ORGANI C SEM CONDUCTOR ELEMENT BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 5The present invention relates to an el ectronic device enpl oyi ng
an organi c sem conductor. Mre particularly, it relates to a

phot oel ectroni ¢ device such as a photoel ectric conversion el enment and an EL
el ement. 2. Description of the Related Art toConpared to inorganic
conpounds, organi ¢ conp@iR{EANILESEAMIGOND NCEFORIBHHIeIE NI syst ens, and

t hrough appropriate nol ecular design it is possible to synthesize organic
material s having various functionalities. Further, the organic conpound is
characterized in that filga IQ@‘BIJIDK@ @Me or gani ¢ conpound
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attention has been given to photonics and el ectronics enploying functional
or gani ¢ mat er i afldie present inPhrdi@nidatesah rinqelestradiicadt vigk enip$Syiah an organic
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sem conductors. In addition, since the organic conpounds thensel ves have
properties of |ight absorption and concomtant |ight em ssion (fluorescence
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in th%ela% tervo i,CS ff el d. The " nfezinﬁ1 _ilscussed here can be broadly divided
into too & feé)’ rl?jég(_) ymerization. In light of these advantages, in recent years, attention

has been given to photonics and electronics employing functional organic materials.

Photonic techniques which make use of photophysical qualities of organic
compounds have already played an important role in contemporary industrial
techniques. For example, photosensitive materials, such as a photoresist, have

20 become indispensable in a photolithography technology used for fine processing of
semiconductors.  In addition, since the organic compounds themselves have
properties of light absorption and concomitant light emission (fluorescence or
phosphorescence), they have considerable applicability as light emitting materials
such as laser pigments and the like.

25 On the other hand, since organic compounds do not have carriers
themselves, they essentially have superior insulation properties. Therefore, in the
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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The first of these, represented by conductive polyners, is neans in which a
n- conj ugat e system organi ¢ conpound is doped with an acceptor (electron
acceptor) or a donor (electron donor) to give the 6-conjugate system

organi ¢ conpound a carrier (Reference 1: Hi deki Shirakawa, Edwin J. Louis,
Alan G MacDi arm.d, Chwan K. Chiang, and Alan J. Heeger, "Synthesis of

El ectrical |y Corfd0wevelythaye @rgarmiansHol yrakisg nidskivgenn Bents\Atdly@s cof current
Pol yacetyrtﬁ(ﬂ?,. (tﬁ:H) v, .Chem Ciorrm 1977, 16, 578-580). By increasing the
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expressed by Formula 1 in whic carrier trap o when the SCLC flows is
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This means of doping the acceptor/donor to improve the dark conductivity
to make the clectrical 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 eleciric 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, ie.,
Formula 1, shown below. In the formula, J denotes a current density, £ denotes a
relative dielectric constant, &y denotes a vacuum dielectric constant, | 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:
30



10Here, for conparison, Formula 2 is shown as a fornula expressing the
current density when an Chmcurrent flows according to Chmis Law. a denotes

a conductivity, and E denotes an electric field strength: Forrmula 2 15J =
<YE a Vvid In Fornmula 2, since the conductivity a is expressed as
= nett. é@‘ere n denotes a carrier density, and e denotes an electric

charge) thermedkeri er density is included in the factors governing the
amount of the elgcgggcal current. that flows. 20 Therefore, in an organic
mat eri al havi ng t affalldedr &€ of carrier nobility, as long as the
material's carrier density is not increased by doping as descri bed above,
the Ohmcurrent wll not flowin a material which nornally does not have

few carriers.  Note tHRWB¥ELC factors which
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carrier mobid &azyemay}rerenmrgw\or ds, an organic materi al capabl e of
| at ent | transportr n a carrier, can be called an "organic sem conductor".
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devi ces, have partr cu enon { e advancenent in recent
years. The nost basic structure of the organic EL el enent was reported by

W
Formula 2

15 I=oB=0- V/

In Formula 2, since the conductivity o is expressed as ¢ = nep (where n
denotes a carrier density, and e denotes an electric charge), the carrier density is
included in the factors governing the amount of the electrical current that flows,

20 Therefore, in an organic materia} having a certain degree of carrier mobility, as long
as the material’s carrier density is not increased by doping as described above, the
Ohm current will not flow in a material which normally does not have few carriers.

However, as is seen in Formula 1, the factors which determine the SCLC

are the dielectric constant, the carrier mobility, the voltage, and the thickness. The

25 carrier density is irrelevant.  In other words, even in the case of an organic material
insulator with no carrier, by making the thickness d sufficiently small, and by
selecting a material with a significant carrier mobility w, it becomes possible to
inject a carrier from the outside to make the current flow.

Even when this means is used, the current flow amount can reach the level

30 of a normal semiconductor or more. Thus, an organic material with a great carrier
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Tang, et al. in 1987 (Reference 2: C. W Tang and S. A Vanslyke, "Organic
10 el ectrol um nescent di odes", Applied Physics Letters, Vol. 51, No. 12,
913-915 (1987)). The element reported in Reference 2 is a type of diode
el ement in which el ectrodes sandwi ch an organic thin fil mhaving a total
thi ckness of approxi mately 100 nm and being constituted by lamnating a

hol e- t r angpobilithgr.oimgatiier wordspundomadiAmagd@at &mabtd 8nsg | rgani c
conmpound, and the %I enent uses a | i%ﬁt_ 15 em ttiér?g nateriﬂg{]ﬁypﬁrgi)ggé%la
mat eri al ) FEEhEaB|PEGaHEH a0y DrgpUE sEicasimotufid. By appl yi ng vol tage to the
el ement, Ii ght-qrﬁicfasélgﬂ can be achieved as froma light emtting diode.
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referred to as a "nol eg%l ar exciton") ,Pand light i s]qg%li[ﬁgg \%h%‘?]@te%cglcal
mol ecul ar @RbliesAT feeational voganis riatssabsaphotoclectronidNdt céd) dave PGSRy

nol ecul ar _gxcitons forned by the organic conmpound can include a singlet

exci ted Stdgmaorgﬁr&%éj Eem%g@?leé@?ﬂ%‘an%iamé,%@ﬁd’@taﬁe base state is 25

normal ly the si e : fore,,emtted Light fromthe singlet

excited state i sq%Ce eor%E g)(%igltco&g'g&ﬁf%cﬁetélge?fgamcgﬁj Qlé?mf“tt HeéaeReRarEd bygh.

fromthe ohp) @l MxGht PIRB\(Referbficd of. LT O, LR RHOSPHOT G680, LOAL,, The
contr

di scussion in this specification covers cases I put' eganic
eni tt etd | Plpstrofyomdsoeint dioddsd, exmilieeld PhiyeicesLeterst hicase b, tibe Qrﬂ@ggc
Iy’ as

EL el errenkmj@ ri g%d e?bove, the organic thin film30 is normal |y forne
athin fi in HrerhEporier iapkeferame 2 & 20gpsinf diode element in which

electrodes sandwich an organic thin film having a total thickness of approximately
100 nm and being constituted by laminating a hole-transporting organic compound
and an electron-transporting organic compound, and the element uses a light
15 emitting material (fluorescent material) as the electron-transporting compound.
By applying voltage to the element, light-emission can be achieved as from a light
emitting diode.
The light-emission mechanism is considered to work as follows. That is,
by applying the voltage to the organic thin film sandwiched by the electrodes, the
20 hole and the electron injected from the electrodes are recombined inside the organic
thin film to form an excited molecule (hereinafter, referred to as a "molecular
exciton"), and light is emitted when this molecular exciton returns to its base state.
Note that, types of molecular excitons formed by the organic compound can
include a singlet excited state and a triplet excited state, and the base state is
25 normally the singlet state. Therefore, emitted light from the singlet excited state is
referred to as fluorescent light, and the emitted light from the triplet excited state is
referred to as phosphorescent light. The discussion in this specification covers
cases of contribution to the emitted light from both of the excited states.
In the case of the organic EL element described above, the organic thin film

30 is normally formed as a thin film having a thickness of about 100 to 200 nm.



Further, since the organic EL elenent is a self-lum nous el enent in which
light is emtted fromthe organic thin filmitself, there is no need for

such a back light as used in a conventional liquid crystal display.
Therefore, the organic EL el enment has a great advantage in that it can be
manuf actured to be extrenely thin and 5 |ightweight. Further, in the

thin fil ri'aebengincet thicokgess BF. dement 100 stH-RAAnom cfcdheRXaMhen ﬁ?ﬁt fd e
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Applied Physics Letters, vol. 48, Ngflezﬁﬂa& 18(5)95%83%%. A%%‘S‘%%gﬁ‘@s Pic

current Hehgrikegspynssalimiengnd itlyhiikeothveorhain BRcklemieat ihecefdagistchbi
film 1rs used to obtain ag el ectronotive force. The electric current that
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In short, the organic solar battery utilizes an opposite structure to the
organic EL clement. That is, its structure is similar to the most basic structure of
the organic EL element, where the organic thin film having the two-layer structure

25 is sandwiched by electrodes (Reference 3: C. W. Tang, "Two-layer organic
photovoltaic cell", Applied Physics Letters, vol. 48, No. 2, 183-185 (1986)). A
photoelectric current generated by causing light to be absorbed into the organic thin
film is used to obtain an electromotive force. The electric current that flows at this
time can be understood as follows: the carrier generated by the light flows due to

30 the carrier mobility present in the organic material.



10First, in the case where the acceptor and the donor are doped to the
organi ¢ sem conductor to increase the carrier densities, the conductivity
is actually inproved but the organic sem conductor itself |loses its own
physi cal properties (light absorption, phosphorescence, etc.) which it
originally had. For_ exanple, when a phosphorescent-light emtting"

Tr-conj ugat e sy5t dfispaTayndhe neiganicaimaterials whishd weist hottderzdceptimvigionay
its condulg%' A tg itncr afes. btft Lt stops emtting light. Therefore, in ‘
exchange OSBRI HGCTRBICH THE other they s orgdndl RUPOTE 3 21 prsubtiBEcane ous
functi onalysik€ J h L gani --al. S r criticed.

Furt her, %aﬁﬁoaaﬁeﬁ%{ {‘al ?%&é%qla %ﬁg@l% pﬁa§§@§§|§o§§8%§ﬁ§ucéfiv\}ﬁsi et an
be achi evehbibyleadionst i dgviaesopiyngsidmiunt Qévi%h% agRepban® O8I dRRALIoNO
matter how 20 nmuch acceptor and donor are doped to increase the carrier, it
i s dif i coceordinglongsasnchyin ehgaiin samiamduetord dns begormqubbedtenprésena net al

or of an inorgapjc conpound, that i uivalent to a netal (e.,g., nitride

titan or other E’Géwlﬁ’% S%PEG% VEJRERIHRE YWO| THehods rusigg the oxgiankc
{t o an Cftioul bt . .

e (SEERBEHRY 4 ks Br UAIELE FDiE et SLIRSSRAR, SRR ©

advant agewhich hatest@igi0ngani msOBREY | AlolveveX dRAEbY Hodkakheag, 'h&gﬂa On
the other hand, in the case where the SCLC (hereinafter, SCLC1ncludes a
phot oel ecdiffegertuproblry. i s made to flow to the organic seniconductor, the
physi cal properti.es that the organic sem conductor originally had are

not |d8t. A 30 rEBPledbintisgevasintheacseponanditbe doner simdepechimthcherganimni ¢
scent material, (or

hosphor cerasBlber, o Meldall 17 AHUE0 Cmaties: Fiee  BEmBF ety Peetieiimde
to flow iheoRedaniCiizobaanh@lbfidoliifoulibdlr 2854 e éwﬂclgﬁfé?@%;@sbp%&égoght

absorption by the organi ¢ sem conductor. However, as can be un

| ooki ng dlighbransbeption, spisphbhec&icC dts.) Swhivkeits etiginallgpaad] obat &xtampibe
3rd power of the thickness d, the SCLC can only be nade to flow through a
st ruct ur VBehs? fhasgheresesrichighid emidinmmvi-coritgats Isystens pdlpwes ofataktlr anel y
thin il ng. [ ecifical in light of.the general carrier mbility of
or gani® 1Rins b WE R B biet Mnthebisliiy dreRESeow § floasrmiing et
appr oxi mapied yrkB0 i natq; b | $hd TGt i DY 290P NG, t he
above-nent i 5ned uIItra t?\i ff?{nr% i%nrlff ﬁ}i?&gtg}%wwaﬁ&g}%ﬁﬁy’ g&%’ can

be made twaridusviuattibeaslitusl wags. thOvegareaseie MhlpdsResset aankserFicel ement such
as the one discussed in Reference 2 is successful is because the thickness

of its organic Fwither pitheugh these ghanl advariagaid drati waridlus rantibttivities mahad ng
a thi Ckn%%ﬁieqffedat?y Egjﬁsggtg%l op]igg amount of the acceptor or the donor, no matter how
20 much acceptor and donor are doped to increase the cérrier, it i1s difficult to
constantly obtain a carrier density equivalent to a metal or of an inorganic
compound that is equivalent to a metal (e.g., nitride titan or other such inorganic
compound conductor). In other words, with respect to conductivity, it is extremely
difficult to sur;;ass an inorganic material, except for in several examples. Thus, the
25 only remaining advantage is that the organic material is extremely workable and
pliant.
On the other hand, in the case where the SCLC (hereinafter, SCLC includes
a photoelectric current) is made to flow to the organic semiconductor, the physical
properties that the organic semiconductor originally had are not lost. A

80 representative example of such is none other than the organic EL element, in which
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15However, the fact that the thickness d nust be nade extremely thin
actual |y becones the biggest problemwhen the SCLCis made to flow. First,
in the 100 nmthin film it is easy for pinholes and other such defects to
devel op, and short circuits and other such problens occur due to these,

causi ng a,}copca]n t.hat yi%f' d ma% deteriorate. Further, not only does the
mechani cal"“st'BEhGPHSBPR tTeM His Thiorescont audetiple (omphosphssesdeat mntefiablt is i ng

process if ' i . he filmmyst be.an ultra thin film
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not lost, and there is an advg"m agqge1 I n tt?alt0 \?d;lrihgﬁgg%%?ieh}){ﬁ‘gﬁ?l C?(EIZ can be
produced. HowevBlowexBs,dwst i lor andentoot thdkime i oahitay1 ofintdh oS gant &
sem conduct or ils accel erat ed ‘% maki ng the SCLC flow. For exanple, |ooking

at t he or'gXATCEPTYIUVRBRARICI Gis Hdamve, of the higknews & hae SCHC [danatrildeof
the ele =y f-l1ife . of the brightness |evel of, the emtted

[ ght) Caanade oS ftost ARrlB 2 MirfoBie eOReiibit oo ATecurades. widgtinhsd o both

bri ght nesgurfies dfMex@icneds1yWaifgiimk O §caff i Lent that is
30 nade torf | SSV (Ref eren(}:/e 4: ﬁ\l(lgghi ??2‘?‘3%%% ,Ca'(?l‘thIIl ?I%gr(ﬁgo%rgg%ﬁgfcaﬁb%rl | ed
Physi cs /mGCbyepi ©f Motganid amakréds,r o csrandreBimestedler QR Gira Wah. ik Mo, 1
(2000), 86-99). As descri bed above, in the device where the acceptor
or the doROxENelyed smpoodiftemeonductivity, functionalities other than
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reason why the organic EL element such as the one discussed in Reference 2 is
successful is because the thickness of its organic thin film is designed as a
uniformly ultra thin film having a thickness of approximately 100 nm.

