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1. Field of the Invention The present i m“mmm\\mm\%t es to an electronic
devi ce enpl oyi ng an organi ¢ sem conduct m‘\m icularly, it relates to
a phot oel ectroni c device such as a phot oel eGgdodo conversi on el enent and an
EL element. 2. Description of the Related Art 10 Conpared to inorganic
conpounds, organic conpounds include nore varied material systens, and

t hrough appropri ate nol G‘SF@‘ géss I%Nﬁmgwbﬁ%ﬁﬁft hesi ze organic
mat eri al s having vari ous uncyl onalities. Further, e organi c compound is
characterized in that filns and the |ike fornmed using the organi c conpound

denonstrate great pliancy, and superior processability can also be 15

achi eved by pol yneri zati onMﬁWﬁMﬁﬂs, in recent years,
attention has..pee iven t.o photonics and el ectronics enploying functi onal
organi c rra?le%i"gﬁsogt%% i ?lgnt echni ques whi ch make use of photophysi cal
qualitieg of or gal"HeCﬁn‘éQéHQQHOéjrﬁithar\éPat@sl feat¥icelradRUAcd RpIdyany ah Qllrgadie
contenporary industrial techniques. For exanple, photosensitive matérials,
such as a pboticorehicsir, Moe Rotibdedpeit ireldiespersspldteclcotraniphdvidd stuhgasaphy
technol ogy used for, fine processing of sem conductors. In addition, since
t he or gani PhoMmestHasonrEmoa slgucHAnd 3 Bhbelamed: of 1ight absorption and
concomtant |ight em ssion (fluorescence or phosphorescence), they have
considerable applicability as light emtting materials such as | aser

pi gnent s af]ldDelB@ribii&eofﬁﬁ K¥lateda@t her hand, since organic conpounds do not
have carriers thensel ves, they essentially have superior insulation
propertil@s. Ther éfammpared ntor heorghricd compeieds; r oigasls whmpeunde iatlude r moae

oropert o el aLE TRLoti ha AesulLobigehie SnBARAESB TSRk s ©
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*159159* wever, ere are neans for neking nassive anounts o

el ectri cal courpoant] isl cvaradtetipel it ghati filmsmtaadi theslikdifoimed wagetid alrganic
insulators, and they are starting to be put to practical use in the

el ect roni csompougd Fprmonsteain sgreal ey danb sEPeRer pEoEssRUlYy ¢ani dsa bat o
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~-conj ugate system organi ¢ conpound a carrier {Reference 1: Hi deki

Shi rakawa, Edwi nPhotdmaiitechnijuas whichvidbicaunsei af, piCitoplnysical Quiakities ofiodzgakian J.
Heeger, "Synthesi f Electrjcally Conducting |0 O.gani ¢ Pol yners: Hal ogen
Dor Svat i o oBTORBIy diasey Ayl a1 GHITAGRbTRIS. 1] GPiemBOMEY gy al oy
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this, seot batomedndispamablecinecpliotolithographly tbehmioiey tised fooVfineSprocessidgeof
anount of the electrical flow_ can reach the level of a normal 15

seni conducsemiemdasioss. alyraddition, sdcer thel orgamie reasmpaunds themsebesabpy? can

be referred to as organi.c.sem conductqrs (or. .in SONE.case or gani ¢
conduct or < PrORHfiEs AERENG A ERARE Hid. Saecbian HeoPmiShiT rubltiitanr
conduct i Vi HRobghorBdeentd)e tiRdyeRave Easiddthble Hpplic®Witynad MghPeaAing Mt&afdal 1s
al ready being applied i'n part of the electronics field.” Exanples thereof

i ncl ude a sechas heabpigments agkthedikbat t ery usi ng pol yani li ne or pol yacene
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field of electronics where the electrical properties of organic materials are utilized,
the main conventional use of organic compounds is insulators, where organic
compounds are used as insulating materials, protective materials and covering
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25 and noving it, the current density of which is expressed by Child' s Law,
i.e., Formula 1, shown below. In the fornula, J denotes a current density,
E denotes a relative dielectric constant, Eo denotes a vacuumdielectric
constant, w denotes a carrier nmobility, V denotes a voltage, and d denotes
a distance (hereinafter, referred to as "thickness") between el ectrodes
applied with the voltage V: 30 2 Formula 1 J = 9/8 ~ sE~p. ' VZ/ds Note

that the SCLC | MERERTSAROULALIN Brhlind HEBBSATL B chEFRaPoIDER (e

SCLC flows is assuned at a el ectric rent Timte e carrier

trap is ref@owdd thoofdnic matesialsh waatc}ﬂswsg@niaillgwihada@ug,raaﬂtthey ardsthitineSto
proportionate to a power of the voltage, but both the SCLC and the TCLC are
currents t e perte padticat use in B dectionienficlshs . Thrhémednst elisqussdd hére c8Tibe and
the TCLC are deal . \glah ig t he sane way herei nbel ow. 1o Here, for

conpari son, PP RISd ILOHGRIGROTSSt or nul a expressing the current density

when an Ghm curr efffe filsPWP URSE Ot HNERIkAYE pBIyHRIONS SndurS RIMRLR Ui LY,

and E denotes an electric strength: Formu a~

Formul a 2, miconjaghesysentoganid ¢ompduml isxjopes seth &8 acceptorplecube aecdptor)
denotes a carrier density, and a denotes an e|lectric charge), the carrier
density is 9neldoged (¢lactkror doaeroios Siysydiendegniugateapysiem @Ranisecenpeynd gal

current that flows.. 20 Therefore,«i:N.an _organi c teri hai certain
Gogr e of " amralRefsfiiel ! BBt StParden Ry TEpSls Alel 1t Madhiffpiels
not incr eamm_ld.ommr%sarﬂﬁ%ah bedHeEsREE "SRR MDE WIEANEalY |¢orm2fctihgow
in a material which norrmally does not have few carriers. However, as i
seen i n 1Bor@xgaaiclPolyieer{:adblogsn ibérivatives of Malpadehge B (CHY), L ChamdCelnent,ri c
constant, the carrier npbility, the vaoltage, and the thickness. The 25
carrier dendd/tfy10s575-p80ev Y Inqreasiig e daping amowah the canier yabldngreags up
organi ¢ mater| I at i rier I t t.hi s d.
sufficient It§ as?réﬁ}alu?%iégﬁd (g;he\géef%)gec{] anég;aqg dr(r’g'fi %?t?‘ﬁ}% ftl Ell%é) i}él%bel’?l #i?%gl?erc‘glrﬂrli er

nobi ity p.thisl §o HRESIFRIEIAAS SlcblrRifyOvillbemadat¢ Abw, er from the outside to
make the current flow. Even when this means is used, the current fl ow

anount can reach Sitee thevamogat of the ehactrital sfdow cmdraachrthorlendr of aTirsalan
O e L % St G200 S TR0 Bk Ny S 05 27
Zreggggnmfﬁeﬁf@lﬁgg ’&tg ‘F]Sgéa‘?{ié serh{EBhGEbA! (bY, in SYME AT GrIndRBY R fIEs F onduct or

This means of doping the acceptor/donor to improve the dark conductivity
to make the electrical current flow in the organic material is already being applied
in part of the electronics field. Examples thereof include a rechargeable storage

20 battery using polyaniline or polyacene and an electric field condenser using
polypyrrole.

The other means for making massive electrical current flow in the organic
material uses an SCLC (Space Charge Limited Current). The SCLC is an
electrical current which is made to flow by injecting a space charge from the outside

25 and moving it, the current density of which is expressed by Child’s Law, i.e.,
Formula 1, shown below. In the formula, J denotes a current density, € denotes a
relative dielectric constant, €3 denotes a vacuum dielectric constant, p denotes a
carrier mobility, V denotes a voltage, and d denotes a distance (hereinafter, referred

to as "thickness") between electrodes applied with the voltage V:
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SCLC as descri bed above, organic el ectrol um nescent el enents (hereinafter,
5 referred to as "organic EL el enents") which use both the photonic and

el ectrical qualities of functional organic material as photoel ectronic
devi ces, have particularly denonstrated remarkabl e advancenent in recent
years. The nost basic structure of the organic EL el enment was reported by
W Tang, et al. in 1987 (Reference 2. C W Tang and S. A Vansl yke,
"Organic 1 ele?tioluninescent di odes", Applied Physics Letters, Vol. 51,
No. 12, 913"¥T8"41987)). The element reported in Reference 2 is a type of
di ode el ement injwhogh efgctRBges sandwi ch an organic thin filmhaving a
total thickness of approxinmately 100 nm and being constituted by | am nating
a hol e-transporting organi c conpound and an el ectron-transporting organic

conmpound, and the_el epent u light 15 emfting material (fluorescent
material) as the t%égﬁbﬂwt§§§§36¥? mﬁﬁﬁgﬁﬁb HH?”%yldﬂﬁW 1G9 SRfLURYel 8D t he
el enent, .| i gt §H|SH : i a r i 3t 1 j The
Iight-en955|on §%2§§H?§#8?£$2§ﬁ§ﬁ %?ggﬁtO§R%FE£Q§3b%??gdgﬂh%%gygkg?ﬁgﬁr

appl yi ng t hepvielréfegrdtto abReTOLIATrgp Uhiafpef LinitespOamestyethdy id propotesdaedes,
the 20 hole and the electron injected fromthe el ectrodes are reconbi ned

i nfsi de Ej he torageeiver ehthe T(i)ll&get but beth e $&bCrand thel Belearchumreintnthatrare
ol courar SyBRebie M diudogS] T Uhitbve Bt R anghe 10RCAEReH ML o

excitons f qf frdsaie WAF nefgIGwconpound can include a singlet excited state
and a triplet excited state, and the base state is 25 normally the singlet
state. Ther ef or eHeeey fdrecorhpaisonf rkammube 2sisnsghiewn esca tfermsiha¢pressing ftkee r ed
to as fluorescent light, and the emtted light fromthe triplet excited
state is r6nEpRedensyyhghas pihor suuent flowgpecording tei Qremsshan. | F dajodes a
specificatiQn,covers_case ant r i but. 0 e emtted light from both
of the excF?g%mg{v&yeg[}&ﬁrg%flﬁgs%Bseiec(gﬁ‘lgbﬁgdqsotieégﬂpc EL el ement descri bed
above, the organic thin film3o is normally fornmed as a thin filmhaving a
t hi ckness of about 100 to 200 nm 4 Further, since the organic EL el enent
is a self-Fonnpnbud el enent in which light is enitted fromthe organic thin
filmitself, there is no ﬂ?fd for such a back light as used in a

convent tdnal i quFd®ery3f a c’display. Therefore, the organic EL el enent has
a great advantage in that it can be manufactured to be extrenely thin and 5
| i ghtwei ght. Further, in the thin filmhaving a thickness of about 100 to
200 nm for exanplre Fotmeld 2 sinte oo vhedudtivéycalris iegpressed #§ ect arut Gwhidiem t he
reconbi nati on occurs is approxinmately several tens of nanoseconds, given
the carri edenesss |3 ¢arrigk densite@ngye tprotes ganglecttisi harga)ntheparpienslensithes t i ne

requi red by fo he.,.prec Q formthe rec i nat | . jgr to the
em ssi on o#‘ﬁ%@e# frb Nfe ?a;c?&ri%sglqvgggng I‘f(i;l\?‘l ag.ﬁ]ou&?ggrtﬂgfel??ﬁlé}?%lsée%geﬁlgghéfele}yg. t he
l'ight egd sghefeforb) @i 8h fgani©OfRtet R hacingd &lridin GEgreb of @hfmR inkobillty) af 1édp i S
that response tinme thereof is extrenely fast. Because of the

above- ment a tedmatapdist daggerodensktiy rin et irareased diyt depind tan elescribdseatnyiec khe
response ti and the |like, the organic, EL el enent is receiving attention
15 he a nelTyeRara wEknay v ihAer G b SPBRETY dopAqTare feF RaBen. | o
self-1umnous anfihlevel!i &l 8lspefl M¥Drinti 1 Offb falots WiRbPldbidhshide ebeticvel y
good and it is considered effective as an el enent used in display screens
of portabl eredtheidielsctriclgonseant, the cadidr mabilityy themeolcipggamd thelthedkawssnt , Tien
organi c solar battery is another representative exanple of an organic

seni condfuceEdirics densitit isugeleyant: gdnictherovensdseevea in(the gase ofpngprgamicdnaterial

i ng R SEH) Be s EERY BhANE, FR Do ARl iy End i
battery utkdlegssy AN maRRAS vith At SibhiEaRt tRrrichSmObBRN LG iFlbe8bRBT Possibleato | S,

k
its structure is simlar to the gnst basi c structure of the organic EL
el enent, winjed a ¢earier fram thetouisidd td makathengurtené flowo- | ayer structure 25 is

sandwi ched by el ectrodes (Reference 3:;. C. W Tang, "Two-|ayer organjc

phot ovol tai ¢ cel Fven s tga"» PRI 1@§JSE@¢@§§F§F%B.%W4@0M cag. reaghy egisvel
(1986) ) o0 A ' er Mol [ | bed
o 1 h oo oRRFEthicUCibPEl nROCT THE borbAE iferialdlih 4%l GRRGE D
electric current that flows at this tinme can be understood as follows: the

carrier generated by the light flows due3to



30 the carrier nobility present in the organic material. 5 In this way,
the organic material, which was considered as having no purpose in the

el ectronics field other than its original purpose as an insulator, can be
made to performcentral functionalities in various el ectronic devices and
phot oel ectroni c devices by skillfully devising the organic sem conductor. 5
Accordingly, research in organic sem conductors has becone robust at

present. Description has been made above regarding.t met hods using the
or gani ¢ serERHR ¢t o SHECHUAAL F ORAR W TR capElt A JEall drnspartinges
organi ¢ matgrkidl beRan& ﬁ%ggﬁielsgyli%dhg@pvl.at or. However, each of these
two nmethods has’a different problem [0 First, in the case where the

accept or and the Idodentadlyeedopachdng otgenicr spamicondentoc eledwertowich iuse rtkase
the carrier_densities, conductivity is actually inmp but the

th oved i

organi ¢ sem(bhd@dt gesqn[bga AP 0 §THANC FARCIHHIBIRESPE Yy (‘}Ef‘é??rit%s hereigpgter,
absor pti on, phor es , get b I [ Qi y - F ,
when a pﬁo_srf)ﬁeg%?s@eﬁ ﬁ'ﬁéﬁﬁ: g% @F ?nre]:é‘@f ct:l’éllr‘ﬁghugé gb{s}@_lsl{ee%ﬂ(%gmg:n%éd rgrfl?t% {el:?c{'a | is
15 doped WidualitiBe ofaGRIPoART St@BRIC mhfeFaLAEhistbeeLtdnit AIEVRBS Sfve Wartidul Sl PPS
emtting light. Therefore, in exchange for obtaining the functionality of
conduct i vi tdemansgatediremavkabloadvangementiomakiant ¢sasshi ch t he organic materi al

ossesses are sagrificed, Further, although th IS an advant age, i n at
v & BkhPY o

various conduct i iltei BOst hasie struchire af {he, OTgeRIG JEL- rleraentoBias ge ‘t he
acceptor or e OF 2 c r an ed
to increas éI‘ a%lgé eggd?'r ;i%rl,@%?{"ﬁli %@%ﬁr@?:ﬁ%ul%t Wgh@ggszﬁg\? ) y&b‘é{[aglg’lﬂﬁg, gg?%#‘g?
densi ty 1equistatotmhinescentndiodes 'or Applich Physicgandtergovpbuiiy Noatl2, s913-915

equi valent to a netal \ﬁfiﬁ?- g., nitride titan or other such inorganic conpound
conduct or ) .(1987)t hdhe wdsraent peried BsBeterencs Z israitipei ofjdigde plenjent dy wyhdehy |

ondt . . . ) y
Thus. C?:hte %%cfs#ﬁaﬁ??%iwé\?wb?‘@r 33 AOL AP Mo F TG i REMBPRAAREY °
SELC (her el A b 4 o b
t o the organidcasestectomdtrahsportihg eonghyisi camppuoheand dbe tdlamehhases gartight

sem conductor, originally ﬁad are not | ost. 30 representative exanpl e of
such i s lhos@ibingematpEal (Haorsperahi materia) atdhe  clpgirammirapsporting trompagnd.

em ssion fr . i;a}: . (0 phar I i

i1 zed edohibfi PEMERAEhe WA CliehCimRIRARI G IISRORA bt

battery al egitttdd dig@s. t he functionality of Light absorption by the organic

sem conduct or. wever, as can be understood by |ooking at Fornula 1, since
the SCLC i s 5 i nUdedight-emissiontneshanism & eonsidred powerk @s folewshi dhakiss d,

the SCLC can only. be. made to flow through a.structure nsi stin f

el ect rpdes%é'a _ lgﬁé Ct% ?tﬂg‘f o é}fﬁ)"r PLREaLc g‘r‘“ @fnr% Wdﬁﬁfﬁy ?}i’el ﬁ%?&ﬂg?sé the
speci fi 6@l Ihyle kY tHeHbctBn ffEt&E RBfAthe et Ries ARDIchbiid PEHRMRKE organic
materials, the structure nmust be an ultra thin filmof approximtely 100 nm
to 200 nm 1Kinl filmstot fore dmoersited, nidbetuldherdopficngref¢recd o vas- acmoloowdr
ultra thin fi]mstructure, a_si(?ni ficant (ﬁm)tfnt of SCLC can .bet{ made to fl ow
at | ow vol €¥géon"onand kightds epitied when thys moleqlargxcitan reRsodts hase skite

di scussed in Ref I .. ' i

or gani o thin i1 el i HEFANH exRoRCRRHRA iR bR IEESRpBnd L

t hi ckness @ficlag@raoxinghitedtitk@0sta® dd Howspler exditeel Stacd, dridlathe besd biatkiess d
must be made extrenely thin actually beconmes the biggest problemwhen the
SCLC i s2bmaermally lthawsinglet state.i nlhéreforeemitted Hight fionpihe singlet expitedissate is

pi nhol es and, ot her sych defect.s to vel o ] hort, clEGUI LS. r
such probl drkeris éarastff}g)rﬁgephéglg: a ‘gﬁ‘é‘? ‘HBRE?dglb%Eim{ntt“%hl@fz{e?)ﬁfn%%tﬁg '}§

det eri oral orefidht (ks phBbpIRRLYCHP fipht, NeTREGRRNLSSH i thANGIdEifHatioRCod Vg
film 20 decfl ne, but also the manutracturing process itself is restricted
because t heafdsl oficonstibiitonato thé emittechlightffrémmboFuof therexcitbéstatdse SCLC i s used

as the electric current, the physical properties that the organic, . ..

