0 1 AUG 2005 LI GHT EM TTI NG DEVI CE BACKGROUND OF THE INVENTICN£&? %¥%|%m%f
the I nvention The present invention relates to a light emtting device
using an organic light emtting 5 elenent having an anode, a cathode, and
a filmcontaining an organic conpound in which light em ssion can be

obtai ned by applying an electric field (hereafter referred to as an
"organic conpound filnf). In particular, the present invention relates to
alight emtting device usi nDIGHIURMITTINGIDEYIGEt i ng el enents having a
driver voltage that is |ower than a conventional driver voltage and having
along life. Note that the termlight emtting device wthin this
specification 10 indicates i mage display devices or |ight emtting devices
using organic |ight emttpgpgrtetersoasyd nohdNneriNting el enents. Further,
modul es in which a connector, for exanple, an ani sotropic conductive film
(flexibhemuipt@dich§iit, FPC, a TAB (tape automated bonding) tape, or a
TCP (tape carrier package) is attached to organic light emtting el enents,
nodul es in ' . = WL re. i ' " . the TAB
fape or the ToprrSRibBhers ot Ooh BRRLtiliRe BEAL G, Boledfic el bl
directl t h r LC .| emtting elenents b . hi p on
gl s CiRHERS ' B AABIE et M MO BTRE oo ek g

devi ces. 2..Descr,i pt.ion t he, Rel ated Art. anigc light emtting el enents
re of oRBIEETRT CH WhRed byipPu{e R SSphF Feld P8RaGr fbheaiBes e arfera. The
light emttin cghapism.ig one in which electrons injected froma cat ode
20 recoﬁB‘FH‘@”\%ﬁ ﬂ g[‘npfﬁP i E\‘cci%}’ﬁs&}hﬁléfe?tianﬁe THO RJI28E CHRE PACT U1 an
anode, form ng, excjitation state nolecules (hereafter referred to as

"ol ecuP%ﬁam@Q’e‘fPi YRGS clgpenth Bavapmt EHRTVEHaESF DY 1§ BIMCA Jen arenviiRng! K ver

el ectrodes sandmﬁqhin? the organic compound film Energy is released when

t he 1 Voltage and having a long life. Note that the term light emitting device within this specification

10 indicates image display devices or light emitting devices using organic light emitting elements as
light emitting elements. Further, modules in which a connector, for example, an anisotropic
conductive film (flexible printed circuit, FPC), a TAB (tape automated bonding) tape, or a TCP
(tape carrier package) is attached to organic light enﬁtting elements, modules in which a printed-
wiring board is provided on the tip of the TAB tape or the TCP, and modules in which an IC

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

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

2. Description of the Related Art

Organic light emitting elements are elements which emit light by the application of an
electric field. The light emitting mechanism is one in which electrons injected from a cathtde
ﬁO recombine within an organic compound film with holes injected from an anode, forming excitation
state molecules (hereafter referred to as “molecular excitons™), by the application of a voltage
between the electrodes sandwiching the organic compound film. Energy is released when the
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mol ecul ar excitons return to a base sate, thereby enmitting Iightﬂ;‘E &Bfem%“
that it is possible for the nol ecular excitons forned by the organic
compound to be in a'singlet excitation state or in a triplet excitation
state, and both cases in which either excitation state nmay contribute to
the em ssion .of light are included wthin this specification. 5 The organic
conpound filmis normally fornmed by a thin filmhaving a thickness | ess

than 1lpdmchior eXcheseetyPes ke Sit€ Arébyl dnghingeight ti ng el enents. Further,
organic light emtting elements are self light emtting elenments in mhlch

light is em {b@ehhY il s @IOBRiHe AWl Rmcl BEMRAINES codputd@irf ore a

back light like that s used in a conventional |iquid cfystal display is
not n?Cﬁ%%ﬁrr Yet egaaﬁ&%t%fok Mra diPR: a@hmﬁgt&@ aRBHUH @&wm%&ee,sﬂegaemldnl ght
emttin ement s that are extrenely thin and |ght Is a big advant age.

Furt her&?tre?n cBStri%HBLEHEheOefméél&PoffH RIMAE § dd@ %&ﬁnoﬂﬂxs% oﬁ' er until
on d i

reconb|nat| In an organi ¢ conpoun aving a ess on the order

100 to go'g% nc;%amé) Confy %HE k}ﬁ'{‘] is n%rrgﬂlytfgg'nffﬁ{}gﬁﬂ?%{ W%%%%églthl&&@% lgsfs thacrj; fi

naﬁosecond en-consi rlng carrier IC CO

and eve 5;{{{]f0?g1%§e§t?g%qfIf)gg%n%qﬁg,glgﬁmlttﬁ %Eesilts rfglrnhg\llho anlc? %I‘mé t%gt Le?n%%pb ! nes

unt i | AL onTCEn i N one
nicrosecond n@{the[refore i s.on f the. char terlstlcs t hat é#?
it b5 Sl TS e St el is, SORERE: b e FORMRATITS dr i ve
using a direct current voltkge i S possi bl e because .t he organlc | & )
eni tti nfoErdtnty! BFElart §REcke ANt Himigaidh BHori & CorveatieRd PR PRIPLEPPIAY St ype,
and therefore it is difficult for noise to develop. Wth regard to a driver
Vol t agenotinecassasy-beerrcaesdis 'Be2iherie pupplactre %ﬁ@ame lighpemigng elgiermdhdl yke,
S. A, "Oganic Electrolum nescent D odes", Applied Physics Letters, Vol.
5110 No. arg2xtrespely g and Beht iostigpdyantagea suffici ent bright ness of 100 cd/ i -
at 5.5 V was achieved by first- taking an extrenmely thin filmof an organic
conpound wi tFurthermoegtherrfnpiimhof HingKres e drjcttiva obp deriepfnti 0@ombinaien @otni ng an
el ectrode material so as to make a carrier injection barrier of the organic
conpoundrghmit nompaindéiim lanohgianhiakidis¢ orothe order pd fciorZ§0 amh &irerasplels butle ( t wo
| aver structure). 2
order of several tens of nanoseconds when considering carrier mobility of the organic compound
film, and even in a case of including a process {rom when the carrier recombines until light is
15 emitted, the light emission can be reached within one microsecond. Therefore, it is one of the
characteristics that light emitting elements have an extremely fast response speed.
In addition, drive using a direct current voltage is possible because the organic light
S emitting elements are light emitting elements of a carrier injecting type, and therefore it is difficult
for noise to develop. With regard to a driver voltage, it has been reported (reference 1: Tang, C.
20 ‘W.,and VanSlyke, S. A., “Organic Electroluminescent Diodes™, Applied Physics Letters, Vol. 51,
No. 12, pp. 913-915 (1987)) that a sufficient brightness of 100 cd/m” at 5.5 V was achieved by first ™~
taking an extremely thin film of an organic compound with a uniform film thickness on the order
of 100 nm, selecting an electrode material so as to make a carrier injection barrier of the organic

compound film smaller, and in addition, introducing a heterostructure (two layer structure).
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0 1 AUG 2005 Organic light enitting elements are therefore unddy1thiés 2005
spotlight as display elenents for next generation flat panel display

el enents due to their thin size, |light weight, high speed response, and dc
| ow-vol tage drive. Furthernore, the organic light emtting elenents are of
a self light emtting type and have a wide field of view, and therefore
their visibility is conparatively good 5 and they are considered to be

ef fective asoSbeitahSchBeh dinthey dLANRY JELARISlaPR gkl corcdeul gos. An

My: Ag al l oy having™a | ow work coefficient an rchis relatively stable is

used i nruitxl't‘| eneﬁ%ﬁ‘ﬁﬁ%ﬁé dﬁP@EQ%QH@Eg@BﬁCF&quQﬁf:,ﬁ%lfl{ \Lfﬁghti lﬂl’l?ﬁlltele&)l%s kL I er

with respett to the organfc’conpoun m Sma t iet'eBy "I ncreasirig t he

el ectron Jinjection properties. in the organi.c |ight emtting 10 { nts
hown 1 1S EFelBRe S ARE PR bR bSSrrEAT cny@dt <M oBarnaft FF

[ into th [ d fil | ditian,. | yi ng. i ngl
Pt er osePuryes ri e aivds RN PanepCirerehef Fret Hep AR S St o
di i d d | ect t ti | i.ght itti I
formed BE YT & (SR WoP BRCHYS &7 GO YRS Mot P e Farms P g e
"Alga") are |lam nated as the organic 15 conpound filmremarkably increases

the ef f9¢i%hcy of the reconbination property of the carrier. This will be
expl ained as follows. For exanple, if the organic light emtting elements
have only a A Ngrds pligrdravie appy ok ¢psHicieat arsisyhigh i reddtpetyrsihde s Heddn g from
the cathode will reach the anode w thout reconbining with holes because
Al ga hagatheidees » owthod ghspbmeitirapies paedtive Sarrignwith eepest 1iths engenic epmpougt
em ssion is extrenely 20 bad. That is, in order to make the efficiency of
singl e filaysmalbrgénicby lingasingrthe tleeitpreingneen gropetitein theorrgime bghiemittiog
performdrive at a low voltage), it is necessary to use a material capable
of10t r andpoertts sigoviboinhre&dract rlons isathas hokibe: i itjectas gopdinpainant earf{ifemeafiicer
referred to as a "bipolar material"). Al ga does not satisfy this
condi t i @@anitomememd fiimovi ded that a single heterostructure |ike that of
reference 1 is applied, electrons 3

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

an aromatic diamine compound and an electron transporting and light emitting layer formed of tris-
(8-quinolinolate)-aluminum (hereafter referred to as “Alq;") are laminated as the organic
15 compound film reﬁarkably increases the efficiency of the recombination property of the carrier.
This will be explained as follows.
For example, if the organic light emitting elements have only a single layer of Alg,, then
almost all electrons injected from the cathode will reach the anode without recombining with holes
because Alg, has electron transporting properties, and the efficiency of light emission is extremely
20 f;ad. ’fhat is, in order to make the efficiency of single layer organic light emitting elements better

(or in order to perform drive at a low voltage), it is necessary to use a material capable of
transporting both electrons and holes with a good balance (hereafter referred to as a “bipolar
material”). Alq, does not satisfy this condition.

However, provided that a single heterostructure like that of reference 1 is applied, electrons
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0 1 AUG 2005 injected fromthe cathode are bl ocked by an interfaﬁé b%%ﬁ@@ﬁ
a hole transporting layer and an electron transporting and light emtting
| ayer, and are confined within the electron transporting and |ight
emtting layer. Carrier reconbination therefore occurs with good efficiency
in the electron transporting and light emtting |ayer, and |ight em ssion
havi ng good efficiency is achieved. 5 Expandi ng upon the concept of a

bl ocki negnjédiact:bRMhdEarkdicSird MBeke@fbyGalihichce hetw RGOS 1 @RBYrtink PayePId 4 t he
carrier reconbination region. For exanple, it has been reported that a hole
t r anspOLieiich trAYEIriRGsHdIRENrSHEEESRE, Uhd Yre BRARCH QiR e cldcBbA r¥p&S@RNE bkt NY
holes within the hole transporting |ayer through inserting a Fayer capabl e

of Dl OC'ﬁFﬁ'thhRin%%aﬁhod:ﬁri@J Ige&mgatk@aytﬁ&):fo?@&&ﬁ@%@%(daaIeﬁi&an@{@ma%ie_ago,{ ayer
and an electron transporting layer. (reference 2: Kij ima, Y., Asai, N

209, 5, TaRHpg ot ) PhARySHRh6 1310 60 14 00RO Jmnapgae, Jour
[Lant e L g SUBIEBS 1ok SERL NG DERLART RERRLAL AR Oh

functi in
hole tr ron-i's performne e ho anspor .‘8g$3§5%§?and

el ectron transportation and |.ight .em ssion are performed b e. el.ectron
Cr anspord FHGTIAEE FAgHE ReRTDIEHY REaT Toheruaehinn By pted i &G
separation is further expanded upon to the copcept af.a doubl.e.
het er osfrﬁwn%tiaxetr ﬁﬂ%@@qnasye@é%fuﬁﬁf P8¢ i et Tight il %Or?%amigif@ B teHY'S ayer
is sandw ched by a hole transporting |l ayer and an electron transporting
| ayer ( anspEinEEST DR Hisertipg a laygpeapablc ag blockwg halgs (holg blocking 1%5@5%}”6@ ,
"El ectrol um nescence in Oganic Films with a Three-layered Structure”
Japanes e hglstrapssiortiste layspad 8@ opRgs irensporyaR layery (refggence 2: Kygimay, ¥ g dispiphiy and
(1988)). 20 An advantage of the so-called separation of functions is that
t h#) needamorarfik EAdHee Dygraickichriaitine Wedet JaangreJewsal of &pehed PyppesY o
functions (such as the ability to emt light, carrier transporting
propert B8spp. bREH-BIN([PYPH-0 i nject carriers fromel ectrodes), and therefore
separation of functions provides a w de ranging amount of freedomin
mol ecul ar deFugieraheoteh@c lipken(ifiog cleexcatspk efcreive d @eifsrrmephraigreet fangieedl t o
search unreasonably for a bipolar material). In other words, 4

in that hole transportation is performed by the hole transporting layer, and electron transportation

and light emission are performed by the electron transporting and fi ght emitting layer. The concept

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

Z20 = 7 An advantage of the so-called separation of functions is that the need to make one type of
organic material possess several types of functions (such as the ability to emit light, carrier
transporting properties, the ability to inject carriers from electrodes), and therefore sepafation of
functions provides a wide ranging amount of freedom in molecular design and the like (for

example, there is no longer a need to search unreasonably for a bipolar material). In other words,
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0 J AUG 2005 high efficiency light em ssion can be easily achie&%& %90 2065
conbining materials such as a material having good light emtting
properties and a material with superior carrier transporting properties,
respectively. The |am nation structure discussed in reference | therefore
enj oys wi despread use at present 5 due to these advantages (carrier

bl ocki ng function and separation of functions). However, interface

boundar ingsh dfiGERIBE crhRbiBh ta&Fbd QsidPachVERBY GorhBih Bl RA6%l9 B YEh BRterREt Ween
each layer with a lam nation structure |ike that discussed above because

the struygls SodcSlighfBHRHRE pobELd 28 aHatdid tv?tﬁ@ﬁgcrﬁ)yaﬁﬁeﬁ;an%p(ﬁ{gapﬂ&&%eszrm

probl enms which have theit origin in the formation of organic interfaces
are presgntgd.Rel ow. 10 First, one problemis hindrance of an additional
reduction’in a“driver voltage. It has been reported for organic |ight

emtting e E%Pfa%lﬁﬂﬁ%sfr@ctlprreﬂﬁEﬁsggdmEéf%}gg(%rl éllle?%fg{eﬁ e}%Wl@éJp%\;}%l}%E?g@%&nHS' ng

a conjugate polynmer are superior wt and
that top. dat ower . efficien units. of mW. is i.ntai ned (conpared to
bt oleEl! e oEimat PRy dctaR s sefleflion FLPBVBREL"a" Teutow T
J. Applied Physics Saoci.ety O ganic Ml ecules - Bio-electronics 15 Section,
Vol . 11, No. PPWEHEn gUprRsg 0}’“‘?%6\2%?@3{ RETS % o B A e t%er}fﬂica%? ]déYﬁ' i on
froma singlet xcitatign state, and excludes light emtted froma triplet
exci t at iP6°§F a%%.elﬁyew aﬁﬂ&tﬂﬂ?%ﬂ%hﬁ%@t ‘éa'ﬁBWﬁSég by detiuste PG T ence
4 are bipolar materials, and that a |level of carrier reconbination

ef fi ci eredde @GUPGHPTERR AitterepiiypesOf SEPstaRRssh Y ORrOB e cthifhehay s HieHOTight iRt ed.
In practice, a single layer structure having few organic interfaces

t her ef of@maHeNe! ereamc IteRases off Plaseni¢dbdale provi ded that the carrier
reconbi nation efficiency can be nmade equivalent, wthout the use of a

| af® nat i on sEieicermproblemyis hingnerorf 20 ydditigral ueduadorainidsigeaolipes. Yikas bedthi s
eventual |y suggests that carrier nmobility in the organic interface is

hi nder edeportad &ddrganomjghaeroittieg elpnotid bt io pragticratiogleilayensinghgasicmenthvend ace
is exertion of influence on the elenent lifetine (elenent deterioration)

f or or ganioojughtghtolyandrt aré wgpeeioe metht rsgarfllaonthey drider voltage, and that top data power

efficiency (units of 1 m/W) is maintained (compared to light emission from a singlet excitation
state). (reference 4: Tsutsui, T, J. Applied Physics Society Organic Molecules — Bio-electronics
15 Section, Vol. 11, No. 1, p. 8 (2000). (However, this is compared to light emission from a singlet
excitation state, and excludes light emitted from a triplet excitation state.)
Note that the conjugate polymers discussed in reference 4 are bipolar materials, and that
a level of carrier recombination efficiency equivalent to that of a lamination structure can be
achieved. In practice, a single layer structure having few organic interfaces therefore shows a
20 -‘)ioweri driver voltage provided that the carrier recombination efficiency can be made equivalent,
without the use of a lamination structure, by a method such as using a bipolar polymer. This
eventually suggests that carrier mobility in the organic interface is hindered.
In addition, another problem originates in an organic interface is exertion of influence on
the element lifetime (element deterioration) for organic light emitting elements. Namely,
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- . L . 0.1 AUL 2085
0 1 AU G 2195 brightness drops because the carrier nobility is"i npeded and

charge accumul ates. No definite theory has been established regarding the
mechani sm of this degradation, but it has been reported that the drop in
bri ght ness can be suppressed by inserting a hole injecting | ayer between
t he anode and the hole transporting |ayer, and in addition, by performng
ac drive at a 5 short wavel ength instead of dc drive (reference 5:

VanS!| y kigighthesdropSh@Buse the Errierafhillig0imfededMnd cha@k dahinfuldebect r ol uni nescent
Devices wth Inproved Stability", Applied Physics Letters, Vol. 69, No.

15, pp. 216%3&&%&%}?%@%%5 LB &ibRGhdIGe SRk LR [ﬁ&hﬁﬁsﬁﬁ&m%gﬁdﬁiﬂn@&me

that the reduction ri ghtness can be suppressed in accordance wth

oli m . . . . i . q
I e Rt G R P RS R T e
has th rit f i bl il i : -t h ' j,nat i
i ci crayetrt e Ahodt TR e R er AG P ARRUAE, BRI LEEATAAT O

br eadt h ,of, sel ectjon, of terial sepa o) f . functions).
ca rier“ﬁ%%???3§Q%§EE388§%€§§8 e§ﬁémF§'§%%éW%%§ﬁ%?gﬁmh ’%Pég%l%ﬂfﬁfé?ﬁaces,
in partjicular

interf i ch bl.ock ' and this j. '
e’ T cdtEPBREITHOPREGRIU B Gt e eANAUSHoBly GRPRAETTYE R 6" TrE
| NVENTI ON An_obj ect t sent i tionis to elim .
it or { 2B RboAIEHEPL O (PR SR GPE a F EOMFORRF P P iyt HCPERS: ng

carrier mobility, by manufacturing elenents that differ in concept from
| ami nat PGHSEIESHRR PR SHHFFENLN AFFRrfapcL ¥ Bl SimHglng cheres 26em 3Ry G 8 %pr ess
function of a plurality of materials (hereafter referred to as "function
elxpr essibehole injeetngdpyer end Peusiggra§rs1§- 20 separation of .the | am nation
structure. In addition, an object of the present invention is to provide
or§ani c | i ghfroemthe ahayg discesyiont e fravipitpnestiieigerhag thevegrity of heanpeabihigsasiind a
| onger elenment lifetime than, conventional elenments using function
expr es sinorasefr ¢adar recambiiejiectficEndy{earperddeaking imasinn), and Hemgabiepe Goicds a
light emtting device having a 6

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

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

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

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

than, conventional elements using function expression.

Further, an object of the present invention is to provide a light emitting device having a
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0 1 AUG 2005 | ower driver voltage than, and a longer lifetinme tﬂénﬁuw 2005
conventional devices by using the organic light emtting elenents. In
addi tion, an object of the present invention is to provide electronic
equi pnment that has a | ower electric power consunption than, and a | onger
lifetime than, conventional electronic equi pment by manufacturing the
el ectroni c equi pnent using the above- 5 nentioned light emtting device.

The i nVl%%PaévlevoMg% (RAE S8 100048 RO 1EANSIYG Rl Gict ¥y iBahanb&Bicwhi ch
will be discussed

el ow as nmodels for inhibiting carrier nobility by
form ng; an 0L @A & lQke" o, 2h Shiec O EnIBREAR AL AGY RO Bl Qb bie
][rplrph_olgltl)%g e%ftggﬁgﬁéd{eggﬂillfégﬁ?ﬁ?g!; g?gje\?\/aés}e[ ggnsi déreFL An oerggniec cg@rrplound
ilmin_an or i.c i em tti. | Jral. a - Qus
state fEquﬁﬁm‘gggg?tszso%%%ﬁirﬁif}:(étﬁgg}ggg ?g%hg’ip ﬁﬂf)ﬁlé‘{c};?ldeés{ ) _nlg%eh%_r{{g%m c’
conpound i n accordance Wi ces hetween . . : 0 3
i nt er actIPSRYIONAL R eiqf“pgleng POLFGBE P gglegl%j%(fe?%lﬁésn?ﬁ%lngﬂl&s btgg’/cpe of
nol_ecul ar gg_gr?. te,. theﬁjg there is the possibility of that the difference
i n ol PEMHRCIIZR SIHGINEKEHE Wi | | have a great influence in the

heterostructure interface (nanely, .the organic interface). 15 |In.

particul ar, T]FFem(Y‘é‘Hf’ﬁr%tF?pé?Fe‘]t d%"éf‘fl%‘hc‘?rﬁldgﬁg tg‘? @%%FE’C?W%?% ‘ggléh i %ought
to becone worse for cases in_which a heterostructure is f.or'mag usi ng

mat er i afiCUsERd bepY ar gadeds for ardndrscamerpRATY DbPEtes 4 OgrPe A % Bncept ual

di agram thereof is shown in Fig. 1. Afirst layer 111 nmade from snall

nol ecul es 10Hirsinencamselemisen Hexpdaping] fromatie TOrBRRIPEY b theoPrettit éueriiss Hise

lam nated in Fig. 1. Aregion 114 having poor conformty develops in an

or gani ccinstdereflacén biGmincahpasngd 48w, in 20 orEayie ligh anigeesilgnetty nerstlYtde poor
conformty region 114 shown in Fig. 1 will becone a barrier (or energy
baror i er ymwdphols stathifibint sndcmrfoinerd byodgigagatjon efitdolehiles gfubyesgagictdeapopnd W nder s
the driver voltage frombeing additionally reduced. Furthernore, carriers
unabl e id@onMetC ot tdreeschetgyn halequlesr naduyndibelbe idsragtiohar gweserd if kere i s
a possibility that this will cause a drop in brightness as discussed
above. Heterostructure is formed using this type of molecular aggregate, then there is the possibility of that

the difference in molecular size and shape will have a great influence in the heterostructure
interface (namely, the organic interface).