15 However, the fact that the thickness d must be made extremely thin actually
becomes the biggest problem when the SCLC is made to flow. First, in the 100
nm thin film, it is easy for pinholes and other such defects to develop, and short
circuits and other such problems occur due to these, causing a concern that yield
may deteriorate. Further, not only does the mechanical strength of the thin film

20 decline, but also the manufacturing process itself is restricted because the film must
be an ultra thin film.

Further, when the SCLC is used as the electric current, the physical
properties that the organic semiconductor itself originally possessed are not lost,
and there is an advantage in that various functionalitics can be produced. However,

25 deterioration of the functionality of the organic semiconductor is accelerated by
making the SCLC flow. For example, looking at the organic EL element as an
example, it is known that the lifetime of the element (i.e., the half-life of the
brightness level of the emitted light) deteriorates almost in inverse proportion to its
original brightness, or, in other words, to the amount of electrical current that is

30 made to flow (Reference 4: Yoshiharu SATO, "The Japan Society of Applied
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I ncidental ly, in photoelectronic devices using the organic sem conductors,
such as organic EL el enents and organic solar batteries, there is also a
problemw th 10 respect to efficiency. The organic EL element wll
be di scussed as an exanple. The light em tting mechani smof the organic EL
el ement i? that the injected hole and el ectron reconbine with each other to
be convert B¥SIFR{ AR M(ﬁ‘?fé‘rl%‘fgk‘@?foﬁlﬁé&@Bmmcﬁoﬂlcs"L sopailsiNbb.el {2000),
extract ag6_rg§§t one photon fromthe reconbinati on of one hole and one 15

el ectron, "and’it is not be possible to extract a plurality of photons. That

i's, the internaljsausefise abbiei aney d&ie @H?Rﬁ{heoiccéﬂéofrhg&ggg@&‘# %é%‘q Ly

respect injected carriers) should be at nos

it is diffoqubtiuco dGmidugtivitg, i fahetionilitipsanten ehin ciheneynghopaty Oard- 165Q
exanpl e, Ln {he .case 8f the organic EL el ement using the 20 fl uorescent

mat eri al E‘éﬂ e 10| g5t denCe tWherchdigy SCGLKe istused 9pi priducatthe aindyetieits) tion

consi der 0T RabShe Lfnls 50 B Beital el (G MatnTiee vbia ok o
consi der ed 1 mve i e ey
Bi oel cot 1 ont hn Tha R T R B PR A ) )

Therefore, the Ifvéduetilgain phatoklceironhe dbvices @@ingzﬁlﬂﬁﬂgh%%@&fiécﬁicﬁﬁ?d’rsi S
0.25. Furthernore, as long as the fluorescent quantumyield fromthe

f I uor escewchmst@enaic Bk ehoments andidrganictselardiatiquiang therefstilso eneyblent kvids op
even | ower them 0,155.. In recent years, attenpts have been nmade to use
phospH8r 58T WSTPICArY to use the Iight enmission fromthe triplet excited

sLate Lo, brino the 4garne Wtk eLILSLERSY. 5 YICBAShIGR  ThT Lafl o

to 0.75 to 1, an ficiency actuall'y S

mat eri al dagtihgencdehigy of thEowauet E1 Blefdd@hs Em@ﬁ@hﬁwea Mete ahdl eléttron
necessary to use a phosphorescent material w th a high phosphorescent
quant um eeepmbéryitpeachheshef oy be coheentahgeodfghsel Fhtiaiord, ahediod camey,af i@l

i s unavoi dably restricted. This is because organi c conpounds that can 5
em t pho%ﬁéﬁbﬁ% R AEURELR: mest pRe RhepEeat tieregpatiratienmef poedrde and wtecher

orti crnci TR AR ihinBeEbF dFbHIogE ab R alP i 6 PhE e "t i B
current) internal quantum efficiency (the number of emitted photons with respect injected
carriers) should be at most 1.
However, in reality, it is difficult to bring the internal quantum efficiency
close to 1. For example, in the case of the organic EL element using the
20 fluorcscent material as the light emitting body, the statistical ratio of generation for
the singlet excited state (S*) and the triplet excifed state (T*) is considered to be
S* . T* =1 : 3 (Reference 5: Tetsuo TSUTSUI, "Textbook of the 3rd seminar at
Division of Organic Molecular Electronics and Bioelectronics, The J apan Society of
Applied Physics", p. 31 (1993)). Therefore, the theoretical limit of the internal
25 quantum efficiency is 0.25. TFurthermore, as long as the fluorescent quantum yield
from the fluorescent material is not gy, the internal quantum efficiency will drop
even lower than 0.25.
In recent years, attempts have been made to use phosphorescent materials to
use the light emission from the triplet excited state to bring the internal quantum

30 efficiency’s theoretical limit close to 0.75 to 1, and the efficiency actually
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of the organic EL element, this would be a great innovation. |If the
el ectrical current efficiency is inproved, a greater |evel of brightness
can be produced with a 10 snaller electrical current. Conversely, since the
el ectrical current can be reduced for achieving a certain brightness |evel,
t he deterisgﬁg&%p ﬁ@qfﬁﬁ.b t he massive amount of electrical current nmade

oS AL O HUPTeserns mpderéali hasdbegroaehicsind be Hosdueedin Sheer 1o

to flowto

i nverse stgdpgéed qpef Lh ' el ement ich is to say the 15
phot oel ectric con\}/lgbr’sfto‘;lES gfje%%&aagyﬁ? tHE @ré’zs’ﬁ\é\gﬂ%@ﬁ%‘“bgﬁ@ﬂ% wigh a high

i nef fici enth@phprasent quARugesFidi oV 3, r ic.solar. battery
usi ng theq::ons_ent_i onal qpr ani ¢ seﬁ‘l&%’oﬁghc?&e%&?%q@l e@ﬁ@% & Se(’:‘?ﬁtf(’éh%‘”dﬁ’@s
not flow imatehial s tunavoldably irkstriceediot Thiseid. bebhase ook shic REhs t'th‘ég d.qr ce
is not prodU@e , e]illther. Sowever, when the ultra thin filmis adopted, a

pr obl en? ar Y SIORPRYFEECa dahf ghkooap sunpeiabealt psiremely imsepoor 20 (i.e.,

the Iight cannoty.b ely absorbe This problemis considered to be
t he | ar gest reaslgngwgfr‘%?%eg’pb%@egpf ic&ug%a(;_ structured Tqrpmpigningthe leectrical

f or egoi ng cuiHUSHiEBncy N HrihsQai | '- rganic semconduct or
has a shortconming in t}thgt ev\/rr@(r}\1 ttﬁglgn\é%gé\?gﬁet{a%w?(?ié@& g(ﬂl SeheCy %H@eﬂé
flow in aodethiccerganic iEi rejembet, Wh%iv@idptwl%eg}éﬁsinhﬁaétiﬂ{.e Hbg g1 iddie
25 organic nater'i_fal., the reliability and yield fromthe device Is

i nf | uence§UIRPAGHIEBNGY isAmpioveapa ¢ egtar tavelibbrightmess lean Heopeeiuesd haM §
devi ceq tgﬁla‘?fepe?‘%c%r‘%lt of rérﬂe vi ce ils_ %oo(g. These_prlobl ens basically can
be said to arise fromt e ¢ CPRYHSELY PRt S glectiea] surené canriverdduendl
organi c semt aeRRvaioL & : : E .| NVENTI ON )
Therefore, an objec of r%ﬁgr%}%@gn |nvgnﬁ:°o lalsglolr%m?’htc?‘é%@yathﬁewaé%r‘l@ept
to the staustmtefafcdtiealconyent inadako aT@AM) QLS NS Uﬁfxﬁrase&e%ﬁﬁ% v
provi de an organi c sem conductor elenment with not only greater re ﬁi |Ii3ty

but al so FiyREredRedd, without using the conventional ultra thin film
Anot her obj ect resent 5 invention is to inprove the efficiency of

t he s
t he phot oel ect rgﬁﬁecl CEUHsIHg thdhorgfaanic Fémicdomanictwhich is to safhahe

i nventygyr : l.venthon,: a result. of repeated j.ntense studies,
s ey S0 loRR i EERycrs MY iy B B sbinE babsER S e thibicat el mapsent.

gggir nit ggAln;Ei«ﬁU?ibBHCaL&ﬁm, qanghecd Qanih@bldr ShARRE dudih s AN ASLERL3A Slgahic
semiconductor, the electrical current does not flow if the ultra thin film is not used.
Therefore, electromotive force is not produced, cither. However, when the ultra
thin film is adopted, a problem arises in that the light absorption efficiency is poor
20 (i.e., the light cannot be completely absorbed). This problem is considered to be
the largest reason for the poor efficiency.

In light of the foregoing discussion, the electronic device using the organic
semiconductor has a shortcoming in that when the massive electrical current is
made to flow in a device utilizing the physical properties that are unique to the

25 organic material, the reliability and yield from the device is influenced unfavorably.
Furthermore, particularly in the photoelectronic device, the cfficiency 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




10 conductive, and an organic sem conductor in which an SCLC is used to
achi eve the conductivity. The nobst basic structure thereof is shown in FIG
1. FIG | shows an organi c sem conductor el enment conprised of an
organi c structure in which, between an anode and a cathode, there are
alternatively Iim' nafted an organic thin filmlayer (referred to as a
"functional orgdfFEEIPH, N eRIRCUSS theyRiesentrinypelipn éstnintsphoiefd aati @cehor
real i zi ng,valJ g lities by flow ng an SCLC, and a conductive thin
filmlayer i gtl‘lﬁ?%g %&g‘@%&?&“ﬁ‘h‘” i CRANCHLIUCRRITRT elament 40 quaviieeah by

dopi ng t herpaaeedRicoRdus@R @lemOt \QMh%%?bﬂf}f]gxfrﬁ:%f%qgﬁabﬂit% ﬁg&\é%%hgigﬁ%y]ig&q,ed

i nportant here, is that the conductive t ayer

subst ant i withpubhrsimglthy ¢onveheiohainelronaln Gllgani Anblicd Hbijem |o§yg{e g)h%chp' S
20 case, the conductive thin filmlayer is particularly referred t0 as an
"ohmi ¢ ScoRYGRHPTeISt M AMTrPYe |thg e¢fficiciay of Hee plootdslectbsia uevicensashet ween
t he condu&li ﬁ'?ﬁ%ehi n fi.lmlayer and the functional organic thin filmlayer
shoul d be’'&f APEAEEC8Y ¢ r emel y mi ni i zed. By adopting the above

structure, hol ] s ' j nj.ect each 25 frgmthe qhmc
conducti ve t hi ﬁ?]il?%%&%ﬁﬂ{%{%ﬁ%&?ﬁé&c’dﬁﬁ%gjsfé urﬁg'{’j'it Sﬁéi?l)%?%%m?'éﬂﬁ%$1ﬁ8ﬁ8+ m
| ayers. Hors desdsyl encans @apsisiet sRdchie@ap ane abodb 8RR ' inp 8s
n=21is shown in FIGs. 2,12\ and 2B. In EIGS. (Z)A and 2B, mﬁggﬁgﬁygoﬁlﬁp}[@dl
vol t age & gpgAiledsehacardrctohdehainisddopet wikle anatduegenr ef ectivans t@ngarasi | y
i nj ect1 d ohm c .conductive thin filmlayer into a first

from firs
f unct LBndioTGNGHNE A PR Ofgdie Sy egRdictama Whishn SELLE és wets lojachipee tled
f th j . i i i i | i nt df ti onal
ot 6 GoREONT © THEAATHLE: 4 llchudel bR ook W oL FGr T 0 T LUhe] L omaves

fromth de FIaI : ' R
rom t he anode 1 dhbhe sbbedee s@ﬂﬁc&m&t&céfe%mﬁz@é%@% ,?iﬁa(?&%g?%e

toward the anode (FIG 2A). However, it can also be un

the el ectstowtiied in hehfdi, ebéthaen nometdde ohmil @ carididet i therd hird Bltéinlafiy LRy €T
back toward.the opposite directions (FIG 2B). Here, by making éach
functi o\rll\ﬁ?mb%‘aﬁﬁ@l PIEARG FHip filgy dayardrefppredator 36 e Kifesetiatal Xogamim thin 20Mm nm

o ST Sy 16 B0 Bt ML Sl S8 S5 R I3T AT  «
thin filan BYHIC, andunebhenaivd XhiSHeR Achians @AY uin' Bhidd KoUar
conductivity is achieved by doping the acceptor or donor, or by another method.
| 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 casily 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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10 fromthe inherent physicality of the organic material can be realized.
Moreover, when the basic structure of the present invention is applied, the
organi c structure can be nade to have any degree of thickness, which is
extrenely useful. In other words, assune that in the conventional el enent
(in which,a fun?tlonal 6% ani ¢ th|n filmlayer 303 is sandwi ched between a

cat hode 30WANHIS 2 sechsh dungmnal d)fgiﬂﬂ/lén“élllefé]tﬂﬂlléa@r voMhageviewies fpphiad to

the fil t bt t d t f J

(Fro am CREEDeERaty, b CRE0K PRATE: Bhafe Rabhid o Cotko &) egﬁdeﬂcryctfme

al ternati yxﬁmeslﬁmmﬂi@damoam@%r@fthé %HEC@% Oir@a”iﬁ LR, T, d% ers 303
nu hrﬁ o

simlarly having filmthickness d and 6r of "6

thin fil mhdgmted0d; butiethe électnes andliye po&sﬂbﬁeﬁm tfhlcqyﬂrﬁi&ec&fa&u'vgftﬂ o
t he thi ckm,}gs d (which was 100 nmto 200 nmin the conventional art) t

present® i IBHYYrPaskjenred ﬂtﬁmms@mdzte@tmn@ww 21).SCLC havi ng t he cur rent
denS|tthoa t.hi ckness nd S|nthe se, shown in FIG 3A In
ot her words, Eeéﬂbé’cpl g ﬁ%F?‘ B’fdcft—i %r@any;utthng ﬁ@ fager tpBaes pitkickneshe
conventi o hoar C 30 CLC
suddenl y (gt?égg Ij%rflgt\?m %Zj@l Fp%ﬁrm#élrcrrﬁ ﬂﬁ ess J%gE e@é@g@@@l &Wi“blkorgdmc

