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Field of the Invention 5 The present invention relates to an electronic

devi ce enpl oying an organic sem conductor. Mire particularly, it relates

to a photoel ectronic 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
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synthesize organic materials having various functionalities. Further, the organic

compound is characterized in that films and the like formed using the organic
compound demonstrate great pliancy, and superior processability can also be

15 achieved by polymerization. In light of these advantages, in recent years, attention
has been given to photonics and electronics emplbying functional organic materials.

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

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

25 On the other hand, since organic compounds do not have carriers
themselves, they essentially have superior insulation properties. Therefore, in the
field of electronics where the electrical properties of organic materials are utilized,
the main conventional use of organic compounds is insulators, where organic

compounds are used as insulating materials, protective materials and covering -

30 materials.




2 6 MAY 2006 However, there are .neans -for maki ng massive anmounts 2f MAY 2008
electrical current flowin the organic materials which is essent-aﬁl)}A
insulators, and they are starting to be put to practical use in the

el ectronics field. The "nmeans" discussed here can be broadly divided into
two categories. 5 The first of these, represented by conductive polyners,
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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 clectronics 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
clectrical current which is made to flow by injecting a space charge from the outside

25 and lrioving it, the current density of which is expressed by Child’s Law, ie.,
Formula 1, shown below. In the formula, J denotes a current density, ¢ denotes a
relative dielectric constant, g, denotes a vacuum dielectric constant, 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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30 2 2 6 MAY 2006 Fornula 1 J =.9/8 eeot V2/d3 Note that the SCLLq MAY 700p
expressed by Formula 1 in which no carrier trap 5 when the SCLC fTows 1s
assunmed 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 voltage, but both the SCLC and the TCLC
are currents that are subject to bulk limtations. Therefore, both the
SCLC and :ﬁﬂef]%&%g are dealt with in the sane way herei nbelow. 10 Here, for
conpari son, la 2 is shown as a fornula expressing the current density
when an Ohm cur rjen | a ding to Chnm's Law. a denotes a
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conductivity, and E denotes an electric field strength;

Formula 2.

15 J=0cE=0- VA

In Formula 2, since the conductivity o 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

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

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

30 of a normal semiconductor or more. Thus, an organic material with a great carrier
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latently transporting a carrier;~can be called an "organi c sem conductor”.
I nci dental ly, even anong organi c sem conductor elenents which use the SCLC
as described above, organic electrolum nescent el enments (hereinafter, 5
referred to as "organic EL el enments") which use both the photonic and
electrical qualities of functional organic material as photoel ectronic
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15 emitting material (fluorescent material) as the electron-transporting compound.
By applying voltage to the element, light-emission can be achieved as from a light
emitting diode. |
The light-emission mechanism is considered to work as follows. That is,
by applying the voltage to the organic thin film sandwiched by the electrodes, the
20 hole and the electron injected from the electrodes are recombined inside the organic
thin film to form an excited molecule (hereinafter, referred to as a "molecular
exciton"), and light is emitted when this molecular exciton returns to its base state.
| Note that, types of molecular excitons formed by the organic compound can
include a singlet excited state and a triplet excited state, and the base state is
25 normally the singlet state. Therefore, emitted light from the singlet excited state is
referred to as fluorescent light, and the emitted light from the triplet excited state is
referred to as phosphorescent light. The discussion in this specification covers
cases of contribution to the emitted light from both of the excited states.

In the case of the organic EL element described above, the organic thin film

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




In the case of the organic EL elenent -described above, the organicythiMAY 2008
film 30 is normally formed as a=thin filmhaving a thickness of -about 100
to 200 nm 4 26 MAY 2006 Further, since the organic EL elenent is a
.self-lum nous element in which light is emtted fromthe organic thin film
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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 transf)orting 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 elecirodes (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 generatéd by the light flows due to

30 the carrier mobility present in the organic material.
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organic material. 5 2 6 MAY 2006 In this way, the organic material, which
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15 doped with the acceptor/donor, its conductivity increases but it stops emitting light.
Therefore, in exchange for obtaining the functionality of conductivity, the other
various functionalities which the organic material possesses are sacrificed.

Further, although there is an advantage in that various conductivities can be
achievgd by adjusting a doping amount of the acceptor or the donor, no matter how

20 much acceptor and donor are doped to increase the cﬁrrier, it is difficult to
constantly obtain a carrier density equivalent to a metal or of an iﬁorganic
compound that is equivalent to a metal (e.g., nitride titan or other such norganic
compound conductor). In other words, with respect to conductivity, it is extremely
difficult to sur;;ass an inorganic material, except for in several examples. Thus, the

25 only remaining advantage is that the organic material is extremely workable and
pliant,

On the other hand, in the case where the SCLC (hereinafter, SCLC includes
a photoelectric current) is made to flow to the organic semiconductor, the physical
properties that the organic semiconductor originally had are not lost. A

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

6




25 only remai ning advantage is that the organic material is extrefedyWAY 2005
wor kabl e and pliant. On the other hand, in the case where the SCLC
(hereinafter, SCLC includes a photoelectric current) is nade to flowto

t he organi c sem conductor, the physical properties that the organic

sem conductor originally had are not lost. A 30 representative exanpl e of
such is none other than the organic EL elenent, in which 6 2 6 MAY 2006 t he

l'ight em sgioRghtr omidstéh fildiRriRe Cffﬁﬁreé@ttn‘?r&@efiépkﬁgﬁﬁwg%gﬁ{;ma Sflgglrﬁés‘l:)

is utilized even when the electric curren

sol ar bat twilyzedadven wheh itheslectitc Eumedti iomadd 1o Sbwl | dte @%ﬁﬂfcpédlé’r”b?t?{erme
organi ¢ seni conductor. However, as can be understood by | coking at Formul a

1, since t#Heo giliees the fgnetinnalisy pf lighogworptimab e theorgric 3ethipmwhrctaf t he
t hi ckness d, the,SCLC can on be, made to fl.ow through structure. .
consi sting of eﬁé‘g‘fv%ﬁreés §3ﬁ:§%&‘@lﬁ’§£ﬁt‘?‘lf%&’9k@ﬁﬁf Heeguky ﬁe%kftl‘?eeﬂ’él SCLA 8
films. r b § : Lol . ryi Ility 0

or gani ¢ e ot s et B theBtd Bowkb 85 BET BRI, WY SRy cuh i be

appr oxi nmatmbye 100flom tlrod@h anstrutlurkt cdidtinge of NWWRMRIes dandlviheRIQPIRY
t he above-nentioned ultra thin film structure, a significant anount o

SCLC can baufasge of sxtieswlnthindiime| tMyes s@wificalbasindighhyf the gengrahicarrfr
el enent such ﬁﬁyt Bf one discussed in Reference 2 is successful is _because
S

the t hi ckri888 OlgAGUNTRAEHRLS: 1 thensiraciyss gel bes an ulisa r dimi Jilm ofa
thin fil mﬂﬁj\f'ﬁ%ﬁd&wmﬁs& %bdﬂﬂproxi mately 100 nm 15 However, the fact
I'c mus €

that the t ness be made ‘extrenely thin actually becones the

bi ggestiopr obl em luHenrid)hoNaver, al@geadddtieOitte Shdvitmehfohdt® uke) thﬁ'l”fihﬂiopt

film it is easy for pinholes and ofher 'such defects to develop, and s
circuits aithctingen ssgificprichens ofSULCcua homabe e flovauslow valtagaceOnet hat
yield may deteri.orate. Furt%i;, not onlﬁg does the nechanical strength of
the thin fERRDY els prganky Elaeloment sugh mst hetana discusssdensRefosenge 2ois

o) e kA B ok AL D bk T BignifB 41

uniformly ultra thin film having a thickness of approximately 100 nm.

15 However, the fact that the thickness d must be made extremely thin actually

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

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

Further, when the SCLC is used as the electric current, the physical
properties that the organic semiconductor itself originally possessed are not lost,
and there is an advantage in that various 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 t @GF9Pw (Reference 4: Yoshi haru SATO, "The Japan Society of Applied
7 2 6 MAY 2006 Physics_ / Organic Ml ecular Electronics and Bioel ectronics”,
vol . 11, No. 1 (sodepcribed@bovy, inshe desinei weeedbouecepitor ohthedbriords dbpe@ t he

acceptor qr the donor is dope to pr.oduce conductivity, functionalities
ot her tha OtREOdéISHdﬁ%I?(El i ya?fé‘nFBQ‘F?‘l“??SFGFIWiea'{ani g hePBIETIFEY wies dosthe

SCLC i ssu : dyct L . l.ow ' . nts
of an of eary1ies L 8R/BEfe BRI HEL SEHQ s WR 10 RPuRt, Bl SRASURARETHE,
probl ens rfkgeingi of) nidssivel menhtsSof @hi @BktrichY cafent MdohpkSthe! MEladanh Aidny. 10
phot oel ectroni c devices using the organi c sem conductors, such as organic
EL el enentbgcamgs 8rcgusd ef pwblems sgaedingdhe tloereat’s seladtsbityaarpt tiolldm. wi th - 10
respect to effi iegc}i. The OL%ELPEHEL&I ement will be discussed as an
exanpl e. The |i JRtideRidlys Phg O8I GFVICHD UBINGAHE OTBRNIS| WHHEPNGUCtDsat

nto 11 gnteciep S ARCES, AEREAR aldRRaR: IS o BER dp @ S bisity BTN AT

one thDOﬁeége@mdéﬁicﬁ@ﬁgnbi nati on of one hole and one 15 electron, and it
is not be possible to extract a plurality of photons. That is, the
i nt ernal quant unhef prganéndyL (¢lemenuntidlr bof discussed dasphot exmmpliet h Tes pighit

I njected cartiers), shoul d%tge at nost 1. However, in reality, it is
di ffi cul t THUHE MgchausmRing srgapie hluslearont & at {he igjesied holejandmiectron

cxarm! 2| Skl 0 teh DRTAOBE 5o oSGk PSSR,
for 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
éarriers) 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 element 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
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the singlet excited state (S*) and the triplet excited state (T*) :eg
considered to be S* : T* =1 : 3 (Reference 5: Tetsuo TSUTSU, " 2kt Mo 12086
of the 3rd seminar at Division of Organic Ml ecular El ectronics and

Bi oel ectronics, The Japan Society of Applied Physics", p. 31 (1993)).
Therefore, the theoretical Iimt of the internal 25 quantumefficiency is
0.25. Furthernore, as long as the fluorescent quantumyield fromthe

bven | overuERERT Bt o, Mfbre St shAEULIhE Bty ERRVET, ChipWgE hootdes 5 °P
phosphor esefifdvenahiel iigl & hecedss theubd %tpn@gg&g %I{trﬁmériﬁ Wihple?thiggl

excited state to bring the internal quant ciency’s theoreti

limt cl oghosphore3&ent apubntiemdceffibenef fg,ci eFtryefaes, Udk! vnge 2 GeMbYioR0RR the
surpassing that of fluorescent material ~has been achi eved. However, in
order to MHelefial & uppvoidably resactedsalhis i bewuse phigapn closspamdsntiat caal

cel ccti on o BARSAERERF Don (bR Fipety G coPBinsly 5 &' T4 bocauee”
organi c conpounds &gt wiitlls, ¥ HBads 8 8%@5&?1&%5&%%%%12%?1%% g‘j%@dkfég?ﬁéaqt ure

are extrenely rare. In other words, It nmeans co struc

i nprovi ng duneene kffidiencya(the brigharss &kl gém&ted(ih lelatibh 9b tiesiRcirR¥éB burrent)
generated in relation to the electrical current) of the organic EL

el enent, t9fi henpigeaio &Ly elgraent, ithisowarlbbe a fgredteinsiorativi.calf theueleetrical
efficiency_is i roved, . a. greater | evel of brjghtness can be produced wth
a 10 snal %/Céllrre@k g@i‘??’&%ﬂ lsc’ﬁ[%?ré’ﬁ?(‘.i Etgﬁ?g‘?"slgﬁ’?},o Tighingsscag) PW%@&PE(YHF}F ant
can bepe : Levlng | ' | av terjoration
caused by AR deGrBaEIGR0 THETHIRIY e BEMERCR lrod WBnt FLRES

ul tra thirfof idchiexingl@scsrtdie chragloness ©asl, hbe r@fete@dtiod NQuEaY &y StheShiadGilyer €
of the organic EL elenent, which is to say the 15 photoel ecfric conversion
such as i rpeEtgglecteicabrurenianade yo flowv todfef ildiacthin filmpasedescribed Above
descri bed abqve, .in fhe organic solar battery using the conventi onal
organic <SEMPEINAESSSDr the electrical current does not flowif the ultra

thin fil %Evggfwgﬁrﬁg gL ot ThE Db IR Y. feBlchf, bhillPlis Py e
15 photoelectric conversion such as in the organic solar battery, is inefficient at present.
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 proBlem is considered to be
the largest reason for the poor efficiency.

