’:eefnjﬁ{rllggrr(gwegl?%lr’sedgp%dg‘f’gé )i

CTant . i - ot Ghenem 11 ! ‘
ig ivkherdas Pfeedees il Meidd e a§SLQReh hi Shk )ie_rl'ﬂ b éﬁﬁg‘f@r’%@%% ﬁt?gf.“?, &

third light emtting material to emt green’light an

respect imigtdregion SONisslopedeith & RLoEEGANEMti@hhateidl Y1 06 BERD IRk e ARG oL BES
third light emtting nmaterial are desirably used to dope different m xed

r egi ons iy deped with & thigd flightstmiting echtara@n i s doped with one whereas the
second m xed region is doped with the other). In an exanple shown in Fig.
7, a first m xéle fegiigon3p7o ihés ppip deplswithdeyigatoriares dighinedby intrbdgingaher i al
701 and g %gcond m xed reg]i on 508 is doped with a third light emtting
mat er i af@EFpdluneHen e dppile deteigptmetuteni I3esgubast nedbatr slevice brutdwecebtsinediby ur es
obt ai ned b%d i nt rtﬁduci ng.the m Fed, ] ug)cﬁ;ti on to the double hetero structure.
Descri b&Y HEPBaPE THEA pacay 9dpusiaBledisiens sawing Figit pOdudi iy arereneapial
junction, g? H%{lgqu&éﬁ e hetero.structure. Figs. .8A and 813 are. concept ual
di agr ans “ a Ue or%&n‘?‘gﬁﬁ? g H}lélg%ﬁ?‘flfeﬁé’bﬁlg{?g%@éﬂtﬁ‘)@f’%ﬁ"% TBVESH‘[“F%‘H\J itH?;; the
m xed | uigld rd Qrddife. Although 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 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 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 hole
transporting material or.the electron transporting material emits blue light. pewal e
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 materia} are mixed. The mixed

region 806 is doped with a blue light emitting material 807.
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single hetero structure. Although an anode 801 is placed on a substrate 800
here, the structure may be reversed to place a cathode 803. qn@e%w
substrate. Denoted by 802 is an organic conpound film The #evi YR g
8A has a hole transporting region 804 formed of a hole transporting
material, and an el ectron transporting region 805 forned of an el ectron
transporting material. As a characteristic of the present invention, the
device is furth][gr rowﬁlgd with a xed region 806 in which the hol e
transporting mal & ai2ed a’t‘“’ﬁ%“@P@E]t %&ﬁm’ﬂsroif‘i"é‘t}'é?ftgi“ﬁ@h&?ﬁ?@ﬂlwdﬁ‘éﬂcé‘??ﬁt%é‘dﬂ The

hol terial he .electron -t { t
e 1| SR RORE IR o oS AR bR R ot
f d I

505 T or oed sPouRe EPIREROIE Mol héafemsed AL GRS

the presrAbielip g@ji% he 4 I further provided with a m xed region
806 in whi gh Y ) ’Oréar ansp%bgllﬁjngﬁlnaterl al and the electron transporting

material are mX‘Ecddede&Qn PipX8A haf @%l@ﬂa&%@rdng REshah ik deb R IHBe tl‘dng[m:rtmg
emtting material 807. 15 2 IST F E B 2 ONG 6 igs. 9A and 9B are

concept uakerthi agr armecabn whhsperinEgegidcs03 hheddTiah tlcb@orieass@in@Rbaine dys Py
introducing the mxed junction to the single hetero structure. Al though an

anode 8@larpgeritigeé the mescat Bubsionathe d8GC: Befnaher pheidtimiti umexadaygibe Snevwer sed

to place a cathode 803 on the substrate. Denoted by 802 is an organic

conpoundhisly the hledragenpiriing materplpndgite tlaeiraa theobrortiteamaitalt drn ixeslgi Tre 1804

formed of a hole transportéchlnr']ogrﬁ mat eri al and an el ectron transporting region
8

805 for ﬁ‘é}dﬁpaftm&dn%%% ©F ¢ PIPSOH P EFatteral gmits Rpedighe hiraderdpimakiedhof
e N L RN R ;fg&'eﬂé:hé&@&&gm%gﬁgga%;?zg
BT PTREGE PRADUEH B Rl L Bt
A et s iy g 2 ot |
Preferabl e col opegfablyl gRtmiesd fcbRe 806 @Al df 8RR ght emitting material is partially
doped with the second light emitting material 901 instead of cntirely doping. This is because blue
light emitted from a blue ﬁght emitting material also has to be take.n 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 transporting region 805 is doped with the second light emitting

. aterial.

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 additiofx to ablue
light emitting material. The second light emitting.inaterial 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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light emtting material 901 is substantially yellow to orange. Desirably,
the m xed region 806 fornmed of the blue light emtting nagsri?t i@m
partially doped with the second light emtting materi al ﬁ Bt b of
entirely dOpi Dg. This is because blue light emtted froma blue |ight
emtting material also has to be taken out in order to obtain white |ight.
It is an alternative to Fig. 9A to dope the hole transporting regi on 804 or

the el ectron, trapsporti region 805 with the second |ight emtting
mat eri al pr@%]fb leﬁér Qk‘ﬁ S%“)?Bflrﬁglét el“ﬁté‘tﬂgc‘ﬁa,terﬁwé“.d t@%thnga‘@ﬁ}s“%l‘“%\ﬁl%@“ql P ARt EFeRhe

el ectron. rting regign 805 is doped with the second light emtting
mat er i aﬂ}éljiglgai@?éﬂg%?gegﬁcgvﬁy'ght emtting device obtained by introducing the

m xed junction : i : ], k1 teri nd.a thjird |ight
e oot o i U36  SESRILL AN ALR TR Ayl e I
mat er i al desifiy S8 anNghdel ey | ] | j aer -
wavel engtﬁﬁ1 ?ﬁ}z’in bl ﬂog,e dlﬁlf%?f%rﬁgﬂ tﬁé@%ﬁﬂﬁg})?ﬁ(ﬁ?ﬁ@% t%l ?F‘%\la%n% glrtil?lg?&éonr}l s
l'i ght widdped o ine wWaiéehe D@teect:bR Rrakdpbrtink $tion B Mopdedhil ﬂﬁ@tﬁe}?ﬁ IE e eRsnpibgh

t
emtting material. Considering the primary three colors of light, it is 16
2 6 FEB <2066 ipFigf K, abble timpoiting ragaodid is dapedl wirivabédondlightemikttiag marealt1ve1
third light emtting material to emt green light and red |ight,
r espect iapd|ag election ansperisg recidneB0S e dopatd Wit hat thisdiightiemittin@trateiial 1082d t he
third light emtting material are desirably used to dope different carrier
transporting r e@ihehgl qoh shesynyin anhef High aAte Hh 4 poletipgioneedionfoimged efapedendlt h
one Wnﬁtrjfgas the el ectron_transporting region is doped with the other). In

d
an exanpPEPTOSRGHRR M IeR gt haes (hgrewalte tele L I9GF PGPSR AR BY Ty Reapesdtedi t h
202 A R T ek e LS D RIRRR P 5L
f Fj : . i R ' ' f terial .f
or oot e r a0 G e AP BuPor MBSk (R e Bl ] S PRt Bl
mat er i al hayByinR@teld Do ek d calkGl MR8 An %fgaﬁﬁggﬁpétﬂﬁ f@fh. or gani ¢ conmpound film
or a

Al so, an electron injection region forme
The hole injection 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 movement 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.

et

BRIEF DESCRIPTION OF THE DRAWINGS
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material for pronoting injection of electrons (hereinafter referred to as
electron injection material) may be inserted between a cat t@8eFBBPEA
organi ¢ conpound film The hole injection material and the el ectron
injection material are capable of lowering the barrier in injecting
carriers fromelectrodes to an organic conpound film Accordingly, the hole
injection region and the electron injection region have an effect of naking
novenent of car igrs from the electrodes to the organic conmpound film
smooth to pr evei“tt & AP RER B BN har ges. In order to avoid forning the
impurity |ayer an injection _rraeltﬁt%rial is fornmed into a

‘ . bed above,
film before or?%f ?gsfac‘élf’\grg‘?]gc‘gﬁ%\égém%ﬁﬂ BN AH S i nterval . The above

bl ue or white ogganic. L.ight itting devices can achieve. high Iight,
em ssion effi CF hg;‘f‘ aaégégf'%lr?gmﬁnlgg?f%r%ﬁm?ﬁ%?a&ﬁ%%e, by conbi ni ng such

organi ¢ |ight et &gy deyihGaRs M Eﬁ:ﬂ @g r the CF nethod, a
full col or displ ag; devilcgr canéﬁ}gggg?ﬁéﬁhﬁg I hhﬁg%@g’i gher light em ssion
efficiency, |ongrf4kdd@hiim shaRBeRt d8E o AEALdNILY than conventi onal

di spl ay devi ces. BRI EF DESCRI PTI OF TILE DRAWNGS 17 2 6 FEB 2006 In the

acconpanyi ng dr Bighn§a:andi §B ale idiigtantl @Wadp StARMrEgot BReSégifc UghaBmatigani C
interface; Fig. 2 is a diagramshow ng evaporation apparatus; Fig. 3 is a
di agr amdstiossi ng formation of an inpurity layer; Fig. 4 is a diagram
showing the state of a m xed region; Figs. 5A and 5B are diagranms show ng
structures of bFigs opgadi @B kicgictems tshwigedewrivess; of Fvhise ogAniarighsBméitieg

di agrans, showi ng structures of white organic light emtting devices; Fig. 7
is a di &S showing a structure of a white organic |ight emitting device;

Fig. 7 is a diagram showing a structure of a white organic light emitting device;

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 respeciively 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:

o Fig. 16 1s 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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Figs. 8A and 8B are diagrans show ng structures of blue organic |ight
emtting devices; Figs. 9A and 9B are di agrans show ng stru?gﬂ@ 2@ qux/ni te
organic light emtting devices; Fig. 10 is a di agram showi ng a r re of
a white organic light emtting device; Fig. 11 is a diagram show ng
evaporati on apparatus; Figs. 12A and 12B are schematic di agrans show ng
respectively a display devi ce using color conversion | ayers and of a

di spl ay .devi.ce colaor filters; 13A and 13B are diagrans
showi ng & A8 ‘Igs E'%PL?E'PLW €§h‘b‘f"“5|5%‘}5‘|° %SH%Wréé%mOf’Fl g. 14 is a diagram

showi ng a secti naI a di spl.ay device; 15A and 15B are
di agr ans. respec %‘ r?éc agrﬁlﬁ‘s §'i(f Eg'ﬂ?fiém&ﬂt“rﬁog? 8‘}5Plé¥/dfa’é?ﬁ ce and a
sectional struc 16 1S .a secti onal

structure of a %}ggeﬁ g‘;b%ggl\g}lhé%e dl R SWA“%%‘ a'%tf'ﬁ?@ 9’5@33& VISt a displ ay

device, with Fi LSy 6.t hereof and
Figs. 17B and % S?@‘?ﬁ%%ﬁ“‘&@% Fs@t%{l ‘?’gﬁe %‘ﬁerggg?mﬁg?’gg’q “18A and 18B

are di agrans shpish.mgAtH©15 kfelfidiiifs Qicov@ngdépﬁﬁh@-é(xa%\(és%@an eﬂ:tgﬁa %Qaﬁ‘c@nd 198
are diagrans showing the structure of a display device; Figs. 20A to 20C

are di agranms shBig.rigAtdne 23 Bracdibgrem® shoawifld STobidly L8N 6ot ahie@SiricbMidmee;21F
are di agrans show ng specific exanples of an electric-appliance; Figs. 22A
and 22B are di abiga?isis ahibagrang sispydog fhectrectampl edispihy devied;esd ri ¢ appl i ance;

Fig. 23 is a diagramshow ng the structure of a display device; and Fig.24
i s a di agram shBi2Ags ¢ giemest howingaenares orpoisrangoapovapiratiorswrees. DETAl LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

DETAILED DESCRIPTION OF THE PREFERRED EFMBODIMENTS

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
is formed on a substrate to take out light through the anode. However, the present inventionris also
applicable to other structures and a transparent cathode may be formed on a substrate to take out light
through the cathode or ligilt 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 fayers. 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 cﬁamber and a plurality of evaporation
sources are provided in the vacuum tank. Storgd 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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Modes of carrying out the present invention will be described bel ow.
Generally, it is sufficient if either an anode or a cathode2df ﬁg& ggganlc
light emtting device is transparent to take emtted |ight out.
organic light emtting device of this enbodi mrent node, a transparent anode
is formed on a substrate to take out light through the anode. However, the
present invention is also applicable to other structures and a transparent
cat hode P ornmed, on a substrate to take out light through the cathode
or IlgthH%V B8 ?&E@ﬁmbﬁ¥f??@ﬁﬂ%ﬁ%“ﬁ%p05|te side of the substrate. In

cess qf manufacturing an organic

t th t t
Cront "ot ngﬁéﬁé?e‘%ﬁgfﬁa'%n”ftvpﬁgrﬁ@%”&éﬁ%&%‘zﬁ EVAROBHEP F1GFIRER A OFPSBHE hApng 17y
| f
oy 111 naTaB g oRrERIRE Rh iy (B B HdoRe AP, B oY b cridestn i g
11A is @sﬁ@oﬂﬂd@%rﬁfeaﬁﬂéﬂgr gltfbx‘ﬁﬂ:d E@éfﬁ%ﬂ Jﬂﬁ)b@f(aﬁﬁo%t HSot sﬁov@n inFid 'l?gl €

chanber “type in one vacuun1t IS se an evapor ation

chanber yangpaatk hhrajabé ;Sr}ziwaéd SURBALREVIB raPiOHAiGEch cﬁaﬁb&rt&é’lb&%e dridal !h‘?fﬂ@c uum
tank. Stored in the plural evaporation sources respectively are naterials

wi th di ifllesfahd mbeniaksiten Sornb ke braagicaighobsitiny Reick ar suBatd &) evaﬁorlilﬁlirﬁin the
transport| ng mat er i aI an el ectron transport| ng mat eri aI an | ectron

i nj ect i oacuwet enk al10. Al othodagamid foried in the Vacghin tenk IItlang &y !ﬂaiidﬁrhtcaln a and

a material for formng a cathode. In the evaporati on apparatus which has

such ev&fReFag P‘@ﬁotﬂﬁaﬁﬁbﬂmbea insiggdt Fratherthidie suffickent ifdmodeprééaingetie ofthddE@ror
brou into a | oadi ng chanber. If the anode is an oxi de such

the ik

asel TIO ?%Bz} adfhﬂaen 1S AU HR N Ak él%fﬂf BIRATAUTT basHyeteplbnn Wewndustignipey sealing
I th t Fi 11A, .th t b ded with