OF cour sethin Hilsn dayel yaind@nmadsl o float agithel RCLOL cabha( Okt i‘xgeea@( fifiction
requi red. However, the electronic devices using the organic seni condy ?

can easi |<9/rg@ué:r @Eﬁﬁﬁlﬂhéﬂmﬁblfemmwnamat(sw a$ light iengsgibe (nrtgarlnk‘e)rw&ﬁfdda'

mherggt fghﬁs g {ltl e vai% a massive amount of electrical current

is made t mp &“ Plgsicalify ég‘épfgﬁ%ll‘éfliFaé‘éftla lgmnibeereplizedibi ity and the

yield of the deyj r in he. or nlc str ur.e

with the alternat e?ﬂvefré\nﬁhr?gt{gg %E#i%tir]géréa g?ggcn I%S%ﬂ WVP ﬂplléﬁé’i’ﬁsadthe

conduct i V{ﬁghmcnstfudtmd eMEbe miAiR @ B &n P QR ARG Qfnegl e@ﬁfﬁ aéktfﬁﬁ& the
art

SCLC flowin greater filmthickness than in the conventiona
concept dis¢filot laxpteruwords, rasaumiBhilsat cion teptconaenbomdive Rusdny ﬁ *BRAH @d in
nts where t CLC is made tq flow to achieve |ight

organic E[L é Q
eni ssi on HAGHPRA o‘?@ﬁﬂi%ﬂg'&)lf m S03eis sapfwnchpd betveea phathodecttlr and a

ol erment s HHoER R v DRI BaRBRCH! Gl dpy B¢ ey hirgig anpdncreby
sem condwtiigin £ eReRiE! chRRhEHS: @Pfgﬂ«‘dﬂ?é o MA§.0 HRf RH$RERLsd &Y E{P:]E;')rggem

there is provided an organic 10 sém co el enenit conprised
or gani ¢ suyerdiar éFIG)r?r&)dwhjn theqitentdtadel v drﬁiﬂaﬂﬁiﬂﬂ@nﬂﬁr@f%ﬂb@énﬂ%rgamc

functlona_= r rlIC thin fllmla?llers (where n is an integer equal to~or
greater t %‘ B¥e1Si A3 sgnibariyg ﬂYhﬂgtflltﬂhrtbh@bhetwnd rantit(nfuh):numbar of roparmicc

t hi fil t hode, t d t hat
conduct | 2P RRIFED 48 397 3% REh 0L poSoibleriflobi bl mpmed
bet f 1ol j t
of 1 o0 Mk Bk AN s F0PCiol 0T b LY MRl Sheflightian
each of litnaammndammd‘meqmvlaléfnt|tmﬂi@yﬁfgsa@E@[Q@'Ha)bn@ﬂieﬁ@ﬁﬁem @é’hs‘?%cf‘t ta the

functlonal organic thin filmlayer. In this case, as the conductive
thin fil maShé? ngss ridsjlgﬁ{eaﬁenetbt gasosheenan gdd.c honﬁmnnzdondnstleadf&it

duc d. 20 Part | arl th
caseor PtteBgr e B ¥§é?'vﬂﬁég%aﬂ'ﬂ%H%Otggfﬁwwgnmﬁ%abéga%@ 3o origter
prefer abh@wt Rubh Qfotl{@lge% Qg]gfé@d QHE@M@ sua@gx{l?ffs%[?s 18%598 # 19 1% & gsent

invention, there is provi
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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sem conductor el enent conprised of an organic structure fornmed by
sequentially lam nating an n nunber of functional organic thin filmlayers
(where n is an integer 25 equal to or greater than 2) consisting of a first
t hrough an n-th functional organic thin filmlayers between an anode and a
cat hode, characterized in that: a conductive thin filmlayer in a floating
state which i ncHidfesbarbrerghng dthe omganind sirscwirt hoith thecalptrnate] § oamEdated
bet ween aflﬁ-{-g flun(_:ti onal .organic thin filmlayer (where k is an integer of
1 s k -s (PREUCHSY OLgaiue thin ST Jgyen, sagdi eopductivgatiie filnnlaiermtheysganiand
each 30 Qfpi; j thi.n fi r& @hm: l.y,.cont act.s, wi t h.each of
Che funct oo™ arob et Pkt Th SALE AWk P R E S Bt
the conduheisumvehtiondl ki | abigs obnkcBpt BR] el GhiQna@htiOhgani crﬁigi %brfd'gh{“éaﬁ.yer
ohmcally or in a substantially equivalent manner, as described above, it
i s i npor tdvioysdy dwoppphdieimpagenic i lwklahentth evivoadbe tS@eCt i made fib [flow aper
is formed ﬁf thle 1(1)r(c{|ani‘c conpound and the Ia%/er_ is doped with the acceptor
or the défgicye light CIHgsipEABHdn HEABIHPHYT Dalieties pridel mtilizgvae phiotoeleethier e
i's provi ( o ' tor elenent, conprised of an grganic

st act ur & P URRR g ST el R RE R B, ST PR, AL s

organi ¢ _tiigcdridept bayekss tievmﬂi%drbrbﬁd@rtoidﬂﬁ@r%ga&i% RAHBbnd R0 el%fe%}t&r than
onal InTrim

2) consisting of a first through an n<th funct organic t

| ayers bet ween Hrerefiwdeacnddimgeat thederesatianacition, zkdrd 1t prloaidedas Grgugti ve
thin filmlayer in a floating state which includes an organi c conpound is
wi t holll EXERRTBIILplese M etatprise R 2R ¢igaBta stuctusy Gomned Hyi sequentmllgyer

(where kyis:an:i 1 K - 1)) and_.a (k + 1)th functional
organi c { %}rﬁg@%ﬂgﬁ{; l(fg;i{eurr&g %rn%sfélé’(?ﬁc%ﬁ %Egd%‘%?etﬁgbﬂ%clﬁy v (t%‘ﬂ}er‘ief“i IS AT ENescs
cont ai ns eatial t A d, &, th ' ound.
Ao acearal 7BL RRRCP Al 2R EORRLAe BT ArflanBuPin o, SR SRRRR
sem condtutidilnell@yenbeooopr asadodé and aatagiedde; chbfadtdrided HAhARG hductive

sequentially lam nati ng an n _nunber of functional organic thin filmlayers
(wher e nthig” Hhmi fiyegein a floating state is without exception formed between a k-th
15 functional organic thin film layer (where k is an integer of 1 s k = (n - 1)) and a (k +
1)th functional organic thin film layer; and cach of the conductive thin film layers
ohmically contacts with each of the functional organic thin film layer.

In this case, as the conductive thin film layer, it is preferable to use an
organic compound instead of using a metal or a conductive inorganic compound.

20 Particularly in the case of the photoelectronic device which'requires transparency, it
is preferable to use the organic compound.

Therefore, according to the present invention, there is provided an organic
semiconductor element comprised of an organic structure formed by sequentially
laminating an n number of functional organic thin film layers (where n is an integer

25 equal to or greater than 2) consisting of a first through an n-th functional organic
thin film layers between an anode and a cathode, characterized in that: a conductive
thin film layer in a floating state which includes an organic compound is without
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

30 of the conductive thin film layers ohmically contacts with each of the functional
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20 equal to or greater than 2) consisting of a first through an n-th
functional organic thin filmlayers between an anode and a cat hode,
characterized in that: a conductive thin filmlayer in a floating state

whi ch includes an organi c conpound is w thout exception forned between a
k-th functional organic thin filmlayer (where k is an integer of 1 s k s
(n - 1)) earghng thin ilg) kaged uncti onal organic thin filmlayer; and each 25 of
t he conductive :[A@i n filmlayers contains both of an acceptor and a donor
for the organic WH&HE@ Mpeentarhthe opiehictive thimbiliotliayer whintifci funckiayiel i s

Functi onal B ann g Thh Pt tRaleRinr’ IFc GrOnenaSlEnpobitaliecaanhes nes

conduct i v@edchibrdfdHavel fY RS it e: i j.. €.,.1he
organi ¢ compound used’ i nﬁ;t Hﬁ@&%@%ﬁ% ot\rHSaI%e%:&t H?%Vlﬁ?ﬁh{agfgr%uqlge thin
i ncl udéd fihnolayke iz dodued i ofe tltchibrgdnit roohagyemnd and thbelagenduicidped &inngfd | m
| ayer is doped with the acceptor or the donor). This enables the elenent to
be nmanuf A¥GPEY Odéh%fjﬁilﬁ’g to a sinple process. Incidentally, in the case

where both the ?ggeft or _and the danor are included 5 in the conductive thin
filmlayer, it ISHUF e PEENTAINEL LY The, REeSERhIYERIIOR, there: 1$ Prowideg @n erganic

structur aduiboh ORI AR L Blistd el QRS B AL Ng-AB ARSI O LS e

or gani ¢ conpound, a secon ayer for ani c
conpound Ihrhatise hhe wanBeast IRHIhIRBIGNSOTMOYNH 1 AR tWEedid & e
positioned closer to a cathode side tha‘gﬁi t he seconda%leaygr. r10I s%r% ﬁ%ﬁégﬁch
a casé¥ iaquak tpsfgealor hama) coneistingari & fusnthoangh used-th fuhbgofnsphanal
or gani c thi il,m | aéefrr and the argagi c conpound used in the conductive

thin fil }“gﬁhP Ipgers Hirhwee ananefe PRe aseathodhigigracterized in thati dleenditdtive i n

th e b : . i ncl uded in.the

conduct | woTE Ffm PP 1'% B6ESRE Qfar® Wb pEREE st Srenic E0RBouBA dbcvithent i n

film15 leayeptibe foimed benveedy 1-renadtidial @r éﬁié%ghﬁﬁ% 159&@&8% qug{r&g an
or y-a

acceptor to a first organic conpound, and a Secon ayer ing a

donor t oistegecohd ok gam <1 pamplcufid+tdt firstidnkf efganic fhieMilihRyEi:Taid Qigani ¢
conpound; an thg fi.rst layer be positioned closer to a cathode side than
the sttoRd thayendugiivg thingfiy dayers caataing at leaspoas efasl acedpior ainé aodayeoti c

compound "o (RPREFPUIE L o he connect ed wi th the same hing. Al So. i1
1 L ayer and The ar oo & comsoTAeRaE MPERbE UiEe A PLyAes AL SRRuGcea "
wi t h t hessameonchicty. element comprised of an organic structure formed by 'sequentially
laminating an n number of functional organic thin film layers (where n is an integer
20 equal to or greater than 2) consisting of a first through an n-th functional organic
thin film layers between an anode and a cathode, characterized in that: a conductive
thin {ilm layer in a floating state which includes an organic compound is without
exception formed between a k-th functional organic thin film layer (where k is an
integer of 1 sk < (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

13



The structure of the functional organic thin filmlayer nmay be manufactured
25 using a bipolar organic conpound, or by conbi ni ng nonopol ar organic
conpounds by lam nating a hole transporting |ayer and an el ectron
transporting |layer, for exanple. The el enment structure described above is

extrenely, use; u| a_rmng@cor gani ¢, sem conductor el enents particularly because
in the phbt@& F B0 Eie eordustive thahiigo lnper aaddbe cghdudinstiindilef fdyer déncy

d light . ffici . t,i b t turi the f ti I
organi ot ABREET i InE! MR i DG asoRontompBhisa tPREIES b pricwan gha b
em ssi on RianfiFRULAE Jda6iBhaeY bl SabiCHigceRl , (he organic EL el ement with

high reliability and good efficiency can be created. Further, by

structuring thelfcidettalinain thegane ovicat bofli {ha daystorwindhhehRinoF a8difcluded
conpound whi ch generates 5 the photoelectric current (i.e., generates thc
el ect r Snottl the ¢rbisfiveyhianEbniayey, It igpreferaide shafathe conduntivisathire fimwiatybr

hi gh rel iﬁbi it%I a(?ﬁ qood et'ffi c'.en(i% can be reég}(fd. Therefore, the
present i RYENHFYACY REIYHed H’\ge?bfsﬁi YFIorued Pi 5 IRG a8 a55aRIOT 4@ M BFEIGES or

el ement i ' t ol ' i [ i.ned above, has
the str uc?(t)Jr _bgg%’a%ﬁletd;b? EIrjicla{glll %r%g'_t%ﬁg%c#r g%‘?#% %Ebéﬁ%%ﬁg%%%@?i %"dﬁ?‘?‘ﬂ‘gﬂ 10
and the offgeid thesinaé abaid 8foanfdIBEkipONALI 40 the first laQttR ﬁéﬁfion&ﬁbfds‘éﬁk@r ly
in the organic EL elenent, in the case where the furctional organic thin
filml ayez chdodesudt inasdhevsedondlayei. pol ar or gani ¢ conpound, the bi pol ar

or gani ¢ conpoun referaply includes hi gh. nmol ecul ar  conpound_havi ng a

+- conj'fgat e sys&?& IFlfPFR@r?aSPoFt 1§ paeicsria dhat et ofganic ¢ompayed used welthe i t
15 is desg I . od..J [ t he .hi gh _nol ecul ar. nmpound havi ng
1013 deshirablal B AuMURE o0 SR O aTRh A BT RBRAE B
the donorthi® fil APLQ¥EbE Ben skt GMANE sl thing) ternatively, for the
conductive thin filmlayer, it is also possible to use a conductive high
mol ecul ar conpolmudaitaly,tingheacasptdierobototheracadpied andahetdono? @R tddieded i N

the organic EL element, in the case where, for exanple, the hole =
t r anspor tindcl epshuchyadhisr fikmdaye, i Brdpo prefsmiadhet she camduative diiedilmon