seni conduct or it $efie ease i ihg P%aﬁ&gééﬁe‘ﬁr‘@sﬁé@eq %éot",e PrEpur dhindilm,
advantage i.n th [ u e i f] can. . u ey

deteri oggt il%ﬁmg?'%{l%:{of@?ﬁ(a:t{soagﬂq @%f hé‘ﬁgg or g‘a{g?%egég% %tg(ﬂréuct or ?? 0 fih.
accel erated by making the SCLC fl ow. For exanple, |ooking at the organic EL
el ement as an exanple, it is known that #he lifetinme of the element (i.e.,
the half-life of the brightness level of the emtted light) deteriorates
al nost in inverse proportion to its original brightness, or, in other
words, to the amount of electrical current that is 30 nade to flow
(Reference 4: Yoshi haru SATO, "The Japan Society of Applied 7 Physics /
Organi ¢ Mol ecul ar El ectroni cs and Bioel ectronics”, vol. 11, No. 1 (2000),



86-99). As described above, in the device where the acceptor or the donor
is doped to produce conductivity, functionalities other than the
conductivity are lost. 5 Further, in the device where the SCLCis used to
produce the conductivity, the flow ng of nmassive anmounts of an el ectrical
current through the ultra thin filmbeconmes a cause of probl ens regarding
the elenent's reliability and the like. Incidentally, in photoel ectronic
devi ces usi ¥ [ IT] rs, as organi c EL el.ements.and
or gani ¢ sol arphii LAY Seafit EOAURLE" S« SElufiPolt ARy dus TR i

ef fici ency.emiified FFERNIE obkarft SR NInWitéif D@ BCMS R8LH &5 ARRheXBAPL Giohl he
light emtting nechani smof the organic EL elenent is that the |nj§cted
hol e and elused im@a cavenbomdg hquid apdhl displey. t dhbefaonter bedninEd ticglent
Therefore, .theoretically, it. i ossible to e'tracé at, nost one photon from
the recomblia SFrabaakiags s Baki bren 15 BPEHIACHHCI dAcbs Exiremiy g and
possi bl et ¢ ﬁﬁk&%ﬁ{ a plurality of photons. That is, the internal quantum
ef ficiency gt e funber of emitted photons with respect injected carriers)
shoul d be at nosFuithetidweherthin filmeladviig a thickngsdof faboud 100 @o ROONGML Fer
internal quantumefficiency close to 1. For exanple, +n the case of the
organi ¢ ELcstapintthedime frore woen (thecagiwnts wircéed 4 when Hie recgmbisatian | ng

body, the statistical rat% ofvggﬂerati?n for thg sigglq%ﬁexthed %}ﬁEe
(5*) and t RECYT;T8| APraXmAtEl sparal (8% Of; nDsgeondsy glYepoMpecadrier mability .
(Ref erenceeppibiel %thé-%Egaﬂi{E thin TR PIVenGihddhediife ?&iﬁ'ix'éﬁrbrf‘for%é’ Pﬁic‘éé‘s of
Organi ¢ Mol ecul ar El ectronics and Bi oel ectronics, The Japan Society of

Appl i ediPh¥erine shie rquontindtik90af dhe Chnaerctoothe emiksgon loddhelightlit isi lesg thah drhe

i nt | 25 t ffici is, 0,..2S. Furth , | t he,

{1 uor escenPrapiAt By IcePads Pefare Koo NEbbormieint s o, ane Sheracigrastic e
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years, attel ave been nade use phosphorescent tefials to use the

| i ght enission fBepaiishfithé Bb@ic-paiibesdl propteick @f Biinnesstdhd light@eMingyant um
30 efficiency's theoretical limt close to 0.75 to 1, and the efficiency
actual | y 8the guickaesponge tims, and th¢ libecihe engameddr ¢lamenhiss tsceiving hitentm
However ., in order to achi this,.it i§ necessary to.use.a ph har escent
mater { al® ubt A EhiEgRoRnOR oSt b larfle BRRET irhercy oy s RRARERRSE F he
range of Sgh@Gis! MRiblOrarkdtCisMBoad, A4 visibiiPRYO k@i ely 't drfel fRds chbRiete
because organi c conpounds that can 5 emt” phosphorescent |ight at room

t enper at ur effactévecad arecteinent aseel. in ldispdahsoreemsrafportiablendeateescoul d be
structured for inproving the electrical current efficiency (the brightness
| evel generated Farthen i jaddition tondierganicblaclementonn preanie salas hataie 1L

el ement, thi . gr i t] | i .

ot 1 of ency fAnPEHeRef Ryl OF 4 drbllic stmiciRaBLEF ol e Bltbmic, ¢
a 10 sn@ | plat@i8liel, cl ofdaniceBémicoRavQbHetdpabRl HE Grahéforah® Cafriéral laeuntiyent
can be reduced for achieving a certain brightness level, the deterioration
caused by whichmsdeisey havingrit ceptairedlegree ptedrrigumobilitynade to flow to the
ultra thin filmas descrjbed ahove,can be reduced. The inverse structure of
the organic EL efrbr?g?ﬁt’, tbﬁwioéﬁa‘}‘g Sto(]Jarsﬁg/‘Pfir_Hemi P Bhit PPPQRIG SEUCHITG et0s s
such as | NofddiiORBMLmeRR! A, (B Yruddrel 88hhiIE! BNhe FhoR SR truchre of
descri bed abbove, 1n the organic solar battery using the conventi onal

or gani ¢ sethecangdnict BL. eldéthentevdete theadrganicrtkit fibhodavingt the |tow-laket steuatliter a

thin filmis not used. Therefore, electromtiyve force is not produced,
ei t her . 25oifevandwighed breclgriredest kReferencs Bs Gdopt ekinga Piverlasier aPigaBic i n

that the Ij r ptisor, eff i, Gl ' 0§ 12Qa( ing €. €1 dd nngt be
conpl et el yp g%é(‘)'r_@%g)&tﬂrhil}g%ﬂ)lre Sg}lb@%&%ésh?zt(t)eﬁg’i {(;joelf 88’ ;N 0 ’_t)2é ]{t{%elslb’%ggéess il'r egson
for the poghotetlecicasyent!ginkiatd bptadsivg: fight@UebsditedUntd e, orghitic thin

el ectroni c device using the organic sem conductor has a shortcom ng in that

when the nfibpiiyesed tecobtrivadn cactremotiveforaele The eleotric eureend ehatdbows ati this ng
t he physical properties that a uni que to.the 25 organi c.npterial ., the
ol i Bby 1 ey B adeslan wolallth 4N ciicr Safiaud (MG LEBL NS due B
Fur t her gppr -1 | | ic device, the efficiency of
t he dev?geﬁFéﬂggéﬂ&M#ﬁggénggggﬁgﬁgagggﬁég@kﬁggan be said to arise fromthe
"ultra thin film structure of the conventional organic sem conductor

el ement. 30 SUMVARY OF THE I NVENTION 9 5 Therefore, an object of the
present invention is to introduce a new concept to the structure of the
conventional organic sem conductor elenent, to provide an organic

sem conductor elenment with not only greater reliability but also higher
yield, without using the conventional ultra thin film Another object of

t he present



5 invention is to inprove the efficiency of the photoel ectronic device
using the organic sem conductor. The inventor of the present invention, as
a result of repeated intense studies, has devi sed neans capabl e of

achi eving the above-nenti oned object by comnbi ning an organi c sem conduct or
that is doped with an acceptor or a donor to nake it 1o conductive, and an
organi ¢ sem conductor in which an SCLC is used to achieve the conductivity.

The nobst basic strugture thﬁreof is showmn in FIG |. FIG 1 shows an

organi ¢ seni condJBt &S YBheAt WEARE TRETEY Ahidy guasi sortidered yase hpvinghnen,
bet ween an an : - . [ ' an

or gani ¢t g B S HblRE Tield DRCE WG SRR B St AVRELER T bt 15
layer” in trheder @s grirfapecidntiaat farliohalitigsedhi ziafiguy agleewsnicunielicegakhdi es
by flowing an SCLC, and a conductive thin filmlayer in a floating state in
whi ch a darfhotesderitaniei dyvicss abli shkdfuby disyisteg t He aeigepicor sesnicdndontor. or
by anot her thod. ., What is .inportant her is,that the conductive thin film
Payer shoulAisEa sk oeatedtERams remign Gt Bdiaf Peedme rP P AEPIEST or gani c
thin filmlayer @dckipiisn &8s B@e??maﬁ@%bﬁ?@?ég%diﬁg tidl MetholTusMBhe lotganic
particularly referred to as an "ohmc conddctive thin filmlayer™). In

ot her wor dsemidxatductiri @nmeaes foe flowieg abeddedtiiv ecurtenn tbithen drgyeic mattriahe
functional organic thin film]ayer should be elimnpated or extrenely

mi ni ni zed. WiHgh dgogsseniplihanamsulatary r Hlowgver ershesf dheseetvee tpetheds diasedsi |y
i njected ?%%Hl%ﬁtgﬁﬁﬂ&ﬁhe.Oh"?c conductive thin filmlayers into each of
the functidnal or ani ¢ thin filmlayers. For exanple, a conceptual diagram
of an ehement shqut,iif tihd Gaselwhérehe adcdpforSat@vthe idonbt &% dopdandhe Brgdnic
FIGs. 2A and 2B, when an electrical voltage is applied between the anode
and the catshadeondacwst fonigcease ethsi cgrrienj eenseldess r e gondyciivityhns cactually

conductive.thin fibn1I%yer into a.first fu cﬁi nal .organic thin fil m.30

Layer . and PREOYRG BE 49 omeaniq semicondielgr AREH, e 115, <YM gttwsital soRetiEy e

thin film it j ‘ hi N fi When

Uened {1 ogght ABEbUOR! PadipRSRRBthck BEL Hch & GABIGUY Y, TEED CRUfble,

cat hode, aRghean aerﬁﬁéﬁlmmsﬁweﬁglftr emitting sajohpgatd @P@em tpotyiaBodRatefhiGis 2A) .
e

However, it can al so be understood that both the electron and the hole flow
f r om t hé5 olaped ddHuthetacgeptordanay, {ts Icandusivitypaeteasesirtdt siops 6ppbibng kght.

di rections{Fl 2B) . re (4! funact honal. organj.c..thin film
layer to ndverdoritishianss Mo hPime BEduRHGI ENI Pk olrd, dper

i nj ected i RhfAofSfihctidnNitiANAhich tBEBIganichbtctial Podsayes afrduchigiceade to flow
as the SCLC. That is, in each functional organic thin filmlayer, a

functional ity (sbotthes althgigh there isi amadantage ihithad)vadieons endi@iviitiencanhiae
i nher ent phggjcaékty of the gr ani c natefial can be realized. Mboreoyer,
2 b ¢

when the bashieved pyadistingr daping AROURE Of HFARCFRIAT 08 thiflenqrgno mpasies

structu %ﬂ@ b h a o i S i gh:d si@xt.repel y
useful.ﬁfn othegcﬁﬁgﬁé%ﬁgsgﬁﬁg ?ﬁ%gsﬁﬁfﬁﬁeﬁgﬁﬁégﬁ??o%%fwglgng%?h§?%hmg?ch a
functional congamig dthain ki tanrieaydnsi93equivalandud chetiehatt sve@i an Ciabhaéc 301
and a 15 anode 302), a given electrical voltage Vis applied to the film

t hi ckness @OEGOHRE thayisfguiyalenirfosd matali (8., BliFdeAtaniepther Bichjnprmagic 34) |
Here, in the cas f th resent, invention (Fl G i t.h.the .alternatively
i nat ed. fomeanas Sprdfiind: R anes M ot iy padbe Lt SehFRaRN,
having fil aiffichkeeesHads adthorgamic ﬁiatmm:o@fceFf fRhsevE aNSISAPIVE UDha, kid M

| ayers 304, where it was only possible to flow the SCLC into 20 the

t hi ckne®s dn{ywhérotinings ad@mtage tsothadthenrganica materoal vie rexitrsaedly av erkablkehand
present invention appears equivalent to flowng an SCLC having the current
density J Pﬁa%Pfiln1thickness nd just as in the case shown in FIG 3A 1In
ot her words, thergf i ' tRi Sk Syl i pl-e i he
conventi onal artoglet?:lg&g%érﬁlghﬁ’a @% ¢ %%V#gghtheﬁlé(géﬁ?r&ﬁlgg%?@,@tl %l'ugfé_c
suddenl y shqp@tddlestiogudent)ne rhademot fibwkoahs oZgarie semimndactyr,t the ghysichl
course, this sinply nmeans only that an electrical voltage nV is required)
However, t Reopsrées rtbai dheleorgapic wemigondvstasr gaiginallye tiadomatichr ledn edsily

overco the problemin that by utilizi the organic. erial's.] ent
physi ca 0 pF%%?‘lPaékv,e Wé‘ﬁ’q% Ofré\g/%]? {;eno%(ﬂﬂ?r t('.i‘?n gill eg{gﬁPngE Ce&c;np%x}ltt 1 ghhﬁgf[ahde to
flow, there is a 30 negative effect on the reliability and the yield of the
devi ce. 6



11  Thus, by providing the organic structure with the alternately

| am nated functional organic thin filmlayer and conductive thin film

| ayer, the organic sem conductor elenment can make the SCLC flow in greater
filmthi ckness than in the conventional art. This concept did not exist
until now. This concept can 5 obviously be applied in organic EL el enents
where the SCLCis nade to flow to achieve |ight em ssion and in organic

solar batteriegs which utilize a photoelectric. rent and are said.tg have
the opposi tt‘éeﬁé% la rfl?ﬁﬁ%&‘ ltrtoFune t]_?)er ggfﬁf%“ﬁﬂ r@l“tﬂ@ﬁt@f Fq‘r?égllﬁfﬁ%c@ﬂf RYFIAVSS be
appl i ed broggiddteeAtWREn HeIABESIcSIMHONINGHO o SloTENtRe ofARIEiRhLhattery
according to the present invention, there is provided an organic |0

seni conductaso elikmsrthe fompiongey affligt absgatioe bgtthaiotgane fearineaddayor.
sequentially lam nating an n nunber of functjonal organic thin filmlayers
(where n is an i NQYEYTefEH" Q"o”B ergtogd by [opiing d2)1:0 Oé%ﬁ‘é‘l it 3iAgE Hre SCHG st

t hr ough @n--llglfg,ug?y%bg ¢ [ 1 o T a T 0 1 (R Y-V t d a
cat hode, chlg\r/{éslc(tj r zgd P%Jat %@@aﬁcﬁdﬁk&‘? vtgbttﬁ#nﬁﬁsﬁtpg%}:rﬁ?ﬁgg%?‘%g i ng
state i s wirhadwito efioepthromgl ar srdcthst worsisttnd -of helé&trddoscsdnaivdthat gartatht hi n
filmlayer (where k is an integer of 1 s ks (n-- 1)) and a (k + 1 )th
functional WElgaes ef exiremely tin ijas. Maresaeeifisplly.Ha ledv @idhe genenal gamriar m

| ayers ohm cally contacts with each of the functional or ic, thin fil

| ayer. In trﬂfaﬁ%‘lhi%s {‘ Oe{ga?lﬁe"}%‘?{bﬁ%t it€ee S&Wichur? i F}’Hsfan?f:era,“ gﬁ{}f‘sﬂﬂpeﬁgpal?&ne to
use an or gagg,ipgo,ggﬁp@rqgoinﬁg@@@b%'usi ng a metal or a conductive inorganic
conpound. 20 Particularly 1n the case of the photoel ectronic device which
requi r ed0t r anspademcyruej howsvar ehariapladopting siee abevesmgationed attpo tinid. film
Therefore, according to . the presenf invention, there is Provi dﬁd an qQrganic

semi conductS$CEIene BN S aboanpt sy gahbe made e difve at ipwalpge.  One
sequenti al 'rXaéoﬂ%p tt'h@%gg&ni@ W&he ! ch'ﬂnz?st hf%”ﬁxhe QLR8Neh ihthfefréAc{B % weL e

(where n is an integer equar to or greater than consisting o irst
t hrough an sicéddsfulinist bedhake othgafhickrickd roff itk Norzayier thifetiMeen assigheresand a
cat hode, characterized in that: a conductive thin filmlayer ina floating
st at e whi chinifieeinlyelraghimfilyahavingenthockmdss of agiprosiatatedy dptnnen f or med
between _a k-th fypctiona rgapic. thin filmlayer ere ki n integer of
o o U | e e TR it Miiisad mRYe a0 s e By STy
each 30 of j ' [ e ' RN aCkiSgWM e of
the functi g%g@n%@géjgl}g&\aéﬁtl éllytb%ﬂ;l] ‘#"?%‘{mﬁ?éa%{“@ﬁ Iglgaé |¥% or de?ﬁl? %y\%%nthteag?@t he
conduct i ve ninfithinf filos) itay easyiféhpinheldsuaet oealsuch dafeces tohdewvdlop,nadylasrt
ohmcally or in a substantially equival ent manner, as described above, it

i s i nport asirces aad Athemsuchepioblams RRFWHdtenEO HISHBILEAUSIAG # SPACEDS thatyield er
is formed r iC 0 el .a I 0 i .aceept or
or the donglfrlaf)I aﬁtec?lg?dgge_, nggfggrr épﬁgﬁﬂgd{)%etﬂﬁr éeﬁgél_ﬁ%n%?zﬂvsg%g g{(l)ﬂnpptt#;r?helﬂﬁgﬁ)
provi dedo anieli gk Hut afkenthe AHFA@GrifE PrEIREs RYIPIS Reicedd Betafsd Rl filnd hiuset ur e
formed by sequentially lamnating an n nunber of functional organic thin
filmlayer de(@nhdire thinifdman i nteger to equal to or greater than 2)

consisting of a first through ag-n-th fungtional organic thin filmlayers
bet ween an anodefFjélFFg‘e'é %’h?%o‘g&ggﬂ‘gﬁ é%t‘@?ﬁz%l tﬁ‘h e?‘?fgf‘.c ‘él“&"dﬁdﬁ@ i%si‘%‘/}ian
filmlayer ; [ ; I ' Uglese i j

