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

phot oel ectroni ¢ device such as a photoelectric conversion el enent and an
EL element. 2. Description of the Related Art 10 Conpared to inorganic
conpounds, organic conpounds include nore varied material systens, and
through appropri ate ml@REANIGSENCONFUCTOR EEEMENY Nt hesi ze or gani o
material s having various functionalities. Further, the organic conmpound is
characterized in that filns and the |ike formed using the organic conpound
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compound is characterized in that films and the like formed using the organic

compound demonstrate great pliancy, and superior processability can also be

16 achieved by polymerization. In light of these advantages, in recent years, attention

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

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

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

25 On the other hand, since organic compounds do not have carriers
themselves, they essentially have superior insulation properties. Therefore, in the
field of electronics where the electrical properties of organic materials are utilized,
the main conventional use of organic compounds is insulators, where organic
compounds are used as insulating materials, protective materials and covering
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flowin the organic materials which is essentially insulators, and they are
starting to be put to practical use in the electronics field. The "neans”
di scussed here can be broadly divided into two categories. 5 The first of
t hese, represented by conductive polyners, is neans in which a .
at-conjugate system organi c conpound is doped with an acceptor (electron
acceptor) or a donor (electron donor) to give the 6-conjugate system
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the voltage V 3Qinge the amount of the electrical flow can reach the level of a normal
15 semiconductor or more, a group of materials which exhibit this behavior can be
referred to as organic semiconductors (or, in some cases, organic conductors).

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

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

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

25 and moving it, the current density of which is expressed by Child’s Law, i.e.,
Formula 1, shown below. In the formula, J denotes a current density, & denotes a
relative dielectric constant, e, denotes a vacuum dielectric constant, u 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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Formula 1 J = 9/8 EEQU V?/d3 Note that the SCLC is expressed by Fornmula 1
in which no carrier trap 5 when the SCLC flows is assuned at all. The
electric current limted by the carrier trap is referred to as a TCLC
(Trap Charge Limted Current), and it is proportionate to a power of the
vol tage, but both the SCLC and the TCLC are currents that are subject to
bulk limtations. Therefore, both the SCLC and the TCLC are dealt with in
t he same VRypligsgi nbel ow. 10 Here, for conparison, Fornmula 2 is shown as a
formul a expressing the current density when an Chm current flows according
to Chnis Law. or] d8/®t esya- ¥oatuctivity, and E denotes an electric field
strength: Formula 2 15 J=aE=a' V/d In Fornmula 2, since the conductivity a
is expressed as a = ne (where n denotes a carrier density, and e denotes
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In Formula 2, since the conductivity ¢ is expressed as ¢ = nep (where n
dgnotes a carrier density, and e denotes an electric charge), the carrier density is
included in the factors governing the amount of the electrical current that flows.

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

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

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

25 carrier density is irrelevant. In other words, even in the case of an organic material
insulator with no carrier, by making the thickness d sufficiently small, and by
selecting a material with a significant carrier mobility u, 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



I nci dental |y, even anpbng organi c sem conductor el enments which use the SCLC
as descri bed above, organic el ectrolum nescent elenents (hereinafter, 5
referred to as "organic EL el ements") which use both the photonic and

el ectrical .qualities of functional organic material as photoel ectronic

devi ces, have particularly denonstrated renmarkabl e advancenent in recent
years. The nost basic structure of the organic EL el enent was reported by

W Tang, : j r . . T ansl yke,
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el enerk5 i ennitingh nhdteptidl (Muorescent material) as the electron-transporting compound.
By applying voltage to the element, light-emission can be achieved as from a light
emitting diode.
The light-emission mechanism is considered to work as follows. That is,
by applying the voltage to the organic thin film sandwiched by the electrodes, the
20 hole and the electron injected from the electrodes are recombined inside the organic
thin film to form an excited molecule (hereinafter, referred to as a "molecular
excifon"), 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 singlef 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.



enmitted fromthe organic thin filmitself, there is no need for such a back
light as used in a conventional liquid crystal display. Therefore, the
organi c EL el enent has a great advantage in that it can be nmanufactured to
- be extrenely thin and 5 |ightweight. Further, in the thin filmhaving a

t hi ckness of about 100 to 200 nm for exanple, the time fromwhen the
carrier is injected to when the reconbination occurs is approximately
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15 as a next generation flat panel display element. Further, since it is self-luminous
and its visible range is broad, its visibility is relatively good and it is considered
effective as an element used in display screens of portable devices.

Further, in addition to the organic EL element, an organic solar battery is
another representative example of an organic semiconductor element using organic

20 material (i.e., an organic semiconductor) capable of transporting 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 obtain an electromotive force. The electric current that flows at this
time can be understood as follows: the carrier generated by the light flows due to

30 the carrier mobility present in the organic material.



In this way, the organic material, which was considered as having no
purpose in the electronics field other than its original purpose as an
insulator, can be nade to performcentral functionalities in various

el ectroni c devices and photoelectronic devices by skillfully devising the
organi ¢ sem conductor. 5 Accordingly, research in organi c sem conductors
has becone robust at present. Description has been made above regardi ng
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Therefore, in exchange for obtaining the functionality of conductivity, the other
various functionalitics 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 cérrier, 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 surp;rass 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



6 the light em ssion fromthe fluorescent material (or phosphorescent
material) is wutilized even when the electric current is nade to flow. The
organi c solar battery also utilizes the functionality of |ight absorption
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15 ’However, the fact that the thickness d must be made extremely thin actually
~ becomes the biggest problem when the SCLC is made to flow. First, in the 100
nm thin film, it is easy for pinholes and other such defects to develop, and short
circuits and other such problems occur due to these, causing a concern that yield
may deteriorate. Further, not only does the mechanical strength of the thin film

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

Further, when the SCLC is used as the electric current, the physical
properties that the organic semiconductor itself originally possessed are not lost,
and there is an advantage in that various 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 Society of Applied
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30 made to flow (Reference 4: Yoshi haru SATO, "The Japan Society of Applied
7 Physics / Organic Ml ecul ar El ectronics and Bi oel ectronics”, vol. 11, No.
1 (2000), 86-99). As described above, in the device where the acceptor or

the donor is doped to produce conductivity, functionalities other than the
conductivity are lost. 5 Further, in the device where the SCLCis used to

produce the conductivity, the flow ng of massive anmobunts of an el ectrical

current tpRedEd, Digamik VBl ﬁlb&@ﬁl&?%ﬁm?%gﬁ?%ﬁﬁs 0 voﬁ’rgﬁ I@&B} g}?ﬁg ' ng

the elenment™s reliability and the Iy, in phHotoe hic
devi ces uB6+9§)t he organi c sem conductors, such as organic EL el ements and
organic solar batteries, there is also a problemwith to respect to
effici ency. TheAsrdgashibedrabeyes i the dpvice wehede rugensptorradie slomoplisdofit

l'i ght engttina mChzx@iﬁﬁ]ﬁf t.he organi c EL el rren% is that .the injected
hol e and ‘& PR GORAYRHYHE AFRGH €8t ABET « Bape theo FEBANEHEVItRE 7re) Tot: |
Ther ef gr hetd bhd ' e t ' o]
rom the FBanaeR EIvre sthork (hBSELE R Rl BRFIR! oD SnqeRyRICHRE,

possi bl e flowtng rofcinagsipé Wnabirity off apdé@Asal ddénti throlidle thé ISR NREn AN UM
efficiency (the nunber of emtted photons with respect injected carriers)

shoul d bebegommgsst causelad\peoblems regarhing the elements dilfabilityl andtthe bikeng t he
internal quantum efficiency , close to, 1, For exanple, in the case of the
organic EL el ewgﬂ‘;ed’éﬁﬁh@ InpRhoglerirppicedeydras lﬁ%&l&ﬁ{l@or&@u@ EMIEQHIUCENSs ti ng
body, th I St,Lcal | . : |.hglet; excit st ape
(5 and TRE S ERER'ES Bl a8 3¢ SPal Bk, PGPS hs6 W RbBlent A,
3 (Refier efeg dr'to EefiGigAcy SUTSUl, " Text book of the 3rd seminar at Division
of Organic | ecul ar El’ectronics and Bi oel ectronics, The Japan Soci ety of
Appl i ed Physi csThe prgadic( E898)ementherikf be elisdussed hsoaretdxaaipliti niltheofighhe

I nternal 25, quant?up:ﬁ efficiency is,0.25. Furthernore, as long as the
f | uor escepitHpg Meshapisen gt the ergenieEL dlementisthatthe drjegied kolp gnd electrarhe

e SRR S5 LB Lo SRR RN e o Bl

possible to extract at most one photon from the recombination of one hole and one

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. TFor example, in the case of the organic EL eclement using the

20 fluorescent material as the light emitting body, the statistical ratio of generation for

the singlet excited state (S*) 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 g, the internal quantum efficiency will drop

even lower than 0.25.
In recent years, attempts have been made to use phosphorescent materials to
use the light emission from the triplet excited state to bring the internal quantum

30 efficiency’s theoretical limit close to 0.75 to 1, and the efficiency actually



use the light emssion fromthe triplet excited state to bring the interna
quantum 30 efficiency's theoretical |imt close to 0.75 to 1, and the
efficiency actually 8 surpassing that of fluorescent nmaterial has been
achi eved. However, in order to achieve this, it is necessary to use a
phosphorescent material with a high phosphorescent quantum efficiency yp.
Therefore, the range of selection for the material is unavoidably

restrict edsurpidsing shdd ToHIa6reRE SR ThGtetRIMAY Mg, ‘?ﬁe&féﬁ; rl-g(}vg&f{rﬂ i, opder to

phosphorescent light at roomtenperature are extre

words, if aohaere dbis| ditbis siecesshty ad fuee i NPRPhBEEsEAR %eﬁﬁﬁﬁﬂ th §Uhiagnt
efficiency (the brightness |evel generated in relation to the electri &
current) RIfosphereseqriuantumestliciancy ohi sTherefate pthearappeasf sdloqunt fanthe! f
the el ectrjcal. rrent. i ciency is, |nproyed, a greater |evel of

bri ght nes sﬂ-lg%ﬁla!)g Wgﬁ?fggéfyvﬁsﬁ“‘é%% gl,lpg) F%ge%ﬁlﬁétqu@%ﬂc eQmpewnds that can
Conver sgl Yomi$ iph ' e reduced for achieving a
certain br inglgih? ngg%ﬁdl}gsv%h?ﬁeweﬁgg? gﬁ%ﬁ%ﬁ%@%‘%&&é@“f@ {H& massive amount
of electrical cunreher Wagds,t@ hbkowd touldhse YWihb@rddi | |

above can be reduced. The inverse structurer ofIthg&oiﬁégﬁ@ﬁ%ﬁﬁéﬁgﬁﬁﬁl
whi ch is tcyisay efffdencys(thh btightness tavel gomratesl iancktioh tashé BleCheca0 CAABhO

solar battery, is ine%‘f!isc' ent at present. As described above, in the
organi ¢ sQtal"epFERRIY Biseigneie thisnvenld bsar gieafaimnevatieni cbhthe elictricdie
el ectrical . . I f theultra. thin filmis not, used.,
Ther ef or e,cugltégf: '? ﬁ%%%?ﬁles ﬁ{ J)rréggﬁwsa g{)etaP r%&ﬂo%o‘?“%‘}qf%r?ammchemth fhe
ul.tra’ 16 hismaller @ldctrigdapirRst. 2a0BLYRIRIY, a1 i i ght, absor pti on
i g B (Lo e I ol el e et
probl em i I sarigesl, the i018tio ub&Pb | fHagdiey- !N
i ght of the fnﬁrg%gicgﬁ i scussion, the electronic device usi r){g tehe aorggni C
semi conduBt¥IH QL P Bfft%i?ﬁ%g??‘# thHovinether Waranthias film & describedlabove r ent
is made ngé\ﬂd&d? device utilizing the physical properties that are

uni que to the organic material, the reliability and yield fromthe
device is infludheethverdea¥Qualky of MY toREITRr Es heULAGLY ik ot S

phot oel ectroni ¢ device, the _effic(ien_cy o?it e e@?%{eehﬁi {shﬁlﬁ%)%rl.g_ h&e the

pr obl el phstogkiciyc comvdigionaiudh the inthserganansdliebatisry,is idirRidut bifbresent.

