ORGANI C SEM CONDUCTOR ELEMENT BACKGROUND OF THE I NVENTION 1. Field of the
| 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 c device such as a photoel ectric conversion elenment and an EL
el ement. 2. Description of the Related Art 10Conpared to inorganic
conpounds, organic conpounds include nore varied material systens, and
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15 achieved by polymerization. In light of these advantages, in recent years, attention
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has been given to photonics and electronics empldying 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

30 materials.



5The first of these, represented by conductive polyners, is nmeans in which
a a-conjugate systemorgani c 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: Hideki Shirakawa, Edwin J. . Louis,
Alan G MacDi arm d, Chwan K. Chiang, and Man J. Heeger, "Synthesis of

El ectrically Conducting 10 Organic Polyners: Hal ogen Derivatives of
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conpar i soteferFed fruasoanic ssmieondsctars @rin svnex pases songnidonductors).

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

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

The other means for making massive elecirical current flow in the organic
material uses an SCLC (Space Charge Limited Currentf). 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, g, denotes a vacuum dielectric constant, i denotes a
carrier mobility, V denotes a voltage, and d denotes a distance (hereinafter, referred

.to as "thickness") between electrodes applied with the voltage V:
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current density when an Chmcurrent flows according to Chmis Law, a denotes
a conductivity, and E denotes an electric field strength: Fornmula 2 15J =
aE = - Vv/d In Fornula 2, since the conductivity a is expressed as a
= neg (where n denotes a carrier density, and e denotes an electric
charge), the carrier density is included in the factors governing the
anmount of the electrical current that flows. 20 Therefore, in an organic
materi al hayihngag certain degree of carrier nobility, as long as the
material's carrier density is not increased by doping as descri bed above,
the Chm current JIgf8 nake,h - ov?igh a material which normally does not have
few carriers. However, as is seen in Fornmula 1, the factors which
determ ne the SCLC are the dielectric constant, the carrier nobility, the
voltage, and th thi kness. The 25 carrier densrt is irrelevant. In other
words, even in tH& the SELG Grigatesredeby diormu, imllaimwhir:ln monoarcie rti-ay
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Vansl yke, "Organic el ectrol um nescent di odes", Applied Physics Letters,
Vol . 51, No. 12, 913-915 (1987)). The el enent reported in Reference 2 is a
type of digfg paI%rrent in which el ectrodes sandwich an organic thin film
having a tot a}l t hi ckness of approximately 100 nm and bei ng constituted by
| am natsi ng a holfe-¢Eangpowyd ng or gani ¢ conpound and an

el ectron-transporting organi c conpound, and the el enent uses a |light 15
emtting material (fluorescent material) as the electron-transporting

conmpound. By ap ol,tage t the el errent light-em ssion can be
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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 p, 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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Note that, types of nolecular excitons forned by the organi c conmpound can

I nclude a singlet excited state and a triplet excited state, and the base
state is 25 normally the singlet state. Therefore, emtted light fromthe
singlet excited state is referred to as fluorescent light, and the emtted
light fromthe triplet excited state is referred to as phosphorescent

light. The discussion in this specification covers cases of contribution to
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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.



25 is sandw ched by el ectrodes (Reference 3: C. W Tang, "Two-|ayer 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 filmis used to obtain an electronotive force. The
electric current that flows at this tinme can be understood as follows: the
carrier generated by the light flows due to 30 the carrier nobility present
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respect to conductivity, it Is extrene cult to surpass

mat er 13l 2s exvept gémmration flav @antl dikphyy efemeninus Futther, 3@t is sSEFAuRiASus
advant age i.s. that the organic material is extrenely workable and pliant. On
the ot he@Pfah% Visible; 1aage 48 bropdriss wimbidity ds (platizchageed andat ds iconbideesl a

Physi cal corast ds 8 Hamb 843y sl SaPs AR EResBrERRal Ty had a7 e not
| ost. A 30 reprseitha AddigsAS! the Yradhie Bl SclBRRA:, S 6eanfta 8o fal HafL AP © EL
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another representative example of an organic semiconductor element using organic
20 material (i.e., an organic semiconductor) capable of transborting carriers latently,
which is to say having a certain degree of carrier mobility.

In short, the organic solar battery utilizes an opposite structure to the
organic EL element. 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 obtajn 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.



the light emssion fromthe fluorescent material (or phosphorescent
material) 1s utilized even when the electric current is made to flow. The
organic solar battery also utilizes the functionality of |ight absorption
by the organic sem conductor. However, as can be understood by | ooking at
Formula 1, since the SCLCis 5 inversely proportionate to the 3rd power of
the thickness d, the SCLC can only be nade to flow through a structure
consisting of e | d t f S . L hin
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or gani ¢ npaposelis thd Electbiiies Flel® ofies thdifitabrigldal pubpist sidntn@fiator, can be
approximately 100 nmto 200 nm It is true, however, that by
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mechani Ca(%i@%ftérﬁn[grtp of the thin film 20 decline, but also the manufacturing
process i 2o laeg?'ri cted because the filmmust be an ultra thin film
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properties that the organic sem conductor Itse originalty posses
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produced., However, 25 deterioration of the functionality of the organic
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15 , doped with the acceptor/donor, its conductivity increases but it stops emitting light.

Therefore, in exchange for obtaining the functionality of conductivity, the other
various functionalities which the organic material possesses are sacrificed.
Further, although there is an advantage in that various conductivities can be
achieved by adjusting a doping amount of the acceptor or the donor, no matter how
20 much acceptor and donor are doped to increase the darrier, it is 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

30 representative example of such is none other than the organic EL element, in which



30 made to flow (Reference 4: Yoshi haru SATO, "The Japan Society of Applied
Physics / Organic Ml ecul ar El ectronics and Bi oel ectronics”, vol. 11, No. 1
(2000), 86-99). As descri bed above, in the device where the acceptor
or the donor is doped to produce conductivity, functionalities other than
the conductivity are lost. 5 Further, in the device where the SCLC is used
to produce the conductivity, the flowi ng of nassive anounts of an
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limt of the internal 25 quantumefficiency is 0.25. Furthernore, as |ong

as t he flrgasossednt theuarganie Fleetenfiengmucheas theoors cistussad @ Refeienica® ipf
r than_ 0.25, In recent

yoars.  aEBEHEInk PeBpiss AifadTicbnEss Ofnbs BRRSCLRD liRods sesiened et A ne
SN, TRl ARG 1 B Bl BRI BP T o, et
actuahsy 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 functionalities 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 Socicty of Applied
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surpassing that of fluorescent material has been achi eved. However, in
order to achieve this, it is necessary to use a phosphorescent materi al

wi th a high phosphorescent quantum efficiency Pr Therefore, the range of
selection for the material is unavoidably restricted. This is because
organi ¢ conpounds that can 5 emt phosphorescent |ight at roomtenperature
are extrenely rare. In other words, if neans could be structured for

i mprovin s : i.ght pess, l.eye r at ed
ol at t ] REBNEMoReIR I Bbhict SR8 btREBhd" AT FL ST GRRE

woul d be 86-@9at innovation. If the electrical current efficiency is

i nproved, a greater |evel of brightness can be produced with a 10 smaller
el ectrical curréatdesadrmebalbeve, in $hdevicheviere the acaiptauor thetdonen ibdopediuced
for achievin 93 certai,n hrightness |level, the deterioration caused by the

massi ve dRo we dondpetivity, dunetionalitiescothsr 1 thafy the tgandyctividy afen 105t m as

descri be e be. r | se.stru of,. th rgani c EL

el oment. Tura i s yiCEnie RELER Frdl IRt aln el i

or gani ¢ %@In%)%?tﬁahysivé ach& @il | & 8Rtelédtribales@bnt MNrolSH bt BAGa20RY Silnh N
the organic solar battery using the conventional organic sem conductor, the
el ectri cdlecomeasentauweed problehisaeghfding ehedlement’ Hirelidbility drsl thetlikesed.
Therefore, electronotive force is not, produced, either. However, when the
ul'tra thin fil Mocideatpibs da, photpelspiremcadedess nyingthe arganicisgmicamdunteunsi on
efficiency is_poor .2 i,e., the light. cannot be c | ete] y absorbed).., This
or bl em SUchaETERRERI bldfents atd orgatte SPRABGHCien Thare 1 alsb ppPTa R

In 1igpt ef éé@‘%oteﬁ'i@igﬂﬁf.‘g di scussion, the electronic device using the
organic sergconduct or nMas a shortcomng in that when the nassive el ectrical
current is madeThe drganici Blaettanémtewilli bé disguskée ashysi eaimpleopdrte &ght hat
are unique to the 25 organic material, the reliability and yield fromthe

devi ce i STRiHng rcdanisit af thaprganicBLidlement is, thptiheiinjacted jolerandredectron
e e et e L Ao B BB or i, i

robl ¢ _ . . ! s -
Struct Ur oRbibhdfo EQRAAN ABY o BRI REH HRIEHGHBInatR B bne ROR M ERe

15 electron, and it is not be possible to extract a plurality of photons. That is, the

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 fluorescent material as the light emitting body, the statistical ratio of generation for
the singlet excited state (§*) and the triplet excited 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 Japan Society of
Applied Physics", p. 31 (1993)). Therefore, the theoretical limit of the internal
25 quantum efficiency is 0.25. Furthermore, 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 phosphorcscent 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



Therefore, an object of the present invention is to introduce a new concept
to the structure of the conventional organic sem conductor elenent, to
provi de an organi c sem conductor elenent with not only greater reliability
but al so higher yield, wthout using the conventional ultra thin film

Anot her object of the present 5 invention is to inprove the efficiency of

t he phot oel ectroni c device using the organi c sem conduct or. The

i nvent or Qfurpdsiny @RRUf fIYRRELA 'mafsi .repeated |ntense studies,
has devi sed ltr)reanlg capabl e of achi e\z}?%lga@t ag aeiolvée)g-hlrr%‘ﬁet%i'o VNt Ayer to

conbi ni ng ashiesegdhisc iseisi apoeksatyoriot et hSpHERPAGradctR FRARESERVRL Q7 ?go{]n
donor to nmgke jt 10 conductive, and an organi c sem conductor in Wwhi cPu
SCLC i s ud¥WspBomgsesndvquaniemceffigianoyvips.y . Thtrefores thebemige 6f selebtis® fohefeLOf

i's shown i C . FI G .1 shows.an organi c seniconductor el enment
conpri sed ng?t%{g%l 6ﬁlggﬁ¥%ld§"]ryu5?§5?%tean mllﬁﬁs, EURScPrZanicapeapounds shatatdmde,

there age eqpjit Eh@@ﬂdf@éc)én{ ﬁﬁh@&}rﬁﬂ%ﬁ%ﬁ%@#g a%eﬂé){%#gﬁ%;m | ayer (referred to

as a "functiohal ‘organic tfiin ¥&¥é&nt speci fication)
for realizing vdnisther tords,i Tnakihd esull bé <oy ceogucti ve
thin filmlayer in a floating state iIrll whi gﬁwgﬁ%gt?gog‘?g 6%‘?ﬁ it geﬁggrlcal

achi eved KyrigapeHicienny @be bppgbiness Id@hgencatedin reboionan thekheical current)\hat
is inportant. here, s hakﬁﬂtlhe conductive thin filmlayer should be

connect ed %5 UBSt Wgamq E; ety (thist woulkd beuacgreahamaationi ¢ If hhe dédtrichlayer
(inthis : 1 ductive thin film| rris particularly referred
to as an ggﬁ%ﬁﬁgf&éﬁ%ﬁ:éﬁg\r} L ’%W (?,fa[ gm#%{ylg?’ﬁ‘)Siyﬁﬂgfe}flﬁ%&%%@mmﬂrvuﬁh idons
bet weery t Bmatlendletriog dudientf | Oonkaxe ! i rganic thin film
| ayer should be elimnated or ext rene[}g’/%%%r?i %%zéelg&%ﬁ%f)ég%%%%& t"ﬁée e

st r uct ur efomathisvingda eleetain bniphtnesseirsel, ythe njctetie@i6achulEd fyo d Eﬁsgﬂf@@ C
conductive thi gﬁ%l m layers into each of the functional organic thin film

| ayers. FomopRhphelectycd svwesnt yarde) o flosniothenlte dim filnsaodesdribeBl Bove as
n=2is shoyp éc[hérjéEGs. 2A and 2B. In FIGs. 2A and 2B, when an el ectrical
voltage is appfle etween the anode and the cathode, electrons are easily

i nj ected from aTher siveRRMbGuERARIURT (e drfidlc | § b % Asf i S
functional organic thin fi Ilrln 30 | ayel}l, Oggédﬂ%h%tﬂgeg}s/e%é’r gmela ilﬁyéol ﬁf‘%ctpgd
from tl¥e phateelestrid corvmmsiontsiiek at fin whd oiganic solar battery, is inefficient at present.

e

As described above, in the organic solar battery using the conventional organic
semiconductor, the electrical current does not flow if the ultra thin film is not used.
Therefore, electromotive force is not produced, either. 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 proﬁlem 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 efficiency of the device
is poor. These problems basically can be said to arise from the "ultra thin film"

structure of the conventional organic semiconductor element.