W t hout ex e{)tf?g% ?gaﬁt rrtgg (gg?ﬁv%ges\r%mé éhdtu%ﬁ%‘runct I gﬂ%ﬁ{ag?gg‘%is%%tgﬁﬁgﬁo? %OTtéyer
(where k i andnhémtiegendeodntdgesinkthat various ¥phctiordhlitie§ kan-bd ptdducadct Howadver,

organic thin filmlayer: and each 15 of the conductive thin filmlayers
cont ai n5 adetesigsationh of dhe funetionality of the cigaRIA eTHEPNduetPIoISgasRelerals AR I

Al so, accordj r Nt -] AN, i J: i
250 pascon it L SR CUERFI RN KEORORY od IFE By e BEARIC T, ShofyAaN b
sequent i al leyampld, @tis Nehowh hatUiieelifedimd WAChE QlédneRt @icd)l ¢hd Mialt-life! Of lthyer s
(where n is an integer 20 equal to or greater than 2) consisting of a first
t hr ough an bnightnessibevel oh#ie emigtedi leghth detefiorated alymrss i snveesenprapotnodt® Whd a

t hode, ch iZzed in that: ti thin fi I [ | pat i
ctat e whi GRTEHEY U S0P hEHEBIndO] Sod T NEepEr bRl &
bet ween - ' I. C I [ y\ﬂﬁg,e i j r of
1 s k sg?nlﬁ}a&% §djgﬁ)é*’ ;(l%ke@ﬁ%"? h ?’ﬁé‘ﬁrg%@r@ggﬁﬂeg t |nS¢5 ?1:e§; I%gy}ép?ﬁ%ﬁd

each 25 of the conductive thin filmlayers contains both of an acceptor and
a donor for the organic conpound. Note that, when the conductive thin film
| ayer is doped with the acceptor or the donor, the organic conpound used in
the functional organic thin filmlayer and the organi c conpound used in the
conductive thin filmlayer are connected with the 30 same thing (i.e., the
organi ¢ conmpound used in the functional organic thin filmlayer 13 is

included into the conductive thin filmlayer, and the conductive thin film

e o " o, v



be structured by lamnating a first |ayer fornmed by adding an acceptor to

t he organi c conpound, and a second |ayer forned by adding a donor to an
organi ¢ conpound that is the same as the organi c conpound; and the first

| ayer be positioned closer to a cathode side than the second layer. |10

Al so, in such a case, it is preferable that the organic conpound used in
the functional organic thin filmlayer and the organic conpound used in the

conductve AL QAR BloRAAGCRRERL S MR AT S, A0 o)

conductive ggqpgy.filmlayer, it is also preferable that: the conductive thin
film15 | ayer be structured by lamnating a first |ayer forned by adding an
acceptor to a fi rAs descgdai @boverpouhe devied vehese tenatceptpe or ftloe dedorbip dagdiing a
donor to a secon organi C .conpgund.tha?.t. IS cflih;tgyent fromthe.first organic
conpound; dRd PFHEICE; FeRAYCRysly Jangiiialiisheoiher J8ar s SOBMHYY drtielophan

t he secoRd o | i {e 1 SAPY € : iC
conpoundlausﬁe‘gnﬁrf %’ﬁdéﬁéz)ge¥‘3%§‘id|ﬁ%ﬁgﬁh%§$§%§ E:S gtl idn{of Prdr%% Igg?/}el% Qg’tﬁ‘gt‘?ﬁ"e‘?’é?‘ggm C
compound udhslving dhendssivet athayets dfear adeedtadewmrdh thheughatte thianchinAliBe, it
is preferable that the organic conpound used-in the functional organic thin
filmlayer bgsamena carsmal Brodismoiesarding the slempet'sidighidity ape theplike onnect ed

e e L gedRy L BFRLKGBbnk D RSN e BEARY SorhtRafsoR
conbi ni ng rRMERRAS bAfan®s BRAIIEMERBRAHMISarY sbiafbairidgiterd Rl ftsd 4 BRSS!V Y

| ayer and an el ectron transporting layer, for exanple. The el enent
structurle degmci beeffwioneg. i s extrenely useful anbng organi ¢ sem conduct or

el enents particularly becayse in the otoel.ectronics field jt can 30

i ncrease |ight erﬁ@s%ﬁ?n& ﬁﬁi%‘ﬁ&?ﬂtaﬁgﬂl beywliscapies A% jan cXapp -enﬁ}ﬁ ?i‘glli‘&t
is, by 14 i ' i: [ i: '

organi c cor?pngihtgl ﬁ%g%ﬁgirﬁrlgltpgﬂfédaﬁfﬁgnﬁ é@?‘gﬂnlgtgfglﬁft %\E/hijlr‘]gu? %éﬁerezfﬁéac‘%lrg?{(rzgﬁ
current, thecsihbiagiwiticead 6iento Bé tonyur@ld in® lighi | Mhyretogt, dadetdallycitgacy

can be created. Further, by structuring the functional organic thin film
| ayer wit h possibler @eetract shposhanevphetendeomrihe eecaanbinatigrot oat dote ard oue r ent

(i.e., generates the .el.ectronotive force) by absorbin i ght, e organic
Soi ar " babt ISP R i Pl PAETASTDE Thaxeter ENEPLveRepredAshe Tkt 46 ©
Therefor e, iRl AR i | HIEREP OGSO YR AGORE AP fesbect fifeegani ¢
sem conduct or elenent I n which the functional organic thin fifmlayer
descri bed ahoveshdwuldibe at most Lr e capabl e of realizing the organic EL

el ement functionality 1o, and _the orgapic solar battery functionaljty. Note
that, particul ar HPWeYernd waljihilt! lfc.lwémlb,rmgrﬂal@ HBteEnd upRBme effigiency
functi onal apl G t hia, fi y i t yr.e j e.ipi . iC
conpound, tcﬁ(;esgblmpgll'arl:grr Sghfﬂgh%oﬁn{)é{ﬁdﬁ%ﬁ Le{ffeﬁ{gbﬂ)rlé'%n#&%%egpfg@m %‘%?@%m ar
conpoungo hdltorescentmaijaligatiee E?Ett @ffittifg bbig rthe kaatistited ravo & gehs@tibhifer fil m
| ayer as well, it 15 is desirable to use a method in which the hi gh

nol ecul ar d¢lerpinglt dxgited gtate (S¥rang theatriplel excited Yateddd) dngonsidetegytorbe s

doped wi th theacceptgr, o the do t Ond e,the dark. gongductivity.

A ornati va'y: Thor itha GRERIERes v teken Ty R Plysherindsk dr RO bingl at ¢
use a condysitisysh bf ORgdiit RF8EATIaCRRRRVAR s Whil BibQ18cRGfi8N e Bban@'@@@fet;ﬁgﬂed
thereto. 20 Further, Tn the organic EL elenent, in the case where, f'or
exanpl e, t AppiedePhyscssppr 3ingM93y)er Thedefood, the Hb¢weticanspdr of thy meemal al |
and the electron transporti n:%l a%(er made of an el Ect@on transporti ng,

mat eri aP® QUANUERFHIRIERFYHS Osdt- uckuithermree.fas dens ankic yeasteat auamum Vigld ayer
by conbi ni | L C:GO St n jye k i I r
shoul d al sgg)ongqﬁrg euogésslc(rglépgl%ffneagslg% %ﬁgﬂb%hez@?%rﬁgl ﬁ%ﬁgh%ﬁr %Frg%?)églrc B’i Vrk{gl r(rig(%/ erial
and the el egéf WwdrtBasPPsting material, and the |layers should be doped with
t he acceptor and donor to increase the dark conductivity. Alternatively, it
i s al so possi bl eln teagpeyenss ratiempthbhee beeanspds to usg phesphorgsceanmateréals to

el ectron transport | materi.al . In nore specific terns, this refers to a
met hod |- WAt G ehb ABTERIGhERTE AeiTet eRate) i, Brbin e ey hankf o
used ingf h%fﬁﬁe{xéé’*&tﬂh@&%lticﬁ’lr 98RE Cclbbd Ntof 078 1:8Y & -and@Neth AN fAERASY CdrnRed

| ayer of the ho 15

8



transporting material used in the functional organic thin filmlayer, are

| am nat ed upon each other in a structure used as the conductive thin film

| ayer. The structure of the functional organic thin filmlayer when used in
the organic solar battery is the same as when used in the organic EL
element. That is, 5 in the organic solar battery, in the case where the
functional organic thin filmlayer is structured with the bipolar organic
conmpound, the bipoal ar.organi c compound preferably.ingludes a high | ecul ar
compound” haUr - Pikettar S ARTEEERCHRRR TS FRarichicyBa, nEbuiancth o8kt i
filmlayer agide! khisi tit 115 Hesisiah! & LRcuge pRodprbRAdeAM miEGh Whgh N dlon
nol ecul ar conpound having the ~c-conjugate systemis used and the to fgayer
i s doped wiphospherescnepuantuon cthaeoongy. t hémporoy thet trgd arfksedaniductorvthe y .
Al ternatively, ,fﬁr_ t he c,a%ﬂuctiv.e %Qi filmlayer, it is also possible to
use the corfBYEHAlLE HNYHPIARPIECIGREIC! RdS RCEHISEHYBARIEHRBPOWIISBAbcatdded
thereto. -Furt.: i [ i I o se where, for
exanpl e, ’t hérerﬁl:tqgrﬁgsrdh%é%éegg% léfqﬁglt ﬁ%(ﬁlg t%%%?%gg?%neét@%ﬁ% , and the | ayer
made of the el ectlhaithddwor@)Speiidand Tokt 8¢ istductidé® foaimprivett tife sldcttedalllr €
the functional organic thin filmlayer by conbining rmnol}])ol ar organic
conmpounds, CuigntenduendyWehe biighthessnevelyasnerieslingelation thdheralgstrical agrrent)

| east one of. the hol e ansporti mat eri,al and the electro ransporting
mmterial . Mo MereEane LSRGty [is SuplH G antine MRaptly Hniicsromaa)

i ncrease t é}ggg,c M t 8t ieVel ¥ biishdl % ' i3 Mse
20 both thg%ﬁ%ﬁ{eggfgcgns ol%tlwﬁé(yvn@ad‘?dgr%?g? ar?g t%e é%et(kzltésrsgér@t r"gﬁ‘i’?é‘?%‘?ﬁ‘gﬁ‘y

mat eri alio Ismatier elepécdl fdugrener nEontdrsdy,r sher thet dearioslt duaderitrcanthectedubed
donor-doped | ayer of the electron transporting material used in the |
functi onal fer gghic¥ingna reertatnbrightiess diglt He didedpiabipn qiysed byye BRstive

hol e trans i J.al .yt i [ ic thin ti er
e 1 am natBipues RN, iR BT F thE R O Mrrad Bhiorbby RS
thin filmlayee refite@. that, if the carrier can be injected into all the
conductive thin filmlayers (ohm c conductive thin filmlayers) described
above, then it i heoinveescestsuctyre of rthduergasiceEL ckwiat,amdech ris aoysaf thhrem

Accordingly, a conductivity rate of 10-10 S/ 0 reater j.s.sufficient. 30
1G ' BRIEF PhetefaqiTs eRNYSISopEUEkAY qr&avtlﬁg%gr:@%t ¥riyilpgfligicnhahpese g 1

shows a basy u f. ook 1V, O

concepts of s ASEHEUCARND, ih Ve MERER ol GIrPsile B coyAitnaPoratit
by the presemicdnivetdr; te;clédifsal cifreandocEndtl flasgtif ediceultraahinyfilnefid not used.

i nprovenent_in electrical current efficiency; FIG 5 shows theory behind

i npr ovementIlicieforre dedrametive ferge e mot produsedneiiher o Howsser,ewhem dhg pligepi ct
conventi ongl. ofganj | e - HG .7 . i .

accordi ng ?lil)m%%?bgr g%@r}?&l anggorrg):h?%r?;m% €} ﬂ%bg#(s)h a‘%%@" i%ﬂhecgég% I gtpgf) T an
or gani cofL (Eé.,eﬂwti%ﬁtcéﬁfr@'t B8 dotnglBR1PaBRPdd)] NTRIN pRIbler!iGcoflsidBRdStodbe
specific exanple of an organic EL el’'enent according to the 15 present

i nvent i on; tembrgdsGreason $tiothe paos pimidricy. exanpl e of an organi c EL el ement
according to the_presenf .invention. DETAILE SCRI PT| ON OF THE, PREFERRED
EMBODI MENTS 20 ok EREP! e ogegoing éeﬁcemraﬁg? ngtrpgwp%qyécwlﬁg# S pEEANIS o
embodi ment §eﬁi%)tn|aﬁcl%rr%n£ shBM?&H%n YSdNFhED tRE Ffls R eEL1eBirRAB RurRRE 1 @D
organi c solar battery as exanples. te that, wth respect to the organic
EL el ement mdde tr flew i aaddviey atiliziglat thenpissican progeriies shuft fareiumidqud to alie

| east one of an anode and a cathode is made transparent, However, in
accor dafee ogamic fteridndedichebilityvirrd yickbEom Hiei dsyigesis influenced unfavorably.

Furthermore, particularly in the photoelectronic device, the efficiency of the device
is poor. These problems basically can be said to arise from the "ultra thin film"

structure of the conventional organic semiconductor element.

30 SUMMARY OF THE INVENTION




25 made of an elenent structure in which a transparent anode is forned on a
substrate to achieve the light fromthe anode side. In actuality, the
present invention nay be applied in a structure in which the cathode is
formed onto the substrate to achieve the |ight fromthe cathode side, and
in a structure in which the light is achieved froman opposite side from
the substrate, and in a structure in which the l[ight is 30 achieved from

both the el ectrogﬁs En bot h si?e 1.1 n the .organic. sol.a gattery as 17
wel |, in order tONREEYCt A OBKE 8?9?%8@8‘?'_@ ‘PY%ﬂi",ﬂ 1349_‘8{58 LG B Pt
el ement may, KR SRRl NERAEGNentibhdl Yrgakil s%Hﬁc&{cﬁ@erCelFrbeﬁ'J, qgﬁﬁg}/ildﬁsarﬁeans

for overcomng the poor reliability deriving fromthe ultra’t m and
al so for i opuew segnichediprtopdemiconwath Mot bnyhgreeter tdlaility bueladdol lghéoyithi

el ectrical current (i.e., the electrical. current efficiency), in order to
achi eve a %Pk ugig e sepveitignal Wik thingdhne pAnathenehiechyyf Bie pEasaRict ed
serially, pl e. . Thi R . | aj .showna_in.. Fl 4A,
assume aBn @%gﬁégm&%el‘%ﬁgoﬁvte , eﬁu%ﬁ:&cﬁf gggl@?)h(gevlv%d@r'?a&ﬁ 1G5 S3ing; &%‘ﬁ

vol t age lefgauﬁga@nﬁagm@@@ﬂi c current with an el ec_tri c 10 density J1 to
flow and light is emtted by a |ight energy per unit surface area L1 (i.e.,
phot ons havi ng c€he iventorednbe preseririavetion es amesulteef repeated senseggiudiener gy
i s equivalent .tao the product of .that .en nmul ti pl.i ed, by, t nunher. of
photansy - B deised TieBhs GaipNp! artibuREb ShiterinePhipied Sbisel By Gophingyn
em ssi on eel ik RnfiESRRclor! Mat ¢ dBhEFWillF ah KREPGY dro) Hohbl 68/ mARMEY )
that was given;, and It means the sane thing as an "energy conversion
rate") ics gonductive, dveard ofdagiv segnitondadier infwhichlada SCECds used td fdhlieve iie)

Next, a case wll _ be considered in which an organic EL el enent D2 that is
exact |y eqeAndiickimityt oThemoast basie stregtuss| thessat isphopa iadflfedt ed to the organic

EL 20 el ement D1 rj See Fl. t I nt
connacts the tuot Brehahvds BEGaahiEsciibondi®idi Sifikn PomBAGE br PR Slaaihe o
as a whol esthictére: iif! WARA! Hedberhaii Rfodd @andlt hUEAHbEe,C Bttt Shrendlt&naielgnd D2

connected to each other) are applied with a voltage V2 (_ 2V1) that isS
doubl e t helamihatadent organigathina fidi lager (refened taas arhsmctienalcergbhicahih H2m25

are equj val ent to each other, the voltage.V1l is .applied to Dl and to D2,

S pect iy el R QS SPPATICARI o 14112 e NRHARS UL ionaliies, BY Aigiing
density J I - re S| a g, teedil QAT t | i ght
ener gy Ll,la%m’ gﬁg aI {Cg‘?]‘tﬁlcéﬁ"ép‘g@ ?ET @ﬁpégeagg{&gﬁ%ds tgtltlr:gl% Wr{:fééﬂélae@née‘rrlgt sgas
a whol e Dayondultigity ¥&shi®fedits m%g fhieekcbtot bi SoridrNer by agdthenmiethodhe

following fornmula: 30 Fornmula 4

What is important here, is that the conductive thin film layer should be
connected substantially ohmically to the functional organic thin film layer (in this
20 case, the conductive thin film layer is particularly referred to as an "ohmic
conductive thin film layer"). In other words, obstructions between the conductive
thin film layer and the functional organic thin film layer should be eliminated or

extremely minimized.-
By adopting the above structure, holes and electrons are easily injected each
25 from the ohmic conductive thin film layers into each of the functional organic thin
film layers. For example, a conceptual diagram of an element shown in FIG. 1 as
n = 2 is shown in FIGs. 2A and 2B. In FIGs. 2A and 2B, when an electrical
voltage is applied between the anode and the cathode, electrons are easily injected

from a first ohmic conductive thin film layer into a first functional organic thin film

30 layer, and the holes are easily injected from the first ohmic conductive thin film
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cpe2 = 2L,/(J, ~ 2V~) = L1/(J ~ V,) As can be understood by conparing the
above-nentioned Formula 3 and the above-nentioned Fornmula 4, there is no

di fference between FIG 4A and FIG 4B in terns of the power efficiency,
and the | aw of energy conservation in which V15 and J1 are converted to
LI is being obeyed. However, the current efficiency appears to increase
twofold, i.e., L1/J1 is increased to 2L1/J1. This has a significant neaning
for the or i C: e t I Spoe LneGr [ th ' el epent s
connect ed g rira]ln% aa%%?%’? %%%F@Mgg%‘%c b@ﬁtgglz llggerpr 3%@‘?‘?3@%‘9‘%%%(%8 Hunber
of el ement gxidnadl siBsugt, lanitrle asees et Rihadoitogaidge kiR, ade s &1¥cddn @ 10
fixed level, it becones possible to increase the electrical current

ef fi ci ency maseanfirginntict gatBodw tvepd ther anagen@i &l 13A). weewevatuitbean afsot e
tirel i t i.c EL el t hm cal | ted, it i

et elY COMiAl gl BB Ehebf BN R dof S0TIESY HaoRRlEGhdictls 65 - on

density at fﬁtmflgzﬁﬁjgcﬁ\f%ameld@{,ﬁ?émp&tmgIgﬂétrmpécal vol tage by n tines.