G o SR Pl SR G Rt e

the matgri:als that formthe organic light emtting device are subjected to
evaporation in the vacuumtank 1110. The cathode can be fornmed in the

vacuum tank 111y, ﬂBcéﬁﬁYe R ﬂjf I\%&Eﬁné an?cqgﬁ{e%ﬁm@ aRor (?[& e%g%s%ﬂqﬁ@e%[mn

instead. In short, IS 'S I clent aye S prec€ I ng de are
formed iging bR sQfpe d&ﬁﬁl‘ﬂb&nﬂy Adapdraddh aﬁbﬁ@@%ﬁtW1ﬂ®e AbRPbLYwit® %@érhﬁlﬂ th Fig.

conducted I n a sealing anber and the substrate is taken out of an
unl oadi ngyB ¢hznti@ral tlew@btlﬁlvﬁcduhﬂaﬂ{ 140). Shbiv b Figmi Btak A mple 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 transporting ;naterial 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 containe;
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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devi ce. The procedure of manufacturing an organic |ight enﬂé@igg devi ce of
the present invention using the single chanber type evapord&ati Baﬁmgratus
as this will be described with reference to Fig. 11B (a sectional view of
t he vacuum tank 1110). Shown in Fig. 11B as a sinple exanple is a process
of form ng an organic conpound film (the organic conpound film 502 shown in
Fig. 5A) that contains a hole transporting material 1121, an el ectron
transporting material 1122, and a blue light emtting material 1123 using
t he vacuum chant¥fer 2 hidpirnspertingzsgionl @3 regcdipyp agivenhiskugss egapoaation of habliue

e a 1116, an organi c conpound evaporation source

conmpound, eyapor.ati on sour : ]

b0 i R e g e s Bl DS BT 141 B ot dpastion
substrat 01.havinag an a 1102 is braught into.the vacuumtank 1110
a2t e ERH R R PR oo et R havaah B, LS HEes Beanais
durin r-at.i r in,t.he vacuum t ank 0 i,s reduced
Cor ef or e PR LIRR) colWihbny b B AbGRAHL S il nbl o BBl G 1rADansofiEEY o

t o vaporjghe chfi€ndRisRnicbARSRE ok iﬂ&%h&ﬁ%@ Elﬂlttix%x%%tezﬁm%ﬁtﬁ.aAgﬂ.h}égﬁgﬁgfc%%a%éron

rate (unit: ,4/s) is reached, a shutter a I's opened t

evapor ath 013 ig Geale SwiiEBsRARHb Al 1 RElosedbol € transporting region 1103 reaches
to a given thickness, evaporation of the blue |ight emtting nmaterial 1123

is started whil e\ftenenclligheentittngs@asd iengesmtagivenkhidihieds, ihs siept bavapeopied to
forma first mxed region 1105 (corresponding to the state shown in Fig.
1113). Thadevapesationef therelecgor ttdpirsnginosdel 1022Isetrted 1o foon epatosy mjpadatdion of
the hole transporting material 1121 and forma Ilight emtting region
consi st i Fglurevermsatand the bine lisht amifting masereat il 513 is o&:d aagl ap lelestrpoirmmsporing
container . b 1113 is_heated with a shutter b 1115 cl osed. After the |ight
eni tti nd F 8PN BECHEE ce6rap nvRatipmaterals'd 22 tsamagdy ibef the abpys opyatigsened
and evap ion.of th l.ectron transportin terial 1122 is started to
forma sag%%}r%%rgﬁ %ad °P‘§“g°?68r¥‘f lghol'fg@tyliafwg&élﬂ&eg?{f)r%r?odpp{“ﬁtéf PIERSTT IGREY AWt i ng
nateriahﬂ¥$gégkﬁ&ended and an el ectron transporting
Concrete shapes of the organic compound evaporation source a 1116, the organic
~ compound evaporation source b 1117, and the organic 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
¢lectron transporting material 1122, the container ¢ 2411 containing the blue light emitting material
are sandwiched by an electrode a 2401, an 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 ¢ 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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region consisting of the electron transporting material 1122, s forned. All
of the above operations are successively conducted w t hout 5$§Eﬂﬁﬁgﬁmpl
and therefore no inpurity layers are forned in any of the regions.
Concrete shapes- of the organi c conpound evaporation source a 1116, the
organi ¢ conpound evaporation source b 1117, and the organic conpound
evaporation source ¢ 1118 are shown in Fig. 24. There is a case in which a
cell is usegvgﬁ congﬁctive Eeat gencratoris used, and_ the case of using

t he condiey ARPRTEIOR Yrtois nedlinGhut of stange, dumapyfadpng 2 devies wdngdither a
conduct B BEb ARt B it e reiaor 145 P kT ik M e et o
tr anopor e g ey Bk lon b pobl WA R LR A2 SRR FaR e e Bl gie
ISR e e e RS R i s e )

t he conteaiinti@f mutelibl 3.evapifatad ﬁ%ﬁh@%ﬁzoﬁnt&é@épe&ﬁ@h&?ﬁ%@galfd?ﬁ'ing\é@ag)gfaﬁml gp by
flowng current. A shutter c¢ 2412 for the organi c conpound evaporation

sour ce ¢hellidsBmarial @oringfopmatidiesiehe lighAbhit@dg fefien)or gani ¢ 1ight emitting

devi ces described in 'Sumary of the Invention' can be.-21 2 8 FEB 200

manuf act ur ed bylmafhplcagariena bbletiljecionetdiador daaiectos igaaRn reglomBiofhaet w i ng
a device as Fig. 5B which includes a blue light emtting naterial as a
guest i FVIRSrEtonsAuLce for 4nek of Hwtiviestin majerias/mporiatthosemesogneoe éndr1110. For
evaporation of, the host material may be added to the conponents of Fig.
11B. Th&*HBRIE: if pdipleripigrtiqnyregien ds foaped hyrsyrpRiationd chioea therasgiio bl (2rad thsy hrleg
the ligh mtiting regi.an_wh s the light emtting naterial is

evapor att}élagq?rr\t g rﬁé%?@%{ﬂﬁ%? {g’gh%eemt“ TisratpEal d 55 SYARPTAfRY IBNRSEBIcAY i on
of the -1 al i ion.of the Light emtti. region). In
t he casgﬁaﬂﬁﬁgagﬁﬁ% gnﬁﬁﬁé%ngH&%ggbgﬁvafngﬁmgng%W8ﬁzﬂ%%é%&ggﬁmggﬁ?%ﬂ‘is
formed, FaRnatfmaRehREkQhRRUL s bRliqg@ach of the injection materials is set
in the sane vacuum tank "1110. For

Listed below are materials preferable as the hole injection material, the hole transporting
material, the electron transporting material, the electron 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 polymers may be used. Examples of these polymers include polyet'hylene 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. Effective hole
injection materials are also found among inorganic compounds, and examples thereof include a thin
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exanple, if a hole injection region is formed by evaporation between the
anode 1102 and the hole transporting region 1103 in Fig. 1% RHR 2606
transporting material 1121 i's evaporated i medi ately after e hole
injection material is deposited by evaporation on the anode 1102 wi t hout
any interval. Formation of inpurity layers is thus avoided. Listed bel ow
are materials preferable as the hole injection material, the hole
transportin material, the electron transporting mat er i al, the electron
i nj ect i B0 Hgg‘élf‘ji plptinygm @r fikse othey Metalsnandta Yegy thimfidp oA l2lumpiayie\aide (rereiapiter s
usabl e f n organic light emtting device of the present invention are
not |i n’ie?eé’éf (9B} EFFIEor the hole injection material, within confines of

' hal i based d,
conper pht hat oc TR FERCPREREH a@‘éjbeﬁie?e{r?q%pér e ;ng%,na@me baseq. conpound.
Ao ng p | X] ﬁlbséﬂt\yﬁlr I |e1§ 68(?} % ?r%ﬁ_ge}}lb&g 9@%]’?& 8? n%x ﬁ%llcuq fwit%%lg used

conj ugate system F5ve

pol yner gei mci ke d&ﬂﬂeﬁﬁ&rﬂﬂoi’ﬂ%b%;@fﬂe&&'ﬁgpﬁm it B@ﬂ%ﬁ/& effamePﬁ@PIrDmQ@@.%ﬂ. with

pol ystyrene sul fonic acid eafter and pol yani | I ne

pol ypyr melh@iphe@Pes-plehil-dnald Qﬁp&hy]@ﬁ@%td—%? a4, d-biANQ] -MAPEh )T hESy 1 an

insulator is also effective in terns of pl anarlzatlon of the anode, and
pol yi m gleinpheiphadill GereaRepct INPIDI AE0 ubtsiaek stdrbliRcidrb i @iduali: compoetdsi i@dluding:
materials are also found anong i norgani c conpounds, and exanpl es t her eof

i ncl uded,a' t Hitnis 22, H-dipleBB -2006)- tfn"uphmybﬁmgmI(hhreqﬂcatﬁ%’ﬁﬁxbmndi Hke, UtthefN+#Rt al s
and a very thin filmof al um num oxi de Eherel nafter referred to as

al um naynethmewthsphmﬁtawﬂeqnyhmb@mag hepraftio MIRABASporting material are
aromati c am ne-based (nanely, those having a benzene ring-nitrogen bond)
conmpounds. O tMety C%’H#?’Féﬁ!“’é’ﬁlﬂ/“ﬁéﬁhﬁ el?%*é‘ﬁ’ fragsporting mﬂte“%r §xamples thereof

(S pheru Lok BRSS9k 3Lh e ToPhin b BoHSHNSH . ST i o

5 2 igesdgaen o o s anon atert G sl sriven.
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..l; -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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4, 4', 4"-tris (N, N-diphenyl-amno)-triphenyl am ne (hereaf _TDATA) ;
and 4, 4', 4"-tris [N-(3- nethyl phenyl)-N phenyl -am no]-trip é‘fnﬁ; aﬁ@{}ﬁe
(hereafter, MIDATA). Metal conplexes are often used as the el ectron
transporting material. Exanples thereof include: netal conpl exes having
qui nol i ne skel eton or benzoqui noline skeleton, such as the aforenmentioned
Alq, iris (4-methyl-8-quinolinolate) alumnum (hereafter, Alng), and his

(10- hydroxybenzo t,[nh] qgui nol i nat eiﬂ‘ber yllium (hereafter, Bebq); and his
( 2- met hwatfﬁm&f%eﬁ Abihasced very thip fikp okan msyittemincludnealkatinnunil hsidesutlons
BAl q) t@g1 3} g1 3116]:‘( and compl.ex. The exanples also include netal
conpl ex&§H g “r‘?fj‘ BT Bkallngu el @ﬁ%‘F%%“@‘%g@Scal‘Fﬁgﬁﬁéls%ducfﬁlk&%“ebm%tal
2-(2- I | at h BO d hi
2 (2 nydrBEsha & BEREE AL Ry pitrebndnBeidernd Bpeeinbnt ey
mat er i ag&rém; L@%rﬁpg %pfe%d% transportl ng electrons than the rret aI

conpl exes are: adl azo erivatives such as 2-(4-biphenylyl)-5-(4-tert-

but yl phenyl) - 1, nBierArs Ot I r
and .13 bis | 5te(rp St HHas \%ﬁ&{%}}ﬁ%ﬁggﬁ eﬁﬁlftﬁlg até:ﬁpiire Véig(l(éu It;uz%eiscené pl%r?enbénzene

( her eaf beditioNBheHorclrich @&k ercthe En Ekéé%&hﬁiﬁ@%l@sAﬁn $eBeIBARUENBBIENYH - 4-
phenyl - 5- (4- bi phenylyl)--1, 2, 4- t}?]l azol e (hereafte(% iz Quzﬁ( b@

3- (4-t eZn¢BRy.| Example)s-of- f(l!b-r@télylgi)ﬁmgﬂts) inchrd¢ 4 bi-pl ey iZ-}dhp)heﬂyl»vZnyl)élblblﬁdn@rZO| e
(hereafter, p-EtTAZ); and phenanthroline derivatives such as

bat hoph é?mmﬂlqr, SIFvViR) t@hte$ Waf, pat 4- (CBFBhemt)lctayichet}atrh@hylgﬁ @rdiméthelamafdseryl)-BTP) .

The el ectron transporting nmaterials given above can be used as the el ectron
i nj ecti BW@@WH@GFEEMB@@ iyt diph erngeoilet Hghtprishios ewateplaly aray alspbausei! ped of
an insul.ator, includi r}g@scl kal ine netal halides such as [|jithiumfluaoride

and al k15 RAPSHESAR thegsat drcompler e ity platiumerdndiye as rentsh peial fowan wplrdishhe

B qui nof PO TrERRe t(lﬁ&i"'a%% SR TN IRER L2 AmBTAR, ™

effecti Hght 2 : us fluorescent pignents,
in addl\itgl]ta)grslo(%tglc}%p)rll(;,%ggt #’P&}IE%E gﬁdlgll\er%gt%ﬁ g?(% including Alq, Alng, -

BeBg, BAI g, Zn(Bfdabove ﬁﬂ@na}s with respective functions are combined to constitute an organic light
emilting device of the present invention, whereby an organic light emitting device that has higher
light emission efficiency and longer lifetime than conventional ones can be manufactured.