30 SUMMARY OF THE INVENTION




| ayer into a second functional organic thin filmlayer. Wen viewed from an
external circuit, a hole noves fromthe anode toward the cathode, and an

el ectron noves fromthe cathode toward the anode (FIG 2A). However, it can
al so be understood that both the electron and the hole flow fromthe ohmc
conductive thin 5 filmlayer back toward the opposite directions (FIG 2B).
Here, by naking each functional organic thin filmlayer to have a thickness

f 100 to 2 gl iLer. injected.int h f ti |
organic thin 11 PROEECte, ATBbIGE of tE rpllent Bfyenliofi o duciag mew' Coneephen
functi onal MeganictuidbNtHe Londchyidhal 6:@&%1&'&%%1%@&&&0@5&%9?%@ té irlgfg{,i(%n;gsi on

or the like) derived 10 fromthe inherent physicality o gani

mat eri al @ganivesensiabidedor element whitir rovertly grbstor tdiiabllaibut SidokighE£yieid t he
present invention,is applied, the organic structure can be nade to 1rﬂave any
degr ee of Withpukysing thehicenvertienal reltaal (hinstiml . Anvthbethebjesdrafs theagpsesent t hat

303 | <5 AR INL G KB U REaEeSs ofnibe, plStosERR o Kdevice et the

el ectri cqlroRiciR98cdnd plied to the filmthickness d to thereby obtain
an el ect?%ga{ﬂcu-rrent lg:é,ﬁ:\l¥é)ity of J (FIG 3A). Here, in the case of the

present 1 nventiThe (Iﬁeﬁtor?tﬂ)thwipfré'sehh fr@intiohN# 4 Y&utt dferEheaka %t’énﬁé’%ﬁfes?f
functional organic thin filmlayers 303 simlarly having filmthickness d
and (n - hes dayissst means hapable ofi dohicvirg the abdvd-mentpred 0Bt byheymbiningas
only possible to flowthe SCLC into, 20 the thickness d (which was 100 nmto
200 nm i H&%wsml?%ﬁact%{rt t 1 flopsdewatht an REEpROD I aph $0AOE tequrkelibnt

to fl om ' [ t i.lmthickness nd,
st 38" et anth OtbahEHlcoBRb R B e b SELC Dot EBORRRe Bty o
FI G 3C dontluttividy. STheBssbhdie strficiuie tsByYERIhaRA ind1G.hecause no matter
how much voltage 1s applied, the SCLC suddenly stops flowng if the film

t hickness 25 b shewy aphorgenic semiconGickoelsment hompsiseplof aeerpanin! y
that an electrical vpltage nV is requiyed. However, the electronic devices

usi ng t h&USFHYYRi & SERCBoRAESR ahmtodsi ppd g eratbnde.t Hictpr ats alemativalit by

mssi ve o el ARGl 854 HnP1dyoh UdblreBad B o APR Lhpi R e
negat iye 1&fdredh a8 prbsent Speaiticaiibi) %ldréaﬂ%_idéhebﬁo@ il Rion8K}HES by flowin

Thus, by providing the organic structure with the alternately m nat
functi onah 8E€§4ni and i gomduativeathdn filwl lepedirkta Geatihg rstitel m heyiel ,a thek

organi c sem condklp?tor el ement . can rTEke the SCLC flow in greater film

t hi cknes SOPHUGHLYHY tsrchiey; depiag the pecepipso pPI By anefber methad. unt i |

i _ . . ArS=cof & e |

The sC i o mmannpb & EpORAAOHEeY 100 Mhd ElnddeetOfh il JEvET B A " ©

bat t er i esonhectbd wubbtadtaldy PhiosN£eb the fEHEHER oRpshidItRid fild ztagelrgﬁetgwe
0 De

opposi te nechani smof the organic. EL el enents. The concept can’a
appl i 24 bawadihe tconduetere dhigardilo deyer asdpartiouladlyenefered Wheasehior Bohmic

according to the present invgntion, there is provided an organic 10
sem condgef“g'r‘Cté‘feeﬁ'é'i‘miﬁngFF edlIBTOt}é‘?F BPEdS obsEuetiens betwesr the cppductive
sequenti gl:Lye: ' j r £ irqnal. . organi himn f.ilm,layers
Cahore. A HltTape bt (B sinUSIR o Bonic BE] IRPLyRL 3RO bR gPigtinafta; 62
t hr ough a)atrenﬁa[y finehizedal organic thin filmlayers between an anode and a

cathode, characterized in that: a conductive thin filmlayer in a floating
state is w t holly adapspg tha abovestiubtregsrlieaakd electrons are easily injected each

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

30 layer, and the holes are easily injected from the first chmic conductive thin film
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15 functional organic thin filmlayer (where k is an integer of 1 s k s (n
- 1)) and a (k + 1)th functional organic thin filmlayer; and each of the
conductive thin filmlayers ohmcally contacts with each of the functiona
organic thin filmlayer. In this case, as the conductive thin film
| ayer, it is preferable to use an organic conpound instead of using a netal
or a conductive inorganic conpound. 20 Particularly in the case of the

phot oel ec .6, devj fch..reguires.transparenc i {,,dS pteferable to use

the or gan&?ggé%ogn%e%%?ﬁg@ﬁgpggl gﬁ%a&l%litﬁﬁ’ ?@mt E@%ﬁr ei@?ﬁ“ ?’?‘R%‘?f{ it ather e

IS provi i ' I t I a I '

STt U o o R, At e R ol he £ I e W Gron

or gani ¢ timones ifrom| thgecshddd esward tise anodd (BUGr 2A). eflvavevicd, Rf cff ﬁ@?eﬂiet han
m

2) consisting of a first through an n-th functional organic thin fi
| ayers beiieasiogd thaidrihaheg electronhnikbthechole £kve fiore dhé nhimhatonduativedbni | ve

i thout BN PRl B OR heeous s enn o). or gante thin 111 m | ayer
E)\rl\gg:\ieckt Ih?nap i Pﬁ%ﬁ%@;@gﬁlgk ggcf nélgo%afl]t%r%aerﬁg glﬁ%uéﬁ\;&hg ﬁ&?%ﬁ%?&
L) R0 koA e RIS 0T NG
f unct i onahindgeniayernéan be | madayerflownas shd BCGICi nThas iy sinaeddhalfinctional
equi val ent- manner., as descri bhed above, it is jnportant to adopt the neans
in which Qfsém&oﬁ&héﬁmgawﬁi%ﬁquﬂiqm@iltsaﬁwhi ap Hghtemission ae the kel dedverbound
and thg lf?gﬁrthﬁnﬂé}gﬁppl)@sﬁ&lftp of ?tfecgl%ta%c 191rz'1tetr1@1‘f cgﬁ) B&'realized.
Moreover, when the basic structure of the present invention is applied, the
organic structure can be made to have any degree of thickness, which is extremely
useful. In other words, assume that in the conventional element (in which a
functional organic thin film layer 303 is sandwiched between a cathode 301 ahd a
15 anode 302), a given electrical voltage V is applied to the film thickness d to thereby
obtain an electrical current density of J (FIG. 3A). Here, in the case of the present
invention (FIG. 3B) with the alternatively laminated i number of functional organic
thin film layers 303 similarly having film thickness d and (n - 1) number of ohmic
conductive thin film layers 304, where it was only possible to flow the SCLC into
20 the thickness d (which was 100 nm to 200 nm in the conventional art), the present
mmvention appears equivalent to flowing an SCLC having the current density J to a
film thickness nd, just as in the case shown in FIG. 3A. In other words, the effect
is that of FIG. 3C, but this is impossible in the conventional art because no matter
how much voltage is applied, the SCLC suddenly stops flowing if the film thickness
25 becomes very thick.
Of course, this simply means only that an electrical voltage nV is required.
However, the electronic devices using the organic semiconductor can easily
overcome the problem in that by utilizing the organic material’s inherent physical

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

30 negative effect on the reliability and the yield of the device.
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Therefore, according to the present invention, there is provided an organic
sem conduct or el enent conprised of an organic structure forned by
sequentially lam nating an n nunber of functional organic thin filmlayers
(where n is an integer 10 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

tate which i i d_is.without tion f d .
between a k-t h TG oD brfv AL ng BRI ele S8t R A IR, Pt o
1 s k (n fundlidn@ndraunik thinl )il Gt bR AborfuBaE Cthidi flni ilhg&bfaﬁgréf ngk each

15 of the conductive thin filmlayers contains at least on n ceptor
and a dorssmifondudter olegamit canampkeitie SCLC flovAlis greaercfitdi thickness Bempiesent
invention, there i s provided _an organi c sem conductor el enent conprised of

an or ganithe sganyentipaak artne iy cossepledid apt wxishmnidtnowy. adhis sonespt cin

f ti | i hi.n filml wh i L 20 |t

or oat of - HbOSHY 6 i by GreaBte L bieRiengs, Sitel B SRR R efdieni® Bowaid o
thin fil , O | i X
conduct i wsT iR RgRCLURRIP AndN0CEe B 1EChIMiRs FRRIPGLEZC 2T0hdiBekble

conpound cusrestt tandudre esad® o6 ihare fthe pgobieé Wethadisky b theldesiMo L. @IGAMS. thi n
filmlayer (where k is an integer of 1 s ks (n- 1)) and a (k + 1)th

f unct i ondrheofQfnept camplsobiel applisg drpadipido eghen ozgani¢ semicansindiortelamentsi n il m
| ayers contai ns,,both of an qi;.ccep}]tﬁr and a.donor fo%‘gt he orgﬁni c conpound.
Note that, whentIHECUGRAECITNRE OHDR RIESCALIRYRILAn, theTsda RRPYIdeH D areaRi or

t he, dQpay; ' - [ DL i ic thin fil
ayer TandeRicotdibiy SR HRARE oF 8 o abis R R b R i ¢
connect edamifdtiighen 3Gusatie dfffunetidhaloorgahidahii ABATLy9 (RALR §$ fF iﬁt@géxhe

functional organic thin filmlayer s included into the conductive thin
filmlayequahtalor ipscaion thast 2) coasisting of m firsy éhrdughduop edhviunistivhal axparjat or

or the donor). his enables the elengnt to be nuf act yred according . to a
sinpl e p%&‘@e’)élé'f‘-[?%? &lrean 30 anpug é&é@“%e?ﬁ‘%ﬁeﬁ‘z? & thatep copdegiive: he
donor ar g, nehud in_t 0 iye thin, fi LE ref erabl e
that: t hghl(rzlo?ll ucﬁy\?g %nhfinﬁ%‘ﬁr%]%g@érl\éb‘g&t@{ophg %ﬁ?&rﬁ%ﬁ nba‘:?wg‘énaa #ﬁg&st
| ayer 14 ofaRetidial dUEHTIO tIFA AGE RIEP (wherd B e & BRS¢ JFONRRUD @n - 3Yfas § e Qnd

| ayer fornmed by adding a_donor 'to an organi c conpound that is“the sane as
t he orgaddid Bueponadorgane: thin film dayernged ebeh pbdhe comdurtivieothén film myert hode

T e RSt oD% Al USSR bl Wy of 201 € Lt
organi ¢ Cgm;flﬂ HREdade) dsNcCONMRENE SR o] 1dy8:] AYR' pREeABIES LS Ay th
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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Incidentally, in the case where both the acceptor and the donor are ,
i ncl uded in the conductive thin filmlayer, it is also preferable that: the
conductive thin film15 layer be structured by lamnating a first |ayer
formed by adding an acceptor to a first organic conpound, and a second

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

positione . t hode side than the second layer. - Also, in such
a case, i%g%é&;tﬁqgl?%g?g&t hat the organic conpound used in the 20

functional orgagj il | r : i € i Qs t
first layer be %g%ﬁgﬂgtog?jéﬂvgoﬁ]&?ﬁg tél g%nttdﬂl&ﬁgé aﬁﬁs@,ﬁ ?%%?lsw{glrl gﬁ%?‘é‘%@%{mﬁat

t he or garvrganianpioinn ilms éayedrnohimcdllyn @i inal sobgamislly Mguivdlbad hiwfer,agd the
organi c conpound used in the second | ayer be connected with the sane thing.
The strucdaseebed abgees tinistimeportans rtgaadapt tthe méansnin whesh ey comduntivef thét ur ed

25 usipg bi,pol ar_ Qrgani c .conpound, of by cqnbi phi ng_nonopol ar organic
conpouﬁdsglé? 1?‘3% h%??‘g@e% (ﬁoﬁ'@ PrEARL SPEARYT a‘il‘Bf t&&aiéﬁﬁ 81 depghwith the
transportjng {foq)bc;rthefjgﬁoﬁxarrpl e. The elenent structure described above is
extrenely usg ul anong organi c sem conductor elenents particularly because

in the phot oel eThérefireSaddoglifhg fo ﬁ@r?égeﬂtriﬁﬁsﬁ%,lthe&t i,sﬁm)%ﬁie‘anar%i ARiENCY
and light absorption efficiency. That is, by structuring the functTonal
organi ¢ tseimconduntbrnygementt dompiset gfinncopanjrostmactutm forendd byt sequegtiilly
em ssion by flowing the electrical current, .the organic EL elenent with

hi gh rel IaBHPRYRE ama HBEBEEIR) fuachaayl erganisethiy SlmdayersPiese n ipyn integer

structyri iL.onal ani.c..thin fi.l ayer, with.,the orgapic .
compotiic eL RS sLHELPE R OFI8RHSRE R A Pl el Ph o, MR nfhmi e

el ect r onuhinVAIhQh &k bovwaks % BhHde hhdRt carhidi, %h%'&té%iz%ﬁ'iﬁrthﬁlﬁ%t&r kﬁu&i{z{
high reliability and good efficiency can be created. T erefnore, he
present ithiefilinolayenol adisatiyestatdwigch dheludes & drpenior@anpourkkis Gohduet or
el ement in which the functional organic thin filml|ayer described above has
the struEXGeRieRfammed betwess aiﬁ-ﬂggmrélc’@ﬂbafg@iﬁhlél%lrmd@yem(n‘dlqr@draisi ay 10

and the ?ﬁﬁ%@% §r 3 AL (%a_t fﬁ ra%dfau&ciiﬁ&alluintcﬁbnal organic thin film layer; and each
15 of the conductive thin film layers contains at least one of an acceptor and a donor
for the organic compound.