Thi s property ves omthe 15 proportio ti onshi p between the

bri ght ness | evel Heng tyhmakingatach dahctivmat erganttethsn fiyml leye toi limve laethiclgesd ¢ EL
element. O course, even in the case where different organic EL el enents
are connecPbd08armndp| 300 preonsmgHen dhe cpigics IngRied; B eaeimiengdional ofgaaic

he-vol t aghiin b2y e, B8 add B Athe LB E00 COY PP, bR YoddiRhRET 00

case of a g /g;mli@tmﬂgfﬁm tayel, £heittiohality GOOE aplight cHiiggsRBY @he liREP desvéehown
in FIG 5. shown in FIG 5, when the different organic EL el enents D1

and D2 &0 efroonthecdnberestphysi¢alityafithsragatic mptenzlganibe realizddenent s (eit her D1
or DZ) is applied with a higher valtage V ~ .+ V2 than the.necessary, voltage
(ei ther v 1 or VIoreever whed e bsig SHREWES pLlhe RissPliinvaation i AlpticKe dhe

| evel L1 + C i t G Ly i i me,
by confi gu?%gﬁd n,{g?tglric uelli(cg%r%]l Igé"n‘%?egé%g'd%%ﬂg‘qe%ﬁ?t&%#‘? ﬁﬁgﬁﬁﬁ%&%ﬁ%xggﬁé% as

a yel | ow | ugdful. enint biley wbelprksumé thel di thé Xdongemtdonabeelp@ehp (e dkhithen a
white color light emssion will occur. Therefore, this enables a white
col or 30 efinationgl elgapsntin filwniayer 307k iscsandwriches) betwees it cathede P@hepdas

hi gher, _and . he | ity of the el _is hi i
the contBntneiEi D Bk cleeBRabRlBEE s Snted i B A5 WickReR Pgherdd” ' "
el enents sghiadf hy elechifcafRRAERNerRlte G i(ERG. SAY. eBkreSh tfd @B YfitRe praREmY ed

and greater brightness can be obtained with a" smaller electrical current.
Thi s neansinvieation (FIG. 3®swithltke albermatiec]§ lathnatate ssmber of &atational oxganicent

for em ssiqgn of the same |level of bhrightness is ke smal.ler than in fhe
convent i onfin M Eﬁﬁ'fst??@r m‘@,rlyaléa"ll%g'h&stﬁﬁ‘é‘%%‘ii ﬁﬁé ARt BInmbsrof olymic age
can be appld ‘UL ¢ | Y/ i l; nts
oo my bo’ RaSetive % AETHRE DR PRALSE AR PoslBRoNORTHE Se IR
Howeverz20 athedhsckinesed (hiolewas 100 aih €91200 Gl $n eweconventibralcase thdpreseiihe 10

organic EL elenents are sinply connected serially. The problemderives from
t he el ect r BiyeBtiow apperss ywialent 1 flomang ansSGRY aviig theeCusrentsignsisy J detaur e,

which wll .be explained.using HIG 6. ,FlG. WS choss-sectjonal view
of the. or oA FERNEISIHE 51158 u hGhest; s ingdC. A P SBE VRTINS pet
sectional i@ut 6f FG! 3CNBuihgMRNnpdstible ANMNcneliiéhal 48 bédhude H6NARRL C
manner. 15 The basic structure (FIG 6A) of the nornmal organic EL el enent
is how much voltage is applied, the SCLC suddenly stops flowing if the film thickness
25 becomes very thick.
Of course, this simply means only that an electrical voltage nV is required.
However, the electronic devices using the organic semiconductor can easily
overcome the problem in that by utilizing the organic material’s inherent physical

properties, when a massive amount of electrical current is made to flow, there is a

30 negative effect on the reliability and the yield of the device.
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manuf actured by providing a transparent el ectrode 602 onto a substrate 601
(here, the electrode is an anode, and an I TOor the like is generally used
for this), a functional organic thin filmlayer (hereinafter, referred to
as an "organic EL layer”) 604 for performng |ight em ssion by flow ng an
electrical current is then formed 20 and a cat hode 603 is then provided.
Wth this structure, light can be produced fromthe transparent el ectrode

t he anode) 602.,.The cat hode,.603, ray be a cat hode.which nornmally enpl oys
l(aoth a net ;I lic érl];éﬁrt B cerOWIARE AnF ceRIF kS Fshe WH,WhB‘F alieTapiely fiominate

i njecting ] I OaMy t lfhii.C €0N [ ' such
as aluninuﬁ?g?R?ﬁgQ#%%g§.ﬂ%%qvﬁéﬁ ?ﬁbaﬁeéggﬁgaﬁ%aé]gng%?sgﬁgbiﬁg Ph%ﬂﬁé
struct ure desirondedtoaletarsesdr @nciaake the8CEiGrHby Begieatdr iltashiskwess than B G
6B), the structure will include a first. transparent_ el ectrode (cathode)
602a, a fi g conytiomakarty ayldis songeptadidi pak cxigk HBHE nev3a, TS OB6PRF eAthani c
EL | ayer. 6 . . [ a 4 o} 0 603b,
whi cn’ar® PanoySbEle RRPURT B ShchaR R SYR et Bl B RCECRE T, RO RE Ry
emi tted byatkievés ¢ipAn@nfisdoniaad Eh draxsic BOAbARABStwHIEh tutidizeé W phedeledfrRiigh
20 because the first cathode 603a which is nmetal, and thus the |ight

cannot be takem and awf szildo dlavaghe opphsiteemechanism ofethenesrganiepk sil¢rnentso do
such innovations as mxing the light em ssjion fromthe upper and the | ower
organi o Bl 1be SRareE A Alsod aplied DTy 16 GihED Pt RengORBICta RS,

t echni que usi ng r : ; hode
has al so be repo{rr'g1 g%%(?%e? geroéérillcg %%%%%;ep E ﬁg/se gﬁg{iﬁ@@&P&)rﬁg@Eﬁr@%ﬁ&a@%

Khal fi n1o Vsémidéadheter etomerfs. cdtprisedr eStn organietsauefure €onrdd bgesefjaentiaiyani c

sem conduct or_  devi ces", J. Aﬁgl. Phys., 72, 2138-2140 (1998)). By using
this, the lamigatingepddeunbesoicanctenstaiganie SHs flmelayersivdicss prig anjintegeiconmes
possible to tqg bring out the,light. emtted.framithe_secgnd or.ganic EL.| ayer
Boab.  Hovedayal 8] ogrefitk i) sPllisilie bl S, bR ef S AL FurklyBaR Srenic,
concern t hafin g B8 BebwEin hRYRE ISP Bhihbds WhaPictStERAAR thatt b IBRAuctie
process al so becones cunbersone because the application of the organic EL

| ayer by déposfiln dayanih tah8oatimg iscxe iio rwihouthexdep@obyfosmedt Betivegn heaketht o be

repeated. 15 In order to overcone this proble a re desirabl e enbodi ment
has a st ubingfienalganis thioiin fayer(\wherg k is@n lgl@ﬁﬁbp 15 lﬁS\KHi'clB) aneba (K +

el ectri cal r - fic A . j ent: - shig
connect | ng! TV CLELAC n 0 Bk MOURR SFUPRRIRAN il TR 1aSbrs
effici enCYoh@Mllgdbﬂtddfﬁﬁwﬁh%ﬁElmbf tHeofB BEG1R ©Ygdn$Sthen €idm 1bgerc| eared wi t hout
a problem 2o FI 7 shows a structure in which a first organic EL |ayer
704a, a first coldthisioase,tdsi thef conductiyerthipo8km layetedbrd peafgrble tELsE @per
704b, and a_ cat hode 703 ar?;%ﬁngnated in Hhis ord&rton a transgarent d
el ectrode ?%Bﬁe?m?ﬁ%u?$é?s? 3 BYPE et MG Ot SR UR R S AFRIEARIC FRfnpound.
struct We, pRicaRiRlyinte 2asBbdLihedhotdb1¥diidnic HOECAMHEE Riquites thaRsSirady, as
been applied to the organic sem conductor, the first sem conductor 2% thin
filml ayerisiobieratdn thesctheregirad camposnd.ohnically to the organic EL | ayer
(i.e., the hole rrier and the electron carriers can be injected), and,
nor eover, the triﬁ@ﬁgFéﬂ Oégﬁgﬂgtﬁ%PHﬁéPh%H@QVﬂ%§£eﬁbﬁﬂFQYtk§ﬁ’ GARKCor e,

he 1igh | SS| ' ' ' 703b
can be’br otunonduibE Bhenichu R Brdfifc SERARLE R By Spob Byl
sinply by dienibhiingah henghieatdsfi faacticitil \veddnd@ ehin Zilm lajbis €onere n 3¢ oe entbfer

entire process beconmes consistent (for exanple, when using | ow nol ecu] ar
nat er i adds, equaditg qsrgredlss thancP) eensisinaued adpsisthrough anm-Hefupsctignalogrganisen

usi ng hi ghnol.ecul ar erials, a wet, process such. a i patin be
used) , t he' R deyersi bRl bRt andtesa ¥ 5ethade sharedistzen dh it 4 cRfithcflc,,
FI'G 7 showg, i RiyeH &t WM Godtihg thehwhith b1vde9 @Rl dightic! Avgicuniaaiew RGE
provi ded. However, “as descri bed above, as long as a significant anmount of
el ectri cal exxeptiagdormyd betvegenl a &eth fubheticial wrganie thinyfilne layer t(wtess kriecin( of
course, the conductive thin film]layer is inserted between each of the

organi ¢ ELinteges 0§ ). = Firelref by @nd gk pdih fvrgtioal ergagicdhin Hln dyganind each
sem conguc el N . i Chii deriv. fr he.ul tr ' i

struct lr}g) e, Bfgg}? B(gr?cgl\?glrv Gong. ﬁ%?a%ﬁrﬁog{;r}élﬁﬁ@y 58§{cyrc Esbglgﬂa%agge&pn{a ufrda Cpbn%lan

al so be applied in the organic solar battery, which is said to utilize the
opposite mechanismfromthe organic EL ekenment. This will explained as
follows. It is assuned here that there is an organic solar battery S1 in
which a given 15 |ight energy LI generates a photoelectric current with an
el ectrical current density J1, thus generating an el ectronotive force V1 N
nunber of the batteries S1 are ohmically connected serially, and when a
light energy nL1 is irradiated there, n tines the electronotive force (= nV

g s - g,



of 3 nmor less in order to achieve the transmttivity. In other words, the
filmis structured as an ultra thin filmthat is thin enough for light to
pass through it, designed so that the light will reach the back cell.

Mor eover, reproducibility becomes problematic when the thickness of 5 the
ultra thin filmis on the order of several nm Such problens can al so be
resol ved by using the present invention. That is, in the organic solar
battery struct . s disclosed in Reference 7, the present invention
may be apploilgéac?%&lﬁwei&glgy%nthi n filmportion. By doing this, the present
invention can be Als€dnasidér & B@tltgctah8aBheu@Rlcathid&lhahyed Wah ths thididsay and
nore highly efficient than the conventional art, 10 instead of connecting
two el ementosgaree i thin yilnTHeydrashmicdlyceptis anthbstantiellyr eprivilenthenpmesens

i nvention t&ave.bee descri bed above using the organi Eilg el emrent and t he
organi ¢ sold&FCTH%C: EQVeadl IS apTEAnt 1§ 3dophticoicARS db St ke Gpadugtivg thin
exanpl esx of;1 st t 0 i 0y T f t he
ot osent | o [HEH 45 donfla dIEHEOBiRlc Fombobdl Wb WEEr | aBfed B (e
exanpl es. abcdptosér, the@donons netallic thin filns can be used because they
are conductive, which is to say they have nultiple carriers, Specifically,
Au, Al, Pt, cu, HNiherfere, ageordiigniel the prasent inengenydsie iprovidegdaan opgasic
these netal s are .used for the conductive thin filmlayer, it is preferable
that t hey. BEmTBRAlEoR 1 Ehel G PR bR e shuBhed ¥ioed by SaRESHALT
pass througiminatifie anSENEMBEr S Funtis#Mr8Anit TRiA fMlin RiYkrs @Fheré'nliv@h intéget OUS
netallic oxide thin filnms can be used, particularly fromthe viewpoint of
vi si bl e10 i ghtalttoasrsgienter \thary 2) Speusting: of adinst dyouigitlandetl TiGctiongl ofgaai;
copper oxide, cobalt oxide, zirconiumoxide, titanium oxide, niobium oxide,
ni ckel oxi Hun fHEblayRIsBRWRERHan apadeand meathode, charagierized R that: agondnetivem

al um num oyj.de; .OXi . S LM, 0X] I u ide, .l ant hanum
oxider 11 ¢ KiEg PP iffH AaiE 4RES LT HCAfes T MRAGIDAES AR 1o BRR0A"
sem conductgéeptidnfolmedHetReed g kathsfundieal drighiddhitofikn Jayei(Seher&aNs N GaN,
and CdS. A particular characteristic of the present invention is that the

conduct i veinteger ofil skl =(er 1Pandize(kst d btfunesibnal organyy thamfibmdaysypamdicadbor
exanple, there is .echni que for m xing a p-type organi c sem candyctor and
o ety OF i endiohe hactiees” piahors et Band SRRiCe BTty Foren

| ayer. Typi %1(%’5@ 3 f4.p-type organi c sem conductor include, in

addi tion tg&gtge P%: c?Itlalgtrn(lasent ed by Chem 1 below, phthal ocyanine bound to
t he ot her met al sAdso, baeorting tootheepadssnt( iryeneispntisde by Glowided? aheb@ahic The
foll ow ng can be al so used as the p- ttype organi ¢ sem conductor: TTF,

(r epr esent &mispndweial elementwomprised ¢fr aip oegatve sHueirckimeds by segygntially
nmet hyl phengt bi azj r e . X j =al ol e
(represent gaglﬁ Bgﬁ @:g?n% %Rﬁg‘?ro(\%ﬁggﬁéc(flatgégé%l%eﬁn Eﬁh%?m@h%gqo{é?ﬂ%%@ﬁgﬁl ng
mat er i ako us@ghlftororofrgater ¢hdrl 2P tonsistiiCof aSirdPlRrdugpae et AthclyniheiBanic

bel ow), a-NPD (represented by Chem 8 below), or CBP (represented by Chem
9 bel ow) nHynpdmglagersdispveesdan heeds and 2 gattthden chargctagizen inthat: a conductiveN N /

IChIemI é_ géﬂé%wmﬁla@ﬁ\ él it}\lgaﬁ%@}rgHgg@w)fvgic/h igc]:ﬁlrcri]es %n%srégﬁic1c%1r%§oundqgevg}th§uts_ s |

exception formed between a k-th functional organic thin film layer (where k is an

integer of 1 <k < (n - 1)) and a (k + 1)th functional organic thin film layer; and each

25 of the conductive thin film layers contains both of an acceptor and a donor for the
organic compound.

Note that, when the conductive thin film layer is doped with the acceptor or

the donor, the organic compound used in the functional organic thin film layer and

the organic compound used in the conductive thin film layer are connected with the

30 same thing (i.e., the organic compound used in the functional organic thin film layer
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\' ~~/ NI GBH-Chem 7\ / _ NN/ N/ N/ \ Chem 810\ / ~/ \ N~ ~ ~
~NChem 9j \ " N\ ~\ ~ Ni Typical exanples of an n-type organic

sem conductor include, in addition to Fl~ CuPc represented by Chem 10

bel ow, 3, 4,9, 10-peryl ene tetracarboxylic acid 25 derivatives such as PV
(represented by Chem 11 below), Me-PTC (represented by Chem 12 below), or
PTCDA (represent ed by Chem 13 bel ow), napht hal enecar boxylic anhydri des

(repres ent %ﬂa tHto Jttﬁ% | 1’vef|lﬁ1?1hfglbrfo SCABY %l()hguéjtwemh%a fre@qgggrts ﬁnt ed

by Chem 1 be 0 I'Ow ng can be al'so us
n-type orgadvpedsemrcouhéu@tchtorTGNQtKer efpnesent Emlud%n@b%m tHb d1ememd ;toT6E
(represented by Chem 17 bel ow); benzoqui none (represented by Chem 18
bel ow); 2, GnaRiHREELAGORANE te pSEBRIEECEY- Chem 19 bel ow) : DDQ

db
bel owy - tetr achl dreaEpRINoGu R s heledlbe A EPIEER BF gobor B efited
ni ckel bi gdi;Rhea bY@ Rid fiBR1SREN @P&xeﬁbe%azz%@e&m@cuvenﬁmtﬂﬁn llé}ke?