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




structure of the conventional organic sem conductor elenment. 30 SUMVARY OF
THE I NVENTION 9 Therefore, an object of the present invention is to

i ntroduce a new concept to the structure of the conventional organic

sem conductor elenment, to provide an organic sem conductor elenment with
not only greater reliability but also higher yield, wthout using the
conventional ultra thin film Another object of the present 5 invention is

| ultra tl f the present 5 in i
Sem conduct or . ThereraSa N sPleqt O (RO RhARRE FCATLA iF B ifadiRe ol CoqpeBf™ ©

repeat ed jontlensituctidoPthe chdintional 8fkaMeasemicdRatt©r Ued6 8¥ i f8vidatn
above-nmenti oned obj ect by conbining an organic sem conductor that iIs doped

with an aergepiosensicondernnelementauith not dldy gueatecteliability it aisodrighei yield,
sem conductLBr I N whi cﬁ an SCLC i § used t,oFﬁachi eve the conductivity. The
most basi WISPHL USHE thecopyeniianal ielipa fHnplm. 1 Another ebiesbved the oresant c

sem conpd -e] eqent . | sed of. r | C ructure i pn which, between
an ano e@%gﬁgs}é altgﬁg)dé, BP(E\FGer 3ﬁ%re§f‘8‘|%ﬁ8§ n(%?lmfe Ipyg%qeg‘?ﬂthf?gt“‘é % ru@% Ehet hi n
filmlayesrgahRf @miedndgtgs a "functional organic thin film15 layer” in

t he, present specification) for realizing various functionalities by

flowi ng an SCLThe andnéoroxfritie préseat irhvientibh) a8 4 sasatt dfirepedtbdditeng: sthdies, i
which a dark conductivity is achieved by doping the acceptor or donor, or
by anot hetasngaierel maaas caablenséachiaving the abeyvermantioned ebjegtibyi apmbining fi | m
| ayer shoul d be . connected, subs aint'al l.y _ohm cal I%/R}to t he function

organi c tH STETPH, SCHREPRGOR S #PRegds with, anl acsepigE «at & doRen t‘Pi‘Pgﬂ‘? dyer

| s panpi AHRIdYvE IR §68rd i@§erﬁfbdhgne?‘09i %ﬁl‘:‘ﬁtah‘sgllid%ii?iu%ﬁh B Layiere gqe% 'hg

ot her words, obstructions” between the conductive yer an
funct i onadongiugtinitg. t Tha nidst basisweticatiothatebfisshownnatidG.ar  extrenel y

m nimzed. By adopting the above structure, holes and electrons are easily
i nj ected each EEE)-f 1 @?pﬂ‘@vﬁearbﬁfga@u‘eémmdwm Hilement gempgised of mnoorgacic of
1 R, 55 SR e L B S 2" oRRIEL e, TSRt
2B. I'n FliShin#@dafoBniMIBR fith BlyRE(FdfEALd to as a "functional organic thin film
15 layer" in the present specification) for realizing various functionalities by flowing
an SCLC, and a conductive thin film layer in a floating state in which a dark
conductivity is achieved by doping the acceptor or donor, or by another method.
What is important here, is that the conductive thin film layer should be
cbnnected substantially ohmically to the functional organic thin film layer (in this
20 case, the conductive thin film layer is partiéularly referred to as an "ohmic
conductive thin film layer"). In other words, obstructions between the conductive
thin film layer and the functional organic thin film layer should be eliminated or
extremely minimized.
By adopting the above structure, holes and electrons are easily injected each
25 from the ohmic conductive thin film layers into each of the functional organic thin
film layers. For example, a conceptual diagram of an element shown in FIG. 1 as
n = 2 is shown in FIGs. 2A and 2B. In FIGs. 2A and 2B, when an electrical
voltage is applied between the anode and the cathode, electrons are easily injected

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

30 layer, and the holes are easily injected from the first ohmic conductive thin film
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voltage is applied between the anode.and the cathode, electrons are easily
injected froma first ohmc conductive thin filmlayer into a first
functional organic thin film30 layer, and the holes are easily injected
fromthe first ohm c conductive thin film 10 layer into a second

functional organic thin filmlayer. Wen viewed froman external circuit,
a hole noves fromthe anode toward the cathode, and an electron noves from

the cat horlget anes & sasranasiRofhCordic HRWBNET jajet. CHh SihbE! siferst ood

that both the electron and the romt ohm ¢ conduc

filmlayeexfeard dinway, d hdle mppasirbm ther anideows i ithe c2Bbde Hend® an ¥lediRid NY
each functional organic thin filmlayer to have a thickness of 100 nmto
200 nm or MOYEE | fzpm theecathede dpwhrs ot edode(Bl@a2A)f ublovieveal itocagaalso bd hi n

filmlayer ecan b o,flow as the SCLC. _That is, in each functional
olr gani cyt Hpﬁerﬂqoﬁ tﬁggg?t tgefqi‘fﬁlfqnoﬂ'&f W%‘%EJE}W i@np ithmehwis sendyetive thin
i ke) _der fipaday dhakABHEAPHAITSAL RBMRAEAHIEY 285, Lhe organi c material can
be reali zed. R/}éreover, en t gasw slt%ruc uré of  the present invention is

appl i ed, the oHgedity Giakitpl ¢Hch faRBiORGREMnik ThiveiBn MYerd6 Ha®€ aGhickness
t hi ckness,” which is extrenmely wuseful. In other words,” assunme that in the

convent i op&l08|ment 240 nowhi smadler,f tha crindeninjectgdnnm eduhnfurickionblby@andd3 i s
sandw ched.between a cathode 301 apd a 15 anode 302), a given_electrical
vol t age v&ﬂl% @Bbﬁ?ﬂ“& £ bremp ?ﬁPtﬁ?Wk%&l&e g(ﬁeﬁ-t héhabis, 18peaghn fupetional
el ectri cal, | Fl : |.n.the casge t he.present
i nvent i o?]ll)r@%}{g ﬂgg)tﬂ\%{‘ ?#%h%ff%‘i}‘%t‘eoﬂ‘ﬁﬁﬂ \%QC;} %:ﬁg]%ta%rggswnn%ﬁm B%‘?) ﬂg?fh%iqeonal

organi® frbihntHel ihm:ﬂeﬁ}/phﬁsiéﬁﬁ%%ﬁﬁé ?fgajlzﬁm\ﬁemt:hﬁ B tddiseness d and (n - 1)

nunber of ohmic conductive thin filmlayers 304, where it was only

possi bl e to fl oMarbevesCi@ienrthe bagict stmrctimeoknthe prdsdnstinedntivasislgiplied) tige 200
nmin the conventional aré), the present invention appears equivalent to
f1 owing aAEBBCCIRIRHITRCah em‘:{éetﬁthwm& gegree 9f ghickpess, phick ieextremely ust

e o "R My ok el B WA o
o Tk A og ogaaephistyg hgcPGys ST SURAT ST
el ect rlisc ainods| HE)ea givdmseleemical eoltage 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 n 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
invention 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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However, the electronic devices using the organic sem conductor can easily
overcone the problemin that by utilizing the organic material's inherent
physi cal .properties, when a nassive anount of electrical current is nmade
to flow, there is a 30 negative effect on the reliability and the yield of
the device. 11 Thus, by providing the organic structure with the
alternately lamnated functional organic thin filmlayer and conductive

thin filmlayer h r ' ' C e t,ca SCLC .fl ow
in greater fil rg lHﬁc’i’ %gggﬂ'{i &ﬁ}?ﬁé&‘&@ﬂﬂ%%ﬁ{%lﬁ{ei %I th%r ? %tg%ﬁfeyggﬁgg%—ﬁddi d
not exi stfunotibhalnoMganihithinc SIS Piyeraind @RMLOE Yhide fARPIARY, itRe Wrganicc EL
el ements where the SCLC is nade to flowto achieve |light 'emssion and in
or gani ¢ sehucomducter elemeanticah mekd theeSELEhbweirgteater filmthiekhessnhanria sai d
to have the opposi.te nechapjsm of the arganic EL el enents. . The concept can
al so be éE?)I‘?Oé’tYeBPB%lI 3ty o Loish epPner hidc Nl pish @it tOW. o | EMSnE@nCEPh@BBf or €,

accordin r i N } O re.l OMi . Or gani.c ~ 10

sem co%dg%) &g?ﬁggfg%e%ﬁﬁ%tgn% r %‘@hicoﬁi‘a%%g%‘reggnﬁ'g%et %%ﬁp?*sogﬁga t8>);'low to
sequent i alchievel Rght@hiRtbrRBnd iR WIBStic doldrupiidrREayhRh%alliA b ' icayers
(where nis a‘tfn l?%l?eger equgl 1tolw‘gr 1greatrer tﬁan 2) consi st Rjgljﬁééélgéqllbrst

t hr ough a@mrrent hnfluaretsach& heveahé opposiienfechanikmyef thebetganén Finelrnodes.and a
cat hode, characterized in that: a conductive thin filmlayer in a floating
state i s Ma¢uiserbsaepis? bs applisd drendlydeathsr prgania semigeadneianelesredi c t hin

filmlayer (whege k.is an integer,of 1 s k:5 (n -.1)).and a + 1)t.h
functi onal or galEorAor S5 he pashsb Sivbntipny ks iR trstied o pradaiey m

| ayer ¥ it b eac : ' j ' LI m

| ayer ) ROMERAIIGOBIARE OghERrOr o drbfil Wi 2ForEd Y Soddblally T
use an Gaménitmgcannoumtbdrreftfaadiioial wsgagc ahinefiah loera(whanducis aeinteggrgani ¢
conmpound. 20 Particularly in the case of the photoelectronic device which
requi r es edah&p aF aaeater than 2xconsistingpf e fiwt threughanondghdisctieonsl cuganic

Theref oreg,. ording,to the present inveption, there is.proyided an organic
sem cond dFORITRIRYRER befesedh L a0 aug, A Gathodf cehardetizedin Biafecppduttive
sequent i gy sb-amgaatin rs : | o] FekNall | Il m.ayers
(where n%flusn glrllhll r[?tyé]:geﬂrn gSHQ%tlﬁ}laé] létggggolrs O%r}tfelg?g%k%irﬁmﬁ corgs:ib%t‘)ik’%l%—}c i f(nathfi rst
_through gunctidrul orgaiic dnalfilat el ¢where k is an integerof 1 <k < (n- 1)) and a (k +

1)th functional organic thin film layer; and each of the conductive thin film layers

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

In this case, as the conductive thin film layer, it is preferable to use an

organic compound instead of using a metal or a conductive inorganic compound.
20 Particularly in the case of the photoelectronic device which'rcquires fransparency, 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 s k < (n - 1)) and a (k + 1)th functional organic thin film layer; and each