Also, 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

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 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

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

Note that, when the conductive thin film layer is doped with the acceptor or
the donor, the organic compound used in the functional organic thin film layer and
the organic compound used in the conductive thin film layer are connected with the

30 same thing (i.e., the organic compound used in the functional organic thin film layer
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Note that, particularly in the organic EL elenent, in the case where the
functional organic thin filmlayer is structured with the bipolar organic
conpound, the bipolar organic conpound preferably includes a high nol ecul ar
conpound having a Jr-conjugate system Further, for the conductive thin
filmlayer as well, it 15 is desirable to use a nethod in which the high
nol ecul ar conpound having an it-conjugate systemis used and the |layer is

doped Wi t {3 fbR1RAGARS fHe Qndubys X filn? fléslfe?,r :lﬁi’cPtHek@mﬂ%{‘ivE UG ‘Ié,{ﬁ\f-eis o

Alternatively, for the conductive thin filmlayer, 1t I's al'so possi

use a condoped veithi ghe nadceptaranr c tepalomr)y t ITHibeemtteptme elemkiiono agged
thereto. 20Further, in the organic EL elenent, in the case where, for
exanpl e, WRBEUfAGteredagaeisbng iy simplerpraeess. of a hol e transporting material,

and the electrop transpor.ti | aye de.of an el ectr transport,ing
material, are | 1#&({% 18 tggFEﬁWh@%@hfthﬂ@FW% a‘b&a’&ﬁi‘&n‘ifkﬁfﬁ ipcloded ayer
by combi ni : ' : ] ' Dl pcfi ayer
Shoul d ol oo neREHFE (R fayey T3t BFerabl R U otich i Bibo i MR o
and the ebestricnrdd By $NATiating aBise 4yl folned bYadiapeds ol @9@&{1 with
t he acceptor and donjcﬂ)r to ilngr ease t)?é glark cgnductlvi?‘%@Al tgr ngti e ():/ It
i s al so powspburd,tandisscoutchlayee foohed byakimg tidupordo em adgaaiwicomeound

el ectron transporting terial, In nore specific terns, this refers to a

met hod i rfOghITHCSaNRY ganicspmpemd;saddhe firsichayer bappsitionad dieseeto al
v e AR MR SR b 1 ver, and an acoept o doped
| e A A ke R SO ol SHEMAGE
thin fil rfunafienalwwganicsthih fibmt lhgenamghttiecorgahir cdmpowid/usel inhtheswiluagvehen
used in ttrﬂ?n ?1Er% gjizé:r b%Lcoerlneegtee%t\ivitl-ll— Qﬁé ssimslé thing.
Incidentally, in the case where both the acceptor and the donor are included
in the conductive thin film layer, it is also preferable that: the conductive thin film
15 layer be structured by laminating a first layer formed by adding an acceptor to a
first organic compound, and a second layer formed by adding a donor to a second
organic compound that is different from the first organic compound; and the first
layer be positioned closer to a cathode side than the second layer.
Also, in such a case, it is preferable that the organic compound used in the
20 functional organic thin film layer and the organic compouhd used in the first layer
be connected with the same thing. Also, it is preferable that the organic compound
used in the functional organic thin film layer and the organic compound used in the
second layer be connected with the same thing.
The structure of the functional organic thin film layer may be manufactured
25 using a bipolar organic compound, or by combining monopolar organic compounds
by laminating a hole transporting layer and an electron transporting layer, for
example.
The element structure described above is extremely useful among organic

semiconductor elements particularly because in the photoelectronics field it can

30 increase light emission efficiency and light absorption efficiency. That is, by
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5 in the organic solar battery, in the case where the functional organic
thin filmlayer is structured with the bipolar organic conpound, the

bi pol ar organi'c conpound preferably includes a high nol ecul ar conpound
having the it-conjugate system Further, for the conductive thin film.layer
as well, it is desirable to use a nethod in which the high nol ecul ar
conpound havi ng the a-conjugate systemis used and the 10 | ayer is doped

ith th : . ' ' ductivity.
A o nat 1 SETFEHRE B LRGIARR Yrabic, AR TR [y RO BT hfioundymat ¢ o
t he coad [ ' ;8R! : ' : dded
Cher et o, “HHURS I iSSIR! BF HlcWing WRROUGM itk Bulrft, 366 R plic XL OAEMERE
for exanpiith high tebigbilityreatel gbod leffibiehey tonarteporchietly rMireHeraby At

|l ayer made of the electron 15 transporting naterial, are |am nated to
st r uct ur dherfanctiarali ergapicothyadilm layen with the esganiegompetindiwlichrgempodtes

organi ¢ conpqund the conductive thin filmlayer.shoul d al so be made using
ot °F ead BREHPORAGHERDE Lt  BrnsralsS dhe £lRckObitiy o iogceh B fsaibing ligh,
t ranspor ty erhal . .t h the acceptor and
donor to tIhEngr aslg S? ébgg[?ﬁ’ ‘@ﬁﬁd@ ?%/%bqyﬁ%lﬁeé)ﬁoacf‘%@%%ﬁlwl%nl% %{?gtgg'possi bl e
to use 20 both Theefweette prsof invegdtioRtigtludés andyilife ebREd & tid ﬁ@ﬁﬂ{tl ng
material. In nore specific terns, this refers to a nethod in whic e
donor - dossthicepductor etemmens| iscwhich thefepdidnahgrgatierthi filmebhyien deberibed
functional or ' and the acceptor-doped | ayer of the

ni¢ thin filmlayer, ) [ :
hol e t rgﬁ?ﬁ&ﬁ?ﬁ%t gtEnGture %@% Rf tgalizing dhe gatnis Bl mlement ﬁlnqtnqmahayer
are l??} %td‘:@‘gr_g&is%%%ﬁgfyh%{ﬁ?{ipﬁaﬁ ructure used as the conductive 25

thin e carrier can be injected into all
the conductive Kbientiat,) ?ﬁﬂ_ti@ﬁﬁﬁﬁy (@ hE CreMMidUBL | dembht, Ninf iHeNtAsRYfhele the
descri bed above, then it is not” necessary to reduce sheet resistance In any
of them frocelrgegnicahivbidmciayer isystratteredf with-the Sipolar ogzami¢ eomipdund,

suf fici enfl. 30 . BRI EF DESCR| PTI ON OF THE DRAWNGS 1In the
acconpanyiPBPLfi erganic-cemppugd opreferably jinclydes, @ figh snolepulapreorapeund

. i on: ' i f th : ' ion; L.Gs. -
SA'to. 3CraiE iy BB SH R " EORAEE P Bl OB RS k. R Elet APt 5 5
4B i | isisiis ategirabROTY ubehi REbtha@iRVRRIN tHe halteeidlbadhr %uﬁfgﬂogahdeﬁéﬁﬁ'g%ﬁy;

u

FIG 5 shows theory behind inprovenent in the electrical rent
ef fi ci eneyrcOJOEREsSYs8AN an dsGBauie phie layeoiv dopédnath thegeoeptoElr ehedenssio FI G

7 shows an organi c ,EL el enent . accqording.tqQ the present invention;
1mpr09e, the ~darll'< condr&%twlty. %lterne%xve?y, tfc])r tftlje conductive thin film layer, it

is also possible to use a conductive high molecular compound with the acceptor or

donor added thereto.

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

25 the hole transporting material and the electron transporting material, and the layers
should be doped with the acceptor and donor to increase the dark conductivity.
Alternatively, it is also possible to use both the hole transporting material and the
electron transporting material. In more 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

15



FIG -8 shows a specific exanple of an organic EL el ement according to the
present invention; FIG 9 shows a specific exanple of an organic
EL el enent according to the 15 present invention; and FIG 10 shows a
specific exanple of an organic EL el enent according to the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

20Herei nafter, detailed explanation is_nmade with respect to enbodi nents of
the preseHANSRAFHAL BAterial Maad an the gfmtéora QIBRE L AdmalayeT, caini leminatgd

order 1o 4eh B0e pighEd e uted & DEBRAclde IR AAEER0REC one o an |
anode and a_oat g Rdee ATGRASAL oINS 1 BERPWRIFGSMA Sl i S

enbodi ment node escription’i ¥ an el enen ruc I'n

transpar egigaaitosislal bafi@y e dhe Bade HebShdmbsed B @emrgmctm@ eidlﬂéﬁt f i §4e
anode S|de In actuality, the present invention may be applied in a

st ruct &r ein thewnigahict tdarchaticrgein thef crsasshanttbe fimectimal brgandc tidnafiing d?a/yiart he
l'ight fromthe cathode side, and in a structure in which the |ight is
achi eved ¥ W%fﬁf%’b wath the hipelar aganisecoupewidyt e bipelarnorgagia gempounidn

hich el gl ShaRageY BT nlSTRP et BRHEEURS 2LoRhe ek ' "

Further, for the.conductive thin film Iayer as well, it is desirable to use a method in

which the. high molecular compound having the ni-conjugate system is used and the
10 layer is doped with the acceptor or the donor to improve the dark conductivity.
Alternatively, for the- conductive thin film layer, it is also possible to use the.
. conductive high molecular compound with the acceptor or donor added thereto.
Further, in the organic solar battery, in the case where, for example, the
layer made of the hole transporting material, and the layer made of the electron
15 transporting mateﬁal, are laminated to structure the functional organic thin film
layer by combining monopolar organic compounds, the conductive thin film layer
should also be made using at least one of the hole transporting material and the
electron transporting material, and the layers should be doped with the acceptor and -
donor to increase the dark conductivity. Alternatively, it is also possible to use
20 both the hole transporting matefial and the electroﬁ transpolrting material. In more
specific terms, this refers to a method in which the donor-doped layer of the
electron transporting material used in the functional organic thin film {ayer, and the
acceptor-doped layer of the hole transporting material used in the functional organic
thin film layer are laminated upon each other in the structure used as the conductive
25 thin film layer.
Note that, if the carrier can be injected into all the conductive thin film
layers (ohmic conductive thin film layers) described above, then it is not necessary
to reduce sheet resistance in any of them. Accordingly, a conductivity rate of 107
S/m or greater is sufficient.