:E(r)ansqgr tliag}gr i)%ys?rrucr@@r%% l%ff la?rrﬁ_ineal’zgl%t h st Efy%%%?z%%g%ynggg{dgagﬁ a%rcgptlo?% nz? ted
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 compouﬁd 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 eclectron 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 cfficiency and light absorption efficiency. That is, by
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structure the functional organic thin filmlayer by conbi ning nonopol ar
organi ¢ conpounds, the conductive thin filmlayer should al so be nade using
at | east one of 25 the hole transporting material and the el ectron '
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 bofHUtWENgothe funstiopal prasgientkier fikin laper whd Hiceotgunic cogippRadt (hag
mat eri al . egﬂ'brmrﬁ 12s)tpgci.fic berﬂs .thiﬁ refers to a method in which a
donor - dop&d 1 aye? 2ot SPHE Yl 8¢t HEW RS 4hs HER FHTEH: die @sganic rEL hdes@nt
functi onalyigf & Seltdbinef i e :q\é]ﬁ € -doped,.| ayer of the hole
transporting ma _er(i:al Iué@%#@#oﬁﬁeé?hnc |yg§%rfﬁgr(§g%%g‘t iuﬁthfai[’! |SEpetuTIng o
| ami nat edthepbmatinhl otdwiic ithinafifh Ny éiuﬁv@;iluﬁl@cbrgﬁnich&rﬁ?!?m%l?ﬁﬁht bkl m
| ayer. The structure of the functional organic thin filmlZayer When
used i t He phgjanlcstrioramenali cargenicsateh thesdnetramovifiefortsd dyi dbsolisin rigani c
EL el emen{h. That . is, Sl#n the o %inieg_ solar hattery, in the case ere the
funct i onat"CoPGARICS A #Hi batary Fﬁ"ﬁh{* rediabi iy @pd reqdvittinicore can belcaeatodgani c
conmpound, the bt or, i preferably includes hi gh nol ecul ar
conpound havi ngir{ﬂﬁ}e&{]rre-’ égﬁfﬁﬁ‘g‘”’é’f’ g?@‘%ﬁ{?‘eﬁ\ ml"—“’iﬂc{eﬁe ‘k,érﬁ{%‘lmﬂ he? n’iﬂ’ug}q QRN n
fil mlayeseaondbtioridleinsndesividbhethkOfueBoRalBE i [ hLgk

o U o R/ PR e b of P her o,

nol ecul ar conpound havi ng the it-conjugate syst I's use
i s doped #ave hae theseptlare capatile aforaizing thpooxmid BL dRirieONHGohXlity -

Alternatively, for the conductive thin filmlayer, it is also possible-to
use t g Mﬁﬁ?r@é“m%fnﬁﬂt%ﬂﬁwdmnd with the acceptor or donor added
t her et o. r....ha the argani c_solar. baftery, .in the case where,
for exanpl e, thlg]%:t%?/lgaﬁ &t Cu&?ﬁy e ﬁ’(‘}l 8reAftn qulﬂ%‘%mﬁ diif afaseawherenthe
layer mad@nefiohileo@lafed 197 ' 81 bl b Ak inated to
structure tnhel.ofun?:%donal orfgglniu '? E?%%W%@g{r& yb?(q)]rir%i é\@dpcn%%lgﬁ’fﬂlﬂ?’
organi ¢ dbapbipeda, ofdwmicadusdind préfenatliyl mclmrasﬂiﬁ%w thoAt &flaP&oBSifudE NI
e

at least one of the hole transporting material and t el ectron
t r anspor thaVAngatEcPalugatmeysiens. | Rpsthersiosihd coeddupedthin Eimt lagenacaplion: and

d Lo i he dar k tivity. Aternatjvely, it is al i bl

Lo sd? 20 RSN PRe Nalot 1 PRARROY £1 MUVl 15  Eh MBI oKHI PPN Lt ant i ng
terial 4 i kRS, refers to.a ethod in which th

donor - dopgc Pyt SREGHISsETLPR T bR M o aPCutelof T Hetor o

f unct i onampoyganhe datk noxfid[ddﬁvlig{y erAltemdiivbe, FSCRRI Qrddensd ¢ fi‘lyﬁ¥mqg thrh?t
hol e transporting material used in the functional organic thin il n¥ ayer

are | ani AaPEW pRBibledeHisstheendurtiveehighruotesubrusenpamd héthcorlsepys or
donor added thereto.

20 Further, in the organic EL element, in the case whefe, for example, the hole
transporting layer made of a hole transporting material, and the electron
transporting layer made of an electron transporting material, arc 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
clectron transporting material. In more specific 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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25 thin filmlayer. Note that, if the carrier can be injected into
all the conductive thin filmlayers (ohm c conductive thin filmlayers)
descri bed above, then it is not necessary to reduce sheet resistance in any
of them Accordingly, a conductivity rate of 1040 Simor greater is

suf fi ci enttran8Porting material usc@RInEfhDRSERRE N e Thim Qﬁﬁ%?‘@@ 48 Lifnated

acconpanying drawm ngs: FIG 1 shows a basic structure of the present

i nvent i onUpPREECch DNIEHY 28 witow wodesphe condudiivepthas it laperent i on; 5FI Gs.
3A to 3C show effects produced by the present invention; FI Gs. 4A
and 4B il ustratd% ﬁ%&y%@'it 8 fupsHenelharganis tinebilm layer sthanensed in the

cury ont " oPreanic solar afer iRl ECIR SRR S P LRET L. eftgietitc  Bihat 18"
| tss: 3 i i _
o 5 U OOk, SIEIS R GAEATR b S

I nvention; .
accor di ngig strzbmred egitht thenvipotdrosiganic compoundFltke HpsReWE eanPe6hbend

exanpl e of an organic EL el enent according to the 15 preseng I nvention; and
FIG 10 shedgrablygeeludes ahdgipimolsiculan armpeind Bavie i t-acgjapdin gyétent.he

Fer ot naf t ERAOGERT (085 VRGN ieicos,Piel isestably @bt meathod on
bt ory a8 s R A ol @ GhART by fe ARECKRAIR AR SR Nefd dathe
oo e PO STl oty g o LU SRR
enbodi nenflieperdjvedps o phé ondsctive thin film layer, it is also possible to use the
conductive high molecular compound with the accepfor or donor added thereto.
Further, in the organic solar baftery, in the case where, for example, the
layer made of the hole transporting material, and the layer made of tﬁe 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 materiairand 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 electroh transpo‘rting material. In more
specific terms, this refers to a method in which the donor-doped layer of the
clectron transporting material used in the functional organic thin film layer, and the
acceptor-doped layer of the hole {ransporting material used in the functional organic
thin film layer are laminatéd 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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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 whichgha4ight - i.eved froman opposite side from
the substrate, and in a%ﬁ&@%ﬁ%&@‘ﬁﬁ achi eved from
both the el ectrddetﬁe%c&ﬂbﬁnﬁhg%a hfkist he organic solar battery as well,
in order to make the battery absor ght, any one side of the el enent may
be made transparldft. 1 shows a bRsicstruciure ighOpeRBLLINFLngLEMENt . as means for
overcom ng the reliability deriving fromthe ultra thin filmand al so
for inproving tf{*g‘%%r 8pottd B sbpwsconaghts efihctedsdn imedmicngn to the

el ectrigal curreff:(ha€..athe electrical current efficiency), in order to
achi eve a si npl gﬁg}é\'/:‘j’éetos%(r%ﬁg?ﬁ’r@?"cﬂ“ﬁﬁr%ﬁﬂibd’ the petsenbinvemtipnbe connect ed

serially, for exampl i | | bel ow. . shown in,
FIG 4A assume an o?éa%;i@:agl_\me sgﬁgen El-f? b?ﬁ%‘i‘%@f%@meﬁ Y egscéféﬁiala}lﬁrent
el ectri cabffi@knage V1 causes an electric current with an electric 10
density J1 to f EW and light is emtted by a light energy per unit surface
area L1 (i.e., % 6t ofs shaws nghaapt diehimmhoumevefmeanelgythar @1&migﬂec§u{?€§q

t he Iighteﬁnﬁé%,i s equivalent to the product of that energy nultiplied by
t he nunber "of "pAdtons). At this tinme, a power efficiency Tel (this refers

to theg i ght enpssi r j ct to the ectrical energy
(el ectri cal pomng?(j%'t %Eﬂﬁa@g%%ﬂFggﬁ%q}qnaﬁr\gwl?ﬁifilgﬂg%}f‘ﬁé thing as an

"ener gy conver sEbH. 78heWwk ansordhNierEl R f ' la:, Formula 3 ye]
= Li/(J1VI) Next, a R revdil ﬁe’telﬁggn%‘%%@?Eﬁ%éﬁ“‘a‘ﬁ"i%? Qi ¢ EL

el ement D2 t hat FIGQ. @shewsy sppwifiabemtiptcoot he 098 AT Be; D

connect eﬂjtg t.he or‘gani c EL 20 el emen%) DI seﬂ@gal ly (See 1%,:1%%?1 Bﬂl%ﬁéhe
that, a COMPHEIDYBRIRMNCL connects the two el enments DL and D2 toget her

ohm cal | y. 3 he. el ements a .whole (i.e., elenent Dail having
the structure cglr%ikgfg ﬁ%‘éfg %fsl%f:ﬁgﬁﬁx%ﬁpﬁcoa%%f’&?m% Elaglsmamacyomting apphé ed
with asvqireegs ivZertiordhY that is double the voltage that was applied in
FIG 4A. Then, since DI and D2 25 are equivalent to each other, the voltage
V1 is applied tli(i1Gstows DRpedifispaaiiple] of. aipsrsHWEL R1dhGt %T%oréﬂd he
shar ed eIFctri cal .current density .11 flows. Therefore, since an

each eni t°f PEHEMNVIEI{IRE. | i ght energy LI, double the |ight energy 2L1 can
be obtained fromthe el enments as a whol e Dan. The power
efficiency ye2 at this tine is given in the following fornmula: 30 Fornula 4

DETAILED DESCRIPTION OF THE PREEERRED EMBODIMENTS

20 Hereinafter, detailed explanation is made with res'pect to embodiments of
the present invention, using an organic EL element and an organic solar battery as
cxamples. Note that, with respect to the organic EL element, in order to achieve
light emission, it is sufficient if at least one of an anode and a cathode is made
transparent. However, in accordance with this embodiment mode, description is

25 made of an element structure in which a transparent anode is formed on a substrate
to achieve the light from the anode side. In actuality, the present invention may be
applied in a structure in which the cathode is formed onto the substrate to achieve
the light from the cathode side, and in a structure in which the light is achieved

from an opposite side from the substrate, and in a structure in which the light is

30 achieved from both the electrodes on both sides. In the organic solar battery as
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(pe2 = 2L1/(Jd1 2Vv1) = L1/ (J V1) As can be understood by conparing

t he above-nentioned Fornula 3 and the above-nentioned Fornmula 4, there is
no difference between FIG 4A and FIG 4B in terns of the power efficiency,
and the | aw of energy conservation in which V1 and J1 are converted to L1

i s being obeyed. However, the current efficiency appears to increase

twof ol d, Weld, in ofdgr tp gnakvecthealzastery abgebalightT hihy diesside 9if ghe bl GAadit MBAMNHNY
for the %ggn#c EL element. That is, by increasing the organic EL el enents
connect ed™88¥ HAPPRA'SRY by appl ying more voltage in proportion to the nunber
of el enents thag;.were waer d .ntaining the.current densi at a 10
fixed |evel, i ?F %ge&géﬁeglﬂgo(gg?fbﬁge%?“ 0 q%?’itasgs trﬂeéa”egl S QVELFOTRITIE éh% poor
ef fi ci enagliability derik@nfionhehd Rith GINEBRL . el of
the entirely eqﬁi val ent organic EL el emsn%lg@gggqgﬂﬁ%?g%‘l){?g\ggﬁﬁé@?@g‘mi éf IS
possi bbe lightaenideé m trelmmnt He Hrd gitaigsal |oaveint by cmrithe aklRbfital heyGene ent
density at.a. fixed. |evel and, increasi n%t he electrical voltage by n tines.