This organic light emitting device is used to make a tull 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

e . 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¢ can readily be patterned on
substrates by the known technique of photolifhography. Therefore the full color display devices are
manufactured using this technique.
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Zn(BTZ) Z. Exanples of fluorescent pignments include 4, 4 -bie§ (E’

2-di phenyl - vi nyl ) - bi phényl (hereafter, DPVBi) that is bl uek ah8B 2008

4- (di cyanonet hyl ene) - 2- et hyl - 6- ( p- di net hyl am nostyryl)-4H pyran
(hereafter, DCM) that is reddish orange. Triplet light em ssion nmaterials
may al so be used and the nmainstreamthereof are conplexes with platinum or
iridiumas central netal. Known triplet light emssion materials include
tris (Z-EQeny[ pyridine) iridium(hereafter, Ir(ppy)3) and 2, 3, 7, 8, 12,
13, 17, -O(S‘B’E’%ﬂétlhyl -21H, 23H porphyrin-platinum (hereafter, PtCEP). The
above materials w.th respective functions are conbined to constitute an
organic |ight i§ eRiRsaen shawsorspedilic praapden! adsvispwitha suugiae dbyhigha belgani ¢

light em ttc'{.n devi.ce th%tb has hi gher %ﬁg{@t ‘em ssion efficiency and | onger
i feti me™tHAR ESHVERTTERA POHEY Latiotieo HafitrRdr girdacommered Bliyath & hf ghe
emtti ”g°f§§#§§h"e§ﬂi”ﬁ’§%g§i98 Irlrl%lét%t{% ‘;‘Lﬂt‘%éagl or display device and Figs. 12A

and 12B e ows t ructure o hus obt ai ned di spl ay devi ce

hematical l'y. R A ; 398 0B MhiER L8Rl gani c_|ight
schematical ly. Fiige, r#@As o inWYﬁitthla?b %Jr%sr@t Bod 1oh w%}eﬁs%ggﬁé&éﬁgghg Jg:,\g

emtting device is conbin conversi o

The CF ngihedibe il iscibiae V00! Eher8ag kebstrhid 300 @ihE HNOLIRME 661 '&ssbm%%‘%g@%d
with color filters. In Fig. 12A, the color conversion |ayer for - iI's

not al wayesuumeadsaathywn Goliger Bi0mnd ByRr B thd kmbadingol Bk dhddrlon sbaksaato
1205c can readily be patterned on substrates by the known techni que of

phot ol i t ¥reg¥saphyordditiederosit by ¢viaporhuidn fiveddmsls ofinapliay(folekimgle st @gMmic compounds
manuf actured using this technique. 24 2 0 FEB 2006 [ Enbodi nent 1] This
embodi metfd WK R & Mg ahatfermsbegsthede a device with a structure in which a
hol e injecti oncée i.on i% inserted between _an anode 501 and an organic
conpound fil m 502 e Thya3ae holsrigisefion matgal iedapee oA &y gEaposasiop te udugkaessd i n

Elpgt i gf‘l %fgjogr%}x oot:p-rl;]rmotahg)leglﬁ%gtzggt r%glo}l.ow%e;[l mectlﬁgletﬁlsckl?gss ?‘eta)lgigjegs 2 ?1(121 ary(?eggporation
- 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 A/s. 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 evaporation rate of 3 A/s, evaporation of spiro dimer of DPVBI (hereinafter referred
to as S-DPVBI), that is a light emitting 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

—x-~o. ... Inwhich the ratio of S-TAD to.S-DPVBi is 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-DPVBito Algis1:1. The
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501 on the gl ass substrate 500. The gl ass substrate 500 having the anode
501 is brought into a vacuumtank as shown in Figs. 11A agcg {::E% gﬁgﬁthi S
enbodi ment, five evaporation sources are necessary in ordér to déposit by
evaporation five kinds of materials (four kinds of organic conpounds and
one kind of netal that fornms the cathode). First, MIDATA as a hole
injection material is deposited by evaporation to a thickness of 20 nmto
forma hole injecting region. Wen the filmthickness reaches 20 nm and

evapo;hq&%ng& Oﬂ%%&?‘é\ﬁ 'issse%csl_%%jﬂgb)ej/apor ation of Spiro dinmer of TAD

(herernarter re 0 as that is a hole transporting material,
is i medi ahslthe stcand adkedtregion S0& pofoahed) Rvipiaionfof B-PPYBi Moerided andval 1 s
al l owed here to o.d formajion of jnpurity |layers as described above.

Af t er e‘é%pﬁaﬂ@nﬁfaﬁép&r W%@%@? dorms 8@_%% FPRORRCIepIoBT SUs TA § s formed
to a phlskaessso fh. E&tlg,”ﬂrtéb&biﬁﬂ i8R bPRvd tfioRTo 3 thicRnes@¥ARR AL | on of
spiro dinmer of DPVBI (hereinafter referred to as S-DPVBi ), that is a |light

eni t t Ay nmeasah¢ edthodesS08t Bine blde atganin lighbgroittitg devicealesvet frgmA-BPYWBih  keepi ng
the e I. rate of S-TAD. Thus fornmed by coevaporation is a first

m xedysﬁgggl%}r%é@% in which the ratio of STADto S DPVBI is 1-.;..1y The

t hi ckness of the. region 507 is-set to 10 -rim As the first m xed region
507 i&lf o(é{nsd, ﬁhe evaporation of S-TAD is ended-and the evaporation of

S- pPvBIMPdiggRftilnued to forma light emitting region 505. The |ight

em tting regisQhbolidnchPsHddNG Pedifit & S o dkfeWith a dNRAre GVRRRA 2RI ON Of
Alg, that is an electron transporting nmaterial, 1s started at an

evaporlgeironinjesting ofgi® iMinsentpd betoon 2 pathovy 118 end wa pogaaid wmpefindfibPVBi . Thus

#forme vaporation_ is,. econd m xed r.egi.on 508 in which the ratio of
'S DPVBI ?%thgﬁglei%ggafﬁzhg%&@én%vfegﬂﬁgégégﬂ)‘b%lgt%?‘ckness of the region 508 is
set to 10 Hint, A0 tihdemetant mbicthesseoll ub0@ hs Byospidringuaf@matheon of

j f Alq.is continued to formthe el ectron

Cr ans BT HY Po1oASOBbR Sk The BRACSESEHS 00 HInG 488 PYe o bi um |
deposbi@ghtints ¥ aRRhdh 1Mk bP sovkiC kR8s $1 Afan@AR 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 consisting solely of TPD is formed to a
thickness of 30 nm. Then, evaporation of BAIq 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  BAlgata
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
evaporation 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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400 nm as the cathode 503. The blue organic light emtting device derived
fromS-DPVBIi is thus obtained. [Enbodi ment 2] This enbodinqg@ Fggmgmg
specific exanple of a device with a structure in which an efectron
injecting region is inserted between a cathode 513 and an organi c conpound
film 512 in the blue organic light emtting device illustrated in Fig.
513. First, ITOIis deposited to a thickness of about 100 nm by sputtering

to formthe anqde 5 on the gl.as ubstrate 510. The gl ass substrate 510
havi ng t he anogdogdis gy s T 108 31D I BTt VU8 T RO i idgd and 1 A

d 11B. ' odi ' [ ' '
order ¢ BRpRRTo SRRU TR orBite; BEPREELR urTaR S Fa G R AT Rk
i - : [ | f Fi L. th
R R e G e R S i e T

thi cknesggigh 5 BRBinidfBARIq Y ARPL@TARILLE 1 BAV @Dy BodVQsdrallRt €hd &bodddnitBE
light emiting material 1s started also at an evaporation rate of 3 Al's

W th keepingis lene ia@kadson rate of TPD at 3 A/s. In other words, the
first m xed region 517 containing TPD and BAlIq at a ratio of 1:1 is forned
by coevapor ati o’s thheefdndsimixet xegorr 898 ¢ncdmspld®d,navapdratidn ek BARsis Asled had
first mxed region 517 is forned, evaporation of TPD i-s ended and

evapor atdveporefionBA|Ajq isscoptniteid e Bmithe dlentontitaaspoitgigtregon $16 wigh a digdkoess5180 The
light emttin region is 20 nmin thickness. At this point, the |ight

em t ti ng'M-e§HEI.51 80 plsctippraigciifa materialylidacse) ip &ed Huo £ HER with aghigkqgss 20m
fluorescent pignent. as . the |ight emtting material 519. 26 26 FEB 2Wi6 As

t he IigHPbéﬁgﬁgF%ﬂlwﬁﬁPH%“@T@'is conpl et ed, evaporation of perylene is
ended and evapqration,of BAlg is still .continued. Sinul eousl.y,

evapor at 1 onof Arab APl el B bborud eyl oL SRR W earedsy
an evapopaty 0ok Rtie g efhifiod dedife AENEA H¥RM I ierkREnIEEARLedT Xed

[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 spﬁttering 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 ordey to deposit by evaporation five kinds of materials (four kinds of organic compounds
and one kind of metal that forms the cathode).

First, the hole transporting region 504 consisting solely of x-NPD is formed to a thickness
of 30nm. Then, evaporation of Zn{BTZ), as a blue light emitting material (actually 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 containing-NPD and |
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region 518 containing BAlq and Alqg at a ratio of 1: 1 is forned by
coevaporation. The second nixed region is 10 nmin thickné®§.FiE8 2068
second m xed region 518 is conpleted, evaporation of BAIq is ended and
evaporation of Alq is continued to formthe electron transporting region
516 with a thickness of 30 nm Further, as an electron injecting material,
Li (acac) is fornmed into a filmwth a thickness 2nm to be an el ectron
injecting region. Lastly, an Al is deposited by evaporation to a thickness
of abouwAn(BEH), ara rako efle lgatomoekby cofimpotitior. Brefastingx¢d ghivn &0t inghidenice
derived from peryl ene is_ thus obtained. [Enbodinent 3] This enbodi nent
shows a speci f ¢ Bk dh Bixse regien WV tia comgleifide evapgrtion mfet-NRB Yewide® and
illustrated in F'k ’l% First, ITOis deposited to a thickness of about 100
nm by SERYENRG 3@3 TIRTITBuGHe fam thdighbamiftHig refions)Ss [ belighasmitamuesivhe

gl ass substrate. 500 having th nQ 501 i s. brought into_ vacuym t ank as
shown i FIgs" t%f%ﬂesﬁ'n‘g%f?%’.mnlt’ﬁhetalﬁ?38Bﬂ’t?imei@ﬁ't?mlginﬁée%wgr(%”ﬂ?%h%gw&es
are n | n= g o) rati.on.five ki.nds. o ials
(1 our " arans Miy2d MG e olR AT or in ARG i bk URAEs Pl REDENL

cat hod i -&h i j . b.Std _
o o NS T5.F PRt (Gt BupleRnp Bleklelf oL B8 SongheRCORERL BRI B0 517 5

as a blue |ightasefi tighNemiTBEErdeatn §GCisUsniplettd)@vaRRon § DEMIGI ShicwWhitie
that is nore white than blue) is started at an evaporation rate of 3 A/'s

W t h keeppargidnted Zn@WEf)oisatill otntinat® Sfulfanbidlgevaporisn of BARItHR s aadldtsont he
first mxed region 507 containingo-NPD and 27 2 FEB 2006 Zn(BTZ)2 at a
rati o dfangporting ingtefiglrigetdrted) aicmesyapwatami rate.of Bhg's.f Ir gherniocdd theegiconi msced0 nm
in thickness. As the first m xed region 507 is conpleted, evaporation of
of - NPD F&ioR pfeepnipieing Ey(BI dp.nfl Bloat azaf{osif 2y 2 i formashirvicaeragoragor. orhesedead| i ght
emtting region 505. The light emtting region
ngixeg _ic"eg%n is 105 nm in thickn%ss. g g
As the second mixed region 508 is completed, evaporation of Zn(BTZ), is ended and
evaporation of BAlq 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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is 20 nmin thickness. At this point, the last 10 nm of thgd}i temtting
regi on 505 (nanely, between 10 nmand 20 nmhigh in the 2 ¢ei6 of
light emtting region) is doped with 0.5 wt% of DCM that is a reddish
orange fluorescent pignment as the second light emtting nmaterial 60L As the
light emtting region 505 is conpleted, evaporation of DCMis ended and
evaporation of Zn(BTZ)2 is still continued. Sinultaneously, evaporation of
BAIq that is an_electron transporting material is started at an

evapor ati on r atférshtheBolatrgnsppringregion Y corsistingold pefontP Risdetnedteyihohnse8
containing Zn(BTZ)2 and BAIq at _a ratio of (1 : 1 is forned by
coevapo‘?faﬁnﬁh. Thith c¥OEREn HiSxBBVBEgS 8blyeslisht epiing makrigkisedss. staxtedipan
second m xed.region.508 is conpleted, evaporatjion of Zn(BTZ), is ended and
evapor at{ By Hn mcﬁ%@s% fserR] &FBV?P’SF%O fée 8#%‘31? Pt St S sy Bgi on

506 w ek f 30. . .U all is d ited b
cvapor atFORNCA TR Brueingh g B Sy Fhitkarin el SERRE
AL S b P T S S

devi ce it lestinat @ehetift FO19aboht 0.5%idSdf: bﬂ,ﬁfhmtrgg;ﬁll%i:rtic%% {Rerelith C‘@ﬁ‘?’ ét gf

about 100 nm by sputtering to formthe anode on the ‘gl ass subst

500. Thehighassgstbgidraen pQndnaisiaaged he anode 501 is brought into a. vacuum
tank as shown in Figs. 11A and 11B. In this enbodi nent, six evaporation
sources are netefsafiyt mixedr getont F7dBpasifietty uEpaioat ofon-NATX iKemids HH
materials (five kinds of organic conpounds and one kind of netal that
forns téweperatinefd)DPYB1Frominucd tedotuhelight am#pug eging S0% Jihelighh0ittiopsigdni ng
solely ofd.-NPD is formed to a thickness of 30nm Then, evaporation of

S- DPVBI 88 nan 1 thiskngsghTheansyappralomaf Ald that is an elparon drapsnodipeapategip! is started

evaporation rate.of 3 M th keeping the evaporation rate ofot-NPD at 3
A oF | rEt P s Pl A PO PGB B SR BB L WEY g AN

S-DPVBI . aba et 19 2 Whcohd miked el 508 A wEYERY 8k 8P S'3668i 10 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. o
As the second mixed region _508 1s completed, evaporation of S-DPVBI 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 evaporation to a thickness of about 150 nm as the

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

[Embodiment 5]

This embodiment shows a specific example of a device with a structure in which an
electron injecting region ié 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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is formed by coevaporation. The first mxed region is 10 nmin_thickness.
At this point, as a Second light emitting material 701, abddk FBBsg#i® of
N, N - di net hyl qui nacri done (referred to "Dmg") which is a green fluorescent
pignent is added. As the first m xed region 507 is conpleted, evaporation
of p!-NPD is ended and evaporation of S-DPVBi is continued to formthe
light emtting region 505. The light emtting region is 20 nmin

t hi ckness. Then, evaporation of Alq that is an electron transporting
material is stakiredIOds deppsisschiparthicknsss plabeuofO03mAb s spitttfingorfoinn therngodd e
evapor a '@gn of S-DPVBi. Thus fornmed by coevaporation is a second m xed
regi on op Hhegpsssuptimte 310 ol hsr alass BF%ﬁatet&QONalﬂmErﬁhﬁt &ogs 861 is epagidriatoi n
rate is 1 : 1. The thickness gj& the region 508 is set to 10 nm At this
poi nt, GHU{ 9RIopS Show i hags- 157 and & gh*b%%{ﬁ@é’iffl?%é&%\@ﬁ?fﬂbﬁgmwiage

dded t ird.light 1.t nma ial 702. As.t d
ﬁ‘i xgd rg‘g({egér??%%g OHS%?(%% %{)%Sfteﬂ@? e‘é@ﬁ%?’éltf?‘gnklg‘ﬁseé}- %lg\f/’gfﬂsi @hr%égggé’igﬁt&?"c
.  C6 . oot t v .
506 wi ¢ R PR s Phlolc Sl bt st UG ) 100 | 60 e Gepos 1 od by

evaporation to grdthifekaesk @Jnsﬁé}ﬁ{i%reéﬁg Sm&ﬁsiétﬁlg gofé -W—?\?PDTFW&:SJ fa

organic light emtting device 1s us obt ai ned. nobodi ment 5

enbodi NMeiknsHAE0 AmSPALIVEpGaRHANBbES Ak, e@gﬂﬁéﬂcﬁ%f}ﬁtp IhaRisSh EREEH ik bl ch
an electron injecting region is inserted between a cathode 803 and an

or gani c metmigbisatsofsiaktml 802 eivapdrition rixk w3 Argaith Bechinghhe @nbbihiidiOratkfinCEPD.
illustrated in Fig. 8A. 29 2 8 FEB 2096 First, ITOis deposited to a

t hi cknedBusformaesbiit corpporatiohys spixed eagiand06 dn Wbichticheliaufod¥PD8O BCHris § héigl ass
substrate 800. The glass substrate 800 having the anode 801 is brought into
a vaculfff 4§ ?(Vaﬁgragﬂ’be’~i'ﬁlelihlﬁgqesﬂquh%W@OBﬁ@g}S fehtot i n.erbodi ment, f our
Syaporation SOups %(nﬁ}%?ederggigﬁﬁﬁg%g%mgﬁbeg[]%%m%&ond&&‘?ﬁinﬁ ¥l R e abbration OU"