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

25 organic material, the reliability and yield from the device is influenced unfavbrably.
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.
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thin filmis adopted, a problemarises in that the |ight absorptigrﬁ MAY %Uﬂﬁ
efficiency is poor 20 (i.e., the light cannot be conpletely absorbed). Thrs
problemis considered to be the largest reason for the poor efficiency. In
i ght of .the foregoing discussion, the electronic device using the organic
sem conductor has a shortcomng in that when the nmassive electrical current
Is mde to flowin a device utilizing the physical properties that are

[ to the 2 ' {-er,i th l.i abilit. d yield f th
dovi'ce 19 inf udhosaohn AR TRRE A e mlFrrE duon 3 o6 TRl piv nccpt
phot oel ectd etid Strl@vite Bf tﬁ@@oﬁ@édtfﬂnﬁpﬁi’%ﬁ]{jc tsg&ﬁi(ﬂ)gl\ﬁhgﬁr rééé@%?ﬁ rt?iH-FrQ?ﬁj% an

probl ens basically can be said to aris rom-t

st r uct ur eorganihigemimondattioo s Emert gaith nosemliy(gmaieﬁt@fabﬁitzrmlmTalsoaﬁgﬁéﬁ%ﬁif OF
THE | NVENTI, 9 2.6 MAY 2006 Therefore, an object of the present invention
is to intd uSing e gisesationd whe shinuBlmr e Asfothere objset exft thenghesengani c

sem condu el e t,. to proyide.an or i c sem conductor elenment with
ot ony S PERt dmerets e TRack: dnaie pRErRsICcHR cevicss vagia fle
convent i opgatanid tdmichbfictht ! m Anot her object of the present 5 invention is
to inprove the efficiency of the photoel ectronic device using the organic

sem conduct or. The invamot of thefpresunt Pivseivh, hy esuliosr, repeatdd ifeHbd si@flies,
repeated i ntense studies, has devised neans capabl e of achieving the

above- nenbabHevisedmaans wapadlenirohicving the gbencmsativnehobixco byt dvanbingngloped
w th an acceptor. or a donor t%]r{‘ake It 10.conductive, and an organic .

seni condul¥ SR HRRiTORAuER] Fhatsis donpd with: AR ArSeRIRE O £itQimgke the
nost basgi u sl tnGFELG. A . . ni c
e conducy Uit iy Wl digtilic sqminficld i hickap S EL G WMo A B M cen

an anode aomductivatyhodthe hbartesir griptdrethedeb? Bl showdidl Figg.ed an organic thin
filmlayer (referred to as a "functional organic thin film15 layer" in

the. present spEEEfilcdiomenyn fooganiesemicongluetor demefiticompoised iof i as otganic
whi ch'a SRS RS Gh oEehe A bR yndop: PR S pblr BTSN, o
by anot hef, ighban organic thin film layer (referred to as a "functional organic thin film
15 layer" in the present specification) for realizing vafious 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
connected substantially ohmically to the functional organic thin film layer (in this
20 case, the conductive thin film layer is particularly referred to as an "ohmic
conductive thin film layer"). In other words, obstructions between the conductive
thin film layer and the functional organic thin film layer should be eliminated or
extremely minimized,
By adopting the above structure, holes and electrons are easily injected each
25 from the ohmic conductive thin film layers into each of the functional organic thin
film layers. For example, a conceptual diagram of an element shown in FIG. 1 as
n = 2 is shown in FIGs. 2A and 2B. 1In 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 Jayer, and the holes are easily injected from the first ohmic conductive thin film
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What is inportant here, is that ‘the conductive thin filmlayer shou#%laﬁy ;ﬁﬂﬁ
connected substantially ohmcally to the functional organic thin fr I'aye
(in'this 20 case, the conductive thin filmlayer is particularly referred
to as an "ohm c conductive thin filmlayer"”). In other words, obstructions
bet ween the conductive thin filmlayer and the functional organic thin
filmlayer should be elimnated or extrenely mnimzed. By adopting the

above str r I o) e i Lhj.ec fromthe
ohm c conggc?i i\?’etopéﬁisﬁé?ﬁ%uﬁ%%ag ﬁ?@ceglgﬁs%lw tiagérf uﬁ?ﬂ?@%ﬁ%‘%&%ﬁ chin
filmlayerexterhal cexanpd @oleame@os €finiahe dhodd aivald Mo @R bnd eV ekfof! G
1as n=2is shownin FIGs. 2A and 2B. In FIGs. 2A and 2B, when an

el ect ri calmovgs frage the capsidecovred iberanode FHGdEA9nd Hineewat ftode) abdeebér ons
are easily inject froma first ohnic condyctive thin filmlayer into a
first fungﬂdS*f’i‘l)o‘gﬂlférho th ﬁleﬁrwnagg th%ﬁe@, tlawdTemdln ohaic spadietive thin

I njected f ' ' cl:lv ' i 10 ,2 6 MAY 2006 | ayer
into a gegg%q#gﬁg%é%mﬂg%gﬁﬁﬁéﬁqﬁidr#efoﬁf)}rhpkg&/ée'rj.%en vi ewed from an

external circui tHere, bg |n$alﬂﬁ%’%§cﬁ F@HBoNE] SFRAR ﬁ]%?lgl I%V@rz%?ﬁmdfthi@lﬂ%sﬁn

electron noves fromthe cathode toward the anode . However, 1t
can al so i8¢ 1Q¢hdsr ¢ @08 nrhasr soslher; tiee ehreiet ioecteddintd eadio fendtiomal forganithe

ohm c condyucti.ye thin 5 film]|ayer back toward the opposite directions
(FG 58 HiaFlD [yehaennes s 1 miom ahdhecs Gl o T 15 1T aarhynciomiave
a thickness Oe: 0 . | er he_ car.ri.er injected into. each
funct i ona?ﬁ%?lggr#lgl fi |1tr‘1‘19?%%nﬁﬁg§}§'ﬁalitgﬁd%§l ﬁﬁ?ilgﬁf §THTOW &8 q‘[‘?}gﬁ@&d&rw at
i's, inigaghorhyhe€ inienatt ptekialFot ﬂh'erbrgéﬂimnﬁaﬁé’ﬁﬂcaﬁ Hefeghiz@nal i ty (such as

| ight em ssion or the |'ike) derived O fromthe 1 nherent physicality of
the organi ¢ mat évibaloveanvhen tleabisiedtrubire of ¢hie prdsent inventiasiic applied;tthee of
the present invention is gggl ied, the organic structure can be nade to

have any ASEBRYE SHUCHHE GeRdismadpite have agxidegrra 9f thigkress, whiehos eaitromslys,

cosure, ekl U8 S0 SO S BETHL f " o0 L
fﬁga ,eb'; gifuﬁai@iaﬁ%géﬁelthgﬁfillﬂqayéf 363 aPRldRAChA bBGvdeh! MMchilbRE B Sarfh 1O

15 anode 302), a given electrical voltage V is applied to the film thickness d to thereby

obtain an electrical current density of J (FIG. 3A). Here, in the case of the present

invention (FIG. 3B) with the alternatively laminated 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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obtain an electrical current density of J (FIG 3A). Here, in the 2aﬁsewqf 7008
the present invention (FIG 3B) with the alternatively | am nated 'n nunber
of functional organic thin filmlayers 303 simlarly having filmthickness
d and (n - 1) nunber of ohmic conductive thin filmlayers 304, where it
was only possible to flow the SCLC into 20 the thickness d (which was 100
nmto 200 nmin the conventional art), the present invention appears

equi valent to f L. N . [ the current density J to, a, film

t hi ckness nd, | H(sﬁm’agyiaﬁ“’t%%elgég@é Qs sfitpnge “é‘i“ e, dterngtShip amimaled,
effect i Suhditnadiorfhiic 86n Ah Tahes dnd CORARSIVE! Mih VE§RL | art
because noumttgr OIEOW much vol tage ias appl i edtvgtﬁltlaIll g&%qgg%eﬁﬁ@yb%&

fl owi ng i Sembwniductortdiémkniesan nizkehbe GESCvibow ihhiredter Gimcihickaess thvisin

si mply rrezﬁls onl thaﬁ an electrical vol trg)ge nV is_required. However, the
el ect r oni HGEQPREYIQN fgt-t nENISr RIceBt Sithined gt ertilcapweadihis copgeptcenre t he

D oper 1) o SoVIRRN He Hhblibd ilthet e 50 A HeltB e b SIS ool BSMY
there is @chidPe NBARNYSsiBhHT Al ir0Brdaifc sgﬂa't Mitblity wiiich Llisizy¥ iaewot%le?c

device. 11 .2 6 Y 2006 Thus, by providing the organic structure with the

al t er nat ekyrieatmand taed saidutochavendle opgmitccmtthanido lof thayggagio L eiemettsy e
thin filmlayer, the organic sem conductor element can nake the SCLC fl ow
i n great erltheiqoRCER! GRdssbe appligdbroadly eortherprganigiscareondnsier elomesnist di d

ol emont s wher e 18 Qeite ReSREHER 47 PreRoin o Boke Rrog st DRTERE | rn
! Bre e i 1t ¥ . t Ny
o hav el T e RO ARt EOmPEEY O 4 DR b GG Loiaid 89, ocRCnBRy <o

al so be apphiratingranadhyniber of fienctnghoiganiethis dilduayers (i@ atis an Thegef or e,
according to the present invention, there is provided an organic 10

seni conduéflBtl © ensrrateroiipriDeernsistiag ofr g distcthsougic anmettf Hroasionsl organic
sequenti al |

'V i j f f i | i hi film,l
Conore n- Cuh gt RBB pAYER ah 4058 ing i cattPae kBATesy Tedan doitg concaChys st
through am,f- hilinf et RNl RER kGt 1 ilddi I R¥EER fEhMEeHe@RANRdE ANd @
C d In that™ a ve

cat.hode, aracterrze conduct’l

15 functional organic thin film layer (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 cdmpound.