Thi's propePEiFngehi Wedrder dmachievesa simplsr devsalstiueiurei dres Arganbe Fle efermoet

bri ght | el i cal t density level in th ic EL
o eont ey B CopROleli NELENEILELERDPRL LELS IR AR RRARAN! gant ool <

el enents are comgeaioReh SAT iIEIUbMﬁIEf 3stmedFh NGRAntEE, Th{LEd! r?ﬂ\gﬁ‘fc% of

the organic EL elenments will be erent. However, By signifitan

i ncr easi rgpiyiegvoledge, cletirz] bedapesv possichl &1 tRceXd cagen™igh LI QRLMRSS
than in té{)?e case of_ a si mI:lI e organic EL elenent. A conceptual diagram of
this 19 &KW iInterflew aud ight is emigteshona light Bn@gysperwhehsutfecaifehdr efite.,
organic nnected serially and one of the organic

Elho (%esn?lnts D ergnld D2n ar? cg I - ar n i
EL el emefits (& t her EpfCRfIDINAULIS, Of) e ¥ GHEghetnd dhe dightvanergy2ist han
o necessauael e AN Moy b AT R R LD o

J1, a brightness level® L1 + proauce tent
Jj At thhs time.a hywesnéfi@itidydpe! Qrhierefas ao Me AghA dMivgoh! Gl 6l ng
element and D2 as a yellow light emtting elenment, I'f color mxi ng can be
per f or medespeise o dhovglacerieall arergy ¢tleceiviab posrerpithdt wes givenThedet eneanst fhies
enabl F‘S a_whi e color,30 emtting. el engnt. in which the electrical current
ef fi chenE§dNHIGHEHD "HHdSY RRPYFISIW 12t i shgavnithe Spllewemngfanude: i s hi gher
than in theygepyentional art. As descri bed above, by ohmcally
connecting the elements serially, the apparent electrical current
efficiency is iqﬁa;r;oy,g/gjlandulgr eater brightness can be obtained with a
smal ler electrical current. "This nmeans that it is possible to nake

Next, a case will be considered in which an organic EL clement D, that is

exactly equivalent to the organic EL element D; is connected to the organic EL
20 element Dy serially (See FIG. 4B). Note that, a contact point C, connects the two
elements Dy and D, together ochmically.

Here, the elements as a whole (i.e., element Dy, having the structure
consisting of D, and D, connected fo each other) arc applied with a voltage V, (=
2Vy) that is double the voltage that was applied in FI1G. 4A.  Then, since D; and D,

25 are equivalent to each other, the voltage V is applied to Dy and to D,, respectively,
as shown in FIG. 4B, and the shared electrical current density J; flows. Therefore,
since D, and D, each emit light with the light energy L, double the light energy 21,
can be obtained from the elements as a whole D,y

The power efficiency e, at this time is given in the following formula:
30 Formula 4
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5 the necessary electrical current for em ssion of the sane |evel of
brightness is kept smaller than in the conventional art. Furthernore, as
long as a significant electrical voltage can be applied, it is possible to
connect however many organic EL el enents as nmay be needed, and the overall
filmthi ckness can be made thi ck. However, as described above, a problem
occurs even in Phe=cdsdInhe2¥xhd.110 -orggni c EL el enents are sinply

connected serially. The proble erives f,ronh;}]he el ectrodes for the organig
EL el enments and frém ‘F’né’“@?@ﬁ‘éﬁ St ¢UEPERe hisbRVeimentinedk Bpannkd3 uwmichg
FIG 6. oS 2 -geGt] l.. view.of th rgani.c EL el ene DI
shown i n ErGURETMEo B ETOERUERE, R8s BoRBirl SRRl g o gl

el ement s 4Riih (&MONGS ihe fdver dBicididyaaSE R 6F BRGRST Iyh
structure (FIG 6A) of [{I_dhe rnor r(rleal gr%ani c EL el emaﬁ? Ciﬂé'%;gﬁﬁgggﬁmahe{/l
provi dbngrdl tr aarspeoriricel eetinode B0 aiteyed. sEhsteatrg (B leurhar eeffidiéncy

el ectrode is an anode, and an |TO or the like is generally used for this),
a funct i APRCAEY QamCECasity of pldp.pajed: (haraearsttte 2l et el hes a atgrdficant
"organic

: ") 604 for. f ] | i.ght 1.SSi. by. fl1 ow
el ectri ca{ﬁg%ljtljlrﬁégn(fl) iﬂge t%@%&fsgﬁﬁmgfmg ndI 1aéa{eshmc%gllggr§a¥’§lgt Yg\gnrg)gg’éaiﬁpdg&

(the anodey 6as. e b REraRY R By BP0t VG2 TROPHERY L 61 S
bot h a netwhbércoflebahemdeahwi tera ithowaveal knd Ltﬂﬁizﬂtﬂﬂin@'th@@u%ﬁ?ﬂ&ﬂﬂix at a

injecting.cathode buffer layer, along with a netallic conductive film (such
as al Ufi %%ﬁ%kvﬁhét beqaanes panaiida to wrcrorsyathi cla@triedlamerdrs efifiviengy.t he

structure described. above.are connected si serially (as shown in FIG
58 - the st ruot KTANGIRE Dif COET TS el b ar B Tbibetgaet (baumoaely

602a, a Tdqusdaleh98pati Rl A¥RenROAR ofinidaliFicobREARHCit is possible to achieve n
times the brightness level by maintaining the current density at a fixed level and
increasing the electrical voltage by n times. This property derives from the

15 proportional relationship between the brightness level and the electrical current
density level in the organic EL element.

Of course, even in the case where different organic EL elements are
connected serially, the brightness level emitted from each of the organic EL
elements will be different. However, by significantly increasing the voltage, it

20 becomes possible to extract more brightness than in the case of a single organic EL
element. A conceptual diagram of this is shown in FIG. 5.

As shown in FIG. 5, when the different organic EL elements D, and D, are
connected serially and one of the organic EL elements (either Dy or D,) is applied
with a higher voltage V; + V, than the necessary voltage (either V; or V) to create

25 the electrical current Jy, a brightness level L; + L, (> Ly, L,) can be 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

19



603a, a second organic EL | ayer 604b, a second organic EL | ayer 604b, and a
second cat hode 603b, which are lamnated in this order fromthe | ower side.
Then, 30 the light emtted by the second organic EL | ayer 604b cannot be
transmtted through because the first cathode 603a which is netal, and
thus the I.'(? t cannot be taken out of the element. Therefore, it becones

i mpossi bl élll' s VEY A thesbowaantdnbigher thad inght henbeghéngmssi on fromthe

upper and the | ower, organjc, EL e| ements to produce the white color |ight.
5For exanpl e, a"}vggﬁﬁ?rg?FéJ GQPH@ Lya%lﬁéﬁa@b{t Cornesiingoties efanenist sertalily, ahede

and the cahpada: Ras taLse : 1 ef.erence, 6: G Parthasarathy, P. E
Bur r ows, VEBKhaI fin, ﬁb&l &Qﬁﬁ%ﬂgg{\%‘gg d$§”rﬁroﬁ%‘i P88 gma}?rrrg’flﬁhm‘eﬁ%@a@abhode
for organbbtsend edtiddnedllateMeqeisal cdrredPP! FhiEHN 2138~ 2140 (1998) ).
By using this, the first cathode 503a can behlgar}ﬁgantsrglﬁgﬁﬁese&?s.sﬁﬁé&e‘%%,
it becohethepbeeispy ¢loctii@abrimgniofitr drhssionghit therdainie thviel @W&%t@@s‘égﬁ%pt

organi ¢ EL Iﬁf\{ert 604Db. wever, since the 1TOs are mainly forne
sput t er i ngP Ik rtBaR siny the nepyentinaal ik oFgatheomete, | aydongOda ai dipnigidaber

damage. Fur; ] r s, .ak-s ecaones, cunber sone, because the
appl i cati o Eg 4 ‘8“%%%’ e é@pﬁls%'? 15 PO RNELPIOsRCERP WeET AN Y ©agasn FE

the ITO bylexpits & irhg haeded, BRI IRASALEA ridARldet,d 0o Qyei.cone. thi s

problem a nore desirfable enbodi ment has a structure in FIG
7, for exanpl e, Howenei,cds ddveribbdaboveah peatsieanbeals ie@%ﬁ@ﬁXhS%ﬂs@%He@ﬁ?g ed
using .a concefci *E{ r[1 | ar connecting the elenments serially to inprove the

el ect ritcaP RIS Bht clements discyimphn gonnesed iseriall prefibe probispadenoys fosecan
be cl ear i whrobl em 20FI G 7 sh a structure in which a first
organi c ge&%@%‘%}g? Oargflﬂps]tz‘g AemEns: ?lifggstol’ﬁ ¢ elomenlygrucrasa whick eeibhd
organi ¢ He bayRine0d8inoame; ag caihQdg a7 am nated in.this. qrder on a
t ranspar ent g?qgci%er odenganodg? 7g£@t ﬁéi 9?%\9%'?10(%;'%%%8&{%%5'1 Nip¥tHtaths oiganiq

this struétwlenebyDaphbyinng BIGR4A[ bad FIG. WH §HowHe @66ERIQT0Ql vgél}g tog;%{ﬂgg

has beenﬁﬁgp ied to the organi c sem conductor, the first semcon
thin fil aiﬂév ergd . shAwpenddin ¢d,6d sadahostatiohniucadr] y to the organic EL

ot 6 cever " EHE i e TS S B ol gt ctohent e
PEREE S S R IR ENE T M RS
doubl ed sheqlycthydeddniahi agoddiened aetIiGar # ¥RE89enerally 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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Mor eover, since the entire process becones consistent (for exanple, when
using |l ow nol ecular materials, a dry process such as vacuum deposition can
be used, and when using high nolecular materials, a wet process such as
spin coating can be used), the manufacturing process does not becone

cunbersong, SNot e that, FlI 7.shows the structure in which two of organic
EL | ayer'gﬁb ?ﬁg\}%e ﬁlééﬂrsi)%@igg%@&m%r‘% mgdalgand Hiusebe dight eanast bongeasna
signi ficanis f [ age may.he applied, the structure may
be nulti- {Hg;grggd %I?' cgﬁfeg‘téiforg’ﬁgb%‘g‘ln’h‘g‘*gﬂ‘ﬂ%%{‘ﬂiar‘."—’ 5B|Wﬁé9%9vqtsoqsm§ém)@ng
bet ween edhé light thesi6H &g iR ?e&eaﬁj) 0 ic {je Lability of
the organic ségm conduct or el emg% , vz/ni%]ﬁ lihgre%) erl?{/mede ?Igé’nnlt{ﬁ(!ep{ﬂclq,cg L%/‘ﬁi n

film strudvlitecoloahighe over cone. The phil osophy descri bed above
natural ]y can al plied in the organic solar battery, which is said

b
to util?ze the GBBGERPE It READSIHERTHME HRBSTFGRiliO Eatherlesmbon botfithe b
| ai ned, | . ' t hat i i |
batt ory sEinn e e s ko B8 SHRGRe B et 0 En Brifadrafin B s cBamonts
t wiy B, €0 G, tgdensi Ly pt atil .
current Wy TKRAIfRI, €0t G, CRbzIBY! haats! ﬁgslfjér}‘edt, Al Hﬁalgﬁgé‘r(%#}ogc% f@r OESTE o

el ectromotive force VI N nunber of t atteries are o

clect oMoy -ve [orce. (= MVi) can he. obial nea 11 an eaul val ent IR Shargy
(= nLi / n=bsh C%Igﬁg%é(%ﬂowaéw mpdgl fransparentnufiierefore,sol becdmds ebkgbleSke | N
can anibr BABRE T e ARG Eaf he Eohed e R ol A es Hasvovepr soet

i scl oses. Frbt ovi g "t ha e amts by, MR RS TP is s SR el BREP s Ho ar

bat t eri eslayer itdldlay wilRefugfeg ndemige. MaBahhe it RAVEZS. alvh e I%Eé%h
Masaaki YOKOYAMA, "Effect of Th%n 25 &l d Interstitial-| ay(Iar on t SIS%%%

Phot ovol t B§c@upt e ppplécatisn ahihgernganigalil.daBal tar dgeddition Ehénhs hp?!lid;;ﬂldrﬁbﬁ )

pp. 327-3_}0,193;280). ﬁccor ing tg Referepce 7, by inserting a gold thin film
bet ween the Orgairieng Gy (8¢ fepsated.(i . e., between a front cell and a
back ggll) an e [ ] he electronotive force generated by the
light irradiati I:)ri;]%;ﬁgerg[)(;[ g?ﬁfe‘%%ggp%v\gl\'/@}&nl?& B1%h¢ S‘faéresBF!&‘ﬁH@Fm 888 tthe
gol d t hi mstfidtmet sudtpve dhoviti GENERS. 70%08 cREMBle. | BSSHi - hjeve, the
transmttivity. In other words, the fi(l)mei sI gt%’ulctﬁfrhé géggp\e%ﬁtcggqt’ﬁ?ﬂt

fil m t hateffisiangyrcagnizutphpfosed! u sy atconpegtssitifaoughneédtinggsl Qeﬁﬁ-n%osérthiy the
light will .reach tﬂe i)ack ell. Moreover, reproducibility becomes

pr obl emat!PAIHENE G casirgH caure 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.c.,
the hole carrier and the electron carriers can be injected), and, morcover, the
transparency can be maintained almost completely. Therefore, the light emission
that is generated with the second organic EL Jayer 703b can be brouglﬁ out, and the

electrical current efficiency can be doubled simply by doubling the electrical

30 wvoltage.
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5the ultra thin filmis on the order of several nm Such probl ens
can al so be resolved by using the present invention. That is, in the
organi c solar battery structure such as disclosed in Reference 7, the
present invention may be applied at the gold thin filmportion. By doing
this, the prese invention can be used as a single organic solar battery
that is thicker “&H& Ko éi%ﬂ&ﬁpw%ﬂﬁi%p% bewames ko nswtardrfooazimald, ,when