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 from o-NPD is thus obtained. Note that,
i;f 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
iltustrated 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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conpounds and one kind of netal that fornms the cathode). First, after a

hol e transporting regi on 804 consisting solefy ofol-NPD is Z@rﬁgg

t hi ckness of 40 nm at an evaporation rate of 3 A/'s, evaporation of BCP t hat
is an electron transporting nmaterial is also started at an evaporation
rate of 3 A/ls with keeping the evaporation rate of ot-NPD. Thus formed by
coevaporation is a mxed region 806 in which the ratio of 01-NPD to BCP is
| : I in terns of evaporation rate. The thickness of the region 806 is set
to 20 nmcupm tedfeanihosd inditsohl 806 il $B.c onhisednsithdinenagonadviaperaddrdbuliebaies
ended and evaporation of BCP is continued to formthe el ectron

t r ans poREEHYT BgPuisT soSendsiidly ¢wpoBtiom oy kindscihmgtsrials Kihreehkinds wf oresnic
interval, the evaporation of Alqg that is the electron injecting nmaterial is
st ar t ed“4BPOUgT (P‘Peeﬂ“&‘t‘ el ttﬁté%rertbe 89deh with a thickness of 40nm

Lastly, an Al si ted. by, vagoratro to a,thickness of

: d
about 150 nin as “’tthf‘zf e*‘é‘a{t" g%’%@%‘““ﬁ'ﬁ@%‘l@ o) ?j%[tﬁgcgo yg‘?‘ﬁa i ﬂré“e&etth ce

pi gnent such as ene 'S 8 The re |on orm S

in Fig. tr%s%ohﬁg?@a%é*laﬂs%lso[séﬂp@g' 01641101:[ Fﬂtegof%'mg)%tﬂﬁ%p l'?{lﬂé’\@va &Ep’.a e' C

exanpl e of 'the"white organic light emtting device rate

913. Fi b&i-NHD Orings dapashy @lviraiohhd £ kiesse@bn a@%twaaotﬂa%@a’oﬁfwiﬁrﬁrd ng
to formthe anode 801 on the glass substrate 800. The gl ass substrate 800

havi ng Bidg anedes &Lap@athmaaighd 1 i Nt ThexhRBnds 8f RERc2ABoVaeutd @k as shown
in Figs. 11A and 11B. In this enbodi nent, four evaporation sources are

necessary in orﬂeﬁletrmixctepgi@hﬂ%ss cemplstrdatviaperatfiguat ckiNPId s ofdcdraderviepdrstiqit hr ee
ki nds of organic nﬁ}afunds and one kind of netal that forns the cathode).
First, gfPéf lacrrttwee AEp drerclosion EyseeTting Zegan S sthieiys 48 pay ip toeknespohi s
formed to a

th?s 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 rubrene thatis 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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t hi ckness of 40 nm at an evaporation rate of 3 A/'s, evaporaggﬁ.ﬁ/ BAI q
that is an electron transporting material is also started a gﬁ&ﬁ'ation
rate of 3 A/ls with keeping the evaporation rate ofa-NPD. Thus forned by
coevaporation is a mxed region 806 in which the ratio ofcl-NPDto BAIQ in
terms of evaporation rate is 1 : 1. The thickness of the region 806 is set
to 20 nm As the m xed region 806 is conpleted, evaporation ofot-NPD is
ended and evaporation of BAIgq is continued to formthe electron
transporting refirgm Bostrapeting wgwo 3idhringistig skalpsfe-NRD is fonied paititkneshe
first 10 nmof the electron transporting region 805 (nanmely, between 0 nm
and 10 RAFVARGhat §vapprationyaispl 8 Ky IALS BPiak thedast 10 o opbe hola frapsgitoayedien
doped with 0.5 wt % of rubrene that js el | ow fl uorescent pigment as the
second |8b‘§ﬂta“@}ﬁ%?t?vﬁa‘ AR L0 ngpish ingBe 4Qam thickgt holepransgpyiig oM BoRtd ed
by, eva L t hi ckness of ~about 150 nm as the cathode .803. Th

whi to oraint:s e it Bt it RE Fedh ARty mign Gl 8 Piredco ERBO ATRERE ™HENTh s
enbodi ngpk shows a specific exanple of the white organic light emtting
device iflustrated in Fig. 10. First, ITOis deposited to a thickness of
about 100 nm bynspubi&rd Ree tandpBfigtd ﬁoﬁ’-@@ﬂ% foRRdd, QRagobfiofll RIHA1g URR S & €
800. The gl ass substrate 800 having the anode 801 is brought into a vacuum
tank as eihowm tiafspbtis. mddAalandisd IsBirtel rut tahi evagorami mendt, 3 1Ay @i@viapphatthen
sources are necessary in order to deposit by evaporation five kinds of

mat er i alesagofrasion ride nfis-NFD. Orhga frirmed byprevadsatioarida mixed kégieh 896 imehah thchatio
forms the cathode). 31 2 8 FE 2 6 First, a hole transporting regi on 804
consi st iohY-NYP &9 BALT inerneD! peppotipmtiteis 14 1t Abe irksess obfhe4eiomBQftis s to 30
evaporation rate of 3 Als. At this point, the last 10 nmof the hole
transpo®ng region 804 (nanely, between 30 nmand 40 nmhigh in the 40 nm

thick of hole t Eﬁ?tgrs t%vg }’ntui(eggegrioenggog r1]s) coin?)le(tje%ng%poration of A-NPD is ended and evaporation
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 {luorescent pigment as the third light emitting material 1002.
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 8]

This embodiment describes a display device that includes an organic 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 (hereinéfter 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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with 0.5 wt% of DWy that is a green fluorescent pignent as the second |ight
emtting material 1001. Next, after a hole transporting reg2@1 ? ?%%
formed, evaporation of BAlq that is an electron transporting mater is
al so started at an evaporation rate of 3 Als with keeping the evaporation
rate ofa-NPD. Thus fornmed by coevaporation is a m xed region 806 in which
the ratio of0 -NPDto BAIg in terns of evaporation rate is 1 : 1. The

t hi ckness of the region 806 is set to 30 nm After the m xed region 806 is

conpl et &1 F‘%PEIF hut@fwompaatq HFlebrietilen devevra poee T8T) may bpabe insead.
conti nued to fo ﬁ&tckon transporting region 805 with a thickness of
40 nm At this "pm% PPIET 2 SUGSFALS- &heﬁﬁlzﬁtfé‘leéléftdﬂ@fﬁ 3P 48799 YiFRl ligbgi on

805 t hi ck of el ect
transpors Ly PR B ?mrf{f DB A Seod b ma*e “-‘F's“leca RPN ST ange
fl U?I‘ es%%ﬁtstari) ' gl tbst?a?e, opg p a@tllcr legtragp {mc":flmn%%a qg?t can belootib”lc") as %gét%m as

oy &S ep05|te y evaporation ess 0

t he catiBefRf@9% thd Bebswhie bfusQh 9a01a6ng hHMorﬁga bi lﬂagugféé'ocf%] d Spddiys obt ai ned.

[ Enbodi nent 8] This embodi nent describes a display device that includes an

organi c |ight enlthdsiBstehe/I30€, a jiedt foEibN U3 11 QAnd RBriRhL SRR 1'3@%%%&&%(1%9@
13A and 13B are sectional views of an active matrix display device that

uses an poreypoition L3 HheilEmd debdrivgd diesti ce of the present invention. Athin film
transistor (hereinafter referred to as TFT) is used here as an active

devi ce, but théhapkehpordavitld imayedien for NBBlayingnsiishge. . ATiealll bf pholsiras an
exanple is a top gate TFT (planar 32 2 0 -FEB 2006 TFT, to be specific),

but a b&taehoyhe éuq?Fthe(atngiﬁit@megnsavrchéiﬁéwg@ aJiFgga? foTFa)trathyg hargridthwing
instead. .In 01 denoges a substrate. The substrate used here

can tramsHi% °r\g?rg? ﬂ)‘g]ét ?W‘&H’tg iy, ‘Erelln?féfﬁtmﬁegeq BBt FonitlingeTEUbe il e
si de. S%%%{II)&CC(%D(L(YG) 1?039 lar?‘ 81‘Sga§1lél tc):grglgt?i} 1S QY4 raéc%r ulljgb tsot hé E}%sent 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 (hereinafter 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 controlling TFT 1302 is electrically connected to the pixel
electrode 1303. In this embodiment, a conductive material having a work function of 4.5 to 5.5 eV
is used as the material of the pixel electrode 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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a crystal glass substrate, or a plastic substrate (including a plastic

film can be used. The substrate 1301 refers to the substr %ng%Egiﬁ

insulating filmformed on the surface of the substrate. g ate
1301, a pixel portion 1311 and a driving circuit 1312 are prOV|ded. The
pi xel portion 1311 will be described first. The pixel portion 1311 is a
region for displaying an image. A plurality of pixels are placed on the
substrate and each pixel is provided with a TFT 1302 for controlling a

cur r entelgotiode W3- iOp theeixst gessiode i3k thesnganiq sograend e {Hiriefosmeder referred

t t ing TET 1303,

compound 111 m 04 SERF PR fﬁﬁﬁﬁéﬁe@aﬁwﬁﬁ%ﬁﬂg it Tk gede 1305,

Al t hougl t |

has ‘r’zl%ﬁﬁh% LA gfﬁtag st aniie bR b o g
H: Ghd el 1438 %%}er d' ffdm &l ﬁaﬁcﬁq gﬂn%ntaﬁxm%ﬁfblggﬁn-g rg}%tal e ﬂ'ﬁenq WLk

controllrng TFT 130 els pre erab a p-c ough an n-
channel ojfdtihe ¥aih BRtWSRAh) 8L 88 2 RnBuERARNE Lok FiRind S dniBud U Fdth 2 GaRbAQ! | 1 ng
TFT is nore successful in reducing current consumption if the current '

cont r ol dutdigedtyliay<3ing @h AREHiReh bPsiVRE RN Ol 8neddf thdWbovor@RNL el fil@ht em tting
device as in Figs. 13A and 13B. The switching TFT may be an n-channel TFT

or a p-channel Ak¥er.cotipdsedionthebixehdeamotle E3I3, the nigaok kkdmnpgouhld Tilth30Q4,iasd the
electrically connected to the pixel electrode 1303. In this enbodi nent, a
conductdattedrd3@ris edveredwitg motadivk (nAdes. dhepfotetiBe filn 53 ieptovidsd wpededs t he
mat eri al of the pixel electrode 1303 and, therefore, the pixel electrode
1303 f URePTE8Rs lighkemtivae éﬁ‘ﬁerefr@n oxygEn amcblawqu Mg disellE mj thfepyptegive fim

l'i ght-t sm s mat er.i al , pi cal I. ndi um oxide, tin qxide, zinc

oxi de, 12;1%2 lBﬁr%éﬁ’ﬁﬂ“ Sft“tjﬁ'ne%léco | St «‘é&‘HH‘HPe‘)XIdfi darjdlug pfie.rand %f@?@l 33
2 6 FE Zoocmﬁlgﬁtr&g 130%Hn§2hthe pi xel el ectrode 1303; the organic

compoun P ¥ |§%ﬁﬁca the organic conmpound film 1304, the

cathode 1305 i %&B%ﬁ%gj 13201 2 FRb £ rsih latjg'reor acolor filter as those 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 fhe same substrate in Figs. 13A and 13B, an IC or LSI may be
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cat hode 1305 is desirably a conductive material having a work function of
2.5to 3.5 eV. Typically, the cathode 1305 is fornmed from a@@ﬁggcgi}ﬁ\re
filmcontaining an al kaline netal elenent or an al kaline-earth net alr

el enent, or froma conductive filmcontaining alumnum or froma |amnate
obtained by |ayering an alum numor silver filmon one of the above
conductive filns. A layer conposed of the pixel electrode 1303, the organic
conpound fjilm 1304, and the cathode 1305 is covered with a protective film
1306. Fleetrisaldt erpesied mpiead afzdEinedhpdgvingeiacuitd 3p2 ek BESUbKRE- or gani ¢ | i ght
emtting devicg from ox n and Lsture, terials usable for the
protective fil ﬁ?e @é%]@?‘icﬁg‘fﬂﬁ‘é’%) ]:n?}z’ébsr?l‘?ﬁ’ﬁa hyeonnested te Gy cysgHiceridene W lumi num
oxi de, t al.u i d nd car bon ecifically, dianond-lik rbon).
benot ed Gy S AR o et io e ctrdF it T g
shown in.Fi R I h e sh er t.h r_or.filter
o or o4 BB thERxe b gy B be P BRI RaAD O Gk 0T YRkt

Wien t Rgingidally beC RIMRBEMn] leMiB04 &Mink Sl lé?ec[ri)(gahﬁ]amo I)ijlogr TIROBUES$1 on
[ d when the

| ayer is used whereas a color filter 1s use organi ¢ conmpound film

1304 erbtbolliMgTTEE i thitase NQ¥dferatiien dich¥in@poTEr.r CUit 1312 will be descri bed.
The driving circuit 1312 is a region for controlling timng of signals

(gate signal s @helddplhpdsii@sabsy il Fe NSASeAanidfactiide bph yRiceRa tvhizh fdrdibiion and
is provided with a shift register, a buffer, and a |atch, as well as an
anal og ofthietpitel elermodsf 1803 gacales frmatiave] a siing liee 1309 Hewgver] 8vs probess badd ¢
unit of these circuits is a CMOS circuit conposed of an re- channel TFT
1307 arershepthelsariages of tEpina olgctrads d@wB- cThegougheradsutaagrad shequxe! blectagsis 1983 t o
the shift register, the buffer, and the latch, and.  the anal og sw tch
(transf d@&%@; chgractegiyiag ot orgasic ligh s gHe TR IiFe Kdt 2 YEFERT Gl 9PE IGHEE- t he

135, an 1 o Eareigs BB tE R n IR SRR RN Teuinab BB Tk Gac
of pl a%'bgign r[l'ﬂediggl;l)y h&gcccél{owi i P%gq’.llz?:B(.)nInt JP;?S &geﬁﬁﬁz@tgo% of current from the pixel
electrode 1303 is improved compared to the structure of Fig. 13A.
-In Figs. 13A and 13B, a forward-tapergd 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
contact 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 sei)_aration 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 etching the
resultant laminate. This shape can prevent short cir;:uit 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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The pi xel el ectrode (anode) 1303 is electrically connected to the current
controlling TFT 1302 in Figs. 13A and 13B but the cathodegrfay e 78dsnnect ed
to the current controlling TFT instead. ‘In this case, the pixel electrode
may be formed fromthe material of the cathode 1305 whereas the cathode
may be formed fromthe material of the pixel electrode (anode) 1303. The
current controlling TFT in this case is preferably an n-channel TFT. The
di spl ay. device shown in Fig., 13A is manufactured by a pracess in which

f or mat 1 'BADPES mttﬁagiﬁl%eqr} “Féﬁ-géﬁ@&@r 9 8RB C OERIE FegP Atk OBHSE a wir i ng line
1309. However, this. pr s.coul-d roughen the surface of. the pixel _.