30
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well, in order to make the battery absorb |light, any one side of the

el enent may be nmade transparent. First, in the organic EL el enent, as
means for overcom ng the poor reliability deriving fromthe ultra thin film
and also for i'nmproving the proportion of 5 light emtted in relation to the
el ectrical current (i.e., the electrical current efficiency), in order to
achi eve a sinple device structure, the organic EL el enent may be connected

serially, for exanple. BRIFFDESCIAPTIONOEPHECHRAWINGS AS shown in,
FIG 4A, assune an organic el enen , N g a certain

el ectrical vol t dy¢he/dcoampeyigndadveiapsi ¢ current with an electric 10
density J1 to fﬁ&and light is emtted by a |ight energy per unit surface

area L1 (i.e., orslows\a basicstrectnre efdgmresent imventign; are enitted, and
the |ight energyy) ui Vv, nf to the praduct of that energy nultiplied by
t he nunber of p}ﬁ%@gn@%a“ aiﬁﬁf'%wtcioﬁﬁ‘?mgOgég%PfeéP‘F'i‘@l"%‘h%‘%mye]. (this refers
to the g ight enp3gkonsg | ¢t.rical . energy
(el ectrical. power) tha?gmtg%qldgrégfﬁ?ggﬁgaﬁ?é%ﬂ% fljﬁgeqén%%nf hi ng as an
"energy conver skd@sr4Aeind 4B itluMesteithedieodiahd oinRSJrRdiuh a1 a Tel
= L1/ (31 V1) Next, a case will beﬂ]ﬁ%nsi GapRSerieting %dr?ﬁé{r‘%%‘ﬁff%ta
el ement IHARCY;s exactly equivalent to the organic EL elenment D1 is
connected to th rganic EL 20 element Dl serially (See FIG 4B). Note
that, a cont actl% {)@l nf 810‘8%nﬁ“@8f% slund,dmprevrnent mn Hhed decirisgktterent
ohm cal | Yafficiency: Here, the elenments as a whole (i.e., elenent Dail having
the structure cghsi sting of DI and D2 connected to each other) are applied
wi th aovol t age WEGE.6A2Yad 6Ea@épitscsifplivnhNéra¥Rld BOe was applied in
FIG 4A. Then, since D and DQp25 are elqﬂi vagent to le%[@ 1:f')’t her, the voltage
Vi is applied tBI® 7 shews anb2ganiedfleekemesit necardimhovthe iptedonGinveRtioand t he
shared el ectric current densjty .11 flows. Therefore, since DI and D2
each enit |ight:wWthsShews g speeifnerapple of apotgasia Kb dleghnt asverdipgabthean
be obt ai | ements as a whol e Dail. The power
descy Wy bitfort

efficien Stine is givenin the followng fornmula: 30 Fornula 4
cpe2 = 21_4/ (. JRIG. PMdws alspbtitic dample of a - |
conparing the above-nenti o% For mul ap3 Oanaﬁﬁ% gbgge#&ngﬁﬁf%%ggd@értﬂﬁbg 4,

t her e 1ps presaditfifteedigg abdt ween FIG 4A and FIG 4B in terns of the power
efficiency, andFIIt(geHLaﬁ/ of ener g%( conservation in which V1 5 and J1 are
converted to LI*S PRYVE FefReFIiisxammle of e exgeninELe¢ltinent segomlppets s t o
i ncrease . - Li/J1 is increased to 2L1al. This has a significant
meani ng fo%t;%gﬂgﬁdgvgﬁlugnEL el ement. That is, by increasing the organic EL
el ements connected serially and by applying nore voltage in proportion to
the nunber of elenents that were increased and nai ntai ning the current
density at a DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Hereinafter, detailed explanation is made with resj_::cct to embodiments of

the present invention, using an organic EL element and an organic solar battery as
examples. 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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10 fixedlevel, it becones possible to increase the electrical current
efficiency. Exam ning this concept nore generally, when n nunber of
the entirely equivalent organic EL el enments are ohm cally connected, it is
possi ble to achieve n tinmes the brightness |evel by maintaining the current
density at” a fixed level and increasing the electrical voltage by n tines.
This property derives fromthe 15 proportional relationship between the

o 90t reSeh B WS D 500, T S A Ele el e ©

el ement s page GafgReé@d serially, the brightness level emtted fromeach of
the organic EL el'enents will be different. However, by significantly

i ncreasi ng t he Fiott} dgethd torgéhibeBbmelenpansidsl endags eforr 8¢ércoRiifg Piiedpbaess
than in thg case of a single organic EL el enent. A conceptual %i agr am of
this i s Jedability derigingstrom the ulive thiofitmiandrlsy fo impreningtedpriopertant of

253 ot AT B SRS e AT A oI5 S
(e necesantibnto) 3951 sV P5pHAk 4016 SRABFD ASBHRELEL SdbmBl o

J1.  m#¥y btRoanédied set iy 46F bgathplRy, TS wel deRIxplailbd BSlody. bl ue 1ight
emtting elenent and D2 as a yellow light emtting elenent, if color m xing

can be perfornmells shoem anwhlGe 44) assimghan ergssicoRlwieldmenicl);, ithehédtor e,
this enables .a white color 30 emtting el enent in which the electrical
current SPPIERgHRGertainglgaiaical yalfage ficedises apnelecigicqayren) withtaeelscairnt

i s higher i | OF ht . As descr.i bed above y

ohni cgﬁl 3?1 e@?)ﬁﬂé‘bﬁ {r:%%t %g&égg}wgne{i@t?grqya? Pﬁht ?’H%rngPﬁéPghttsuégag&af?acg‘l tllc‘?rr r ent
ef fici enghotény NRVRCOIH SHRAhE oPldndhy1088 GAeAS ARt ﬁenﬁghwe[ger@ is -
smal l er electrical current. This neans that it 1s possible to make tﬁ'ue
necessar yqeiwadenti todhe puodecttoff that emérgy imultipliet tey theneuhberedf pliotons)ghtAaess
is kept spnmll.er than in the conventional art. Furthernore, as long as a

si gni fi cai® @msetd pewer vidhicieney caen Kdispefieredo the lightpemissinme epergyomidut

however i .el.enent s, as _nay, he neede and the overall film
t hi ckness aﬁP%(gﬁn%thglébﬁ(?aé ke%%%@g?tflcélspa‘ggg)r ﬁﬁg&“ BoVED %\n%fto%l%ﬁﬁ Bccur s
even in khMeQRRf MW Siddiey ddsvasRANak Fis SveRBRtS: AIRwWinETbymGpRANECt ed
serially. The problemderives fromthe el ectrodes for the organic EL

el enent s Fomohuid dm t he el enent structure, which will be explained using FIG
6. FIG 6A shows a cross-sectional view of the organic EL el ement Di shown
in FIG 4A an®P%r 1/&8'5 a cross sectional view of all the elenents

gi)n 2 Poméi zorFln'a xt,gggg-érﬁn gﬁgﬁf%?%%%%eﬁgﬂ %ﬁfChlé’lTQFgalﬁ?é ES. Skhidt lﬁzethgll: [
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 ohmically.

Here, the elements as a whole (i.e., element D,; having the structure
consisting of D; and D; connected to ecach other) are applied with a voltage V, (=
2V,) that is double the voltage that was applied in FIG. 4A. Then, since D; and D,

25 are equivalent to each other, the voltage V; is applied to D, 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 ge; at this time is given in the following formula:

30 Formula 4
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manuf actured by providing a transparent el ectrode 602 onto a substrate 601
(here, the electrode is an anode, and an I TOor the like is generally used
for this), a functional organic thin filmlayer (hereinafter, referred to
as an "organic EL layer”) 604 for performng |ight em ssion by flow ng an
electrical current is then formed 20 and a cat hode 603 is then provided.
Wth this structure, light can be produced fromthe transparent el ectrode

(the anode) 602, The,catho 03 b cat hode which normal |y enpl oys
both a netal | i cP& 6?‘3‘?”3&% #Y él‘lm V\S{I function, or an electron ,
i njecting cathodg L e unk d 8k MM | | il such
as alum numor the |1 ke).rl g%é%oen WO oé\agrgﬂrg ?@giﬁgﬁgﬂggﬁdﬁéﬁ%g Q?“ﬂ

st r uct ur ethdestaviehednddwae Farmaubohngere s ao miffyrenee ivzthyerd F3Gsdavwand FIE! G

6B), the structure will include a first transparent electrode (cathode)
602a, a f4Bdn tenmgnel themowenefficemes, and therlaw afznesgie copsavationsiscwhithoVgani c

EL | ayer 604h, a second qrganic.EL layer 604b,_and a second cat hqge 603D,
et i Ao o T IR O - o A IS
emtted e L OaRI ayer t ke tsansu.t ough
because t eﬁ E ?%@ﬁgg%ﬁgéga'%ga%m?‘&yﬁﬁ ilssgqrfg%asgg?ggg‘l}t?ﬁusﬁ?#?{gsi %ﬁg‘l@géﬁﬁgt be
taken outmehninigefe e MrgariBeEEf letnert! PEGONBS by RRSEAdhEe fhe Qf%aﬁit? IEL

i nnovations as mxing the light em ssion fromthé upper and the 1 ower

or gani ¢ Eilemleatecosntaedrserdaly ark byhapplyond onoiei gbltages Forprepartipneto ahe

t echni que usiang %r nsparent | TO cathodes for bhoth the anode and the cathode
has al so IHEnPeHe t“'zfd“‘ffﬁéf@?feﬁ@ée ancreasqoh pRdh JBHAERRE the eurrenfy denmly ap a

hal fi.n, 2 d S. .R . aly- f hode f i
Soat bl frefieyh it fReonbgult |ERpAERE: ARIEAR FLERRL EBLIRNS, oL or oo ©
this, the firstpgahhnfe tﬁﬂ;\?‘éo{li_ £ DR1OFRGRNbFANS RN b ndBREETdT e Eﬁﬁ&?fom

possible to 10 bring out the light emttied fromthe second organic EL 1ayer
604b. Howespevalest mxganichEL clémeatsearseohmhipallp oonadedipd sipus pessiblg, totdvhiaveis a
concern that the organic EL |ayer 604a w ||l suffer_ dapage. Further, the

process dI§es ke tnasaevelobd mpainiainmg e appnidansyy dra fxeddeyelnard EL

| ayer by .de ition and.t-he application . of the TO by sputtering.have to be
repoat o ncBaRg B W08, YMakE THL U Bhrtimy T pre SR ideEhieE uRBbabent
has a gt iepdftfortl GRlADNShBetwedd the brigh@ieseX@¥PI @ndi thelebRich @urrent

el ectrical current efficiericy can be inproved using a concept simlar

connect i ntgnstty levad ne thsogmniaELel¢ementpr ove the el ectrical current

ef ficiency, and_al so the el ement transp renc&# ssue can.be_cleared w thout
a problem 20FIY cPUsHongver dirihet GrY¥ YRR Cifeaent paganit ki elementspee

704a, a Tdf8teted 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 D; or D) is applied
with a higher voltage V| + V; than the necessary voltage (either Vy 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
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conductive thin filmlayer 705a, a second organic EL |ayer 704b, and a
cathode 703 are lamnated in this order on a transparent el ectrode (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
sem conductor, the first sem conductor 25 thin filmlayer 705a can be
connected al nost ohmcally to the organic EL |layer (i.e., the hole carrier

dth ' i njected), d ) , the t
can be o SR RSREREAR Seffly Bl B b EonnRBORAIAE. e osi on  hat 15
ted with [ ; 0 t t dth
O oct i cal curr ey ot T e onny Ay SRHSARY HHIRCARE (F RO ot e 11

el ectri cahppdreudleleagrcal current efffvi@yets impReRdt el PrEAteL bal, bgcpaes
consi stent_ (for_exanple, when using low nolecular materials,” a dry process

such as vablamsdBpts? smadles sheasdcalsattrendnd Thie means athit 44 posdibiioamake

mat er i %s a_wet a?rrgegess @uch ase%pi n cqat :923 can be usedi%], the

manuf a umenﬁe%sﬁ) dfeeqdper! Ay deos saniztipp of dbesamsNevel of brightapss iskephows
t he struc j ich - [ L rs _have been provided

However , %;gia gfscr:tpl eig] 4 %eceo?lfvgsﬁ ong%gg a#‘g%‘g‘?ﬁ“?‘?f%ar?ﬁ S 8 Sigpiligant ca
vol t age neycrivatpplibgelcar be appHUE!VILHERILIE S Brhhdct hOWRVEFnly kRt the

conductive thin filmlayer is inserted between each e organ

| ayers). dlgareatoremaytve neoded,rad theidvierall fitmtthickaesganinthesaate PRigkct or

el ement, which HS 10 deriyed fromthe ultra thin filmstructure, can be
over cone. OTSY Ch S| %@%h‘;d abeve, Hprpblemvaccus evedl inytheacasalelerbahe

reone. . oy ¢ v e el iy earnsel .
ol Grenfe R SABNEN RUBTHBN Sinneclll] Siarfy Db bl dekfes Hrasmabe t
i s assumagdebeoded fatiht keEsnit EBRIGHSARI MSRLA! tHRALIESIN: 'mi:aﬁrmq}gﬁgg} ven

15 light energy Li generates a photoelectric current wth an €l ec

current deh GKlDélllﬁd, usihgFlgerter aFIG.o6 Anstrivesc i ropogstdectiohall eiewbf thé erhehc of

t he battﬁfae? Si e ohmcally connected serially, and when a |ight™ energy
nLi is i rradSPet Pashewninii 4Anand FIG: pBrihowsea tonss ssectiomali yiewant dib

obt ai ned iryal Lol erqy. {= nl.4/n= Li) can be provided to
all the ghﬁgﬁggﬂgy gﬁ%nﬁgtﬁg’ﬁ gxgg_scflﬁmg BMAOLE 20 all the organic
sol ar 1bat t er i esThd@astt Su@RRNIECIEG.S §N)2bEYViHeanoRRSO" g en; the
el ectronotive force increases ag a pr oguct of. tﬁe nﬁrég%éﬂgf E%‘a??%l}llé@s.ls
For exanphanufaneired by provitingta trhnspalestctlosiesde 6P axitd@ sdttatee] PRatei Ve

force by ﬁ'%)%ecti g.two organic solar batteries s_eriall)ll (Reference 7:
Masahirot €1 ABranosieE2nd) an JA9 wvasthaklikey ik @ensmlly” Esece for Qiis)THe n 25

Gold Int i t1.al - “e e ONe: ot ovoltai c Properties of Tand apic
Sol ar .Ceﬁlﬁ%ﬁ%]%nglr ?Iiﬁ?/ th&. Pg{r}g?;%p&.h%ﬁ?%@% ,re{fggg)t'o a&cﬂf’or‘?figﬁ@lcte]g}“%%é;ince
7, by insewt fmgpafmiiﬁgtlr%m drhisSioneh YWERRv il ﬂ\é&cﬁ?&ﬁr&ﬁ- &?ligrtha‘?‘tf(grﬁﬁ]cps
(i.e., between a front cell and a back cel an effect o{‘ I nprovi ng e
el ect #on8ndve catirasie §@hds ahenl poyvided. | With this swictigriight et deNgdduced
30However, R%flerence 7 also sér ctures the gold thin filmto have a
t hi cknes dfom the transparent electrode tjthe 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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of 3 nmor less in order to achieve the transmttivity. In other words, the
filmis structured as an ultra thin filmthat is thin enough for light to
pass through it, designed so that the light will reach the back cell.