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

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

25 equal to or greater than 2) consisting of a first through an n-th functional organic
thin film layers between an anode and a cathode, characterized in that: a conductive
thin film layer in a floating state which includes an organic compound is without
exception formed between a k-th functional organic thin film layer (where k is an
integer of 1 < k = (n - 1)) and a (k + 1)th functional organic thin film layer; and each

30 of the conductive thin film layers ohmically contacts with each of the functional
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t filmlayer in a floating state is without exception forned betigeHAd 7006
k-
k:

in

th 15 functional organic thin filmlayer (where k is an integer of 1 s
5(n- 1)) and a (k + 1)th functional organic thin filmlayer; and each
of the conductive thin filmlayers ohmcally contacts with each of the
functional organic thin filmlayer. In this case, as the conductive thin
filmlayer, it is preferable to use an organic conpound instead of using a
nmetal or condﬁﬁti%e %Porganic conmpound. 20 Particularly in the case of

t he photogﬂ%8¥? PAIFLAYER "whi ch requires transparency, it is preferable to

ph | ranspar pref er abl
Uhere Ts provi did ooy okl CoBEEr e BERRCI B TR PO I PR

struct ur e okganiedthly fSieguagtt dhnyicall@rémad | DGubLtahtil uiedledtU ieddmeRakhs
organic thin filmlayers (where nis an integer 25 equal to or greater than
2) consi stesgfilsrd abave; 4t is hmpogantate adept thermtamnal whiga the cotduativiei thim

| ayers be en an .anode and cat hode, -characterized . in that: a conductive
thin fi ? mtff‘iﬁ‘ygk}w rFSatOQFF’Sat ?%gh% LB WIGHHOmPIYRG, %@ﬁ%damrg@nflep%wﬂg‘mﬁhei s
wi t hout ' f between a k-th functional organic thin filmlayer
(where k ?g&ﬁﬁ&f?ﬂtthggfedgﬁg.f 1sk:s(n- 1)) and a (k + 1)th functional

organi ¢ thin filThekeyes, acepeligReh tﬁ@Pﬁsehbﬁw@ﬁﬁsﬂ,Cﬂ]weeist oRiddd #a bRyalie
ohm cally contacts with each of the functional 12 2 6 MAY 2006 orgahic thin

filmlayescmigauwiucior detent compuisedaif amergondstucines tfthimed iblynsdgagatialby t h
the functional ., organic thin filmlayer ohmcally or in a substantjally
equi val entla angl nughes of th@F%FBE?l@,quHtIC thinifpblayars (wheragdpant integesans

i N whi C ' .o fikmlayer 4s fLormed of t.he organic_conpound
and thid1 S REBHEHAE ah"pPedisiffioglyEh 5t RRTED 48 n-brFuRaRERL BrEniE
accor di ng thip e 18ees BowdeAVANARRIY ald @ ERhbe, MY H&5zeindheR R Gnductive

sem conduct or el enent conprised of an organic structure forned by

sequent i althip filmrhyert inng fhatingnuiatoewhich chekes anadrganigacompodimid i wHthduayer s
(where nis an_in%ﬁe{ger %0 equal to or greater than 2%_ consisting of a first
t hr ough afXFERtHTY Iprmsdobeivespghkith fuppiionaljqrganig hins libatlagem(vekergdodeannd a

cat hode, ?ﬁ%@gﬁc&ef |szl§g (inrl f)?%ﬁc:l aa(kql-oil)CéH%riﬁFonal organic thin film layer; and each
15 of the conductive thin film layers contains at least one of an acceptor and a donor
- for the organic compound.

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

20 equal to or greater than 2) consisting of a first through an n-th functional organic
thin film layers between an anode and a cathode, characterized in that: a conductive
thin film layer in a floating state which includes an organic compound is without
exception formed between a k-th functional ‘organic thin film layer (where k is an
integer of 1 =k = (n- 1)) and a (k + 1)th functional organic thin film layer; and each

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

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

30 same thing (i.e., the organic compound used in the functional organic thin film layer
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thin filmlayer in a floating stiate which includes an organic corrpg@%i‘{s 7008
W t hout exception fornmed between a k-th functional organic thin filmlayer
(where k is an integer of 1 s ks (n- 1)) and a (k + 1)th functional
organic thin filmlayer; and each 15 of the conductive thin filmlayers
contains at | east one of an acceptor and a donor for the organic conpound.
Al so, according to the present invention, there is provided an organic

sem condual iclRIEdRitb (RO BBhRA i RIAMAMY find W' Gt " HRIRY 1oyer iSyers

sequentially lamnating an n nu I'onal ~organi C

(where n idopad witlegdie 26cepomlort ahOr @it erThiBaBnMies omhsi HldmhenOfioaphi r st
t hrough an n-th functional organic thin filmlayers between an anode and a
cat hode, dngrHecred aepardingia simploprpgess.ve thin filmlayer in a floating

state whi ch incl organi ¢ _conpound .i s w t hout xception farned

bet ween a k-th flﬁﬁlﬁsep%ﬂlg{ Hg%aW% “WFF%BPW ﬁaew&%?w(m@ﬂée EOP%I 3K Inclydeder
of 1 s 0 7 : : Qe ) f ' o} ' ' A ldam | ayer;
and eac% 21% t%? C?ﬁ%ﬂ%gﬁgﬁgﬁl&é 1? %‘?Ihﬁtgis I%jSlé%tggzﬂaéo%@:@r@uégyﬁ ﬂglfl tgl]ﬁnZ%'@épt or
and a dondse stnrctired bydaganitng @ MRaUAger MAIPHBd DYaddiMN SR abt&ORAUE tdr¥git hi n
filmlayer is doped with the acceptor or the donor, the oOrganic compound
used in tkempoved; endla srcgadilayarionmied by hddieg sadahort toearnoganic comppandd

used in tgﬁ c.ogﬁuctive tEi n filmlayer are connected with the 30 same thing
(i.e., théPPri§dht Ea0EA540H Qremas comperad; ankthedwmal layephnipesttismsdridloser tayer

13 26 NAY%%%"‘?S?P%?‘}‘%%@ s}e@énc’d f,0e. conductive thin filmlayer, and the

conductiv ayer 1s doped with the acceptor or the donor). This
enabl esot he el ergRb, osid a amyﬁtai@.tpiéft@ameq&ét%e%rgﬁgétcﬁe uAdPIRESAShe

Incidentally, in the case where both the acceptor onor are
i ncl uded fBn¢tipnah@rganiddini filen idyien ahilthe bayanic compbendueddimthescdrthictive he
For med by TWGHNG 14457 HECORTeRoY B {HBeoRBRHRE. compound, and & second | ayer
or e ) 20, AN, BT SRR b VO e RS
si de than ik hke $68@0EivcatheR film layer, it is also preferable that: the conductive thin film
15 layer be structured by laminating a first layer formed by addiﬁg an acceptor to a
first organic compound, and a second layer formed by adding a donor to a second
organic compound that is different from the first organic compound; and the first
layer be positioned closer to a cathode side than the second layer.
Also, in such a cas, it is preferable that the organic compound used in the
20 functional organic thin film layer and the organic compouhd used in the first layer
be connected with the same thing. Also, it is preferable that the orgénic 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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10 Also, in such a case, it is preferable that the organic conpou BUﬂgm 1086
the functional organic thin filmlayer and the organi c conpound ed 1n

the conductive thin filmlayer be connected with the sane thing.
Incidentally, in the case where both the acceptor and the donor are

included in the conductive thin filmlayer, it is also preferable that:

the conductive thin film 15 |ayer be structured by lamnating a first

| ayer for gadchyi leNGind C b A
second | ayer_cf_ olrn %gtclill by naggﬁﬁgﬁgtag{)cnf)@ﬂ? gmaﬁégé%l?@%ffg%@g%@%ﬁg@ﬁg '%ﬁ%t S
di f f er ent ekhibitst lightf emissicor barflewignieuedctirial cufient, iths torgh@¥SFL MWement
positioned closer to a cathode side than the second |layer. Also, in such a
case, it Mdiphgherelmbilitynand gred wifjsiency canpouatbatssed Furthereby 2rdcaridg onal
organic thincfilmlayer and .t organi c.. coppound.used in the first |ayer

be connect edfwcttwn?ﬁ T&2fe lﬂirﬁltﬁ'.‘ l%feéo",‘”tﬁttgggr%“é‘? spmpoynd pghichgengrajeni ¢
conpoungl ¢ \ iopal & . thi ' . O iC
conpound ulg H?trk?eltetﬁte}?c é‘gg%%to@ 'Ie'é)gg r E%@c@ﬁﬁ@%@@@%ﬁ%@ﬁ@ @%éstoplﬁﬁn%gl?é@he

st ruct ur e tief otgheid svlat barey wattobighGelibilitf iddpdcy efficecyRanubaghured 25
usi ng a bipol ar organi c conmpound, or by conbini ng nonopdl ar organic

conpounds by | dhierdereadhe presicat trvemsiporinchiges ayenything rahited @ theoorganic
transporti

ng.layer, fqr exanple., The el enent structure described above is
ext r enel ysﬁéé‘?qﬂ’?é“ %n“ge@fsﬂbm d"’hlg}érfgﬁcfﬁa%@%l wgansfhi Sdpy [ayer slesqribetause
in the ph RO Lel d. Ly .C . I ngre light ;em ssi.on effi.ci ency
and |i gﬁt Qg so(rﬁ%% itgﬂ Se? g@g?gggéﬁleﬁg{eaﬁg{ngg@e1%%%118 lﬁ/&\(el%%?g‘chﬁ%hﬁhg
the furet apdahc orgaafy olitbdatdry FmdtaxarlityV th the organi c conpound t hat

exhibits light emssion by flowi ng theelectrical current, the organic EL
el enent  wi th hiNgtie rthat, glorticulgrinnd theoorgenici ELeeleyncngninbthec caset edherd-ulid her

RIS SRR TR RGN SR
o ectr oMol ik e S ic SRR o Bl AU SAURGR P St "
present | Augidg Of-doRflghe Sy ¥Rl Y i Bk MEdRctiPe RRINM Fayer as well, it

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

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

25 the hole transporting material and the electron transporting material, and the layers
should be doped with the acceptor and donor to increase the dark conductivity.
Alternatively, it is also possible to use both the hole transporting material and the
electron transporting material. In more specific terms, this refers to a method in
which 2 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




. sem conductor el enment in which the functional organic thin filn1la%FE MAY 2008
described above has the structure capable of realizing the organi L ’
. elenment functionality 10 and the organic solar battery functionality. Note
that, particularly in the organic EL elenent, in the case where the
functional organic thin filmlayer is structured with the bipolar organic

conpound, Lpol ar._argani ¢.c und. preferably ingludes a high |

mol ecul ar %‘%@&%@g ateriy uﬁecﬁ%@{?ﬁw@ggﬁﬁwc éyptﬁ%}émiay@; afehgammated
conductiv ' i A ' i.rabl. 0 use a nethod in
whi ch theeui(;g}ihgarrétl)ll éetg}:ﬁ gir/%g:%ﬁrr%g%eﬁad\?itlﬁéggfﬁ&ucgﬁ%’&hﬁh%E{lia%%;'st emis used and
the layer is dopBhe wtriubtirbeofatheeilrefiofil b ifn 1 thgqd
conductivity. Alternatively, for t helo'cond{%??i vgﬁ?hﬁlﬁnfl??%%ggr&ﬁm Fl%e

al so possi ®iiganicosolatebattarynsl thet $ame hs gthenmised ik dite oqypitBY, sleient, heThaGEpt o

or donaqr .%gt%ed the.retgei 20 Further, in the organic EL elenent, in the case
wher e, Porlldhag AieRuicsiarRatiery.tindhe sase whgra thedungtioeal argasicitbirefilm layer
transporti; TR 1@l 1.2 e.electron transporti |.ayer mgde of an

el ectron tlg gsns po‘?{cﬂﬁgmrl}apger Iiagqqlara%galné%‘:ﬂg{pg&n othesggﬂfg?’ﬁlﬂég%m% qoRRReush al
organi ¢t hy@fdrhbRp i Al IR fhe §O oo
conducti vgbt hirn lpﬂl I m llﬂailsgg @ﬁgﬁglégﬁéﬁnﬁgﬁﬁéﬁd %glgﬁ% g}e ?Ee%@}%gﬂg %#SP% t he
hol e t r ansipathérnfpmtht evnducidvelthih €ilel Bytr anwictlansie Uekirmsle TBURE Ainetfifid he
| ayers shoul d be cjo}ged W th the acceptor and donor to increase the dar

conduct i viWyich thethigh maleeular compound hevingdhe inbtenjugatessystont bs tuivel fed the
tranqulbti mat gria electro ansporting material. In nore

d ih
speci fic t@?‘?ﬁs 5 PRPY r‘@‘Fn‘ér“e?aSC%Ptﬂﬁﬂ’i&geit ?%Pc#m%mé{érréﬁ-%ﬁfsbe%pqda%witﬁf
1T | ayer ekBABRO ok Mic T Ehichve EE b iafers ) o8 PRl GORHGR B ise e "

transpor t icupdmeties high msetular dogJundoiitk fiad acepfitic dofbPafiiddMHeAxns! . ar e
| am nat ed upon each other in a structure used as the conductive thin film

| ayer. The strudfwiheroin the otgande isotml bastegpninc thehasef wherd, dfperexataieugrd i n
is the sane as when used in the organic EL