30 of the conductive thin film layers ochmically contacts with each of the functional
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thin filmlayers between an anode and a cathode, characterized in that: a
conductive thin filmlayer in a floating state which includes an organic
conmpound is wthout exception forned between a k-th functional organic
thin filmlayer (where k is an integer of 1 s ks (n- 1)) and a (k + 1)t
functional organic thin filmlayer; and each 30 of the conductive thin fil
| ayers ohnically contacts with each of the functional 12 organic thin fil
| ayer. hﬁfﬁﬁﬁ ﬂacontact the conductive thin filmlayer with the
functlona rga ﬁ filmlayer ohmcally or in a substantially

equi val ent mann r ans
I n which the Cdﬁgﬁkﬁf&g@§ﬁ?hh§ﬁ%?qﬁ?%§§gpé?%§Iggﬁgg{ﬁﬁkrﬁgﬂgﬁggnlC coggound

and the |argenid shidofidnt tayer dhmicAbBCept or aosubisiantiidlokequiMatsef Ala@ner, as
according to the present invention, there is provided an organjc

seni condudessFibed ebene, Hopimpastansfio adopt dhmimcansrincwhich ther qomuiuwve thin

I t nb f f il m.l
Qe o n il dayPn 6 Jemcty 22 el S3Ris, SHmpaREs AHAMGIRES i Sehe it B9 1 r ot
t hr ough %@P{d}ofrqﬂggdﬂ&al organic thin filmlayers between an anode and a

cat hode, acterized in that: a conductive thin filmlayer in a floating

state which i nc’l‘mieﬁoranawo@amgcwmmmmIﬁvamidipuhereemqg@trid%a droormic
between a k-th functional organic thin filmlayer (where k is an i nteger

of 1 s k senfigondudipr ghednent(¢omprijadhof @nceigenil storayare &rmﬂdnbflslequém;ﬁﬂfy and
each 15 qf t.he.conductive th i.lm]aye on s at ast qQne of an
accept or 1 ardnatingapm nypher %RWFBQH?]COI&MHH%I?W%B“S AWDEFUN A% 2R dnteger
prese [ OF: ' e 0, tor eI errent
Compr 106 T 16 O ket T 2R e Se 1R A B Bl SRR RSB B SRR,

nunber ofthif/fiti 199@45 pebgadt 6nafibfe hhd M dafiRicS chM@feelzladllﬁ tRdt: b %ﬁﬂﬁ‘ém?é)
equal to or greater than 2) consisting of a first th rough an n-t

funct i onghimfigmniayer imianfloating kaye mdndeumdedesaan amgatec g ot isomathout
characterized.in that; a conductive thin filmlayer_ in a floating state

whi ch |n&W&E@O%rfoﬁﬁ%#ﬁ&”%hﬁdﬁ%m@twﬂﬁhStﬁam"ekl%}épﬁﬂl%tlna}feér(mf% feth a

(- 1)) hRRord SRR @ Pl Rt TSR b Pefin s S ged

15 of the conductive thin film layers contains at least one of an acceptor and a donor

h
m
m

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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25 of the conductive thin filmlayers contains both of an acceptor and a
donor for the organic conpound. Note that, when the conductive thin film

| ayer is doped with the acceptor or the donor, the organic conpound used
in the functional organic thin filmlayer and the organic conpound used in
t he conductive thin filmlayer are connected with the 30 sane thing (i.e.,
the organi c conpound used in the functional organic thin filmlayer 13 is

incl uded jshipenided inRNHeCEdndRCERE ik fil 1A%er an@Pid &Baugﬁg%pggifpﬁje {4y

. . epid i1 m
| ayer is doped with the acceptor or the - donor). This I"enent

to be nedopattwithd tikecaocdptog ©o thesiduplbe). pr des senabies dReat sleenti B the
case where both the acceptor and the donor are included 5 in the _
conductiv@apﬁfaptlﬁﬁeﬂmwggﬁgmgtq@smplsrm@qsam e that: the conductive thin film

y be st -ed by l.anj nat | first. | f by addi

ncveptor to t helbiacinhy. iBdhe St poih s BiFmtay i i ohibraye Seandke! o

d t o : e i | §.: -~ and
the 11 oy B U EREREAGO TR, LR ie 1 plctErsbR ThafIht SndRofvE s ARCMIG, °°

llayer. 10békg0cturdd Bytdmmatiage fitst ldyer Poehetl Bphddingain 4dtepRirdathe ofmpOUNd
used in the functional organic thin filmlayer and the organic conpound
used in téemponadcarid/a secomdhldyier dotnagde by reddog aeloned tevianhonghricseompoilmdg.

I nci dent al_| g i.n the casqe where both the aacgp or and the donor _are

i ncl uded thahis te Lemgatthevagemcromporndyad the firstdayershe ppsifigpeh closehin -

t he condu&&%mg)gggg%&%%c %ec%gég%{%gerbe structured by lamnating a first

| ayer forng ng an to a first organic conpound, and a

secondg ayer fopan®y iR¥uekldi dide dit 4O PRIfetDIA R TR drg i@ afinpoaRARREN Gy kat s
different fromthe first organic conpound; and the first "|ayer be '

posi t i onefinctiosel otgenir thin fidudaygendand thenongheicsemmpehidaysed. inAhs wonidoctiech a
case, it is preferable that the organic conpound used in the 20 functional
organi c tti]i'iuh%iimllﬁyq’fat?ﬁe?owtqdh‘@ltbﬂg%ﬁﬁ@eé]b‘ﬁﬁound used in the first |ayer

be comnect o0 SRR ACHR wika%oh it RoRRRACALLE A LR
conpound s@@ ddhdubfve SIBRORGN AL ithE afkRNpREd@BleNhah thBofaliBIF L film
15 layer be structured by laminating a first layer formed by adding an acceptor fo 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 compouﬁd used in the first layer
be connected with the same thing. Also, it is preferable that the organic compound
used in the functional organic thin film layer and the organic compound used in the
second layer be connected with the same thing.
The structure of the functional organic thin film layer may be manufactured
25 using a bipolar organic compound, or by combining monopolar organic compounds
by laminating a hole transporting layer and an 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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The structure of the functional organic thin filmlayer nmay be manufactured
25 using a bipolar organic conpound, or by conbi ni ng nonopol ar organic
conpounds by lam nating a hole transporting | ayer and an el ectron
transporting layer, for exanple. The el enent structure described above is
extrenely useful anmong organic sem conductor elenents particularly because
I n the photoelectronics field it can 30 increase |ight em ssion efficiency

and |ight -0t i ol . ' Ik f tj onal
o gani ot iy e g, 78 EhEC A ikaniE Wi i Bfer WP e Bl dahniuni e

eni ssi on &yhibitoigly drhigsiohely fiopihgCie! €8étrichhBuRéH2 1hé OE%arﬁk%f@rHlem@h{ h
high reliability and good efficiency can be created. Further, by

st ruct uri with high foliabtlityremid gogdiefficiehey chi lbe cmyted. wiRurthehebyprsgaohting
conpound r\tzl%niélh gener ates,. 5 the, ph?t oelectric current (i.e., generates the
el ect r omotiieviincHprah organig dup dilay [avegaith the,eregnirarempPeBRe wikgh wsngraggs h

hi gh relighili - efficienc r ed.. TReref,ore,. the

prese nt% | %\% éln}lolt%%l%&glcclgcﬁlggeﬁ é{/ér §§?Frfﬁ5‘%3§? gﬁfgﬁo_ﬁﬁt‘&"ﬁeﬁ&?@g gﬁ’l ?:bs_é’gl?ﬁ“ggfﬁmct or
el ement i gheVtizGhictsdfarHanety mlhigngamwn{ d@léddd@f‘fﬁi’e‘?fcy%ﬁ‘ife'«%i@ﬂed?bove.
has the structure capable of real'i zing the organic EL efenent functionality
10 and the or gaBherefaeathdptesentyinfvention dnellidésy evédgtiing hakatedoay th'eceli%hid’ in
the organic EL elenment, in the case where _the functional organic thin film
| ayer is spmigendueiar wlamenthin pihieh dhe dungtinngl esgamicibin filmelayep deserikedgani c
conpound prefeyab I ncl udes a hi l.ecul ar conpou havi ng a . ]

o con) gy hETHe pifcties Sadhuit B SCRUAGE b wESTRE B oinead Biisionaliy | i
15 i s j@desi ; ' i-ch the hi gh nol ecul ar conpound havi ng
an n-lgo%%ﬁg%e?%%lgéﬁl#%%ﬁgﬁgop@éﬁl ayer is doped with the acceptor or
the donor to iNptovet! pertibaldsly ¢ndhietorgatiy. EI dlemeat, i iviethy, cdser whBfe the

conductive thin filmlayer, it 1is_ also possible to use a conductive high
nol ecul arfugshipaainersanicntbim dilacleapr & storcturednwithbe ddpelae peganic 2omponnder

in th ic EL element, in t o le_the hol
L1 anspor (PRQOIPRH SRR, ol Bretp kb aneie oL ARoleciar (shgnerad r on

L1 anspor tdng Aecofidaicysin®! PEHHEE fbf HEHdubRGe Wit HihPlayeP e Wi at e

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

20 Further, in the organic EL element, in the case whe're, 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



structure the functional organic thin filmlayer by conbi ning nonopol ar
organi ¢ conpounds, the conductive thin filmlayer should al so be nmade
using at |east one of 25 the hole transporting material and the el ectron
transporting material, and the layers should be doped with the acceptor
and donor to increase the dark conductivity. Alternatively, it is also

possible to use both the hole . transporting naterial d the electron
t r anspor t TAGSRAILIBE; waterial usgd dn dhe dupction r(H?g?mPHtﬁkn %imef@% g lamingtgdi n

whi ch d - I f.th t .1 i al dinth
e . BB ARk S B RORE B R RS 1, U, 1L
hole 15 transpqubi feuciileest ‘i'ﬁeh% 1dria] td?garﬁh'rtﬁiri oAl 13?%9%&1 LBEd ih IthD

| ayer, are |am nate upon each other 1n structure used as the conducti ve

thin fil notgunée solihbatiényuistthe samt dshehdninsid @nhk oeggoiRL elenteriti | Mhaayer
when used_ in the organic solar battery is the sane as when used in the
or gani & Ein Hlecosganic sulax batiery, i the case wiragarthe feaitionabargamiy thinfilnhbayease

where the, functional .grgani.c thin filmlayer i tructyred with the bipolar
or gani c cbﬁrﬁ%ﬂ&,ref %ﬁbﬁﬁwmpolar gﬁ@@ccm%ewmf Pel?lepfémrgamﬂ GwPoHnd; gh
nmol ecul ar ' Lt - ' tem.. Further .for th

ol ecular EAY pREDS, HB BRI SBhReRtR Rllis i LRSouw el Sl

whi ch t hephiBr, 781 Bt dueATRIRRAATARG dsReell tit 6P IABIC IS YT 8 MdthodSRD
and the 10 Tayér is doped with the acceptor or the donor to I nprove the
dar k condudii¢hy theyhighAhbkicahricoalpounidoiaviige tleondonfigate tstomf isluved aydrthei t

Is also possihle to use the. conductive high mylecul ar, conpound with the
accepti®r kyerdhslopsddwith ter aacsptaruer His doner {hdmpreimike darkacopdeetinty. in

t he case ere..for exanple he. | aver .mmd f the | e transportin

mter | ol , Ao T Gn S TR EIRCRyh sty RaASRoPots RISt U dhe. ar e
| am nat edcérﬂilﬁitfxﬂéq{i%ﬁ %1619&115#&&th@&41 W‘iﬁﬂﬁ@'a‘écéﬁ}bf‘pf Hbor AMRE th¥ref®TOI NI Ng
nmonopol ar organi ¢ conmpounds, the conductive thin filmlayer should also be
made using at | Faghenria the diganivokslat batteporihithg ome evhak, dndekinaplegithet ron

transporting material, and the | ayers should be doped with the acceptor and
donor to layer émade phdhedole demaperiing mpterigl; and 4he Jaysr, madeiof tieselepesi bl e

(0,220l ke Bald BB, IT b T SRR IR
donor - dopg§et BYCEodbinifl 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 transpdrting material. In more
specific terms, this refers to a method in which the donor-doped layer of the
electron transporting material used in the functional organic thin film layer, and the
acceptor-dopcd layer of the hole transporting material used in the functional organic
thin film layer are laminated upon each other in the structure used as the conductive
25 thin film layer.