Mor eover, reproduci bility becomes problemati c when the thickness of 5the
ultra thin filmis on the order of several urn. Such probl ens can

al so be resolved by using the present invention. That is, in the organic

sol ar bat besadnsetthél Elrst' @tifode 6@ Whid i@%ﬁéjta%, i@lpﬁ%ﬂ ?@q%ﬁgﬁhﬂﬁ !ﬁ%?@%ﬂoutt he

invention may be applied at the gold thin mportio

present ioftntélemenan Thenesed, iiheaosies hpossibR oS inAY 13RS dshRixih
t hi cker and nore highly efficient than the conventional art, 10 instead of

connect i nghet hghtegraissionsiramy thgupper and the itveertnrgamicdsn elgmentanal psédusetthe s
of the pr eiuent ilnv tion have been described above using the organic EL
el ement aNG Fi1fe %trlﬂel@?ﬁc solar battery as exanples. The follow ng descri bes

leca for o pr noestmples AR habdirRRLeE LG i lan oo iEe gopac®

linited tand tieseathyderhhealso Bebrdportell, (REBEANS 61T8L Palthasdriity, Pi e
used because they are conducti \?g, V\/ni(ch is to say taheyS hgﬂ\;fgr, gu?trrlﬁgf@gvsl?

carriers. VSkduilfinc i | §, Kazlowl and>S. KuFohdest, ¥4 metnbfreragmhede foabrgaic be
used. Note that these netals_are used for the conductive thin film

’ V\he L) .
| ayer, i tsqr%ICBPQ?@PQQP%‘QFﬁatJ- PP} Dleys.of e 382140 (1998D). n By lusing this; tbeough
for visibde.lli ss.thraou . €., Sev | pmto several tens. of
urn). 20 lﬁlr% f héélgl?é Q/éargpggs&gepélrfl?@e 3%“883&%&&?3?‘ OfEa it ESC(UE% ,possfyle to
parti qul &tiye biPthet J i k& i TIRER'T paci.fic
exanpl es i nc% ude Ie'l%'?1 t‘éﬂrﬂ%ﬂi@ gE%qu%ggﬁﬂoﬁgég@%%g@fb?%??Pdeﬁé‘%?%%hiﬁﬁ%
oxi de, tithardli{ds eri dminlyi fobinedh by ispetteringkikreois deondemditiat the oxidte EL

vanadi um,oxi dg bi sput h_oxi de, beryl!lium al um num oxi de, boron oxi de,
magnesi urP¥d B4a il subfer daslagse, Huathenaenprogest also begames ciitbersome

be ai so. eCAUS e RiRGHon &Y b Gheic KIIBRLRY BRGHERS AN B dpaligaen oF o7
char act erhs o ©§ s mgarg{geﬁﬁfgtoigype%%@a. is that the conductive thin film
a

| ayer can be structured of an organic conpound. For exanple, there is a

techniigue for ninxdrdpraopevempemer gasiproblem,condoet desitdtde anbodiRat Yagani C
sem conductor to formthe 30 seniconductor thin filmlayer. Typical
exanpl es SHFJCH‘rS-ﬂFg‘ea%Isbamﬂcms &40e ohdieet wrample) imlavhich Ggdelecisieat curienPc

DT STl EASa L s W LA RO b 6 el o 2
I Nt A O s S L
(r epr esecapdemsiegiedwithout a problem.

20 FIG. 7 shows a structure in which a first organié EL layer 704a, a first
conductive thin film layer 7052, 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 organié semiconductor, the first semiconductor

25 thin film layer 7052 can be connected almost chmically to the organic EL layer (i.e.,
the hole carrier and the electron carriers can be injected), and, moreover, the
transparency car be maintained almost completely. Therefore, the light emission
that is generated with the second organic EL layer 703b can be b_roughilz out, and the
electrical current efficiency can be doubled simply by doubling the electrical

30 voltage.
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5 5 below); N-isopropylcarbazole (represented by Chem 6 below); and the

| ike. Further, a hole transporting material used for organic EL etc., such
as TPD (represented by Chem 7 below), a-NPD (represented by Chem 8

bel ow), or CBP (represented by Chem 9 below) may be al so applied thereto.
10 Chem 1 Chem 2 Chem 3 150-0 Chem 4 S-S S-S Chem 5 5 Chem 6

Moreover, since the entire process becomes consistent (for example, when
using low molecular materials, a dry process such as vacuum deposition can be used,
and when using high molecular materials, a wet process such as spin coating can be
used), the manufacturing process does not become cumbersome.

5 Note that, FIG. 7 shows the structure in which two of organic EL layers
have been provided. However, as described above, as long as a significant amount
of electrical voltage may be applied, the structure may be multi-layered (of course,
the conductive thin film layer is inserted between each of the ‘organic EL layers).
Therefore, the poor reliability of the organic semiconductor element, which is

10 derived from the ultra thin film structure, can be overcome.

The philosophy described above naturally can also be applied in the organic
solar battery, which is said to utilize the opposite mechanism from the organic EL
element. This will explained as follows.

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

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

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

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

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

30 However, Reference 7 also structures the gold thin film to have a thickness
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C3 H7 Chem 7 Chem 8 10 Chem 9 Typi cal exanples of an
n-type organi ¢ sem conductor include, in addition to F16-CuPc represented
by Chem 10 below, 3,4,9, 10-perylene tetracarboxylic acid derivatives such
as PV (represented by Chem 11 below), Me-PTC (represented by Chem 12

bel ow), or PTCDA (represented by Chem 13 bel ow), naphthal enecarboxylic
anhydri des (represented by Chem 14 bel ow), naphthal enecarboxylic diimde
(represented by Chem 15 below), or the |ike. The

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, Al, Pt, Cu, Ni, efc. 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, SnO,, copper oxide,
cobalt oxide, zirconium oxide, titanium oxide, niobium oxide, nickel oxide, neodymium
oxide, vanadium oxide, bismuth oxide, beryllium aluminum oxide, boron oxide, magnesium
oxide, molybdenum oxide, lanthanum oxide, lithium oxide, ruthenium oxide, and BeO.

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

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

30 semiconductor thin film layer.

Typical examples of a p-type organic semiconductor include, in addition to
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5 followi ng can be al so used as the n-type organic sem conductor: TCNQ
(represented by Chem 16 below); TCE (represented by Chem 17 bel ow);
benzoqui none (represented by Chem 18 bel ow); 2, 6-naphthoqui none
(represented by Chem 19 below); DDQ (represented by Chem 20 bel ow),
p-fluoranil (represented by Chem 21 below); tetrachl orodi phenoqui none
(represented by Chem 10 22 bel ow); nickel bi sdi phenyl gl yoxi me (represented

macor ol oLg ortspn@athy, Chenh £ befdth, MilueRRutaE Tl by AL it em
Chem 26 ol ou ey B ol G e B e e Mo e 1o OHiSE S B o
Chem 12 ustikas (IS p-§pehenganivdsemicoaductds: TTF (represented by Chem. 3 below);
TTT (represented by Chem. 4 below); methylphenothiazine (represented by Chem.
5 5 below); N-isopropylcarbazole (represented by Chem. 6 below); and the like.
Further, a hole transporting material used for organic EL etc., such as TPD
(represented by Chem. 7 below), o-NPD (represented by Chem. 8 below), or CBP

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

10 Chem. 1

Chem. 2

pd
=

Chem. 3

15 S
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Chem 16 NCCN 10NCCN Chem 17 NC CN NC)-(CN Chem 18 15 Chem 19 Chem
20 Chem 21

Chem. 4
S—8
L
S—S8
Chem. 5
CHy
N
S
5 Chem.6 -
Satts
Chem. 7
Qe P
SVaWs
o) O
Chem. §

m

Chem. 9

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

F16-CuPc represented by Chem. 10 below, 3,4,9,10-perylene tetracarboxylic acid

25



5 Chem 22 Chem 23 Chem 24 10 Chem 25 Chem 26 15 t-Bu
Further, in another preferred technique, an organic conpound acceptor
(el ectron acceptor) and an organi c conmpound donor (el ectron donor) are
m xed.and a charge-transfer conplex is forned to make the conductive thin
filmlayer to create
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); tetrachlorodiphenoquinone (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 Alqs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),
oi PBD (represented by Chem. 26 below) may be also applied thereto.

15 Chem. 10
F F
F F
F F
F F
Chem. 11
N 0
\ataV,
L 3
SaWat
0} N
20
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5 conductivity to serve as the conductive thin filmlayer. The
charge-transfer conplex crystallizes easily and is not easy to apply as a
film However, the conductive thin filmlayer according to the present
invention may be forned as a thin layer or in a cluster-shape (as long as
the carriers can be injected). Therefore, no significant problens occur.
10Represent ati ve exanpl es of conbi nations for the charge-transfer conplex
incl ude t kg IF/CNQ conbi nation shown in Chem 27 shown bel ow, and

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

i ncl ude [ BEDT- TTF] - TCNQ (Chem c' bg Me) 2ER CL8TCNQ (Chem 29 bel ow),

films, spin- coatedfllrrs LB fil)n s &
like. Chem 27 NCCN NCCN TCN® 20 i= cHem 28

Chem. 13
: OO d
O~
} 0] 0

5 Chem. 14.
MY
<
O (@]

Chem. 15
O Ili O
9 0

Chem. 16

NC C:: CN
10 NG CN

Chem. 17
NC CN
NC CN
Chem. 18
s
15
Chem. 19



S--, NCCN SSS---s-' NCCN BEDT- TTFTCNQ 25 Chem 29

NCi 8H37 NCCN (i f NCCN CH3 (Me)2P Chem 30

10

15

Chem.

Chem.

Chem.

Chem.

Chem.

Chem.

Chem.

20

21

22.

23

24

25

26
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5Bl PATCNQ Chem 31 NCCN NCCN TCNQ 10Further, as a structural exanple of a
conductive thin-filmlayer, a technique 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 7r-conjugate system
represented by a conductive polynmer etc. may be used for the organic

sem conduct or. Exanpl es of the conductive polyner include nmaterials put 15
into practical use, such as pol y(ethyl enedi oxyt hi ophene) (abbreviated to
PEDOT), polyaniline, or polypyrrole, and in addition thereto, polyphenyl ene

r v 2 PR 8 QU A R BT

derivatives. e acceptor oped, hat
a p-type (eRceronadcdeptodp 86 b lorgieic Yoagmiunds@ifios (aREEbA 'doRVA Meahild 4e
p-type organic sem conductor may include those represented by Chens. 1 to
9 as desacr ¢limgedtamster camplok ss farmed thanake tei ebndective thip fdai tiyer twprate
such as FeC13 (I]JI1), A Cl13, AlBr3, AsF6, or. a_hal ogen caonpound may be used
as theda psHvity ol seaEi @scle condusthis Abing fidmalavsst orhhe shargensansien t he

case merc%rﬁﬁ%xdgﬂ}g{alliizsesdg s?ij’ a{utﬂ fssngtr %faseyr %3 laepptlj(z) a°§ filln. 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 problemsv OCCUL.