R T ] M T T LR U
functi qpaltrQfsg8Ridfy hiktBrikl lﬁk'lﬁ%ﬁﬁated to structure the functional organic thin film
layer by combining monopolar organic compounds, the conductive thin film layer
should also be made using at least one of the hole transporting material and the
electron transporting material, and the layers should be doped with the acceptor and
donor to increase the dark conductivity. Alternatively, it is also possible to use
20 both the hole transporting mateﬁal and the electroh transpo'rting material. In more
specific terms, this refers to a method inl which the donor-doped layer of the
electron fransporting material used in the functional organic thin film layer, and the
acceptor-doped layer of the hole transporting material used in the functional organic
thin film layer are laminated upon each other in the structure used as the conductive
95  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 16'10
S/m or greater is sufficient, |
30
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is structured with the bipolar organic conpound, the bipolar or gazig MAY 2006
conpound preferably includes a high nolecular conpound having th

n-conj ugate system Further, for the. conductive thin filmlayer as well,
it is desirabl.e to use a nethod in which the high nol ecul ar conpound

havi ng the a-conjugate systemis used and the 10 layer is doped with the
acceptor or the donor to inprove the dark conductivity. Alternatively, for
t he conductive thin fil @ﬁ itn iklhe 1se the. conductive
hi gh nol ecul ar corrpound‘vml@' &4 Sjmaeivitie)l hereto. Further,
in the organi c dJalthe abasthinging Ardipgsase where, for exanple, the layer
made of the hole transporting naterial, and the | ayer nade of the el ectron
15 transporti ng &t drshaiws-Abasit atmuctatedf the wesent inveativhe functi onal organic

thin filmlayer c i nj nonopol ar organi ¢ conpounds, the conductive
thin filmlayer ﬁ?ﬁo%ﬁﬁ%ﬂ%SB@W@&emmghﬁprqswgﬂvmmf the hol e

transpokti ng matigg.a ron.tra rtin terial, and the

| ayers Es-)houl d beﬁg}gpgéa@vﬁ(ggﬁ%\g%kﬁegés&r&iu %ﬁyﬁwﬁpgﬁr{ﬁ?w]@&ée t he dark
conductivity. ARIEENaA ¥&d B ilfusi:Bte¥hsOryPOSHAE 'iﬁp}&véﬁtﬁltziﬂ e@éétﬂcélh&lrpéﬂte
transporti ng_ material and the electron transporting material. I'n nore
speci fic tedfiggncyhis refers to a method in which the donor-doped | ayer of
the electron trﬁg}zp%rti ng material used in the functional organic thin
filmlayer, and achepBotbepspe fehinge improyemeniolin thearslporichhgcureandr i al
used in tmﬁfﬁéﬂgt’j onal organic thin filmlayer are | am nated upon each
other int ricture used as the conductive 25 thin filmlayer. Note
that, ith the carprrr iR ' gve thin film

| ayers (ohm c concciﬁ’cté}iai\a/deh(?ﬁ]?ﬁ%ﬁ%sﬁg%@%a?g}gg%ﬁgg%%& then it is not
necessary to rddcd siimestarrmghaiea]ﬂh@leinﬂmﬁ@%e@ﬂiﬁ%@ﬂheﬁﬁéﬁn@Erﬁwnﬁor@
conductivity rate of 10'10 S/mor greater is sufficient. 30 16 2 6 NAY
2006 BRI EF DESCHIIPTISalosrs aspeaferamsle ohan hrgaaie Bhpelayientyachoadingys: thEl G

1 shows ap?@fén?ir?&e%‘ﬁ%%?re of the present invention;

FIG. 9 shows a specific example of an organic EL element 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 respect to embodiments of

the present invention, using an organic EL element and an organic solar battery as
examples. Note that, with respect to the organic EL element, in order to achieve
light emission, it is sufficient if at least one of an anode and a cathode is made
transparent. However, in accordance with this embodiment mode, description is
25 made of an element structure in which a transparent anode is formed on a substrate
to achieve the light from the anode side. In actuality, the present invention may be
applied in a structure in which the cathode is formed onto the substrate to achieve
the light from the cathode side, and in a structure in which the light is achieved
from -an opposite side from the substrate, and in a structure in which the light is

30 achicved from both the electrodes on both sides. In the organic solar battery as
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FIGs. 2A and 2B show concepts of the present invention; 5 FIGs. 3 tﬁ)@@ 2%&
show effects produced by the present invention; FIGs. 4A and 4B ilTUstrate

t heory behind inprovenent in electrical current efficiency; FIG 5 shows

t heory behind inprovenent in the electrical current efficiency; 10 FIGS.

6A and 6B depict conventional organic EL elenents; FIG 7 shows an organic
EL el enent according to the present invention; FIG 8 shows a specific

exanpl e of .organi c EL, el nt acgording to the present invention; FIG
9 shows a"%‘%gdpf(ﬁaﬂeg?a‘ﬁ'ﬁk% tgggatﬁeré’r%)éﬁﬁbﬂ@t’ SRy fstside ebihf plgment mpay ba s
present i nyeN irdfspafdd. FI G 10 shows a specific exanple of an organic EL
el ement according to the present invention. DETAI LED DESCRI PTI ON OF THE

PREFERRED EVBODIRVESNTS: 2fie Herganfa RIer sleMehel AL InexR! mafokzefb&nﬁngﬂﬁfe ‘gotop
respect to enmbodi ments of the present invention, using an organic EL

el ement adgtialib deivisgdormrthp alre tyinddm exdnisbder inptavingalte pripoficespect
to the r?anic ELtﬁgiaement, .in order to achi' eve light emssion, it is
suf fi ci 2nt&Y Pl dp platign Wy, ihe oelectaical £ugkenhodéEi sharsdectrical mustenént |
However, . d ] ' [ . mode, . desgription | 5 made of
ol ement TAgeRa, A Rt f achlese BTRAEH R cER MR E " Fl: BB BT SRR o o
to achi evendiee boitctdd Snllefanadmpts. deThisRyviRld@plhed tb'aﬁgP.r esent

i nvention may be applied in a structure in which the cathode is forned
ont o the subst r & showacin,eFEG. g hisghte fanoordanéc &L hdemesi d®, @navhioh a

structure in which the light is achieved froman opposite side fromthe
subst r at e 2PRRANG @ ceriAip eleqtrigali voliagec W1 cawsasi gheleckigoument widdat eleettiot h

e 7 ey AIEROD 5ot Bo G B SRS 108 B LR S U, e
?ﬁgepgg?nﬁ)h@f(ﬁﬁt havihp Séertdin dM6uMs B Efcrly HeCORitted, Ahd B ight erRYSY G9M NI
equivalent to the product of that energy multiplied by the number of photons). At
this time, a power efficiency we; (this refers to the light emission energy with
respect to the electrical energy (electrical power) that was given, and it means the
15 same thing as an "energy conversion rate") is given in the following formula: |

Formula 3
pe; = Ly/(J; - V)
Next, a case will be considered in which an organic EL clement D, that is
exactly equivalent to the organic EL element D, is connected to the organic EL
20 element D, serially (Sce FIG. 4B). Note that, a contact pbint C; connects the two
elements D, and D, together ochmically. |
Here, the elements as a whole (i.c., element D,y having the structure
consisting of D; and D, connected to cach other) are applied with a voltage V, (=
2V,) that is double the voltage that was applied in FIG. 4A. Then, since D; and D,
25 are equivalent to each other, the voltage V; is applied to D, and to D,, respectively,
as shown in FIG. 4B, and the shared electrical current density J; flows. Therefore,
since D and D, each emit light with the light energy L,, double the light energy 2L,
can be obtained from the elements as a whole Dy, 7
The power efficiency ge; at this time is given in the Vfollowing formula:
30 Formula 4 | |
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reliability deriving fromthe ultra thin filmand also for inproving the o
proporti onyof 51i ght emtted inrelation to the electri cal curre‘b% MAYeZ@Dﬁ ‘
the electrical current efficiency), in order to achieve a sinple device
structure, ‘the organic EL element may be connected serially, for exanple.
This will be explained below. As shown in, FIG 4A assune an organic EL
element D1, in which applying a certain electrical voltage V1 causes an

el ectric current wt el [ sity J1 to flowand light is
emitted by a I|idHe %2%%&7 'pgrg}lﬁuﬁiclflfi‘ﬂ'r ?\zge area L1 (i.e., photons havi Ing
certain anounts ' t L.ght ener Ls equj val ent
to the product (ﬁiﬁ ¢ ﬁlg'?{ eg%%‘?%gmﬁﬂ]% ggﬁ“é’gﬂﬂg tB %éllbﬂggﬂg?nq{ﬂﬂ%éf%qrgﬂg?% Apd
this tinethe abovemeaitfonedeFaymadpel, tkébiis noedigfeSerdce Bdtfebh WG, @f’ﬁ% §ﬁdri]‘¥’1G.
energy with respect to the electrical energy (electrical power) that was

gi ven, andB in irsEsoiithe powsr sHiciendy, agd slse baw bEeamergy consareatiomin whieh V,i s

' ' h || owl f la: F la 3 giel= LI/(Ji - VI) Next, a case
i 11 beSc G Hertd SoRVHPL Hoahn df bRl eheyBHendm et th Qubrenbedbeiepcy

I val ent . | l. ty D1:is conneced to.the organic.EL. 20
ol oront - DEPRERs TP SCRR Sptnl € AT S i PRI A Tbafl{ms BUEolicHnt s
the t 1than i et m I i e :

ol o (1 o T ety & WhyiferehIRg e B T
connect ed elemenis hcameeted seréalpphd ety wipplying iabteageltyge (& prayditidnhdé the

doubl e the val tage that s applied in FIG_4A, Then, since D1 and D2 25
are equi vé\“éﬁ?ert‘%eéléé}?n& | Welgelngitased andimptaippld 8 corent densityoatDa,

ePectb st 199, R 5L 5 et 2 ATERE S HURSLRGS L 1,

e O ooy IS B MRS vt g8, SR ST I SRy

f ol | owi ng eloivalérd:org@acHEL wldacnts 28 ahihiddly QAR6clede? is pdksibledth achidve i

L1 Vl)times the brightness level by maintaining the current density at a fixed level and
increasing the electrical voltage by n times. This property derives from the

15 proportional relationship between the brightﬂess 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
clements will be different. However, by significantly increasing the voltage, it

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

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

25 the electrical current Iy, a brightness level L; + L, (> Ly, L) can be produced with
the current J;.