Note that, if the carrier can be injected into all the conductive thin film
layers (ohmic conductive thin film layers) described above, then it is not necessary
to reduce sheet resistance in any of them. Accordingly, a conductivity rate of 10°1°
S/m or greater is sufficient.

30
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el ectron transporting material used in the functional organic thin film
| ayer, and the acceptor-doped |ayer of the hole transporting material used
in the functional organic thin filmlayer are |am nated upon each other in
the structure used as the conductive 25 thin filmlayer. Note that, if the
carrier can be‘injected into all the conductive thin film layers (ohmc
conductive thin filmlayers) described above, then it is not necessary to

reduce sheet resi st ance BRIBRPESCRIPATONOFTHEDRAWRNGSNductivity rate of
10-10 S/mor greater is sufficient. 30 16 BRIEF DESCRIPTI ON OF THE

DRAW NGS | n t hdndbeacgoampanyingideawiings: FIG 1 shows a basic structure of
the present i nvgbi gn' FI GS. .2A and 2B show concepts of the present

i nvention: 5 FI &8O 3ADPE'S NG RECOkhs MIeRFRE NMSRIPRE present i nventi on;
FI GS. 4A and 4BHIGKUSATAH Y, ' i nt in electrical current
efficiency; FIG SSshows 't ﬁégg‘g&ﬁgﬂﬁ%gg’%‘%%ﬁ%ﬁﬁ“ﬁﬂf% el ectrical

currents effici &iGg; 3400 BICShovArREE [ﬁ@dﬁ"%ﬁ!@it}fégﬁ&@&ﬁ i QRgkioQt 9ani ¢ EL
elenents; FIG 7 _shows an organic EL el enent "according to the’ present

i nvention; FI GFl@sshévandadBpHustiate thaenypbehind improegesit in Electli TR Mrrent
accordi ng {Zfo.t he present invention; FIG 9 shows a specific exanple of an
organi c EEMERENENt  accor di ng to the 15 present invention; and FIG 10

shows a specifi gani:¢ 4EL el enent accoypding ta the present
nvent | on DETATED DR bR iR B e dtes dgal | Curfent
Her ei naf t efficiehedygi | ed expl anation is nmade with respect to enbodi nents of

the present invention, using an organic EL el enrent and an organi c sol ar
batt erdf as FIGs. 6A and 6B depict conventional organic EL clements;

FIG. 7 shows an organic EL element according to the present invention;
FIG. 8 shows a specific example of an organic EL element according to the
present invention;
FIG. 9 shows a specific example of an organic EL elcment according to the
15 present invention; and

FIG. 10 shows a specific example of an organic EL element according to

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Hereinafter, detailed explanation is made with res.pect to embodiments of

the present invention, using an organic EL element and an organic solar battery as
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
26 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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exanples. Note that, with respect to the organic EL elenent, in order to
achieve light emssion, it is sufficient if at |east one of an anode and a
cathode is made transparent. However, in accordance with this enbodi nent
node, description is 25 nmade of an el ement structure in which a transparent
anode is forned on a substrate to achieve the light fromthe anode side.
In actuality, the present invention nmay be applied in a structure in which

cat hoe S g Pnlel 8 sPRek Rty Bb{Rb Bighfy AR Fice e bent R,

opposi t e made tfanoparkie substrate, and in a structure in which the light is

30 achieved fromboth the el ectrodes on both sides. In the organic solar

battery as 17 Kes$t] ini theorodganic oEbakiemdns, hat meays dos covertopig thaypese
may_be _made tran rent. First, in the organic EL

side of th ] ement. pa
ol enent , TSUARER SCHSMI O Bif Wiratthin BBBrandralsq s IPIRrgVing: thoinapeTtiom ofhe

ultra thi il.m: I o Vi t roportion of Lght emtted
inrel rgt il%ﬂtt § lﬁggeﬁeig]ra{ng)gl t@ﬁﬂ@eﬁ[b%frilé.}]z. ;&HFE@ i"sé‘ctt?'lecgﬁecbﬁ efiprrent

ef fi ci encfficidnRyyidetrdeP 1dGRhRVE Astipe! ®vi&Y kkectald] i hc EL
el ement matl;(/:1 éleygolnnerct ed seriall y,S flg)lrE exanpl e. Thi’gﬁémﬁrga%%%%?%?%tg

bel ow. Asmapbwemonnected €eridily, fassxamplen dihgawild bElexplagmehbelbd. in which
applying a certain electrical voltage V1 causes an_electric current with an
electric 10 defsishpwn ino HGovtAndssumeatan organict BY plementi Bt ienehiph per

unit surface .area L1 (i..e. .photons ving certain _.amunts of ener are
o ttod. iR ehdan’ efarighl PoRage iveet Sholee® SRBH Vr FrdbleRlr oy
mul ti ghi tyh : - hhi ' . i€i gncy
opet (Fnirky dp o PORRRA APl oyh Lighbforkl fRr uBiRAIGEe Gidd KLY

el ectri cghoeony Gyviigl eeitsinCamopawed} dnbaly s cghivied, anddhit lighaefergheis 15-
same thing as an "energy conversion rate”) is given in the follow ng
formul a: eqyivalent © thpgirodugt| gf(that enaygy malsiplied byaide nuiniberb plurens)er ekt i n
whi ch an porgani c EL el enent. t hat i actly ggui val epnt,to the organic

D2 S e
EL el enedPSDEMS % HANEL quwh@%&%ireféﬁ to Zhe fetesinispions eReigp| Yithsee
FIG  4B).relicf 16 M0 el @@ RleP QLIBLrich FORBPCHS: WIS diV8h, and it means the '

16 same thing as an "energy conversion rate") is given in the following formula:
Formula 3 '

pe; = Li/(Jy - V)

Next, a case will be considered in which an organic EL element D, that is
exactly equivalent to the organic EL element D is connected to the organic EL

20 element Dy serially (See FIG. 4B). Note that, a contact point C, connects the two
elements Dy and D, together ohmically.

Here, the elements as a whole (i.e., element D, having the structure
consisting of D, and D, connected to each 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 Dy and to D, respectively,
as shown in FiG. 4B, and the shared electrical current density J; flows. Therefore,
since D, and D, each emit light with the light energy L, double the light energy 2L,
can be obtained from the elements as a whole Dyy,.

The power efficiency e, at this time is given in the following formula:

30 Formula 4
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el ements D1 and D2 together ohmcally. Here, the elenents as a whole (i.e.,
el ement Daii having the structure consisting of D1 and D2 connected to
each other) are applied with a voltage V2 (= 2V1) that is double the
voltage that was applied in FIG 4A Then, since Dl and D2 25 are

equi val ent to each other, the voltage V1 is applied to D1 and to D2,
respectively, as shown in FIG 4B, and the shared electrical current

density Jl ro Ther 7oL dD2each emt light with the
i ght energy L1 e %gﬁ ?Y’r) P‘ﬁﬁneraﬁ 2L1 can be obtained fromthe

el enents as a \Aml@ntbe hnd&ﬂ@.ﬁad@pwrc&ﬁﬁar é_ﬁﬂié}’alﬁ(ﬁ}%zrr@htlbﬂéé Forfld 3 given
in the followng formula: 30 Forhula 4 1 pe2 = 2L1/(J1 - 2V1) = L1/(J

V1) As calhebabaviedmentions! byrmokaphrthete isheo alldiﬁe/renq@ betveceadFRor 4Al andBFHGd
nti oned. Fornul a fhere is. nqQ difference between Fl G 4A and

t he above-
FIG 4B 4%‘39&@%5 of therpovpvadFicloncy.cangtibg qa‘éfrﬂf VRESY ERPSGFVasiaayigywhich V;

conser \at 5 n t e

ovever HRL T Weﬂwc foiﬁeyfslg%%%& YL nflobfeet %, RO, 8BRtERey 5,

i's increagabab@tinbrelse tWBESIdNRS, &, A1 mnt:tecaaéﬂ to mz?/nq NOTAR hals Q%lgﬁdigﬁahf EL

el enent . at is, by increasing the organic EL elenents connect serially

and by applegihing lﬁmrehe/o:lrgage Eh plempoart! i drhat dsf by imuedséng ahe ebigariat EIL hat

were increased and naintaining the current den5|ty at a, 10 fixed level, it

becones pA&BIcHi% cOBNEGed esagéﬂy nande bycepplyilg aue evpltages incipserariiogxtanthe ng

this concep t, nor ener a er , of t e _.ent I val ent

o gant o BRUEPERen SRFRE it wire o emite tish MaibRuty bk et dnily e

Li mes joheried MeDSpBel el pisilTBIO kit Bispdnt Eféc&iﬁaﬂ%ﬁﬁe{%@éﬁ t a fixed

| evel SE I ncreasing t % ectri c voltage by n tines. Cg'roperty

deri ves from t hExddiningphid conedpt rebsd igenshily, bﬁtemﬁnnmﬂnbebrdfgihbrmﬁ&elpvel

and the electrical current density level in the organic EL el ement.

cour se, eQﬁEﬁV@Iﬁﬂt peganis ELvilementsi are ahamically gannected, ik ispessile dp achisyn rDect ed
ed. from each . o

ol eront & S 156 HEOTGR e Vel Bt Bpe T HoPyY i ebae doyflaand

voltage, jhbreasing the electrical voltage by n times. This property derives from the

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

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

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

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

25 the electrical current J;, a brightness level L; + L, (> L;, 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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20 becones possible to extract nore brightness than in the case of a single
organic EL elenment. A conceptual diagramof this is shown in FIG 5. As
shown in FIG 5, when the different organic EL elenents D1 and D2 are
connected serially and one of the organic EL elenents (either D1 or D2) is
applied wth a higher voltage V1 + V2 than the necessary voltage (either
V1 or V2) to create 25 the electrical current J1, a brightness level L1 +

L2 (> L1, tﬁ@b%nggogggggﬁé;@i%g%ﬂtnyﬁigg?lfj@%p%f'i ee%nvgeglfiﬁéﬁl atéF' s time, by

configuring, as a ght” ém t ement and D2 as a

yel l ow i ght eniAd degriednBbdve, i By @PngEally Xdong @tﬁi% bRe REE i a
white color light em ssion wll 'oji:cur-. Thmyéref o?e, hi's enlglgﬁitgg&zglal i?ge

col or 30 epparephgleatdealncurrentweiifiviertdyeiseimptaviedaind greatet befishtmisengy bs

hi gher, ang t heref.gre 1? th Iogfgevity of the elenment is higher than in
the convefl ?%‘H%d wifh a smaller elegtiea] apeid, Bhiomerasthaf it ihpessiblegormake

el enent | t . I ri.cal rrent .ef f.icien IS Jnproved
and gr eszt ggé ?‘%égsﬁqeésigc%lggpgieﬁ%bf?)&i%ﬁ@#lﬁﬁl toﬁ(ﬂie §WFI18Y61&?eW%E%§S ’éﬂ%%f’ént.
This neangmhliaf thhni & MRS SédUvntiGna ke 5 F SaKy ric nt
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convent i opkctrazal voRagt ben benpplied, it tngosibla i¢ temidct baneveehraly Fdégﬁiic\ﬂll tage

can be applJied, it is possible to connect however nany organic el enent s
as may beckBEadyas HRY Berecdody and thejqugrathfibm thisknessrcabdenmade thickk .