13 In particular, the conformity of junction in the organic interface is thought to become worse
for cases in which a heterosiructure is formed using materials having large differences in their
molecular size. A conceptual diagram thereof is shown in Fig. 1. A first layer 111 made from
small molecules 101 and a second layer 112 made from large molecules 102 are laminated in Fig.

1. A region 114 having poor conformity develops in an organic interface 113 in this case.

20 i There is a possibility that the poor conformity region 114 shown in Fig. 1 will become a
barrier (or energy barrier) which inhibits carrier mobility, and this suggests that it hinders the driver
voltage from being additionally réduced. Furthermore, carriers unable to overcome the energy
barrier accumulate as a charge, and there is a possibility that this will cause a drop in brightness

as discussed above.
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0 1 ALI G 2005 Anot her mechani sm devel opi ng from processes of foﬂhﬁnSUFhQM5
| am nation structure (nanely, formng the organic interface) was al so
considered. Organic light emtting elenents are normally nmanufactured
using a nmulti-chanber method (in-line nethod) evaporation apparatus in
order to avoid contam nation when form ng each |ayer of the |am nation
structure, as shown in Fig. 5 2. An evaporation apparatus for formng a

three | ayer edrsthet Gldehmhifh RvAohife fInRHsREde} feog fbﬁM the Birdihldh &ACLLL ng
| ayer, and an el ectron transportlng | ayer (a doub eterostructure) Is

shown i pnidgy, f@ﬁ@ﬁl(i%lh@ o?%anlzcllﬂterfgce) Fhd Ao c&s@%to ﬁmh@xeaagn g%ﬁ&n&%h as

|nd|un1t|n oxi de ereafter referred to as IS carri into an

ent 1 anC e ofAARDEIm RN LA sagm halulBE; I{J}E&BQ@U?%E al%o PSS RH A0 Y

irradiating ultraviol et t mnt I'n a vacuum at nosphere in an ultravi ol et
| radi abl 80818k ularﬁ R%Eﬁ e diihABb AOIRLAGER LML 3 BRGHOLPRA 1
this processing chanber P cases n I's af “oxi de suéh as
IT(% In dd|t|on hol e transporting |layers are formed in an evaporation

chanber 201 Iight emtting layers (three colors: red, green, and blue in

Fig. 2 h 202 to 204, el ect
{1 Bnspbr t1ng fﬁ%rav”’éeogat%wi%? BPRE-Potmi a”@&ﬁiarya&eﬁaﬁs@ctkgﬁa%ﬁvﬂeeé@%&gﬁag Eihodes

are fornmed,in n chanber toformemm | ayer
the | anfrih %91‘6%@{83 F D i QRS (P s P G AP L B ber
and the o%g% g emtting elenents are taken out froman exit
chanber £xanplg gt fiige Flfith% glbﬁ%%h%\fmg HKPHEuHetsHot BV Bt (PerRa s pefpedis i s

t hat the evaﬁératlon of each layer is performed in different evaporation
chanber 40 AR it REicdvpipon suirane etmamitsersd 2iganipgol thoapgs surfass fareriovetd . | n
other words, this is an ggparqtus structure in which materials for each
| ajler &9 1%3@“1@'8%1'%"!@6@ hwighin@vacyuncitdwaplerd i an altravisley hrradiaionebiberof  t he
evaporation apparatus is reduced in pressure to nornally be on the order
of 10' {wpaGeBarPagidaiongrocessve ik perfmomet imthisgasessig: demporfentases(is whithake
oxygen and water) remain. Even with this very small anount of gaseous
conponentsie inam @ddoipkds B'O. In addition, hole transporting layers are formed in an evaporation
chamber 201, light emitting layers (three colors: red, green, and blue in Fig. 2) are formed in
evaporation chambers 202 to 204, electron transporting layers are formed in an évaporation
15 chamber 205 and cathodes are formed in an evaporation chamber 206 in order to form each layer
of the lamination structure. Sealing is performed lastly in a sealing chamber, and the organic light
emitting elements are taken out from an exit chamber.
A feature of this type of in-line method evaporation appaiatus is that the evaporation of
each layer is performed in different evaporation chambers, namely the evaporation chambers 201
20 “to 205, respectively. In other words, this is an apparatus structure in which materials for each layer
do not mix with each other.
Incidentally, although the inside of the evaporation apparatus is reduced in pressure to
normally be on the order of 10 to 10~ Pa, a very small amount of gaseous components (such as

oxygen and water) remain. Even with this very small amount of gaseous components, an adsorbed

8



01 AUG 2005 | ayer on the order of a single nolecular |ayer isﬂeés%¥% #8t ned
in several seconds at this level of vacuum A large interval therefore
devel ops between the formation of each | ayer when manufacturing organic
light emtting elenents of |am nation structures using an apparatus |ike
that 5 of Fig. 2. In other words, there is a fear that adsorbed | ayers
(hereafter referred to as "inpurity layers”) will formdue to a very snal
amount  ofycOasHe WS SFRAMERIRol A Nel REaliN BFNA] B sPRINEER NS henik @rerLd on of
each layér, in particular when conveying occurs via a second conveyor
chanber ,, A gonceptual di agram of such is shown in Fig. 3. Fig. 3 shows a
state in which an inpurity 10 |ayer 313 conposed of a very small anount of
an inmpurity 30 r i r . he Lr | ayer
a0, IPUCT LY AORehPURAA HOLET: S OUIEON R Lo IR RELISS, Gl "ol 2
fT[]gml ﬁp ﬁfa‘fng’ ag'ﬁugﬁ Crpnic e %%Hﬂggegg%em%ﬁérﬂ !iéq”s‘tr%ﬁttu}ﬁ%ﬂsiﬁéa&{‘pﬁar%%ﬁfs’glfé‘tég{5-

a or me Wween each of thHe Tayers aire

organi c terface beconmes an |j rity region that traps .carrigrs, .thereby
i bi ¢ PHELEL e PHET 1oy rere s tear e bidioroG s (Rtattsh ERGRA g s Fimikaly
organic Iigghyﬁgittin elenent?, and therefore the ﬂrlve yolp% e is

i ncr eas BSR40 2 ¥HE FYRl HPPYRT QESASTRTS SPEPT T HBURSHPF NETVAT XPBFHy an
inmpurity region if it exists, and therefore there is a possibility of

i nduci néwafqr@aw b rFacth lAYER Rt PRERQ4T| WBCD RRRVEUINE QFEWE d1afotreond Eam&yder i ng
this type of nechanism it is necessary to go beyond conventi onal

| ani nat Feamb$tr uct ure el ements for both the el ement structure and the

manuf acturi ng processes in order to 20 overcone the probl ens which devel op
i'n the organbeonerpert diegraindd senhiipthawindnFigs 3-the Jsbephottagin Wiseh atHapyFiani ¢
interface and formation of an inpurity l|layer) discussed above. For exanpl e,
or gani clayki JJBcompddetiohgvey smahingsounaef angmowiity 383 Sheiglsevalcagerxygém isdhiredd a
hol e transporting material is mxed wth an electron transporting materi al
(her eaf baweeed first bgett 33 1asada fiom x Bt sigagic eomagwerd 301, fndrarsechbnd bgen@Ehmbdvo

el ectrodes have been reported as exanples of organic light emtting
el ement growmhd @Borfll organic compound 302, during lamination of the two layers.

The impurity layer thus formed between each of the layers (namely, an organic interface)

becomes an impurity region that traps carriers, thereby inhibiting the mobility of the cam’efs, after

13 completion of the organic light emitting elements, and therefore the driver voltage is increased.

In addition, charge will accumulate in the carrier trapping an impurity region if it exists, and
therefore there is a possibility of inducing a reduction in brightness like that discussed above.

Considering this type of mechanism, it is necessary to go beyond conventional lamination

structure elements for both the element structure and the manufacturing processes in order to

20 ':overcome the problems which develop in the organic interface (deterioration of the morphology

of the-organic interface and formation of an impurity layer) discussed above. Forexample, organic

light emitting elements having only a single layer, in which a hole transporting material is mixed

with an electron transporting material (hereafter referred to as a “mixed single layer”), formed

between two electrodes have been reported as examples of organic light emitting elements which

9




0 1 AUG 2005 conpletely elimnate organic interfaces (refer enceﬁé: A “k%‘?gs
S., Shinno, K 1, Ckada, H, Onnagawa, H., and Myashita, K, "Organic

El ectrol um nescent Devices Using a M xed Single Laver", Japanese Journal

of Applied Physics, Vol. 33, No. 1213, pp. 1-1772-L1774 (1994)). A single

| ayer structure is forned in reference 6 by m xi ng

4,4" -bi s[ N (3-net hyl phenyt)- 5 N-phenyl -am no] - bi phenyl (hereafter referred
to as "ddthpldeMielififdtedp3daniThehaiarerehalees: NiaNs PoidioNg. {ieReH. l@m@nﬂd

el ectron transporting properties, respectively, in aratio of 1 : 4.

Howeveryy, idndiMiyadtoMn Kkt hadrehe Fidcnglgnih@¥alt ISEAS iy h IixBA &fidHr Lﬁﬂ‘ﬂ)ar ed
to a | am nation structure (nanely, a heterostructure made from TPD and

Al g3 anflyl, lI;tfstﬂttst&tmatu\%;ﬁﬁ?u%ﬁcpt\ﬁﬁfs%csto' B2 35"1;9)72 x_hm tﬁﬁ@@))po' nt of 1ight

em ssi on I Cl ency the effici enc ssion can be 10

greatly i rrer\éfﬁg eqx%e Qt%c@&e% ilolrrggc} mq'g}e dﬁ ng 1}%5'3 §|4’ 1‘9 ? nfeﬁt ﬁ)thlellctjylo%) d

certain anount errority conpare am nati on I’UCt

Wi ha i emttln terial. The c efQ S ho that
b Bos s Nibu SR thedR, Sl [08RE8 8L Ofpb Y SibyS Al BODORATE

t th h toth t | trod h d
e e T etheifis PRRISLE 5%11%?091&?% ﬁt@vg“eﬁf raSps%tt"FFben i B g% *@

functio and the efore ghl_s ti‘ﬁ' gﬁ robI em ﬂoes naot devel o In
ot her Pﬁgveftlhtsé v fhatihesiasle et §t “‘é‘?(ﬁr’ ?roct‘?”ipére &% 2 BEFRSRSHUS et he
m xed single Jayer of reference 6. That is, if regions capable of
expres sq“ﬁﬁle’éfa%het?ff’“f‘t’fé”? made iromd P andrias andripgich ‘”F‘ B’Eb"é%é‘?tﬁr faceds oagEn near
t he anode exhibits a hole transporti Eg function, a region near _the cathode
exhi bi t §omrihepeiet polisht eansiy ¢fifgneunciibarbibe Pﬁflﬁleﬂ%ofolﬁgjéﬁ%sswnﬁathtd
film and light emtting 20 -regions (regions _in which the carriers
r el@onbi sreythalmprevse b doping pdishi ows ingapripr Bt e i olifoteHan e aepieRft ipisHeLtY t hen
l'ight emission wth good efficiency cannot be achieved even if the organic
i nt er f acespazgddioallaminpaerediuciue depgd ivddraaligho pmpfing Mesealpoi nts, the inventors
of the present invention proposed a nmethod for achieving organic |ight
enm tting el ehertassetthithisdk théwght fobenhat holseingfcted éfoar baoede atxigleaitons micgted
from the cathode tend to pass through to the opposite electrode without recombining in the mixed
single layer case. The lamination structure has a carrier blocking function, and therefore this typé
15 of problem does not develop.
In other words, this is because function expression is not performed in the mixed single
layer of reference 6. That is, if regions capable of expressing each of the functions are not formed,
for example a region near the anode exhibits a hole transporting function, a region near the cathode
exhibits an electron transporting function within the organic compound film, and light emitting
20 -“tegions (regions in which the carriers recombine) are formed in portions separated from both the
electrodes, then light emission with good efficiency cannot be achieved even if the organic
interfaces are eliminated.
I consideration of these points, the inventors of the present invention proposed a method

for achieving organic light emitting elements that differ from those of reference 6 but which are

10




10 01 AUG 2005 capabl e of function expression and in which odghnfiés 2005
interfaces are elimnated. A conceptual diagramof such is shown in Fig.

4. Note that, although an anode 402 is formed on a substrate 401 here, a
reversed structure in which a cathode 404 is forned on the substrate nmay

al so be used. A hole transporting region 405 nade froma hole transporting
material 430, an electron 5 transporting region 409 nmade from an el ectron
transpogti,pg dﬁfﬁﬁftf_oﬂlexgl%gsioxﬂ% f Ihich %F@nfc@gleﬁﬁceﬂqge eliRinMabChh thRehahe
transporting material and the electron transporting naterial are n xed at a
fixed ratl e . Lr S XarYan), i {,C
compount E TSR En RFHEY Rl furnplihmka Aichon A ARRed &) AR
electrop transporting materi.al for elements sho [ ig. 4. A light

o Lt | nBerraaroR s PR 1 o AR P e by Yy s § g
emtting material 10 410 which emts. light. In addition,. a first
concentrat i o%‘ }E’?Faﬁﬂ@p?rélﬁgé?gl%%osglﬁ eafr%“ég‘g’r‘?lzl3 WERREHES ZEICHA Eary e e ¥yi on
408 are formed between the m xture regi on 407 and tgi h8| e.tran?s‘gporad,pg
redi on HPRSPORing region e ainde ramAREIGIen FRISPUHRE B CHN S rfad  PREPsrEon
transporting regi on 409, respectively. A concentration gradient is_foynmed
in the éb‘ﬁ%léhfheg‘f’ledﬁnw%‘r’r%m?té@?iéﬁg the slection trppotEgs PRISTIALATY WCF&{?BXC‘{B
gradual | y beconmes closer to the x:y ratio of the m xture region. A

schemat ratiodhereaftprreierredie ag xR Sy BEFmeh INANGTEANC snRoMBRA!T AVErYtaiging ife hol e
transporting material can receive and transport holes at the anode side,
and on téle traptpogingaaierial hed dic elsciromtranspersipp meicngl frntlemenis shogm ipdékiivé and
transport electrons at the cathode side when this type of elenment is
forimed. ligatrethiging regige#id ie foord anthe atikiore geiad Hehby additgr hghd cintingmazgial
concentration change regi ons 406 and 408 so as to avoid a sudden

concent nad whithehandeh(t he nost extrene exanple of a sudden change is a
conventional heterostructure, in which the concentration changes from 0%
to 100% or fo aidd)%Yfiro OMentrativch ¢Hasgeefepioa 406 anénecgydancengrtion ¢thangespect
to the carriers can be nearly elimnated. The carrier input to the organic
conpoungtgidd 408483forGied bawedohe niftanspaot ¢07 sninhd bly rhuigsporting region 405, and

between the mixture region 407 and the electron transporting region 409, respectively. A
concentration gradient is formed in the concentration change rcéions so that the concentration ratio

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

The hole transporting material can recetve and transport holes at the anode side, and on the
other hand the electron transporting material can receive and transport electrons at the cathode side
when this type of element is formed. Further, a gentle concentration gradient is formed in the

20 ~:c0ncéntration change -regions 406 and 408 so as to avoid a sudder concentration change (the most
extreme example of a sudden change is a conventional heterostructure, in which the concentration
changes from 0% to 100%, or from 100% to 0%), and therefore the energy barrier with respect to
the carriers can be nearly eliminated.

The carrier input to the organic compound film 403 is therefore transported smoothly to

11




11 01 ~1U 0 2005 the m xture region 407 w thout being obstruﬁﬂed?‘uﬂfyzgp5

| arge energy barrier. This is a very inportant role that the concentration
change regions 406 and 408 play. In addition, the m xture region 407 has
bi polarity, and therefore it beconmes possible for both the holes and
electrons to nove in the mxture region 407. 5 Wat is inportant here is
that the light emtting region containing the light emtting naterial is
formed itRe higurBlosldA 407 WeabAMe AR bbst bkl iardOL iRy bGAF IA1iSis § 3y REpRIAY €Nt ed
from passing rt he;éough the m >?1t %r esregi (%Jr;} V\%r%%outﬁgyr ecgrrbi rllslglﬁg, 5§§p(ata%¥he
sane t i gt ol d tenBidd dfe £EIHOR IR, 8lLaGLLeMes; and
disruptioﬁ o?ﬂkig f“gy t he e?%g%@o%ﬂgh%ﬁgﬁggk?gﬁxpépgg;%gﬁnﬁg%§%&8gg§7
"quenching;.. reyvent b ing th ight emttin terial, 410 to
e m oy 2o, AR BRSO ok AR O beRBles B PR TSl B
transport. and Iig 7em’ ssion) can be expressed thus exist within the

or gani ¢ "¥SHPOTEE 1°f'm 403, differing fromthe nixed single |ayer of

reference 6. Jn addition, organic interfaces |ike those, of conyenti onal
|t nat on sOVHECuPBRO! o TeRrehe Bk g S0y SE R DO PR
af orement i oned roblengﬁthat devequ at the above-nentioned 15 organic
i nt er f ad@'{r ﬂspﬁapfeﬂgyﬂ R RSP PrRthS MRads CaTiRtSeR & @rarsatef dromat i on
of an inpurit Iayer) can therefore be solved. First, an explanation of
how t he w%ﬁw%% hgerisRrorgiongyithept ferambipiannd 4 Hesipadmeitke Lght smItges | s
made usi ng Eig. 6. Fig. 6 is a cross section of an organic conpound film
made fr 6PEIOHIS KeRjPHAY Bam theohgsgroded apfl dispmtion poishithy weclggiodey(hewgiterneigred
conposed of |arge nol ecules 602, 20 -and a m xture region 613 contai ni ng
bot h t hdo swiduenghiigdt odrelse BOTemert by dding tigrelight lcatiing snad@ 2l 4 taethic haits tuae
concentration change regi on has been omtted here for convenience in the
figure. régign 405. Rakiess iowdérh chbtafunetiondege e tansputtant Agte ehids®n) du@ be exraedsed
interface 113 of Fig. 1 does not exist here, and that the region 114
havi ng plaskxsoniion thebyzadesmpoindefiimsi)3 alifflvérg, fronuthe exed sfogiatater ofitefafenasn
inmpurity layer is resolved. Wien manufacturing organic |ight

6.

In addition, organic interfaces like those of conventional lamination structures do not exist
within this type of element. The aforementioned problems that de';rebp at the above-mentioned
15 organic interface (morphology deterioration of the organic interface and formation of an impurity
layer) can therefore be solved.
First, an explanation of how the morphology deterioration of the organic interface is
resolved is made vsing Fig. 6. Fig. 6 is a cross section of an organic compound film made from
a region 611 composed of small molecules 601, a region 612 composed of large molecules 602,
20 -and é mixture region 613 containing both the small molecples 601 and the large molecules 602.
Note that a concentration change region has been omitted here for convenience in the figure. Fig.
-6 makes clear that an organic interface like the organic interface 113 of Fig. 1 does not exist here,
~and that the region 114 having poor conformity does not exist either.