ol ect r ode 1303 FEmDABRIRERG" s Prafi e pnb b S Bristltuluaingig
degr ad . i Sti.G: i i .emttin Vi ce Si i.t.1s a
cur ont oy PGSRt EehSiinbg 8 B3 b IR el] BRI SR B ME e

for med A efnd Giitbiitn L. WA 10 3H ACuLAIE0 15AbahBpt he di spl ay devi ce

shown in Fig. I's case, injection of current fromthe pixe

el ectrode 1303 1 Bigl 19%,0880dGORPAPIRE JoRidnDES02 WEMELWeBteQfenkiste dlidhe clrfuifi 9S.
13A and 13B, a forward-tapered bank structure 1310 separates the pixels

pl aced andn 505 €erpieseldapaighkioiielBilinglciroiit. Sign 0B ednt td the pdik SighaBide 8tividgt ur e
is reverse-tapered, for exanple, a contact between the bank structure and
t he pi x@icunl|l6¢2 asldée damsigeal aveiddenlg cidouiekdipteanpiied éofn 4 TABY hipwautbmateilg.
14. The sane_conponents as those in Figs. 13A and 13B are denoted by the
same SiasgBIzdtape 13Q5 thgoggh aminpwt wiripg Hee 150de Thoush neethpws imthe dravdpa the TAR
portion, fo nin% a mﬁring | ine and separation portion 1410, The_shape of
the wi riPRigla% My dsderlassd Pyt TR (1BRs G Packeer) SRbALIaHetby proywling v fape o

structur?%mjgg.g@v%%é Ls .obtai ned by layering. a netal that constitutes the
wiring TIhe" SnECRdCBPEE | ower in etch rate than the netal (a netal

e et ARl by a80s (160 SP et B8 € GRUIEARN o BLPBLE o LHRgRO2PC

can pr event S_ho_rt Cl r ( ween a ca e_ an_d a I eC_t r
1403 orgdihe shbkh 'ﬁgFﬂg'. e Rkd Kgided Waual Sgggﬁén\’t%r 847 fo¥m SR A¥inde¥e CEvert hE

cat hode 1405 on the pixel 35 28 FEB 2
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, diaxﬁond—like carbon films) 1506b and 1506c that are formed on the
front surface and back surface 6f the plastic 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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is striped in the device of Fig. 14 (similar to a cathode &g assive
matri x device). Figs. 15A and 15B show the exterior of theé iEBe 2086 r T x

di splay device illustrated in Fig. 13B. Fig. 15A is a top view thereof and
Fig. 15B i.s a sectional view taken along the line P-P of Fig. 15A The
synmbols in Figs. 13A and 13B are used in Figs. 15A and 15B. In Fig.

15A, 1501 denotes a pixel portion, 1502 denotes a gate signal side drivi ng
circuit, and 1503 denotes a data signal side drivi ng circuit. Signals to
be sent Pf%’eletﬁéﬂ pPlay &g fram sewaedhbs rﬁ%ﬁgﬂoncqfradmwerlgmeralhd atcheulampaleriinghal
side dri % C|rCU|tH1503 are in R)ﬁﬁnfg? fro a TAB tape aut omat ed | bondi ng)
t ape 158 ‘f rPYH Oﬂvﬁ L Wsr Prﬁ 13 %(Pﬁ? ariEing RlAe idtave AR Yileless

Chat 12 E8ch WA “?%é?rfefgfﬁ%ﬁ%g&“t i e PRy R T P £
d f

Dhe s oo ‘Jcsﬁgﬁlﬁ“e& ! oﬁngﬁ‘?”ﬁ‘“g%@e%%éép k RafrBhEELfEso A BBGTaRAT D

1507 formed of AnyeBbRanic KRR AAVIRE de%@?@orcﬁf?‘%}@ tﬁ@ﬂre&‘ﬁt ﬂ@é’ntfgﬁtcﬁ{ beAlse@ss | _ong

as it does not transm't oxygen and water i ment, as shown in

Fi 9. 15khe drpsnichyRlemifinb eévidRuldl if GBgRs déf/lcéopdhﬁsseﬁﬂ%diﬁﬁ‘d?@er 1506a and
carbon filns (specifically, dianond-like carbon filnms) 1506b and 1506c t hat
are formed on the front surface and back surface of the plastic nenber
1506a, respectively. As shown in Fig. 15B, the seal nenber 1507 is covered
with a sEE@BD@ng‘e?iber 1508 nmde of a resin so that the organic |ight
emtting device is conpletely sealed in an airtight space 1509. The
airtight space I@S@@bﬁﬁwﬁésfqu RN ¢ ﬁlaFﬁe‘MPl@age"Qcteyﬁl @aq‘ﬂdvlplerﬁft”r@géﬁy gas

bl f npl e dfl b
Cypi oal SeRan ek e reftc Rt mihed epiebagiordig 1 11 apeed vt VBIED pot

b d in th ded
on & a el 8RR B BT o B B © Bleln g B P o B8 Ve
by a vi %Y‘@El)bsggtet)ﬁ%hfyhsaﬂla eqlgyllc‘?ﬁf W@he‘ré}n i& efequa%iﬁsqﬁ)%rde gstmrll)i g]ﬁ"f

pol ari zi ng plate has ane reducing re ction of “inci
fromt hqew& edchahal bRwitigesby 36

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 réverse 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 clectrode 1603
desirably does not transmit light. More desirably, the electrode is formed from a matérial that is
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2 8 FEB 2906 prevent the display face from showing the reflection of a

viewer. Generally, a circular polarizing plate is enployeg. it is
preferable for the polarizing plate to have a structure mgﬁm\éﬁé&lternal
reflection by adjusting the index of refraction in order to prevent |ight
emtted fromthe organic conpound filmfrombeing reflected at the

pol ari zing plate and traveling backward. Any of organic light emtting

devi ces, .accor di tQg.the present invention can be used as the organic
|i ght e]FHgE ifﬁfg“gg‘?/‘?fgkgthpnm uded in the display device of this embodinent.

o et O BN R B oS RN Ral SN S PR SR M RS, e
v co. SR hBBORILART 1obMET o e 1oBSPORLIRI eOus gl R ARIEY
subst r at;RbRRmUkt] c&camil?g@% INE ARKACEE the sEQRARR AR Boh &S H@srirﬁfy@f:fﬁi&lfﬁgctm as

upward em ssion). Fig. 6 Is a sectional view thereof A thin

t ransi smeferiblavak aabtefinéieinef 286 3.9 e WS Tpikally, 4 Sontie@idc BA Bordsintnien AGAlinee
device, but the active device may be a MOS transistor. The TIFT shown as

an exanmkwl elsmenttoppn gkkEncfédih mdtil cderaent, of B, cohducliee Sipecirftdigihg alapiiman batat om
gate TFF (typically a reverse stagger TFT) may be used instead. A

subst r alegunBoebtained by lageringeoralyipivingg siET {602 anhat thesibéor spadudtive dilps el
portion 1611 and a driving circuit 1612 of this enbodi nent have the sane
st ruct ub¥sd- AOVey o SEns HsiraamiteiNe isgndippensably fop the nateitné of o secopf eleptrods

connect 0 a drai.n of the current control.ling. TFT 1602, is_used as an
onode. 1 TS BB IO PHER 8105 B PO gt gty Wrdbry oo oond
conduct jye - material. ha}vtj ne A, | eT el K tfhunt%tia%n.t2 i catlh. xanpl es of the
conductrive materi aF}’ ST ade P ke ) oapa(f’fjf adl am toﬁngsrgnéﬁn, b%f‘%g,s' silver, and

s oo 7oL ol Qg ATl N il 088 AR a0
mat er i akechR@éledtfods 1605 is covered with a protective film 1606. The protective film 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 connected to the current conirolling 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

38




2 8 FEB 2886 highly reflective of light. On the first el ectrode 1603, an

organi ¢ conpound film 1604 is fornmed. Provided on the organ d
film 1604 is a second el ectrode 1605, which serves as a catgggeﬁggﬂﬁﬁgs

enbodi ment. Accordingly, the material of the second el ectrode 1605 is
desirably a conductive material having a work function of 2.5 to 3.5 eV.
Typically, a conductive filmcontaining an al kaline netal elenent or an
al kal i ne-earth nmetal elenment, or a conductive filmcontaining alum num or
a | amspatee obtai ned by layering an alum numor silver filmon one of the
above conductive filns is used. ‘However, being |light-transm ssive is

i ndi spensabl e fsAOERBY HedOds 7 enlorsonyeraion byenea2 etleidilicpare hosesbevsindes- thar d

em ssion is_enployed in this enbodi nent. Therefore, when us
second 2d|1éBt Plda%cxafrwée SH%Y’%P""’F%*‘%‘F‘W@F%’W)‘/S ArQisigdn | W&V%H\?&% fﬁi n‘t’“f*ﬁevm

b 2 h he. fi de 1603, th
or gani %t 81%3%13 SOpPE gt 04 S P SEBCE shi” b b b G UGS e
a prot %EcrYf seb k\%&ﬁ]@%{gﬁlﬁﬂ 8B{\P8ﬁ§&1§1f1ﬁ/f6d4' ellﬂnsjmﬁl(?tgl g§ provided to pr ot ect

the organic T rom oxygen and~noi sture. In this

embodi ment an&hum@&@addﬁherﬁaﬂe Jil&ahb%%@n%% 1simean9Er@fo@gzamcvc%mpbhm @i ik pRgkras it
transmts Ilght The first el ectrode (anode) 1603 is electrically connected

to the @ EMhbERRAEAIQ. | THRe:fdE FobBO Hight hight bd AikutwHehe cpaisHoge:dniyplh ey
connected to the current controlling TFT instead. In this case, the first

el ect r ogieteisng (osutdte dffeorad bh Hglirainéttdddiomoddjdche poatsh otlblavhenteiad 62 his tleedord
el ectrode is formed fromthe material of the anode. The current
cont r ol ¢mpigyeHAT thinembodimerige lassenphei@retse pf bght amaied drvat adjFEm pipdpot ed by
1607 is a cover_ nenber and is bonded with a seal nenber 1608 formed of a
resin. The coveTigianiBde sawbrthgggie signalside faivimeciruipand fB?\éa‘éélgP%l side SR met s
light but not oxygen and _water. In th mbodi S i.s used. An
ai r ti ghtirSHAe%mRBER gy a gt (e e THare Gaénfg%& 3?89‘@3?? ;WP“WFP@@}&W gas
or nobl in inert |, I%QE& exa % Qr on
Cypi cal 6135 haved g g e gBtibe 1tiCH A sk SR sy b rr B it
an ab SOf;:REQée) Hat %%%Ml&%"y pr&rl&ng a TAB tape with an IC (integrated circuit).
A polarizing plate may be provided on a display face (the face on which an image 1s
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 polanizing
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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38 2 8 FEB 2006 space. Denoted by 1620 is a color conversion |ayer or a
color filter as those shown in Figs. 12A and 12B. In the ggagggaw@gown
here, the layer or filter is provided in the cover nenber 075 t he
organi ¢ conpound film 1604 emts blue light, a color conversion |ayer is
used whereas a color filter is used when the organic conpound film 1604
emts white light. In this enbodi nent, the distance between 1620 and the
organi ¢ conpound filmis larger than in Enbodinent 8. Therefore col ors of
li ght mi ght be Thisxadogivesnt deo0biss Hasyi Yeematsik dispy Byvicepatan sxamplg of T 8iapldy be

af fecte bg Ii%ht emtted fromadjacent pixels). A Dblack matrix 1621 is

t her ef dIE&'CC Brping\rder anpraamicdish elerice ot therstent Pr@tions Figelléds afon vight
emtted fro dj acent pixe .Signals. to be sent to,th at.e.signal side

ar vi R SR nE i 2 5 RERord Ul el g M pE B R Bt coa Fr om
a TAB (tape aut t ' p 4 thr hean Lnput. W.ring, line

T615. Though ndt "Enoriy SIEREY H1GNS & Pl URHPD R Vi Lo Re B by

a TCP (f1aRfastafdeh®br ust@E3882 oﬁfpﬁ%ofipﬁxggﬁfgggngemm, zﬂlraQWligirl . g@ﬁgﬁﬁﬂfﬁ Wi th

an IC (integrated circuit) A polarizi may be prov I'Spl ay

face (tpes f(?&?et@ﬂef_ﬁh is@lfiledN PO dafbonfte PhRY q?olpahﬁ@qeo Rsgmuathiidly od pEIgVer )
of the display device shown in this enbodi nent. The -polarizing plate has
an ef f gpblyethyleadnphiglatef | ection of incident light fromthe external to
thereby prevent the display face fromshowi ng the reflection of a viewer.
CGeneral |y, a ciRefarérge npotralri782 degpotes baneing Eneignlodsse thrmtbine e conduttiviesxide
preferable for the polarizing plate to have a structure with Iless internal
r ef | ectfilsh Ipyhigenbedimer). the sondygidve widefdiyiaebipigpd pdapingering arigimeiegl it ght
emtted f on1§£§ or gani c..conpo qgﬁfiln1fron1bein reflected at the
pol ar | quh{f- p &t deirlf tqaéﬁlem%atga nérared Ap 6fm%?qgf&ma @ Pisghth ki, 1ip; thig
devi ces_agccordin o, the present invention cangge u eg as the organic
' ght - ST Ui PRRe PR D18 ROBFS) d06 PLRS Gieben & RGst Tkt
[ Erbodi tHﬁ@Epa]rg‘H: the data lines 1703 from one another. A plurality of scanning lines 1702 and 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 fo 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 a seal member and 1711 denotes a cover member that is
bonded to a plastic member 1701 with thie 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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39 28 FEB 20 6 Thi s enbodi nent describes a passive matrix dj splay device as
an exanple of a diSplay device that includes an organic Ii%ﬁt?@ﬁé@g_' ng
device of the present invention. Fig. 17A is a top view of the display
device and Fig. 17B is a sectional view taken along the line P-P of Fig.
I7A. In Fig. 17A, denoted by 1701 is a substrate, which is fornmed of a

pl astic nmenber here. The plastic nenber used is a plate or film of

pol yi mi de, polyam de, an acrylic resin, an epoxy resin, PES (polyethylene
sul i | eynatqol §58by SpesFao A exnd ghpsiinahisiingsiling gk of Bipssisisert wed )Herop pREN:

(pol yet hyl en .nagcr haggate . Reference nuneral 1702 denotes scanning |ines
(anodes JPAGRMEYS g O¥HINEREe oxide film In this enbodinment, the

duct i ide filmi bt ai ned by donpi i id it 1L i de.
Conduct | ve 01 LI bl aLIe, R Soping 2Log, qride Wi qalh Lin exide
fil i } j { 704 d { banks. f . of c vl in.
L)oo T8 EROLLRAL oA S50GS, R90  SEIES ] L RSV Gt 51

from on%r@emr%eﬂhe s@bd?rlalé_r?ﬂ()il.t Yo Rdn é@?r?&ﬁi@%&%&ﬁﬁ fili%log’/’dl%ﬁ(gnei%ptm]éjrigﬂt,i § ¥oi0Pf

data lines 1703 respectively formstiripe patterns an attefns cross

each ot Refiveadion Iagdtis o@ @Sreas A ERGIHN P Rlus&QMER thOlofshlle cdrifbun@ HIBMGRNEGits
conpound filmis sandw ched between the scanning |ines 702 and the data

| i nes 1%OBedight. i nt ersecti on portions 1705 serve as pixels. The scanning
lines 1702 and the data |lines 1703 are connected to an external driving
circuit throughFe. TABisapelaigtd7ievl ¢D8e dievnaire 378 gfraquipel ofgion. ri7ng denanshe
conprised of a mass of the scanning lines 1702. 1709 denotes a group of
Wi ring OFSfex eawgrdBin.ofts shovasis Fig. 1¢onlewer japms wi thie hgnks| i7A¢ grelmpo@wehtann ar e
connected tqQ the data |ines 1703.. Th_ou?h not shown, the TAB tape 1707 may
be repMBRERYY 2REpherRRe the by sphely SISy peawR i thigdaa s 178 Eom ang aagtherc. | n
Fig. 178, .1710 den@él s as a% nbe a{&ﬁ J]r% .denotes. a cover nenber that
s bondbliXgPL ) Hef SetBiBtey ST o miphen VA0 soi wEnls Sdygpa Ry @ caiing
phot o-c%e@@eg 554 R &R L8NS B, £ Qiont | . HR) r 10. preferable
material of t %e sé)grP menber i s %]jﬁe' W iogﬁlegﬁi 8%/‘\:5%% | t(8 'tufdéglénalg thbs preven{eg‘
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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| eakage and which absorbs little noisture.. The cover nenber is preferably
made fromthe sane 40 2 8 FEB 2005 material as the substratg hFes, 2@0sd
glass (including silica glass) or plastic can be used. Here, a plastic
material is used for the cover nenber. Denoted by 1720 is a-color
conversion layer or a color filter as those showm in Figs. 12A and 1213.
In the exanpl e shown here, the layer or filter is forned in a dent that is
obtai ned by processing the substrate 1701. Wen an organi c conpound film
1711 ertPt STERRIGHENS FHitinggexise Bicludee in/be display Hewesrofitiys prybelimbielr eas a col or
filter is used when the organic conpound film 1713 emts white light. Fig.
17C is an enlarged view of the structure 1712 of a pixel region. 1713 _
denot es the .org?{el]ic conmpound film As shown in Fig. 17C, |ower |ayers of

t he ban[l?s f%?lenar narrower than upper |layers and therefore the banks can
physically sep i.ne f e another. . A pixel,.pprtion
1714 surrounde ye%tl Ogﬁg%]g%ﬁorﬁegr%ee%a%g%g)fia{s&? il %F]Tw%o\?mf’ %go%rg'?%l aedlsﬁﬁlly by a

seal i NGjey[RRRGHn h/BmbdBhERA 098 nAkE B3IdRvicDRES ARRhkien of the organic compound
filmis thus prevented. In the display device structured as above in

accordance w t fn k@ dpre8B6WH il FigSTEA QMFAB Ripe 18048 laRDed tPDsubddde 1 §010@EROSed
of the scanning lines 1702, the data |ines 1703, the banks 1704, and the

or gani cinclodipgumikef pdrtivd YAB. and herigd lonee 18082 adlil 3 PO3bY, ade W ipeifite firifthoard 1805
manuf actured by a very sinple process. A polarizing plate nmay be provided
on a diispitanped tctbe (utlveatt dueughrtheliAdi tapm180dage i s di spl ayed to be observed
by a viewer) of the display device shown in this enbodinent. The
pol ari zi ng pl at‘efungdonghbleelf diegramfof theduiadgviriag beard L1 ipphavwcindentSBi Gint
fromt xternal to thereby prevent the display face from show ng the
refl ecﬁ%oﬁmfﬁoran&/?se%?ést hﬁrf@f*aﬂmsﬂ F R BPRionyoi8Rp azt A§09%m date sqggag side
enpl oyed. .However .. it is preferable.for .the @%arizi late to have. a
Struct RSy bnd S 88 SevPerrag 1B Aot oReR Rautngf it
refractifQpy ighsorder to prevent light emtted fromthe
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 a2 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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organi ¢ conpound filmfrombeing reflected at the polarizin |t
travel i ng backward. Any of organic |light emtting devices a?@gfﬁgﬁéﬁﬁg t he

present invention can be used as 41 2 6 FEB 2006 the organic |ight
emtting device included in the display device of this enbodinent.
[ Enbodi nent 11] Thi s enbodi nent shows an exanple of attaching a printed
wiring board to the display device shown in Enbodinent 10 to nmake the
device into ule. In a nodule showmn in Fig. 18A, a TAB tape 1804 is
attac heﬂfﬁtﬂ& 13%&5% f”ﬁ%ftgehnf%ﬁo%ﬁéﬁ’ &904a), @P%Pﬂ@echwm%éparﬁdﬁw Bretageg tathe

803 803 ed boar d 1805 ttached
o the 3 Pufolion tapﬁi%@\%{‘%%@nf%@a Glaehne SRR WPROM of

t he prlnted WI r| ng board 1805 is shown in F.g.. 18B. An bmc ioning as
at least I/ O pOI‘S[S (i Rput” of* out put Portions) 1886 and 18 9, ata si gnal

side A ving. {0 TonaNch A8 B SRR 18 1616 SiflodBR8 1o

provi ded vmthlnt e prinfe ern oar 'S speC| | cat

modul e gdif 1tisuE Hdviakd thAGH Pgnidd 'wﬁ%l% clHRRA 1906 24 AR %1?19'M9t1£'p1%w£h iﬂ&le

portion formed on its surface and by attachl ng a printed wrihg board that

functi omg iEiSn@ alivay¥ hét@ssatyl TUE torl:d] iIE1 988 Rl fodidd Haling Bek b GorlDBtrb AR has
above is specially called a nodule with external driving circuit. Any of

or gani cdrivightireits bbd cgrediéoi afdmagedoa.di ng to the present invention can be
used as the organic light emtting device included in the display device
of this enbodi nerkis spEifisetomemnodul stifkiugeddntrsdthiens pehiodsinme koeahtbhiehast
attaching a printed wiring board to _the displa devi ce shown i n Enbodi nent
8, 9, oﬁmi@ows ﬁﬁ%mﬂlﬁ"emééwséfételoﬁt“@l‘él aRpERAne lighhemittipgdigyise §H@Wﬁd|aﬁdw@
19A, a TABt d0 1S att ched E ubstrate 1901 (here
is specm yca ed a module Wl externa contro er.
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 13}

This embodiment shows an example of a display device in which an organic light
emitting device is driven at a constant voltage in accordance with digita] time gray scale display. The
display device of the present invention can provide uniform images in digital time gray scale display
an d t herefore i s very’ us e f ul

Fig. 20A shows the circuit structure of a pixe! 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 Trl 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 1ongef selected, Trl is turned OFF to hold the voltage (V) of Cs.
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including a pixel portion 1902, a data signal side driving circuit 1903, a
gate signal side driving 42 2 0 FEB 2006 circuit 1904, and &Eﬁ@g 'mnes
1903a and 1904a), and a printed wiring board 1906 is attacg ¢
substrate through the TAB tape 1905. A functional bl ock diagram of the
printed wring board 1906 i sshowni nFi gl9B. As show in Fig.
19B, an IC functioning as at least 1/O ports 1907 and 1910 and a control
unit 1908 is provided within the printed wiring board 1906. A nmenory unit
1909 i sAHEEIPEBG (aert copiimucs fo flaw iban amaws) depaedeasenYy.  The control unit
1908 is a portign_havjng functions for controlling the driving circuits
and correcti on 8% 2PRapRyvspshart frdrivinedhis giecuitip ageprdgpce withdigial mewgraysedleed by
att achi a printed wiring board that has . functions as a control|ler to a
aubor r B e iteroaent Ysblgv St g G0 E8 Bk St che P68 T
speci al l].e W th.external, contr.oller. Any of or ic.light
oni 1t goaE G B Rt b8 b I B2lacF O R st Pl B B Grtoife

or gani Cj;dyk gt ok Ve, 5.8 ral d 6.1 .14he .di spl ay device of this
enbodi rrlrléér]l];t [SISE%](%%%I%%E@%B%UB?m'lh'ﬁlgksslgeé?rtc)igdi%rrtén? ghows an exanpl e of a display

devi ce in whi clrignoorsgidddtichllyibows @R tnk icehid @Y iaCiE-T sSib&fkd/E&MhB enodiglRat. ant
vol tage in accordance with digital tinme gray scale di-splay. The display

devi ce Afzatchevaramdanburbatetr mepreoddedinals deeyabstrarenid Bgadodimeat, Gidmkeit i me
gray scale display andt her ef orei sveryuseful.

Fi g. - 20dArceticand thhelriens cué tdesgredcioubee digitally piiveel  Aasdrdiggian flocigaiincinl THEt
emtting device. Tr represents a transistor and Cs represents a storage
capaci t @rraclegstigees aptradigrt the devaee andgha device gan displayswliemaniages: current fl ows
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

vol tage[Egn dhggm‘{a]z flows into Tr2 and the organic |light emtting device.

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 Trl, T12, Tr3, and Tr4, 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 hlas a source
and a drain one of which is connected.to:f_hc 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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When Trl is no |onger selected, Trl is turned OFF to hold the voltage
(Vg,,) of Cs. 43 2 8 FEB 2006 Accordingly, a current cont? 8uesBt2)i6! ow in
an amount dependent on V,,. Fig. 20B shows a chart for driving this circuit
in accordance with digital tine gray scale display. In digital tinme gray
scal e display, one frane is divided into plural sub-franes. Fig. 20B shows
6 bit gray scale in which one franme is divided into six sub-frames. In this
case, the ratio of I|ight em ssion periods of the sub-frames is 32: 16: 8:
4: 2 : domnpited toaixed eleetnateiof dieloyzaghvdight emittingnigvice 2311 {The orpasic TIEA esibmipr at e
of this enbodinent. A gate driver and a source driver are provided on the
sane suBdicatdl hay thepizeletipmudeream oppopite plesteide, andrapuarganan Hehtrrmiiinevieyes ar e
designed to be digitally driven. Accordi nql y, fluctuation in TFT )

char act E’F‘?‘E‘ﬁeg b?ﬂﬁ’%%“ e PIxgk Flertiods e e oPrRasiaiertiole HinareesiEsiFcHPREsfves

i f i . | E di t 14] . Thi nbaqdi t d i ti tri
const ant CUBAPLTRIEgT oM ApIRicr SPL PHaPe (PO TiEg PPt ng. a- conetant
t int ic i et L] i f i tion. Th
cireat strocturs 9B fo belbo i L Baftl B B dtenR LISt S RRLCRD: 206

in Fi g. 7230884 RavitIRAk thd A8 §ngﬁgfblfﬂ§{ shy ﬁ&&ﬂﬂ&ﬁ%éﬁ@?oﬁa Sé%lﬁlgfggﬂ T2

scanning line P}, andea powe u lthe Vi. The pixe has

transi sfnay se I h-chahhd TFI' 3 a gadmnﬂ 4FTA0ne HBARKA clccGitte 80 PekideNEGSI2311
a

of m xed junction type, an capacitor storage 2312. Gates of Tr3 and Tr4
ar e bot bf the tipechading detibeschies 9§ arbarda bidihk bher grves 15 3chiRsdea WIHAITIR is Apd a
drain one of -which is connected. to the signal line Si and the other of
whi ch i shapoel &, éds tesirablegousectbe pixellglgctrofie 4s fraanode swlithe eppmsie aledirademsane of
whi ch is connected to the source of TO and the other of which is connected
to a gatdhese. TP the otheyHsng, the pixek slgelsedeos davimbly used Ty 8 cpibodowhide veag the t he
source or drain of, Tr4. A source of Trl is connected to the power supply
li ne Vi OPRAHE dlegifode As 8 amRdp 112 ixarnsehaspel TFT.
The 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 supplied to the signal line Si is controlled
by a power supply of a signal line driving circuit.
Adopting the above circuit structure makes possible constant current driving in which
the luminance is kept constant by flowing a constant current into an organic light emitting device.
- - Anorganiclight emitting device.that-has amixed region in accordance with the present invention has . -
a longer lifetime than a conventional organic Hght emitting device, and can have an even longer

lifetime when constant current driving as described above is employed. Therefore this circuit

structure is effective.

[Embodiment 15]
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to the source of Tr2. A gate of Tr2 is connected to the second scanni ng
line Pj. Adrain of TOis 44 2 6 FEB 2006 connected to a q%§$$§$l Srode of
the organic light emtting device 2311. The organic |ight i &gﬁ devi ce
2311 has the pixel electrode, an opposite electrode, and an organic |ight
emtting |laver interposed between the pixel electrode and the opposite

el ectrode. The opposite el ectrode receives a constant voltage froma power
supply external_to the light emtting panel. Tr3 may be an n-channel TFT or
a p-channel TFTTHndisplHe dexices apphd presend 1W®F10H0W¥?V€rb®naﬁ@0ﬁbﬁﬂ taths to
have t he g%ye golarit . Trl may be an n-channel TFT or a p-channel TFT. Tr2
may be SROHUBRYRARPveHEYe advantages i dow apwetrepnsumptiopand fome Sifstiape- cheserdiegls and
t he opposite electrode  of the light emtting devjce serves as an anode and
the ot haretl FRBREE B% nePR e AN orve] & B8 Wbl o e RS gharee
desirab . t xel nede osite el ectrode
as a cerroa it iR PR eoRcRRbP ks W 3, AEREE, G iR IT SHEEL o

th . . . . )
a ca OgﬁeTF# for UL abBﬁaansotﬁi%sE%a@ér%grf&%%?lgsﬁlﬁg@, ﬁfg?%g 8blftang gc51'1t eé}ng,n q

n- channel The capacitor storage 2312 i's n the

t he soubg@u&fiowpowel EfisufpRACEARIdiBER 1896 Bibrcel foalb i dledsd PediBhtiyai n the
gate-source voltage (Vrs) of Trl nore securely, but it is not always

necessary. |n the fhoxelisslapuévides afel gif-1@Binods 16 Wlimente thOndea foppk 1ight «f thd he
signal line Si is controlled by a power supply of a signal l|ine driving
ci r cui t onetddigtidegstahdisEiovedhiayouginistompotyd @ myddsetiap b ssiibliecknessss athin
current driving in which the lum nance is kept constant by flowi ng a
const anénd lightevrightntlBedric epplintes thitdive ahase displgy deviceseas thein displyairiings lafeght
emttin de,i%e t hat has. a m xed region in accordance with the present
i nvent i BYFOFHEESLY AhipRg gad lightes thageonyrtonpl 85y eHtg i9RdFads dyssiyCtol SogKNe®sss t i ng
devi ce, anggpan ave an even | on lifeti Wwhen copstant current driving
a5 dose TSR S TrtliR Byan M ierR AEok Hd° CPPCHrLY e TR PP e
~effecti }Sﬁ‘ticularly portable equipment. Moreover, being thin (unvoluminous)is doubtlessly useful for every
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 quuid crystal 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.