10 Representative examples of combinations for the charge-transfer complex
include the TTF-TCNQ combination shown in Chem. 27 shown below, and
metal/brganic acceptors such as K-TCNQ and Cu-TCNQ. Other combinations
include [BEDT-TTF]-TCNQ (Chem. 28 below), (Me),P-C;sTCNQ (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 S NC CN
[S:"“ isj ' NC : N
TTF TCNQ
20
Chem. 28
S g ) S NC CN
=D O
S S S S NC CN
BEDT-TTF TCNQ
25

29



n-type material for the organic sem conductor. Exanples of n-type organic
sem conduct ors include the above-nentioned Chens. 10 to 26 and the I|ike.
Then, for the donor, alkali netals such as represented by Li, K Ca, Cs and
the like, or a Lewis base such as an alkali earth netal (the Lewis base can
function as the donor) 10 nmay be used. More preferably, several of
the structures descri bed above can be conbined to serve as the conductive
thin filqﬁha%ﬁﬁ' In other words, for exanple, on one side or both sides of
an inorga Pn filmsuch as the above-nentioned netallic thin film
netallic oxide thin film or npound sem conductor thin filmcan be forned

15 with a thin filmin whlch type organic senlcoegyg;or is mxed with
an n-type organic senlco the charge-trangfercgonplex thin film
or the doped conductive ’:’I ar thin filse a-/p-type organic

sem conduct or doped with t ccept or, or any o R C sem conduct or
doped with the donor. In suchCHacase is effective to use the

charge-transfer conmplex thin filmin place of the 20 inorganic thin film
Further, by layering the n-gy@erorgani c sem condogtomQthin filmthat is
doped with the donor and the p-type organic sem conductor thin filmthat is
doped with the acceptor to have these serve as the sem conductor thin film
| ayer, it becomes a functional organic sem conductor |ayer into which the
hol es andChéemm. 28 el ectrons can both be injected effectively. Furthernore, a
technique is also considered jn which the donor doped n-type organic

sem conductor thin film and acceptor doped p-type organi c sem conduct or
thin filmor |am nated t o@gpe/si de or both ﬁbdes of th% thin filmin

whi ch the p-type organi’t sengcorngugtor thin flI'™o3 -type organic

sem conductor thin filmare %Szég t oget her. 3QNot e |1 the types of

the thin fil mwhich are giveg apve as structures for the above-nenti oned
sem conductor thin filmlayer not need to be forned in film shapes, but
rather they may be also fornmed as island shapes. By applying the
above- genti oned semni conduct oBRAin filmlayer in tRENGresent invention, it
becones possible to manufacture the organic sem conductor 5 elenent with
high reliability and good yield. As an exanple, the organic thin film
| ayer of ¢thempsgsent invention can be structured such that |ight emission
is obtained by flowing the electric current, to thereby obtain the organic
EL el enent. Thus, the orgag] L el enent of thge-present |86§nt|on is also
ef fective because the ef f gyaﬁ | so be inpy-e en used in this
way, the structure of th 3 : Re organic EL

| ayer) may be the organic EL el ement organi c EL | ayer structure and
constitute materials that are generally used. Specifically, many variations
are possible such as a | ami nafed structure descri beltN® Reference 2 with
the hole transporting layer and the electron transporting |layer, and a
single-layer structure 15 using t he hi gh- ol ecul ar conpound, and the high
efficiency elenent using light emssion fromthe triplet excited state.
FurthdP, as deskpithes aa@cﬁ?@lctunabeéa)mek‘sﬁ ?&ﬁﬂé‘d%thveoﬁ‘hl@‘lf@nb]@g&ﬁlacteEEm%?er s

as differ t em s ors c i.ff n na an
applicati 8@"’5 %%r%fc%é)[% Wt t%gn@allgﬁp g gcﬁg [g% segmg%ﬁ% Cq‘ﬁ’gﬁ(? apﬁBnggcgarr i ng
the anodecdda%cﬁwgmtﬁer%to eisegﬂeferablf txed! | 9Mn | SrehficdecompGurd mlﬁgfgrm
t he anode side umtin oxide), 1ZO (1 ndium zinc oxide);

ot her suoﬂcbnﬁr@msyﬂbnnmmmwblyrmcgnahnainmopmignmdsetc.amapd)eommfmsthd An
ultra thin filmof gold or the like is also possible. If the anode does not

have to BEEERKnssaRIceRdugtor.e Exampleseofcths copdirtive Relymegrinciude mafsripls puti ¢
from tlge G rffr)aceilca'l us?a such as poly(ethylenedioxythiophene) (abbreviated to PEDOT),

polyaniline, or polypyrrole, and in addition thereto, polyphenylene derivatives,
polythiophene derivatives, and poly(paraphenylene vinylene) derivatives.
Also, when the acceptor is doped, it is preferable that a p-type material be

used for the organic semiconductor. Examples of the p-type organic
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25 then a netal/alloy and or a conductive body which does not transmt

| i ght but which has a sonewhat |arge work function nay be used, such as VWV,
Ti, and TiN. . For the organic EL el enent cathode, a netal or alloy
with a small normal work function such as an alkali netal, alkali earth
metal or rare earth nmetal is used. An alloy including these netallic
elements may be used as well. For exanple, an 30 My:Ag alloy, an Al :Li

al | oy, rqt | t.he, case

wher e thgselnﬁgﬁ{ﬂ&toﬁm@m(al&éﬂ etthlggée%f ngd e ca{f (}d@eés? d@s%hbeﬂ Cbrqa’et hi n
filmmde gy@{érp oY
usi ng theAgfrﬂblggﬁggfml%%%@g%%wgiﬁi%?ﬁonpél ntt)os%cﬁgé Stpir]gds:]é-‘-j“n H? nven |%§B§é t he
st r uct ur eAsFgtorgeimdogeresomipeund acdy beraséd es fimr aeeptor§Latsoadidr@nt faactioght
the organic_solar battery can be obtained. Thus, the organic solar battery
of the pr@s@ﬁtacpmt@ ‘ion is effective because it inmproves efficiency.

\Wh t t hi t f 1
Phin Th el oy erFidloémad BROASE vrhdE, Berafiatl B douid Srais Brerrie 18 08 e
general |y, Bt fAe gdfnfﬁe Qﬁ' mereaﬁic%nhﬁb fi 'Eﬂa!ni’ gk &f &g@e%g%{qlﬁ

solar battery. A specific 10 eXanple 1s the am nated structu

p-type orgamicendectoaoimdlicicotheabdvthgemtiongieChemsni 0 i eoimdntedikes . Then) as
is described in Reference 3. Enbodi nents [Enbodi ment 1] 15In accor dance

wi t h t he fior édbedlonentrikalinemetalsssushensi fepresentadpbie Lii K, Use (i angh thuf likereor 2
organic el ement a cord| nt_ i nvention using the

O g isdrasa sweh os adualtale et dubl e piersh cha arite o the danam an
el ene of the organic EL elenent. First, on a glass substrate
801 ozbmzhéﬁ%£¥%§gs an anode 802 is deposited 20 |nto afilmwth a

thi ckness of abllire esFefddly, Nebkehil of Iheretrhytupdicdestiibbl bbodé phe bl cobssizbdi ne
(abbreviated to TPD) as the hol e transporting naterial is deposited by 50
nmto obttamr‘ae aoihe candustive thm@xlhamer 8ohaot wtards, for example, on one side .
tris(8- qU| nal_at o) al um num,

mat eri al 9=r 146S OF S INGREaTG § aﬁ 'ate @ﬁ%@@&%gﬁémﬂ lgoth% to

obtain a'Film, metallic oxide thin film, or compound semlconductor thin film can be formed

16 with a thin film in which a p-type organic semiconductor is mixed with an n-type
organic semiconductor, or the charge-transfer complex thin film, or the doped
conductive high molecular thin film, or a p-type organic semiconductor doped with
the acceptor, or an n-type organic semiconductor doped with the donor. 1In such a
case, it is effective to use the charge-transfer complex thin film in place of the

20 inorganic thin film. |

Further, by layering the n-type organic semiconductor thin film that is
doped with the donor and the p-type organic semiconductor thin filin 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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25 electron-transporting and light emtting | ayer 805a. A first
organic EL layer 810a is fornmed in the above manner. Thereafter, TTF and
TCNQ are cadeposited at a ratio of 1:1 as a conductive thin filmlayer 806,
formng a layer with a thickness of 10 nm After that, 50 nm of
TPD i s deposited as a hole transporting |ayer. 804b, and 30 deposited on
top of this is 50 nmof Al g, which serves as an el ectron transporting
| ayer /| i gHfor ¢éié ebovignicayione8 3smicditistorahi£ it da o&aai '
f or med. . Finally, as the cathode 803, M angéAg ggte%ﬂgdg%géf ed%a{rlsan
atoni ¢ r atfilén shapes; bt raiherithey mayisdds@t@niel dsuskand shapdsave a t hi ckness of
| ement of the present invention.

150 nm to ther obtain the organi c EL
5 [ Embodi ment Zfﬁy apptlylpg Q‘tecﬁgﬁ 'WWR&W‘%‘C@H‘{QHH?W, fidms paer finc the

exanpl e i Houn ' | [esent inventi,on, in
which an gjrr ganl cngérﬁn%(}}jgigg%{&gﬁleg Iljrl%tot%sﬁ)gg ? {%eﬁéﬁﬁr‘@g%'ge Eﬁ%&rgaﬁ"? ETHreptcton
layer i5 iehehegewithmhigheeledbiltCiidgoddyiRldo filmlayer, and the acceptor
and the donor are doped to nake the organic EL el enent conductive. FIG 9

shows an exanpl eAdfnaxasipderthe agenictthirefibh hijer of danprsént RVeARHE can be
First, 50 nm of gPD or si_rvi ng as the hole transport material is deposited
onto a gl SEYCWYEd Sughdhablighherrisnion isebtaireddyeflowing thereldctlid Ouseny,i tag as

an 15 ano . 0..nm of -4l g, whi ch rves, as the ctron
transport ?@%I%pgg%wé{m’tgéi%ﬁa%t @f’l g%e"f“??de Pt HY OLgAfIE ]g dempeat ofsthen
el ectron. ' l5 ' bhqtd I . After,a first
organic E &%gg?{"gdfggnilgﬁfﬁ'gé%%ﬁﬁlﬁ%%‘?evq\gg ,e?%&%%g)g?&aalfgyg rm@és?ds

codeposl t ed wi t Whem udéd, irs thit vy, the sioctate 67 theeomnshid MR ils BYLds i.eT.,hﬁ%NQZO
5 nmof a layer 907 is codegosited with the TPD so that the acCeptor T

const i t ut 8iganigdthylayes) sury, edbe prewmig Bl iatement arganiaBlaleyer $triicture and
After tha m of. TPD I,s .deposited.as a hole transporting |ayer 904D,
and depos%?%%ﬂ-g% tl%%te{)l?gt hfaé "i“g genGiAlLYFuskdy %ﬁcﬁcajgr, VB3R sV HRUOMS calicon
transport j i igh o1 L NS, o, i c, EL
| ayor o10pCRibRYSHct 0% IR ikie A ek RACREEE T R e note

codeposi t dnsporingalagei and ahé eledtrokd tidnspotding H@P\;@@tah@dzﬁ sigde llBycr QtFRAurke0
have a thickness of 150 nm to thereby obtain the organic EL €l enent of the

present® i H§188t henhighhmolgcaiameompaund arch the high effisiengy playenthesing diglitc
sem condu | rgani.c. EL |l ayer as the materi,al for structuring the
conduct i v‘g&?{ﬁé\&#‘?fﬁ] ﬁ’a?y@?f?i%ﬁﬁ‘ﬂﬁﬁ%si?é&t hEUHBforasafigscribed above, the colors

from each of the organic EL layers as different emission colors can be mixed as

different colors to enable an application as a long-life white color light emission
element.

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

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

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

30 Mg:Ag alloy, an AL:Li alloy, Ba, Ca, Yb, Er, and the like can be used. Further, in
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30 acceptor, thus being extrenely sinple and effective. [Enbodi ment 3]

In accordance with the present enbodi nent, a specific exanple is shown of a
wet -type organic EL elenment, in which an electrical light emtting polyner
is used 5 for the organic EL | ayer and the conductive thin filmlayer is
formed of a conductive polynmer. FIG 10 shows an el enent structure of the
organi c EL el enent. First, onto a glass substrate 1001 on which ITO

as an anode 1002 is deposited into a filmw th a thickness of about 100 nm
a i xed d46&aNS UG IRONEDE 13 & 061T9adni 48 4w, periadhainsidpory iy s

sul fonic fﬁ?ﬂfh lr%grtﬁgin?ettﬁgqﬁo& ‘ﬁ%{‘ﬁ?@ I's applied by spin coating to

evapor at € ol stu SOt cting layer 1004 is forned with a

thi ckness of 3CFyitHerN®ftexample, by using the organic thin film 1 di
00l y( 2- Mot hoxy-5- (27 et hyl - Hexoxy) - 124 phaul enevi nyrerd)” faplrmg o the

MEH- PPV) presaigpasiehéidni as othe firuoiunk t thad gdrietktosstheokletd@niutivey fafien by
coating to 15 obtain a light emtting |ayer 1005a. A first organic
EL | ayer absathing she dighédthicnongaicasnler batenyeean baabiaineds  Thugothenorgahin of

PEDOT/ PSS i s ,applied by spin.coating, serye as a conductiye.thin film
over 008y 6 meprfe S AR SEcRir BRI o SRy Spi
coating, to 20 Iy : Lt tin ls@(ﬁ h L.nce the
conductive thi nw?l W%“?‘g‘y@?‘h ing %nﬁggg%%ﬁér’t ﬁlg san%u%aq&?fﬂ?afm %tior[%@&%%rﬁ% thi

i nj ecti ngilhaYgfer thiy u1s6 ehOREtuetfugaing dthidhdéemat@ihdd ilke e PeheRBY IR €
injecting layer formed to it. Therefore, in a case where a third and a
fourt h otharfuoctiondlagrganar ¢hinofibm layer naft e organic Hodar battenyduct ispecifiu n

filmlayer PEDOI/PSS and a Jight-em ssiqn |ayer MEH PPV can 25 be | ayered
al t er Mat &Xﬁmé’&)%? Hﬁ&\%ﬂ&%@{ PEEnIe gwlﬁapﬁ@ PrihpG Qraanie ssmiconductorgngathey

depos 1 ofToe AR RE A dr L B oo PR Bttt e 4 3oin
accordance with the present invention, a specific exanple is shown of a
Embodiments
[Embodiment 1]

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

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

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

25 electron-transporting and light emitting layer 805a.