Further, formation of an impurity layer is resolved. When manufacturing organic light

12



12 01 PUG emitting elenents |ike those of Fig. 4, the hole trangﬂbf%ﬁhé@%
material is initially formed on the anode by evaporation, then, during the
evaporation of the hole transporting material, an electron transporting
material is stated to be co-evaporated in addition to the hole transporting
material whereby the m xture region is fornmed, and then, the evaporation
of the hole transporting nmaterial 5 is stopped while the evaporation of the

~electro %é‘?f&?’%sﬁ@é}ﬁéﬂi@ﬁ@nﬁgﬁr Jak %_i cf, i tg‘ﬁ ﬁ&g Qmééﬁﬂllorntg&eri] DL&h \‘f@ln \}\%&Z‘lﬁtt‘aﬁig&l&n e

during cturing of organi enent's
evapor at | : i ke t Fi.g. h fore does not  exist
oty S0 P RRBEANHS bl SunbiThe SapGiton B b B EATRG B etz Rieyor
layer.. Organi.c interfac re thus not for .in the grganic light .
erm v 1§ ng et bRkl RO Abdn O S PRhon ft PRl it P eEe e
mobility is .snmpoth and no adverse influence is exerted on the  driver
Vol t age STRRET B Eea Y SIOTHED. 3 e OO R PEDF B0l GARTOBIESRIGI i on
simlar to that of a |lampation structure, and thus there are_no probl ens
rel atind® ﬁtap@ﬁfwbelﬁgw&yawatiqnaﬁfheélﬁcggw EPSPELPE HAERBrEConiRweds AP Jeetipldhadt t he
present invention has a m xed-junction and not the hetero-junction between
di f f er erATIS§LBSHRENBEBUIGFIEANS OF ORRA8IR EHAMIHE Hepsdh YEp ustgr & cwparatine
light 15 emitting elenents of the present invention are based upon a novel
concept .aPPHesise Bat of i 3 therciredensmof ednMNamaly. a0 ppRpRRLidyistorovidpddenibee i s
formed having an organic light emtting elenent, the organic |ight el enent
havi ng: farmaivodé an anpaithbder. and 20 an organi ¢ conpound filmcontaining a
hol e transporting material and an electron transporting material; wherein:
t'he organi ¢ cogpocmttrfactsarhass eot §érmed inthe oiganindigtlemiginp elemets afihp prebémg
region made fromthe hole transporting material;

10 invention, and therefore carrier mobility is smooth and no adverse influence is exerted on the

driver voltage or the element lifetime. In addition, there is function separation similar to that of
a lamination structure, and thus there are no problems relating to efficiency of light emission.
Furthermore, the structure of the present invention has a mixed-junction and not the
hetero-junction between different substances with a conventional lamination structure, and the light
15 emitting elements of the present invention are based upon a novel concept.
Therefore, with the present invention, a light emitting device is formed having an organic
light emitting element, the organic light element having:
an anode;
a cathode; and
20 = an organic compound film containing a hole transporting material and an electron
transporting material; o
wherein:
the organic compound film has a structure in which:

a hole transporting region made from the hole transporting material;

13




13 a first concentration change region in which the proporti o %fﬂ~¥%e2%ﬁg
electron transporting material increases gradually until a ratio between
the hole transporting material and the electron transporting materi al
beconmes x : y (where x and y are positive constants); a m xture region
.containing the hole transporting material and the electron 5 transporting
material at the ratio of x : y; a second concentration change region in

which th t
ch the proportion of chhgofkREHoR Rt ARAORUIAG (RHER) AL, BF A0URLL,

i ncreases further fromthe x : ctron transporting region

made fr ?ﬁh%ppgh%%trﬁeérﬁa‘? Cfgéatéé(}sé?%{uallggﬁﬁg; rE'E?cF & éévé’én] th@ﬁ%l@ﬁrahs@oﬁ{nq%dtérm fnd

direction ano ting region, into

which a [li mtti mat er.| for per rmn SSIO is added, is
f or med \%Ft ec&ro transrﬁor@'n néatlg:reml%ecom X gex dlyscg%POGTltle\?ea Std ??at t he

energy di ffer ence bet ween tarc ghest 9CC d rtm ecul ar otrbl ‘il] érfand a
| owest unoccupi ed nol e%fﬂ A 6F P & a(uﬂl[‘ﬁ/% gl faﬂ%mlr?wa SRALERY 1 % i al
15 hereafter  ref erre ﬁ]g ex0| tation energy level") be smaller conpared
hat tr&FSPPHH‘gHB?t%“% Ph ﬁ?ﬂ“t(? fg ¥rat eri al and el ect ron transporting
mat erial. This is in order to prevent energy nobili of nol ecul ar
excitons of the |ight &FcPRy ??@‘CWPB‘PI} "é’?ngq’—'ﬁﬁ‘?‘}féf"’h‘c& ‘W@Wn@éflﬁeﬁﬁw%l on
made froma material for enhancing injecting properties of holes
(her eaf tiépspeeiingrpaserial gragyally nfrspses fuifheefpmdhavat kratigl 20d may al so be inserted
bet ween the anode 20 and the organic conpound filmin Fig. 4. Furthernore,
an el ectron injecting peglahonddesforior scamm grdﬂalfrqr@rth@rﬂfm;ﬁen rigrosprees i ng
properties of electrons (hereafter referred to as an "electron injecting
mat er i alnfaferiy al so be inserted between the cathode and the organic
compound film Both the hole injecting region and the electron injecting
reg) on may al so bexistialoutieth a dinetibw Fremi th ecide ngtheattbodeaknénd t he el ectron
injecting material in this case are materials for
a light emitting region, into which a light emitting material for performing light
emission is added, is formed within the mixture region.
Note that it is preferable that the energy difference between a highest occupied molecular
orbital (HOMO) and a lowest unoccupied molecular orbital (LUMO) of the li gh_t emitting material
15 (hereafter referred to as "excitation energy level”) be smaller compared to that of the hole
transporting material and electron transporting material. Thisis in order to prevent energy mobility
of molecular excitons of the light emitting material.
Further, a hole injecting region made from a material for enhancing injecting properties of
holes (hereafter referred to as a “hole injecting material”) may also be inserted between the anode
20 “and the organic compound film in Fig. 4. Furthermore, an electron injecting region made from a
material for enhancing injecting properties of electrons (hereafter referred to as an “electron
injecting material™) may also be inserted between the cathode and the organic compound film.
Both the hole injecting region and the electron injecting region may also be included.

The hole injecting material and the electron injecting material in this case are materials for

14




14 a 1 AUG 2005 reducing the carrier injecting barrier fron1tﬁ&1eﬁg§t?%%es
to the organic conpound film and therefore carrier nobility fromthe

el ectrodes to the organic conpound filmis snmooth. The naterials have an
ef fect of being capable of elimnating charge accunul ati on. However, from
the viewpoint of avoiding formation of an inpurity layer |ike that

di scussed above, it is preferable that 5 no interval occurs in formation of

the fil pRubiget WRetirBachjcefind brikNiBal B G1IBb@LI 1815 aipdnit RemPb@aNtitn, ANMPound
film Further, a carrier reconbination portion is nearly determ ned by the

M Xt Ur eyl chitiet %bllﬂ%)ﬁdﬂ hel @&i@0e{ REROTEAGicClogHRInd 8irh Ne skefherTiehe
nore bipolar the ratio becones). The light emtting material may therefore

be addeﬁ.g{eﬁa QQVOF tte'ﬁre Jf%gi'nggaﬁ%fer&'t@]pﬁﬁﬁnﬂgn Otk S du Bl QR ( %@/eEérgtmm %&) 7A)

and may o only a portion o xture region (see Fig.

addi t | Oefewgom Saghiite afglq% %%Pan%@mgh@ggm@mq soéibbolBY: i6re AN the

m xture te t t hdug e ano e 402

is forned. sub hSe struct [e |n
c at5n od en%@ger}faé O?C&II%B 1{)?] 8t0 t%e %lh C be weeﬁgach 0? het ectm erlﬁ rgr)[(f;é}m C
hol e inj ectlng egi on and t he electron i nj ecting reglon may also be forned

15 bet weSAPYURE BPect r odes and the organic conpound film Note that the term
bl ocking materi al denotes a materi al . having the hngESt excitation energy

anong the mak ¥He5 SCATFHIESIRAPAAT PREOHISRGF FEHTERT 40 Pedhd Thith 1 dtict i ons
so as to block  carriers. In addition, it functions so as tosg ent t he
di f f usi B¥<tBre TreiPBEbrcaming elopsna thergraics fiermer DIRWEJRbINRLEEN At d IF HePhe
m xture region 407 increases, and diffusion of nolecular excitons is 20
prevent editimg mperip| m@kﬁhh@fmb@ rddg tojthe entire sepienwitlyn thram i ue (reeony 8¢ 98 407,
and therefore a high Iight em ssion efficiency can be expected. However
Mouki ng7/dtaed imal He efidadiio halye pertidroefkhngixtinnetiontied Oe- Gty hol es or
el ectrons, and therefore the carrier balance within the m xture region nmay
break down i I 4duiggichl eclkiigrenmtvaictad bloskiag dederishAbLighp e adiiel onhe mixioct ur e
region. Accordingly, it is nore preferable that the blocking material is
added ordgjont407paspbown orFigf8A.Neote that although the anode 402 is formed on the substrate 401
here, an inverse structure in which the cathode 404 is formed on the substrate may also be used.
Furthermore, the hole injecting region and the clectron injecting region may also be formed
15 between the electrodes and the organic compound film.

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

20 :prevented if the blocking material 411 is added to the mixture region 407, and therefore a high
light emission efficiency can be expected. However, biocking materials often have a blocking
 function for only holes or electrons, and therefore the carrier balance within the mixture region

may break down if the blocking material is added throughout the entire mixture region.

Accordingly, it is more preferable that the blocking material is added only to a portion of the

15




15 01 Alul G 2005 mxture region. Further, materials having 8 10&@3«9%8
| evel , nanmely those capable of blocking holes, are normally effective for
t he bl ocking material. The technique of adding the blocking material 411

to a place closer to the cathode side than the region in which the Iight
emtting material 410 is 5 added, as shown in Fig. 8B, is therefore
effective. In recent years, fromthe viewpoint of the light emtting

ef fi ci engyxturergasn.c 1ight emtting elenents capable of transform ng energy
emtted when returning froma triplet excitation state to a base state

(hereafter refi@iheeha@iafShavinkiab@HEVOIER] hOReI§ REO¥PhbIBBYSobESMAIR, Lbe
spotlight due to- - their high Iight em ssion efficiency (reference 7:

O Bri en, ndpmalty etrBail8eor (M blﬁtkilll_:%-rﬁgﬁﬂﬁp Rohe Mﬁzhﬁgue J0aRg (RAUIb&STe A‘Bgﬁi%&iﬁl

"I nproved Energy Transfer in ect rophosphor escent D&vi ces™,

Physi cs M;@g@g}%@} 9 tﬁéf;?th@% de. By m%f‘x%%éﬁ;}n n&ﬁ%ﬁ?@g l’iﬁ‘(;\g{ngtﬁg et A*?szsigj i

Tsutsui, T

T -Fukqﬁ%mﬁﬁaﬁ?xékkgﬁéﬁgh§ghm%ﬁgeM%%ﬁguchi, S, "Hi gh Quantum Effi ci ency

in €}gan|c m VI CES™ W ?ridiun}CanIex as a Triplet
Em ssive Center” é% angse Jour nal. of @ﬁ l.i ed. Physi.cs, Vol. .38, pp.. .
L1502- L1504 I%%e"(e‘i 855) IR thopRy PeiBh P%*‘h‘“’%i“&%%?‘ﬁ?‘i?nﬂfﬁ?‘?lg ﬁ&“&ﬁ'ﬁ‘t‘%l
met al , qu atnet%h cgg&#gx i.n_whi ch .iabé%rn1is.a entral metal, are used
in ref ereHCE 7-RAAP BRI SRRIEGS WRANTCITR AT 2 MR FCXCIEAOP £1fidO
el enent s gagable offcon%ert'ng these triplet exgitation energy into |ight
o Ssi orf LhSRIEAPTEIE BT H oTRET ST BPREIFRGhEE RPT it BPRIBHEL1 can
achieve higher light emtting 20 -.brightness, and hig& light emtting
ef fi ci en€§it highdighicanvratn stEEsRey (redriencert Q@ Brign &) EnBalds, M- fekoapson; MeE-,
hal f -val ue period for the brightness for a case in which the initial
brilfht nexd Fareesg et R.o “Bagoead) knergs Tomsichén dlegpplobphoraetid Upeyifen”, atedicdance
with the exanple reported in reference 8, and this is a problemfor the
i f et i mePhybics hettass,&fnbnits NoA3| pyHH2 et (1998 ahdyefercusi hgTautsui, T., Yang, M. I,
Yahiro, M., Nakamura, K., Watanabe, T., Tsuji, T., Fukuda, Y., Wakimoto, T., and Miyaguchi,
S, “High Quantum Efficiency in Organic Light-Emitting Devices with Iridium-Complex as a
Triplet Emissive Center”, Japancse Journal of Applied Phyéics, Vol. 38, pp. L1502-L1504
15 (1999)).

A metal complex in which platinum is a central metal, and a metal complex in which
irtdium is a central metal, are used in reference 7 and reference 8, respectively. Organic light
emitting elements capable of converting these triplet excitation energy into light emission
(bereafter referred to as “triplet light emitting elements”) can achieve higher light emitting

20 :.brightness, and high light emitting efficiency, than conventional light emitting elements.
- However, the half-value period for the brightness for'a ¢ase in which the initial brightness
is set to 500 ¢d/m* is on the order of 170 hours in accordance with the example reported in-
reference 8, and this is a problem for the lifetime of the elements. A light emitting layer using a

suitable host material with respect to a light emitting material and a blocking layer using a single

16




suitabl e host material with respect to a light emtting materi8ll #dd 2005
bl ocking layer using a single 16 0 1 AUG INS bl ocking material for
preventing the diffusion of nolecular excitons are necessary for the
triplet light emtting elements, and therefore becones a |am nation
structure and a nunber of organic interfaces develop is thought to be a
cause of the short elenent life. Light emtting elenents having extrenely

hi gh fungdd@R chflerddirGpriicdhin P gﬁfu@%%%f Ho@emﬂar Sx@BhS St ABccRNE) i ek thii‘)lght

emtting efficiency in accordance with light emssion froma triple

excitat '1@;{ éﬁ@ﬁ@’ el@rﬂ&t@ ah@ %r&!}r@ rgé&gmés'e; ]i%fn'nﬁ%on Qﬁl‘f&% aH@%%‘qulbgr cﬁy r@‘ﬂlﬁ’é ying

the pres invéntion to triplet state | ght emtting el enents. hBte t hat

tri bl et IRIERUhA X I RDS BYE AhPRELRIPRenthgance which [s large 1n

conpari son w I'ecul’ar excitons, an erefore it is preferable

t h at a .bl OCk}n%lé glélétglagy e entstch(h%vm%]extt? 15:‘ rh‘? hn%un(tit i Iarvﬁﬂé:hogl]g% %ggllltggés %ﬂ al Ly,

bi polarity i ure
preferable to Mass ent age of ortin to
be b eacBrssiRarichieh el Br o Bob e TR Fe %Cgoradf*ﬂ%e Wbb ZAEER 5 GeTt bR
respect to the total e hol e trans terjal and
G obt 1 orf“CIAMAS BBie P e SEmsn! Rt Tehue PRLIY BUIHSE PRATHY 1?"5“&}%1} y
considerably in accordance wth the conblnatl of the material
Fur t her 1@ {THetiaie lIpR srugmerFloeitai Hated 1l ERIc BiHCtrhe T'egt BH i %d1§9?é31%‘f esent
|nvent|on nane| a region in which carriers reconbine, and therefore
t hi ckneskistasse thcg isdeee MWPE*H%%“ vaisinelst @O%fﬁulah%‘&mtﬂ&s@dﬂhﬁr%fa&ﬁt ip grE%é@é%sar y.
It is therefore preferable that the m xture region have a thickness equal
to or grkseélockimgmaleriahhe cErpiER DRITRIPTIC@YNOF THE DRAWNGS 20 In the
acconpanying drawings: Fig. 1 is a diagramfor expressing an organic
i ntter f ace st dcadentafly ghip@aiity isnedesagy &nterhowityrg regipre wabiberatoroinisapp eriebie i ;
Fig. 3 is a diagramshowing formation of an inpurity |ayer;

set the mass percentage of a hole transporting material to be greater than or equal to 10%, and less

than or equal to 90%, with respect to the total mass of the hole transporting material and an
electron transporting material. Note that this ratio is thought to vary considerably in accordance
with the combination of the material . )

15 Further, the mixture region contains a light emitting region in the present invention, namely
a region in which carriers recombine, and therefore a thickness on an order such that carriers do

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

equal to or greater than 10 nm.

= | BRIEF DESCRIPTION OF THE DRAWINGS
20 - In the accompanying drawings: -
Fig. 1 is a diagram for expressing an organic interface state;
Fig. 2 is a diagram showing an evaporation apparatus;

Fig. 3 is a diagram showing formation of an impurity layer;
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17 0 1 r, 2005 Fig. 4 is a diagramshowi ng a structure of an d}gaﬂUQ-#mght
emitting element; Fig. 5 is a diagramshowing a concentration profile:
Fig. 6 is a diagramfor expressing a m xture region state; Figs. 7A and 7B
are diagrans show ng structures of an organic light emtting element; 5
Figs. 8A and 8B are diagrans show ng structures of an organic |ight
emtting elenent; Figs. 9A and 9B are diagrans showi ng an evaporation

apparat us; Firgs 430a iRgAnfiRINM ShRWHOES & GEdtichgtt emafinafe@egani ¢ i ght
emtting elenent; Figs. 11A and 11B are di agrans showi ng cross secti onal

structures ofjd slid 9hfacf Holtd AERatiod Brdmig- 12 is a diagram showing a
cross sectional structure of a light emtting device; Figs. 13A and 13B are

di agranms showing ;an i ﬂﬂffo?yggr?‘il%g sdtrh&ﬁhyfe%im@dta cross sectional

structure, respectively, o t emtting device; Fig. 14 is a diagram

showi ng a cr e% §§%},Jj QB%e 35%%& H{o@viﬁ’é ?Jt?'*cltdrgstﬁf BT aﬁlicrl%hgﬁrgitﬁl?g' ci!::r-h&ﬁ; 15A

to 15C are di a&jrans show ng an upper ace structure, cross sectional
arc i agr ans ou g S hedteeds G Rk o e o, Bbng den Ay 120
Lo 18C are. oFEgr Ahen ROR U ErrY erorBsoBr g R bY no devi ce: Pras.
20 Fi gs. - 20ATHn A0 SORU AP LAY ORI T FURTT T4 BRANT CEPBHC el act Foni ¢
gg\lj: (F:) rer? ng_’s a%?gs!:il %‘:\ 312131' lills?a aafe glﬁ%&%@hﬁ@%‘g c?gss%ea}oglléjlcs}tgzﬁrngfofaa lligir,h%J anit%nm:g,t ting
- device;
10 Fig. 12 is a diagram showing a cross sectional structure of a light emitting device;
Figs. 13A and 13B are diagrams showing an upper surface structure and a cross sectional
structure, respectively, of a light emitting device;
Fig. 14 is a diagram showing a cross sectional structure of a light emitting device;
Figs. 15A to 15C are diagrams showing an upper surface structure, and cross sectional
15 structures, respectively, of a light emitting device;
Fig. 16A and 16B are diagrams showing structures of a light emitting device;
Figs. 17A and 17B are diagrams showing structures of a light emitting device;
Figs. 18A to 18C are diagrams showing structures of a light emitting device;
Figs. 19A to 19F are diagrams showing specific examples of electronic equipment;
20 - - Figs. 20A and 20B are diagrams showing specific examples of electronic equipment;

Fig. 21 is a diagram showing a structure of a light emitting device.
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' PR mma
DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBCDI MENTS Enbodi nent n%&eﬁﬁﬁ 2005
enbodi nent when inplenenting the present invention is discussed bel ow. Note
that at |east one of an anode and a cat hode nust be transparent in order
to extract light emssion from 5 an organic |light emtting el enment. An
el ement structure in which a transparent anode is fornmed on a substrate and
light is extracted fromthe anode is discussed here. In practice, it is
al so possibl e UERMPED DASCRIFEEON OF TYEIMRIIELOEE EMBOUBIMERTSN Whi ch i ght
is extracted formthe cathode and to a structure in which Tight is
ext r act egmbdsdpmedtheod de opposite to that of the substrate. Production
processes for manufacturing organic light emtting el ements becone very 10
lmportant I n A %ocﬁﬁelﬁr@éﬁrﬂﬂqpfehﬁnﬁi@ tﬂ@h{g@%t give#)tm?)qg h%.é{us!s&bllfeﬁoﬁv.mgt@ that .
i npl enenting the present invention.” A hethod of manufacturing an organic
light e ik 8F S RRe BSLLAREA % lga?an%nﬁaﬁm ordb /W e P Rel S ndl g GUsS g
first. Fig. 9A is an upper surtace diagram of an evaporaﬂ%n apparafus, and
one.vac 0 1 evapar ati on chanber 943,. and
o1 ar 1t Bop Rt il bR APYRReANGHERI TG GRRRRER eitest s Rl
chanber, resulting.i.n a sin chapber nethod. terials . having different
Funce oreaa STttt i Bl el B Ron IR RS E I BBt i iegomitier 1
an electron.transporting . material, an electron injecting, material, a
bl ocki nd ARG TEATER EIoBE ¢ iR B Eh e HEGAHETA® CPPAdtis Ag
material are stored separately in the respective plurality of evaporation
sour ces.STACTEFHE P 13%&% ¥ SABdRe yidqenposiss ey of estbYBls i nto an
entrance chanber 940 in this 20 -type of evaporation apparatus having an
evapor ati on CHAHEEPT PESESSEX fH APBMAGHHBISeU 8¢ lipkt emigineoplpments jegpme very
preprocessi ng chanber 941 if the anode is an oxide such as I TO (note that,
al thougAmPAGRDE dth BTART [nhPEVet tioformpatiqnsofdmparipydexirhivhern nmeneingshe argsent
ultraviolet irradiation chanber for cleaning the surface of the anode). In
addi t i onnveatipn. ndymethiog|of nfapyfatioring ayorgdndc bghy amittng ¢lghentelisctosedipy bt prvent s
are evaporated within the vacuum chanber 910. However, the cathode nmay be
formed wistehtion shissciSedfigdt.

Fig. 9A is an upper surface diagram of an evaporation apparatus, and one vacuum chamber

910 is set up as an evaporation chamber 943, and a plurality of evaporation sources 944 are formed

15 ‘within the vacuum chamber, résulting in a single chamber method. Materials having different

functions, such as a hole injecting material, a hole transporting material, an electron transporting

material, an electron injecting material, a blocking material a light emitting material, and a cathode
structuring material are stored separately in the respective plurality of evaporation sources.

A substrate having an anode (such as ITO) first goes into an entrance chamber 940 in this

20 -;type -of evaporation apparatus having an evaporation chamber, and oxidation processing is

performed in a preprocessing chamber 941 if the anode is an oxide such as ITG (dote that, although

not shown in Fig. 9A, it is also possible to establish an ultraviolet irradiation chamber for cleaning

the surface of the anode). In addition, all materials for forming the organic light emitting elements

are evaporated within the vacuum chamber 910. However, the cathode may be formed within the

19




01 A! " 200s vacuum chanber 910, and the cathode nmay al so be ﬂbﬂngggiﬂmg
separate evaporation chanber. The point is that a period up through =
form ng the cathode may take place by evaporation within one vacuum
chanmber, the vacuum chanber 910. Sealing is perforned lastly in a sealing
chanmber 942, the substrate is renoved froman exit chanber, and the
organic light emtting elenents are thereby 5 obtained. Note, 945 denotes
a conveyeicuahalidisier 9 RY, 06056 e8hddRmayaRY bagred MG stR@at06GBaGon d@Bbeenminkt i ng
el ements of the present invention wusing this type of single chanber nethod

are explgimedihdss peridd «p thighIoedifS e TBBbEORNAY tallk BRAEAH c\@borhlich ¥ AEHWRE
chanber 910). A process of form ng an organic conpound filmcontaining a

hol et raReNA Ehdnite: RS Sfcl@h cBadber 81, 88l iQBcrEJrﬁeéBth)tiirngeﬁi‘?xg dnfer 922, and
alight emtting material 923 10 using the vacuum chanmber 910 having three

evapor at 05 :3QME £GSmbAM RIS &g@%&‘%ﬁéh&a{gﬁﬂé 1?éhit Qrﬂitﬁﬁ)%é'l&'g%ﬁsp a%%‘ﬁ’lgre%p

organi € COI’TpOUﬂd evaporati on sour or gani

evagorai&gﬁg§gghﬁ§9§%%%hCSE%Dﬁvg%pdhggggg. 9B as the sinplest exanple.