At this time, by configuring, for example, D; as a blue light emitting

element and D, as a yellow light emitting element, if color mixing can be performed,

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

30 emitting element in which the electrical current efficiency is higher, and therefore
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As can be understood by conparing the above-nentioned Fornmula 3 an %tw_}ﬁ 260%
above-nentioned Fornmula 4, therevis no difference between FIG 4A an I'c™
4B in ternms of the power efficiency, and the | aw of energy conservation in
which V1 5 and J1 are converted to L1 is being obeyed. However, the current
efficiency appears to increase twofold, i.e., LI/J1 is increased to

2L1/J1. This has a significant neaning for the organic EL el enent. That

is, by increasing the or%ani c EL . elenents connected serially and by

appl yi ng Hisrlengeyitngetheclpmepbisthigheritban fethernomyentional erlenent s t hat ~ wer e

I ncreased and iSnt ai ni ng t.he c rregt .dqgsi tﬁ at.a .10 Iixed | evel, it
becomes possi bl &5 8S1HNPF8 840U PYe CHEYFIIRA CORREStRg ther £lamets werigllinihs ng

this concepbardRl eleel dirtent \KHERidhol UEDRApRY el e gféa'&%l YrighBULy 2hi e

organi c EL el enents are ohm cally connect 0SSl b achieve n

tines theobtaigdd wéthsa lsmedler bjecmacaltairninng The uineiiat deiRspditae 18 hired
| evel and increasing the electrical voltage by n tines. is property
deri vesd f fgniiegessarsy egwp@alt ¢wrat fpekatission bf phdheame devel iof bighgiessds kepevel

and the electirical current density level_.in the organjc EL el enent, O
cour se, e%’ﬂhfeﬁﬁﬁﬁ% 04 evﬁ?é’rvgnﬁ?‘i’%ieﬁgnt i F’@I%Lg%ﬁé’ﬁgn% % r2enifigaRbet ed

ially, by &4 ' '
crorant 4 SRV RREE I EPRIETL ISR ARENF RG] poREE GO Rofh
vol tage, tlenhtdesamghenneded md MeoverALtilmwiiekMss@ih besBadd@icik.n the case

of a single organic EL elenment. A conceptual diagramof this is shown in
FIG 5. As showlawever,@s dgscuihed abhee,di pfoblemtoconmyagiien ifilthelcase mtter®thaind

D2 are__ connect erially and one of the organi¢ EL e|lenments (either D1 or
D2) isl%pﬂfgagﬁcﬁ\?vi FIRMENAY direHmp F%%eotade seriply hgﬁihetmel)}e%%@@gmfm thige
(either V r . 2y t CLId r I.ght he

evel L1 Seplofe P SR RL AanehEhld fln B8 dBRkar Sy R R
time, by benrfxplainédasingOFI@X6PFEG, BA sfovds BloiessldegfibnanVibt BE thebgymt and
D2 as a yellow light emtting element, if color mixing can be perforned,

t hen a whEleclenleat D owvrein EEG.ohAnwand FiGe 6B. shibives @ torse sectiiml erew! afsalh

white colgr 30 emtting ele i ich the electrical current efficienc
i s higher? eafﬁam[eﬁbsr fighewigin FIG. Jh,vmaschematlc manner. Y

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 clements having the structure described above are
connected simply serially (as shown in FIG. 6B), the structure will include a first
transparent electrode (cathode) 6022, 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




2 6 MAY 2006 the longevity of the element is higher than in the
conventional art. As described above, by ohm cally connecting the B1 WAL 005
serially, the apparent electrical current efficiency is inproved and
greater brightness can be obtained with a smaller electrical current. This
means that it is possible to nake 5 the necessary electrical current for

em ssion of the sane | evel of brightness is kept smaller than in the

conventional art, Furthernore, as |long as a significant electrical voltage
can be apperause the first gasaedendBa whichria saetalh endleys therighs cgamotdeHakerioatent s

as may be d and e averall film.thickness can be made. thick., .
However , gg?lg%ggm%d iESV: ?feaﬁ&ﬁBBP’&ﬁﬂ%‘BBﬁﬁ@%ée ISR IRROYALONS S dPRIK1Rg o
10 organi : i | al o i yes
fromthe q%%lggtﬁir ogesiofcﬂoﬁbt @eO’@ a}fﬂllﬁg&%gﬁgﬁen%ﬁgn f ;E%%rﬁ%g?éﬁ?&gﬁtthé/
st ruct ur e whitd edlomight. be expl ained using FIG 6. FIG 6A shows a
cross-sectional view of the organic EL elenent DI shown in FIG 4A and

FIG 6BSshows al®resampis i toplanique eeingftransparenhE[@|cathades f@abgthghewnoiden

FIG 4B, i h ti . 15 Th [ t { FIL G f th

normal or Ié‘ﬁﬁﬁhes (éﬁﬁ‘g’ﬁg h’éﬁ trg?slrg)sngg Frioted %%h%i/%pbgi iagfhgﬁa(rﬁt_htyr B %)gggﬁf” s,

el ectrode \Qoﬁh?’l'f{?o § &UbgLH8Y e ks JS.gﬁe T%rreﬁ{, h?& %éﬂtﬁ;—ﬁ%g Cedifo® £6° %ggani?nd
| f sy, a C

an I TO or the @ I's generally useé ort unctional orga hi n

filmlayerseihienriueeftdvicasef RIASS. PRyas72M1IS-BR40 €19818)). ayBY ukingblds, tRé
performng light em ssion by flowng an electrical current is then fornmed
20 and a dutheadodeH03n careepmads deghspuienh t Therefoneydt beeomes glossibin the

produced .fromthe transparent el ectrode, (the, e) 6 The cat hode 603
may beld OCIMERR tﬁaﬁz@heﬁmﬁw @ﬁﬁﬁﬁ%ﬂ é@aﬁlégﬁg%%nnﬁ%ﬁba Q*EQW%\% WOER a

| ow work f | | 0l [ Q f -alyang
wth s meth faoRcuedhaly i b OuoREL: ObrE R, AMBCRH Lk Eikupl a0
two or ganilgydrlo@d e wENt suffgvidigagdle Blrhia! wie peess i4peA babomes dutbessyipect ed
sinply serially (as shown in Fl 6B), the stpructure will include a first

t r anspar emecalsscthe agplicatinhofithe @panic Bl fayes tbyodapasitionBind theeppbiodtion af

first cathod 03a, a second organic EL |ayer 604b, a second organic EL
layer 6045ﬁe gﬁgq&'s‘r’é’é@&‘ﬁaﬁ@&:% & 'gRed-which are lanminated in this order

fromthg lower §}dgq4. 0§ vercome 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 element 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, by applying a material in which the acceptor or
the donor has been applied to the organic semiconductor, the first semiconductor

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

30 voltage.
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30 the light emtted by the second organic EL | ayer 604b cannot bg
transmtted through 20 2 6 MAY 2006 because the first cathode 603 \ﬁhwé‘ﬁ 2@5
nmetal, and thus the |ight cannot be taken out of the elenent. Therefore,

it becones inpossible to do such innovations as mxing the |light em ssion
fromthe upper and the | ower organic EL elenents to produce the white

color light. 5 For exanple, a technique using transparent |TO cathodes for
bot h t he anode nd the cathode has also be reported (Reference 6: G

Part hasar at hy, Plogovey, siggsthe eptirgpaogess besomes cemsistont (fangxample, woen est |

"A metal - ' ' duct devi Y . Phys.,

72, 2156 33116 BF68BIEAR AR, f el BRGHES Sikhy & vikhimt ks elihbb astlae

; )78 L . dhobe:

e 60 ot h Cunt el oRATnaRISE) B PtobbnaveR S B 0 St o

mai nl y foused), the mpoofaetirig probessadoes ndt becwre ouinbaisohtte organic EL | ayer
604a wi |l suffer_ danage. Further, the process al so becones cunbersone

becausé® t he appNatathan HE. theheorgshe sirectureyie whigh dwposf orgsmialid. {ayers
applicatign. o t he |. b tteri h t.o be repeated.. 15.1n order to
oegrl:orrel HV%BB?%BPEHE‘%& ?4}6‘?’ %38% i#%%‘g%@%wﬁaﬁ %%&?Sa? SIgRICanLARIOYAEh as
h ; ) . . . . e
oan be. 1 ot SrechictVolTHalbe WBphEu e HackhE ) 68 mAHIele B cofilser'™Y

t o i nprovéhd bendledier ihdialfilaulayents aiseited dRoyeerBscabSs ﬂld'b%a@ﬂi@mnlayers).
transparency issue can be cleared without a problem 20 G 7 shows “a
st ruct ur e Thgrefpreshthg poersrelinhjlityi of Bhe| engenic7 sermicoadictostelementjuehiake i$ hi n

filml .05 d ic EL | 704b, d t hode 703

| am nadba AV Fom MECHItE 1 Hm A {caB QbR -anode) 702 that i
nat ed : . ) 70 s

vmpriO\élh '? he gcc2ptq‘(ljlllrai%)l{ﬂ%rstgrf)]ﬂep égsggf}eﬁggﬁggé%{ﬁ%l ?%%Q%Sg%gﬁ@byréganitg@b%dn% "

sem condusblar battbey, fwhieh is eaidcONElieieOtheSphoRitd rhédHantshy $ond QR o8O FL
connected al nost ohmically to the organic EL layer (i.e., the hole carrier

and the eklngmin dais well sxplainadensi foflewtsed) , and, noreover, the
Lransparency cap, Restuimed Hene that thers s G aganic sblar battery S 4 which a geen
15 light energy L, generates a photoelectric current with an electrical current density I,
thus generating an electromotive force Vi. N number of the batteries S, are
ohmically connected serially, and when a light energy nL; is irradiated there, n
times the electromotive force (= nV;) can be obtained if an equivalent light energy
(= nLy/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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that is generated with the second organic EL | ayer 703b can be b;ﬁ@gFWo%Uﬁ‘
and the electrical current efficiency can be doubled sinply by

the. electrical 30 voltage. 21 6 MAY 2006 Moreover, since the entire
process becones consistent (for exanple, when using | ow nol ecul ar
materials, a dry process such as vacuum deposition can be used, and when
using high nolecular materials, a wet process such as spin coating can be
used), the manufacturing process does not beconme cunbersonme. 5 Note that,
FIG 7 shows the structure in which two of organic EL Iayers have been

provi ded as d scr.i be bove, L cant. amount  of
Bl oot ri o S BBRY BysinRgeriR S ez 8y Jo bRl i radea (o
course, antiiga GENIMCERME tHik bibukh lfdmigamrpasg tﬁrdu@ﬁﬁ &e@.%n&%d’ﬁ@tﬂh@ﬁélﬂ wafi the

organic EL layers). Therefore, the poor reliabi of the organic

seni cond§etighe pckntsl  Magspeas, Tegrodugbilisy begewnes P&WW@C (¥hep dhe tickness ok
Stru%tUﬁﬁeuﬁ%QmH%hﬁ%ﬁ&ﬁ@gﬁmbg&%eaﬁphﬂéOphy descri bed above naturally can

al so be applied in the organic ar battery, which is said to utilize the
opposite nec h&whm&lm@hfésmbegmlae@by ugihg thenpreselhingentiohl Te'mpisalmmd as

i ch-a GRURE T RERE shrts el Load@Ba Rl MiraBhane Bl Fb%hi 1 an

el ectri Caqipllematrthmgoldenml ﬁlm phluon t By o nkic ahé peesai n@deﬁﬁdxf eiitiel weed honce V1.
N nunber .of, the batt tﬁ ohmi call?/g#@or}ﬁecte rially, and when a
i ght  erfég}§ Omgapic Sl gy ok AR ppre f Figntdasche Rmernsat gh ce (=
nVj ) 1 annkeadodftcahmteting fwordlerétitd s¢ahignt - 11 ght energy nL,/n= Lj) can be
provi ded to all the n nunber of solar batteries Sl1. In short, if 20

al | " the or ganfhe tsicapnisaised satcturpnef the Brese invertion hawe been|dgscaibed Bswer b t he
light, theh b Qﬁgﬁ'nceﬁtré?&ﬁédt \id i sgahzecsroa@%a&ﬂgsasge p%yctmgffoﬁé\sm%unbef

of batteries. For exanple, there i1s a report ses I nprovi Ag the
el ect r ondssénkgs predereed ebgmn?gmfe@mpﬁugpsmﬂlemog@mﬂ&e than film bacrttebﬁgsedﬁ‘er thal | y

(Refere b@g@ g/a! A d Masaaki YOKOYAVA,
"Ef f ect nlgrg eﬁn n H'C«%‘;age{gn % Mvnlﬁg);i/&el?g% r@?ﬂ t‘fbﬁl v a| ‘c Properties
of Tendem O gBirst,cvaSohsametalbit lifin films can be used because they are conductive, which is to

say they have multiple carriers. Specifically, Au, A1, Pt, Cu, Ni, etc. are examples that can

be used. Note that, when these metals are used for the conductive thin film layer, it is
preferable that they be formed as ultra thin films thin enough for visible light to pass through
(i.e., several nm to several tens of nm).
20 Further, various metallic oxide thin films can be used, particularly from the viewpoint
of visible light transmittivity. Specific examples include ITO, ZnO, Sn0Q,, 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 BeQ.
25  Further, compound semiconductor thin films can be also used, including ZnS, ZnSe, GaN,
AlGaN, and CdS.