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

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

30 deposited on top of this is 50 nm of Alg, which serves as an electron transporting
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organi c solar battery of the present invention, in which a mx of the
p-type organi ¢ seniconductor and the n-type organic seniconductor is
applied as the conductive thin filmlayer. First, 30 nmof CuPc, which is
the p-type organic sem conductor, is 5 deposited onto the glass substrate
that has approximately 100 nmof |1TO applied onto it as a transparent

el ectrode. Next, 50 nm of PV, which serves as the n-type organic

sem cond ol [ d : -

et on TreypehterRRATILRE BOSNG FHLS, #HheR BT IR, BIOFIEARR,
organi ¢ thin fiFimallgyss thel@Ahb@s 80BaMg ehPA @Atk EdlspoRite@deRaSidbRse #itig 11 1
rati o as the conductive thin filmlayer to have a thickness of 10 nm

Furt her, @010, ehdhecathndded@d it farmeahtd bave opghiknesmof $60mmpfo térélsy
deposi ted, whereby creating a segond functional organic thin filmlayer.

Fi nal |y, OS8infReSHEmic Q%HII r@@%&%ep%e@@&@mm. The organic solar 15
batteré structured as described above is extrenely effective because it can
realize the present invention sinply by ultimtely using only two types of

becames dornRaarrk Bl (CT0e The o gani ¢ Sem conductor ol bment whi ch is

hi ghl'y reli abl dnasctoidsngoadth? thiy iezhitodinienhontspbeificngxdmpiss t@vn of an

conventional ultra thin film Further, parti charI y in tllfle phot oel ect roni ¢

devi ce ugirggnichBLoglgment of cthicqueskidtiovention isf Whiche aayorganichesmiconductor

POt oc! eGL P GVl LoD 00 B oS ey Bl TE L i deg & MOR, T AR,

el ect 19! Wi 9aF&N taliPURY aBEIHEE AnbiNBePBOHG RA dop€d B HRRE: thR"Grganic EL
element conductive. FIG. 9 shows an example of an element structure of the
organic EL element.

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

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

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

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

After that, 50 nm of TPD is deposited as a hole transporting layer 904b, and
deposited on top of this is 50 nm of 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 thercby
obtain the organic EL element of the present invention. The element can be
manufactured simply by the organic semiconductor in the organic EL layer as the

material for structuring the conductive thin film layer, and mixing the donor and

30 acceptor, thus being extremely simple and effective.
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a second el ectrolum nescent |ayer between the first el ectrol um nescent

| ayer and the cathode, wherein the first el ectrolum nescent |ayer and the
second el ectrol umi nescent |ayer are overl apped with each other, wherein
each of the first electrolum nescent |ayer and the second

el ectrol um nescent |ayer conprises a light emtting |layer conprising an

organic material, and wherein the cathode is capable of transmtting
light fromthe first electrolum nescent |ayer and the second
el ectrol um nescent | ayer. 2. The light emtting device according to

claim 1 f[Embedimentd]i sing a first layer and a second |ayer, wherein the
first layer is pbetween the first electrolum nescent |ayer and the second
el ect r ol um nescHhcqoag@nce WHE the present embaglanenioaspeaibis examplgahstiovwmoefound

ol cct rof uiaasen B g PLslamiHE i Pub AR aRARGel e un Rt s iscd '

conpri gesgsn t -e'c%;yllc . . esldg .t ice
accordi%ngfq?roﬂgzhlrac?f ﬁnzlévﬁ%rei nt Igdotrh Saﬁ?l}:duccélr‘r%ofjh-r% |fdsljndglt g'g 1\/Svl ﬁlﬁﬁﬁg%\f a
accept or . conductive pélynidre IFIght 1@rdlicws gndeléntsht asteaitdien @ft heC biafic® EL
wherein the first layer has a conductivity of 10'0 s/nR or greater.

5. The | i¢fsmeadi tting device according to claim2 wherein the second | ayer

o ses an o gag) RS Png A0 0 opcSauh P ST il PO S
the anodegditkdenodt BAHSvitR A% hickness of about 100 nm, a 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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a second el ectrolum nescent |ayer between the first el ectrol um nescent

| ayer and the cathode, wherein the first electrolum nescent |ayer and the
second el ectrol um nescent |ayer are overlapped with each other, wherein
each of the first electrolum nescent |ayer and the second

el ectrol um nescent |ayer conprises a light emtting |layer conprising an
organic material, and wherein at | east one of the first

el ectr ol ussienakesslar bayaky d@let e it ]

i ght 1 rome g et et Sodc S e ahRhRe i WAL IRACHT ine B¥Fbe S c.
accor di ngsermiconduetos and rthbar-typenmrgasion gemicbndsttor aT:yaPpHmi a8 thecondut@ver .
wherein the % rst layer is between the first el ectrolum nescent |ayer and
the secord®URIAKeH N nescent ayer, and the first |ayer conprises an

ic d, . wh in th d | i
oLt CoEU IS ERSREGER B i, o R Y KRR
secondsl APOSHETRIS T, A B SCUE AT 61y imaty 100 o 190 i

emtting device accordi € organi c conpo

wi th the arodpuon. transparent eléstrotlee NG 56 ik lof TV, AeMichesef¢S&OiH tROn tPpL! @1 M
7 wherein the first layer has a conductivity of 10-1 s/nR or greater-

10. The largaRicesgmiconguetoi tsedepesitedi rgdt Cubtaind Phhareiusedhte fempndplmyer
conprises _an.orgapi ¢ conpound and a dongr.. .11, The light emtting
devi ce adbBY{RH WA SIIARRBIGIoR hgﬁ@atbﬁ%@%rﬁgﬁi Bustignalgrganis thay
and the Cfﬁhh&s@r.-is enough thin to let light fromthe first

el ectrol um nescent |ayer and fromthe second el ectrol uniinescent |ayer out

through the catAfielethat, CuPc and BV drel dodlepositad dtia0:196Mb &8 (KO BRAGTHRG thi
anode; a cat hode;
film layer to have a thickness of 10 nm. Further, 30 nm of CuPc is deposited, and
on top of that 50 nm of PV is deposited, whereby creating a second functional
organic thin film layer.
Finally, 150 nm of Au is applied as the electrode. The organic solar
15 battery structured as described above is extremely effective because it can realize
the present invention simply by ultimately using only two 'types of organic
compounds.
By reducing the present inventionA to praétice, 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. Furthes, particuiarly
in the photoelectronic device using the organic semiconductor, the efficiency of the

photoelectronic device can be improved.
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a first electrolum nescent |ayer between the anode and the cathode; ard a
second el ectrol um nescent |ayer between the first electrolum nescent ayeg
and the cathode, wherein the first electrolumnescent |ayer and the secon
el ectrol um nescent | ayer are overl apped with each ot her, wherein
each of the first electrolumnescent |ayer and the second o

el ectrol um nescent |ayer conprises a light emtting |ayer conprising an

i i i f the first
organi ¢ ndtieimsal , and wherein at |east one o _
elgctroluninescent | ayer and the second el ectrol um nescent |ayer conprises
a bi pol ar organi ¢ conpound. 13. The light emtting device

i i rther conprising a first |layer and a second | ayer,
aﬁgféghn?héoffla;n}égefuis.betmegﬁ t he ?Lrst.e!ectroluninescen; | ayer and
t he second eIec?roﬁu%ﬁh@?@@ﬁf”ﬂgﬁﬁﬁ?‘éﬁ@“ﬁﬁ@-flrst | ayer conprises an
organi ¢ conpourfdd g an acceptor, and wherein the second IayeL IS
bet ween t he fir%?aﬁmétpwmvmmmadﬁcantMgayer and the first |ayer, and.th?
second | ayer caarpirisses ealrohmti Hede eiSte @ rEbRdeAr the mwdeandthé%aﬂ%@@akh@ e
emtting devica aewnddloerbAnthdctht! falhcthtin! B PHARN GHRIRRNNDLLS doped
with the deg®pindrthe cathode, whetein B Hrggteh?c!"ﬂrwdm'i1 s%%ep b@?ﬁ%ﬂ% he ega'%der
18, "iheS) BlsctPolunlisocritY fhvor 378 oo gir} T C‘w&wqaﬁh (r)ﬂtﬁ%’*mherei n the second
16. The | i ght L kNG, 4 _ev*cg agpo%t 21 Ggogd(;uﬂae;scent er e, oo
| ayer conprjses an ordd id'c Ut e {1 BS gt esecor t
emtti ngnge?/cl E%IUQU@B?%E GV ocEPRisa? 82 i giHetndihingHeyeratdnodie imnan brgesica net a
al | oy, anfi@iehtale sAWode i s enough thin to let light fromthe first t
el ectrol um nes@@?fteiﬁa’sf@rc%thdda‘ rlennaplaplesexcfotr_@nai_]mtrrgolf}gmnﬁaﬁeeﬁe !f"f‘b’s_@cr ou
through t heecgealmidescent layer addthd skédplite 1@BirbliniHesdeM! G5yFONPr I Si Ng:

2. The light emitting device according to claim 1 further comprising a
first layer and a second layer

wherein the first layer is between the first electroluminescent layer and
the second electroluminescent layer. and the first layer comprises an organic
compound and an acceptor, and :

wherein the second layer is between the first electroluminescent layer
and the first layer, and the second layer comprises an n-type semiconductor

3. The light emitting device according to claim 2 wherein the organic
compound is doped with the acceptor.

4. The light emitting device according to claim 2 wherein the first iayer
has a conductivity of 107 s/m’ or greater

5. The light emitting device according to ciaim 2 wherein the second layer
comprises an organic compound and a donor

6. A light emitting device comprising:
an anode;
a cathode;

a first electroluminescent layer between the anode and the cathode; and

a second electroluminescent |ayer between the first electroluminescent
layer and the cathode, wherein the first electroluminescent layer and the second
electroluminescent layer are over lapped with each other

wherein each of the first electroluminescent layer and the second
electroluminescent layer comprises a light emitting layer comprising an organic
material, and

wherein at least one of the first electroluminescent layer and the second
electrofuminescent layer emits |light from a triplet excited state.
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an anode; a cathode; a first electrolum nescent |ayer between the anode and
the cathode; and a second el ectrol um nescent |ayer between the first

el ectrol um nescent | ayer and the cathode, wherein the first

el ectrol um nescent | ayer and the second el ectrol um nescent |ayer are
over | apped with each ot her, wherein each of the first

el ectrol um nescent [ayer and the second el ectrol um nescent |ayer conprlses

alight emtti ' an organi c,materi wher ei n
at | east gne qf L*%yf".gpﬁ%igﬁt i POy B et U 2ei Brfur ke comgaine ¢
eIectrquH1 Eg Fses a pol 19. The | i ght
enmtting device 3'6:‘-’6Brt ?ﬁgrsttdaﬁralsrﬁ’%effm ﬁersfc@f@ﬁtr%uwge@eﬂt dayver|aager and
a second lthaygacond electrolupinssednt kaer.f pncsthd &yt |ayebeomerdses he of ganst

el ect r ol uminpewdemt! dnagweptand @anbe second el ectrol um nescent |ayer, and the
first layer competed@stharseos@iomyer GeNMRAWEh BHedf @8t *¢66HPb RUminddBEht |ayer
wherein tfg gecamet l|ayed! dnd mty&srﬁu U8R T dofiti B4 GRTA- Q{,m&ﬁé&rﬁnéto'rayef and

the first layer, and t he second | ayer ‘conprises an n-type senLconductor
20. The light gm eV| ccordln to cl.ai ereiLn e organic
corrpound i g do% % ['%h? 'r°e actording tflg?a'f'ﬁ MIERIN A ©OF S devi ce
accor di nd %1@ §dm% %a? ¢5rst layer has a conductivity of 10-10
s/m2 or greater. 22. The Ilght emtting device according to claim
19 wherein the QSerjeridghtaemitm:lerdpvncsei@c@ndmg tanlajmdorporimatharfdr st thyaor .

23. The lhaght cemiuctiivirg dVDCesac wor gieatert 0 cl ai m 18 wherein the cathode
conprises a netal alloy, and the cathode is enough thin to let light from

the first el ectipoliyT RRE R i de@be! ccPREoldiR %{5 5'%|I§?%MIﬁltﬁézéercgrl]d“'m[y@?.sce_nt
| ayer out, hﬁFtQé&EQnto?garﬁ@téaﬂ;?&nd and: déAho |g ting device conprising: an

anode over stra

11. The light emitting device according to claim 6 wherein the cathode
comprises ametal alloy, and the cathode is enough thin to fet light from the first
electroluminescent layer and from the second efectroluminescent layer out through
the cathode.

12. A light emitting device comprising:

an anode;

a cathode;

a Tirst electroluminescent layer between the anode and the cathode: and

a second electroluminescent layer between the first electroluminescent
layer and the cathode, wherein the first eiectroluminescent layer and the second
electrofuminescent layer are overlapped with each other,

wherein each of the first electroluminescent layer and the second
electroluminescent |ayer comprises a light emitting layer comprising an organic
material, and

wherein at least one of the Tirst electroluminescent layer and the second
electroluminescent layer comprises a bipolar organic compound.

13. The light emitting device according to claim 12 further comprising
a first layer and a second layer

wherein the Tirst layer is between the first electroluminescent layer and
the second eiectroluminescent layer, and the first layer comprises an organic
compound and an acceptor, and

wherein the second layer is between the first electroluminescent layer
and the first layer, and the second layer comprises an n-type semiconductor.