First, a substraté avi ng an ano 02 enters the inside of the vacuum
chamber 910, nd is fixe o.a fixture.plate 911 (the bstrate i s ..
normal |y rot a%rg%izs%fﬁr%?rnraanélgag:tﬁ)‘g%tfl%?f)g?mﬁgg%t,en{lpiglg e%epﬁﬁ%g@e RS FePHBY P4 CHum
chamber 910 js.reduced. in essure referably ta ' Pa or less), after
R R R R | AR i (A G P S o 5

921 evapqrate, and er a 914 %s opened when a predeterm ned

a sh té C
evapor atSLdhf Yqrum Eh?ﬂl‘?"glé& )- Ar Bipegss b PORPIEEH OrsagSEPRe P ITH et e} hale A
shutter b 915 renmains closed at this point, and a container b 913 is also
heat ed. UKDERAHRGEMAlSTIY S]] an cGchgn HPPSPOBIHNE HEErinh &+ andot e ta 1 tavadtctiti %8R nes s
of a hole transporting -region 903 is achieved, and the evaporation rate
of 1Phe &ISE& MEnvacuums pyrtich @ 1Rehainga throp ovipgratiph spegse dan PrEanisheamraund 914
may remain open as is, and it may also be gradually closed, reducing the
evapor atdvappratinnesayfce i @1lhoie orgearsiporpolnd) evaportion| soule do At B randaan enganic
gradient in a first concentration change region 904 is forned in
accor darmveppintchevaheragpe swsce ©F13) pehowg imhig. 2B esibngimplése exsdmptie.ers at this
tinme. 20
First, a substrate 901 having an anode 902 enters the inside of the vacuum chamber 910,
and is fixed to a fixture plate 911 (the substrate is normally rotated during evaporation). Next, the
15 inside of the vacuum chamber 910 is reduced in pressure (preferably to 10 Pa or less), after which
a container a 912 is heated, making the hole transporting material 921 evaporate, and a shutter a
914 is opened when a predetermined evaporation rate (units of A/s) is achieved. Evaporation thus
begins. A shutter b 915 remains closed at this point, and a container b 913 is also heated.
A shutter b 915 is gradually opened when a predetermined thickness of a hole transporting
20 :region 903 is achieved, and the evaporation rate of the electron transporting material 922 is
increased. The shutter a 914 may remain open as is, and it may also be gradually ¢iosed, reducing
the evaporation rate of the hole transporting matertal. A concentration gradient in a first
concentration change region 904 is formed in accordance with the speeds for opening and closing

the shutters at this time.

20



0 1 AUG' Next, shutter opening and cl osing operations are stoppgyiapia 2805
poi nt when a predetermned ratio x:y is achieved for the proportion of the
hol e transporting material 921 to the electron transporting material 922,
and a m xture region 905 is formed at a constant evaporation rate. A very
smal | amount of the light emtting material 923 may al so be added here when
formng the 5 mxture region 905 (state shown in Fig. 913). The shutter a
914 is gradudleky sialiesadnisgand aloping dedraictis aedtdppeC ngsmnt Wiel epeliaenfiodd t he

m xture region 905, and the evaporation rate of the hole transporting

mat er i akat@2d:yiis atlgeheaedr thhgropsiith b thdh&d ransporie metiiala®1i g, thabdctrdn may
al so be gradually opened, thereby increasing the -evaporation rate of the

el ect r ORahdpBRERANAEMY ITBLRHIadhix AR regAnCRB LA hiaNcodEadsli S Morktbnaagegond 10
concentration change region is forned in accordance with the speeds for

openi ng yaRA,CHI0sdag S18e 1isEhlifing malt&ia?-ldﬁij tda9AlsotR &MUt ERnéh BiflinkShe

conpletely closed in order to forman electron transporting region, and

heagi ng “%I““%m%}@g@?mgﬁﬁé slﬁ)v.%]iﬁl:]ﬁ% %z_opped. The af orenenti oned operations

are all "pertor out causi y intervals to occur, and therefore
inmpurity |ay re.n X i,nt of -(ﬂ'kée%“ I §-PRas5Lbl e to
manuf act ure gf"?souftt%f gtldérlsg%%?uc?h? F%ﬁ‘?d]‘)glﬁﬂﬁ)%gﬂérﬁg{ﬁ%n?g "SCussed as neans
for resol.ving the @%)je %‘? of the present. invention by a i.ng,t hi.s t hod.
For exafFurctsgion g5 bEF i eiipotalip BUETIRE nyBkEPbo e PR MRSl ey
be estab)ished . in Fig. 9B for cases i ich the blocking material Js
nddeq  onire S ts mee % g an oo Ramer pie Bieceti 6 oty PREe Ry et 1he
evaporated duri n% f%)rmati on of the m xt u‘rélf @re]g}‘on. 20 Further, . for cases in
whi ch a SHACERUCR;TEE OF g CosgPR HamAN AR MRl Vom 2 APUEPT Y &I Sh It ¥ br med,
evaporation sources for each injecting material may be set wthin the sane
Vadium CemgRERion chargoyesion hiermsfibe rccordancergith g sRgsHpior ppeningd€lsfigded i ng
region is forned g?vi evapor ati on between the anode 902 and the hol e
t r ansposhuties. r dyizddition3thy shdtey 2 Bt iy kampicklhralosehin elenip fepurn Elpcireyer
can be averted by evaporating the hole transporting material 921
i mredi atwehspofting region, and heating of the container a 912 is stopped.

The aforementioned operations are all performed without causing any intervals to occur,

and therefore impurity layers are not mixed into any of the regions.

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

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

of an impurity layer can be averted by evaporating the hole transporting material 921 immediately ‘
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G 1 AUG 20"5 after evaporating a hole injecting material on the dndd&i®0zns
wi thout an interval. Next, exanples are given below of preferred materials
for materials such as hole injecting materials, hole transporting
materials, electron transporting materials, electron injecting materials,
bl ocking materials, and light emtting materials. Note that materials
capabl e of being used in the 5 organic light emtting el enents of the

present aﬂ}é}\é@%ﬁﬁ{h&%%lémfefc@g%mﬁaﬂ& thDgndiRLES viludisiassed  bel ow.

Por phyrin conpounds are effective as hole injecting materials if an organic

di - erihi€fs oleQnj@&ingH2PC”
compoun 'Spﬁgﬁg%gm;ﬂa%gre ve?fﬂ)teml YA Qe BRI ERE hfer €, g@{@ eQnjRstingH2PC™)

and copper cyanin herea rred to as There are
al so materia i,n_which chenm.cal i I.S.: - - A, tiLve
s o e i R
(hereaffer. . referred taQq. "PEDOT" ) .do ith I I I G..acid
D oot pk b BB S8 P ALY A 18 LR
conpound insul ators. are also _effective in leveljn n | vi,m,de

(P oat Disani Vel ruings eatenioa T irephipusnags & nof e fhe el Sres
conmpounds are also used, such as netallic thin filnms of gold or platinum
and ul tPEo%hin filnms of alumi numoxide 15 (hereafter referred to as
"alumi na"). Aromatic am ne conpounds (nanely, conpounds havi ng bond

bet ween a beRemhwin ¢ampoungichrapifecgiyeay halp suscHas poktialiiing %fg"ﬂ’é‘éﬂmé%ouﬂi fSe
transporting nmaterials. In addition to TPD discussed above, derivatives of
TPD suchseds sedheas phthblaeysningr Graelte mfined tlecpdinids) andjconppes pRehalocyanine
(1-napht hyl) - N- phenyl - am no] - bi phenyl (hereafter referred to as "a-NPD"),
4; 4' | 4" (HerdagieNeNrgil 28 “CpReny Theapdraalso majopials iy hieh pkerfipd deping &peFiergit ed to
as "TDATA"), and 4,4' ,4"-tris[N-(3-nmethy _ _
| pteeny| Jo dNegaliective patyireodont pdupthenty heiririaks stHesseatycdylene flioxyibipltren GreafiiiDATA" )
can be given as the widely used materials. Metal conplexes are often used
as el ectdtafed thanSpRbOTNgloped @ith adlgsty@nesuiphimic awahiptexits refhasd wgs BPF0! i ne
skel etons or benzo qui noline skel etons, such as Al ga, discussed above,
tris(4 2ed polyaniline. Further, polymer compound insulators are also effective in leveling, and
polyimide (hereafter referred to as “PI”) is often used. In addition, inorganic compounds are also
used, such as metallic thin films of gold or platinum, and ultra thin films of aluminum oxide
15 (hereafter referred to as “alumina”).
Aromatic amine compounds (namely, compounds having bonds between a benzene rng
and nitrogen) are the most widely used as hole transporting materials. In addition to TPD
discussed above, derivatives of TPD such as the starburst aromatic amine compounds 4,4"-bis[N-
(1-naphthyl)-N-phenyl-amino}-biphenyl (hereafter referred to as “o-NPD”), 4,4',4"-tris(N,N-di
20 :phenyl-amino)-triphcnylamine (hereafter referred to as “TDATA”), and 4,4',4"-tris[N-(3-methy
lphenyl)-N-phenyl-amino]-triphenylamine (bereafter referred to as “MTDATA”) can be given as
the widely used materials.
Metal complexes are often used as electron transporting materials, and metal complexes

having quinoline skeletons or benzo quinoline skeletons, such as Algs, discussed above, tris(4-
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01 AUG 2005 met hyl - 8-qui nolinol ate) al um num (hereafter ref er et AQﬁzﬁgﬁ
"Alng3"), and bis(l O hydroxybenzo[h]- quinolinate) beryllium (hereafter
referred to as "BeBg2") exist, as do nmaterials such as the m xed |igand
conpl ex bi s(2-net hyl - 8-qui nolinol at e) - (4- hydr oxy- bi phenyl ) -al um num
(hereafter referred to as "BAIQ"). Further, there are also netal conpl exes
havi ng oxazol es or thiazolate |igands, such 5 as

bi s[ 2- 3 x§bent
0 312 (EeRORUahIYL RSB LG DS R bR,

f |
dor i vat M@"@ﬁ% bedliRp s %{t%ljﬁgfﬁ???’ P el TE o R ey AR 1 e
e oo b LERGL B e s PF? oljn 035‘% %‘ e L T R e e e G

EI-?T :; :)th) ég@ﬁ@%? %11’%‘16&%’1626 %%algo metaFcomp &30 hztwrn?gnos l%s %L PRE ganSSS such

? e gr : g%is:[ btlgg-éé-hg géal'gené}'genzogxazola zmcﬂj rea¥te1)regéfred to a t L %%8 %'%er[’za- ter
(her at PefesSaln et bt ho Sl sabin et o) ho a9t 088 s o

as vasophenant hrene (hereafter referr L and vasocupr0|n
( her eaf $UPPIPEPSRdgzqlp deftyatippsugh ag Py brpiveyléﬁééﬁfbhmyltp S8 plor ¢ PRRflIazole
properties. 15 The electron transporting materials stated above can be used
as el ectheealteripiseed wgs aBRTiaad &3-biglpr (%rérd'i putyahenyPtlsh4onpHazolq- frill bnzene

insul ators of al kaline nmetal hal ogen conpounds such as lithium fluoride,
and al kélerenBicnrefertd fogs QKIS alsh havs cldciran UanspRtaE PEPEias- slyiagple deripsiees
Furthernore, alkaline netal conplexes such as lithium acetyl acetate

( h@r eaf sush aseF-&t-oeiebutyd phenytt4- ploaed-{4-biphchny®)- 1,84 trisdale (leagadier ref¢rragnio as
(hereafter referred to as "Liq") are also effective. 20 The aforenenti oned
mat er i alBABAl apd EB+eH-bTiNphemd EHt-TAZhyBREat)-5-BCFpharildl tha4Hiikele reafter
effective as bl ocking materials due to their high excitation energy |evel..
| n addi tdf@redtio afep-ETADNP KSR SlibbhliRsddrhatiadsanamsntasostedardhga (hétoat]Ss
BeBg2, BAI g, Zn(BOX)2, and Zn(BTZ) 21 various types of fluorescent pignments
are al sef&fddastdsverasn )i @b tvagupldin therdikLfdf@tdl. toRrBTR”) alsh base alkesigon

possible to use triplet light emtting materials as light emtting 23
transporting properties.

15 | " The electron transporting materials stated above can be used as electron injecting materials.
In addition, ultra thin films of insulators of alkaline metal halogen compounds such as lithium
fluoride, and alkaline metallic oxide such as lithium oxide are also often wsed. Furthermore,
alkaline metal complexes such as lithium acetylacetate (hereafter referred to as “Li(acac)”) and 8-
quinolinolate—litﬁium (hereafter referred to as “Lig™) are also effective.

Z0 - | The aforementioned materials BAlg, OXD-7, TAZ, p-EtTAZ, BPhen, BCP, and the like
are effective as blocking materials due to their high excitation energy level.

In addition to metal complexes such as the aforementioned Alg,, Almq;, BeBq,, BA}q,
7Zn(BOX),, and Zn(BTZ),, various types of fluorescent pigments are also effective as light emitting

materials. Further, it is also possible to use triplet light emitting materials as light emitting

23



0 1 UG 2005 materials, and conpl exes having platinumor iridiunlasia 2005
central netal are mainly used. Materials such as tris(2-phenylpyridine)
iridium (hereafter referred to as "lIr(ppy)3") and 2,3,7,8,12,13, 17,

18- oct aet hyl - 21H, 23H por phyri n-pl ati num (hereafter referred to as "Pt CEP")
are known as triplet light emtting materials. 5 Organic light emtting
el emrents having a |lower driver voltage, and a |longer elenent |ifetine,

than coiventd aRfdon] i@l AL d1h MRl SRR LSs § AR uBEm IR ASHNLEH. BYa1&QFPi Ni ng
the materials having different functions that are di scussed above and

appl yi ngut m%(tggqh%ﬁ@m%gin%crlrigf'gghsmaﬁeﬁr%ﬁwto%@iﬁgap)gﬁv)oafndtz%,@n@ﬁ@nt—z,

i nvention. E Iment 1 A specif xdnpl e of an organic

l'i ght 1111 ) t i ieh. { nj ' LBGH O . hol e
e TS LS B L PLAEL A0 SRV R T
compound, . film 403 i.s_shown in this enbodi ment for the organic |ight

t htffmlmnr‘%tnsl%%?ﬁls—'i g. 7A. First, the glass substrate 401 on which a

emtting elene
filmis forrzﬁd fr kness oqot hee?rde of
{

| TQ b uttering ta a éSthi- S
100 nm and (" hBEY 05 e BENE dar de g laRsr diver thlladh 384 Adot et on
havi ng_ .t he anode 402 j.s then conveyed to the inside of vacuum .chagber
li ke t h4FT% FWVI@P'@%"‘F‘E I@Rt SRHeR C Rl %Wabﬁolinﬁ’f‘ﬁ%‘ﬁ“rggLﬂyc%oénubdplé‘gnt Cessary
in this enbodinent in order to evaporate five types of materials (four of
t he nafRHITRISIAXINE JEFGHRCEomIRAl Arsliscaster dhvxe yrdl apphage et R St %@&&4@%@ a
cat hode). 20 The hole injecting material CuPc is evaporated for 20 nm
first, candirgsbsmeptiot fo mesentiRVEkifBss of CuPc evaporation is conpl et ed,
evaporation of the hole transporting material ct-NPD at an evaporation
rate of 3 Alsec is started without creating an interval. The reason that an
interval 1is not fornmed is in order to prevent the formation of an inpurity
| ayer, Eashodimoussed above. 24 01
10 Embodiment 1
A specific example of an organic light emitting element in which a hole injecting region
made from a hole injecting material is inserted between the anode 402 and the organic compound
film 403 is shown in this embodiment for the organic light emitting elements of Fig. 7A.
First, the glass substrate 401 on which a film is formed from ITO by sputtering to a
15 thickness on the order of 100 nm and the anode 402 is formed is prepared. The glass substrate 401
having the anode 402 is then conveyed to the inside of a vacuum chamber like that shown in Figs.
9A and 9B. Five evaporation sources are necessary in this embodiment in order to evaporate five
‘types of materials {four of the materials are organic compounds, and one is a metal that becomes
z‘; cathode).
20 .The hole injecting material CuPc is evaporated for 20 nm first, and when the 20 nm poe
thickness of CuPc evaporation is compieted, evaporation of the hole transporting material o-NPD
at an evaporation rate of 3 A/sec is started without creating an interval. The reason that an interval

is not formed is in order to prevent the formation of an impurity layer, as discussed above.
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AR ang
After formng the hole transporting regi on 405 conposed of onlﬁlﬁ-%ﬁf)apfh
a thickness of 20 nm the shutter to the electron transporting nateri al
Al ga evaporation source is gradually opened while the evaporation rate of
a-NPD remains fixed at 3 A/lsec. The first concentration change region 406
havi ng a concentration gradient is thus fornmed having a thickness on the
order 5 of 10 nm The evaporation rate of AlIg3 is regulated so as to becone

3 Alsec \Ah_er}u@ermhﬁ.%ﬁ@ﬁo1@iramlﬂgnﬂl@ré off ERLR&holQIorbA’ f-NPBlwiBPNERRALAL | ON
change regi on 406. xt, the évaporation rate of Alga is fixed at 3 Alsec

SO t haty g, CYAPGhALS 7QP£S @i%@tr&rlatgzinggorgﬁé mﬁ%aﬁAME@v%%tﬁhg@Tr@@%%maﬂiyl, and

the m xture region 40 or ne co-evaporation. The fluorescent

pigment N &  GdTRE QM%{?%{?Q%%%?Q\I&IB?&%H fifed ;{%T’geFVs%Q e ASt cihikuib added

at 10 the sane tine t emtting material 410. The evaporation
rate of LS C rolled s h t he pr t . -%g ehe
or dor ST B S GO et oo ertzd s MEnlls BRSSP PR e
m xture regi on 407 reaches a_.thi ckness qf 30 t he shu%t r to.the
oD Al T et e b AR e s Bl R A b SpBF ARt e o
Al gg3 fjxed, at Alsec. The second concentratjgn change regi on 408 having a
concenty%T?SHﬁﬁiﬁﬂﬁEﬁ@3@@t?gm?ﬁﬁgo?B@ﬁﬁﬁnﬁ%VVh%'a t hi ckness on the order of
10 nm Evaporation of a-NPD is stopped when . the second concentratian
change regi QW08 FRAPOFRIGBHRE 4 Al 18 1EFed &t $7°/5e6 SRARaL It QAP RIYhIals FEO
el ectron transgorting regi on 409 can be formed by continuing to evaporate
only Allgaveentos NPRj oK ddgsheremeset: 1iagd Ay mipure ggiqnyf07 anfogpehhy - $12gRetehi t ti ng
elenent that enmits green color light originated from MX is obtained by
evapor aflieflrosmscent pigimeat N -dimetdyt ditederides (hereaftpracicnod wrageM@H) B56d¢thitas” t he
cat hode. Enbodiment 2 A specific exanple of the organic light emtting
elie ment the eowrtinmensFhagigh88nitgngshawmal i4h0.t Riesvapriedirate af M(O2i5s controfbed so thgt0111
the proportion of MQd becomes on the order of 1 wt% of the total.
Evaporation of MQd is stopped after the mixture region 407 reaches a thickness of 30 nm,
and the shutter to the o-NPD evaporation source is gradually closed with the evaporation rate of
Alg,fixed at3 A/sec. The second concentration change region 408 having a concentration gradient
15 is thus formed having a thickness on the order of 10 nm. Evaporation of a-NPD is stopped when
the second concentration change region 408 has reached a thickness of 10 nm.
In addition, the electron transporting region 409 can be formed by continuing to evaporate
only Alg,. Its thickness is set to 40 nm. Lastly, an organic light emitting element that emits green

color light originated from MQd is obtained by evaporating an ALl:Li alloy to a thickness on the

20 6rdcr of 150 nm as the cathode.

Embodiment 2
A specific example of the organic light emitting element shown in Fig. 8B is shown in this

embodiment.
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First, the glass substrate 401 on which a filmis forned fron19ﬁ0'by &

sputtering to a thickness on the order of 100 nm and the anode 402 is
formed i s prepared. The gl ass substrate 401 having the anode 402 is then
conveyed-to the inside of a vacuum chanber |ike that shown in Figs. 9A and
9B. Five evaporation sources are necessary in this enbodinent in order to
evaporate five 5 types of materials (four of the materials are organic
conmpounds, afkdisone glassasubettad 40hat isdonEdm ia feaiddofie) . [TAf besputering ngat he
hol e transporting region 405 to a thickness of 30 nmonly fromthe hole

t r ansponhickgsswat @ baler MIDAOTA 46 URRASEII00Rs forh&1 i brepardd SEIf) glask BebsEhuber to

t he MIDATA evaporation source is gradually closed, while the shutter to an

evapor atha®iig §RUNEE: Af2 it Hen BbREYIdaD Helndid TIRAETIMNE AL LNt Rhat RRRVA § Figs.
gradual |y opened. ne first concentration change region 406 with a

thi cknesgy 4 I &S d@por@fionk@uitdl B UEGsaRy RS BAbSE kRN chﬁgio%%bpdr%te Ei/%'s

formed. The evaporation rate of MIDATAis regulated so as to be see,

d-th Is PBRD..1 . . th
ands t he (£yaBPf e} (fogwftﬂémaéﬁaﬂs%rengg%l@&oggggﬁ%sdagd {”ﬁi lg m%tﬂﬁ?@acggﬁ%e e

first concentration change region 40 as ness o 15
Next , MQ&Q&%Q% evaporation rates of MIDATA and PBD fixed at | A/see and 4
Al sec, respectively, so as to forman evaporation rate ratio of 1:4 for

MIDATA and P he. mi xt ion 407 js f d wit t hi f. 30
by co. evapor iR FUE ek B gD S ATl Po Pt o E AR B o g

uor ES(?

emtting material 410 i nt er nedi at e m of the m xture i 407
Cnarrel v e et A AFA o PEOREE 5 3 ABeSo bkt ik oy ATarSrA
region), The addition 20 -of perylene is inplenmented such that the ratio of
boryl en& HRTaE SHET Retro D eRorea RIS s SaiFRHo B vaBorgi ORI ChEle SOSERY | o
added as the blocking material 411 to the final 10 nmof the m xture,

redf on AOPSROREEERYetif e Breradralyopensdt Bbr iRt pagetietion change seRiem G itk

m xture region). The addition of BCP is perfornmed such that the )

evapor attitRknest @ thepidgr fd L srgevinepaTICepitioneEradiont i thusprness F8e eyappsion BCP

is evaporated at a rate of 5A/sec). ,26 0 1 AUG 2015 )
rate of MTDATA is regulated so as to be 1 A/sec, and the evaporation rate of PBD is regulated so

as to be 4 A/sec, once the first concentration change region 406 has reached a thickness of 10
nm.