Further, an electron transporti ng mat e used for the organic etc.

such as Al di qtruepured dytlechiatinghefirst 2eyeb ébrongd bBERIifig apraesgpbetd thy d@m 25
bel ow), or PBD (represent ed by Chem 26 below) may be al so applied thereto.
15 Chem _1FoRipound-and p Seopad AayRK Eprmod by ad rlrmgadenor to\an organgc pomppupd - F

(F:hEmN T2 Fo F}léf\ 1/s th:e/* Earﬁe %f@ %gja}l c@@@}% anqlél/le i’lrg\l l&e\r ﬂ G‘MS1t1({ne%|001(}'%56e6 t(())

-~ ~0 5 Chespthddk fde thanQh® seconddager~ ~0 Chem 15 0 ~~0 RN/ \ NRO~ O
Chem 16 NC CN 10 NC CN Chem 17
10 Also, in such a case, it is preferable that the organic compound used in the

functional organic thin film layer and the organic compound used in the conductive
thin film layer be connected with the same thing.
Incidentally, in the case where both the acceptor and the donor are included
in the conductive thin film layer, it is also preferable that: the conductive thin film
15 layer be structured by laminating a first layer formed by adding an acceptor to a
first organic compound, and a second layer formed by adding a donor to a second
organic compound that is different from the first organic compound; and the first
layer be positioned closer to a cathode side than the second layer.
Also, in such a case, it is preferable that the organic compound used in the
20 functional organic thin film layer and the organic compound used in the first layer
be connected with the same thing. Also, it is preferable that the organic compound
used in the functional organic thin film layer and the organic compound used in the
second layer be connected with the same thing.
The structure of the functional organic thin film layer may be manufactured
25 using a bipolar organic compound, or by combining monopolar organic compounds
by laminating a hole transporting layer and an electron transporting layer, for
example.
The element structure described above is extremely useful among organic
semiconductor elements particularly because in the photoelectronics field it can

30 increase light emission efficiency and light absorption efficiency. That is, by
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NC CN NC CN Chem 18 o~0 15 Chem 19 0 O 27 Chem 2Uci ci 0 0 Chem 21 F
FOOFF5Chem22Cl G Oo C C Chem 23 ,N, ,N Ni ~N ~N Chem 24 10
Chem 25 Chem 26 15 O 'ai N3 NN O 1 28 Further, in another
preferred techni que, an organi c conpound acceptor (electron acceptor) and
an organi ¢ conpound donor (electron donor) are m xed and a charge-transfer
conplex is fornmed to nmake the conductive thin filmlayer to create 5

gﬁg?;gE It \r/;%épéﬁ%rf?ﬁrt\ﬁ% t%lsicttigneal Coorgz(ijnligtth}ﬁefismhllgyérl \lv%l t%%eorr'gar;rir(]:ecompound that

exhibits light emission by flowing the electrical current, the organic EL element
with high reliability and good efficiency can be created. Further, by structuring
the functional organic thin film layer with the organic compound which generates

5 the photoelectric current (i.e., generates the electromotive force) by absorbing light,
the organic solar battery with high reliability and good efficiency can be created.

Therefore, the present invention includes everything related to the organic
semiconductor element in which the functional organic thin film layer described
above has the structure capable of realizing the organic EL element functionality

10 and the organic solar battery functionality.

Note that, particularly in the organic EL element, in the case where the
functional organic thin film layer is structured with the bipolar organic compound,
the bipolar organic compound preferably includes a high molecular compound
having a n-conjugate system. Further, for the conductive thin film layer as well, it

15 is desirable to use a method in which the high molecular compound having an
m-conjugate system is used and the layer is doped with the acceptor or the donor to
improve the dark conductivity. Alternatively, for the conductive thin film layer, it
is also possible to use a conductive high molecular compound with the acceptor or
donor added thereto.

20 Further, in the organic EL element, in the case where, for example, the hole
transporting layer made of a hole transporting material, and the electron
transporting layer made of an electron transporting material, are laminated to
structure the functional organic thin film layer by combining monopolar organic
compounds, the conductive thin film layer should also be made using at least one of

25 the hole transporting material and the electron transporting material, and the layers
should be doped with the acceptor and donor to increase the dark conductivity.
Alternatively, it is also possible to use both the hole transporting material and the
electron transporting material. In more spccific terms, this refers to a method in
which a donor-doped layer of the electron transporting material used in the

30 functional organic thin film layer, and an acceptor-doped layer of the hole
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conplex crystallizes easily and is not easy to apply as a film However,

the conductive thin filmlayer according to the present invention may be
formed as a thin layer or in a cluster-shape (as long as the carriers can
be injected). Therefore, no significant problens occur. |0 Representative
exanpl es of conbinations for the charge-transfer conplex include the

TTF- TCNQ conbi nati on shown in Chem 27 shown bel ow, and netal /organic

Pspions el S Bl R Ay LA Y M A i
Bl PA- TCNQ WgharsacBtielinwstruande ctCNQhECHaMCtivE thiel o) laybpt e 15 t hat,

these charge-transfer conplex thin filns can be applied either as deposited
filns, spin-coat ddefstryasurel gf thd fynqsionyhergapintdun fding peyesedhén luged inrthe he

ke e, e 8 0 0 S RO LB B S 81
CL8TCNQ £neMihSBrgani O PaMbhttd¥yHnNhk case where the functional organic thin film layer
is structured with the bipolar organic compound, the bipolar organic compound
preferably includes a high molecular compound having the m-conjugate system.
Further, for the conductive thin film layer as well, it is desirable to use a method in
which the high molecular compound having the m-conjugate system is used and the
10 layer is doped with the acceptor or the donor to improve the dark conductivity.
Alternatively, for the conductive thin film layer, it is also possible to use the
conductive high molecular compound with the acceptor or donor added thereto.
Further, in the organic solar battery, in the case where, for example, the
layer made of the hole transporting material, and the layer made of the electron
15 transporting material, are laminated to structure the functional organic thin film
layer by combining monopolar organic compounds, the conductive thin film layer
should also be made using at least one of the hole transporting material and the
electron transporting material, and the layers should be doped with the acceptor and
donor to increase the dark conductivity. Alternatively, it is also possible to use
20 both the hole transporting material and the electron transporting material. In more
specific terms, this refers to a method in which the donor-doped layer of the
electron transporting material used in the functional organic thin film layer, and the
acceptor-doped layer of the hole transporting material used in the functional organic
thin film layer are laminated upon each other in the structure used as the conductive
25 thin film layer.
Note that, if the carrier can be injected into all the conductive thin film
layers (ohmic conductive thin film layers) described above, then it is not necessary
to reduce sheet resistance in any of them. Accordingly, a conductivity rate of 10"
S/m? or greater is sufficient.

30
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Further, as a structural exanple of a conductive thin-filmlayer, a

t echni que of doping an acceptor or a donor into an organic sem conductor to
apply a dark conductivity thereto is preferably used. An organic conpound
having a 15 rc-conjugate systemrepresented by a conductive polyner etc.
may be used for the organic sem conductor. Exanples of the conductive

pol ynmer include material §pRdt AL LALRPER M
pol y( et hyl enedi oxyt hi ophene aa'*- : AW ani line, or

pol ypyrrol e, andph mh@géﬂom[gﬂvldw@%gspm yphenyl ene aeri vati ves,
pol yt hi ophene derivatives, and poly(paraphenyl ene vinylene) derivatives.
Al so, when the addepflohows aduisedstructure of plreepreserdlinveantian; a p-type materi al

be used for the ani ¢ senj canductor. Ex |l es of. the.p-type organic 30
sem conduct or na%ﬁgﬁc#%d@g%% W&W@?&n?@ggwséﬂ'e%?“ ‘P’l’o 9 as descri bed
above. Ab thi's UipHes. 24 SCAHol £3L&OBRId0CEE bY ke HiRRARtAvHER, 35 FeCl S
(rrr)y, Al 3, ABr3, AskF6, or a hal ogen conpound y be used as the
acceptor (Lewi s &3Gd. ¢AmnidutiB tillodirass theloey dekiadtinmprovémdntrinedectrical dureengase
where the donor is doped, it is preferable to use an n-type material for

t he organi ¢fldelifnesnduct or. Exanpl es of n-type organic sem conductors

i nclude the abovespenti gned ens. J10.t0 26 and the.like. Then for th
donor, al kal i rre?&gg éuol'ho‘%% SB?yesbee%t‘%cg ERprIpyement a4 lﬁ& %ﬁ@rlpﬁle Cluir{f’é‘? or
a Lew s baggfigibgty;as an alkali earth netal (the Lew s base can function as

the donor) |0 nay be used. More preferably, several of the structures
descri béd above ¢&0s@A @odibBhdepictconwentiord otdanicBhalenéms; thin fil m |l ayer.
I n ot her words, ngg gxg&&l e, on qQne_side or botCP sides of an.inorganic thin
filmsuch as t hefaHov &k ﬁtap&ﬁwl?@%aﬁl?men%%f 0% 1 thediregant MveRIAR; t hi n
film or conpoun egqi .o hi | : 1 a thin film
n whi ch a ptypolSr g0 dameeiidnisle BLARByaic AL Bt Rchaide ke
seni conductp@és,enprnvehﬁo@;har ge-transfer conplex thin film or the doped
conductive high nmolecular thin film or a p-type organic sem conductor
doped with the atit@pPshowsr spacificteragpde ghai orgamd ecot actopdidg o the t he
donor. In such a case, it s effective to use the charge-transfer conplex
thin filn PESENGOYEREORRA20 i norganic thin film Further, by |ayering the
n-type organi ¢ SeRGCDUEHAa blcil kbRt hi oiSRES EM LRIAAE doiRinA Rl ¢ e
p-type organic sem conductor thin filmthat 1s doped wmth the acceptor to
have t hesetlsepresemtantdgionen conductor thin filmlayer, it becones a
functional organic sem conductor |ayer into which the holes and the 25

el ectrons can both be injected effectively. Furthernore, a technique is

al so consi der edy s AN EReIAPTIHNIORSHHP PRI ERISGPIRANEYS! O ¢ hi n

filmand the acCeptor doped p-type Orgarni c Sert conguctor tnrm 11 mor

| am nat ggl ont o OPRréihgRerPdetidlel exiplirmtioh it hgadehiithf iekpadt no WitsddiiRatPof ype
organi ¢ sem conductor thin filmand the n-type organic sem conductor thin
fil mare niheepresenfenmentiorgOisig an prganic Bl element gipkan ofgarhe solar hafterynasshi ch

i b t 3t f he above- ti d ' t
thin i | m pRgapied Nt faabt SR epacs Tl Bretis Fioiainedl Sh L dmiEve,
may be al Sﬁgﬁpéﬁﬁﬁi@r}i it S R0FGEERPE S 18Yst MR of BY ahBe 2RAVL cHEBHE 98 §Hade

sem conductor thin frimlayer in the present invention, it beconmes possible
t o manuf actransparére. ot@néversanmicandamceowith thiseerebodiwienh hodgh destiiptihod is y
and good yield. As an exanple, the o_rgani c thin film]ayer of the present

i nvent i h” Erderd gy ¢lament %“%‘H’@H“t‘ﬁh‘tc_ |3 GRRSPAFANS 3PRAF 1ssTOBBEA iRt SRR Gwi ng
the e ecti¢adEr el (RO ARIGID TREPIARD! e DresthfliRBhtiod I3, bd N

organic EL e present Invertion is a eca t he

ef ficiencyagpifedins® shciuf@iPvafch tie MRGddRefdringd ot thsubstige &f diiéwy e Of
the organic thin filmlayer (i.e., the organic EL |ayer) may be the organic

EL el enent ther tjght froEL theagathode sidet and iarad sicuetsre inundiichathe lighk is achie
general ly ysed. Specifically, ny variations. are, possi bl e .such as. .
o nat et Lo 20 dpagse S FeLsN Bielte ang i 4 RubEhdt SFn D bef i
layer aggl LAGRlPEHOnP Dot ARSBRELLAS bAXSth sRRE. Al tHObRhRY §51a5 balblyUse
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o

15 using the high-nol ecul ar conpound, and the high efficiency el enent using
light emssion fromthe triplet excited state. Further, as described above,
the colors fromeach of the organic EL | ayers as different em ssion colors
can be mxed as different colors to enable an application as a long-life
white color light em ssion elenment. 20 Regarding the anode the organic EL
elenment, if the light is to be nade to exit formthe anode side, then I TO

(indiumtin i.de | ZO (i ndi um zi nc, oxide), and other such transparent
conducti ve ‘Yﬁﬂér’ﬁé’?‘ig? tgolﬁ%%%ﬁlfsb%éﬁy ghs *’ﬂé%“u@é’d?“eAﬁﬁﬁl"?rtgeF MR iIay B?
gol d or thenl{ek@adspafng0 POsSsible. If the anode does not have to be
transparent (i1.e., I1n the case where the light is nade to exit fromthe
cat hode side), 2%Fitshein aheredrghihial Eby chmeeroy aa meackiddi vy chbasyinghiteh pdoes
not transmt |ight but which has a sonmgwhat |arge work function nay be
used, such rg&bpityrderngpg frgmytheyltra tﬁéﬂ”ﬁh@éfﬁﬁ&lﬁf%um‘fmg éb%aamoréom@f al
or all oy, wii lJ .no K. f.u i S Sy; al,l | ,..al kali
earth ma? alllthF aerrg{r%deg?t{?%néﬁn\gﬁgi %ﬁeugget(gm%rll gllﬁ{']%@ p?lég’l ﬁh‘?n‘gefﬁég crlflé{eéllfl iC
el enents meyfidien¢ineth asderetbl achive £xBNpleelevade StudireAtheabtgnic 8N, éleident
alloy, Ba, Ca, Yb, Er, and the |ike can be used. Further, in 32 the case
wher e t he mayhe cennegtedesenialy fooexamples r dinig Wél backpldmedibgdowan ultra thin

filmmde of the ,netal %all oy nay,be used. Further. r .exanple, by using
the organic thin?¥ Fﬁc?‘f"&y’élr Ea[go‘r" p f§SHBC t ke %gaé’é%néfiﬂgglﬁg?ﬁha@ FHECh
structure . . i : -0 i ght

t he organi %Bérgll%agéae?{ag[??Iéggh&gg%})tgggﬁﬁe@s%%f%lﬁréégraggﬁ{ g}l@o?%?&bcgﬂtl?er y
of the poesgendity Nverflowand dight {searhitted Byec Hybeerergy por @Miesurgide areghgYieYWhen
structured in this manner, the structure of the functional organic thin

fil mlayer Phaipngskaving certai: amosnin of Pnetest are cratied; ands thedighhrenergsnds al | y
used in the functional oraganic.thin filml f e organic, sol

pattery.  acqpivaent 85 B @loAR) & hal Pacrky MRk, B b BuBber B BRSBRY -4 pe
organi ¢ semiigaifitch Povdetliferity! YPE (MIORTER. &P M MAHENASsioR WaldrdP With
described i n Reference 3. Enbodfnent (Embodi nent 17 15 In accoradance with
t he presentespationd thendlectacslperirgy ¢elestaicpl powel) thitewgs gevenpfind iemeagathe EL
el ement _according to the present invention ysing thhe har ge-t ransf er
conpl ex1asSAHE NBEAS @R GRCTRHCANYSISIRN [aiFe} 1S gty Ry gt §ﬁ8ﬁ%wﬁ}g for it
structure %H}lm%g)rgani c EL elenent. First, on a glass substrate 801 on

whi ch I TO as an anode 802 is deposited 20 into a filmwth a thickness of
about 100 nm N- Ngepig(A3pettyl phenyl ) - N, N - di phenyl - benzi di ne (abbrevi at ed
to TPD) as the hole transporting material is deposited by 50 nmto obtain a
hol e transporti nierkhyegasgouidl bvesrsidered dp svhjch asldrganiadd) glemeniin that is

(abbrevi at ed Al S i ght em tting ma i al havi n.el ectron
{ransport i EoRofutvgRRs uhO Stedl i BRIERL I Bnelificclip BLuR BRRTBL

el ectrogy t ERARROD | RYaBPSkt TG, 8B).L t Notk: hay,8f céHidd: potnf Cf SbniictpileCtwd-

| ayer 810a is formed in"the above manner. Thereafter, TTF and TCNQ are
codeposi t edleatenss Pannd Ibftogethemshmicabpducti ve thin filmlayer 806, forming

a layer with a thickness of 10 nm After, that, 50 nm of TPD i s deposited as
a hol e transport ée’l'g';?e?legt?@bs, a8 ‘@}b(’lee&&si ¢lemegh ﬁ@ph%‘fmgh?hé‘ PEUGYIE m of

Al Q. which ser | i i >
ayer 805pe e B8 DR bl 5T O PRI IR S ppbRUFMIN FRbIdl VI E2 |,
cat hode 803V, Mhatiixddidléatte wIagpokdtived dipliad iR FIG1 4Al atlihenpéind® D} andm, t he

cathode 803 is forned to have a thickness of 150 nmto thereby obtain the
or gani c2%EL axsi eqvéyilentf torgach mitkerethe valtagn V108 apligdimbaiandrie 122 respegi¥elydance

with this enbodi men a,speci f,i c,.ex l e .i s, shown ,of .an ani c-EL el enment
of the preBtMIoTHILRIG OB FiH st oo SR BB CThtrefor
since D, and D, each emit light with the light energy L;, double the light energy 2L,

can be obtained from the elements as a whole Dy,
The power efficiency e, at this time is given in the following formula:

30 Formula 4
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that is the same as used in the organic EL layer is included in the
conductive thin 10 filmlayer, and the acceptor and the donor are doped to
make the organic EL el ement conductive. FIG 9 shows an exanple of an

el enment structure of the organic EL elenent. First, 50 nmof TPD for
serving as the hole transport material is deposited onto a gl ass substrate
901 which has approximately 100 nmof |1TO serving as an 15 anode 902. Next,

50 nm of Al g which serv as e electr transporting |ight-em ssion
material is deposi®é& ,Lzad't%%‘lb 752112@5' gg)an el ectron transporting

| ayer/1light emttj t j ni a '
formed in this Wé%/%qg%rl %ﬁqﬁ%d%%@cﬁ‘%dyé}r Cg)(rl)%ﬁiirfsdgégl e%%(g?pg%ltv%éﬁ ?ﬁ{am'%%gﬁégat hat
t he donor TRE abonshidntioasd Fonmus 4 Tthere 1s26b ifferende bethvayeFIBD4A and FIG.
codeposited with the TPD so that the acceptor TCNQ constitutes 2 mol% to
serve as a ‘cbHuigems of thhpewes ¢lficieagrranghthe lay of eneigytconsgrvaienin whish Y,

deposited as ;arhqgle tra rting.|l ayer 4bh, . a deposi.ted on top.of this
12750 norndl & St RROCERDAL G 1, Refle. 3PF B0 [ RRER 1th el Mgty
emitting | a.qb?éarQQébncraréyéawoaolaeﬁ@m]m gaintfealdd 102087, 9104 Rad H5iFRHicatP
Finally, as the cathode 903, I\/b and Ag are codeposited at an atomc ratio
of 10:1, amdeanueg dat ltbeeorgdici ELf olemsuhtt o Thats és,aby hincicasing tfe dfghnmenElo

t hereby obtain the organi c EL el er%Bt of the present invention. The e] ement
can be manétRents Pt ysepally vands by RRRLYEENNOEH YOLREF IR nPIORErti Ahitke EL

e o TR i ol B eGP YL Byt 27

ef fective. fidkd levdirodtomad padsible taiiresadanigsceletttical higrdm esfeciengrbodi ment, a
specific exanple is shown of a wet-type organic EL el enent, in which an

el ectrical |ight Examininggthipiconeapt i mores gengalipr whae momyatties ®L theagatirelnd

th duct i hin fil. is f d ti. . FIG 10
e oAl N B E e 4P ey SR BB TR a5 10
substrate 100k (4R pidihedsivash )@g@ﬂ%ﬁu%%@ chﬁeﬂﬁe&%itgfe&k h 'ﬂ)ﬁédale(/élll Mg th

a thickness of about™ 100 nm a aqueous sol ution of 1o polyethyl ene
di oxyt hi oplesredging \tht yelecteicalulvbltage tycind tifeesbr efliisitprdperoy REDIVES PS6n itlse

applied by spin _coating.to evaporate nojsture, so that a hole | ni ectin
| ayer 1694 preparippdlgrelatianshin Betrgsas theobrightngsy fgvel and the electrical curren

| 2- t - ! .- - - -ph | : | bb i ated t
Ver pev) 1 SO e tha e Bkt BELY K ass o1 100 nmby Spin

coating to 15 obUHi Bowrst,] gdn & thei ogbel aMere HP&R@nt ArgdnistEDr @afieatsElrd ayer
1010a is formed in the above manner. Thereafter, a 30 nmfilm of PEDOI/ PSS
i s appl i edcoynentéch segally,nthe boightnese lavelacmttrtlidrany ecachi of fihe neigapisr E1006.