However, as desegfi bed aboye, . rgbl em occurs even in the case ere the
10 organi c EL eﬁé’%ﬁﬁ% a:fr‘iesgflﬁf)ﬁﬁ BS?Irf’eB]EOE)Ec‘?éHCHH Gvennothe case dphete the es
f ; | ]

ety OGRS PRE AL Bl e LGN AT BAEL 0 e

structure, Wwhich w e explaine

cr oss- sectieorades favitheforghricoRp atémentslanel oBNtheltlctlRanstritubd, Gvhith wand
FIG 6B shows a _cross sectional view of all the elenents Dail shown in

FIG 4B, p%exphinahising RiShrer . FIG. GAcshones 8 csessuractional( Hed of e ofganke

| ' t ] f d i di t t
o ect r oqeEcemi, B SBRRn FICTREA: SRAFLS” B bt S s om B alhing
an | TO orhehgeinbk® I'D,,?Ies;ﬂ%%ri | 816, USE Gn hUchb b mdhnef Uncti onal organic thin

filmlayer (hereinaf referred t'o as an "organic EL | ayer")
15 The basic structure (FIG. 6A) of the normal organic EL element is

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

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

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

30 the light emitted by the second organic EL layer 604b cannot be transmitted through

20



604 for performng light emssion by flowng an electrical current is then
formed 20 and a cathode 603 is then provided. Wth this structure, |ight
can be produced fromthe transparent el ectrode (the anode) 602. The

cat hode 603 nay be a cathode which normally enploys both a netallic

el ectrode with a low work function, or an electron injecting cathode
buffer layer, along with a netallic conductive film (such as alum num or

the |ike) be@iuséhBe firWCati@R O3Bk hRIGTRAE] AAN ithe @}%glgi{é rg%'lﬁﬁfgi{]lge fsé.gr&g @@*Ped

above are connected sinply serially (as shown in ure
wi 1 inclofithesclpment. Themspm; drttecohes impdssibleat hiodrichGRRevativnkiss Thixdigani ©
EL | ayer G04a,, a first cathode 603a, a second organic EL |ayer 604b, a
second or gﬁrﬁ%htam}sasp@rfrembp uppgr and eelowercaganiaElselBmenthia hraaluee the

| am nat ed h@tet&il&l? er fromthe | ower side. Then, 30 the light emtted by
t he second "Organi c ‘"l ayer 604b cannot be transmtted through 20 because

the first cathogg: EORAADKNGclitqPhihe AALHIBHEIFG Cal MR (ARNRIDGnbaEeN

out of the elenment. Therefore, ones | npossi b

i nnovat i omsd e cathbde has ol hgtepoed(Rietitehc6 GhatpRRiaMYIPI BEBLAYRS,
organic EL elenents to produce the white color light. 5 For exanple, a
t echni queVudthadting 3hspakanloy, Tand & HRdEsies; "dometahireanmdeodeator bignic

cat hode has _al sq be reporte Re ence_.b: t athy, P. - E._ Burrows,
V. Khal f  Semigongucigy degiges a(rj!d %pfl-%hm?ﬁéﬁfi»ﬁ%@% edBLHEREALS dhe
organi c ' myfq;p i . . hy -2140 (19 . By
using thi %ﬁi}(ﬁég | ES?? agé;dt\ﬁhggzm%%%g@gﬁé%ggmmer{s goéﬁ’s %‘éﬁg%‘%z‘?esrﬁ’éﬁség@ , It
becoma® posg bliethedidit dmitred fesh thdSeddrdihdreeMctiIE thler BMbhe IRREARY Gh&ani C
EL | ayer 604b. However, since the ITGs are mainly fornmed by sputtering,
there is heciReear maalyt faemedgayisputiering,sthere B0dzonicén taf ther ortmmbgEL
Further, the Oaces’ﬁl algfg becones %1 er sqQne becane {)he appl i cation of

t he orgarhageﬁﬁr Ay¥ SPUGE SEE1ASCo n FERWCHhRICaPIICE S £ISEnDeFOmesh supersgyne
sputteri . : rder . t.hi s _prebl em

rore desi Tnre: (eaptflicaRBaNHl ofgylif B, fer b SRUBSERRT e aPeicash of
exanpl e, the IWD by spineeriehivd Gabe fipeadt ef ficiency can be inproved using

a concept simlar connecting the elenents serially

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

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

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

30 voltage,
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to inprove the electrical current efficiency, and al so the el enent
transparency issue can be cleared without a problem 20 FIG 7 shows a
structure in which a first organic EL | ayer 704a, a first conductive thin
filmlayer 705a, a second organic EL |ayer 704b, and a cathode 703 are
lam nated 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

whi ch the accep ' '

e conductor e icrREe Y ShuRT PR SEb AR s BE BRABe, when
connect edus&hglbﬁw molecelal yatédalse dpy prtess schl Bykulin @eposuid?ﬁceﬁ%@u% rier
and the electron carriers can be injected), and, noreover, the

transpar efms%/W(lil&n usmgrblghtraol@@ulaalmﬁsualsoarpﬂfeémemess Sheh a§ opin, cdating| daglite
erat.ed wwth the second or c EL layer 703b can be

em ssi on I}
br ought - JHee) 2 TRABLAGLEBE AreeHHs daFt BAt DBOMGHERRSISEN bo. doubl od of npl y
oY oc | o l th

by dous) g 4 hexof) 854Y RS! 7, ABWACl BB PRI o I BB e

mat er i al shave en FHOORRAS HGReAS, AAALHLILEENBEVS, RNoAgAs ASiysieRant ARuMhEN
usi ng ‘hi gh nol ecul ar materi al s, a2 wet process such as spin coating can be

used), t hef sleouicat vu]’cagﬁgnmydnrespplmnbﬁhm struttesnmaycherhriitidayered (bbteursbat ,
FIG 7 sh%%g structgée i.n whjch two, of organlc EL | ayers. have been
provi ded.t ctive shigebn ilaper Bysverted Betwneg cae aOfsﬂ@n@lfgaB%EIaWQﬁ?ﬂ of

Course,  ThERELRETT bR BT o1 1S thltF afelRucly Btk MRrRL i
organiip Elerlvdderrémh theﬁ%ﬁfxﬁ@lﬁgl §tf'rﬁ:t§1‘?;oﬁaﬁ B belicdohjey Of the organic

sem conduct or el enent ved fromt eultrathlnfllm

structure, can Bee phidosopiy.destwbghabosopityrallysean ieo babpphedat dicdiginian
al so be applied in the organic solar battery, which is said to utilize the
opposi te ﬁ%h%Fegﬁﬂ whish tSh%fﬂl‘@) t@atilize the oppasitmmechpmismfrom éxpprgansdEls

fol |l ows. I m liLIJ.maollh i gt tf%'ire is an organic solar battery Sl in
which a 9‘@3 BWHPGY 2% 'Yeh&¥-at es a photoel ectric current with an

ﬁ' ﬁﬁ?rtr)ie(r:al)f C?Lre@rbgata%grﬁl%gs Hesré]tg?t fhiaHS i OSN BRI N EIP bEHES S Ok Y 4 giveh Vi
156 light energy L; generates a photoelectric current with an electrical current density J;,
thus generating an electromotive force Vy. 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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ohm cally connected serially, and when a light energy nL1 is irradi ated
there, n tinmes the electronotive force (= nVl) can be obtained if an

equi valent light energy (= nLI/n= L1) can be provided to all the n nunber
of solar batteries S1. In short, if 20 all 'the organic solar batteries
that are connected serially can absorb the light, then the electronotive
force increases as a product of the nunber of batteries. For exanple, there
is a report that discloses inproving the electronotive force by connecting
two organic solar batteries serially (Reference 7: Masahiro H RAMOTQ
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Interstitral- rz;?/sg?&g%n thg Pﬁot ovo tallﬁwﬁo%e&rﬂ%?fgg}-%f ﬂ’?ﬁ%’?ﬁ#ﬁo"g‘éﬁ? Sol ar
Cel | ", arChgailsn fijm theat isehis engpgh f80172tE Bopast 8@gh ithdesigndil ny thabthréghireitice 7, by

bt weerteact Peecen Soptovi REpkBiERl] Belotie Hoeifllic aioP Ry ¢
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However, Reference 7 also structures.the gold thin filmtao_have a thickness
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bat I(erymslbadjcﬁqmmewughwmderdemkmﬁﬂ in Reference 7, the present |nvent| on
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venti on caibulssenoast i spies Oti%xﬁﬁssnfé%‘feggg%‘i%"&r%?v@" et dBof Cer
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preferred exanpl es of structures of the conductive thin filmlayer to be
useth for t heFirgireasiens mptallisrthindikns privies/esied beqgusqihessarn CoRdvgYR, Mo |1%t<hot
limted Jhﬁﬁ% | 1 ri tgl | be
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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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. rut heni um oxi de, and BeOQO

be used. Note that, when these netals are used for the conductive thin film
|l ayer, it is preferable that they be fornmed as ultra thin filnms thin
enough for visible light to pass through (i.e., several nmto several tens
of nm. 20 Further, various netallic oxide thin filnms. can be used,
particularly fromthe viewpoint of visible l[ight transmttivity. Specific
exanpl es include I TO ZnO, Sn02, copper oxide, cobalt oxide, zirconium
oxi de, ti , . e . . . . oxi
Vanadi um ST e PRSLAC, BY U O BEEy EAPLyRihe BouRTIONL B RTs or
magnesi unboeid de nomnleydis szpnsm'téﬂ%by | @ ap welex).deThe ifbhowiM® ¥kt ®e also

5 Further, conpound sem conductor thin filnms can
be al so uysed asibe pdiypg Agsniczsedaicomdngtor: AT CGHNreprasented. byAChanmt i bélaw);
characterjistic of the present invention is that the.conductive thin film
| ayer canjl-ajéll EIFP{@FEFCQ %aﬁﬁl'&r B‘”:lﬁi"‘@; Wﬁ%ﬂﬁﬂ@.‘o"f*’@pr@x fpfesented dyeChemg
t echni quecf 1 %g A - ganl 1.C r LN=ty Lgani c
ser cortlust SO (Tehetaly ok Rz Sler M tesRBa”BR; Gk " BEIGRD: "t e 1
exanpl es PlirtheR- & YRSle Ofrid}iottine MnAHMIChRId fHC|dighici PLAEGH. t k@dh LA Tﬁﬁ)CUF’C
represented by Chem 1 below, phthal ocyanine bound to the other netals or
bound to (oprescaics iy €lheasehbeldw)y oCNPD (2pheskntsll. byT Whefro |8 belong, opCHRE
al so used as the p-type organic sem conductaqr: TTF (represented by Chem 3
bel ow) ; m%ﬁeﬁsﬁéyeéﬁ@ao Bpelovehmay bsalsaapplisgk thoraidenot hi azi ne
(represented by Chem 5 5 below); Nisopropyl carbazole (represented by
Chem 6 below); and the like. Further, a hole transporting material used
for organigel-1etc., such as TPD (represented by Chem 7 below), a-NPD

(represented by Chem 8 below), or CBP (represented by Chem 9 bel ow) may
be also applied thereto. lo Chem | N N N--iu--N NNN Chem 2 NN
N