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

20 -of pe-rylene is implemented such that the ratio of perylene to the entire weight is on the 'érder of
5 wt%. Further, BCP is added as the blocking material 411 to the final 10 nm of the mixture
region 4Q7 (namely, between the 20 and 30 nm levels of the 30 nm thick mixture region). The
addition of BCP is performed such that the evaporation rate ratio becomes MTDATA:PBD:BCP
= 1:4:5 (in other words, BCP is evaporated at a rate of 5 A/sec).
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Evaporation of BCP is stopped after the m xture region 407 reagﬁegqg 2085

t hi ckness of 30 nm and the shutter of the MIDATA evaporation source is
gradually cl osed while the evaporation rate of PBDis fixed at 4 Alsec.
The second concentration change region 408 having a concentration gradient
is thus formed with a thickness on the order of 10 nm Evaporation of
MIDATA is 5 regul ated so as to be conplete when the second concentration
change regi pnvfp%ﬁbﬁapb@s islQoppY afié} (ROFix b PogidNB78LREES ORickhANSP dchNg
region 409 is formed by continuing to evaporate only PBD. The thickness is

nmade t Oalgﬂhg’gmﬂgﬂ oflfmmu\]%e\%'bg@ﬂbﬁsdu&&h_& ﬁﬂﬂa‘il& kRgalgrEM B\Fab@rﬁti&maks _bl ue
color light originated fromperylene is ob%alned by evaporating an Al : Li

al | oy agg %@ﬁ 15.(:@7'5431%?9 Poxt/&c.a Thé%e‘é}h{l}%ﬁﬁ@ﬁ?&tﬂﬂ cﬁzrhge %{%@(ﬁﬁm@%@ faf&HhceﬁHmﬁi ment

3 A specific exanple In whic e injecting région nade“froma hole

|y oot ! BRQTRE TAR gk [ORE KRUASISEDGBE ATPAR, 40200 fOvAFOAN &

conpoun rrm an electron injectin ma roman el ectron

et TR ' RS S S FRNE Ehhb ol Y5008 L0 he

applied as the light emtting material in the organic light emtting
el ement s di scussed in this enbodiment. The elenent structure is shown in
. Fig. 10. First, the glass substrate 1QOO@@$ which a filmis forned fromITO

by sput t er i n 308itian, D¢ HPiaRdEsor naEsion d&t s SHmEBBY FR“AHES N 28PN s
fornmed i s _prepared. Theﬁ%:ass substrate havigﬁ_ 20 the | TOis theq§%9nveyed
to the PR dbeBrckacssacnifn e Radher- My anpaganitishhe iy ng sfenend Rabay sPE!c Seven
evaporation sources are necessary in this enbodinent in order to evaporate
seven t ypeslight origpeted frameperfipneds Bptainped b atappPTaEns b Lot lpards hecdiv8ulvds, and
two are inorgani c conpounds that becone cathodes). 27 Ult, U 5c The hole
i nj0ect i Hyckmessenmithd ordemef 158 navaporated for 20 amfirst, and when a 20 nm
t hi ckness
Embodiment 3
A specific example in which a hole injecting region made from a hole injecting material
is inserted between the anode 402 and the organic compound film 403, an electron injecting region
made from an electron injecting material is respectively inserted between the cathode 404 and the
15 organic compound film 403, and a triplet light emitting material is applied as the light emitting
material in the organic light emitting element is discussed in this embodiment. The element
structure is shown in Fig. 10.
First, the glass substrate 1000 on which a film is formed from ITO by sputtering to a
:thickness on the order of 100 nm and the an ITO is formed is prepared. The glass substrate having
20 the ITO is then conveéyed to the inside of a vacuum chamber like that shown in Figs. 9%Arand 9B.
Seven evaporation sources are necessary in this embodiment in order to evaporate.seven types of
materials (five of the materials are organic compounds, and two are inorganic compounds that

become cathodes).
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LI sant

of CuPc evaporation is conpleted, evaporation of the hole tréh%pé??i- 2
materi al a-NPD at an evaporation rate of 3 A/lsec is started w t hout
creating an interval. The reason that an interval is not forned is in order
to prevent the formation of an inpurity layer, as discussed above. 5 After
formng the hole transporting region conposed of only a-NPD with a

thi ckness of 20 nm the shutter of the electron transporting material BAIq
evapor at i on BRuoREnje&igmadeal) CYPOR eNedraill thE20tiefifY ARk Bdd (00 niddhekaéssa- NPD
remains fixed at 3 Alsec. The first concentrati on change regi on 1001 havi ng

a_conceftcalcl QRpFhiad @dq@onil;ﬁetgztﬂ%%&zﬁféﬁd)fmﬁevﬁd‘lg t@ndpBhGlnessiA-Nee grder  of
10 nm The evaporation rate of BAIg is regulated so as to becone 3 Alsec

when a édal\l'g%@&?éteﬁifs AR L0 sMLd %itﬁ&ﬁ%&%ﬁn% Q{BiRFeE@afl.f irf S leaSANEANLN AL VAN Change

regi on. , Wth the evaporation rate o i xed at 3 Alsec, the

XU ¢ 501,80 00701 % LATR S i o O GHARSS L A00TLRY gievapor at ng

a- NPD an t ha evaporation rate rafio cones 1:1. The
triplet light.emtt.in erial%&% P.is a > ok AN
mder al to MAETHRE T S F e Th g B b e i ST e
the 5 15 . nm | evel.s of the 20 15 .nm m xi regi Q%ﬁ The proportion is
set suchh Phaembeis B dnS HebRan FenetuPaar St B Sep e RSP AT EALHRT ' The
shutter of the. evaporation source a-NPD._ i s gr g al | cbo ed after the
ot ur eonagh oS FERvhese o mec b EDRaEs e i At nirebBp bt o of
BAIlq remains fixed at 3 Alsec. The second c nc%g%ratip&@%ganﬁg regi on 1003
with a $mpgacrgies 1¥H hanweg capeenwitiongradiropisiusdorpes havipgh FSSOPONF Cg‘il%{di ent
is thus formed. Evaporation of ct-NPD is regulated so as to stop when the
second ¥dRaBnt FistcvappPalanTge of B4ilbH rfeeitress 4 1q PHCERAELYSGMRED 2 fifpkness of
addition, the electron transporting region is formed by continuing to
evi@por atlenm i spacheafer. the fisst egficedrbien change g2iaNe 10 nm Evaporation of the
electron injecting material Alga is started, at the same tinme as
evapor at i on MéxtBatthe evaporpbertats of Al mBrad at 3 AfRengheamixiye egian 1003 sdogned
thickness u 28 0 1 AUG 2005 _ _
with a thickness of 20 nm by co-evaporating o-NPD and BAlq such that their evaporation rate ratio
becomes 1:1. The triplet light emitting material PtOEP is added as the light emitting material to
the intermediate 10 nm of the mixture region (namely, between the 5 and 15 nm levels of the 20
15 nm mixture region). The proportion is set such that PtOEP becomes on the order of 6 wt% of the
total weight.
The shutter of the evaporation source of a-NPD is gradually closed after the mixture region
reaches a thickness of 20 nm, while the evaporation rate of BAlq remains fixed at 3 Afsec. The
second concentration change region 1003 with a thickness on the order of 10 nm having a
20 :concentration gradient is thus formed. Evaporation of «-NPD is regulated so as to stop when the
second concentration chaiige region reaches a thickness of 10 nm. -
In addition, the electron transporting region is formed by continuing io evaporate only
BAlg. Its thickness is set to 10 nm. Evaporation of the electron injecting material Alq; is started

at the same time as evaporation of BAlq is complete, without forming an interval, and a thickness
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on the order of 30 nmis evaporated. The reason that an interbal A 2685
formed is in order to prevent the formation of an inpurity |ayer, as

di scussed above. The cathode is fornmed lastly by evaporating LiF to a

t hi ckness on the order of | urn, and alumnumto a thickness on the order
of 150 nm and a triplet light emtting elenent that emts red 5 color
light originated fromPtOEP is thus obtained. Enbodi nent 4 This enbodi nent
descri bes tlx drilght 3@&nh it dvagoraied. Tie rtdsah thatu indeal Anotdbganiicinlorddito @avednt i ng
el enent according to the present invention. Fig. 11 is sectional view of an
acti ve nisd foratidngiftan i@purtity lngr, dewiscssddmbvelses an organic |ight emtting
el ement of the present invention. 10 Athin filmtransistor (hereinafter
referred to asetikdddis fotsrRd 1136) By aSupantidE Live LhRRBRE on HRWddrRe 1 ael, Lye

el ement may be a MOS transistor. The TFT shown as an exanple is a top gate

TFT  ( plapi@huchfda tiknBR oRPRCIfdref 1500Mh, Ad Ao SiaMegadngi i EiddenPingadnhi¥ 8d
reverse stagger TFT) nmay be used instead. In Fig. 11A 1101 denotes a

subst r atlor FR cRidhstdaatSn PRSP RERR bRfnddr ansm t visible light. 15
Specifically, a glass substrate, a quartz substrate, a crystal gl ass

substrate, or a plastic substrate (including a plastic film can be used.
The substrate 1101 refers to the substrate plus an insulating filmforned
on the ?ﬁﬁogﬁﬁen?fél the substrate. On the substrate 1101, a pixel portion

1111 and a driver circuit 1112 are provided. The -pixel portion 1111 wll

be described fjrst 0T ixel .partion 1111 is.a.region for..displaying an
e i or ar Aot Bht ey 1P ChiRe dide il iR EILO RS RRRNE MY

'ty of pixe
is provigded with TFET, 1102 for caontrqlli a current flowi.ng in th
of gont e cfeetnl i ded g plsah oneRBrL! Bt 1DR Pefiel Bivas ekl a1 Hh

controlling TET). 102, a pixel .el ectrode (anode) 1103, an organi c conpound
| ayer 1f614t%“ Hﬂzl‘ée ‘i‘ﬁ‘t‘ﬁ%ﬁ%“ '%%E)‘B‘? ligly e(nimfgl-d,eg?e&t @éﬁprﬁf?h%@ﬁl%nl y the

current controlling TFT is shown in Fig. Ila, each pixel has a TFT for
10 A thin film transistor (hereinafter referred to as )} is used here as an active element,

but the active element may be a MOS transistor. The TFT shown as an example is a top gate TFT
{planar TFT, to be specific), but a bottom gate TFT (typically a reverse stagger TFT) may be used
instead. .

In Fig. 11A, 1101 denotes a substrate, The substrate used here can transmit visible light.
Specifically, a glass substrate, a quartz substrate, a crystal glass substrate, or a plastic substrate
(including a plastic film) can be used. Thc substrate 1101 refers to the substrate plus an insulating
film formed on the surface of the substrate.

On the substrate 1101, a pixel portion 1111 and a driver circuit 1112 are provided. The

:Apixelv portion 1111 will be described first.

20 The pixel portion 1i11"is a region for displaying an image. A plurality of pixels arc—
placed on the substrate, and each pixel is provided with a TFT 1102 for controlling a current
flowing in the organic light emitting element (hereinafter referred to as current controlling TFT)

1102, a pixel electrode {(anode) 1103, an organic compound layer 1104, and a cathode 1105.
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controlling a voltage applied to a gate of the current controlﬂi‘hé“u‘lﬁﬁw15
(hereinafter referred to as switching TFT). The current controlling TFT
1102 here is preferably a p-channel TFT. Though an n- 5 channel TFT nay be
used instead, a p-channel TFT as the current controlling TFT is nore

advant ageous in reducing current consunption if the current controlling TFT
is connected to the anode of the organic light emtting el ement as shown

in Fig. AllhoudlobgiytdiatcuritiecoswbligRiTRr ERshoW@Yin He f1ar erg byeiehdherFaror
n-channel TFT or a p-channel TFT. A drain of the current controlling TFT

1102 is gh@qlikd &£3bkape GRMNLGH %Ckaie%ftt&eqﬂ}e%ﬁ?onﬁﬂoﬁﬁ%rme(heﬂe%aﬁépx%genleﬂ his

enbodi nent, a conductive material having a work function of 4.5 to 5.5 eV
is usedgu@shihpermterial of the pixel electrode 1103, and therefore the
pi xel electrode 1103 functions as the anode of the organic light emtting

oxi do, 7inc. oae aF SONAMMETRRNED Bl LRGSR ¥ Ak Ruen A o,
conbound PRSEr 110 PEUE et 100 Bt Pl PhF AR ARC S S onds M EPE Bofpors e
Conduct BB BTy gr iR b o R P RS T dgeorbe T Y, °
(e IR S L SR SR TS R S g kol e
fil.mcontaini nl%\yal_ um num or froma |amnate obtained by |ayering an

al uni nukePEE By spherapR-Srngi d Fdror emechapiid Féonduct i ve films. 20 A | ayer

conmposed of the pixel electrode 1103, the organic conpound fi|m 1104, and
the cathode DHysnpkthegyemneepniiptimgd FRrldoeis elevtaict|ncapaetd to he aixphdicdets ve
film 1106 is provided to protect the organic light emtting element from
oxyyen dAeP.npitkis ambodivignie p canduciiesabiterifldrving e wops bneteqn afd-X (015 aM 66:stthel ude
silicon nitride, silicon oxynitride, alum num oxide, tantalum oxide, 30 01
AUG 200%5s thednaterrabofth¢ sixebdlédtrode F103, aidahemiprd thik pixckaldntnaile 1@ rncticheasdhe ver
circuit 1112 wll be described. The driver circuit 1112 includes a region
anode of the organic light emitting element. A light-transmissive material, typically, indium oxide,
tin oxide, zinc oxide, or a compound of these (ITO, for example), is used for the pixel electrode
1103. On the pixel electrode 1103, the organic compound layer 1104 is formed.
15 On the organic compound film 1104, the cathode 1105 is provided. The material of the
cathode 1105 is desirably ;-éonductive material having a work function of 2.5 to 3.5 eV.
Typically, the cathode 1105 is formed from a conductive film containing an alkaline metal element

or an alkaline-earth metal element, or from a conductive film containing aluminum, or from a

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

20 | A layer composed of the pixel electrode 1103, the organic compoﬁnd film 11'04, and the
cathode 1105 is covered with a protective film 1106. The protective film 1106 is provided to
protect the organic light emitting element from oxygen and moisture. Materials usable for the
protective film 1106 include silicon nitride, silicon oxynitride, aluminum oxide, tantalum oxide,
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: Ly
for controlling timng of signals (gate signals and data sig@a1§ﬁ£%&mgg
sent to the pixel portion | 1 11, and may include a shift register, a
buffer, and a latch, as well as an analog switch (transfer gate) 5 or |evel
shifter. In Fig. 11A, the basic unit of these circuits is a CMOS circuit
conmposed of an n- channel TFT 1107 and a p-channel TFT 1108. Known circuit
structures can be applied to the shift register, the buffer, the latch, and

the anahderisom (bgdeifldanAkisdindgaeprbon).|l evel shifter. Al though the pixe
portion 1111 and the driver circuit 1112 are provided on the sane

substrate in Rid,;thd dhveraafl 1143k imBY dherigdde athk ideiad I cregioNNeGhdstiet @ regldh t he
substrate instead of placing the driver circuit 1112 on the substrate. The

pi xel e:f&%%ﬁﬁﬁﬁné@rﬂf?%%} sigd3(eh sBh8Ehid EAA didnAHRNRGERd IR plREpGUET BNt
controlling TFT " 1102 in Fig.” 11A but the cathode may be connected to the

current &P&%{; ﬁié:ldgg g siEEtTre'g%fé},%%ffe}, Ond Mich, GEREN af DEaiotehvigh feikRd ga{b)?

f or ned ?ron1 erl al t he cat hode 1105 whereas the cat hode | S or ned

fromthg, Ir%géf‘ﬁ[ﬁf%!r. Rid HeADE BLy ELAESH AL BRG] CHIeirclNRoRPALARE on n.

contr ol case Is 6 e y an n-channel TFT. The |i ght
em tting, devi wn .in Fig. IS, manuf actured by a process in which
fornatigﬁ“ﬁ?rﬁﬁ%f%ﬁfgﬂagﬁg% W%ﬁééfié% precedes formation of a wiring line
1109. However, this. process could rough the surface of t i xel

el ectrode 11087OhE O SHHEHES C%ltlt?efaé’ggecg‘f’e{gl%@l f%géglter’%g‘zr }%@%err’égcgla%‘ﬁdrtr}é%/
degrade characteristic of the organic light emttin e ince.it. is a
cur r ent aDHOZ PYifchERans{Es gate) st S.h%}fé- %lt?ﬁfgpfkfcd’é’fqﬁ B‘f‘f“g‘i‘ ﬂ:ﬁd”g‘tﬁhi IYERECHE xel -
el ectrode 1103 is formed after formng the wring line 1109 to obtain a
li ght ei¥Zngrayided 08 Rhsms Sthsupiegn Ha g 1Ay [ onial gy eleqialy Fompepied o
current fromthe pixel electrode 1103 can be inproved conpared to the

st tuct uithe sybstrRigyinsteadot nlaring t§g drivar Kirgwig 1H1P@n the u9stFRie-d- t aper ed bank
structure 1110 separates th;@ﬁixels placed 31 0 1 AUG 2005 in the pixel
portions 1111Themnelotstradrdahede) 1108 is elegripaivicosnqciseteihe cpgent egdrodiing Hpler ed,

a cont act ‘
1102 in Fig. 11A but the cathode may be connected to the current controlling TFT instead. In this

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

The light emitting device shown in Fig. 11A is manufactured by a process in which

formation of the pixel electrode 1103 precedes formation of a wiring line 1109. However, this
- process could roughen the surface of the pixel electrode 1103. The roughened surface of the pixel
electrode 1103 may degrade characteristic of the organic light emitting element since it is a current-

20 :drivcﬁ type element.

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

In Figs. llA and 11B, a forward—tapefecl bank structure 1110 separates the pixels placed
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- -
bet ween the bank structure and the pixel electrode can be avoid%&.hkﬂ 200
exanpl e thereof is shown in Fig. 12. In Fig. 12, a wiring line also serves
as a separation portion, formng a wring line and 5 separation portion
1210. The shape of the wiring line and separation portion 1210 shown in
Fig. 12 (nanely, a structure with eaves) is obtained by |ayering a netal
that constitutes the wiring line and a material lower in etch rate than

t he net an theapixmd paitions Lt ildegm ot amtlzamp Ifghisdmaak stheture ischiarge-tapeed,| samvnhat e.
Thi s shape can prevent short circuit between a cathode 1205 and a pi xel

el ect r otetwk20 Bhe bank sthetwk ridige bixpleleduobis ko te ausided. Axctdauplambtredikis bhoght
emtting device, the cathode 1205 on the pixel 10 is striped in the device
of Fig. idRig(si.milar to a cathode in a passive matrix device). Figs. 13A and
13B show the exterior of the active matrix light emtting device

illustrated WFigl W, abditidg link Giso teied & Asdpoiativi pyvtibRebesihg aneriftk gne 338B 1S a
sectional view taken along the line P-P of Fig. 13A. The synbols in Fig.

|15 ar e sisedionpoftidd 1238 ThdshbpDor tA3RirinkIRL 20E 8RB 0RpRLNL 12 RAhbivAm Fik302
denotes a gate signal side driver circuit, 15 and 1%03 denotes a data

si gnal ab%nsieru(,»é%{m&we%meavéb SRt InddDy RS eSERS nleil IR Bt Bcs HERALinSTifte
driver circuit 1302 and the data signal side driver circuit 1303 are

i nputt eQnEi 5 H‘%Siﬁmé%m( ﬁl%%(ﬁ Y hl% e%ﬁletalqg Elg{a'f'gl)m&c?‘Q? B%ﬁ‘%?t&Bﬁ kg th"ﬁﬂ] ol P ut

wiring l'ine hough not shown 1n't draw ng tape 1305 may

e P S8 0 TG PR BRI RERARE) Bl A Sl gk L1 2
TErer Bk iR, A D PSRk bR AP hubBhs oE TS,
r o o R Bl RRCL T e 17 ORI o BRIt A TROMTROR: g 1015, 1 he
(Speci 11 cal |y R AP PRB LS P A4 SoRE B X S08 EERYE APETG nod
on the 32.0 1 AUG 2005 front and back of the plastic nmenber 1306a, .
respect inqlgqu_llB. Fig. 13A is a top view thereof and Fig. 13B isa sectional view taken along the line

P-P’ of Fig. 13A. The symbols in Fig. 11 are used in Fig. 13.