Then, aft t hat 100 fi f NMEH PPV .. s. ied b i i . b
Then, 21 i RO Bl B U5 5 PR ek, RSS2
thin fibm bayshed ?oﬁﬁ% tQkxtrh& ﬁ@f@%ﬂf@{tﬁéés%ha@ﬁl tHaEaRO e al s!i‘ﬁ@é_tdr%&ib qyer,

this second organic EL |ayer 1010b does not need a hole injecting |ayer
formed to elemehter Af coneeptual diagesne ofitids & shotvmi indfleénd. a fourth organic EL
| ayer are to be lam nated onto this, a ¢onductive thin filmlayer PEDOT/ PSS

and a | i ght - eni sé&schorayisFIER, phgndthe differgat prganicddl gleraeniadli 4ndaPe 8redi ng
to extrenel ' j ' | f [ [ S
t he cat hodgéi{n%ﬁz o%ergl?wt %ﬂs?ﬁélggﬂhemg%?ﬁg E{Js&%g%@g}@é%&zgl g’r g%z% 8b @?eégent
oxi di zat i owigf a Gizhel Fohagh Went V4harothk meaessarydeslegeveithedt Ve op N%Zﬁﬂt:reate
invention, a specific exame is shown of a 35 organi c sol ar battery of
t he preg®enthd eleeticabeurrent Jaha brightnessleyel Ling bz (3 pe, br)oeani ke produced with

the current J;.

At this time, by configuring, for example, D, as a blue light emitting
element and D, as a yellow light emitting element, if color mixing can be performed,

then a white color light emission will occur. Therefore, this enables a white color

30 emitting element in which the electrical current efficiency is higher, and therefore
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sem conductor and the n-type organic sem conductor is applied as the
conductive thin filmlayer. First, 30 nmof CuPc, which is the p-type
organi ¢ sem conductor, is 5 deposited onto the glass substrate that has
approximately 100 nmof 1 TO applied onto it as a transparent el ectrode.
Next, 50 nm of PV, which serves as the n-type organic sem conductor, is
deposited, and CuPc and PV are used to forma p-n junction in the organic

sem conductor.. Thi.s becones a f.irst fynctional organic thin filmlayer. 1o
After that %heéﬁﬁ%evdﬁ'aofﬁ%egfeén%d%b@ﬂ ngp e qonye HPP% 45 the conductive
thin filmlayer thickn i e f [
deposi ted, and oﬁ‘gt‘g%gﬁ?@‘% ﬁg%) g%’ogﬁrsﬁl‘g?wé@), {Hszyngg%tgl{sgett%%fé@eleﬁgﬂtgbsfggﬁg’aweng a
second fungppaedl clecgral cutdehn effidiendyayeimpiived| dnd gid&lembrightndss ican apl i ed

as the electrode. The organic solar 15 battery structured as descri bed
above is eRPtaBies yitBia anpllcieclpaleigakeunrentc ad i Bicpne thatdt py passifle tyealtd on

LY, B HE ALY skl P R3S S0 TRO I B KR

-t he prese I nven 0SSI|

organi ¢ seghgdddedorin elRmeshvertionbl 129t hi BiidtNerhdrealak elonpd abas slggmica@t
yield, wthout having to use the conventional ultra thinfilm Further,

par ti cul ar tlgciricat heltageataneiceapipliodi it isipessgde s cognachboweyeineny erganonblict or
S gk A ST LR RS B, YT 1S
structure for rrEdHB?(re?fgrq 4§ ?\%&He}ﬁ zlbi‘x%,”z?‘b}&ﬁexﬂrb&ufbumﬁrinQBe %agéJWﬁHé){}%'

ayer s t qual "t g an 2)

organic thin fil'm ere n 1s an'integer equa 0 or greater

conpr i singo@ahic' BL eldmhentgarasiniply Rohbiewéd serédllyor derei grobleinn défites frapette
bet ween two el ectrodes, wherein a conductive thin filmlayer is forned
bet ween a ®eetrodasHer ithth argamiq ki elements and fropmiherelepysat strctpee, arhichdler of

1 s ks (n-_1)).and a )t 0 fyunctional qr i.c.thi il,m | ayer, and
wherein eal% e@}l)a{nﬁ: %Séﬂég:é{f'i _§e héﬁ 6fA'! %}Fﬂ %§§F%§6%%88%?II\36@9$1 gl(‘::t%r th
each of t hELfdPé}ﬁEhtOD?Eh&bﬁﬁiﬁ IFEGt BiAD ahi IFTG. 8Beshowd a Bfbs9sB@NMMR] YRW eprRduct or

el ement conpri si ng: an organic structure fornmed by sequentially
| ami nat i ngtharelementsibyy skdwih imE1G o4B) inar sphainatic mannki.l m | ayers (where n_ is

an integer equal to or greater than 2) conprising a first through an p-th
functi ofal or ganfke thasie FIPALIGES- H%A),\é)gﬁtt{ev\,gormal organic BLOSme &

manufactured by providing a transparent electrode 602 onto a substrate 601 (here,
the electrode is an anode, and an ITO or the like is generally used for this), a
functional organic thin film layer (hereinafter, referred to as an "organic EL layer")
604 for performing light emission by flowing an electrical current is then formed

20 and a cathode 603 is then provided. With this structure, light can be produced
from the transparent electrode (the anode) 602. The cathode 603 may be a cathode
which normally employs both a metallic electrode with a low work function, or an
electron injecting cathode buffer layer, along with a metallic conductive film (such
as aluminum or the like).

25 When two organic EL elements having the structure described above are
connected simply serially (as shown in FIG. 6B), the structure will include a first
transparent electrode (cathode) 602a, a first organic EL layer 604a, a first cathode
603a, a second organic EL layer 604b, a second organic EL layer 604b, and a
second cathode 603b, which are laminated in this order from the lower side. Then,

30 the light emitted by the second organic EL layer 604b cannot be transmitted through
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el ectrodes, wherein a conductive thin filmlayer which includes an organic
conpound 20 is fornmed between a k-th functional organic thin filmlayer
(where k is an integer of 1 s ks (n - 1)) and a (k + 1)th functi onal
organic thin filmlayer, and wherein each of the conductive thin film

| ayers ohm cally contacts with each of the functional organic thin film

| ayer. 25 3. An organi c sem conductor el enent conprising: an organic

structure LRI (Y (RAAUAMNdeAI4 WATH Ak, A AuOWIDREL LanhBPGE 1R ous
II'mTayers qual To or g

organic thin ere n i1s an Integer e reater than 2)

conpri si ng of the él@tnenhir oUHErcdteNit bBcd B tmpialblOt@adnsech Mindvitidi® dsaybise
between two el ectrodes, 30 wherein a conductive thin filmlayer which

i ncl udes anhelghinémissompsemdhg npper and terlewebergasnEl ctements toproduisalthe
organic thi r}r.filrplﬁ er (where k is an integer of 1 s ks (n - 1)) and a (k
+ 1)th funct Obétnic thin filmlayer, and wherein each of the

conductiye thin Fb} _@Z;}mhﬁg{ grtéc(jﬁl?(gﬁezwlz%?ﬁg?i a?é{t 1P0EcRhoR 1BF 66N AL afbEe @

donor for the organic conmpound. ni ¢ sem conductor el enent
conpri si ngandnhocghoie has alsother epbaedrgRefeyerse dudntRathayaratiry, RaEi Bgrawsn
nunber of functional organic then filmlayers (where n is an integer equal
to or great\érK’Elfh‘glﬁ’ M. oMy, Afda S in-s]Ifo f‘?ﬁ"ou‘éhméﬁ?'rﬁrﬁtehcqtg?ﬁ"t ir%%gFgarW‘gani c

hin filml . | : duct i iy iy
| ayer i cROPRaHERYIRVicelS 1 Aoph HIERC/R 21 Y021 Ry TR B oty i a1

functional fR§0edthedd [H0Bafddnnbe agde (rohgyRelt. | Therefor d0decOmesd poskibke (B -
1)) and a (k + 1)th functional organic thin filmlayer, and wherein each of

t he cond@cbring qutitie Fightrarisedfeom tine séoesd lvoganio ELdayercd¥ébt orHasewgrdsiacelonor
for the organi.g. .conpound . An organi c. sem conduct or_ el according to
cl 5im's or (¢ THRSAEE SaTheBirROdy HEi et ORdr dor AT PR TRe PFETRT Ejer

contact i ngfne @0 |sifret Mathdob! MFWAKE!, thO@PHERS A BEEGHLS HRHR t hat
is the sane’as the organi'c conpdund. 20 6. An organic sem conductor elenent
accordi ng becaisaithe 4pphitacioniof:thé begandnBiidtyarebyt dépositidnnarndatherappsicationiof ur ed

by lamnating a first layer formed by adding an acceptor to the organic
conpound, IO by spntening bave to be repeated.

15 In order to overcome this problem, a more desirable embodiment has a
structure such as shown in FIG. 7, for example, in which the electrical current
efficiency can be improved using a concept similar connecting the elements serially
to improve the electrical current efficiency, and also the element transparency issue
can be cleared without a problem.

20 FIG. 7 shows a structure in which a first organic EL layer 704a, a first
conductive thin film layer 705a, a second organic EL layer 704b, and a cathode 703
are laminated in this order on a transparent electrode (anode) 702 that is provided to
a substrate 701. In this structure, by applying a material in which the acceptor or
the donor has been applied to the organic semiconductor, the first semiconductor

25 thin film layer 705a can be connected almost ohmically to the organic EL layer (i.e.,
the hole carrier and the electron carriers can be injected), and, moreover, the
transparency can be maintained almost completely. Therefore, the light emission
that is generated with the second organic EL layer 703b can be brought‘ out, and the
electrical current efficiency can be doubled simply by doubling the electrical

30 voltage.
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formed by adding a donor to an organic conpound that is the sanme as the
organi ¢ 25 conpound; and the first layer is positioned closer to a cathode
side than the second layer. 7. An organic sem conductor el enment according
to claim6, wherein a region of the functional organic thin filmlayer
contacting the conductive thin film30 |ayer includes an organic conpound
that is the sane as the organi c conpound. 38 8. An organi c sem conduct or

el enent accordin i , erein. the conductive thin filmlayer is
structured by | a%\{lzr)l‘(a%t0 ?‘%‘g Sgg Céi th é\{%nFlg%/EFOCF o RES "g"ys %)dléllsﬁ%nqéﬁora%’%aé%?l&r whgn o

first organismgCRMPMeNEulANHaRriSRSQAy bAyess suchekFabubny REEENBnadBRAUse40 a
second organi ¢ conpound that is different fromthe first organi c conpound,

and the firagtd wherewsing hpgls inolenudat rodtegals, & oved peeteho slechsasdspin lcaatingeas be ond

| ayer. 9. An & ani c SFITi conduct or IemsnttF accor di ng to claim8, wherein a
to region of° gh%‘ﬁ&? aSHLMERIGSFIS OLh PAL BOMY HRICTEIREact i ng the first

| ayer ingludes aR @& 9p4 G160PP m%aétn].lc?urtehi% whith %?%ré%rfig}linlg ggfé}gc

conpound. 10. An organi ¢ semniconductor elenent according to

wherei n a hage dBewprovided. undbiwenal aodgriibed abbve, fas llong ay & &ighdfiéae afugnt he
second | ayer includes 15 an organi ¢ conpound that is the sanme as the second
or gani ¢ cobelgrdrical voltage gnajabe applse, damsltiestare Wy hsmulic byetidheftcousey one

f cl ai th h. 4,..wherein the funct] ic thin filmdl
corpr i ses 1 PR, G RLR Byiro B inOsh G0Menf BP0, b i ik G
el ement acoQesifBes, t Meapdorodiadilitg! 8f Mhe bridiio® UdhidonddetirebRmdnewhi®if tig onal

organic thin filmlayer has at | éast one hole transporting | ayer conprising
a hol e 10 anspwed frogn thetwWiradhin fandstatctirasan bmeveakenier on transporting | ayer

ayer 15 posi t| o8 POHBSE GPSash BER Shurali o D o Wl ki R RSN | g
L2 12 A, SRR LAUT RS obh R PRGSO et
element. This will explained as follows.

It is assumed here that there is an organic solar battery S; in which a given

15 light energy L, generates a photoelectric current with an electrical current density J;,
thus generating an electromotive force Vi N number of the batteries S; are
ohmically connected serially, and when a light energy nl, is irradiated there, n
times the electromotive force (= nV,) can be obtained if an equivalent light energy
(= nL;/n= L) can be provided to all the n number of solar batteries S;. In short, if

20 all the organic solar batteries that are connected serially can absorb the light, then
the electromotive force increases as a product of the number of batteries.

For example, there is a report that discloses improving the electromotive
force by connecting two organic solar batteries serially (Reference 7: Masahiro
HIRAMOTO, Minoru SUEZAKI, and Masaaki YOKOYAMA, "Effect of Thin

25 Gold Interstitial-layer on the Photovoltaic Properties of Tandem Organic Solar Cell",
Chemistry Letters, pp. 327-330, 1990). According to Reference 7, by inserting a
gold thin film between the two organic solar batteries (i.e., between a front cell and
a back cell) an effect of improving the electromotive force generated by the light
irradiation is obtained.

30 However, Reference 7 also structures the gold thin film to have a thickness
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is formed by sequentially |lamnating an n nunber of functional organic thin
filmlayers (where n isan integer equal to or greater than 2) conprising a
first through an n-th functional organic thin filmlayers between an anode
and a cat hode, wherein a conductive thin filmlayer is forned between a
k-th functional 5 organic thin filmlayer (where k is an integer of 1 s Ic
s (n- 1)) and a (k + 1)th functional organic thin filmlayer, and wherein
each of the conductive thin filmlayers ohmcally contacts with each of the
functional organic thin filmlayer. 10 14. An organic el ectrol um nescent

el ement GO, i 4 inRde? w@dm&e el R LSy idgh 116 Beh@ P bidls,) th@Rim RuliBedds 2

current flow therein and is fornmed by sequentially I'amnating an n number

of funct ianndira hing@m thattikthin ¢ndugh Faryighisto (passehrough It,sdealgnMﬁOetQ%trth@hgl‘éIWllﬂo or
greater t i f ﬁuﬁQ - I thi n
filmlay er%ﬂt}g% \?\%cgnrg%gn%\gﬁ% era}ﬁél%gu%g! e?%?%gﬁﬂﬂélﬁgwheggﬁed@g? Ve

film I5ayetheum'adhnﬁhnhsxdﬂheandemfg;avaraimorrpound is formed between a k- th

functi onal in fil ere.k ninte

et (o b Prowatifanctfia B eralkel 5 Fiie bt fsen b ohign s ThAuRet e o of
t he conduﬁganvcﬁsoudmbattéry ktdnay Shich aammcrbaéd % ReBttme!7s theiprdte@agienfbn B be

functi onal anic thin filmlayer. 20 15. An organic el ectrqlum nescent

el enent ABRPNT & hrgsoléﬁhlerfefamoeﬂ%lt rlépcflwpéﬂm%pr@?ﬁw SRR cap Pertiird A2 a
current fdong 61@5{1€bdiaxada€ieﬂy$th?§ tm%ﬁ'exba\ﬁd AL RighlyAthiderdt AHNRE EdYerioni dpumber

of functional organic th filmlayers (where'n is an Integer equal fo or
gr eatr tlh%twdzr)fco)mmngstwnglwemtSrsgmllyhr ough an 25 n-th functional organic
thin filmlay thin
1l m | ayer. whi ik Sk PERe@ D@ RRLRAN . SEIAERSendtl B Shef dCRURUEROYE,
functi onaismgrtgamgantchEh eienhemt lamq/dre Qnghmc @olar bstteayn ab ekagples. ofThd felldwisg (n -
1)) and a + ani each of
the Conadibsipes hidres PRy R uieRe af e Coftuelyd R iy S TodRa et or " anc
a donor fpaésehhﬁvemng:anﬂmmmwptdsenﬂﬁivenubﬁ is WY1 ligfiga s theklerarhples. um nescent

el ement conprisin an organi ich emts light by making a
curreft flow tHBk gf?‘ﬂo%ﬁ’&etggc ﬁjtt%“ E@ use f yIaEFrﬁO%g théVQHthsg%nber
of funct 'sﬁ?ﬁ{eg%%ﬂlhﬁlpw"éa%éré' gpe‘élﬁcauyer@ (A ek, &) leet@rhré SlafPRSs (RAUgh tO or
greater than onprising a first throug an n-th functional organic thin

filmlay ehesuslg@t Weate) that, whesdthesgmetalscare vgetk for the conductive thin film layer, it is
preferable that they be formed as ultra thin films thin enough for visible light to pass through

(i.e., several nm to several tens of nm).