10i nst ead i ng two el i al |y, The basi t d
struct or el SBRREle MR BRT R OIS kEGE S sith as vervpRdcanotion s bbesl,

i ¢ Ehndhamanisiand; ic. ._The fol | owi
Gescri bes prof e e RIEMAAR FalRldat LREL BlobeRe s EPIPHOR collifersine "

| ayer to beed)sie thanufabeirprpgsectss dasnidt drcotdewRveiersdie. present invention
is not limted to these exanples. 15 First, various netallic thin filns

can be’used bech@e thHeflar & dnvuche sucime dh whichotveayftdrgunhalie. hayetd pl e
carriers. 1 fi | Au. A, Pt, Cu, N, etc. are exanples that can be
used. Not%as‘%ﬁg‘%e,“ Pﬁﬁ%&hal%e?é{ows?%’i’ &5 gegerihadialioe. o donp Ay aSigRECRR #mpihim
| ayer, itpf : rsqﬁlq h i il t hi n enough
for visi b?feéﬁe?gﬁ{a??’ ?“%%%i’*ﬁ?%@éﬁh?‘? 1219, iod® ofad 1 MRl GEGusE

nm . 20Fuhehemduetve abi fibhalalyec ivkisdaet odwbih BacR AT Be dtg8flic REY qa'gggl)af ly
fromthe vi e\/\%(;i nt of visible light transmttivity. Specific exanples 7
i ncl ude |'egreke, lB@nqzqorcrﬁ_éw@nhtdxbﬂethecomhic esxindennduict@oslamersyivwiigich is

titani.ym oxi de, . ni obi um oxide, nickel oxide, neodym um oxi de, vanadi um
oxXi de,lei %\{eﬁ %%no‘g? “E%f")}l!l“lﬂifthlﬂéﬁrﬂ?ﬁ“ﬁ‘brﬁaﬁﬂedé‘{efﬁ‘gﬁ]én oxi de, magnesi um
oxi de, nol ybde j | i g hium oxide, rut henium oxi de,
ond Be0.25Pur t b PSS C AR B Ba bl e S b T g rzanic

i ncl udi ngoZaSat@rGewh@Nis AiGabdlutand Gpposite mé’blPa"i‘ﬁ%daCﬂr'J) rth%hé'xrg%ﬁ{ efeiLSti ¢
of the present invention is that the conductive thin filmlayer 2N b
st ruct ur edementan Bhigamilkexydaipedrad foHowsexanpl e, there is a techni que for

em conduct or and an n-type organi ¢ sem conduct or

m xing a p-type, organic i ]
to formthe 303«5&5 %‘h‘@iﬁéf Beretthahthare ds paypsganivypiardiatiexailisswhicha giveype
I ] | I ddi.ti to .,CuP ted by Ch 1
e ot s pifd AL PEeh Bl Cond ReRSiib kiebCrim g Gecitlrof sononndensis T
repr esengeé h The QWi N e
é- t 5pesor 1aniéc%y}§emmcgor?§u€%g§@%0itmé fé@%r ggentgqegﬂﬁggﬁg!rfnsﬁgugaq%rw%; %ﬁ‘m

(r epr esemiaicbly Ghemecedbedrial)y, anet Hephenoiihi amirpe (e esemaed ByeLhgm 5
5 below) ;. Ni ﬁ]opropqyl carpazol e {re resented by Chem 6 below); and t he
like. Fuftmgs theclgeiramotiygdessa (g imcen ibel ohfgiagdr i ranorquanalenElight energgyuch

bol o) 5o LEBT( tehrel Braghvisfadhelt e Faenet REFORE BakEteasur i Sa showr i o
10 Cheim 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 bafteries.

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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Chem 2 Chem 3 Chem 4 S-S S-SChem 5 5 Chem 6 C3H7 Chem 7

of 3 nm or less in order to achieve the transmittivity. In other words, the film is structured as

an ultra thin film that is thin enough for light to pass through it, designed so that the light will

reach the back cell. Moreover, reproducibility becomes problematic when the thickness of
5  the ultra thin film is on the order of several nm.

Such problems can also be resolved by using the present invention. That is, in the
organic solar battery structure such as disclosed in Reference 7, the present invention may be
applied at the gold thin film portion. By doing this, the present invention can be used as a
single organic solar battery that is thicker and more highly efficient than the conventional art,

10 instead of connecting two elements serially.

The basic concepts and structures of the present invention have been described above
using the organic EL clement and the organic solar battery as examples. The following
describes preferred examples of structures of the conductive thin film layer to be used for the
present invention. However, the present invention is not limited to these examples.

15 First, various metallic thin films can be used because they are conductive, which is to
say they have multiple carriers. Specifically, Au, A1, Pt, Cu, Ni, etc. are examples that can
be used. Note that, when these metals are used 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, SnQ,, 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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Chem 8 10 Chem 9 Typi cal exanples of an n-type organic

sem conductor include, in addition to F16-CuPc represented by Chem 10

bel ow, 3, 4,9, 10-peryl ene tetracarboxylic acid derivatives such as PV

(represented by Chem 11 below), Me-PTC (represented by Chem 12 below), or
13 bel gw), napht hal enecar boxyl i c anhydri des

PTCDA (represented b Cg:ge :
(repr esen%e‘?‘bfﬁ%ﬁ% © Y&h‘%}ﬁl) 1 brdpm: phiheheanisxhoied @ itht dehdir eprasent ed
by Ch I h ' f ol low b | so. d til
n type or gaund Gate afiaheFople Guedy 5 Skl oh Belel  CHaR UEVing o Derdso

7 ' ' 8
bl w2 na O oo TR TTE L.l Y el
(r epr esentladl ByepTbremieby dicom) 4 beidw)janativipenepiiaseet@ehieYetB8 My Shem.
bel ow); tetrachl orqdi phenogui none (represented by Chem 10 22 bel gw);
ni ckel bf sgi BRENE gNyispropy(Gashaasde frepressniahdmi Cigmebotptovamdartchehd ilkes.
Furt her, I t ti t.eri al df A i EL etc.,
such as ALYETEFepr BllentBHSRG o Malsiahafeh) o BoISApie s boekuomey 2sndiiD 25
bel ow) , 0?@5@6“&9&?%&% RE1SPE rﬁ~1\?l5[)tt%[9r\é’gex{{@é' b?'eCﬁclzl%(.) SaIE)alolwﬁ,d oF I&%l‘; to.

15 Chem
(represented by Chem. 9 below) may be also applied thereto.

10 Chem. 1
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Chem. 2
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Chem. 3
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Chem 11 20 Chem 12 Chem 13 5 Chem 14 Chem 15 Chem 16 NCCN 10NC
= CN

Chem. 4
S8
SO
S5—S8
Chem. 5
oy
N
OO
5 Chem.6 -
Eabty
Chem. 7
Q Q’CH;;
aVaWs
O D
Chem. 8

m

Chem. 9

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

Fig-CuPc represented by Chem. 10 below, 3,4,9,10-perylene tetracarboxylic acid

25



Chem 17 NC CN NC)-<CN Chem 18 0=Ko 15 Chem 19 Chem 20 Chem 21 5
Chem 22 QI C

derivatives such as PV (represented by Chem. 11 below), Me-PTC (represented by
Chem. 12 below), or PTCDA (represented by Chem. 13 below),
naphthalenecarboxylic  anhydrides (represented by Chem. 14 below),

naphthalenecarboxylic diimide (represented by Chem. 15 below), or the like. The

5 following can be also used as the n-type organic semiconductor: TCNQ

(represented by Chem. 16 below); TCE (represented by Chem. 17 below);
benzoquinone (represented by Chem. 18 below); 2,6-naphthoquinone (represented
by Chem. 19 below); DDQ (represented by Chem. 20 below), p-fluoranil

(represented by Chem. 21 below); tetrachlorodiphenoguinone (represented by Chem.

10 22 below); nickelbisdiphenylglyoxime (represented by Chem. 23 below); and the

like. Further, an electron transporting material used for the organic EL etc., such
as Algs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),
ot PBD (represented by Chem. 26 below) may be also applied thereto.

15 Chem. 10
F F
F F
=N
N*“Cu-- 4
/
F F
F F
Chem. 11
N 0
— > )
DS taWa
(O~
'6) N
20

26



G C Chem 23 Chem 24 10 Chem 25 Chem 26 15 t-Bu Furt her,
in another preferred technique, an organi c conpound acceptor (electron
acceptor) and an organi ¢ conpound donor (el ectron donor) are mxed and a
charge-transfer conplex is forned to make the conductive thin filmlayer to
create 5 conductivity to serve as the conductive thin filmlayer. The
charge-trd%g?%%lgonplex crystallizes easily and is not easy to apply as a
film However, the conductive tRin fj acgprding to the present
invention may be fornmed as a thig_lg a £l uster-shape (as |long as
the carriers can be injected)... I gRj

10Representati ve exanples of co

O O
Chem. 13
) OO ’
)<
. 0 @]
5 Chem. 14.
<
O O
Chem. 15
O . O
T
O O
Chem. 16
NC : CN
10 NC CN
Chem. 17
NC>‘<CN
NC CN
Chem. 18
O= o O
15
Chem. 19
o —
= O
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i ncl ude the TTF- TCNQ conbi nati on shown in Chem 27 shown bel ow, and

nmet al / organi ¢ acceptors such as K-TCNQ and Cu- TCNQ O her conbi nati ons

i ncl ude [BEDT- | TF]-TCNQ (Chem 28 bel ow), (Me)2P-CL8TCNQ (Chem 29 bel ow),
Bl PA-TCNQ (Chem 30 below), and Q TCNQ (Chem 31 below). Note 15 that,

t hese charge-transfer conplex thin filnms can be applied either as deposited

films, spt-hegoaled films, LB film pol ymer binder dispersed films, or the
li ke. Chem 27 ...--SS.-__NCaCN | -1 ---S%[---NCCN TTFTCNQ Chem 28 I NC CN
NCCN BEDT- TTFTCNQ Chem 29 CH3 NG 8HR}7 '
O O
Cl Cl
Chem. 21

5 Chem. 22.

Chem, 23

Chem. 24

10

Chem. 25

Chem. 26



NCCN iii NCCN CH3 (Me) 2P Chem 30 NCCN NCCN 5BI PATCNQ Chem 31 NCCN NCCN
TCNQ

Further, in another preferred technique, an organic compound acceptor
(electron acceptor) and an organic compound donor (electron donor) are mixed and
a charge-transfer complex is formed to make the conductive thin film layer to create

conductivity to serve as the conductive thin film layer. The charge-transfer

o

complex crystallizes easily and is not casy to apply as a film. However, the
conductive thin film layer 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 problems occur.

10 Representative examples of combinations for the charge-transfer complex
include the TTF-TCNQ combination shown in Chem. 27 shown below, and
metal/organic acceptors such as K-TCNQ and Cu-TCNQ. Other combinations
include [BEDT-TTF]-TCNQ (Chem. 28 below), (Me),P-C;gTCNQ (Chem. 29
below), BIPA-TCNQ (Chem. 30 below), and Q-TCNQ (Chem. 31 below). Note

15 that, these charge-transfer complex thin films can be applied either as deposited

films, spin-coated films, LB film, polymer binder dispersed films, or the like.

" Chem. 27
S 3 NC CN
0 O~
l:s S NC CN
TTF TCNQ
20

Chem. 28
=) O

BEDT-TTF TCNQ
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10Further, as a structural exanple of a conductive thin-filmlayer, a
techni que of doping an acceptor or a donor into an organi c sem conductor to
apply a dark conductivity thereto is preferably used. An organic conpound
having a a-conjugate systemrepresented by a conductive polymer etc. may be
used for the organic sem conductor. Exanples of the conductive pol yner

i ncl ude nehewi.dPs put 15 into practical use, such as

pol y( et hyl enedi oxyt hi ophene) (abbreviated to PEDOT), polyaniline, or

pol ypyrrole, and in addition Hereto polyphenylene deri vati ves,

pol yt hi ophene derivati ve andl (par aphen ne Vi B'@e) derivati ves.

Al so, when the acceptor pe |s pr ef at p-type nmateri al
be used for the organic -' . Exanpl es o pxtype organic

sem conduct or may i ncl ude thoéﬁ repr esent ed BY chems. 14% 9 as described

above. At this tine, Lewis acid (strongly aci di c dopant) such as FeC13
(rrr), ACl3, AlBr3, Asl76, % 1, hal ogen corrpoune rrrexmbe used as the
acceptor (Lewis acid can fur(lc fon as the acceptorf® Further, in the
case where the donor is doped, it is preferable to use an n-type materi al
for the organic sem conductor. Exanples of n-type organic sem conductors

i ncl ude thge@bage- menti oned Chens. 10 to 26 and the |ike. Then, for the
donor, alkali netals such as represented by Li, K Ca, Cs and the like, or

a Lewi s base such as an al kal arth nmetal (the Lewi s base can function as
t he donor) 10 may be use(s More preferably, several of the
structures descri bed @ conbi ned toN@erv as t &N conductive thin

filmlayer. In other words 'ﬁ xﬁnple on one yF¥pot h sides of an
inorganic thin filmsuch as e \above-nention&l@ netalicaMin film
metallic oxide thin film or@pound sem conductor thin filmcan be forned
15 with a thin filmin which a p-type organic sem conductor is mxed with
an n-type organi c sem conduckggisa or the charge-trangfgy conplex thin film
or the doped conductive high nolecular thin film or a p-type organic

sem conductor doped with the acceptor, or an n-type organi c sem conduct or
doped with the donor. In such a case, it is effective to use the

charge-tr MdPer! complex thin filmin place of the 20 inorganic thin film
Further, by layering the n- tye organi ¢ sem conductor thin filmthat is
doped W|th t he donor andjthe égex@;gam c selfcongustor Chhin filmthat is
doped with the acceptor t ese serve as the Jnductor thin film
| ayer, it beconmes a functiona ayeCN nt o which the

Hni c seni conddict o
hol es and the 25 el ectrons can both be injected effectively. Furthernore, a
technique is also considered gpn which the donor do (gwg type organic

sem conductor thin filmand the acceptor doped p pﬁ rgani ¢ sem conduct or
thin filmor |am nated onto one side or both S|des of the thin filmin

whi ch the p-type organic sem conductor thin filmand the n-type organic

sem comnduct or  tyinifhdy bﬁ%Er%cmréF@xéxﬁgﬁzt SEL coriMNAi G Il?ﬁ‘t‘[xi alye%hfléc\fl%? ue

the thin fil mwhich are given above as structures ove-Tnen |oned
sem condedtdrpinpim htéaptbayera donoptintoegd drgakie Jeasidgadidiof ith MppIRREarkout

rat her they may be also forned as island shapes.