In Fig. 13A, 1301 denotes a pixel portion, 1302 denotes a gate signal side driver circﬁit,

15 and 1303 denotes a data signal side driver circuit. Signals to be sent to the gate signal side driver

circuit 1302 and the data signal side driver circuit 1303 are inputted from a TAB (tape automated

bonding) tape 1305 through an input wiring line 1304. Though not shown in the drawing, the TAB

tape 1305 may be replaced by a TCP (tape carrier package) that is obtained by providing a TAB

tape with an IC (integrated circuit).
20 . | Denoted by 1306 is the cover member that is provided in an upper part of the organic light

emitting device shown in Fig. 11B, and is bondeid with a seal member 1307 formed of a resin. The

cover member 1306 may be any material as long as it does not transmit oxygen and water. In this

embodiment, as shown in Fig.13B, the cover member 1306 is composed of a plastic member 1306a

and carbon films (specifically, diamond-like carbon films) 1306b and 1306¢ that are formed on the
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As shown in Fig. 13B, the seal nenber 1307 is covered with a Qeal b ZWEHber
1308 nmde of a resin so that the organic |light emtting el enent |s
conpletely sealed in an airtight space 1309. The airtight space 1309 is
filled wwth inert gas (typically, nitrogen gas or rare gas), a resin, 5 or
inert liquid (for exanple, liquid fluorocarbon typical exanple of which is
perfluoro alkane). It is also effective to put an absorbent or deoxi dant

in the RACEnd HicRol Bleiplisig nRhtkr | Ty, B&Hepiivy). ded on a display face (the
face on which an image is displayed to be observed by a viewer) of the

l'ight em ttingsAgyke e BROWIBI M kBl Sn@RREARIERcovdBe witR Al Bkl RénRlrabgg has
an effect of reducing reflection of incident light fromthe external to

t her eby nt&eeteyeeﬁtsottmtﬂ&gtn@ahg egidif é‘i‘cﬁ@rﬁ‘{\é&ﬂn&lé@ GILEA RO e

viewer. CGenerally, a circu ar|2| ate I's e oye

f lheo f t I
Ferl oot rae by Bapaes 10 %ﬂ%ﬁ“‘”ﬁ I*%g%?y@tf?%%“'”85%3%3%*9‘%25?2& A gt
em % ted ofr r.11;1) {]md g gfa%éﬁe (i f;()' alrgogt] tf L Omcut?%\nlq%r of \Ef‘vﬁw Ct g%r{lg‘ rot a.ncrzp

polar|2|ng p anlc I|
eIenentE% gL er{g,_eto &Q% S%ée Oﬁhnve%Pl HPcan be used as 15 the organic

light e |ng er eent i id fHe cfftlng deV|ce of this

enmbodi nent . i ment Thi s, enbodi ive rlx Li

ent (1 g devi 'étépﬂ i e e bE P et « ST rith B8 kit oo PR % HE‘?Eﬁdés an
organl ht e el enent accordlng tQ the present |nve J -Unllke
Embodi méfpiayed tO 610 %e GghEa VAT 41 PTRE R PRBtRE Aoy e Sh VLB AM R ERPOCIIERh (T BF 5

t aken out frontthe 20 opposite side of a substrate on which an active
el enent PRRriEEEmiC bwﬁgatqfé?dwceeéﬁﬁea{)t of iasiderplighiofrors fhesesiearp) [0 IBEgby 14 i s
a sectional view thereof. Athin filmtransistor (hereinafter referred to
as10TFT) prevepistbeldispler fags fromeshawing be eflepiantor 2 viyter.t Giencgdly) adircelos pelakizipay be
a MOS transistor. The TFT shown as an exanple is a top gate TFT 33 01 AUG
2005 ( plpdatais elpioyed oHowewpeit isfirelfrablsuor te polativing ghtedo B 4 styysheavity legs
reverse stagger TFT) may be used instead.

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

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

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

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

Embodiment 5
This embodiment shows an active matrix light emitting device as an example of a light
emitting device that includes an organic light emitting element according to the present invention.
:Unlilte Embodiment 4, in the light emitting device of this embodiment, light is taken out from the
20 opposite side of a substrate on which an active elenient is fortned (hereinafter referred to as upward
emission). Fig. 14 is a sectional view thereof. |
A thin film transistor (hereinafter referred to as TFT) is used here as the active element,
but the active element may be a MOS transistor. The TFT shown as an example is a top gate TFT
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A substrate 1401, a current controlling TFT 1402 that is fornedEﬂnAprawgl
portion, and a driver circuit 1412 of this enbodi nent have the sane
structure as those of Enbodiment 4. 5 A first el ectrode 1403, which is
connected to a drain of the current controlling TFT 1402, is used as an
anode in this enbodinent, and therefore is fornmed preferably froma
conductive material having a |large work function. Typical exanples of the
conduct i(glandratdy iode shérsicideut ABE@SE ga® UHT (BSidAlIE K BNversPahd RETHD) miNASEEN,
gol d, aégﬂ5|lver Inbthfg enbodlneﬁt thé%?lrst el ect rode 1&%% desirably
does notipdigaansmt light. Mre de5|rably, the electrode is fornmed froma
material that is 10 highly reflective of light. On the first el ectrode

1403, an organi &praemPeund, thim L4 oiliss *r?fflﬁéiz thPtrlQ (?{91%@' PR pixBEorQ5H ARk €
conpound film 1404 is a Second el ectrode 1405, serves as a cathode in

this _entodiant: Aes0r Bnaloohie LIRLGE Lahe ﬁiu}gﬁx?ceasﬁﬁ&g%?]igibgﬂﬁeﬂg? 1405 is

desirably a uctive materia ving a unction o 5 eV.

Typ.‘% cally, a gk%?%c'[r%ﬁe {4d3rr&/ﬁ]%ﬁl sacloﬂﬁ&%:dqgt;' a dr]alr%o%thi%%lu}rg CHBHOEHm e’*ﬁﬁﬂb or an
al kal i ne- eart Or a con Ive "M CORt un1nuﬁ1 or
I t
LTS aﬁgsrz%re%me?;ﬁedﬁ%fﬂtabg r
i ndi spensab for the nate

el ectrade 14 0 ef
when' sdip Rt Ui Tareh “8%[‘%“0{5%"‘0%@%@?%9 ey u&f"évaﬁtr@g}a T o
very thin filmapo 20 nmin th| S. 0 | aye osed of t rst
PR AN R R o B S AR A T S S < (R L P
1405, are covered with a protective nm 1406. The protectlve film 1406 is
pr ovi dedetipbprdpea st ffaﬁémﬁrh@ahu Moreidgpifabbhiherslsrgods i dumed fioght Bripganbalny
noi sture. In this enbodinent, any material can be used for the protective
fi B9 as highhgreHsctive of Highismits |ight. The first el ectrode (anode) 1403 is
el ectrically connected to the current controlling TFT 34 0 1 t'.,t1U 2005
1402 in Fig. ©atyufirstHectwode hékfe anaigabie compoenstido 1404 isereas: Peerideontthel | i ng
TFT instead. In this case, the first electrode is fornmed fromthe materi al
of the oxdahwdempvenéddmt Wisiecondord ektirabtel405, which serves as a cathode in this

SRR ‘1“%6

embodiment. Accordingly, the material of the second electrode 1405 is desirably a conductive
material having a work function of 2.5 to 3.5 eV. Typically, a conductive film containing an

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

20 g | A layer composed of the first electrode 1403, the organic compound film 1404, and the
provided to protect the organi.c light emitting element from oxygen and moisture. In this
embodiment, any material can be used for the protective film as long as it transmits light.

The first electrode (anode) 1403 is electrically connected to the current controlling TFT
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i 2005
is formed fromthe material of the anode. The current controlgllng TFT in

this case is preferably an n-channel TEL 5 Denoted by 1407 is a cover
menber and is bonded with a seal menber 1408 forned of a resin. The cover
menber 1407 may be any material as long as it transmts |ight but not
oxygen and water. In this enbodinment, glass is used. An airtight space
1409 is filled with inert gas (typically, nitrogen gas or rare gas), a

resin, 9id 95l abkathd Ll rﬁm@égﬁneé{ Jottl Ja!rr@&%%ﬁ@élhf?%TﬁE’ds?e% EXRNPI e

of whi c IS pe uor o ane IS also effective to an absorbent or

deoxi dapf. i f EH}?@ 3&?%%99&)%@(?&8&%@ mfa%nQF BN atQe WS HE &lodRBlecFdME

driver circul dat a S| gna rrver circult are |nputte froma

TAB (ta aut o d i.n 14 t hrou ut W rin 1413.
T o RS AUETRR 55 AR Eh B R ARa IR gl LR ARy e e

(tape carri ge) that is obta| ned by providing a TAB tape W|th an | C
(int egrﬁ‘f%(‘fﬁ%ﬁnre@ﬁﬁgf) 15 A poI ari zi ng plate may be provided on a display

of Sthe. 11 gt BHAHA gl 20 LEERBaRPrE SAURLBH A TOFRS (O HFTe T

pl ate has an effect of reducing reflection of incident |ight fromthe

ext er naP 18- RECRY mepthsy kY roRieb Ny Frassrief atlans PohirERBIS HETHEN PRV ERt i on
of a viewer. Cenerally, a circular polarizing plate is enployed. However,
it is peedepgbl B this cmbpsipentagipsi ngsgs) afe airhEapeccal WP v étleg é”‘\}ih gt Ess 20
internal reflection by adjusting the index of refraction in order to

pr event (typighity, mitroganeds srrennsedles resn.ganict Liguidbourantold, indid Sypoeitgn Warilect ed
at the polarizing plate and traveling backward. Any of organic |ight

emi t t i ngxad@oehwsichsgerftiongalkaed.hit igalesdfectivetv entdnchsabent bedaggldnias thet he
organic light emtting elenment included in the light emtting device of

t hics enbede.rent. 35 Enbodi nent 6 This enbodi ment shows a passive matriXx
light emtting device as an exanple of a light emtting device that

i ncludes an 0$igadls G bd ght e tohateNgeel eide @itivel Schivasd therdatzhagpd efle rriver
invention. Fig. 15Ais a top viewthereof and Fig. 15B is a sectional view

t aken alpagt &8 plitddeird?n B'TAYS (tdpk @utomated bonding) tape 1414 through an input wiring line
1413. Though not shown in the drawing, the TAB tape 1414 may be replaced by a TCP (tape
carrier package) that is obtained by providing a TAB tape with an IC (integrated circuit).

15 | A polarizing plate may be provided on a display face (the face on which an image is
displayed to be observed by a viewer) of the light emitting device shown in this embodiment. The
polarizing plate has an effect of reducing reflection of incident light from the external to thereby
prevent the display face from showing the reflection of a viewer. Generally, a circular polarizing
plate is employed. However, it is preferable for the polarizing plate to have a structure with less

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

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

the organic light emitting element included in the light emitting device of this embodiment.
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y 10 an
5 15A. In Fig. 15A, denoted by 1501 is a substrate, which is f&ﬁe%“ﬁfzﬁgﬁ
plastic material here. The plastic material, which can be used, is a plate
or filmof polyimde, polyam de, an acrylic resin, an epoxy resin, PES
(pol yethyl ene sulfile), PC (polycarbonate), PET (polyethylene
terephthalate), or PEN (polyethylene naphthalate). 10 1502 denotes
scanning lines (anodes) fornmed froma conductive oxide film In this

enbodi mefpodiigntgonductive oxide filmis obtained by doping zinc oxide with
gal I ium oxi de. 1503 denotes data |ines (cathodes) forned froma netal

film a bisnuth..fi | i i s X 9@&5 o) f an
acrylic resi nﬂﬁshégl%gln 62“%@r@taﬁéggggiﬁg%%thlg%?%ﬁ]tt\%%ﬂ%sgk? %?it se%1 Eea('lt;fgﬁt hg

data lin ; . .one,anat her. .The scannin i-nes 1502 an he data
Tnes. 1908 RS0t ARPYSG AR bR b PSR AR Rl AR I BB IRl BLE e
ot her at_.right. angl es. .Though t own in Fig. 15A .an organigc,,c ound
1 'm i o TR cAde B Eareiind T ARG sl Yy Ren B BT R % SREBS 1503
and_intersection portions 1505 serve as pixels. The scanning |lines 1502 and
t he’ dat alsﬁi'nes 1503 are connected to an external driver circuit through a
TAB tape 1507. 1508 denotes a _group of wiring |l ines conprised of a mass of
the 20 -scannihfig i Hedereigs by 18¢lois dsubals: Fhpauipraed oi 4 PlaY i maedeldsifpr i sed
of a nmass of connection wring |ines 1506 that are connected to the data

| i nes 1508 plaptionglritow hish s4irbe ustib ISPARBIG QBEm PEDYInKes, PRlyaRES) WASH LB {FSTPEP
that is obtained by providing a TAB tape with an IC. In Fig. 15B, 1510

denot es aa cgedl resipithdr(peliethyisncsufd b Pe spady@dpante hBRb épolyauitleriederppiirddie)- t o a
pl astic nmenber 1501 with the seal nmenber 1510. A photo-curable resin can be
used f orortPh® (Palyothileat)@phftkhigeal nenber 1510. A preferable material of the
seal nenber is one which allows little gas | eakage and which absorbs

lit0l e noi studgl? Ihetasovarnine s (anslepy fofreedabby aradelubrene:tife fifandn tigs er i al
as the substrate 1501, and glass (including quartz glass) or plastic can be
used. Hemtodangnt,asidoaductiue exidatiim 8 obmedd bpdophlpeiwowéde wigndadium oxide. 1503

denotes data lines (cathodes) formed from a metal film, a bismuth film, in this embodiment. 1504
denotes banks formed of an acrylic resin. The banks fuﬁction as partition walls that separate the
data lines 1503 from one another. The scanning lines 1502 and the data lines 1503 respccti_vely
15 form stripe patterns and the patterns cross each other at right angles. Though not shown in Fig.
15A, an organic compound film is sandwiched between the scanning lines 1502 and the data lines
1503 and intersection portions 1505 serve as pixels.

The scanning lines 1502 and the data lines 1503 are connected to an external driver crrcuit
through a TAB tape 1507. 1508 denotes a group of wiring lines comprised of a mass of the
20 :scanﬁng lines 1502. 1509 denotes a group of wiring lines comprised of a mass of connection
wiring lines 1506 that are connected to the data lines 1503. Though hot shown, the TAB tape 1507

| may be replaced by TCP that is obtained by providing a TAB tape with an IC.
In Fig. 15B, 1510 denotes a seal member and 1511 denotes a cover member that is bonded

to a plastic member 1501 with the seal member 1510. A photo-curable resin can be used for the
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5 Fig. 15Cis an enlarged view of the structure of a pixel regi orl} 11545 2005
denotes an organic conpound film Lower |ayers of the banks 1504 are
narrower than upper |ayers and therefore the banks can physically separate
the data lines 1503 fromone another. A pixel portion 1514 surrounded by
the seal nenber 1510 is shut off of the outside air by a sealing nenber
1515 forned of a resin. Degradation of the organic conpound filmis thus

prevent edy| plQndd? 15118 A pr@Rbab®hhikiif 9t dl%\ééa@ ﬁmﬁbéH§&&éﬂﬂﬁa@ﬁtoﬁ%\&% daBleakige
accordance with the present 1nvention, e pi xel portl on 1514"1s co osed

of the sganm; %#I@Fﬁtt%@]ﬁ%ﬂu%ﬂg’hg?{)@erIﬂleﬁl%g &g%isera %aQé‘ﬂanl Qe mA0G, L he

or gam C conpoun ore t tting device can be

manuf act ur peess ar i zi n ate vi ded
on s di s8> e o BL S TR ndli PR e MBS L A B Br b ey g BT
observed . of the ht emtting device shown in this
enbodi ne‘ﬁ?tgrla?ﬁ%usﬁgﬁﬁgtpﬁf%vﬁrﬂegibg has an effect of reducing reflection of
i ncident light fr t he xte nal t her eby = prevent di splay face from
showi ng t he ré’f‘ ég&%ﬁ“‘?ﬁaf&e Y‘E‘O(é’lf%eégH‘étP’éﬁlq f¢ pixgl %91‘5&08u|1§]r3 %P%&F?&PW@“I%I ate
is enployed. However, it is preferable for the polarizing plate to have a
st r uct ur@mgeERd fﬂé‘éslo‘?’?{t@’teﬁé%f tHedrpETtd ATeeprawFuatn YRyt e arfRersfore the
refraction in order to prevent light emtted fromthe 20 -organi ¢ conpound
film frdwprberigPhsicy serprde bhdatpdingy 120h&oml encernaiyrt awsicl RETgACKWAr d.
Any of organic light emtting el enments according to the present invention
can be wwadurgsdtbiyehe sepdmicentier ght0 snihut pih @t diccrmende Pney adeelinenmember| i>dht
emtting device of this enbodi ment. Enbodinment 7 37 0 1 AUG 2005 Thi s
enbodi metsedsifawssian Degradpion abfheatrpaehiampoang filmisgbiuawieyangedboard to the
light emtting device shown in Enbodinent 6 to nmake the device into a
nodal e. | n a rdwdelighsdnowngidaviee ggruchb#y] asabdABn hapelad &O4ith Sieatdsanheantiaon, a
substrate 1601 (here including a pixel portion 1602 and wiring |ines 1603a
and 1603bg pixelpdrindiSil A isedmpbyedogthb scahding GO 1562, itls: datdlach eiD3f e blneks3obEt r at e
t hrough the TAB tape 1604.

and the organic compound film 1513. Therefore the light emitting 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
15 displayed to be observed by a viewer) of the light emitting device shown in this embodiment. The
polarizing plate has an effect of reducing reflection of incident light from the external to thereby
prevent the display face from showing the reflection of a viewer. Generally, a circular polarizing
plate is employed. However, it is preferable for the polarizing plate to have a structure with less
internal reflection by adjusting the index of refraction in order to prevent light emitted from the
.20 :orgar-lic compound film from being reflected at the polarizing plate and traveling backward.
Any of organic light emitting elements according to the presént invention can be used as

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

Embodiment 7
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A functional block diagramof the printed wiring board 1605 is QHOWWGiQME
Fig. 16B. An 1C functioning as at least 1/O ports (input or output
portions) 1606 and 1609, a data signal side driver circuit 1607, and a
gate signal side driver circuit 1608 are provided within the printed wiring
board 1605. 10 In this specification, a nodule structured by attaching a
TAB tape to a substrate with a pixel portion fornmed on its surface and by

attaching a printe iring board that functions as a, driver cirguit to the
Substrate thrdbGtmh SR DA E BB ARG e Bieriutieatan O
external driver .circuit. of organic light emtting elenents disclosed
T the. SREGBRAC G SRPGR FodBRert 6aa make (rACYFG I GEATYC | ght emi 11 ng

el enent included in the light emtting device of this enbodi nent.

Enbodi nent 8 Tht SOSHIEGEPRAT FighdiR: Ak Braspioe* sratiaeieddn sgbsarafs 1oRE éoETii ri ng
board to the light emtting device shown in Enbodinment 4, 5, or 6 to make
t he devile@duqing spixelporiand 607 ancdywinpd lines 1A% ardil A03M).gnd 3 printegwit boadd 68705 i s
attached to a substrate 1701 (here 20 including a pixel portion 1702, a
dat@a si ghattachidde tifr jubstrate throughttha 788 tapg 1§8¢e si gnal side driver circuit
1704, and wring lines 1703a and 1704a), and a printed wiring board 1706 is
attached to tWdungigskblatlediframudgithe frantciABring peard 1083 isAhdwm ot FignHB. bhock

di agram of the printed wiring board 1706 is shown in Fig. 17B. 38 0 1 AUG
2005 As I€Humutionmg Rl gt ledsSEBO povtd (Qipfutincoutputi pogicms) H06laedd 609, a@apovigml §d07 and
1710 and a control unit 1708 is provided within the printed wiring board
1706. A dneacirguitbd(d7, k0 atesigabsidaitcharoait 180 ard providedioithialivgysitddeddassary .
‘The control unit 1708 is a portion having functions for controlling the
driver aoa@uishs. and correction of image data. 5 In this specification, a
nodul e structured by attaching a printed wiring board that has functions

asi@ control | 8f thisGpacifibhisdal ALRIOR WhktEld ) 205G LTAR M 18 Ashibdn whieaent
is formed as
pixel portion formed on its surface and by attaching a printed wiring board that functions as a
driver circuit to the substrate through the TAB tape as above is specially named a module with
external driver circuit.

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

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

Embodiment 8
This embodiment shows an example of attaching a printed wiring board to the light
emitting device shown in Embodiment 4, 5, or 6 to make the device into a module.
E In a module shown in Fig. 17A, a TAB tape 1705 is attached to a substrate 1701 (here
20 including a pixel portion 1702, a data signal side driver circuit 1703, a 'é‘ate signal side driver
circuit 1704, and wiring lines 1703a and 1704a), and a printed wiring board 1706 is attached to the
substrate through the TAB tape 1705. A functional block diagram of the printed wiring board

1706 is shown in Fig. 17B.
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above is specially naned a nodule-with external controller. Any &10‘%%%38‘5
light emtting elenents disclosed in the present invention can be used as
the organic light emtting elenent included in the light emtting device of
this enbodi ment. 10 Enbodi nent 9 This enbodi ment shows an exanple of |ight
emtting device in which a triplet light emtting elenment shown in
Enbodinent 3 is driven in accordance with digital tinme gray scale display.

The i ght em Kt iiRGyide WL @78 anti0ishBRAL LR M GRIL RIQ Y HghdURh 6 24 dJFREES 1 0
digital tinme gray scale display by using a light emtting fromthe state

of tri plgh 190Gk bR RA WAl hDGHGEPLRid Y06 J il ot ed
t hat th(la1 drivi ng met hod o t tﬁ% presér‘%ﬁ)oléﬁﬁ\}g(r)\%i%#éﬁgwnﬁ” ]l7i0?nﬂg)g%:l\q?(%%te% S
enbodi . . - H g. 18A sho the circuit
ctruct upl sf G S IE IR, TRLOSRSL IR i Filio Lhfing i PRI b M
represents . a transistpr _and Cs..represents a storage capacitor. In the
circuit rt1?:'3odr]1f Viergﬂrrcz‘alftls %?1(P%qneﬁl%r% OfIE@% &fs[%‘e source line is connected to the

source of the transistor. Trl, d the te line is connected 20 to the gate
of ihe transi BBF FEEiG0g, 2 pRENG ol Sl 5E Barnes PETCO e B 69 he
storage capacitor Cs and the source of the transistor Tr2. Since the anode
of the Swﬁﬁ?scaﬂai GhOSTP f iSRS Ualcet ey ich an Ofa%@lcp&}ggé@wf“ﬁgrﬁ}@ﬂiqt ghioged as
connected to the drain of the transistor Tr-2, the cathode is on the
opposi t 820%iiEpesiplly Aumed ameree srithexiergl contioler or ganic 1ight enitting
el ement interposed therebetween. In this 39 circuit, when a gate line is
sel ected, a cORY@regniolightcpitgng elemerts fisaloswiun die drgsser iavatian Gl heaged as
corresponding to the signal is accunmulated in Cs. Then a current controlled
by the ¢hetasgangulighe emytng elgaeiitvaclydagfin Thedight gitingdeyicF o thinembpddémenrtgani c
light emtting elenment. After Trl is selected, Trl is turned OFF to hold
the voltage (V,,,) of Cs. Accordingly, a 5 current continues to flowin an
anount dependent of Vg, Fig. 18B shows a chart for driving this circuit in
acopr daiRadodinieht @i gital tinme gray scale display. In digital time gray
scal e display, one frane is divided into plural sub-franes. Fig. 18B shows
6 bit gray schiig¢embotiicahsiang for aamnplesoliight deditinptdevist ¥ sHlehfa @ipes lighSF1 -
SF6) TA is the ‘

emitting element shown in Embodiment 3 is driven in accordance with digital time gray scale

display. The light emitting device of this embodiment can provide uniform images in digital time

gray scale display by using a light emitting from the state of triplet excitation and therefore is very

135 useful. It should be noted that the driving method of the present invention is not limited to this
embodiment and other known methods may be used.