20 Further, various metallic oxide thin films can be used, particularly from the viewpoint
of visible light transmittivity. Specific examples include ITO, ZnO, SnO,, copper oxide,
cobalt oxide, zirconium oxide, titanium oxide, niobium oxide, nickel oxide, neodymium
oxide, vanadium oxide, bismuth oxide, beryllium aluminum oxide, boron oxide, magnesium
oxide, molybdenum oxide, lanthanum oxide, lithium oxide, ruthenium oxide, and BeO.

25  Further, compound semiconductor thin films can be also used, including ZnS, ZnSe, GaN,
AlGaN, and CdS.

A particular characteristic of the present invention is that the conductive thin film
layer can be structured of an organic compound. For example, there is a technique for
mixing a p-type organic semiconductor and an n-type organic semiconductor to form the

30  semiconductor thin film layer.

Typical examples of a p-type organic semiconductor include, in addition to
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wherein a conductive thin filmlayer which includes an organic conmpound is
formed between a k-th functional organic thin filmlayer (where k is an
integer of 1 s ks (n- 1)) and a (k + 1)th functional organic thin film

| ayer, and to wherein each of the conductive thin filmlayers contains both
of an acceptor and a donor for the organic conpound. 17. An organic

el ectrol um nescent el enent according to claim15 or 16, wherein a region of

t he functi or.gani i nfil a t i ClL ’ in

i m 1 ayer FRE (OB afech Py 3t ch b haTPRAPE LR, SO B B REP gl b
conpound. I unfnoOkd aitsls RrGfitdcdtddbesieant 2 RNt Eecylbiwigg tanBeahRb 16,
wherein: the conductive thin filmlayer is structured by lamnating a first
| ayer 20 fomﬂédmhyeadqnwgoquHESﬂpmcndmuomHETBKgﬁmﬁﬁﬂﬁﬁ%bb&HWﬂLahdwaM@kcond
| ayer forned by addin dopor to gn organi ¢ conpaund that is the me as
the organiclE r?ff’dﬁ?ﬁﬂ’,“g’éﬁa\’ T4 g‘falo}"’gyg'reﬂ]yip}ﬁ%’é’ lf’%‘ﬁﬁére@lr%sfﬁedth@’ Bt hode
side thap t : I Gy el o] ] .C et
according 52%gﬁgfﬁpg§%&§§é¥%%ﬁx%8FeQ?8%%%?@?H@F#%ﬁ%@iéﬂ%?agibgﬁééﬁ%ﬁgﬁnfiIm
| ayer cont gairtteg ahBolkondusidruag t aterfal | usel aftar oigaaiu®ls @e, wughnag TPD
conmpound that is the same -as the organi c conpound. 20. An organic

el ect r ol uni(repesemteceby fEhem. at bolow)ng-NBDc(represarged piFlgm: 8 delawe or CBP

conductive thin filml ayer | tructured, by lam.nating a first |ayer 41
formed by a(&?ﬂrﬁﬁené#n%géﬁ’fnop%[ego@ Iﬂa?’i)f’ a@)ﬁ”@ﬁ’ﬁ@?@%@ﬂﬂd, and a second

| ayer fornmed by adding a donor to a second organic conpound that is
different fromthe first organic conpound; and the first layer is

posi ti oned Cheaser to a cathode side than the second layer. 5 21. An organic

el ectrol um nescent el enent according to claim20, wherein a region of the

functional organic thin filmlayer cont ng the first layer includes an
é’ rst organic conmpound. |0 22. An

organi ¢ conpound that is the sane as tH
organi c el ectrol um nescent el enent accofding to claim20, wherein a region
of the functional organic thin filmlga et acting the second | ayer

i ncl udes an organi ¢ conpound t hat i s/t heNsang as the second or ganic

conpound. 23. An organic el ect N escént : e according to any one of
claims 15 13 through 16, wher he N angYi-dkal ganic thin filmlayer is
conposed of a bipolar organic cC ound. 24. An organi c el ectrol um nescent
el enment according to any one of clai N
Chem. 2
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Chem. 3
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13 through 16, wherein: 20 the functional organic thin filmlayer has at

| east one hole transporting |layer conprising a hole transporting materi al,

and at | east one electron transporting |ayer conprising an el ectron

transporting material; and the hole transporting |layer is positioned closer

to an anode side than the electron transporting layer. 25 25. An organic
el ectrol um nescent el enent according to claim23, wherein the bipolar
organic coqggynd i ncl udes a hi gh nol ecul ar conpound havi ng a ~-conj ugate
system 30 An organi c el ectrol um nescent el enent according to claim 23,

wher ei n: t he bi pol ar organi ¢ conpogndsi ncl udes a hi gh nol ecul ar
conpound haV|ng a rc-conjugate system e he _conductive thin filmlayer

i ncl udes a hi gh nol ecul ar conpound conjugate system 5 27. An
organi c el ectrol um nescent el enent o claim23, wherein: the

bi pol ar organi c conpound includes a hlgﬁ“ﬁﬁlecular conpound having a
-conjugat%ﬁf sLen1 and the conductive thin filmlayer includes a

conducti ng éﬁ nol ecul ar 10 conpound with an acceptor or a donor added to
it. 28. An organic electrolum nescent elggent according to claim 24,

wherein the conductive thin filmlayer i@éﬁ des at | east one of the hole

rﬁﬂjﬂ

transporting material and the el ect orting material. 15 29. An
organi c el ectrol um nescent el enent &gesd to claim 24, wherein the
conductive thin filmlayer includes both the hole transporting material and
t he elecgr h{%psportlng material. 20 30. An organic solar battery

conpri si hg: an organi c structure which generates an el ectronotive force by

absorbing light and is formed by se ti | am nating an n nunber of
functional organic thin filmlayers er is an integer equal to or
greater than 2) conprising a first t o gh an n-th functional organic thin

filmlayers between two el ectrodes, m&1 ein a conductive thin filmlayer
is formed between a k-th functional orga thin filmlayer (where k is an
integer of chogy ks (n - 1)) and a (k + 1)th

Chem. 8

m

Chem. 9

. o
;OOO

Typical examples of an n-type organic semiconductor include, in addition to

F,s-CuPc represented by Chem. 10 below, 3,4,9,10-perylene tetracarboxylic acid
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functional organic thin filmlayer, and wherein each of the conductive thin
filmlayers ohmcally contacts with each of the functional organic thin
filmlayer. 30 43 31. An organic solar battery conprising: an organic
structure which generates an el ectronotive force by absorbing light and is
formed by sequentially [am nating an n nunber of functional organic thin
filmlayers (where n is an integer equal to or greater than 2) conprising a

first 5 thrpugh. -th f i I i,c thin fil bet t

el cot r odes. CANEH B UETCiHUE FBSGNTahOF 4Tt ool MELRES i esnted Bani o
di b -t ti G, th il wh

T8 an i nicuar of 1 R, € RO BOBles ST By Lclehal 1y e b

filmlayer ,naﬁhdlamb@ﬂb@x?la@h efhydirles ongreptdsyet hi Byf i IORehayens o, | y
contacts with 10 each of the functional organic thin filmlayer. 32. An
organi ¢ solraphalansegrbegitie dintide (waresenigdity Shemcd bibslowm, on tiehike.at €bean
el ectromptiyvg force by ,absqrbing light, and is formed by sequenti al

Cam nat 1 fg OHTRGnY B mctitsnde opgamispesSmt APRRRTpa(FhaQ n
i's an inteqaipre@udld 1y Chedh.eabebeld¥@? PCECRpésthid %ny i, t AFOBER AR
n-th functional organiic thin filmlayers between two electrodes, wherein a
conduct i ve behzoqifinome (mpsrsendeddiy Chemud@sbaowdr Zémaphdmmouinmet {repiesented

between a k-th_functional organic thin filmlayer (where k is an integer of
1sks (nby ﬁf)enancl%r%i@w);lﬂmf &W@E?SGW&FP S¥ghriean.t g0n belaww, | yfloraihg 20

Thor o . it ; :
accept or - anpracssbite B CHUE, DY Bel R Cidc o B h e R Ao esc AT by ARl ')
conpr i sh@g:22a5b1@ﬁ?,aﬂic&emﬁ§dspﬁw)?lgbkm gepRsaited BNOREREI30BEIbINE ah@tRE bY

absorbing 25 Ii and is forned by sequentially I'am nating an n nunber of
functi onal likegaliuethenian ¢lectnon apespor(ing enatemali ysedfor theegrganagbibl et soeh

oreat et e SR e BASYEHER it B 5B "
vl ch 1] SISRIBRDEARN RN bALAUTRACRIRRNA el et onal

(k + 1)th functional organic thin filmlayer; and 44
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wherein each of the conductive thin filmlayers contains both of an
acceptor and a donor for the organic conpound. 34. An organic solar battery
according to claim32 or 33, wherein a region 5 of the functional organic
thin filmlayer contacting the conductive thin filmlayer includes an
organi ¢ conpound that is the same as the organi c conpound. 35. An organic
sol ar battery according to claim33, wherein: the conductive thin film

| ayer is SQEuct d by lamnating a first layer to forned by adding an
accept or tolﬁﬁ%ugfganic conmpound, and a second | ayer forned by adding a
donor to an organic conpound thef i e sawe asPt he organi c conpound; and
the first layer is positioned cl ¢gse '
| ayer. 15 36. An organic sol ar di ngNto cl aim 35, wherein a
region of the functional organic Y | gyel, _contacting the conductive
thin filmlayer includes an orgé&hic hpound’ t haP is the same as the

organi c COQB?quK537. An organic solar battery according to claim 33,
wherein: 20 € conductive thin filmlayer is structured by |am nating a
first layer formed by addi ng an®accg S st organi c conpound, and a
second | ayer forned by adding a A& @CONd or gani ¢ conpound that is
different fromthe first organi d tBe first layer is
positioned closer to a cathode 2 qond | ayer. 25 38. An
organi ¢ sol ar battery accordi ngOto i ; ePein a region of the
functiongl @ganj4£ thin filmlayer contacting the first layer includes an
organi ¢ conpound that is the sane a§ the first_organi c conpound. 30 39. An
organi c solar battery according to ai, yherein a region of the 45
functional organic thin filmlayer contyg ng\t he second | ayer includes an
organi ¢ conpound that is the sane a8\ t hg organi ¢ conpound. 40. An
organi c solar battery according to ajy clains 30 through 33, 5
wherein the functional organic thin©fil ayerQis conposed of a bi pol ar
organi ¢ comgpdis 41. An organic solar battery according to any one of
clainms 30 through 33, wherein: 10 t I functiong} organic thin filmlayer
has at | east one hole transporting |3 ) sing a hole transporting

r
()

material, and at | east one electrqg_&ia tldg${ayer
o @)
Chem. 16
NC C:: CN
10 NC CN
Chem. 17
NC CN
NC CN
Chem. 18
(Do
15
Chem. 19

27



conprising an electron transporting material; and the hole transporting

| ayer is positioned closer to an anode side than the el ectron transporting
| ayer. 15 42. An organic solar battery according to claim40, wherein the
bi pol ar organi ¢ conpound includes a high nol ecul ar conpound having a
~-conjugate system 20 43. An organic solar battery according to claim 40,
wher ei n: the bipolar organic conpound includes a high nol ecul ar conpound
havi ng a ~Yﬁ§pﬁgﬂﬁte system and the conductive thin filmlayer includes a
hi gh nol ecu P onpound having a ~-conjugate system 25 44. An organic
solar battery according to claim40, Gvherein the bi polar organic conpound
i ncl udes a hi gh nol ecul ar conpound haagiﬁ a ~-conjugate system and the

conductive thin filmlayer includesOa ga@t i ng hi gh nol ecul ar conpound
Wi th an acceptor or a donor added to ix- 30 46 45. An organic sol ar
battery according to claim41l, wherei® the conductive thin filmlayer
i ncludes atcde8ast; one of the hole transporting material and the el ectron
transporting material. 5 46. An organic solar battery according to claim
41, wherein the conductive thin film RayeF includes both the hol e
transporting material and the electro ansporting material. 4'1. Any one
of an organi ¢ seni conductor el enent© @ 10 el ectrol unmi nescent el ement
and an organic solar battery accordin any one of clainms 1 through 4, 13
t hrough 16, and 30 through 33, whereih a Eonductivity of the conductive
thin filg1k§%g£3h§ equal to or greater than 10-10 S/nR2. 48. Any one of an
organi ¢ sem conductor elenent, organic 15 el ectrol um nescent el enent and an
organi ¢ solar battery according té&!
t hrough 16, and 30 through 33, wher
a floating state. 47 0
.ANeAAA%AAAAyNAAAI.NA.@AyyAAN\AA%AHA
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| X

any one ¢f! clainms 1 through 4, 13
oqguctive thin filmlayer is in
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10 Further, as a structural example of a conductive thin-film layer, a technique

of doping an acceptor or a donor into an organic semiconductor to apply a dark
conductivity thereto is preferably used. An organic compound having a
n-conjugate system represented by a conductive polymer etc. may be used for the
organic semiconductor. Examples of the conductive polymer include materials put
15 into practical use, such as poly(ethylenedioxythiophene) (abbreviated to PEDOT),
polyaniline, or polypyrrole, and in addition thereto, polyphenylene derivatives,
polythiophene derivatives, and poly(paraphenylene vinylene) derivatives.
Also, when the acceptor is doped, it is preferable that a p-type material be

used for the organic semiconductor. Examples of the p-type organic
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) semiconductors include the above-mentioned Chems. 10 to 26 and the like. Then,
for the donor, alkali metals such as represented by Li, K, Ca, Cs and the like, or a
Lewis base such as an alkali earth metal (the Lewis base can function as the donor)
10 may be used.

More preferably, several of the structures described above can be combined
to serve as the conductive thin film layer. In other words, for example, on one side
or both sides of an inorganic thin film such as the above-mentioned metallic thin
film, metallic oxide thin film, or compound semiconductor thin film can be formed

15 with a thin film in which a p-type organic semiconductor is mixed with an n-type
organic semiconductor, or the charge-transfer complex thin film, or the doped
conductive high molecular thin film, or a p-type organic semiconductor doped with
the acceptor, or an n-type organic semiconductor doped with the donor. In such a
case, it is effective to use the charge-transfer complex thin film in place of the

20 inorganic thin film.

Further, by layering the n-type organic semiconductor thin film that is
doped with the donor and the p-type organic semiconductor thin film that is doped
with the acceptor to have these serve as the semiconductor thin film layer, it
becomes a functional organic semiconductor layer into which the holes and the

25 electrons can both be injected effectively. Furthermore, a technique is also
considered in which the donor doped n-type organic semiconductor thin film and
the acceptor doped p-type organic semiconductor thin film or laminated onto one
side or both sides of the thin film in which the p-type organic semiconductor thin
film and the n-type organic semiconductor thin film are mixed together.

30 Note that, all the types of the thin film which are given above as structures
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thereby obtain the organic EL element. Thus, the organic EL element of the
present invention is also effective because the efficiency can also be improved.

10 When used in this way, the structure of the organic thin film layer (i.e., the
organic EL layer) may be the organic EL element organic EL layer structure and
constitute materials that are generally used. Specifically, many variations are
possible such as a laminated structure described in Reference 2 with the hole
transporting layer and the electron transporting layer, and a single-layer structure

15 using the high-molecular compound, and the high efficiency element using light
emission from the triplet excited state. Further, as described above, the colors
from each of the organic EL layers as different emission colors can be mixed as
different colors to enable an application as a long-life white color light emission
element.

20 Regarding the anode the organic EL element, if the light is to be made to
exit form the anode side, then ITO (indium tin oxide), IZO (indium zinc oxide), and
other such transparent conductive inorganic compounds can be often used. An
ultra thin film of gold or the like is also possible. If the anode does not have to be
transparent (i.e., in the case where the light is made to exit from the cathode side),

25 then a metal/alloy and or a conductive body which does not transmit light but which
has a somewhat large work function may be used, such as W, Ti, and TiN.

For the organic EL element cathode, a metal or alloy with a small normal
work function such as an alkali metal, alkali earth metal or rare earth metal is used.
An alloy including these metallic elements may be used as well. For example, an

30 Mg:Ag alloy, an Al:Li alloy, Ba, Ca, Yb, Er, and the like can be used. Further, in
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910%V&' () - PeeBgUAvENY§Ntiony s the structure’that generates the electromotive force by

5 absorbing the light, the organic solar battery can be obtained. Thus, the organic
solar battery of the present invention is effective because it improves efficiency.

When structured in this manner, the structure of the functional organic thin

film layer may use the structure and structure materials that are generally used in

the functional organic thin film layer of the organic solar battery. A specific

10 example is the laminated structure with the p-type organic semiconductor and the

n-type organic semiconductor, such as is described in Reference 3.

Embodiments
[Embodiment 1]

15 In accordance with the present embodiment, a specific example will be
given of the organic EL element according to the present invention using the
charge-transfer complex as the conductive thin film layer. FIG. 8 shows an
element structure of the organic EL element.

First, on a glass substrate 801 on which ITO as an anode 802 is deposited

20 into a film with a thickness of about 100 nm,
N-N'-bis(3-methylphenyl)-N,N'-diphenyl-benzidine (abbreviated to TPD) as the
hole transporting material is deposited by 50 nm to obtain a hole transporting layer
804a. Next, tris(8-quinolinolato)aluminum (abbreviated to Alq) as a light emitting
material having an electron transporting property is deposited by 50 nm to obtain an

25 electron-transporting and light emitting layer 805a.

A first organic EL layer 810a is formed in the above manner. Thereafter,
TTF and TCNQ are codeposited at a ratio of 1:1 as a conductive thin film layer 806,
forming a layer with a thickness of 10 nm.