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

30  semiconductor thin film layer.

Typical examples of a p-type organic semiconductor include, in addition to
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Chem stry Letters, pp. 327-330, :1990). According to Reference 7, zﬁ MAY 2006
inserting a gold thin filmbetween the two organic solar batteri (1.e.,
between a front cell and a back cell) an effect of inproving the

el ectronotive force generated by the light irradiation is obtained. 30
However, Reference 7 also structures the gold thin filmto have a thickness
22 2 6 MAY 2006 of 3 nmor less in order to achieve the transmttivity. In
ot her vvordé ultra thin filmthat is thin

enough forcTy % E?PITF%A‘E]SQ i’ytsﬁlg‘g};wl?eet ?‘?V;BQﬁ’gmag’élettPPd{ndt fethe; gfher metals areach
ok i s (BREABIEI iy T 5O

“thickness of 5 the ultra“t m° s on the or

probl ems omedadssthebp-typs okyadc Bymisomiictdie TITE fiepteseiédnby Thent. Bibelidw);i N
the organic solar battery structure such as disclosed in Reference 7,”the
present i nVERtEenresanjedby Gwni ¢ dekow); uethylphenhihiading repoeseiitmd. bRy hdei.ng
this, the present jnvention can he used as single organic solar battery
t hat iset &?Z?Wfingq WBP?%TWGV(@Ff&%WTS?ﬁm?ﬁé}Y dﬂ'@nbo WRehewpnand ghe like.o

i nst ead of ecti t ially..Th I e-rcancept s, and

St uct ur os e 0% (WhsSLATR waa RS Brd ol diediR B A0S ShSR TR R

or gani ¢ El(rglres@mnéd ®HAChER. Iadd @Jﬁgml Wi ng
descri besL(?ieferred gxanpl es of s ’r%ﬁlﬁ]{‘)e@%ﬁﬁ%‘%@g%n uct %ge%%d;‘rﬂjf?

| ayer to t(gemgmtttbbyt@i‘@m.pﬁbdem) maw eablsompphiedwheeetp. t he present invention
is not limted to these exanples. 15 First, various netallic thin filns can
be used because they are conductive, which is to say they have nultiple
carrieng. épﬁﬁi{ically, An, A, Pt, Cu, NI, etc: are exanples that can be
used. Note at, when these netals are used for the conductive thin film

| ayer, it is preferable that they be f d as ultra thin filnms thin
enough for visible light to pass thro i.e., several nmto several tens
of nm. 20 Further, various netallic oxid¢ thin filnms can be used,
particularly fromthe viewpoint of vigibhe light transmttivity. Specific
exanpl es include ITO 2ZnO, Sn02, copp , cobalt oxide, zirconium

b
oxi de, titanium oxide, niobiu , hickel \oxi de, neodym um oxi de,
vanadi um oxi de, bi smut h oxi de PL L@l—H i xi de, boron oxi de,
antl anu , lithium oxide,
N /
N N
\ 7/

magnesi um oxi de, nol ybdenum &
rut heni um oxi de, and BeOQO

Chem. 2
N= N =N
H
\N N/
H /
NeN<__N
\
Chem. 3
S S
| )= |
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25 Further, conpound sem conductor thin filns can be al so used, inﬁ dgng 006
ZnS, ZnSe, GaN, Al GN, and CdS. A particular characteristic of th ‘Er é nz
invention is that the conductive thin film |ayer can be structured of an
organi ¢ conpound. For exanple, there is a technique for mxing a p-type
organi ¢ sem conductor and an n-type organi c sem conductor to formthe 30
sem conductor thin filmlayer. Typical exanples of a p-type organic
sem conduc('tjg%{}_li clude, in addition to 23 2 6 MAY 2006 CuPc represented by
Chem 1 be ,‘%ht hal ocyani ne bound to the other netals or bound to no
metal s (represented by Chem 2 below). dhegfollowi ng can be also used as
the p-type organic sem conductor: TT epresented by Chem 3 below); TTT
(represented by Chem 4 bel ow); net @@@@ ne (represented by Chem 5
5 below); N-isopropyl carbazole (represefitegr by Chem 6 below); and the
|ike. Further, a hole transporting mate&+&l used for organic EL etc., such
as TPD (rS@resgnt ed by Chem 7 below), a-NPD (represented by Chem 8 .
bel ow), or (represented by Chem 9 below) nmay be al so applied thereto.
1o Chem 1 N Chem 2 Chem 3 15 24 2 6 M%\ﬁZOOG Chem 4 s-S s-s Chem 5 5
V3 ]

Chem 6 Chem 7 e
X0

Q- O
SV
D

m

Chem. 9

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

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

25




CH3 H, C Chem 8 10 Chem 9 Typical exanples of an n-type organic r%ﬁ IgiAY 2008
sem conductor include, in addition to F16-CuPc represented by Che 1

bel ow, 3, 4,9, 10-peryl ene tetracarboxylic acid 25 2 6 MAY 2005 derivatives
such as PV '(represented by Chem 11 below), Me-PTC (represented by Chem 12
bel ow), or PTCDA(r epresent edbyChem 13bel ow),

napht hal enecar boxyl i canhydri des(represent edbyChem 14bel ow),

napht hal e r i i b de (represented b m , or the like.
The 5t ol renrRocLa i B 6eaeheRas WrEhRm: pOebmyh e Har kprerseiast by TN
(represent@ghy GrempeiRyel oW ; (r 17 (gel :
benzoqui none (repr eser?t e ’by&ghgn?@?? bgPﬁf&%&g lr%é’pht oqui n&ﬁe %\é\?dw),
(r epr esentmaphthajerEoarhoxyticbelhaiydriddQ (Fgreaset ecbpy Chem. 2@4beb_@1’$wr?
p-f 1l uoranil (rcfpr esent ed g%/ Chem 21 below); tetrachl orodi phenoqui norfé
(r epr esent@@hhplenpeatboxylio aiisaide(reprasaaited by Sdiepmeldy bejloydx prrthe likqr eThat ed
by Che .ow) ;_a the like. Further, an electron {ransportin
nat er i g% f{?gg‘?ﬂ% ?%n%f‘ gg]ﬁ?cu ‘fe?%.t,hesd’c'ﬂ'pea@%‘@% 2] BRfosd 'E&I‘@Iem
24 bel ow) (rdBebscnk@P R an 2 I r,qP esgnt e
Chem 26 lgrel ovx?) may tﬁ‘é a @s‘[g' g%spl(g:bg‘g%?’hg;e o&\é@?se&ﬁggn ggoeéﬁg{m i?lbﬁg)“% 2 6
MAY 2006 Geamvquidofd¢reprdsdniedheCheld. 18 below); 2,6-naphthoquinone (represented

by Chem. 19 below); DDQ (represented by Chem. 20 below), p-fluoranil

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

10 22 below); nickelbisdiphenylglyoxime (represented by Chem. 23 below); and the
like. Further, an clectron transporting material used for the organic EL etc., such
as Alqgs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),

of PBD (represented by Chem. 26 below) may be also applied thereto.

15 Chem. 10
F F
F F
. F NF N =N F
F. § l F
N---(l;‘u--N/
F / F
F o N NN F
\/
F F
F F
Chem. 11
N O
)
St
O / N
20

26




Chem 15 Chem 16 10.NC CN NC-CN Ch 17 em NC CN Chem 18NC CN 13 GhaaY 2506
27 2 6 MAY 2006 Chem 20 Chem 21 5 Chem 22. Cl. cl Chem 23 Chem 24 10

Chem 25 Chem 26 15 t-Bu 28 2 6 MAY 2006 Further,
t echni que, an organi ¢ conpound accept or

Chem. 12
S
- Q. g
; D=
Chem. 13
° OO {
O~
. @) ' O
5 Chem. 14.
0) . (0]
O (0]
Chem. 15
0 0
Chem. 16
NG : CN
10 NC CN
Chem. 17
NC CN
NC CN
Chem. 18
cas
15
Chem. 19

oO
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(el ectron acceptor) and an organi c conpound donor (el ectron donor) aéeigi v 2008
m xed and a charge-transfer conplex is forned to make the conduct iév %ﬁ'nz
filmlayer to create 5 conductivity to serve as the conductive thin film

| ayer. The charge-transfer conplex crystallizes easily and is not easy to
apply as a film However, the conductive thin filmlayer according to the
present invention may be fornmed as a thin layer or in a cluster-shape (as
|l ong as t car ders can be injected). Therefore, no significant problens
occur. 10 ‘esent ati ve exanpl es of conbinations for the charge-transfer
conpl ex include the TTF-TCNQ conbi ngti ongishown in Chem 27 shown bel ow,
and netal/organic acceptors such as and Cu-TCNQ O her conbinations
i ncl ude [BEDT-TTF] - TCNQ (Chem 28 dve) 2P- C13TCNQ (Chem 29 bel ow),
Bl PA-TCNQ (Chem 30 below), and QT em 31 below). Note 15 that,

t hese charge-transfer conplex thin fcinms @an be applied either as deposited
films, spif-co dfilms, LB film polyner binder dispersed filns, or the
li ke. Chenr™2* 9TF 20 Chem 28 BEDT-TTF 25 NC, ~ ,CN NC/}- CN TCNQ NC CN
NCCN TCNQ 29 Chem 29 Chem 30 i NC "eCN g

8} O
F F
5 Chem. 22.
Cl Cl
o=(_)—~_)=o
Cl Cl
Chem. 23
/N\ IN\
L T
N N
Chem. 24
10
Chem. 25
Chem. 26




CH3 N (Me)2P C18TCNQ X\ NC CN H NH-N=\/ nir - rM5 Bl PA TCNQ Che? g@w 2006
NC~-CN NC CN Q TCNQ 10 Further, as a structural exanple of a conduc iﬁ/ ’
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 organi c conpound having a it-conjugate systemrepresented by a
conductive polyner etc. may be used for the organic sem conductor.

Exanpl es of the conductive polyner include materials put 15 into practical
use, such as pol y(ethyl enedi oxyt hi ophene) (abbreviated to PEDOI),

pol yani | i ne, or YE ng..l LEd t her et 0, .pol yphenyl ene
derivatives, po%t%?’o%%giﬁgt%rﬁrvég ir%gg[,%&gﬁ@uepo?@(%gé?lggh%@%‘ﬁ% ACHEPORe)
derivati veslecAbaQicc¥ien) AMtPaReeERi© ComPolRd enot telddrd &(f)rﬁfrzg}'@nﬁgs?& aﬂd
p-type material be wused for the organic sem conductor. Exanples of the
p-type or gaehargStrangfes cvmipl20Bsosmet ¢ondiketthe comdudtivel thitefith dseeritepreaent ed

by Cherrg. 1 to 9 as described ﬁbove. At this time, Lews acid (strongly
aci di ¢ BopfARAYCUYity, 19s Seive) 8s (the| yondyctiys, thip dillsn laperrs, The change-trgesfer

gggggfg?) r@?}‘fmﬁgx Usi§8tafifrek h@asﬁgzch% % rfoltec\a’“ﬁsff &° iagplgfags U Or}-lm%gvért]ethe
conductive thin film layer according to the present invention may be formed as a
thin layer or in a cluster-shape (as long as the carriers can be injected). Therefore,
no significant problems occur.

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

15 that, these —chargc-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
(=1 ~
g S ‘ NC CN
TTF TCNQ
20
Chem. 28
| S.-s s..S NG CN
L= =0
S Y NC CN
BEDT-TTF TCNQ
25
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5 Further, in the case where the donor is doped, it is preferable 2 iﬁﬁ amm
n-type material for the organic sem conductor. Exanples of n-type qb

sem conductors include the above-nentioned Chens. 10 to 26 and the |ike.