Fig. 18A shows the circuit structure of a pixel that uses an organic light emitting element.

Tr represents a transistor and Cs represents a storage capacitor. In the circuit configuration of Fig.

:18C,-the source line is connected to the source of the transistor Tr1, and the gate line is connected

20 to the gate of the transistor Trl. Also, the power supply line is connected to the storage capacitor

Cs.and the source of the transistor Tr2. Since the anode of the organic light emitting element of

the present invention is connected to the drain of the transistor Tr2, the cathode is on the opposite

side of the transistor Tr2 with the organic light emitting element interposed therebetween. In this
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. _ _ _ _ L ods Bt AHS 2005
witing time. In this case, the ratio of |ight enission periods 8f the
sub-frames is 32 : 16 : 8 : 4 10 2 : 1 as shown in the figure. Fig. 18C
schematically shows driver circuits of TFT substrate in this enbodinent. In .
the substrate configuration of Fig. 18C, the power supply line and the
cat hode as shown in Fig. 18A are connected to the pixels of the |ight
emtting elenment. Also, the shift register is connected to the pixel

ortion d;iyi r e r e, i e h 2
gnd t he dﬁ?xzh@%égrétj%n%grfse&mg%gh ?ﬂ’lre‘;ﬁ F%ggtr% gl frgﬁ' d%‘glfr&h‘l’&s‘t‘“té‘nma Al%%%l

| mge s'c%@tep% gt@ﬁhe st%traﬁts%ttug&ltt@d fhes PExEla RALL dp;aﬂtrt;ttedtérl@h% gttg sgtPr Ses

input to th ver and a source rver oVl

the sang; ﬁ%}l%e @{g{%gﬂ C%Eg)ﬂjz)g% r&l r%#]:ﬁcaitgi tem;tﬁ g?‘Hdrl vers are desi gned to

be digita ven ngly, on'in T¢haracteristic does

Erbodi ment 10795 [REeRrec Abbin ekt OFar AR R QR BEE B5Rne 1y pe

constant current Y circuit cr| d, which is driven by flow ng
t he’ cons%ugﬁlftc@ﬁtrur‘“@ﬁfoﬁ?twtrh%“%?ﬂjé‘ﬁﬁﬁpef’a gmtti ng el ement of the present
i nvention. ? |é%u t structure thereof is, shown in Flgl 21. 40 0 1 AU G -
2005 The pi xef®1 Wﬁhﬁﬁ fgr qgivingy bl g ctibig Asrqace Mithdieg! tipp grayisrale
scanning line_ @G, second scanning line Pj and the power source line
Vi. In sdpan é@tdlgt‘ﬁ'él%‘? %8y S%telfbsprla%t/soqertramcnsémcteﬂsntovmai supemss gbigi E35 i ght
emtting el ement 2111 of a m xed junction type and the retention capacitor
2112. 5 SBovho JReEy setle T ghigh anairame sadivigerhiaba e suli-framesh SHL ri6) samrihng
line G. As for the source and the drain of Tr3, the one is connected with
the si grreftinigitivee. 3 this hese.othi eatioiof lighrameissiachoniotholtthesubsipamesds G2 - T6 28 : 4 :
Further, the source and the drain of Tr4, the one is connected with the
soud ce @f:lfiﬁrszownhethotﬁlgene.is connected to the gate of Trl. Thus, the either
of the source and the drain of Tr3 and the either of the source or the
drain of Tr4 &igeldOnrhentechilwshdwseiivhr dichey of THY sibserasn iieerdbodltibnt] B the
connected with the power source line Vi, the drain is connected with
substrate configuration of Fig. 18C, the power supply line and the cathode as shown in Fig. 18A

are coniected to the pixels of the light emitting element. Also, the shift register is connected to the pixel
portion in the order of from the shift rsgiste}, the latch 1, the latch 2 and the pixel portion. The latch 1 is input
15 with digital signal and image signals can be transferred to the pixel portion by the latch pulses input to the latch
2. A gate driver and a source driver are provided on the same substrate, and the pixel circuit and
the drivers are designed to be digitally driven. Accordingly, fluctuation in TFT characteristic does

not affect the device and the device can display uniform images.

“Embodiment 10

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

the present invention. The circuit structure thereof is shown mn Fig. 21.
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the source of Tr2. The gate of Tr2 is connected to the second{¥gann|ng i ne
Pj. And, the drain of the Tr2 is connected with a pixel electrode in the
organic light emtting element 2111. The organic light emtting el enent
2111 has the pixel electrode, the counter electrode and the organic |ight
emtting | ayer provided between the pixel electrode and the counter

el ectrode. The counter 15 electrode of the organic |ight emtting el enent

2111 is applthegixepnISOaRéwy o Kig0a HAY the sRANEIne SO WOt iRV A8R @t tht BRond
external of a light emtting panel. Tr3 and Tr4 can adopt bot h n-channel

type TFEcanthgme PRaReIhe byRer sbike HEOWEVEBIdaitibg thdakari id g8 04, Tie3rang,Ir 4
are the sane. Further, can adopt both n-channel type TFT and p-

rl
- - channehe bxsR@ic Tight cdiidng @ 1o 1 PEal; oR-chanael
Lype TRE SR B T PR P ko Ef FREI R GRee
el ectrodg;of the light emtting el ectrode and the counter electrode, the
one is an anode, the other is a cathode. In the case that the Tr2 is a
p-channel type TFT, it is preferable to use the anode as a pi xel

el ett rode, éﬁé’ gaes of JirhagkTearacovesiedwitk thedipiodemingdmet Gje Astfoethelaurds i n
the case that the Tr2 is an n-channel type TFT, it is preferable to use the
41 01 Aro©ze5gEn ohTHote as incqinzetd eite ttersgmhel, limfd, thiethanisdenrasted wdhuhd er

el ectrode. The retention capacitor 2112 is formed between the gate and the
sour ce ofurTe bf Tilh&urtbemr ftei sonrce @ap deidron o2TH2 the np isovindet:d it itie 3b@ica ofror e
certainly the voltage (V(,,) between the gate and the source of Trl.
However T12,tthd @herdt comeass ar e ghteay Tr1p vk, deckithdr dinhé Reird aselthesdiowt T Fi g.
21, the current supplied to the signal line Si is controlled at the

curr ent asdthe GRhérvf teesosi@R@akhel dril@ o8 THAVRE cSine&bd tvith BYchaRRdryi ng the
above-nentioned circuit structure, the constant-current driving can be
req{ized, bﬁ whi ch tgg bri ghtness, can be kept hy flow ng _a constant current
i N4 he or ganPeSAUFGHE 1184 (PR EREisPowsheougied i Y. the gRin isroprsotid vaitte rent
having a m xture region of the present 10 invention has a longer lifetine

t han t hH sgereppt bi- cg%gﬂﬁe@f IFFgh cormiriet thie sqcandsrannimg EngPig oH1ds thejdgaie of
emtting elenent is effective because longer lifetinme can be realized by

i npl ene iTﬁ%lngal@'\lﬁéted with a pixel electrode in the organic light emitting element 2111, The organic

light emilting element 2111 has the pixel electrode, the counter electrode and the organic light
emitting layer provided between the pixel electrode and the counter electrode. The counter
15 electrode of the organic light emitting element 2111 is applied constant voltage by a power source

provided at the external of a light emitting panel.

Tr3 and Tr4 can adopt both n-channel type TFT and p-channel type TFT. However, the

polarities of Tr3 and Tr4 are the same. Further, Tri can adopt both n-channel type TFT and p-
-channel type TFT. Tr2 can adopt both n-channel type TPT.and p-channel type TFT. With respect

20 to the polarity. in_the case of the pixel electrode of the light emitting electrode and the counter
- electrode, the one is an anode, the other is a cathode. In the case that the Tr2 is a p-channel type

TFT, it is preferable to use the anode as a pixel electrode, and the cathode as a counter electrode.

On the other hand, in the case that the Tr2 is an n-channel type TFT, it is preferable to use the
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menti oned constant-current driving. Enbodi nent 11 The |i ght eﬁiﬂtﬁﬁg 200
devi ces of the present invention, which have been described in, the 15
enbodi ments above have advantages of | ow power consunption and | ong
lifetime. Accordingly, electric appliances that include those |ight
emtting devices as their display portions can operate consum ng |ess
power than conventional ones and are durable. The advantages are very
useful cagsypees apixyl dflanroat,eat theanappid awat: tbatoddse batteries as power
sources, such as portable equi pnent, because Iom1pomer consunption | eads

directly to.conveni ences erjes | ast The light emtting
device is selt21Ul mﬁgﬁ%“cpébélﬁ? }ﬁfﬁ’ﬁeéibf:tl‘?@e?\ %‘Pﬁgﬁ?ﬂ%’rq‘e 05 fl- d&efef@tishe in
l'iquid cr stalzﬁ?lg %% and has an organi c conpound fil mwhose thickness
is less ¥ %WO& Hedfomainiaipmop a@HﬂP?Y%ghﬂgﬁbb@ﬁﬁﬁﬁ“B%g%ﬁééi@ﬁln
and |ight-wei El ectric appliances that 42 1 AU G 2005 include the

|'i ght eﬁPPF?HgT@eJWE@“§§IE%QP?NH?§§W39“@%PHW5W§ are accordingly thinner and
lighter than conventional ones. This too |eads directly to conveniences

(I'i ght ness aneheGARMNBBREWAE SSFilb M IC e irBgt suf;ﬁ]ﬁ:@ 18 HRUAeha1 ARCS 1$ cé/xﬁfo‘l’le&’%@tfﬂyl
particularly for portable equipnent and 1ike other“electric appliances.

Nbreovenmn@ﬁ@@@tghgmegggmqhgqhﬂgu§kuhs doubtl essly useful for all of the
electric 5 appliances in terns of transportation (a |arge nunber of

appliances can be transported in a mass) and installation (space-saving)
Bei ng sel f - H¥niRpbGRS thengbore-gientiensidt diicHiy sustiiee thesconbararitresni gednpyathhei ng
better VISIbI|Ity in bright places than liquid crystal display devices and
wi de vi etlizgd.dngriech thﬁehf@g@ﬁﬁ @h dekeptdy Tgwihg averssant atrerit i tha degankedighit ght
emitting device as their di spl ay portions are advantageous also in 10

t er ns ofenutig wdssseni.n The ovganiy lihs pmaying Tensnnhaniig e mistbectegion of pid pasmes

that use a light emtting device of the present invention have, in

addpt i onntentipehdstadomgfer Bfenweninohalf prigantanidligghémietrgteldnigt. el lereging lidghane!l vy,
t hi nness/1ightness and high visibility, new features of |ow power
consunptenstingribmeants difdcatd b®ause longer lifetime can be realized by implementing above-

mentioned constant-current driving,

Embodiment 11

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

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

Therefore the light emitting device can be made thin and light-weight. Electric appliances that
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and therefore are very useful. 15 This enbodi ment shows exanpl{§q 615t RS
el ectric appliances that include as display portions the light emtting
devi ce of the present invention. Specific exanples thereof are shown in
Fi gs. 19A and 20B. Any elenents disclosed in the present invention can be
used for the organic light emtting elenent included in the electric
appliance of this enbodinent. The [ight emtting device included in the

electric l.] an of .t hi.s .embodi.ment can_.have any of the configurations
505111 P hERR oBirghe S e By R e T B e g an
organi c |ight. enittigﬁ,elenggt‘ Tpe di spl ay ia. conposed of a case 1901a, a
suppor t “BREENIEH9ACs- AR 1P larS HITas IBFRTVER AL BEEn sy 1S CAPPHIISYRCATERE t t i ng
device of the present invention as the display portion 1903a, the display
can be tIHiTh 2ENAD PRRY VoK Rl pagicwarly fasp Feuipag g g gther electric
transportation is sinplified, space is saved in 43 0 1 AU G 2005 )

i nst al | applsmcesanforqoren; bpyagthin| (gpyplurmingus)io Bowbssry asafildlen 2l dfheacledifit ch i s
conposed of a nmain body 1901b, a display portion 1902b, an audi o i nput
porii on apPiG®bes ip pemanf anspoitativnds laTGoutybea obapplianaps ¢UBHansprdicd m a inpssy e
receiving portion 1906b. By using a light emtting device of the present

i nvent i end astallagorb(spacsphaygporti on 1902b, the video canera can be thin and
| i ght -wei ght, and consunes | ess power. Accordingly, battery consunption is
reduced and cBeinyiselfhidiaows, dedightenm@tmgidsyicesshirmaomedhy @ming bdtgr vidBditg hows
a digital canera, which is conposed of a main body 1901c, a display

por ti onidB8ige,plaks € HourCayPpardidpy de9Q3¢ andwtlicopsriag hodle.s Whireheseit@adc. By
using a light emtting device of the present invention as the display

porti on apSRAces thdiendhid@ithalighe amRtifg Caitele tHelt dspldy panthnk h@htivareigghis,al@ng
consunes | ess power. Accordingly, battery consunption is reduced and

calid Yi Ngertr@f Bisiiekfin w&PREAisbhyl €ss 1 nconvenient. Fig. 19D shows an image
repr oduci ng devi ce equi pped with a recordi ng nmedium The device is conposed

of a main body, {f0hdriz2ckaRRA RAfcTRh: DA 1BHEhiAme G icd thHred¥RbvehBBR d,

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

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

20 :illust-rated in Figs. 11 to 18.

Fig. 19A shows a display device using an organic light emitting element. The display is
composed of a case 1901a, a support base 19024, and a display portion 1903a. By using a light
emitting device of the present invention as the display portion 1903a, the display can be thin and

light-weight, as well as durable. Accordingly, transportation is simplified, space is saved in
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operation swtches 1903d, a display portion (A 1904d, and a o@gpff’\% 2005
portion (B) 1905d. The 15 display portion (A) 1904d nai nly displays inmage

i nformati on whereas the display portion (B) 1905d nainly displays text
information. By using a light emtting device of the present invention as
the display portion (A) 1904d and the display portion (B) 1905d, the inmage
repr oduci ng device consunes | ess power and can be thin and |ight-weight as
wel | as uwstabiion, ankhigfetimageiongpr oduci ng - devi ce equi pped with a recording
medi um al so i ncludes CD players and gane machines. 20 Fig. 19E shows a
(portabl e) nolHig.el9BOHMSES vid¥héehbrd, SvIEAIMRAS Dol 7 2R, =01 a

di splay portion 1902e, an inage récei vi ng po ﬁéon f%‘gg,b%g)dg\gm&tbcﬁ%&gﬁﬁﬁe,
and a nep@fiyn $$02b, arlQRREinp B ND08h | do@ho 00,4 4 vice of the present
invention as the displ aymBorptOi or§1 1902’e,p th%ﬁ%%%htbgg?(g%b%ﬁ%ﬁfye]r%(?E’H‘%Bé“t hi n
and | i ghfirawe @Bt &P pES,! Accor din , battery 44 2005
consunpt i o\r%ﬁi s reduced a%gjdcar P’)?I?i% a?%}é\fee(rzng%l a‘éja’?']cfzso }%S%BSFWGBY%’@H? é“h‘?‘? The
por sabl e;GAMPIH &6 1678 [ rmation. in | ash nenpry or a recording
medi um obll%gi ned %ri/ i nt ’e%%g{al%ﬂﬁg}%%ﬁ-@ r{/é()) tgnla}ng%ﬁ&%‘?‘iga%aﬁﬁ%é‘ﬁﬂesrl’éﬁ%BH%e t he
stored ixf ' [ 19F shows a.personal conputer, which is conposed
of a main c%gcg@%g%ﬁg ansélgl &lon & r\é\%ﬁf‘fl,n CAGYSI S VIBG ISR 1 9B nconsicht.
keyboard 1904f. By using a light emtting device of the present invention
as the display portion 1903f, the personal conputer can be thin and

| i ght -wei ght, .and -consunmes .| ess power. The light emtting device is a
great merit im 'ggﬁ‘sS%S‘FVS ﬂé‘ﬂ%@f@am%ﬁﬁ’%%t&ic@ﬁl%ﬁ& qfiag'ﬁ"ﬂlﬁé’@gy e2Mect displyvfor a
not ebook ersgébgl conput er or other personal conputers that are carried
around. PEO"Phese et bEXT PECHRYIPAALRY, Ashorgraininasvilghen [ POksr eBs jupige forleghuency
informatiaqn. sent. through electronic communication lines such as the

| nt er net" HHES AQHFOCILRTERS LRSI AR asdhedisplay poadingl Mas she digbergicat ¢ap be thin
animation information. Since organic light emtting el ements have very fast
r edponsénd dighleyeisht ang pepsumeniess paveerdéecedingly, baftdrpobesufoptionis édded and

di splay. Fig. 20A shows a cellular phone, which is conposed of a main body
2001a, &ATHOgths digital camera is less inconvenient.

Fig. 19D shows an image reproducing device equipped with a recording medium. The

device is composed of a main body 19014, a recordiné medium (such as CD, LD, or DVD) 19024,
operation switches 1903d, a display portion (A) 1904d, and a display portion (B) 1905d. The

15 display portion (A) 1904d mainly displays image information whereas the display portion (B)
1905d mainly displays text information. By using a light emitting device of the present invention

as the display portion (A) 1904d and the display portion (B) 1905d, the image reproducing device
consumes less power and can be thin and light-weight as well as durable. The image reproducing

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

20 Fig. 19E shows a (portable) mobile computer, which is composed of a main body 1901e,
a display portion 1902e, an image receiving portion 1903¢, a switch 1904e, and a memory slot

1905¢. By using a light emitting device of the present invention as the display portion 1902¢, the

portable computer can be thin and light-weight, and consumes less power. Accordingly, battery.
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15 output portion 2002a, an audi o i nput portion 2003a, a dis%ﬁaﬁ”ﬁoamﬁon
2004a, operation sw tches 2005a, and an antenna 2006a. By using a light
emtting device of the present invention as the display portion 2004a, the
cellul ar phone can be thin and |ight-weight, and consunes | ess power.
Accordingly, battery consunption is reduced, carrying the cellular phone is
easy, and the main body is conpact. 20 Fig. 20B shows audi o (specifically,

car audic@lsu Mo i edu&8IR §z§ﬂri1§%thg l():gxghlgelglg g%% mg&@nieﬂﬁ‘ ﬂ@sq%lng e ROLBLERP

2002b, and operation sw tches 0 y using a‘li1ght enitting

devi ce Qln La% BESERLALINGNL B1oR%, H1e bR AN AL gl 2002 e LR Ul o can

be thin an -wei ght, sunes ower . car ifois

taken a e l.e in this embodi nent.,. the .audio may be home audio. 45 01
AG 2005 IS EEHR dnid g {CBfogdi“%"’e‘gFﬁ‘@‘eéll‘%tté’f?i“é‘mapp| i ances shown in Figs. 19A
to 20B a functio

f, modulating the |umnpance of emtted i LN

hocor dance wi FIE TEsptgnasnoes Srpfe hieh Bkt CBRg bpel 16 e
appl i an re.used b Lding the electric appliances with phota sensors
20 Ioadaie Ao e meBtor 1 b U E o Whe By P Ra i G 128 (30 e
recogni ze image or text 5 information without difficulties if the contrast
rati o ofTeSHY HRIoRETRe YiPIBmartiad 0Py He personah eompsisRR Ped a9 lighigveight,
surroundings is 100 to 150. Wth this function, the |unm nance of an inage
can be 2PRiceBnIes leepVeit vinial oRbing Heviguis o @t mysit dr demis gfhbatigier eas
the | um nance of an inmage can be |owered to reduce power consunption when
the sur cOUEIPHYE amdelighinaes evpeciaby soe betstetiook aygpsonalnteepuidia®r ehpl pysaxl | i ght
sources the light emtting device of the 10 present invention are al so
t hi n andompethts-thatiaghtaragiaroamd. oper at e consuni ng | ess power, which nakes
them very useful appliances. Light sources of liquid crystal display
devi ces, suchThssebictkicapplightesoow Hisplay whth glrtgasiog frkqughty isfrumess: sefit thioghit | ng
fixtures are typical uses of the light emtting device of the present
i nvent i elcasniacdm@bihicsttmiimes sudhasthd incpmhed amd ysibabmehivaphidors sadhas tgiedwas, t he
di splay portions of the electric appliances

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

speed, the light emitting device is suitable for animation display.
Fig. 20A shows a cellular phone, which is compo-sed of a main body 2001a, an audio

15 output portion 2002a, an audio input portion 2003a, a display portion 2004a, operation switches
2005a, and an antenna 2006a. By using a light emitting device of the present invention as the
display portion 20044, 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.