After that, 50 nm of TPD is deposited as a hole transporting layer 804b, and

30 deposited on top of this is 50 nm of Alg, which serves as an electron transporting
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of 10:1, and the cathode 803 is formed to have a thickness of 150 nm, to thereby

obtain the organic EL element of the present invention.

[Embodiment 2]

In accordance with this embodiment, a specific example is shown of an
organic EL element of the present invention, in which an organic semiconductor
that is the same as used in the organic EL layer is included in the conductive thin

10 film layer, and the acceptor and the donor are doped to make the organic EL
element conductive. FIG. 9 shows an example of an element structure of the
organic EL element.

First, 50 nm of TPD for serving as the hole transport material is deposited
onto a glass substrate 901 which has approximately 100 nm of ITO serving as an

15 anode 902. Next, 50 nm of Alq which serves as the electron transporting
light-emission material is deposited, and this serves as an electron transporting
layer/light emitting layer 905a.

After a first organic EL layer 910a is formed in this way, 5 nm of a layer
906 is codeposited with the Alq so that the donor TTF constitutes 2 mol%. Then,

20 5 nm of a layer 907 is codeposited with the TPD so that the acceptor TCNQ
constitutes 2 mol%, to serve as a conductive thin film layer 911.

After that, 50 nm of TPD is deposited as a hole transporting layer 904b, and
deposited on top of this is 50 nm of Alq, which serves as an electron transporting
layer/light emitting layer 905b. Thus, a second organic EL layer 910b is formed.

25 Finally, as the cathode 903, Mg and Ag are codeposited at an atomic ratio
of 10:1, and the cathode 903 is formed to have a thickness of 150 nm, to thereby
obtain the organic EL element of the present invention. The element can be
manufactured simply by the organic semiconductor in the organic EL layer as the
material for structuring the conductive thin film layer, and mixing the donor and

30 acceptor, thus being extremely simple and effective.
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deposited into a film with a thickness of about 100 nm, a mixed aqueous solution of

10 polyethylene dioxythiophene/polystyrene sulfonic acid (abbreviated to
PEDOQOT/PSS) is applied by spin coating to evaporate moisture, so that a hole
injecting layer 1004 is formed with a thickness of 30 nm. Next,
poly(2-methoxy-5-(2'-ethyl-hexoxy)-1,4-phenylenevinylene) (abbreviated to
MEH-PPV) is deposited into a film with a thickness of 100 nm by spin coating to

15 obtain a light emitting layer 1005a.

A first organic EL layer 1010a is formed in the above manner. Thereafter,
a 30 nm film of PEDOTY/PSS is applied by spin coating, to serve as a conductive
thin film layer 1006.

Then, after that, a 100 nm film of MEH-PPV is applied by spin coating, to

20 serve as a light emitting layer 1005b. Note that, since the conductive thin film
layer is made of the same material as the hole injecting layer, this second organic
EL layer 1010b does not need a hole injecting layer formed to it. Therefore, in a
case where a third and a fourth organic EL layer are to be laminated onto this, a
conductive thin film layer PEDOT/PSS and a light-emission layer MEH-PPV can

25 be layered aiternately according to extremely simple manipulations.

Finally, 150 nm of Ca is deposited as the cathode. On top of this, 150 nm

of Al is deposited as a cap to prevent oxidization of Ca.

[Embodiment 4]

30 In accordance with the present invention, a specific example is shown of a
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film layer.

10 After that, CuPc and PV are codeposited at a 1:1 ratio as the conductive thin
film layer to have a thickness of 10 nm. Further, 30 nm of CuPc is deposited, and
on top of that 50 nm of PV is deposited, whereby creating a second functional
organic thin film layer.

Finally, 150 nm of Au is applied as the electrode. The organic solar

15 battery structured as described above is extremely effective because it can realize
the present invention simply by ultimately using only two types of organic
compounds.

By reducing the present invention to practice, it becomes possible to
provide the organic semiconductor element which is highly reliable and has good

20 yield, without having to use the conventional ultra thin film. Further, particularly
in the photoelectronic device using the organic semiconductor, the efficiency of the

photoelectronic device can be improved.
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100/‘ & ()-34, 10% &n(()rggmfos}glggtlex)e ﬁqtmdr m{ mgy@lygallyolammatmg an n number of

5 functional organic thin film layers (where n is an integer equal to or greater than 2)
comprising a first through an n-th functional organic thin film layers between two
electrodes, )

wherein a conductive thin film layer is formed between a k-th functional
organic thin film layer (where k is an integer of 1 = k < (n - 1)) and a (k + 1)th

10 functional organic thin film layer, and
wherein each of the conductive thin film layers ohmically contacts with

each of the functional organic thin film layer.

2. An organic semiconductor element comprising;:

15 an organic structure formed by sequentially laminating an n number of
functional organic thin film layers (where n is an integer equal to or greater than 2)
comprising a first through an n-th functional organic thin film layers between two
electrodes,

wherein a conductive thin film layer which includes an organic compound

20 is formed between a k-th functional organic thin film layer (where k is an integer of

1 <k =(n-1))anda (k + 1)th functional organic thin film layer, and
wherein each of the conductive thin film layers ohmically contacts with

each of the functional organic thin film layer.

25 3. An organic semiconductor element comprising:
an organic structure formed by sequentially laminating an n number of
functional organic thin film layers (where n is an integer equal to or greater than 2)
comprising a first through an n-th functional organic thin film layers between two
electrodes,

30 wherein a conductive thin film layer which includes an organic compound
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an organic structure formed by sequentially laminating an n number of
functional organic thin film layers (where n is an integer equal to or greater than 2)
comprising a first through an n-th functional organic thin film layers between two
10 electrodes,
wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of
1 <k =<(n-1))and a (k + 1)th functional organic thin film layer, and
wherein each of the conductive thin film layers contains both of an acceptor

15 and a donor for the organic compound.

5. An organic semiconductor element according to claim 3 or 4, wherein a
region of the functional organic thin film layer contacting the conductive thin film
layer includes an organic compound that is the same as the organic compound.

20

6. An organic semiconductor element according to claim 4, wherein:

the conductive thin film layer is structured by laminating a first layer
formed by adding an acceptor to the organic compound, and a second layer is
formed by adding a donor to an organic compound that is the same as the organic

25 compound; and

the first layer is positioned closer to a cathode side than the second layer.

7. An organic semiconductor element according to claim 6, wherein a
region of the functional organic thin film layer contacting the conductive thin film

30 layer includes an organic compound that is the same as the organic compound.
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5 formed by adding a donor to a second organic compound that is different from the
first organic compound; and

the first layer is positioned closer to a cathode side than the second layer.

9. An organic semiconductor element according to claim 8, wherein a
10 region of the functional organic thin film layer contacting the first layer includes an

organic compound that is the same as the first organic compound.

10. An organic semiconductor element according to claim 8, wherein a
region of the functional organic thin film layer contacting the second layer includes

15 an organic compound that is the same as the second organic compound.

11. An organic semiconductor element according to any one of claims 1
through 4, wherein the functional organic thin film layer comprises a bipolar
organic compound.

20

12. An organic semiconductor element according to any one of claims 1
through 4, wherein:

the functional organic thin film layer has at least one hole transporting layer
comprising a hole transporting material, and at least one electron transporting layer

25 comprising an electron transporting material; and

the hole transporting layer is positioned closer to an anode side than the

electron transporting layer.

13. An organic electroluminescent element comprising:

30 an organic structure which emits light by making a current flow therein and
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is formed by sequentially laminating an n number of functional organic thin film
layers (where n is an integer equal to or greater than 2) comprising a first through an
n-th functional organic thin film layers between an anode and a cathode,
wherein a conductive thin film layer is formed between a k-th functional
5 organic thin film layer (where k is an integer of 1 <= k < (n - 1)) and a (k + 1)th
functional organic thin film layer, and

wherein each of the conductive thin film layers ohmic—:ally contacts with

each of the functional organic thin film layer.

10 14. An organic electroluminescent element comprising:
an organic structure which emits light by making a current flow therein and
is formed by sequentially laminating an n number of functional organic thin film
layers (where n is an integer equal to or greater than 2) comprising a first through an
n-th functional organic thin film layers between an anode and a cathode,

15 wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of
1=k =(n-1))anda (k + 1)th functional organic thin film layer, and

wherein each of the conductive thin film layers ohmically contacts with
each of the functional organic thin film layer.

20

15. An organic electroluminescent element comprising:

an organic structure which emits light by making a current flow therein and
is formed by sequentially laminating an n number of functional organic thin film
layers (where n is an integer equal to or greater than 2) comprising a first through an

25 n-th functional organic thin film layers between an anode and a cathode,

wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of
1 <k =(n-1))and a (k + 1)th functional organic thin film layer, and

wherein each of the conductive thin film layers contains at least one of an

30 acceptor and a donor for the organic compound.
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16. An organic electroluminescent element comprising;:
an organic structure which emits light by making a current flow therein and
is formed by sequentially laminating an n number of functional organic thin film
5 layers (where n is an integer equal to or greater than 2) comprising a first through an
n-th functional organic thin film layers between an anode and a cathode,
wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of
1<k =(n-1))and a (k + 1)th functional organic thin film layer, and

10 wherein each of the conductive thin film layers contains both of an acceptor

and a donor for the organic compound.

17. An organic electroluminescent element according to claim 15 or 16,
wherein a region of the functional organic thin film layer contacting the conductive
15 thin film layer includes an organic compound that is the same as the organic

compound.

18. An organic electroluminescent element according to claim 16, wherein:
the conductive thin film layer is structured by laminating a first layer
20 formed by adding an acceptor to the organic compound, and a second layer formed
by adding a donor to an organic compound that is the same as the organic
compound; and

the first layer is positioned closer to a cathode side than the second layer.

25 19. An organic electroluminescent element according to claim 18, wherein
a region of the functional organic thin film layer contacting the conductive thin film

layer includes an organic compound that is the same as the organic compound.

20. An organic electroluminescent element according to claim 16, wherein:

30 the conductive thin film layer is structured by laminating a first layer
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first organic compound; and

the first layer is positioned closer to a cathode side than the second layer.

21. An organic electroluminescent element according to claim 20, wherein
a region of the functional organic thin film layer contacting the first layer includes

an organic compound that is the same as the first organic compound.

10 22. An organic electroluminescent element according to claim 20, wherein
a region of the functional organic thin film layer contacting the second layer

includes an organic compound that is the same as the second organic compound.

23. An organic electroluminescent element according to any one of claims
15 13 through 16, wherein the functional organic thin film layer is composed of a

bipolar organic compound.

24. An organic electroluminescent element according to any one of claims
13 through 16, wherein:

20 the functional organic thin film layer has at least one hole transporting layer
comprising a hole transporting material, and at least one electron transporting layer
comprising an electron transporting material; and

the hole transporting layer is positioned closer to an anode side than the
electron transporting layer.

25

25. An organic electroluminescent element according to claim 23, wherein
the bipolar organic compound includes a high molecular compound having a

m-conjugate system.

30 26. An organic electroluminescent element according to claim 23, wherein:
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the conductive thin film layer includes a high molecular compound having

a m-conjugate system.

27. An organic electroluminescent element according to claim 23, wherein:

the bipolar organic compound includes a hiéh molecular compound having
a m-conjugate system, and

the conductive thin film layer includes a conducting high molecular

10 compound with an acceptor or a donor added to it.

28. An organic electroluminescent element according to claim 24, wherein
the conductive thin film layer includes at least one of the hole transporting material
and the electron transporting material.

15

29. An organic electroluminescent element according to claim 24, wherein

the conductive thin film layer includes both the hole transporting material and the

electron transporting material.

20 30. An organic solar battery comprising:
an organic structure which generates an electromotive force by absorbing
light and is formed by sequentially laminating an n number of functional organic
thin film layers (where n is an integer equal to or greater than 2) comprising a first
through an n-th functional organic thin film layers between two electrodes,

25 wherein a conductive thin film layer is formed between a k-th functional
organic thin film layer (where k is an integer of 1 = k < (n - 1)) and a (k + 1)th
functional organic thin film layer, and

wherein each of the conductive thin film layers ohmically contacts with
each of the functional organic thin film layer.

30
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thin film layers (where n is an integer equal to or greater than 2) comprising a first
5 through an n-th functional organic thin film layers between two electrodes,
wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin fglm layer (where k is an integer of
1=k=(n-1))and a (k + 1)th functional organic thin film layer, and
wherein each of the conductive thin film layers ohmically contacts with

10 each of the functional organic thin film layer.

32. An organic solar battery comprising:
an organic structure which generates an electromotive force by absorbing
light and is formed by sequentially laminating an n number of functional organic
15 thin film layers (where n is an integer equal to or greater than 2) comprising a first
through an n-th functional organic thin film layers between two electrodes,
wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of
1<k =(n-1))anda (k + 1)th functional organic thin film layer, and
20 wherein each of the conductive thin film layers contains at least one of an

acceptor and a donor for the organic compound.

33. An organic solar battery comprising:
an organic structure which generates an electromotive force by absorbing
25 light and is formed by sequentially laminating an n number of functional organic
thin film layers (where n is an integer equal to or greater than 2) comprising a first
through an n-th functional organic thin film layers between two electrodes,
wherein a conductive thin film layer which includes an organic compound
is formed between a k-th functional organic thin film layer (where k is an integer of

30 1=<k=(n-1))anda (k+ 1)th functional organic thin film layer; and
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4. An organic solar Battery according to claim 32 or 33, wherein a region
5 of the functional organic thin film layer contacting the conductive thin film layer

includes an organic compound that is the same as the organic compound.

35. An organic solar battery according to claim 33, wherein:
the conductive thin film layer is structured by laminating a first layer
10 formed by adding an acceptor to the organic compound, and a second layer formed
by adding a donor to an organic compound that is the same as the organic
compound; and

the first layer is positioned closer to a cathode side than the second layer.

15 36. An organic solar battery according to claim 35, wherein a region of the
functional organic thin film layer contacting the conductive thin film layer includes

an organic compound that is the same as the organic compound.

37. An organic solar battery according to claim 33, wherein:

20 the conductive thin film layer is structured by laminating a first layer
formed by adding an acceptor to a first organic compound, and a second layer
formed by adding a donor to a second organic compound that is different from the
first organic compound; and

the first layer is positioned closer to a cathode side than the second layer.
25
38. An organic solar battery according to claim 37, wherein a region of the
functional organic thin film layer contacting the first layer includes an organic

compound that is the same as the first organic compound.

30 39. An organic solar battery according to claim 37, wherein a region of the
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40. An organic solar battery according to any one of claims 30 through 33,

5 wherein the functional organic thin film layer is composed of a bipolar organic

compound.

41. An organic solar battery according to any one of claims 30 through 33,
wherein:

10 the functional organic thin film layer has at least one hole transporting layer
comprising a hole transporting material, and at least one electron transporting layer
comprising an electron transporting material; and

the hole transporting layer is positioned closer to an anode side than the
electron transporting layer.

15

42. An organic solar battery according to claim 40, wherein the bipolar
organic compound includes a high molecular compound having a m-conjugate

system.

20 43. An organic solar battery according to claim 40, wherein:
the bipolar organic compound includes a high molecular compound having
a mt-conjugate system; and
the conductive thin film layer includes a high molecular compound having
a m-conjugate system.
25
44. An organic solar battery according to claim 40, wherein the bipolar
organic compound includes a high molecular compound having a m-conjugate
system, and the conductive thin film layer includes a conducting high molecular
compound with an acceptor or a donor added to it.

30

46



,10% & ()-s!10% & ()- #10% & ()-s10% & () - KKK. L6LVLLdE: / 10t )10% & () -
'10% & ()- $10% & ()-"!10% & ()- !10% & ()-10% & ()-LL MBMBMWMIE: / 10t
Y3110% & ()- 210% & ()- 010% & ()-1.10% & ()- -10% & ()-|Y+m

10% & () - MNLNONRNSNTNUNOXmb@ 10t ! VI 1094\ & ()-Y 10t 10t 10t;

10% & ()-&910% & ()- YF7-10% & ()- Y5!10% & () - OOOPPr QQQwWUBMb @ 10f ;

10% & ()-!#109%\ & ()-' 1 #109%\ & ()-' I #109%\ & ()-!#10%\ & ()-!Y @ #10%n m & (

)-Y Normal " "Headi-ng 13]c". " " ler . Headi ng 43].c”
"Headi ng 53] c" " %ga%nn&]gég'lc Jﬂ?ﬂﬁ%ﬂ%ﬂzgl m'Eetsﬁeﬁg1 47 § ¥agien ﬁﬁe‘é(g]dr‘lﬁl@%] c"A
"Defaul t Parggfiadhidy@ntilcluliés at least onc of the hole transporting material and t
C2L1UIN N gp@ qVPz<\ b: {yD4$+@a7R?ETKNRTVXZ\ A* bdf hj | nervxz| ~3(P C{, $+1’>' 07@
| Q Ic t] electron transporting material.

| <1ly!#. (*, 20f 35u9>|\/I?BEHI\/D} Q S/ UWZ_chj JosuwyF{ A| pOU>BeOpkKLWOhLu- J{ I 4d| G X
] KIRE "P$%' (*-, -. 02H3A456&89: <I >’>ABDFGHI\LJKLNDQ " #$9& ()*+,-./0123456789:

<=>? @\BCDEFGH JKMWN%’Q%E THOIZ Blieey 0GR hbl&Almﬁgp%ﬁés&vmzcid&m@&wﬁs

New RomanAri al Couri er cunent
" #3$9&' () * thin /fﬂ)rh2$aﬂ55:67ﬂl%ludes both the hole transporting material and the electron

<=>? @GABCDEFGHI JKLM\OP STUVV\XYZ[ \]~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~
| " #$UR () * Hanspgiipg4nge
<=>7?@A\BCDEFGHI JKLM\ICPQRSTUVW(YZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~
47. Any one of an organic semiconductor element, organic
10 electroluminescent element and an organic solar battery according to any one of
claims 1 through 4, 13 through 16, and 30 through 33, wherein a conductivity of the

conductive thin film layer is equal to or greater than 10"° S/m?.

48. Any one of an organic semiconductor element, organic
15 electroluminescent element and an organic solar battery according to any one of
claims 1 through 4, 13 through 16, and 30 through 33, wherein the conductive thin

film layer is in a floating state.
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