14. The light emitting device according to claim 13 wherein the organic
compound is doped with the acceptor.

15. The light emitting device according to claim 13 wherein the first layer
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a cat hode over the anode, the cathode conprising Ag and My; a first
el ectrol um nescent |ayer between the anode and the cathode; and
second el ectrol um nescent |ayer between the first el ectrol um nescent

and the cat hode, wherein the first el ectrol um nescent

a
| ayer

| ayer and the second

el ectrol um nescent |ayer are overlapped with each other, and wherein
the cathode is capable of transmtting light fromthe first

eIectroIunhg@S&ﬁa&ﬁh@Mﬁrmap@Wt§ﬁ2gﬁg?&geﬁlectroluninescent | ayer

25. The light emtting device accor

the first

h
145 1OMRIGRPT 128 X BalH CoFoFRHNE 8B 8- and an acceptor, and

ng to claim24 further conprising a

[ I d I . erein t first [ayer is between the
;:izt e?g${rgruﬁinﬁgggﬁﬁtﬁ9¥§$hgﬁngﬁem§8EﬁH%1@I@@f$ﬁ§ Hd8clbgtsepender, and

wherein the second |ayer is between the first electrolum nescent |ayer and
the first layed/ dhel lighd ewicbing deayer acuonpimigsiasc bim M2t waee imetHeCertpsget Of .
26. The | coint isesiatntstalga dey. ael deaatiided stefoushahin 25 |4BiIRt Prdn@e &1 gani c

conmpound & kectiopledinebdent i esrame ERdnPhe second electrgyumiﬂ_&%ecf Bhkr BIF {Hrt:l';@
accor di ngthOcsinaddn 25wherein the first |ayer has a conduct 0

s/ n?2 or

Ivity o
greater. 28. The light emtting device according to

devi ce
"0
claim

25 wherein the.ﬁﬁgpqd lL.ayer. conprises an, argani c conpound and a donor.

29. Alight emtti

" E g Vi1 AYP"5H"Bnode over a substrate: a

n
cat hode over tﬁ%iﬁﬂghe; a first electrol uminescent |ayer between the
and the cat hodé;cahpgfle:

a first electroiuminescent layer between the anode and the cathode: and

a second electroluminescent layer between the first electroluminescent
layer and the cathode, wherein the first electroluminescent layer and the second
electroluminescent layer are overlapped with each other

wherein each of the first electroluminescent layer and the second
electroluminescent layer comprises a |ight emitting layer comprising an organic
material, and

wherein at least one of the first electroluminescent layer and the second
electroluminescent layer comprises a polymer

19. The light emitting device according to claim 18 further comprising
a Tirst layer and a second layer

wherein the first layer is between the Tirst electroluminescent iayer and
the second electroiuminescent layer, and the first layer comprises an organic
compound and an acceptor, and

wherein the second layer is between the first electroluminescent layer
and the first layer, and the second layer comprises an n-type semiconductor.

20. The light emitting device according to claim 19 wherein the organic
compound is doped with the acceptor.

21. The light emitting device according to claim 19 wherein the first layer
has a conductivity of 107 s/m? or greater.

22. The light emitting device according to claim 19 wherein the second
layer comprises an organic compound and a donor.

23. The light emitting device according to claim 18 wherein the cathode
compr ises ametal alloy, and the cathode is enough thin to let light from the first
electrofuminescent layer and from the second electroluminescent layer out through
the cathode.

24. A light emitting device comprising:
an anode over a substrate:;
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' he first el ectrolum nescent
| ectrol um nescent |ayer between t _
?aigfoggdethe cat hode, wherein the first electrolum nescent |ayer and the

] d with each other,
ectrol um nescent |ayer are overlappe
\?\/ﬁg(r)g?negt | east one of the first electrolum nescent |ayer and the second

' ' ight froma triplet excited state.
ggecaaglFrbﬂssgﬁytt!ﬁyeéesrlgsaLLgrding to claim29 further conprlsLRg a
first | ayer and 3a°§1é7@8¢1@\/¢raylw anodleeride reatilef dofigtisi AY RS ahd gtewteelna e
first electrol urd figst exlectranerinesaentt hayes ese@msbneiHRCilod) %(F:T& 1 %PaHQH%I; ¥d
the first |ayer aeeqni SE8cta0] G305 %’s}Ef%Q?ee%l” e? H%grﬁqﬁ%‘gre@mms&y@r and
wher ei n t heagecandcthk a¥fodk S wl@é"réﬂfﬂ% BTl écscgl%@mgr%sﬂqqty!ﬁée%émﬁ thensbgondr
the first kayerolu@tsidte BSELAM: o%%r?]lré C%{T@EEI%P%@@r\m@dei n the organic
caroued | oo E'te!i{']gt evé@ﬁ@egct% Papaﬁ'[FJZ of trapsmitying Ili gt femi thd Fgratevi ce
ipoliaartingi JECHL q%%h§ ﬁ i d e gongywet i vity of 10
according to cﬁ%iﬂ“@éc P aithdhg jspaand| elpetrolinsesae duativity of 10

/2 or greater. 33. The light emtting device ac g
: aherein the secofdd T@WéhmtdnﬁﬂﬁBgﬂeﬂhmaﬂgaﬂﬁﬁgQ@Wﬂ@”ﬂg4#ﬂﬁﬁ@{%EH§Q§H§de
34. The |i @Htirenilaver rpddese@mdalegerding to claim 29 hiﬁrfg e
T Ter Hemcham anawie Fanet Fyer ¢8b él'tf?e ﬁ?ﬁyggeéiaﬂammeé%%nﬁdpmﬁ #dscent
the first tHeesddond WNedtPERMFNscEARY Blyefn pd "tRE" i S 1 MBI SEe AN cas A
layer out g§dmpaighanyhs Q@JeBPoqg' 0 o
conprising. an EHEQFQ%nc%ﬁ%rségondf?ayerais between the first electroluminescent layer

and the first layer, and the second layer comprises an n-type semiconducter.

26. The light emitting device according to claim 25 wherein the organic
compound is doped with the acceptor.

27. The light emitting device according to ¢claim 25 wherein the first {ayer
has a conductivity of 107 s/m? or greater.

28. The light emitting device according to ciaim 25 wherein the second
layer comprises an organic compound and a donor.

29. A light emitting device comprising:

an anode over a substrate:

a cathode over the anode:

a first efectroluminescent layer between the anode and the cathode; and

a second electroluminescent layer between the first electroluminescent
layer and the cathode, wherein the first electroluminescent layer and the second
electroluminescent layer are over lapped with each other.

wherein at least one of the first efectroluminescent tayer and the second
electroluminescent layer emits light from a triplet excited state.

30. The light emitting device according to claim 29 further comprising
a Tirst layer and a second iayer,

wherein the first layer is between the first electroluminescent layer and

the second electroluminescent layer, and the first layer comprises an organic
compound and an acceptor, and

wherein the second layer is between the first electroluminescent iayer
and the first layer., and the second layer comprises an n—-type semiconductor.

31. The light emitting device according to claim 30 wherein the organic
compound is doped with the acceptor.

32. The light emitting device according to claim 30 wherein the first layer

40



ver the anode; a first electrolum nescent |ayer between the
:nggghggg ?he cat hode; and a second el ectrol um nescent |ayer between
the first electrolunminescent |ayer and the cathode, wherein the first
el ectrol um nescent |ayer and the second el ectrolunmi nescent |ayer are
over | apped with each ot her, wherein at |east one of the first
el ectrol um nescent |ayer and the second el ectrol um nescent |ayer conprises
a bi pol ar hes gassrdusQURQUMT 10" s/m? or FBatefNe |ight enmitting device according
to claim35 further conprising a first layer and a second | ayer,

i fir .S ween the first el ectrol um nescent |ayer and
rﬂgrgggo;;: re&%ip?ﬂ%ﬁ%%@é@ﬁ?E¥§ §¥Vm%ﬁﬁ°gﬁ8§ﬁwr%%}m ey fiphiesesonth .
organic congoun and® & YERESt bougd pnd a ONOTwherei n the second |ayer is
between the first electrol um nescent layer and the first layer, and the
second | ayer coftpriheddehinemittingedayéed ecovddizigota claim 29 wher&h. thBheathbdght
enitting €emprésesaoudetiahigyt endtlei aatRflevikeneigh thive tol @aNight AMPPYFY-4ts doped

with the abwépdlaminescent layer 48.frdithel debHd & ebirbi I nQUAC BayaF 60 S 8% ©
claim 36 whﬁbé%ﬁﬁéimefirst | ayer has a condyct|V|ty of 10fg s?%g{or
greater. 39. The light emtting device according to claim 36

wherein the se dy rises. an organi c conpound and a donor
40. The |ight %E]Patnt% 2%e@1ﬁ)g'§n5c“§&0&i WD?EIE&& m 35 wherein the cathode

i af4Ptete&at hode is enough thin to let light from
fﬁgp;:fgf 2Ig§Fr%¢ n¥SE e A8g®r and from the second el ectrol um nescent
| ayer out throdgHtheleat nouainescent layed betwaen ithhtaneds aid tig CEhbS and
conpri sing: anaaseodw eleetr@usinastandt Riyed betiedn dfe OMeEL Te'l‘&:tf*@%ﬁ}esé‘eﬁt' rst
el ectrol uhdiveesneihe batyiede, bieveianthe e r et tithBschti Bpdeansand B.sgcond
el ectr ol uplieoBag@ithedBUE| afAt WRLBvdrMShobll fuith BhGF bR UM nescent

wherein at least one of the first electroluminescent tayer and the second
electroluminescent layer comprises a bipolar organic compound.

36. The light emitting device according to claim 35 further comprising
a Tirst fayer and a second layer

wherein the Tirst layer is between the first electroluminescent layer and
the second electroluminescent layer, and the first layer comprises an organic
compound and an acceptor, and

wherein the second layer is between the first electroluminescent iayer
and the first layer, and the second layer comprises an n-type semiconductor.

37. The light emitting device according to claim 36 wherein the organic
compound is doped with the acceptor.

38. The light emitting device according to claim 36 wherein the first tayer
has a conductivity of 107 s/m? or greater.

39. The light emitting device according to claim 36 wherein the second
layer comprises an organic compound and a donor.

40. The light emitting device according to claim 35 wherein the cathode
comprises ametal alloy, and the cathode is enough thin to let {ight from the first

electroluminescent layer and from the second electroluminescent layer out through
the cathode.

41. A light emitting device comprising:

an anode over a substrate:

a cathode over the anode;

a first electroluminescent layer between the anode and the cathode; and
a second electroiuminescent layer between the first electroluminescent
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| ayer and the cathode, wherein the first electrolum nescent |ayer and the

second el ectrol um nescent | ayer are overlapped with each ot her,

wherein each of the first electrolum nescent |ayer and the second

el ectrol um nescent |ayer conprises a light emtting |layer conprising an

organic material, and wherein at | east one of the first

el ectrol um nescent | ayer and the second el ectrol um nescent | ayer conprises

a pol ymer I ght it L Vi rding to,claimdal

Further oot o ale SRR B o B LR BT S ASf U Bf e
et pvel | anned of Bfieag @

first layer is E ween &h flrst . 'l ayer and the second
el ect rol unj nesq HE 560, Ohinlher frsti edectralimsnesesrir ilaes @nd othsarseeordonpound
and an act&tidY umigggpent laver cofiprdses @ |180¢ egetidnel | avey eompr s brst vameargatie f i r st
el ect r ol ukdtgekdertnd| ayer and the first layer, and the second |ayer
conprises an nwherpen sebastrmaatfahe first electrodBmingstent ilgfdr £ thkisegordevi ce
accor di nge teotial e imegk2niviayesi torphRse@r Pppimeconpound is doped with the
acceptor. 44. The light emtting device according to claim42
wherein the firgt yer. L LMLV 0-1 s/ I greater.
45. The 'é?ﬁ‘?gte%ﬁﬁﬂg i@giﬁ%'%@%ﬁg% na\g&ér)cé“'gﬁf 5 84 &ﬂ%?@ﬁhﬁ"g CRPT {308 nd
| ayer corrprisesh n.o&gaELc H?gqgg and a donor. . 46. The I|ight
emtting devic E‘EE‘E‘%{}?& P hd atol aPtaf PetiesihEiest Inst Rlecken Hoidesespidryaseanda net al
al | oy, antd®t $E0RhEHSIEC [UBinsaeRGhl avRf.nabd thetf irgtghavet raompities fan restanic
el ect r ol uiPmPeUad camdtan ageeptaincanflr om t he second el ectrol umi nescent |ayer out.
t hrough the catwhedsn the second layer is between the first electroluminescent layer

and the first layer, and the second layer comprises an n-type semicaonductor.

43. The light emitting device according to claim 42 wherein the organic
compound is doped with the acceptor.

44, The light emitting device according to claim 42 wherein the first layer
has a conductivity of 10" s/m? or greater.

45. The tight emitting device according to claim 42 wherein the second
layer comprises an organic compound and a donor

46. The light emitting device according to claim 41 wherein the cathode
comprises ametal alioy, and the cathode is enough thin to let light from the first

electroluminescent layer and from the second electroluminescent layer out through
the cathode.
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