Then, for the donor, alkali nmetals such as represented by Li, K Ca, Cs

and the like, or a Lew s base such as an alkali earth netal (the Lew s

base can function as the donor) 10 may be used. More preferably, several

of the stryctures described above can be conbined to serve as the

conduct i ve- 14 9i|n1|ayer In other words, for exanple, on one side or
both sides of an inorganic thin filmsuch as the above-nentioned netallic
thin film nmetallic oxide thFﬁhfllnl or conpound sem ¢conductor thin film

can be forned 15 with a t n whi ch a p type E]ic sem conduct or
is mxed with an n-type m conduct & arge-transfer
corrplexthlnfllm orthe op onductlvepI h c r thin film or a
p-type organi c sem conduct or ed with the acceptor 8 an n-type organic

sem conduct or doped with the donor In such a case, it is effective to use
the charge-transfer conplex gjp filmin place of #bgq 20 inorganic thin
film Further, by layering the ’n- type organic sem conductor thin filmthat
is doped vmth the donor and the p-type organic sem conductor thin film
that is doped wth the acceptor to have these serve as the sem conductor
thin fil mClayer30it becomes a functional organic sem conductor |ayer into
whi ch the holes and the 25 el ectrons can both be injected effectively.
Furthernore, a technique is s, considered in which the donor doped
n-type organic sem condyef oppfbimn filmand the acceptor doped p-type
organi ¢ seni conductor tHin fifmypr, am nated Yf¢o ofe, _sF¥e or both sides
of the thin filmin V\,hlchthe§3ype organi c se 0 ctor thin filmand

the n-type organi c sem condu thin film arBCni xé&a t ogéMher. 30 Note
that, all the types of the t hi il mwhich are given above as structures 31
2 6 N%Y 2006 for the above-nentioned sem conductor thin filmlayer do not
need tosbe fornmed in filmsHipes, but rather theyTgrp be also forned as

i sl and shapes.

Chem. 31
C4H9 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
r-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 addiﬁon 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

30




By applyi ng the above-nentioned, sem conductor thin filmlayer in th% B MAY 2005

present invention, it becones possible to manufacture the organic

sem conductor 5 elenment with high reliability and good yield. As an
exanple, the organic thin filmlayer of the present invention can be
structured such that light em ssion is obtained by flowng the electric
current, to thereby obtain the organic EL elenent. Thus, the organic EL
el ement of the present invention is also effective because the efficiency
can al so Bemiggsdsoien mayingheds thosel represdrited g Chemire IstorYes descridfedt dtmve.

el gﬁginlf | oftyahisctie: PEGls S tone it dueD webesrkeid Gi1h ARG AR, ©
2 nat ed ST P SRECRE SBnbyniTaty PERLEL kSR ReBpioR EERR Seif A BReon,

| ayer andaSﬁ&aioeFtdrpn transporting |layer, and a single-layer structure 15

usi ng the hi gh-nol ecul ar conpound, and the high efficiency el enent using

| i ght fmi ssi onFurtbar, tinether ¢aseewhesectheedornraisedopegl tinés prefsraids ¢o i tsedan

above, the colors fro%re h of the organic EL | ayers as djfferent em ssion
di

?:ol orls ](c:aﬁ"tB’Be nfRelerials 1orgithe MEARIC: SPHICOAYCIOR b itxagPlES, i @a‘tﬁ’ﬂ’ﬁnoé&anéc )
rs . > St . 0 . t
ong- 11 eﬁt‘f‘@?é&dﬁ@io% %A‘?ﬂ@é flfeg%@e%eﬁﬂngrgﬁ‘ngg%mgblégg(??ﬁ %‘nﬁgth{a lﬁce?ng@f}eu <

organic E enent, | S1T0 formthe an 8i de,
then 1 TO fontieudordrpalslidariald ffeh( aebpseReatdiChb 91 dR) Caatth ait HRY 1iR&ICH a
transparent conductive inorgani c conpounds can be often used. An ultra
thin fil miewigbase such #rean alkalii carthl metad §8wi lodveis Hake che famcitm sote dutorhave
to be _transparent, (i.e., in the case where the light is nmade to exit from
the calthod®¥sh4®sed- 25 then a netal /alloy and or a conductive body which

docs not L1 oSk e VAKED o B B A 8ERAE S LS

be used, such as he “organi C

metal or abkewestihe dosd@®dlvenBiiEIm ik f3BfHek WbrasiGhr 8gampledlohalde s18s al |
al kali earth netal or rare earth netal is used. An alloy including these

metal | i c ek dothisslesayf e insganizsthive fiim fioh axthephtyveamedtondy] Aetallicothin an
é:_Al{{l Zgi)le(%i)ir’n, ?naétal 1c ox\ggé thElrn fil?]?,dort go?nll)(i)ukn% ge%]icggdllljcigg ihirlf gf{l;nhgaqﬁ b(ie r%of’rgedz °
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 cffective to use the charge-transfer complex thin film in place of the
20 inorganic thin film. |
Further, by layering the n-type organic semiconductor thin film that is
doped with the donor and the p-type organic semiconductor thin film that is doped
with the acceptor to have these serve as the semiconductor thin film layer, it
becomes a functional organic semiconductor layer into which the holes and the
25 electrons can both be injected effectively. Furthermore, a technique is also
considered in which the donor doped n-type organic semiconductor thin film and
the acceptor doped p-type organic semiconductor thin film or laminated onto one
side or both sides of the thin film in which the p-type organic semiconductor thin

film and the n-type organic semiconductor thin film are mixed together.

30 Note that, all the types of the thin film which are given above as structures

31




the case where the light is to be made to exit fromthe cathode side Ml 2008
ultra thin filmnade of the netal/alloy nmay be used. Further, for exanpl e,
by using the organic thin filmlayer according to the present invention as
the structure that generates the electromotive force by 5 absorbing the
l'ight, the organic solar battery can be obtained. Thus, the organic solar
battery of the present invention is effective because it inproves

efficienc L0t hi erp..the structure of th )
function alyf05 rtfé%%?g%-#fk&ﬁf&ﬁ ?ﬁ rsnbﬂléé/cgird%rcrg@ qﬁg’eﬁpﬂ z?%etrrc[i)c??fr @C_Qnt& l%e[ %J&eérlé
material s filiakhages, Bentialiie PSRy tehlss ft%xﬁé&%tibtéﬁé'sh% anic thinfilm
| ayer of the organic solar battery. A specific 10 exa e is the |lam nated

structure with tBg aprlying thegaboec-semitioned uehticomhttéh ehinnfilniPRyeF danihe
sem conductor, such as is described jn Reference 3. Enbodi nents

[ Enbodi menk CEntIgVERUAR, I RESABIES \RasaI D¢ do gharudactuseribed orgswis samigrasiuctar
exanpl e ;wi il he. W%hvfﬁgggéliﬁﬁﬁ$yoé{§’f§¢§chL | ement according to the present
A X;ﬁ;lgf.

i nvention using the arge- ex as the conductive thin film

| ayer. FIG 8 Shﬁg\@naékaﬂﬁ};h@,r@l@tor%hilﬂé%ﬂ{ ?ih?lflakaeopg‘gzgﬁﬂ;egergin%ﬁ?@g%a%gjer st,

on a gl ass substrate 801 on whic TO as an ahode eposi into
a filmw tdtrectuiedckobsthaoflighb entissi6f inmbtained by flowing the electric current, to
NN -bi s(3-nethyl phenyl)-N, N -di EZenyI -benzi di ne (abbreviated to TPD) as
the hole ¢ pSBEailmngthﬁa@ream ElLs eleapandi t dduby thso organio Blbtedement hodl the

ti Q4a. ; Ne tri,s(8-qui nol.jnol at o) al um num ( abby evi at ed

Lo ALD) a az%rﬁéﬁ%?elgﬁawiaﬁ]sg iR TR g ﬂeBIBéE%I} ¥0 bEARPIRYR g
i . . . > A= Tk .

Pt emi it ng. | ouren Wt iRt BIAS BELELGEE of B S1eR6l A HIANRRRLH e

above mannenganithEl.caftgrmay BeFthenstsAtNERr dlemedepasini e Bl alayar saub@irefand: 1

as a conductive thin filmlayer 806, formng a layer wth a thickness of

10 nm  Af t¥mstiRge, msteriaks dhatTep igenereyshsest aSpexificdlly, tmamg partitiogs| arger .

2?2’2 t rgzd t[f;o%%isbggfs&%hgg d gopantli%gte%f s.ttnr}ci:ltﬁrei %egcgibnerg (1)1{ Iﬁalfgr’en\égl ?(‘:hwistﬁrt\lllgsh&% an
transporting layer and the electron transporting layer, and a single-layer structure

15 using the high-molecular compound, and the high efficiency element using Iigflt
emission from the triplet excited state. Further, as described above, the colors
from each of the organic EL layeré 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), 1ZO (indium zinc oxide), and
other such transparent conductive inorganic compounds can be often used. An
ultra thin film of gold or the like is also possible. If the anode does not have to be
transparent (i.c., in the case where the light is made to exit from the cathode side),

25 then a metal/alloy and or a conductive body which does not transmit light but which
has a somewhat large work function may be used, such as W, 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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2 6 MAY 2006 layer/light emtting |layer 805b. Thus, a second organifsElFf ,,
| ayer 810b is formed. Finally, -as the cathode 803, My and Ag are (& iAY 2006
.codeposited at an atomic ratio of 10:1, and the cathode 803 is fornmed to

have a thickness of 150 nm to thereby obtain the organic EL el enment of

the present invention. 5 [Enbodinent 2] In accordance with this enbodi nent,

a specific exanple is shown of an organic EL el enent of the present
invention, in which an organic sem conductor that is the sane as used in

t he or ganithe s sghere ithe light irdtdbe madsetocewit dm ke chihode Gidd, |am Wiaseethin and

th t t d d dt ke th ic EL | t
coﬁdﬁgf?5@%kﬁége§?§h%ﬁk%?%@%ﬁgeHﬁg%nmeferreﬁt Og'??mzfure 01? Sgn organi c
EL el t. Fi ' t . terial
s deposited  ontuten AEAamile BoLsRE I Mediculh A8h JaleRoBRhg 1B R, o

| TO servi ngesentainvehfioanasieth808trudiaxg . thed gemenies e WilellomBtiveStatet be
el ectron transporting |ight-em ssion nmaterial is deposited, and this serves

as an ePedbsering dhe bight.i he ongawier yalaghatteryi cani ey obtaywad. 90Blaus, Aht ergani€i r st
organic EL layer 910a.is fornmed in, this , 5 nmof .a layer 906 is
codeposi t é&'l%yttaﬁtefm? hepregent pryention 1§ SHGFerhecBRaLl impregeseifiglencyThen,

To0 const |t ut Sens g e SERAS shahel' hE st B s hIRkoh ofERRE

0 Serve as d con

After thatfiinb@ayemnimhy TP the sHapRSE bRd sttchrbhAeHhRNAROAL géhér@})ff Rs@@4R
and deposited on top of this is 50 nmof Al g, which serves as an electron

t ranspor t ithg fungtiendll prganiethint fihg laygerof9hsborghhics solar detiend oAgepedfiEL
| ayer 910b is formed. 25 Finally, as the_ cathode 903, My and Ag are
codepodPt &Fagple ds e Aminaad sfruciure with theprt¥nfeoankosanigondueior andehet o

oresont | RO aRipsanipafor AR AR A RA AR, 5, he or ganic

sem conductor in the organic EL | ayer as the material for structuring the
conductive thin filmlayer, and m xi ng the donor and
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 I,
N-N'-bis(3-methylphenyl)-N,N'-diphenyl-benzidine (abbreviated to TPD) as the

| hole transporting material is deposited by 50 nm to obtain a hole transporting layer
804a. Next, tris(8-quinolinolato)aluminum (abbreviated to Alq) as a light emitting
material having an electron transporting property is deposited by 50 nm to obtain an

25 electron-transporting and light emitting layer 805a.