~ ¢ w« - ... Tosummarize,electric appliances that use display.devices of the present.invention have,
in addition to merits of conventional organic 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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[ Enbodi nent 15] 45 2 6 FEB 2006 The displ ay devices of the present

i nvent-i on whi ch have been described in the enbodinents abov? 2006
advant ages of | ow power consunption and long lifetine. Accordi ngly,

el ectric appliances that have those display devices as their display units
or the like can operate consum ng |ess power than conventional ones and
are durable. These advantages are very useful especially for electric

appl iances that use batteries for power supply, such as portabl e equi pnent,

because2 sk r2a3ad daBt Tb%oqg@éﬁlggféﬁeﬂéﬁipwe‘ti@ﬁsé@ﬂﬁbﬁiireiheéhﬁcl(ﬁlgaipplémt% di e
| ess freguentl é“ The above disg, y devices_are self-lumnous to elinmnate
t he neeaﬂﬁﬁremr?é R} GRS ALY R emHipg RYicq acqoplingio thy repealiaventipy Hsve

[ d fil | t han 1 in thick to be thi d
11 ght - i BRY g e et 38 e, sfesiic, fhRliontsR, O (HE SE0RPBPL ST 8L 88 Wehei 1
di SPhay e § 208 £ ¢ AGGAY A ] Y LN e a@g,l LLgnLer thap conygntiongl ones.

This too | ead rectly to conveni ences g ess and conpgct ess’ in

carrying them aFig.UQﬂA B laSaiyfky ué‘lﬁffaHloréaggzeﬁ%lg%{rrﬁgt%g%mcganﬁ%ﬁ%iapsl';ly Iiss

particul arly portabl e equi pnent.” Moreover; I (unvol um

doubt | egéihyoses 6ff dblasd 11018 W ipportPaQCA1 0D 2APPALARGRIIA0I L BRsRE a WPRAT BAKLAL | ON
(a large nunber of appliances can be transported in a- nmass) and

i nst al | af iheprasapanensavisngg displaPeningl 03e) the Hisphneinbe thin@naigmeysinpisayell
devices are characterized by having better wvisibility in bright places

t han | i quiwalde.ySteirdidglypragpatenive ssimplified, shacwisenieddn anglletion] het Bfctme is

el ectric appliances that have these display devices as their display units
are advi¥€ageous also in terns of easiness in view ng display. To

sunmmari ze, eIec,ricEggpliances t hat use di splay devices of the present
i nvention have, P& 7B  vHeq rmesd Michds compasesivf @ 81341 bogy ghiibea lisgjpy unit

SRR T e R B TSR T MIATIN T R SR

usef ul . y4it 2106b. By using a display device of the present invention as the display unit 2102b, the video
camera can be light-weight, and consumes less power. Accordingly, battery consumption is reduced
and carrying the video camera is less inconvenient.

Fig. 21Cshows a digital camera, which is composed of a main body 2101c¢, a display unit
2102c, an eye piece unit 2i03c, and 0pér'ati0n 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,
oi)eration 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 unit (B) 2105d mainly displays
text information. By using display devices of the present invention as the display unit (A) 2104d and
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Thi s enbodi nent shows exanpl es of the electric appliances that have as
display units the display devices of the present invention. 25pddiF i?655
exanpl es thereof are shown in Figs. 21Ato 46 2 8 FEB 2006 21F and Fi gs.
22A and 22B. The organic light em.tting devices included in the electric
appliances of this enbodi nent can be any organic light emtting device
according to the present invention. The display devices included in the
el ectri ppl i ances of this enbodi nent can have any of the configurations
i |1 ust ré? EH’P ay upjtdB) 24094, the ippee repogucipn devdgrrmasundtiless pay enandgn &6 lighgani c
light em.tiin evice The.display is. c osed, of a case 210la, .a support
base 21%5%‘5%“ aé%’cf’?l S&‘Fgﬂmeaa%mn@&z S"&PCI%S%E‘F‘*@“’QP% i agecainecredig maye

pr esent inﬁﬁntion as the(ﬂisph%‘}ﬁgjt 2103a, the display can be thin and

Iight-\/\l?eeiag ,Pl?'s?r’vz\l/_e%afne TS HGr Abt e Accor di ngly, transportation is _

Showe. a vi deo. caar 5o oy ol DRAIA B hAer PG KebBh PRt fpeh B0 a7

uni t 2 @2ay &Mt BLBEOanl iR rebfilihg %ﬁi@gi})gggﬁﬁfgéﬁah%sﬁmhtﬁb@é lagé-QﬂﬁQm_og' dattery

2105b, and an inmage receiving unit y using a display device of the

pr esent 2105v.e Byludihgasdisgley divedel o Yheliitbdent’ihOctition b8 the\HiHRH unBDTONS tKAFbriaBle

| i ght -wei ght, and consunes | ess power. Accordingly, battery consunption is
r educ edcongnukrcan bgthingnd lightwdgo, mdomisameslessgd®et. Fuoondazie bitterfFio@isungpons hows
a digital canera, which is conposed of a main body 2101c, a display unit
2102c, larreéyasd pind crarmyingtthe T0Bpyten frdlespcatvieoisnts Wb e Ipegatld @dmputBy casitng  a

di spl ay  device of the present invention as the display unit 2102c, the

di gi t al InEmeten Pdasropking medie obiainghlyy, Inlgergting s memorieses nopylatile nEswsesnggl v,
battery consu tign is reduced and carrying the digital canera is |ess

i nconvefiPeRRrodtsedhe $91ed SHBRRAUSR | mage repr oduci ng devi ce equi pped with a

i ouer e T TR0 IEY bESaeP oINS FhicR s BnfPBLed o Baiff 852103 LG < 19
21021, a display unit 2103£, 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 cdnsumption
and lightness especially for a notebook computer or other personat computers that are carried around.

These electric appliances now display with increasing fréquency infonnation; 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 display.

Fig. 22A shows a cellular phéne, which is composed of a main body 22014, an audio
output unit 2202a, an audio input unit 2203a, a display unit 22044, operation switches 22053, 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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operation switches 2103d, a display unit (A) 2104d, and a display unit (B)
2105d. The display unit (A 2104d mainly displays inage %ﬁigzggtﬁgn
whereas the display unit (B) 2105d nmainly displays text @ n. By
usi ng di splay devices of the present invention as the display unit (A
2104d and 47 20 FEB 2 the display-unit (B) 2105d, the inage reproducing

devi ce consunes | ess power and can be |ight- weight as well as durable.

- This image reproduci ng device equi pped with a recording nediumnay be a CD
pl ayer, a gane Efﬁ&?ﬁﬁg?%%udtq{épeqﬂca&, carjagdio p which epmpased of & miip eodiizhilb.e)
conmputer,, which is conposed-of a nmain body 2101e, a display unit 2102e, an
| mage r BUSPRY G gRPEb. SA9 ST inn Bpishet 320a0 & 22062 By Aeins AisrTESE 9 Sicot

2105e. B L di spl devi f the,. t inventi t he di spl

2105, BT B 20 BN 5 S50 ok R o B SR g
consume %thﬁnig% BPWGLo iAGGRM ALY %Qﬁgyl?%tthﬁ%}ﬁ[bgé{%%wtﬂa&%c hbihe hEgtHced and
carrying t conput er 1S 1'ess Tnconveni ent. e’ portable conputer can store

informati on in %RGeEAiVag, Kedi Al ' i iy r
non-vol atile rrertmri es andgga#@fgg@gg%%né&xﬁgﬁdﬁng?g ijr%%(;{)%gﬁhgn. Fijéé.@élzdiF

shows a2peh $@ikabn SRR Ring tihGihah@® of OARERE Beht & acBordBid waddNe bHkBikess A ugASe
2102f, a display unit 210%f, and a keyboard 2104f. By using a display

devi ce edrrdundings @bemthd et dpphancasart he:ddiyppdvidingine tle21i0 3ppliahée wWisrphoral

conputer can be thin and |ight-weight, and consunes | ess power. The

di spl ay seheviseemefsutds o datess tabrightuen of tha sursouadigge at usgerantredognize mmage of text

battery consunption and |ightness especially fora notebook conputer or

ot her pé&Heppaion pithpuidefisuliiprf thy pentragtratioad thedwninance vhasigedlight torthebrghplesances

now di splLay with increasin r epcy informtion, especially, animation
et g’ﬁ Ho g?éc%@‘

i nf or maff B SUERHIER rifie TesHAR AR CHPIBRC] 9E8 dmagretin £ rited or

I nter neﬁﬁet nq.JWQr ougeh gx,iur el ess caqrngué};tcglt i on,s uch as (r)f'idi.o. f:Sian%e orcgaﬂiwi c
i ght erFIT i Hg bRV Febes RUPSSURES AT BLE™ PREITEHYG iU RREE O PHEYESPE "SI AET e

. for aniypg, ongg?Jnﬁ}{mﬁﬁf)xg\gh&?lﬁc-§ﬂ%4Qdﬁg§§rL: ilar phone, which i's conposed
of a main bo a, ah audio -

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 Hquid crystal display device. Accordingly, an electric
appliance that has this liquid crystal display device too is thin and light weight and can operate
consuming less power.

e . Whenliquid crystal displays are used as the display units of the electricappliances 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 appliance that displays a bright image
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out put unit 2202a, an audio input unit 2203a, a display unit 2204a,
operation switches 2205a, and an antenna 2206a. By using gg?@iﬁgg mﬁevice
of the present invention as the display unit 2204a, the cellular % ne can
be thin and |ight-weight, and consunmes | ess power. Accordingly, battery
consunption is reduced, carrying the cellular phone is easy, and the main
body is conpact. 48 2 0 FEB 2006 Fig. 22B shows audi o (specifically, car

audi o), which is conposed of a i.n pody. 2201b, a display unit 2202b, and
oper at |‘151ml§\7\i REHE SO 3EBECR AT ﬁfﬂ’.}e‘%@' ‘%%é’f%fg‘séh‘iﬂaé’ ﬁﬁe‘.f&‘%‘e‘\‘/ij’éfélabfm]f ?éhe
presenhliﬂ¥ﬁgtion as the display unit 2202b, the audi o can be |ight-weight,
and conSBRES1 ess power. Although car audio is taken as an exanple in this
enbodi ment; it may be honme audio. It is effective to give the electric

appl iances shown in Figs. 21A to 21F and Figs. 22A and 22B a function of
nodul ating the [um nance of emtted light in accordance with the brightness
of the surroundings where the electric appliances are used by providing
the electric appliances with photo sensors as neasures to detect the

bri ghtness of the surroundi ngs. A user can recogni ze i mage or text
information without difficulties if the contrast ratio of the |um nance of
emtted light to the brightness of the surroundingsis 100 to 150. Wth
this function, the |um nance of an inmage can be raised for better view ng
when the surroundi ngs are bright whereas the | um nance of an imge can be

| owered to reduce power consunption when the surroundings are dark. A

di splay device using as a |ight 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 operate consuming |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 electric appliance that has this liquid crystal display
device too is thin and |ight weight and can operate ‘consum ng |ess power.
When liquid crystal-displays; are used asthe display units of the electric
appl i ances shown
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in Figs. 21A to 21F and Figs. 22A and 22B according to thgqggggogmmpnt he
el ectric appliances still can be thin and |ight-weight and consune | ess
power if those liquid crystal displays use as back light or front |ight
the light emtting devices of the present invention. By carrying out the
present invention, a display device that consunmes | ess power and has |ong
lifetinme can be obtained. Furthernore, a durable electric appliance that

di spl aysAaabrLamtiBDmge 49 2 8 FEB 2306 with | ess power consunption can be
obt ai ned by using this display device as a display unit of the appliance.
50 -2 6-f EB 2006 WHAT IS CLAIMED I'S: 1. A blue organic light emtting

devi ce conpr h d te e and
R R A e L B
conpr b&twngp&netml:leaxtdaaasm;lmde,tﬂmgrgambebmlad)uxﬂdllmntpntsmgi he anode; a first

m xed region conprising the hole transporting material and a blue Iight

emtting nmaterial adjacent to the hole transporting region; a |ight

emtting r@%l@ﬁaﬁ@ﬂﬁfdg&égi&l &daﬁprmdgea HollOdnsBERihg ateri chtlto afliaA6@HT tO the
first mxed region; second m xed regi on conprising the blue |ight

emtting materi al and an el ectron transporting material adjacent to the

gt et 4 g s 0l 0o AN A hERUL nE ARRARIIAN ST ERL DR URIgT 19t e

el ectron transporti adjacen second m X 2. A
bl ue omatpainl aljdcegyhio thertiold trangpatug wgiononpri si ng an or gani c corrpound film
i nterposed between an anode and a cat hode, the organic conpound film
conpri si ng:

a light emitting region comprising the blue light emitting material adjacent to the first

mixed region;

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

transporting material adjacent to the light emitting region; and

an electron transporting region comprising the electron transporting material adjacent to the

second mixed region.

2. 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 adjacent to the anode;

a first mixed region comprising the hole transporting material and a host material adjacent

to the hole transporting region;

a light emitting region comprising the host material to which a blue light emitting

material is added, adjacent to the first mixed region;

a second mixed region comprising the host material and an electron transporting material

adjacent to the light emitting region; and
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a hole transporting region conprising a hole transporting material adjacent

to the anode; a first m xed region conprising the hole trangpgr EIE1 %@1
material and a host material adjacent to the hole transport egp ;a

light emtting region conprising the host material to which a blue |ight
emtting material is added, adjacent to the first m xed region; a second
m xed regi on conprising the host material and an el ectron transporting

material  AdbR&GRMN rdlpdrifg gl cofiPhibink Mk &16FHoRran gtir%:lmgteﬁal RERcaRAPmaN.

el ectron transporting region conprising the el ectron transporting nateri al
adj aceevond plxedaegigecond mi xed region. 3. A white organic light enmitting
devi ce conprising an organi c conpound filminterposed between an anode and
a cat hode, the organic conpound filmconprising: a hole transporting region

c_onrp(r]I i si ng3aAhalie drpaiic Iighttdrﬂl‘i]igiﬂg&ieﬁi’cb&bn@ﬁj&iﬁ@@ﬂbré&ﬁictdl@;ﬁlpagﬁkﬂﬁ}m mtéxbllssétlh

m xed regi on conprising the hole transporting material and a first |ight
eni ttil’ﬁt@%eli‘rﬂ%%‘}qﬁgﬁn #f E@E’t the grganic ogmpauRd BEHRERRMISHE: r egi on: a regi on
conprising the first light emtting naterial adjacent to the first m xed
region; a second m xed region conprising the first light emtting materi al
and an el egbelgiranspostingregion ngmprisieg 4 bole fdjisposing materiahadjacgito teranadeng
region; an electron transporting region conprising the electron
transporting material adjacent to the second m xed region; and a second

| i ght em t tifingy mieddeegiah comptisitiethe iholearapsyoltigf mitbgal 8@ h Gifst Cighiemigingg t he
first light ,.emttin terial, wherein the second light emtting materi al
em t s ™8 a%"l"ﬂ“ﬁ@%é?%%i“éﬁ&%% han that of light emitted fromthe
first light emtting material.

a region comprising the first light emitting material adjacent to the first mixed region;

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

transporting material adjacent to the light emifting region;

an electron transporting region comprising the electron transporting material adjacent to the

second mixed region; and

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

emitting material,

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

light emitted from the first light emitting material.