N= N N

\N"-(:)u--N/
Y/
NN N

\_(

Chem. 2

NF NN

Lz

Z

V7

Chem. 3
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H ~-NNH NaN Chem 3 0=0 15 24 Chem 4 s-s s-s Chem 5 CH3 N~
5 Cem6 N C3H7 Chem 7\ / QCH3 NN H3C\ / Chem 8 N\ / \ / N
[/ \ 10 Chem 9 Typical exanples of an n-type organi c sem conductor
include, in addition to F16-CuPc represented by Chem 10 bel ow,
3,4,9,10-perylene tetracarboxylic acid 25 derivatives such as PV
(represented by Chem 11 below), Me-PTC (represented by

Si
\ /N

Chem. 4
S—S
O
5—S8
Chem. 5
CHy
N
2
5 Chem. 6 -
Satty
Chem. 7
Q. O
eV
) O
Chem. 8

m

Chem. 9

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

F6-CuPc represented by Chem. 10 below, 3,4,9,10-perylene tetracarboxylic acid
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Chem 12 below), or PTCDA (represented by Chem 13 bel ow),

napht hal enecar boxyl i ¢ anhydri des (represented by Chem 14 bel ow),

napht hal enecar boxylic diimde (represented by Chem 15. below), or the
|ike. . The 5 following can be also used as the n-type organi c sem conductor:
TCNQ (represented by Chem 16 below); TCE (represent ed by Chem 17 bel ow);
benzoqui none (represented by Chem 18 bel ow); 2, 6-napht hoqui none

re resen e b

(repr csonlitagfoks SIETe 1 AeBMens B SR PPPLENIGHE (RBr3Eh e
(repr esentREmbY @enl‘)elé@t)zz drel PECDAI © FFES%HieHheB}é' glonex. me1gr eﬂélﬁéﬁnt ed
by Chem 23 below); and like. Furt an el ectron transporting

mat er i al nmsdhileneddrbooylgani antisidrigles. , (ixpedsentes Altga ((Eleepmesem edbdypwihem
24 bel ow), BCP (represented by Chem 25 bel ow Srepresent ed by
Chem 26 wlﬁhalene@arbexm%duap@ﬁ (r@arttsraeteétw snt;rlénl?elqw Jorrthefdike. FThe N N

52 FOFO 5 follo"lwmg c'.;n b|f:: Iillsl\cl) Nused as tﬂe n-type gpg%rr?lc 1&en¥c0nductor 0 12@1\18‘9”"
(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 bclow); nickelbisdiphenylglyoxime (represented by Chem. 23 below); and the
like. Further, an electron transporting material used for the organic EL etc., such
as Algs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),
ot PBD (represented by Chem. 26 below) may be also applied thereto.

15 Chem. 10
F F
F F
F N& N ==pN
i Y
N~—-c|:u——N
F /
F N N N
V. /
F F
F F
Chem. 11
N @]
meaw,
L 3
(O~
o N
20
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NN oChem 13 0 02:8 00 5 Chem 14. 00 00 o- o Chem 1500 RN
NR O- O. Chem 16 NCCN 10 NC CN Chem 17 NCxCN NC CN Chem 18 00 15
Chem 19 o 0 27 Chem 20 cl cl «cl cl Chem 21

Chem. 12
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5 Chem. 14.
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FF OO0 FF 5 Chem 22 ¢/ O OO0 Cd Cd Chem 23 ~ N ~N'N Z~
Chem 24 O-Al (ZNO 3 1 Chem 25/ \ /' \' -NN H3CCH3 Chem 26 NN 1
O t-Bu 15 28 Further, in another preferred technique, an organic conmpound
acceptor (electron acceptor) and an organi ¢ conpound donor (el ectron
donor) are m xed and a charge-transfer conplex is forned to make the
conductive thin filmlayer to create

Chem. 20
Cl Cl
Cl Ci
Chem. 21
R F
| F F
5 Chem. 22.
Cl Cl
{0
Cl Ci
Chem. 23
/N- IN"-;
LW
N N
Chem. 24
10
Chem. 25
Chem. 26



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

i nvention may be forned as a thin layer or i.n a cluster-shape (as long as
the carriers can. be injected). Therefore, no significant problens occur.
10 Representative exanpl es of conbinations for the charge-transfer conplex
i ncl ude the TTF-TCNQ conbi nati on shown in Chem 27 shown bel ow, and

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

| ud BEDT- Tj - ,
BI PA TONQ (Chom a0 b 0w and o o0 Cehee 21 aags coRRang; erft ©*

t hese cha(re@@:ttmamscfeptoritanﬂlaamrghmm dampmxmiacﬂmtm (aleptroadiosior hare Mixedenrsi t ed
films, spin-coated f| | s, LB film c&Qlymsr bi nder di spersed filns, or the
like. Chehfhargedgansfoieauplex-is @IN@ uzbvc:ﬂ@mﬁlzslasvstcsmsam CN

CC:'S\IC \S~S/cosnd}|1%9\\flltyBE) séy;al: a‘gChll(g conductlve %Hfﬂ %%m layecr:18 7 c[l\llarge— rans cCr N C

complex crystallizes easily and is not easy to apply as a film. However, the
conductive thin film layer according fo the present invention may be formed as a
thin layer or in a cluster-shape (as long as the carriers can be injected). Therefore,
no significant problems occur.

10 Representative examples of combinations for the charge-transfer complex
include the TTF-TCNQ combination shown in Chem. 27 shown below, and
metanrganic 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
B¢ O~
[:5 g ' NC CN
TTF TCNQ
20
Chem. 28
S s S s NC CN
I~ 9O
[g S s g NG CN
BEDT-TTF TCNQ
256
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CH3 (Me) 2P CI8TCNQ Chem 30 XG N NCCN H NH NC CN 5 BIPA TCNQ Chem 31
XG,» GCCNU 9 N} _(~/) (\CN Q TCNQ 10 Further, 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 n-conjugate system
represented by a conductive polyner etc. may be used for the organic
senicondqﬁp%él Exanples of the conductive polyner include materials put 15
into prac se, such as pol y(ethyl enedi oxyt hi ophene) (abbreviated to
PEDOT), polyaniline, or polyg rrole and in addition thereto,
pol yphenyl ene derivatives, p@ thlophene derivati veg,Hand
pol y( par aphenyl ene vi nyl tives. Algo, waer th@Nacceptor i s doped,
it is preferable that a rial be uses e organic
sem conductor. Exanples o th§ p-type organigc 30v=s€m cgpductor may i ncl ude
t hose represented by Chens. 1Ctg 9 as described above. At this tinme, Lew s
acid (strongly acidic dopant) such as FeCl3 (I11), A Cl13, AIBr3i AsF6, or
a hal ogen conpound may be ugag.,fas the acceptor (QeWMldacid can function as
the acceptor). 5 Further, in the case where the donor is doped, it is
preferable to use an n-type material for the organic sem conductor.
Exanpl es of n-type organic sem conductors include the above-nentioned
Chens. 10Chem2B80and the |ike. Then, for the donor, alkali netals such as
represented by Li, K GCa, CSééf%sthe like, or a Lew s base such as an

b

al kali earth netal (the Lew e can function as the donor)
X@ @ N= NC

) CN
N= NC CN
\

5 -~ BIPA TCNQ

Chem. 31
Z I CyHg NC CN
Q TCNQ
10 Further, as a structural example of a conductive thin-film layer, a technique

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

used for the organic semiconductor.  Examples of the p-type organic
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10 may be used. More preferably, several of the structures described above
can be conbined to serve as the conductive thin filmlayer. In other
words, for exanple, on one side or both sides of an inorganic thin film
such as the above-nentioned netallic thin film netallic oxide thin film
or conpound sem conductor thin filmcan be formed 15 with a thin filmin
whi ch a p-type organic sem conductor is mxed with an n-type organic

seni cond %&@%8ﬁgﬁr%f)p ﬁlaﬁ’g?'&ﬁﬁeﬁﬁ?ﬁ %%'};%sﬁéﬁggalpﬁ CHRER. §/th™ adleddl eg %@ggF

conducti ve ecu yp€E of ganic  seni con

doped wi t At tHib&irae,CEOVRI aci@ F(st@(ﬁh%lyteﬁé_ﬂﬁc@o@ﬁﬂ)%u&ﬁ@s%@%“(ﬂ@ﬁ Arncdamth the
donor. In such a case, it is effective to use the charge-transfer cofnpl ex
t hin fil sk, pradelogen bempatnd nmaygamitsed s the facteptoF (k¢ wisrgcidhgah dymationg t he
n-type organi c sem conductor thin filmthat is doped with the donor and

the p-ty@s @P@&ﬁ‘i’lﬁo'ﬁ)@m conductor thin filmthat is doped wth the acceptor

to have these as_t 1. Con oy . thi. I lmlaye | cones a

Lo navg X nese SlFay UBE HSTIRREYES okl e etk e

el ectr Onsn G hahiriae fop] ffel %el%ﬁﬁé €6drhiBhYuctbHT t %@1& oF hﬁ?@@' 848nic
al so considered in which the donor doped n-type organic sem conductor thin
filmand serftieoadwetptsoinchriediic @bbypaenartgaridClsems.cihtiu26 and tthe hikei | hen,

| am nated_onto one side or both sides of the thin filmin which the p-type

organi ¢ sl®Fithe sener oilkalhmetalsi ugh asdepreseriet e Lbr Rafite Csemdc B dites, o & hi n

ar e o verl SROMEESCEh A kel cahparee) he Lisos WS Srd Rt ot B lontil

thin ﬁblqhh9 @ﬁﬁgg_not need to be formed in filmshapes, but rather they
may be al so” fornmed as island shapes. By applying the above-nentioned
sem conduct or tNiode préferdbdyeeverl oiche preserds deswdbed abovd tarbbe eortbined

possi bl e to manufacture the organic sem conductor 5 element.  with high
rel i abi | itoyseayriagthsdopdertyve tundineleyepl eln ether Bogdnifer exampiel Pmongyséde of
D b 3 o M SR b O ST Bk«
el ement. fiiSmetdific Q&R hEn FHimSlof W HpodhdlsBfhiconductor thin film can be formed
15 with a thin film in which a p-type organic semiconductor is mixed with an n-type
organic semiconductor, or the charge-transfer complex thin film, or the doped
conductive high molecular thin film, or a p-type organic semiconductor doped with
the acceptor, or an n-type organic semiconductor doped with the donor. In such a
case, it is effective to use the charge-transfer complex thin film in place of the
20 inorganic thin film. |
Further, by layering the n-type organic semiconductor thin film that is
doped with the donor and the p-type organic semiconductor thin film that is doped
with the acceptor to have these serve as the semiconductor thin film layer, it
becomes a functional organic semiconductor layer into which the holes and the
25 electrons can both be injected effectively. Furthermore, a technique is also
considered in which the donor doped n-type organic semiconductor thin fitm 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 siructures
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present invention is also effective because the efficiency can also be -