20 : | Fig. 20B shows audio (specifically, car audio), which is composed of a main body 2001b,
é display portion 2002b, and operation switches 2003b and 2004b. By using a light emitting
device of the pfesent invention as the display portion 2002b, the audio can be thin and light-weight,
and consumes less power. Although car audio is taken as an example in this embodiment, the
audio may be home audio.
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15 shown in Figs. 19A to 20B according to this enbodi nent, theﬂéléétrggm

appliances can be thin and |[|ight-weight and consune | ess power if those
liquid crystal displays use as back light or front light the |ight

emtting device of the present invention. Alight emtting device having
| ow el ectric power consunption and superior |ongevity can be obtained by
i npl ementing the present invention. In addition, electronic devices which

are 20 bright ;s Oau&yL ay%iSL agtdl ni@ﬁ%’ﬁirg%&?@ﬁ&wm'ﬁ 3. 1@52{%;&0:8% nbiidioCan be

obtai ned by using this type of ig ting device as i ght source or

.as a d! ﬁa%lcifi%wgé)trhg ih.ﬁﬁ'i‘n r&c@ 0.tf Ql%ltplaeflf E{ i%%gco%%%g iw%%esor%mtepseofgﬂ es%?r%&ndincs

i nvention, t concentrati on e aﬁg|ng regions are spose ‘bet ween the

0 i.on and be ntthe el ectron
n

hol e transportation_ region andﬁ% e mxture re r t. e
{7 anspor LaP st B ARG e A el Fe eSSl SH Y T it Te
present 46 C % QgG 2%?5 L@%entig may i ngl ude ,a Iight emttin devicq in
whi ch offF§SUERe'OcHHEE Mt BEURFSER E%ﬁ ﬂé‘(’r‘l& PEh N 55T 0% FE B DETWESH Fhe
m xture, region an?@dea&ge _onﬁ of the hole transportation [%%Eon and the
el ect r oftIPFEAHSH AN EHT BHHTRYISOh heygoryagt TAUR S HRS5IRRTCY 8F erKICRES & e A
light emtting device conprising an organic light emtting elenment, the
or gani cPrighteast obihe semeundings figt004m LahoWath this fenchinpdle luamnagEyalArdm@shidund
filmcontaining a hole transporting material and an el ectron transporting
mat er i abe rajgee faibptieryecvong ik the swpodaes pleprighisvkeress thed pmanescodpnigigsg in a
direction from the anode to the cathode:
can be lowered to reduce power consumption when the surroundings are dark.
Various electric appliances that employ as light sources the light emitting device of the
10 present invention are also thin and light-weight and can operate consuming less power, which
makes them very useful appliances. Light sources of liquid crystal display devices, such as back
light or front light, or light sources of lighting fixtures are typical uses of the light emitting device
of the present invention as a light source.
When liquid crystal displays are used as the display portio_ns of the electric appliances
15 shown in Figs. 19A to 20B according to this embodiment, the electric appliances can be thin and
light-weight and consume less power if those liquid crystal displays use as back light or front light
the light emitting device of the present invention.
Alight emitting device having low electric power consumption and superior longevity can
be obtained by implementing the present invention. In addition, electronic devices which are
20 bright, have low electric power consumption, and a long life can be obtained by using this type of
light emitting device as a light source or as a display portion.
In the preferred embodimentsof the present invention, the concentration changing regions
are disposed between the hole transportation region and the mixture region and between the

electron transportation region and the mixture region, respectively. However, the present
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hol e transporting region conprising the hole transporting nat%ﬂi&uf 2fir
concentration change region in which the proportion of the electron
transporting material increases gradually until a ratio between the hole
transporting material and the electron transporting material becones x : vy
(where x and y are positive constants); a mxture region containing the
hole transporting material and the electron transporting material at the
ratio Ofin%nﬁc}gr}’xhﬁ)‘?‘iﬁﬁ]ﬁ%'ﬁﬁlﬁ%ﬁﬁt‘i’iﬂ BLEOR WRANGS SRIORZnl i MUNGIbiA D  sion is
proportion of the electron transporting naterial gradually ihcteases
further t : 1,Q; i 0804 891804 th

disgéi’sfté‘ﬁeb*égYéeégtu;%ﬁfﬁﬂgg%ﬁé\{‘%aa@es%?%é 81;%;11@; gﬁ%%\%% ortddo F‘eglo nd the

conprisin orting materi a rein a Fight emtting

st

region, k@&81“Q£C&: mkkﬁ$gnen1tting material for performing |ight em ssion
i s added,”1'S SPREF R At he mixture region. 2. Alight emtting device
conprising an organic light emtting element, the organic |ight el enent
havi ng: an anode; cat hode; hole injecting region forned contacting the

anode; an organic conmpound filmcontaining a hole transporting material and
an 48 0 1 AUG 2005 el ectron transporting material; wherein the organic
conmpound filmhas a structure conprising in a direction fromthe anode to
the cathode: a hole transporting region conprising the hole transporting
material; a first concentration change region in which the proportion of

t he :
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el ectron transporting material increases gradually until a r o ilo Ab&t @SN
the hole transporting nmaterial and the electron transporting nateri al
beconmes x : y (where x and y are positive constants); a mxture region
containing the hole transporting material and the electron transporting
material at the ratio of x : y; a second concentration change region in

whi ch the proportion of the electron transporting material gradually
increases further fromthe x : y ratio; and an el ectron transporting region

conprising the electron transporting nmaterial; wherein a light emtting
regi on, Eﬁi@&ﬁiﬁéﬁkﬁh@éﬁ cemtting material for performng |ight em ssion
i s added; the mxture region. 3. Alight emtting device
conprising an organic light emtting elenment, the organic 1|ight el enment

havi ng: an anode; a cathode; an electron injecting region formed
contacting t hedighheadtingdryicecosmyisiie ancyait hght famiting shimenhithiyorgane | e
transporh%mgﬂgﬁﬁghggﬁ:and an electron transporting material, wherein the
or gani ¢ conpound filrﬁhas a structure conprising in a direction fromthe
anode to the cat hoaemode;hol e transporting region conprising the hole
transporting nateriahigga first concentration change region in which the

proportion of the a%?e Ton transporting material increases gradually until

a ratio between th& bghic icompsSRAN fiind GontaiiRy 4 Ablcaichspdifing n@driaAnd an

transportln material becones x : y (where x and y are positive 49 0 1 AUG
2005 electfon transporting material;

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

performing light emission is added, is formed within the mixture region.

2. A light emitting device comprising an organic light emitting element, the organic
light element having:
an anode;
a cathode;
a hole injecting region formed contacting the anode;

an organic compound film containing a hole transporting material and an
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~constants); a mixture region containing the hole transporting mafdrisgl ?m%
the electron transporting material at the ratio of x : y; a second
concentration change region in which the proportion of the electron
transporting material gradually increases further fromthe x : y ratio; and
an electron transporting region conprising the electron transporting
material; and wherein a light emtting region, into which a light emtting
material for performng light emssion is added, is formed within the

m xture region. 4. Alight emtting device conprising an organic |ight
enittingegkﬁnEQt t he orggnjc | i ght el enent conprising: an anode; a

cat hode; Ot BHSROERE 5™ agi on formed contacting the anode; an el ectron

i nj ecting reghefi e BREn@OMPEEAIEINt hes £LALBREE onMEingn @1gaRios fRpnpeund
filmcontaining a hole transporting material and an el ectron transporting
mat eri al A0Qf5P BiGFathedeor gani ¢ conpound filmhas a structure which conprises
inadirection fromth nogle, : t o %ﬂﬁﬁ [ tegi on
conprising the hole tra%g%brtlﬁ%aﬁgg%ﬁﬁ%ﬁ?ﬁ$§mP?P§?k§H%%E trég%%%ﬁghange
region in which the propolitst orncelitrative chehgectegion it vdndpthetpirogpriiat ef thal

i ncrease Ly until a,ratio bet n the hole.tra rtin teria
o § he e Hapdrnl ot hRlcates BRER S 5P SeriybRIRR R yallog TRl
posi ti ve mazais had tie) dlearoni ehsoetinge glaRalCRRbatNk NG (wWherdhobl {k @fvlel ng

material and the electron transporting material at the ratio of x : v;
constants);

a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and
an electron transporting region comprising the electron transporting
material;
wherein a light emitting region, into which a light emifting material for performing

light emission 1s added, is formed within the mixture region.

3. A light emitting device comprising an organic light emitting element, the organic
light element having:
an anode;
a cathode;
an electron injecting region formed contacting the cathode; and
an organic compound film containing a hole transporting material and an
electron transporting material,
wherein the organic compound film has a structure comprising in a direction
from the anode to the cathode:
a hole transporting region comprising the hole transporting material;
a first concentration change region in which the proportion of the
electron transporting material increases gradually until a ratio between the hole transporting

material and the electron transporting material becomes x : y (where x and y are positive
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a second concentration change region in which the proportion of th#& ALG 2005
el ectron transporting material gradually increases further fromthe x : vy
ratio; and an el ectron transporting region conprising the el ectron
transporting 50 0 1 AUG 2005 material, and wherein a light emtting region,
into which a light emtting material for performng |ight emssion is
added, is fornmed within the mxture region. 5. Alight emtting device
according to any one of clainms | to 4, wherein the light emtting region,
into which the light emtting material is added, is a portion within the

m xture r%giop, 6. Alight emtting device according to any one of clains |
to 4, wh&ESY bl ocking rmaterial, having an energy difference between its

hi ghest occupi ed nol ecuhahix@ir®irdpibn 8Raihing thd QY HansPdpEiURbRHalnBldegy! ar
orbital which is larger than that of the hole transporting material and

the el ectlern FrasRyng matgrinkat &iciralio of 5: ¥idded to a portion within the

m xture region. 7. Ali Lt Ll ng. deyi COF (] i erein
a bl ocking material, ha\?igg%ngr?bfééﬁg{r}%il&delﬁ??%rlgﬁggErg{’ev{.}%gg% ﬁ%@drﬁ%rgﬂfetg?
occupi edekdr@cirnaportnhinaiztialgrativiailg incoasstfurino oupthed : yoitecahdir orbita
which is larger than that. of tpe hole transportin t&%%al and t.he

el ectron transporting mAbSHCEPT IASPORIRE gegion Somprisite: e elgetron HagSRATAE xt ur e
regi on; afacriahandi ght emtting region having the light emtting materi al
added thereto is positioned closer to the anode than to the regi on having
the bl ocki ng nat er'tBffciBfabght empigting eeigm, into) whjsh achghttamilingeppieBalaf®Eor di ng

0 any OBl AiHiomisstf i¢hadd3t fflod Dbl BDIix STRk400 MRt er i al - per for m
light emssionfroma triplet excitation state.
4. A light emitting device comprising an organic light emitting element, the organic
light element comprising:
an anode;
a cathode;
a hole injecting region formed contacting the anode;
an electron injecting region formed contacting the cathode; and
an organic compound film containing a hole transporting material and an
electron transporting material;
wherein the organic compound film has a structure which comprises in a direction
from the anode to the cathode:
a hole transporting region comprising the hole transporting material;
a first concentration change region in which the proportion of the
electron transporting material increases gradually until a ratio between the hole transporting
material and the electron transporting material becomes x : y (where x and y are positive
constants); '
a mixture region containing the hole transporting material and the
electron transporting material at the ratio of x : y;
a second concentration change region in which the proportion of the
electron transporting material gradually increases further from the x : y ratio; and

an electron transporting region comprising the electron transporting
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9. Alight emtting device according to any one of clains | to ﬂ,1vmgq(}mﬁ
mass percentage of the hole transporting nmaterial within the mxture
region is greater than or equal to 10% and |less than or equal to 90%
wWith respect to total nass of the hole transporting material and the

el ectron transporting material. 51 0 1 AU G 2005 10. The light emtting
devi ce according to any one of clains 1 to 4, wherein the mxture region
has a thickness greater than or equal to 10 nanoneters, and |ess than or
equal to 100 nanoneters. 11. An electronic device using the light emtting
devi ce agls;a%r%ﬁ ngqto any one of clains 1 to 4. 12. The light emtting

devi ce accordi’ng to any one of clains 1 to 4 wherein the light emtting
device is a phs=inve light ehittidgyieeion]ldito Whechl 4 Oftit e@dfiting in@ertie FhicgerReaRdi Ng to
any one of clains ] t 4.gnerei nthe light emtting device is an active
matrix t ".enilis.m‘%\lslafigqﬁie IsdRRad Wi LA BB TEB R8I0 ng:  an anode; a cat hode;
and an organi ¢ conpound filmcontaining a hole transporting material and an
el ectron transporting material, the organic conpound filmconprising: a
hol e transpoft Anléght eaiibing devips resionng heaotre off daisysolr to hgviaciarthalightdj acent

to the anpgde: . rop: Lr ' reqj onprising. the electron
transport ?lngn%g?%%’gﬁgo ‘2@}%5@%?’1 E?%&J[‘ﬁtgn%gjtgt?%gleg %lﬁﬁ%i’xl l??%org%lb iwétﬁmdfhg’ posed
bet ween mhetubhmtegionr ansporti ng region and the electron transporting region
and conprising the hole transporting material and the el ectron
6. A light emitting device according to any one of claims 1 to 4, wherein a blocking
material, having an energy difference between its highest occupied molecular orbital and its
lowest unoccupied molecular orbital which is larger than that of the hole transporting

material and the electron transporting material, is added to a portion within the mixture

region.

7. A light emitting device according to claim 5, wherein:

a blocking material, having an energy difference between its highest
occupied molecular orbital and its lowest unoccupied molecular orbital which is larger than
that of the hole transporting material and the electron transporting material, is added to a
portion within the mixture region; and

the light emitting region having the light emitting material added thereto is

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

thereto.

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

emitting material performs light emission from a triplet excitation state.

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

transporting material and the electron transporting material,
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transporting material at a constant proportion , wherein the mitid Uiee r?@&;ﬁ on
is doped with a light emtting material at |least partly; a first
concentration changing regi on di sposed between the hole transporting

region and the m xture regi on wherein the proportion of the el ectron
transporting material relative to the hole transporting materi al
nonotonically increases in the first concentration 52 0 1 AUG 2005 changi ng
region in a direction fromthe hole transporting region to the m xture
region; and a second concentration changi ng region di sposed between the

m xture region and the electron transporting region wherein the proportion
of the electron transporting material relative to the hole transporting
mat eri al nongm.orﬂec_agﬁtﬁnﬁnmgaﬁses_aiccbrtiiﬁg S epONshe dfmnhﬂmltlr & 4owhebangeng
region in.a direction fromthe mxture region to the electron transportin
r eSi on. MXuEEesiondre AtHokRess Erepssi tg@ a&eg ithd0 rgnemelprs, angd Igpehan r?rgai d ’

light enmcdid RO1EMhGBetelsS @ Passive matrix type. 16. The light emtting
device according to claim 14 wherein said light emtting device is an

active matrix type. 17. An electronic device conprising the light emtting

devi ce accordjng t laim.14  wherein. sai d.electr.oni vice i s one
el ecteq 11 om v FrfoRt dshile SHR Ba el syl SEF abe Ry 56 abd oBRfa, an
i mge rephookitiody device, a nobile conputer, a personal conputer, a
cel lul ar phone, and an audio. 18. A light emtting device conprising: an

anode; a cathode; and an organic conpound filmcontaining a hole

transporti ngimethRIigt cithddeviletetd@g tb bANSROSL dIffhs Tab & WRdreinttheligitgani ¢
conmpound fil m conprl sing; )
emitting device is a passive matrix type.

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

emitting device is an active matrix type.

14. A light emitting device comprising:

an anode;

a cathode; and

an organic compound film containing a hole transporting material and an electron
transporting material, the organic compound film comprising:

a hole transporting region comprising the hole transporting material adjacent
to the anode;

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

a mixture region disposed between the hole transporting region and the
electron transporting region and comprising the hole transporting material and the electron
transporting material at a constant proportion , wherein the mixture region is doped with a
light emitting material at least partly;

a first concentration changing region disposed between the hole transporting
region and the mixture region wherein the proportion of the electron transporting material

relative to the hole transporting material monotonically increases in the first concentration
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a hole transporting region conprising the hole transporting mtbrildi 2005
adj acent to the anode; an electron transporting region conprising the

el ectron transporting material adjacent to the cathode; a m xture region
di sposed between the hole transporting region and the electron
transporting region and conprising the hole transporting material and the
electron transporting material at a constant proportion , wherein the

m xture region is doped with a 53 1 AUG 2005 light emtting material at

| east partly; a concentration changi ng region di sposed between the hole

transporting. reagion and t.he.m x{u regi on. wher.ei he.proportion, of the
el act r on cPinesERPR Mt iselipt oPnrhehderGRrpginginea Pabs Puleg SReirm g et er f al
nonot oni cal Iy i ncreasesd tdhctifition 0ELRIHeAEEON disfohal BERGel 8@InRIRtUrre@ion
direction fromthe hole transporting regﬁon to the mxture region. 19. The

i ght eni®®d ity claeliqne Bansperiog; Tgor ovierdn el Bropastien afrihe sleairen FRESPEHINEL i ng
device | InderRRIAMAR GG bl ¥BRportfle nliGidl AHorRiah} iRFcAEY InCfhe G NG 1 O
claim 18, wherein said light e ttlﬁg evice I1s an"active matrix type. 21
An el ect romdcstraiing ehangivgpregionnig @ bretiiqrhfroemittet mrgutexcgive @cther eledignt o
claim 18 %Qﬁh%bn-ggid el ectronic device is one selected fromthe group

. . tran e%. .. . . !
consi sti ng I'ded canera, digital camera, an inmage reproducing device,

a nobile conmputer, a personal conputer, a cellular phone, and an audi o.
22. A light i.f,ti.ng device conprising: an anode;. a cathode; .and an
or gani ¢ conpgglr#efllglgh?%lﬂgaﬁ*eﬁ IRGCPTHBE &0 elrah EhBREeHGItaiedt PRItingdevess

el ect r on s a passive matrix type.

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

is an active matrix type.

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

cellular phone, and an audio.

18. A light emitting device comprising:
an anode; |
a cathode; and
an organic compound film containing a hole transporting material and an electron
transporting material, the organic compound film comprising:
a hole transporting region comprising the hole transporting material adjacent
{o the anode;
an electron transporting region comprising the electron transporting material
adjacent to the cathode;
a mixture region disposed between the hole transporting region and the
¢lectron transporting region and comprising the hole transporting material and the electron

transporting material at a constant proportion , wherein the mixture region is doped with a
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transporting material, the organic conmpound filmconprising: a hpheali 2p05
transporting region conprising the hole transporting naterial adjacent to
t he anode; an electron transporting region conprising the electron
transporting material adjacent to the cathode; a m xture region di sposed
bet ween the hole transporting region and the electron transporting region
and conprising the hole transporting material and the el ectron
transporting material at a constant proportion, wherein the m xture region
is doped with a light emtting material at least partly; and 54 0 1 AUG

2005 a cancentration ¢ [ egi on di sposed between the m xture region
and the ﬂ@@éﬁ?@ﬁﬁHPFgﬁE%g%FPﬁﬁﬁ¥egion wherein the proportion of the

el ectron transpor td BgnhoeBiRionathansigh akkive diShoshr bB@letn ik MSROHhAsPEARE er i al
nonotonically increases in the concentration changing region in a
di r ect i offgimoRRd: the nHxRteuicaiop gficswn the rraporEpR ef heflachan Spesporting magiadn. 23.

The 1igh Jat 4 ' rdi t i : i i ' . emtting
devi ce F%ﬁgkﬁgs@?J%ﬁ%g%%PgﬁﬁgHgagg%fﬂgﬁg&kgg tn@%ﬁ%?#ﬁéﬁ§e9¥%gg§%ggrding
to cl ai nek@ginigeegominsadittclipmfromeing hdlé trgnsgening eegidrstodine moture eeghat ri X t ype.
25. An electronic device conprising the light emtting device according to
claim22 wherein said electronic device is one selected fromthe group

consi sting ofg.arw tga aaifsadevidt gicbRlinC &Melagn 18N WHIRGE shig i waiitiggdevi ce,
a nobil e conputer, a personal conputer, a cellular phone, and an audi o.

26. The AFYSRis@pptsiyedeatdsiPee according to claim 14, 18, or 22, wherein the
m xture region conprises the hole transporting material and the el ectron
transporting material at a constant proportion in the direction of the
anode from tHé Eit Hgldecmitting device according to claim 18, wherein said light emitting

device is an active matrix type.

21. An electronic device comprising the light emitting device according to claim 18,
wherein said electronic device is one selected from the group consisting of a video camera,
digital camera, an image reproducing device, a mobile computer, a personal computer, a

cellular phone, and an audio.

22. A light emitting device comprising:
an anode;
a cathode; and
an organic compound film containing a hole transporting material and an electron
transporting material, the organic compound film comprising:
a hole transporting region comprising the hole transporting material adjacent
to the anode;
an electron transporting region comprising the electron transporting material
adjacent to the cathode;
a mixture region disposed between the hole transporting region and the
clectron transporting region and comprising the hole transporting material and the electron
fransporting material at a constant proportion , wherein the mixture region is doped with a

light emitting material at least partly; and
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27. The light emtting device according to claim14, 18, or 22{) Wwhgreiyg he
m xture region conprises the hole transporting material and the el ectron
transporting material at a constant proportion in the direction of the

cat hode fromthe anode. 28. The light emtting device according to any one
of claims 1 to 4, wherein the mxture region contains the hole
transporting material and the electron transporting material at a constant
proportion. 29. The light emtting device according to any one of clains |
to 4, and 14, wherein the proportion of the hole transporting materi al

decreases gradually in the first. and.second 0 1 AUG.2005 conceptration
change r egigons. 3¢ CopREtiafgh ehagging regien SE‘SEWEW@F AWEs regign ﬁ‘i“{;&eor

cl ai m 18¢lewh@! ﬁhﬁblpbll‘i!f_hg 1BEIOR Qe tgf ?ﬁobsrﬁlaﬁlﬁ thé RSRNY trmgoﬂag §hdréial
decreases gradually in the concentration change region. 56 _
relative to the hole transporting material monotonically increases in the concentration

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

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

is a passive matrix type.

24. The light emitting device according to claim 22 wherein said light emitting device

is an active matrix type.

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

cellular phone, and an audio.

26. The light emitting device according to claim 14, 18, or 22, wherein the mixture
region comprises the hole transporting material and the electron transporting material at a

constant proportion in the direction of the anode from the cathode.

27. The light emitting device according to claim 14, 18, or 22, wherein the mixture
region comprises the hole transporting material and the electron transporting material at a

constant proportion in the direction of the cathode from the anode.

28. The light emitting device according to any one of claims 1 to 4, wherein the
mixture region contains the hole transporting material and the electron transporting material

at a constant proportion.

29. The light emitting device according to any one of claims 1 to 4, and 14, wherein

the proportion of the hole transporting material decreases gradually in the first and second

55




concentration change regions.
30. The light emitting device according to claim 14 or claim 18, wherein the

proportion of the hole transporting material decreases gradually in the concentration change

region.
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