4. 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 adjacent to the anode;

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

material adjacent to the hole transporting region;
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4. A white organic light emtting device conprising an orgapi.c conmpound
filminterposed between an anode and a cat hode, the ord&%iEEBoﬂﬁBund film
conprising: a hole transporting region conprising a hole transporting
materi al adjacent to the anode; a first m xed region conprising the hole
transporting material and a first light emtting nmaterial adjacent to the
hol e transporting region; 52 2 6 FEB 2006 a region conprising the first
light em t§ iea@ned Hbiﬁ% iR rRARME erhi@tidd ¥Ratbdidl ki aBnk RFHhE Btk RfixeddegiBONd m xed
region conprising the first light emtting material and an el ectron
transporting material adjacent to the light emtting region; an electron
transporti i i.sing.t n.t.ransport.i terlal adjacent
to the  sebasanorfb B bt e BERML MRERARPEL4 I TEEM &) Tt Lde
in a pasponinghineriabgljavencioniy light emittiherckiohst m xed regi on, wherein the
second light emtting material emits light with a | onger wavel ength than
that of light emtted fromthe first light emtting naterial. 5. A white

organi ¢ | i ghéle@fntdah8iDrSiaMeSign E&Hpﬂiéix%% A8 cRBtréH SARD&G RS FRRHAG | dctMio the
i nterposed between an anode and a cat hode, the organic conpound film

conpr Pespagmixediedien;tandnspor ti ng regi on conprising a hol e transporting

mat eri al adjacent to the anode; a first m xed region conprising the hole
transporting material and a first light emtting nmaterial adjacent to the
hol e t r anspescbndbght egiitting rateriebinclnd@binfrpagi of thet bgioh tasprisingyhé fissriritddng
material adjacent to the first m xed region; a second m xed region

compr f&{Ny the first light emitting material and an electron transporting
material adjacent to the light emtting region; an electron transporting

region conprising the eLectrqn_transportin? mat eri al adjacent to the
wherein the second light emitting material emits light with a longer wavelength than that of

light emitted from the first light emitting material.

5. 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 adjacent to the anode;

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

material adjacent to the hole transporting region;
a region comprising the first light emitting material adjacent to the first mixed region;

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

transporting material adjacent to the light emitting region;

an electron transporting region comprising the electron transporting material adjacent to the

second mixed region; and

a second light emitting material included in a part of the region comprising the second

mixed region,
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second m xed region; and a second light emtting materi ag:‘g gg@u% in a
part of the region conprising the second m xed region, 2006
wherein the second light emitting material emts light with a | onger
wavel ength than that of light emtted fromthe first light emtting
material. 6. A white organic light emtting device conprising an organic
conpound filminterposed between an anode and a cathode, the organic

conpound f {vhERemORP kécdhd Uphterhifing mdt@NS BRE 1iBE Wih MheSOMPEicaMIna tha! oF
transporting naterial adfacent to the anode; a first m xed reégion

conpr lightegnitiereirers the finsligh emitlingyoatgrialr i al and a first |ight emtting

mat eri al adjacent to the hole transporting region; a region conprising the
first light emtting nmaterial adjacent to the first m xed region; a second
m xed regi 6nAoehiferdrgamg lighteenfiitingtdelvicg kbmeriking ian @rgmicaroipouah fiina intabeetlr on
transportin materidal %ﬂ¢$c%gt to. the l{u?J;tTrirl emtting region;, an electron
transEStP"feF% MOgF R & AHNYCs i §rg2Ris campe @O i ng materi al adj acent
to the second m xed region; a second light emtting material included in
the first mxed region; and a third light emtting material included in

t he second?hplkdansnogingregion eprapisingehale bapportingmatai ediapant feathe pnede; eni t s
light wwth a | onger wavel ength than that of |ight emtted fromthe first

light emtting material, and wherein the third light emtting materi al
em ts |i ght fwit iixel regiog eompasind thagole ttansportilpahnatefial ahd g lfitst dphttenatdingr om t he

second light.emttin erial. 7. .Awhite organic light emtting device
corrpr%tﬁ@p%a%?'glaﬁ]?eghog%ﬁﬁgﬂwngFngﬂW nt er posed between an anode and a
cat hode, the organic conpound film conpri sing:

a region comprising the first light emitting material adjacent to the first mixed region;

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

transporting material adjacent to the light emitting region; .

an electron transporting region comprising the electron transporting material adjacent to the

second mixed region;
a second light emitting material included in the first mixed region; and
a third light emitting material included in the second mixed region,

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

light emitted from the first light emitting material, and

wherein the third light emiiting 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 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 adjacent to the anode;
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a hole transporting region conprising a hole transporting material adjacent
to the anode; 54 1 2 8 FEB 2006 a first m xed region cénzrgi gEBg fGe hole
transporting material and a first light emtting nateri@l” ofi the hole
transporting region; a region conprising the first light emtting materi al
adjacent to the first m xed region; a second m xed region conprising the
first light emtting material and an electron transporting materi al

adj acent t @ flrdi@nikdidkioR Rbinprififg the BoRManSibrEAERAERA ahd 2 HSR ALkt At ON
conprising the electron transporting naterial adjacent to the second m xed
r egi omaterabeng holegrpnspariing yegignnat eri al i ncl uded in the second mi xed

regi on; and third light emtting material included in the first m xed
region, wherein the second light emtting material emts light with a

| onger wavelregigt donighaingtthafirsofight bmittihg saietibedjdcemto tHedirftinised teigpt em tting
material, and wherein the third light emtting material emts light with a
| onger wavel ength than that of Ilight emtted fromthe second |ight

en tting mikgiohdkmixddt rediol hb&ﬁpx%?ﬂhb Firdt 11 enSffinsth A8 £EISABRT | Si ng an
organi c conpound filminterposed between an anode and a cathode, the

or ganitténsperpguraterial pdinecnfisy the lighy-emitting kegiam anspor ti ng regi on conprising a
hol e transporting nmaterial adjacent to the anode; a m xed regi on conpri sing
the hole transporting material and an el ectron transporting naterial

adj acent t en tleerdmrmsporing pgiohicomptisigg dr;elandn anngbeing hoeriat adjsqeat bithg
region conprising the electron transporting material adjacent to the m xed
r egi oﬁ?mgg%ﬁxeéf rﬁ%%nQOOG

a second light emitting material included in the second mixed region; and
a third light emitting material included in the first mixed region,

wherein the second light emitting material emits light with a longer 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 emitied from the second light emitting material.

8. 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 adjacent to the anode;

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

material adjacent to the hole transporting region; and

an electron transporting region comprising the electron transporting material adjacent to the

mixed region,
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wherein one of the hole transporting material and the electron transporting
material is a blue light emtting material. 9. A blue orgigﬁaé%m
emtting device conprising an organic conpound filminterp en an
anode and a cat hode, the organic conmpound filmconprising: a hole

transporting region conprising a hole transporting nmaterial adjacent to the
anode; a m xed region conprising the hole transporting material and an

el ectron t (wA&eRQINkioRthe HORS ©ArispbrtiRd @ RARE arldAhd O8ctRR tRintdoriRRAbdiN % 4 6191 ON;
and an el ectron transporting region conprising the electron transporting

mat er light egditiagasteriab t he mixed region, wherein a blue light emtting
material is added to the m xed region. 10. A white organic light emtting
devi ce conprising an organic conpound film interposed between an anode and
a cat hode, 9t Aeblay gaanic 1phtrpaittiel d¢vica copisig agorganib @bpdurRn@lpo irtérpgsed €gi on

conprising a hole transporting material adjacent to the anode; a m xed
r egi oRCRG ?ri@(’ﬂ@a‘?‘{fécwquév t{h? g‘f%“ﬂ)‘&ﬁ?’i“ﬁ@“fﬁlaélé‘r‘iog}i’“ﬁ%’ an el ectron
transporting material adjacent to the hole transporting region; an

el ectron transporting region conprising the electron transporting nateri al
adj acent t dhelpdanspogtang region eemprisig shadepanspoiting matkeid! adjacdnbionthg aebdeegi on,
wherein one of the hole transporting material and the electron transporting
material is a blue light emtting naterial, and 56 2 6 FEB 2006 wherein

t he dopant a emixddsegiogbémpidite the helo ganspoititgl eagidd ahdanelediah tahsportgdpt em tt ed

fromthe . blue light emtting material. 11. A white organic light emtting
devi c@iageﬁlﬁg?cﬁ%‘:faﬂtdggl}? W%ﬁ?ﬂseg@%ﬁ@mda‘?q | m i nt er posed

an electron transporting region comprising the electron transporting material adjacent to the

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

10. 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 adjacent to the anode;

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

material adjacent to the hole transporting region;

an electron transporting region comprising the electron transporting material adjacent to the

mixed region; and
a dopant included in the mixed region,

wherein one of the hole transporting material and the electron transporting material is a blue

light emitting material, and
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bet ween an anode and a cathode, the organic conpound film hShiag: a
hol e transporting region conprising a hole transporting nﬁggp?g% g@ﬁacent

to the anode; a m xed region conprising the hole transporting material and
an electron transporting material adjacent to the hole transporting
region; an electron transporting region conprising the electron
transporting material adjacent to the mxed region; and a dopant included

in a part ghedhanbhsint bGi igitd Qg)ngﬁl\@a{\je?elngthvfﬂzﬁftﬁﬁt%f‘?%ﬁt Shitlel SoPE

transporting material and the electron transporting material Is a blue
| i ght blwsilight engjitingteatéridl. and wherein the dopant enmits light with a | onger
wavel ength than that of light emtted fromthe blue Iight emtting
material. 12. A white organic light emtting device conprising an organic
conpound f i1.M iwhite bp@aRdighb ehiteandaiceadoafeisig dn dr@alcheHouidBIng rfapbsed
compound fil mconprjsing:, a hole transporting region conprising a hole
t ransEBtIWFFIh@“ e pndg caélqugcgﬁpraa@cpﬁgpgwgio@m WA r egi on conprising the
hol e transporting material and an electron transporting naterial adjacent
to the hole transporting region; an electron transporting region conprising
t he el ect r dholetranspotting regjomeenaprising alifjlatrempotting nuteriahadiadntrte fieompds7 2 6
FEB 2006 a first dopant included in the hole transporting region; and a
second dopant included in the electron transporting region, wherein one of
E) Ihe ho: e th & athsqdatgibn gormnprisiiig tlab halﬁ@ahmnﬁiﬁaﬁz}tgm aﬁ%I aﬂawﬁi@gspl?ﬁ% U ?] a
ue ight emtting material, wherein the first dopant emits light with a
I onge@%@g\?t?dé%ﬁ?ﬁow‘i BASPYENG [ enitt ed from

an electron transporting region comprising the electron transporting material adjacent to the

mixed region; and
a dopant included in a part of the blue light emitting material,

wherein one of the hole transporting material and the electron transporting material is a blue

light emitting material, and

wherein the dopant emits light with a longer wavelength than that of light emitted from the

blue light emitting material.

12. 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 adjacent to the anode;

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

material adjacent to the hole transporting region;

an electron transporting region comprising the electron transporting material adjacent to the

mixed region;
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the blue light emtting material, and wherein the second.dopant emts |ight
with a |longer wavel ength than that of the first dopant. 13 §AF khiZg50r ganic
light emtting device conprising an organi c conpound filminterposed

bet ween an anode and a cat hode, the organic conpound filmconprising: a
hol e transporting region conprising a hole transporting material adjacent
to the anode; a m xed region conprising the hole transporting material and

an el ectr opgtd afRPkiAg inrfﬁéﬁéﬂe%nsgﬂhﬁ%‘% io;@nd he hol e transporting
region; an electron transporting region -cohprising the electron

transporting material adjacent to the mxed region; a first dopant

included ip the electron.tra rting region; and a second dopant i ncluded
in the hol %seicf)réc}éo 3%1{%11%1@“1?%1& @%56W83W%r8$109=he hol e transporting
material and the electron transporting material is a blue Ilight emtting
material, wherein the first dopant emts Ilight with a |onger wavel ength

than that BPeTEingHe of thethodgfiransporing matesial and) theyelectear tranppogtingnaesialiis a blvg 58 Q

FEB 2§%§eﬁﬁ@%§hﬁkgﬂp second dopant emts light with a | onger wavel ength
than that of the first dopant. 14. A full color display device conprising:

a blue organic light emtting device according to any one of claiml1, 2, 8
and 9 ; and,a r.GO i.si.n f.],uor escent terial, that. i1s ¢ | e of
absor bi ng sz%rgﬂaletﬁg ﬁfSt gﬂﬁ’% ggits gg@ r’r”i’l{}hﬂe BEGe™ %Fgaﬁ%ﬁ (t,halniﬂéaﬁ tO?éﬁl?tteﬁl ice
and ethetthierlighge@iting ingetialpsind ed |ight. 15. A full col or display device
conprising: a white organic light emtting device according to any one of
claim3 to 7, 10, 11, 12 and 13; and

wherein the second dopant emits light with a longer wavelength than that of the first dopant.

13. 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 adjacent to the anode;

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

material adjacent to the hole transporting region;

an electron transporting region comprising the electron transporting material adjacent to the

mixed region;
a first dopant included in the electron transporting region; and
a second dopant included in the hole transporting region,

wherein one of the hole transporting material and the electron transporting material is a blue

light emitting material,

wherein the first dopant emits light with a longer wavelength than that of light emitted from
the blue light emitting material, and
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a color filter. 16. A full color display device accordin %g ﬁ%a% 14, or
15, the full color device is included in one of the grogg % st ng of a
video canera, a digital canera, a portable conputer, a personal conputer
and a cellul ar phone. 59

wherein the second dopant emits light with a longer wavelength than that of the first dopant.
14. A full color display device comprising:
a blue organic light emitting device according to any one of claim 1, 2, 8 and 9 ; and

a member comprising a fluorescent material that is capable of absorbing biue light emitted

from the blue organic light emitting device and emitting green light or red light.
15. A full color display device comprising:

a white organic light emitting device according to any one of claim 3 to 7, 10, 11, 12 and
13; and

a color filter.
16. A full color display device according to claim 14, or 15, 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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