I nproved. 10 When used in this way, the structure of the organic thin film
| ayer (i.e., the organic EL layer) may be the organic EL el enent organic
EL layer structure and constitute nmaterials that are generally used.
Specifically, many variations are possible such as a |am nated structure
described in Reference 2 with the hole transporting |ayer and the el ectron

transpor t ifog thewykove-arationsd Bgmécdndyielor thinufiny! 18yet 2oUgdiNetekNt® be formed in
hi gh- mol ecul ar . conmpound, and the high efficiency el enment using |1 gﬂlt

em ssi on flilswshanes; putyiather dhey may bstadseformedtdseslandshaescr i bed above, the
colors fromea o%wﬁhe or an]iPc EL I-ayerqi as .different em_ssion-colors can
be nixed as di fPErHRYIEE BFs abeVesHanfiang S&BB?%L\F%%%@ Bl olager iinethghi t e
color lig L SsL,on: . el ' ode the erganic

el enent , %eﬁ?&%ﬁ?gxﬁgoﬁﬁsﬁ{%@%@cﬁ%ﬁﬁﬁg qdéw %ﬁtrah ﬂlee é’fﬁ?&éc gﬁmgor{%ﬁg}pq TO
(i ndi unst iglera¥he@lth Hi@Ordlitsligyand Rfodyele) . and  other such transpar ent
conductive inorgani c conpound$ can be often used. An ultra thin film of

gol d or the |ikeAs snaxsmpdasthetirganicfthithfiladager dbte preserdtanectifodean be

transpareni@}(i .e., iE hhe _cgse where the light is nade to exit fromthe
cat hode siSHEFtured sughthat Hght emussion is edtained; byilenving the plseiriouelmhntdes

loed.  ouonibrebldbhaht e eERoicnBP. BiRREF D Hhed MRE AR R leEn 2 06
or all oy Wrkden? iseion19hI88 e fratRiRK Heegsfgeitﬁgﬁﬁ%qgré@ﬁ? il 18 Be'iinp@%., al kal i

earth netal or rare earth netal 1s used. udi ng e netallic

el enent8 nay be When uasd welhis voy, thx smpdtare afthizOoryBnisghé fim,lagét @le. Lihe
alloy, Ba, Ca, Yb, Er, and the |ike can be used. Further, in 2 the case
where t he TgdHe EL lpyerpansmbe the asgamiciibmlemenicongantieELi lger struglure andhi n

fil de of & |/ al b d. E f le,. Db '
the or ganonetie Mt el U TR ierdfy ol SHBUISA TORRR Ivohindlrt e

t t ' ; | lL.ght,
Pt U phAS 50088 e LACUE RIS Y PR g DS

t he organ sol ar battery can be obtal ne
of the premmspoitimgehiyepand shefdleatdy erahgsuatiag layer @R QY efotd-ldyeh G ture WiEN

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

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

20 Regarding the anode the organic EL element, if the light is to be made to
exit form the anode side, then ITO (indium tin oxide), IZO (indium zinc oxide), and
other such transparent conductive inorganic compounds can be often used. An
ultra thin film of gold or the like is also possible. If the anode does not have to be
transparent (.., 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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filmlayer may use the structure and structure materials that are generally
used in the functional organic thin filmlayer of the organic solar

" battery. A specific 10 exanple is the lam nated structure with the p-type
organi ¢ sem conductor and the n-type organic sem conductor, such as is
described in Reference 3. Enbodi nents [Enbodinent 1] 15 In accordance with
the present enbodi nent, a specific exanple will be given of the organic EL

el ement or.di t . present inventian.using,the . char.ge-transfer,
conp ox ABE e Bt bR TR 16 b AR FRicciFehyt SR8 i HlER Fim
struct ur efigh bR 88 MGalI® £35Me-usklir St. on a gl ass substrate 801 on
which ITO as an anode 802 is ‘depdsited 20 into a filmwth a thickness of
about 100 nm  Fumherbfou( Gcampplby bphsing dheNori¥anidi thive fijtln- agoz ackiording to the
(abbreviated to TPD), as the hole transporting material is deposited by 50
nm t o obtRicAeRE Waveationads pther istigctuag ethat ggeneratrgxthe clectromotive force by

tris(8-qui,nol,.nol at | um num (abbreviated to as lLght emttin

mt ot &1 3origeate didhes Meromaho ot bALSS: 65t be Bhidhadnod it iEy 8atin « o
obtain a : | ks 1Lt A first
or gant o PSR BE B GreBERRRGdSh R¥rckOBbelle il RfproR¥Eh ey, . 3
TCNQ are codepowHeadstaichired dhitRisGharick, B Arneandust theduhttichd iorgadie ki 806,
forming a layer with a thickness of 10 nm After that, 50 nmof TPD is
deposi t edils laydroiay tusartbp stiichye | aaylestru@@gbmateniils 86t dep gsiemttyorsedam of
this is 50 nmof, Alg, which serves as an electron transporting 33 .

| ayer/|i dhe glﬂ@@ﬂﬁb orgapi¢ thskilmriayer of he SFEAHE 59 CBEEGID’ayé\‘ speoibiG s

ot edo, Sl 88 1050 09 RE a0l PSR SOARIRIA Ry e, o
L5071 LRGN sl S SecAa Rk m e ent | uenl o2
shown of an

Embodiments

[Embodiment 1]

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

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

20 into a film with a thickness of | about 100 1m,
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 nxﬁ 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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organic EL el enent of the present invention, in which an organic

sem conductor that is the sane as used in the organic EL layer is included
in the conductive thin 10 filmlayer, and the acceptor and the donor are
doped to make the organic EL elenent conductive. FIG 9 shows an exanple
~of an elenent structure of the organic EL elenent. First, 50 nmof TPD for
serving as the hole transport material is deposited onto a glass substrate

901 whic : LRt NRQf rvi noge 902.
Next 50 TCaHBRP ARGk BB, Qe A GRSt 3 By BROP B ssi on
material is deppgjall§das @dcidibad BY &% ahd ateebdepdsite@ rdtd i

|l ayer/light emtti ng’ | ayer S)tgga?%gfferga f?‘r;lgs;t orgaériljia}c ELafgge%tb%%gatlms
formed i nof hOsl, vy, the cathede 803 ay form@D6 hsve adbphkaiessedf Wb0mmht MHegelsp
that the donor TTF constitutes 2 nol% Then, 20 5 nmof a |layer 907 is
codeposi t efaiy the emganiedgl slerpenitofthe PESERPIEENTTANG constitutes 2 mol % to
serve I%S a conductive thin filmlayer 911. After that, 50 nmof TPD is
deposi t’ed as a hole transporting | ayer 904b, and deposited on top of this
is 50 nm gi Ahg; %ﬁiﬂh serves as an electron transporting |ayer/light
emtting tayer . "Thus, a second organic EL |ayer 910b is fornmed. 25

Finally, as theliraténden@)itMihia ndinbediaient Codprogid ethmplealy shioom fraii o
of 10:1, and the cathode 903 is forned to have a_thickness of 150 nm to
t her eby oiganin Elhelesrepdmicthel pigsentemvenfion,hin phédean grgerist sesmicomhector

or gani ¢ RS 3y S ST 46 USRA 0 b IOrYC Ay Gt AR PR L RLEOR DI BT | m
o B e RN i ST O SSRGS
a speci f i glemearlondustiflOWFIG] 9 shoves -any Bearapadf anEblealadi®iiiuctidi vhitk® an
electrical light emtting polyner is used 5 for the organic EL |ayer and
t he conduengaune: Ehiatemhienin | ayer is fornmed of a conductive polynmer. FIG 10
shows an el en‘en{:irgtt rSBCIErlrJlroef ’ﬁ’Dt E)? ser 1%Eia% tEIE ho?(l, ?rgﬁggcirt 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 fransporting
layer/light emitting layer 905a.

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

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

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

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

30 acceptor, thus being extremely simple and effective.
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First, onto a glass substrate 1001 on which ITO as an anode 1002 is
deposited into a filmwth a thickness of about 100 nm a m xed aqueous
solution of 10 polyethyl ene dioxythi ophene/ pol ystyrene sulfonic acid

. (abbreviated to PEDOI/PSS) is applied by spin coating to evaporate

noi sture, so that a hole injecting layer 1004 is fornmed with a thickness
of 30 nm Next, poly(2-nethoxy-5-(2'-ethyl-hexoxy)-1, 4-phenyl enevi nyl ene)
(abbreviated to MEHPPV) is deposited into a filmwith a thickness of 100
nm by spin coating to 15 obtain a light emtting | ayer 1005a. A first
organi ¢ ElEmbgdimd@iB]a is formed in the above manner. Thereafter, a 30 nm
film of PEDOT/ PSS IS appl ied by spin coating, to serve as a conductl ve
thin film | ayer 0 aegprdageenwithithe pressat emhodgnening ﬁP‘P@#fléfeXWElﬂl@F&ﬁhﬂs?Vfapbl i ed
by spin c er,ye as .a li.ght emitt.i yer. 1005b, Not.e t

si nce thegg&eﬁggg? 08%3 Pjr?]]ew %MIQFSH %%md‘éﬂfgﬁ ély#é“grﬁ?léweills H§e‘fhe
hole inje I i C g 0 e

hol e i rr?] ef;étﬂl rril!ge (ﬁggﬂrhcf Em oﬁ)llst%j tﬁ%hgéﬂc@ocrt'lgk |lﬁﬂgf1h%agagg{/\hgr§)r%?h??d§ and

a fourth coghmitiveEpolyayar I6.t 00 hshovamanatkeiemnt Qrddting, of theooghagid Bt hin
filmlayer PEDOT/PSS and a |ight-em ssion |ayer MEH PPV can 25 be |ayered
al t er nat etlgmeaéor di ng to extrenel y si npl e mani pul ations. Finally, 150 nm of
Ca i s deposited,as, the cathode. this 5 of Al is osi ted
as a cap to preblit FUPaR ?‘T‘Soﬁ“lasr“a(‘,%\ Hﬁhnﬁ’BdW;l?é?]‘h (}I?)m@ 3 2R0€6r &Swith
the pres 0, ar
O@éq%‘f‘t\éﬂ%io 0 £ild ﬁﬂﬁ%tﬁl&n@% iﬂﬁﬂitsl it ﬁi]ﬁéd aﬁ?c&fs%nﬁt?of g

battery e present invention Yp€ or gani

sem comduséigetipiehd hedﬂ@x&ﬁﬁ@pl@dx@ﬁmlgs £ieC O NElRIndE laaappl(haﬂrea@até@e to
conductive thin filmlayer. First, nm of CuPc, which is the p-type
or gani ¢ sBREDEYhdEN)ois, applieds ba’ep[@lsu C@fdmglt’i@ Qmogatasmommwt rsat that hatholbes

approxi mat el y. 100, nm of O applied nt trans nt el ectrode.
Next, 50 Wﬂr?%*n@vla%| élfqbger’@e Oé@eflhewﬁﬁt yvpe! i e (,Ofge%‘?cé‘l%uct dvexh s

depOSI t edpo1@@-&58xﬁ%%£¥t@lﬂ1e%§9)-ﬁ91~£>Réﬁ91@n&1ﬁ'ylene) (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
IEL 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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junction in the organic sem conductor. This becomes a first functional

organic thin filmlayer. 10 After that, CuPc and PV are codeposited at a

1:1 ratio as the conductive thin filmlayer to have a thickness of 10 nm

Further, 30 nmof CuPc is deposited, and on top of that 50 nmof PV is

deposited, whereby creating a second functional organic thin filmlayer.