conducflivity thereto is preferably used. An organic compound having a
m-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 usc, such as poly(ethylenedioxythiophene) (abbreviated (o 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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By applying the above-nentioned sem conductor thin filmlayer in the
present invention, it beconmes possible to manufacture the organic

sem conductor element with high reliability and good yi el d. As an
exanple, the organic thin filmlayer of the present invention can be
structured such that light em ssion is obtained by flowng the electric
current, Seonicheedpr abtsaineludecthosganpies@lted banghemsThis 9 ashéesoripadiabokk .

can o so Dk gPbEaRtvis ek Oable PRt pkarifyuct an TR uby v 1A,
ic tRp fil L. j he t ic EL
ol amont orouhich ‘el PESL O lpPundbEy BLARRN G B b IR6REQI TP PRI

general | yaw@@cc@m@ej,fi cally, many variations are possible such as a

| am nated structure described in Reference 2 with the hole transporting

| ayer &nd the eFedhe¢onntthanssorwhery thaydenomid daped,nil is- prafenbit teiaisara 15
usi ng the high-nol ecul ar conpound, and, the high efficiency elenent using

li ght enmi%&dYi%n rflfl‘@ﬁaahj h@)rt thep|agaiee sewirandyctor. Fukkaaplesadf gadepe beigaabove,

h | : f ] . if f i 55 |
can b m SEYCOBRGRBR, el RV R RUPL R, b GeA R B, RRg g TR
white colfy thé @ldhofMIRSH Retg] SR as APREGARE BY LK angdes tha %qgﬁ'écr?rl o

elenent, if the light is to be made to exit fofmthe anode side,

(i ndi um thewoxbabe)suchz® ani aldthlirearihnnett i(the) Lewidbateham Smehiohrandpatonek)
conductive inorgani c conpounds can be often used. An ultra thin film of
gol d dP tmMayPesels al so possible. If the anode does not have to be

t t (i@ inth ) the Ijaht i  to exit fromth

cat hote o1 ey B157e iRl SR etk Afosh A geSelie wis sy uPembiEs
the de), m _ a c Dok

Used, | auoh oV ihcRindiel sh (RSt SATEANH SR ATO! [l AAEAIe ol Bl e

nmetal or al beth sitled od smaldrgade rhaln fidmksifaings itien aboeh naantined Katdllioahal |
alkali earth metal or rare earth netal is used. An alloy including these
net al | i ¢ felmensgtadligneyidsethis ddmaoresinpowrst sammepdectoanh3ofivg: cag tad faynedan
Al : Li \;‘Elloy Bﬁ},. a, Yb, Er. and the |like can be used. Further, in the
case Wherdiifife m&ﬂ{n 18 WYCRe RedieC seERF SCRIEMAHIOL bt Rdded 7ide anairtynd r a
thin fil | / al d. réher, f | e,
by usi nngtrggﬁil gr g%ﬁliég)%tdﬁi%{n&f iﬁ%ﬁ%?eréggga&ﬁﬁngop g 1%e{hml;[?ef‘islcll;,]}r?\’t of rﬁ%n&‘?‘g@n@as

the struciondactihehigeniiatdar thig e OpuypY @rfaticScMcn@RIOF BHHE Wt
light, the organic solar battery can be obftained. Thus, the organic solar

battery dhetagecipasemn nrypatorganicscafitendioter Jepedivath the dpnavedn such a
ef fici en;ly. o fV\hen structured in this_ manner tt}e Ztt,é_ac'ture of the
functi on&2Ser Haifi ETEHTYE 19 1use| BEeshargy Uasiarneomplarc thineliin dns plaset o the
mat er LAl : rally used in the functional organic thin filmlayer
of thgéoﬁgg%%%@gﬁ%gﬁﬁgttery. A specific 10 exanple is the | am nated

structure wi th mhyehdd; P ea RN SEMROBELEEOscaidohectBr HURE ARPARAC is
sem conductor, such as'is ‘described i'n Reference 3.

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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Enbodi ments [ Enbodi ment 1] 15In accordance with the present enbodi nent, a
specific exanple will be given of the organic EL el enent according to the
present invention using the charge-transfer conplex as the conductive thin
filmlayer. FIG 8 shows an elenent structure of the organic EL el enent.

First, on s bstrate 801 on which I TOQ as an anode 802 is deposited
20 into a ,Y%I}}qgvﬁ%pﬁggnél HQE egzémgpnﬁgggf thipdilghiayer do not need to be formed in

N- Nt - bi s( 3giRehLRNe a y - Nell abhbrevi ated to TPD) as
the hol e transpoytS?%ﬁg%gﬁhﬁ%&gg%%g%gékgﬁggﬂg%%%@%bt ain a hole
transporting | ayBy 8PdlgingNehé ,abokiShEnietidtokéMladdalal UHin Uﬂ]r{qaﬂlS’EFViha{h%d
to Algq) as a light emtting material having an el ectron transporting
property iRregeposiveationy itsoeepmaeso posstiblientoamadizeiteet thene tepais pefmii¢didiesk
iirst organic EL | ayer 810a is forned

light emtting |layer, 805a,. ... Af

in the gbo‘?}‘@“%ﬁkﬁ)é&. hiﬁﬁéﬂéﬁ?‘@@f and gope yigld TONQ are codeposited at a ratio
of 1:1 as a condyegt,.V, i I . armng.,a layer with, a

t hi ckness of 10 %ﬁ]an &gﬁﬁ‘ﬁ]@, tle %«432‘?/‘?[‘1@&? %%ﬁyﬁﬁ]c’ggh?lﬁﬁeg@ldB}S%%ti“ilbﬁalééma
hol e transpardiimed $irherhadt id s ' D Ot ol KY. S} nm of

Al g, which serves as an aeI égg){t regﬂglgﬁlg)gngg%?ﬂdggdbfg]y%@ﬂgi glfﬁt ag‘rshtrictsfﬁgrepgyt r

805b. Thughezebyeobiudn dhgamigantel Blayéem8iOb Tisus{ ahoeskganic EL dfemahl b A%

t he cathode 803,. I\ég and, A%l are codeposited at_an atomc ratio of 10:1, and
t he cat hod¥C&08 EcHt dlseiesitvebeapek Heseffisientseanmisy be impressd. obt ai n
t he organi c EL ] f. t resent .inventi.on. 5 [ Enbodi pent 2] . I n
accordgﬁce with hlgg q}esﬁgdaitﬁgn‘p?y’atﬁgﬁg@#qrﬁ Oé%ﬁ?rﬂf@{mg “%‘I‘Fo&ﬁndﬁ)’%{n(l&gf&ﬁi c
EL el ementorgdnitlel naesshat el Ry ) i l.conduct or that
s Che sametan ueea Tt ne) orgme) el EELEMAR REAAE L TR SRR ere

thin 10 ficonsliayermatnadls hkataenepleaeradlyd bt dgpesifiebBy,dangd LariABkes t4)e

organic EL el, nt conductive. FIG 9 shows an exanpl e of an el enent
st ruct ur e POFSIDKe SBEaaF @ Rmispiedentructure 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 clement 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), [ZO (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.c., 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, T1, 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 AlL:Li alloy, Ba, Ca, Yb, Er, and the like can be used. Further, in
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First, 50 nmof TPD for serving as the hole transport material is deposited
onto a gl ass substrate 901 which has approximately 100 nmof |'FO serving
as an 15 anode 902. Next, 50 nm of Al g which serves as the electron
transporting light-em ssion material is deposited, and this serves as an

el ectron transporting layer/light emtting |ayer 905a. After a first
or gani ¢ Ethe] easerwbamathiesliglur isetd ba nidiestonesit fomrthofcathddrysitle 988 WiSa thin
codeposi i |"1"F constitutes 2 nol % Then,

t'fj W t tih Al q 52 t hat the donor

20 5 nm oﬁ%m%@%ﬁ’ g’@?m?@ /eBeEpes belssti-th the TPD so that the accept or

T titut P duct.ive.thin film|l 911.
Ater that . 50 PR fihekdnbE, &6 PSaR 2 2aENE Ein B drbrhyc i ine soins
and depospiegenOnnv@RicH dshithe | §rRQumiRi gggera#? Ctﬂesgfc\éﬁﬁﬁrg'ﬁiv%n fﬁlic%(:ér_yon

transporting layer/light emtting [ayer 9 us, a seco orga

| ayer 810ibsosbifngr thedligl thé nagdnic satart hetesptdandee 90%indl aMHuLIH! Grganic
codeposited at an atomc ratio of 10:1, and the cathode 903 is forned to
have a t HA#heatteryol tho prsent sivendpe iy cpetivnbedaasofigaroves cfieemnt of t he
present inventigpn. The el enent can be uf actured _sjmply by the organic
seni conduct or i%eﬁlesr}’éurczlé’ﬁgenéll_“ﬁ g&?gpeggﬂ? ﬁguﬁ%‘(‘éﬁfé“%‘é‘?etgﬂaﬁ‘u@fﬁﬁmﬁgh%e
conduct i L e 4 ., 1 X1 : C Q t hus.

bei ng ex;/i(rﬂentlrrg%l rs%ﬂﬁg} &eﬁ%ﬁlg sg; ; ecx'?;: %ﬁgtrkéﬁl%%%é%?ﬁ%fgp aft %S%rﬁhgcl&s&ﬁd’é'nce
with the theefirntionabedirBot thig HIRedkeC ofXABP@ahk SHRWbAlerd Wal <h¥PSic
organic EL elenent, in which an electrical light emtting polfyner is used 5
for the orsgample iElthe dgminaied sthietwondilktthy @-tipenofgiahin saypmondacfopramdiief a
conductive olgmar. FIG 10 shows an elenent structure of the organic EL

el enent . D-1YPC Orggpicgemigpp U%{O@Sggg%&‘b ¢s<abed 1pdRelerenGRidch | TO as an anode
1002 is deposited into a filmw th a thickness of about 100 nm a m xed
aqueous solution of 10 pol yet hyl ene di oxyt hi ophene/ pol ystyrene sul fonic

aci d (ablEmgvbdimentso PEDOT/ PSS) is applied by spin coating to evaporate

moi sture, so that a hole injecting layer 1004 is fornmed with a thickness of
30 nm NdXmbodipuing12- met hoxy- 5- (2' - et hyl - hexoxy) 4, 4- phenyl enevi nyl ene)
(abbreyviated to MEH- PPV) is deposited into a filmwth a thickness of 100
nm by !pi n coatfngCiBdatco Bl the AregRt @Rbedinegly aysnecifjosyample will Ae

Lot 1S o0 R L Rk B, 2P TRl 830 e °
conduct i Vhakdy-frahsflef dimiSlex199Ghe TBOMu AL IhihNAlm faykQ0 BIGE 1 & ke MG PPV
is applied by spin coating, to
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-quinolinofato)aluminum (abbreviated to Alg) 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 nmm of TPD is deposited as a hole transporting layer 804b, and

30 deposited on top of this is 50 nm of Alq, which serves as an electron transporting
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20 serve as a light emtting |ayer 1005b. Note that, since the conductive
thin filmlayer is made of the sane material as the hole injecting |ayer,
this second organic EL | ayer 1010b does not need a hole injecting |ayer
formed to it. Therefore, in a case where a third and a fourth organic EL

| ayer are_to be lamnated onto this, a conductive thin filmlayer PEDOT/ PSS
and a | i ghtycoihigds epntting/layen8dSirPVibas & cbed loagarieElalayer Babeliyfaacer di ng
to extrenely sinpple, mani pul ati ons inally, 150 nmof Ca is
deposited as t'hg“?@j{}hélﬁégeééﬂf%% %Qltl}ﬁgs?“‘{@(g AR erdemosited gk pasitorde astia
cap to pr t1 axi di I f . i 4 a ance wWith fhe
present i ﬁggg{ll’ogr%djg?eg%éetgp??§0§§]gnﬂ8@?gtogﬁov%a klﬁi%ghg%?régiﬁa Ry 19 tetebyry
of the prebeir thawgahi®RL didmehi 6htiR preXeRfinddiRidy t ype organic

sem conductor and the n-type organic sem conductor is applied as the
conductdi ve thin filmlayer. First, 30 nmof CuPc, which is the
p-type orasn' c .sem caonductor, is deposited onto the glass substrate that
has™ appr ol HEPEIMERIOH nm of | TO applied onto it as a transparent el ectrode.