Finally, 150 nmof Au is applied as the electrode. The organic solar 15
t

battery Sbigdaldlsaidr BaerdasCihielitse aifortou® it LatTEl ¥ (1Y Sf{ﬂcxlg'tgﬁfic@}gs‘\%&é

can realize the presen ion sinply by ultinately usi

types of semmonductoorpduhdsn-tie ogduts Semidoadpctes enbppy@akithe doddRk@ed i ce,
it becones- possible to provide the organic sem conductor el enment which is

hi ghly rethigile lager. nas good 20 yield, without having to use the
conventional ulgtra thin fil Further, particularly in the photoel ectronic
devi ce using th H%r q&ir{f“s‘éﬂgg uﬁ’m 1 htgeePTIYEff EHgYnIS S¢rRiconductor, is
phot oelsec ; } be. 1 0 . i . ter

Conpri & recry ea i AR gk SHsHRICHAS ha? b ifReety; 10% 361 BE 198 biples

bet ween tymtoeit asta @aigsparenvhsdé@rdtie. S Next] 5D @G lof T aYhich Rival SRR nk 2,
and a thin filmlayer provided between a k-th functional organic thim film
| ayer andorganik sempondueioncis depositedgamidcCuRerand PV laay ersed wheferim akpis an

integer of 1.< .k n-.1), .wherein the first to p-th functional_ organic
thin fil nupgyjerdn 3&3@5%36@16?11 @F at Thig bscomnes adirschunctional orapricghin

absor bi ngﬁiirﬁ@%;er. and wherein the thin filmlayer conprises a netal oxide.
2. The sol'ar battery according to claim1l, wherein the netal oxide is

sel ectied from | Afer 4p) CPPOEnd PAPRR! cokep8itedCaled 1 rafyiadene é&ﬁ&%ﬁv‘é&hfjﬁrﬂ de,

titani um oxi de, niobium oxide, nickel oxide, neodym um oxide, vanadi
oxi de, bilghmidyanio daye methj¢knessrofll mmunFoxthes 30bnn eif CuPdis, deprgited, amd
8?: ggi m)(l)a/ tt)gg r}) n?h% iS%eI’lml g? tPh\z/ir}lsJ n&e%)éisi?gd, \Lrilft:r%ilgngrgétiigg a 2Qc%nrciu%ur}1%?iiolrjlg
organic thin film layer.
Finally, 150 nm of Au is applied as the clectrode. The organic solar
15 battery structured as described above is extremely effective because it can realize
the present invention simply by ultimately using only two types of organic
compounds.
By reducing the present invention to praéticc, it becomes- possible to
provide the organic semiconductor element which is highly reliable and has good
20 yield, without having to use the conventional ultra thin film. Further, particularly
in the phbtoelectronic device using the organic semiconductor, the efficiency of the

photoelectronic device can be improved.
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3. The solar battery according to claim1, wherein the netal oxide is

sel ected fromtitanium oxi de and nol ybdenum oxide. 4. The solar battery
according to claim1l, wherein the first to n-th functional organic thin
filmlayers each conprise a lamnated structure with a p-type organic

sem conductor and an n-type organic sem conductor. 5. A solar battery
conprising: first to an n-th functional organic thin filmlayers provided
between two el ectrodes, where n is Gimanteger equal to or greater than 2;
and a thin filmlayer prOV|ded between a k-th functional organic thin film
| ayer and a (k + 1)th functional organic thin filmlayer, wherein k is an
integer df A solarkatteyrcomplising: mherein the first to n-th functional organic

thinfilmlayesarec ableo hot pel ectric current by
absor bi ng | i ghtrst @y Rotene) great aﬁhﬁﬁgﬁrﬁ él%grbet:‘ﬁ?ﬂrfwe codeSnpound
sem condugiedd n is £ intk36r ¢ EQBCQ%hkﬁﬁﬂu@gpghglng to claimb5, wherein the
conpound sem conductor i's selected fromzZnS, ZnSe, GaN, Al GaN, and CdS. 7.

The sol ar bat t @rthind8eclesnmyovided betiweersa kthdvrdtionalnsgdsie thin film Aayen and

funct | ong) 0 Bkt ol ofebhDARKRRSIASAINGEIN 38 iflendr AP N3 £0, Sy uot ure

with a p-type’organi c sem con nﬁ an n-type o ductor.
8. A sol ar bat wdeyeic ol firsti togn-ti |fu1$dnohal orghdicfthin filmriayeroragavagabldibh film

| ayers provided bet n two electr e.n is an integer equal to or
greater t&3 aféng%ﬁlb"tﬁgi?‘m’ﬁc'fnirﬁ’% Y ‘ﬁgéiggﬁéﬂdbet ween a k-th functional

organic thin fIvJuaéu@wtmﬁrfﬁm1ayérleoﬁ1p;1)sésfhﬁluﬁp&x19@al organic thin film
| ayer, wherein k is an integer of < k< (n - 1), wherein the n-th

functional organic thin filml ayers are capabl e of generating a

phot oel eGt 1 e GUfaf HiterP¥cBRARE B dind 1 9Nt and

wherein the metal oxide is selected from 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, and ruthenium oxide.

3. The solar battery according to claim 1,
wherein the metal oxide is selected from titanium oxide and molybdenum

oxide.

4. The solar battery according to claim 1,
wherein the first to n-th functional organic thin film layers each comprise a
laminated structure with a p-type organic semiconductor and an n-type organic

semiconductor.

5. A solar battery comprising:

first to an n-th functional organic thin film layers provided between two
electrodes, where n is an integer equal to or greater than 2; and

a thin film layer provided between a k-th functional organic thin film layer and
a (k + 1)th functional organic thin film layer, wherein k is an integerof 1 <k <(n- 1),

wherein the first to n-th functional organic thin film layers are capable of

generating a photoelectric current by absorbing light, and
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wherein the thin filmlayer conprises a charge transfer conplex including
an el ectron acceptor and an el ectron donor. 9. The solar battery according
to claim8, wherein each of the electron acceptor and the el ectron donor is
an organic conpound. 10. The solar battery according to claim8, wherein
the first to n-th functional organic thin filmlayers each conprise a

| am nated structure with a p-type organi c sem conductor and an n-type
organi ¢ sem cufhdrent e thit filmAawocamphsdstasoynpoongp sérgicongrducfarr st to n-th
functional organic thin filmlayers provided between two el ectrodes, where
nis an integer equal to or greater than 2; and 38 a thin filmlayer

provi ded sbetTwe estapbditelhadcofitiid ®ddinos,ganic thin filmlayer and a (k + 1)th
functional organic thin filmlayer, wherein k is an integer of 1 < k <_ (n
- 1), wherein Maerein the comppund; serendeten iveelasied Fom ney.| A¥ayEil are
capabl e gfigaRengi@jdeng a photoel ectric current by absorbing Iight, and
wherein the thin filmlayer conprises a it-conjugated organi c conpound
which 1is doped by a donor or an acceptor. 12. The solar battery according

to claimy1l erei.n the acceptor. is a Lewis acid. 13. The solar battery
g She PR G R aPiRER Riim 3,

accordi ng or is selected froman al kaline netal

or an al kali eahttimeieatirst tol 4-th TagctiobRborganict thiny filg dofetd BaLht @nidriem 11,
wherein the first to n-th functional organic tEin filmlayers each conprise
a lamn atedl  giEetie With e P-PPey PEaBc g fEe O offifu GRoR-TEd OBFIH: t ype
organi ¢ SafFbeaRgyctor. 15. A solar battery conprising: first to an n-th
functional organic thin filmlayers provided between two el ectrodes, where
nis an integer equal to or greater than 2; and

8. A solar battery comprising:

first to n-th functional organic thin film layers provided between two electrodes,
where n is an integer equal to or greater than 2; and

a thin film layer provided between a k-th functional organic thin film layer and
a (k + 1)th functional organic thin film layer, wherein k is an integerof 1 <k <(n- 1),

wherein the n-th functional organic thin film layers are capable of generating a
photoelectric current by absorbing light, and

wherein the thin film layer comprises a charge transfer complex including an

electron acceptor and an electron donor.

9. The solar battery according to claim 8,
wherein each of the electron acceptor and the electron donor is an organic

compound.

10. The solar battery according to claim 8§,
wherein the first to n-th functional organic thin film layers each comprise a
laminated structure with a p-type organic semiconductor and an n-type organic

semiconductor.
11. A solar battery comprising:

first to n-th functional organic thin film layers provided between two electrodes,

where n is an integer equal to or greater than 2; and
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athin filmlayer provided between a k-th functional organic thin film

| ayer and a (k + 1)th functional organic thin filmlayer, wherein k is an
integer of 1 < k<_(n - 1), wherein the first to n-th functional organic
thin filmlayers are capabl e of generating a photoel ectric current by
absorbing light, and wherein the thin filmlayer conprises: a first |ayer

conprising a netal oxide; and a second |ayer conprising a first p-type
or gani ¢ seni coadbiotfdm apérgrovided btpech avkith fanctianad epgamic thirefilnT feyes andar

battery acgcqardi,ng to claim.15. wherein the first tqg n-th. fuynctional organic
Chi ettt ey e okl legtit Bun JSIRER L8Gana i ileBrof 1 R REREDRG o Pype
or gani ¢ sem comdherdirothaffightan mH Hipetioha)adtigenic IRins filth d@yy @t tapable/of A sol ar
battery conprising: first to n-;bh &;ch,ti%réﬁl organic thin filmlayers

pr ovi ded 265R¢Taih? PhRsodecle PyuaY by absnsbise light a8d, "i nt eger equal to or greater
than 2; and a oL | ‘%Hnﬁfrg V - i I ani c
thin filml ayewgf%ﬁ Mgrﬁ(l%ﬁrﬁ{ll)a? f} funct F%ﬁg},&gﬁl ar?iﬁc? %ﬁl}&n%lﬁl?d%ﬂ?%/}gé}g

wher ei n ks deped pyiardongeer asfackeptor. k<_ (n - 1), wherein the first to n-th
functional organic thin filmlayers are capable of generating a

photoel ectric current by absorbing Iight, and wherein the thin filmlayer
conpri sed2. aThe kelhr badtgsr accoriig toidkgmal Ipet al  oxi de; and a second | ayer
conprising a first n-type organjc seniconductor which is doped with a
donor. 18. Thewé’STeéRthﬁé‘P‘f"é’F%P%lEtSW&ﬁ% ‘to claim 17, wherein the first to
n-th functional organic thin filmlayers each conprise a |am nated

structure with a p-type organic sen conductor and a second n-type organic
sen condddt ofhe agar battery according to claim 11,

wherein the donor is selected from an alkaline metal or an alkali earth metal.

14. The solar battery according to claim 11,
wherein the first to n-th functional organic thin film layers each comprise a
laminated structure with a p-type organic semiconductor and an n-type organic

semiconductor.

15. A solar battery comprising:
first to an n-th functional organic thin film layers provided between two
electrodes, where n is an integer equal to or greater than 2; and
a thin film layer provided between a k-th functional organic thin film layer and
a (k + 1th functional organic thin film layer, wherein k is an integer of 1 <k <(n- 1),
wherein the first to n-th functional organic thin film layers are capable of
generating a photoelectric current by absorbing light, and
wherein the thin film layer comprises:
a first layer comprising a metal oxide; and
a second layer comprising a first p-type organic semiconductor which

is doped with an acceptor.
16. The solar battery according to claim 15,

wherein the first to n-th functional organic thin film layers each comprise a

laminated structure with a second p-type organic semiconductor and an n-type organic
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semiconductor.

17. A solar battery comprising:
first to n-th functional organic thin film layers provided between two electrodes,
where n is an integer equal to or greater than 2; and
a thin film layer provided between a k-th functional organic thin film layer and
a {(k + 1)th functional organic thin film layer, wherein k is an integer of £k <{n- 1),
wherein the first to n-th functional organic thin film layers are capable of
generating a photoelectric current by absorbing light, and
wherein the thin film layer comprises:
a first layer comprising a metal oxide; and
a second layer comprising a first n-type organic semiconductor which

is doped with a donor.

18. The solar battery according to claim 17,
wherein the first to n-th functional organic thin film layers each comprise a
laminated structure with a p-type organic semiconductor and a second n-type organic

semiconductor,
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