Next, 50 f PV, ich : the n-t [ ' ductor, |
deposi ted. and ELise R IE B PG 2 R froRRaHErR Tevbrogom o
osi ted, and Hi asel o B rEERC '
TOAT Cor et o, SR IR BECRER: INEhioRy o4 JARAPAT kbl senebifiier v

thin fil nhaayethd samaws wscdhinckresganfc ED. lager Ruiidhated S0tRMEMdfRE then
deposited,. and on top of that 50 nmof PV Is deposited, whereby creating a
secondOf Uil enar srdjdhe caacapiert andnthaydanor are doped to Anake |the AHBAnAMRIE Au

is applie s the el ectrode., T rgani ¢ sol ar 15 battery structured_ as
descrs e sbok rth ke riCars sBbMacn aautle i@ 88, 1Fmbnt Abichuepre sba
i nventi Orb@iam?! M1 RYeMbhi mately using only two types of organic conpounds.
By reducing the present invention to practice, it becones possible to

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 {ransporting
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 Alg, 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 eclement 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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provi de the organi c sem conductor elenent which is highly reliable and has
good 20 yield, without having to use the conventional ultra thin film
Further, particularly in the photoel ectronic device using the organic

sem conductor, the efficiency of the photoel ectronic device can be

| nproved. Cl ains 1. An electronic device conprising: a cathode; an
anode; a first functional thin filmlayer conprising a first |ight
emtting H‘Pﬂn t he cat hode and t he anode; a second functional
thin fil J%@gghgémri sing a second light emtting |ayer between the

cat hode and t helpaedadadddwith t H - hj g, Lk i.ngl udi ng an
organi ¢ conpound between the fiilfﬁr@?(ﬁg%'%%éﬁ?%iAngq({ci‘ﬂ%g]ﬁg%ﬁ%kdﬁ}%ve“ o
second fumctdtdnpe organic 1l eickaysyin which an wleerriiab lighe e6ONHICHbNedrhE Rskd | M
| ayer confacts with the first functional thin filmlayer and the second
functi GnalOft Hi$ aTErmic) Bhedayer and thghepadvclive hiof filhe layerstis ffonpiedonal a

thin fil er. an econd cti,onal thin filmlayers conprises a hole
transpor'?el: é}lqucé&ygr ggﬁ/&n%rh 6111 @t ﬁhn%?‘ﬁ%sadbf{l‘?fﬁﬁnq éi}é?ﬁ”fﬁhg’rpéh% gnganic EL
conduct i V&lelddnp fil mlayer conprises an acceptor, and wherein col ors
of light fromthe first light emtting |ayer and the second light emtting

actording Lo cl aim 1. whoroin {he Seceptor o5 a natorrar ob Sugy A2 s e
group cordSpasitag isfo afignavithiaghicknassef ahogt H oger mixed aqueous solution of
10 polyethylene  dioxythiophene/polystyrene  sulfonic  acid (abbreviated  to
PEDOT/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 PEDOT/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 alternately 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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3. An electronic device according to claim11, wherein the color of |ight
fromthe first light emtting |layer is blue, and wherein the color of |ight

fromthe second light emtting |layer is yellow 4. An electronic
devi ce according to cl ai m 1, wherein m xed color of the colors of
the light fromthe first ht emtting |l ayer and the light fromthe second

light emi PHEHY Fak érbaft§f3{/\ﬁf 8@,@ present invegtiomninewbthr omiic afetieGe tARCOFMindg t 0

claim1l, i ivity of the conductive thin filmlayer is equal
to or grea eg(%tnﬁg 0%0’?%;% type Orgarge SERUEPUSYniscapriia as dbe sodilngtivo
claiml, wWigfBhnakBe acceptor is a Lews acid. 7. An el ectronic device
conprising: a cathode; an anode; a first functional thin filmlayer

conprising a fiFgst,|3@htmenttCiRg, haiek iget}y@e%nt}x[ﬁeOgggd?@dg\erﬁﬁgnﬁ{;gmimqge

a second functignal thin filmlayer conprising a second |ight em
| ayer b?etQ\%igﬁ”t@ﬁeﬂrtlﬁttﬁécﬂéa@n&lh%@tem&asamwrommatelya 16)6r11®mcbf YEO Qp[ﬂléd | m
thin film

| ayer inc in nor 0 etween the first functional

| ayer and‘g'!tﬁ% *tgé oHan ‘gﬁ‘:%o cT\l nNEXL A0 BRept PV, Wthh WRBIEsi a5 haahtyde t he
first fu a l: S unc thin filmlayers
conpri segt%aglaﬁ% (gaeﬂth?d a(tjglsd%gr(ﬁ r‘lgxq%??gl?éh an (gnlaﬂlg ef:”fl t?rgngffcﬁ {9 gTitagep-n

wher ei n tjnactonducid ygahhi sochicomilayer Tﬁ&tl%&)ﬁlé@‘é ﬂf§t tfﬁnét’l&?atl V(\)ﬂéﬁﬁ% r%f)nal

thin filmlayer and the second functional thin fil the
conduct i \félﬂﬁ ¥erfilml ayer corrprl ses an acceptor and a donor and wherein
colors1 l'i ght ght emtting |ayer and the second l'i ght

romthe first
emtti Rg | ayer fé{'igr g]?afi’féPéﬁtan?i rPo\ﬁﬁéf'a%fI’fje@Pﬁé? atalil raticgas e eebictionithin
devi ce aGgey ¢ n the i al I ect ed from
the group con stt'ls(r?llgejlgcb) lg?rll(’7k espﬁkeiﬁeq[gl gﬂlﬂﬁ’&ﬁ %¢E§1 ngl £rs QFHC 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
156 battery structured as described above is extremely effective because it can realize
the present invention simply by ultimately using only two 'typcs 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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9. An electronic device according to claim7, wherein the acceptor is a
material selected fromthe group consisting of Al Cl13, A Br3, AsF6, and

hal ogen. 10. An el ectronic device according to claim7, wherein the
color of light fromthe first light emtting layer is blue, and wherein the
color of light fromthe second light emtting layer is yellow 11.
An el ectronic device according to cl@Giaimg, wherein m xed col or of
the colors of the light fromthe first light emtting |ayer and the |ight
fromthe second light emtting |layer is white. 12. An electronic
devi ce accor ditngn electbic evice Wb@PALIAgA conductivity of the conductive thin
filmlayer is equal to or greater than 10-10 S/ m 13. An electronic
devi ce accord?ﬁ@ﬂF@eblain17, wherein the acceptor is a Lewis acid. 14. An
el ectroni c deyheg,goNprising: a cathode; an anode, a first

functional thin frimlayer conprising a first light enitting |ayer between
t he cat hode aadirstfienciinoaehin film layer @ospdsing af fustdighbamittiidliagef bdtwebayey

conpri si second light emtting | ayer between the cathode and the anode;
and Qgh(gdec%ﬁcgﬁ]gﬁr\?get hin filmlayer between the first functional thin

filmlayer and ddeenseana@nbuns ifmaabydhidmpiding laa¥&dond light emittwgefagjap the
conductive thin filmlayer conprising a first Tayer conprising an acceptor
and a fibewesp hemsathedaaslihg aggde@sbcond | ayer conprising a second organic

conmpound, ' b ﬂﬁg t | he first .
functional th? ncotnidiﬁ\érlnﬁﬁég;@r ﬁigﬁﬁ?%{\g‘tcgléc 'nén %E%rﬁgc?%ﬁwg@{‘]%tbﬁ i ﬁ‘? fértt}'(:ond
f unct i onfanctianahthin film laggreamd thadecond functitinal aimfiledbgsrs of |ight fromthe

L: 1[fSter leln?h;E r g\Pin %}girhn&gi a Lct%/%dth't[nhﬁlmsI%?/grngoAtécqg twitﬁ%étfilrsr% urkfg%c/)ﬁeral t%irnefilm
layer and the second functional thin film layer,
wherein each of the first functional thin film layer and second functional thin film
tayers comprises a hole transporting layer and an electron transporting layer,
wherein the conductive thin film layer comprises an acceptor, and
wherein colors of light from the first light emitting layer and the second light

emitting layer are different from each other.

2. An electronic device according to claim 1, wherein the acceptor is a material

selected from the group consisting of AICl;, AlBr;, AsFs, and halogen.

3. An electronic device according to claim 1,
wherein the color of light from the first light emitting layer is blue, and

wherein the color of light from the second light emitting layer is yellow.
4. An electronic device according to claim 1,
wherein mixed color of the colors of the light from the first light emitting layer and

the light from the second light emitting layer is white.

5. An electronic device according to claim 1, wherein a conductivity of the

conductive thin film layer is equal to or greater than 107"° S/m.
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15. An el ectronic device according to claim 14, wherein the first

functional thin filmlayer conprises the first organic conpound, and
wherein the second functional thin filmlayer conprises the second organic
conmpound. 16. An el ectronic device according to claim 14, wherein
the acceptor is a material selected fromthe group consisting of Al C13,

Al Br3, AsF6, &ndAhalayenic device accordidy toAtlaiet @ Civhenirt tHdexdceBtorGs e divig t o
claim 141 wherein the color of light fromthe first light emtting |ayer is
bl ue, an8“herein the col or of light fromthe second |ight emtting |ayer

Is yellow. 18. An electronic device according to claim 14, wher ein
m xed color of the colors of the light fromthe first light emtting |ayer
and the |ight 7f Pofieckenis dewael comgrsingni tting | ayer is white. 19. An

el ectronic degicgﬁ‘oagcor ding to claim 14, wherein a conductivity of the
conductive thinfilmlayer is equal to or greater than 10-10 Sim
20. An el ectreniaoodevi ce according to claim 14, wherein the acceptor is a

Lew s aci d. ' 1. An el ectronic device conprising: a cathode; an
anode; afrst if‘r"é’"‘ﬁ%lﬁ}&‘f‘ief\'éiﬁgqye{ RPRPFS A Tisidishb empiingsiener ketiveersthd i ght
em tti ngcdthydy aeheepadéhe cat hode and the anode;
a second functional thin film layer comprising a second light emitting layer
between the cathode and the anode; and
a conductive thin film layer including an organic compound between the first
functional thin film layer and the second functional thin film layer,
wherein each of the first functional thin film layer and second functional thin film
layers comprises a hole transporting layer and an electron transporting layer,
wherein the conductive thin film layer contacts with the first functional thin film
layer and the second functional thin film layer,
wherein the conductive thin film layer comprises an acceptor and a donor, and
wherein colors of light from the first light emitting layer and the second light

emitting layer are different from each other.

8. An electronic device according to claim 7, wherein the donor is a material

selected from the group consisting of an aikali metal and an alkali earth metal.

9. An electronic device according to claim 7, wherein the acceptor is a material

selected from the group consisting of AICI3;, AlBr;, AsFs, and halogen.

10.  An electronic device according to claim 7,
wherein the color of light from the first light emitting layer is blue, and

wherein the color of light from the second light emitting layer is yellow.
11.  An electronic device according to claim 7,

wherein mixed color of the colors of the light from the first fight emitting layer and

the light from the second light emitting layer is white.
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a second functional thin filmlayer conprising a second light emtting

| ayer between the cathode and the anode; and a conductive thin film
| ayer between the first functional thin filmlayer and the second
functional thin filmlayer, wherein the conductive thin filmlayer

conprising a first |layer conprising an acceptor and a first organic
conpound and a second | ayer conprising-a donor and a second organic

conpound, 12. meeblcmorﬁiheief/icésdccbmy’tﬂj o ORIRG, SydréiR 4 BEndddtigity bHpet | onal
thin film]| a} h(? second | ayer contacts \%th t he second fLYnctl onal
B i

thin fil " yer Is gyt (5 of wredter ©apr1Ot §fo- from the first Iight
emtting |ayer and the second light emtting layer are different fromeach
other. 22. An electronic device according to claim21, wherein the first
functional thit-fiAmeieetyanic devigr emsdingéo Elains, whgei theCanppn a Lani
wherei n thes second functional thin filmlayer conprises the second organic
conpound. 23. An electronic device according to claim21, wherein
the donor is a material sel ect ed fromthe group consisting of an al kali
metal and an th 24. An el ectronic device according

\:ﬂ]kall qar rT‘SEé/

to claim?21, AnrPlegeon }fﬁed?oﬁ‘%“sﬂ‘grrat erial selected fromthe group
consi sting of AbdiGde; Al Br3, AsF6, and hal ogen. 25. An electronic
devi ce according to claim21, wherein the color of light fromthe first
light emttin@Na@deiis blue, and wherein the color of I ight fromthe

l'i gh
second, 90 AR Bin i L) o g et it B PHTSis b o
| i ght fr cathode ahirtisd arhm@ht emtting | ayer and the light fromthe second
light emttin An el ectroni c device according

| .
to claim21, %n gé/i”ﬁ’ g’”&%‘?%é?'f’vﬁ"f‘yiﬁyf” CREPEBIRE LR tSegend Hight eivliting dsyer i s
equal t 0 betwehans ehthbBaBnd thelShodleMand

a conductive thin film layer between the first functional thin film layer and the
second functional thin film layer,

wherein the conductive thin film layer comprising a first layer comprising an
acceptor and a first organic compound and a second tayer comprising a second organic
compound,

wherein the first layer contacts with the first functional thin film layer and the
second layer contacts with the second functional thin film layer, and

wherein colors of light from the first light emitting layer and the second light

emitting layer are different from each other.

15. An electronic device according to claim 14,

wherein the first functional thin film layer comprises the first organic compound,

and

wherein the second functional thin film layer comprises the second organic
compound.
16.  An electronic device according to claim 14, wherein the acceptor is a

material selected from the group consisting of AICl;, AlBra, AsFg, and halogen.
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28. An electronic device according to claim21, wherein the acceptor is a
Lew s aci d.

17.  An electronic device according to claim 14,
wherein the color of light from the first light emitting layer is blue, and

wherein the color of light from the second light emitting layer is yellow.

18. An electronic device according to claim 14,
wherein mixed color of the colors of the light from the first light emitting layer and

the light from the second light emitting fayer is white.

19.  An electronic device according fo claim 14, wherein a conductivity of the

conductive thin film layer is equal to or greater than 107 S/m.

20. An electronic device according to claim 14, wherein the acceptor is a Lewis

acid.

21. An electronic device comprising:

a cathode;

an anode;

a first functional thin film layer comprising a first light emitting layer between the
cathode and the anode;

a second functional thin film layer comprising a second light emitting fayer
between the cathode and the anode; and

a conductive thin film layer between the first functional thin film layer and the
second functional thin film layer,

wherein the conductive thin film layer comprising a first layer comprising an
acceptor and a first organic compound and a second layer comprising a donor and a
second organic compound,

wherein the first layer contacts with the first functional thin film layer and the
second layer contacts with the second functional thin film layer, and

wherein colors of light from the first light emitting layer and the second light

emitting layer are different from each other.

22. An electronic device according to claim 21,

wherein the first functional thin film layer comprises the first organic compound,
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and
wherein the second functional thin film layer comprises the second organic

compotnd.

23. An electronic device according to claim 21, wherein the donor is a material

selected from the group consisting of an alkali metal and an alkali earth metal.

24.  An electronic device according to claim 21, wherein the acceptor is a

material selected from the group consisting of AICl;, AlBrs, AsFg, and halogen.

25. An electronic device according to claim 21,
wherein the color of light from the first light emitting layer is blue, and

wherein the color of light from the second light emitting layer is yellow.
26. An electronic device according to ciaim 21,
wherein mixed color of the colors of the light from the first light emitting layer and

the light from the second light emitting layer is white.

27.  An electronic device according to claim 21, wherein a conductivity of the

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

28. An electronic device according to claim 21, wherein the acceplor is a Lewis

acid.
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