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

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

30 deposited on top of this is 50 nm of Alg, which serves as an electron transporting
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30 acceptor, thus being extrenely sinple and effective. 34 2 6 MZYBZQ'Q@ 006
[ Enbodi ment 3] I n accordance w th the present enbodi nent, a speci
exanple is shown of a wet-type organic EL elenent, in which an el ectrical
light emtting polyner is used 5 for the organic EL | ayer and the
conductive thin filmlayer is formed of a conductive polyner. FIG 10 shows
an el enent structure of the organl c EL elenent. F| rst, onto a gl ass

ode 1002 is eposited into a filmuwith

bstrate ,10 which | ,
Zutﬁ. ::Engslg %f}lg'ﬂ&%f*ﬁ% §§5 u%\auﬁ@e‘a%d@tgam k layer 81@bgs foumed: ene

di oxyt hi ophene/ Y. n PSS

appl |>/ed by spi an:igg?? n%se"ltﬁg %%%%r%@é nﬁdasr{‘fi Bg réé:%fiﬁ%?s %dhacl-:ﬂaé1 a‘ioﬁl]"zgc’iafﬂg
| ayer 1004t $0 flphﬁ&dh&\llchihoﬂetgmcis%ﬁleﬂfto%v@nﬂ tH¥6Rdess of 150 ) pm, fo there Y o
pol y(2- met hoxy-5-(2' - et hyl - hexoxy) - 1, 4- phenyl enevi nyl ene) reviate

MEH- PPV) i ebtaiaphe iorganit Aloelamfent of thietpresent fiiwdotieas of 100 nm by spin
coating to 15 obtain a light emtting |ayer 1005a. A first organic EL

| ayer 1510a is formed in the above manner. Thereafter, a 30 nmfilm of
PEDOT/ PSS He?xf iy spin coating, to serve as a conductive thin film
| 'ayer 100 ? r that, a 100 nmfilmof MEH PPV is applied by spin
coating, to 20 Iﬁeﬁét%r@énc% Mtﬂhﬂuseghfbto'dﬂﬁeﬁta%eé e]cq)@él%xa hpie id Qﬁ&ﬁ'n] bPgh the
conductive thin film layer Is nmade esa mat er1 al "as

i nj ecting drggmenc ELhtlemeat ofidhe pyeseint inddntiony én v&lﬂﬂ;ﬂbxﬂ@%&ni@%mﬁﬁﬁ@d@cﬂﬁ' e

I nj ecting er formed to it. Therefore, in a case where a third and a
fourth or gtaﬂiybs the amceps yped IbtlEeongammELel@yernmn@hxdgd in the @edduetive thihi n

2l tor nabei L debning 16 Brcoplife gl Shfsfaboredte pinted bndndi st pygenisFhm of
Ca is depagémeft 2eniifi@jwat gee- 9 Qﬁo%pa r}%gi&ﬁe of°h RRmM&t Qrudrd ROt €d

as a cap to prevent oxidization of I ment 4]
organic EL element,.

First, 50 nm of TPD for serving as the hole transport material is deposited

onto a glass substrate 901 which has approximately 100 nm of ITO serving as an

15 anode 902. Next, 50 nm of Alq which serves as the electron transporting
light-emission material is deposited, and this serves as an electron transporting
layer/light emitting layer 903a.

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

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

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

25 Finally, as the cathode 903, Mg and Ag are codeposited at an atomic ratio
of 10:1, and the cathode 903 is formed to have a thickness of 150 nm, to théreby
obtain the organic EL element of the present invention. The element can be
manufactured simply by the organic semiconductor in the organic EL layer és 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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30 I n accordance with the present invention, a specific exanple iszﬁh W ﬁfﬁﬁ

a 35 2 6 MAY 2006 organic solar battery of the present invention, J ch™ ,
a mx of the p-type organic sem conductor and the n-type organi.c '
. sem conductor is applied as the conductive thin filmlayer. First, 30 nm
of CuPc, which is the p-type organic sem conductor, is 5 deposited onto
the gl ass substrate that has approximately 100 nmof ITO applied onto it
as a transparent el ectrode. Next, 50 nmof PV, which serves as the n-type
organi ¢ sem conductor, is deposited, and CuPc and PV are used to forma p-n
junction i[llErﬁlbtﬁjjﬁfegﬁB]C senm conductor. This becomes a first functional
organic thin filmlayer. 10 After that, CuPc and PV are codeposited at a
1:1 ratio as thdnoentency sviththe presdmnelahoeliment, Iaapeeiﬁidd)da@kpléi%lﬁwﬁ@)fnm
Further, 30 nm of CuPc. i d?posit_ed, and on top of that 50 nmof PV is
deposi ted,? WE‘FWTSP%E‘%Q cnefde Bhyyhichnat elesiaical bghfeemitingipelymemnis| uspdr .

Fi [ 1 j i th | ectrade... Th i 15
pat tery Os conclr afPaptd KIS AP, a0, B, eORaTuRE: R0 by Faskt Mo it a
can real i zendubgvd 'PIPRMkr.l NFERL AN ROWR! ah R¥eHid! BRG&LYe BT 08 8 %}:i)é\é@f‘i co

types of organic conpounds. By reducing the present 1nvention

it beconeslpmssf.ble to provide the organi c seniconductor elenent which is
highly reliable and has good 20 yield, wthout having to use the
conventional ul tFiESty RRD @ s mwbstatie, 19@1 torc whieh yITQh ashen pimatdeell 802 risni c.

devi ce usi I L.c sem caonductor .. t he | ciency qf the )

phot oel ect%ﬁ%ﬁg%ﬁggggllgéwl a s gt aggutzﬁgj Ry 235 8%@?@@&9%@ | S:

1. An qpoay eYolgle:F : L Si RO or, iC ; e formed

by sequonthon T jene; AR ACRHEREROLERTER: £ Aol BRI C(BbiAiAEL" 8
PEDOT/PSS) is applied by spin coating to evaporate moisture, so that a hole

injecting layer 1004 is formed with a thickness of 30 nm. Next,
poly(2-methoxy-5-(2'-ethyl-hexoxy)-1,4-phenylenevinylene) (abbreviated  to
MEH-PPV) is deposited into a film with a thickness of 100 nm by spin coating to
15 obtain a light emitting layer 1005a.
A first organic EL layer 1010a is formed in the above manner. Thereafter,
a 30 nm film of PEDOT/PSS is applied by spin coating, to serve as a conductive
thin film layer 1006.
Then, after that, a 100 nm film of MEH-PPV is applied by spin coating, to
20 serve as a light emitting layer 1005b. Note that, since the conductive thin film
layer is made of the same material as the hole injecting layer, this second organic
EL layer 1010b does not need a hole injecting layer formed to it. Therefore, in a
case where a third and a fourth organic EL layer are to be laminated onto this, a
conductive thin film layer PEDOT/PSS and a light-emission layer MEH-PPV can
25 be layered alternately according to extremely simple manipulations.
Finally, 150 nm of Ca is deposited as the cathode. On top of this, 150 nm

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

[Embodiment 4]

30 In accordance with the present invention, a specific example is shown of a
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organic thin filmlayers (where.n is an integer equal to or great@rgtiggh 20§
conprising a first through an n=th functional organic thin filmlayers

bet ween two el ectrodes, wherein a conductive thin filmlayer which includes
an organi c conpound is fornmed between a k-th functional organic thin film
| ayer (where k is an integer of 15 k < (n - 1)) and a (k + 1)th functi onal
organic thin filmlayer, wherein the conductive thin filmlayer ohmcally

contacts with.the k-th fuqulﬁcti onal qrganjc thin film]ayer and the (k +
1)th funcPTEHRAT SRlRERATEry: ¢ therRresant ayesntions & sihich Aenixodkithep-vxpe: piganid | m

is i f ' ical . . f] h
functi onaralcsBBua iy, ARK HheeOfahic SpiBRhABL i€ BRliedes it FofHucrve
2

functi onathiffflaniaget. ayers. An organi c sem conductor el enent conpri sing:
an organic structure fornmed by sequentially |amnating an n nunber of
functional org&inst 3Gimmf bf iRy ewhichwhierthe npitgparorzatiegsemizgudhctos,
greater tHan 2) conprising a first through an n-th functional _organic film

layers betGRunfedonta) et glasesubsiyats thah has appawdmalelyt Hithnm phiTey applied ch

i ncl udes 0 ' nd i.s ,for twee k-th.functional organic
| ncl udes BRRIRN FeTRANYelifoge OB, SHURER B e REE e P
funct i onabrgmeaRemitdiductddl R |&ﬁ6§ited{‘hﬁlﬁeUﬁP€aﬁm Py gﬁl@ lgea%clgdriﬂ% tglm
filmlayers contains at |east ohe of an acceptor and a donor for tah

organi ¢ cpmmtiondn the drganée sémicohducionduthis\becohics affiksnfuneyienali srghmicahin
floating state, and an electrical current can flow through the tunctional
organic | g‘}‘@rlﬁﬁfy injecting electrical charges into the functional organic

<t act o 1 or morihy ‘GagGURE AR Rls FokPPRte C B HrebrasTRe PR ienin

Organt o, L B ybintd RARS S uliBRRIS of Toyfin FRKROETORMANr ERPOTs RRNEL, AR 2)

conprising a irst through an n-th functional organic t

bet ween twn tebesf tiedeS) n37 of BVMAYdRRBethaheigbyacieatidscl sycnidhfithdtiongl
| ayer which includes an organic conpound is forned between a k-th
f unct i onaPr&swiHiie filni layemyer (where k is an integer of 1 < k <_ (n -

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

15 battery structured as described above is extremely effective because it can realize

the present invention simply by ultimately using only two types of organic
compounds.

By reducing the present invention to praétice, it becomes' possible to

provide the organic semiconductor element which is highly reliable and has good

20 yield, without having to use the conventional ultra thin film. Further, particularly

in the photoelectronic. device using the organic semiconductor, the efficiency of the

photoelectronic device can be improved.
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1)) and a (k + 1)th functional organic thin filmlayer, wherein 3aﬁhMgi 100
conductive thin filmlayers contains both of an acceptor and a

t he organi ¢ conmpound, and wherein the conductive thin filmlayer is in a
floating state, and an electrical current can flow through the functional
organic layers by injecting electrical charges into the functional organic
l'ayers. 4w & G@Qinve$ & conduct or el enent according to claim2 or 3,
wherein a region of the functional organic thin filmlayer contacting the
conductive thin filmlayer includes the organic conpound. 5. An organic
sem conduct or ¢l ene r -TH t he conductive thin
filmlayer is gtruc@l}rg%ﬁ% sg?ﬁab%‘ln?]&a&%ﬁﬁg a co E[ gyer formed by adding an
acceptor to then mgglamstxucrtumﬁwmd byacqileatnslbd@mdlatmg/mnnsmbezrrorﬁétdlctjynaaddi ng a

donor to I, and erein ir 03| tioned

O ooer  +oPRERE RS RRAPRRGE pAl MEIElefuat AF of el BN EA bRoBER b omtoct o
el ement afisothdbuay ah a-th lﬁau:t’m&l ovgamk;e}nlﬂ fanrlfg@rsaﬁtw&ﬁ tivdelefttded,i onal organi c
thin filmlayer contactlcgg,to conductlélve thlcg filmlayer ingludes the
organi ¢ compoulfere a gan a&%#en B Ty dwie Anclidssdi Org¥EG PP dS ¢l ai m 3,

wher ei n: Ed?ﬁe@@ét%éﬁik-@h fhcloral bighhid VR ﬁlrﬁ I1avef Htletd @ AMnitk@Fopatding a first
| ayer forned an acceptor to a first organic conpound, and a

second Iaglb'rl)?@ﬂdr%@ﬁbﬂlgfaﬁ!ﬁ?twa]aofg%@rﬂﬁ]@llaY@econd organi ¢ conpound that is
di fferent fromyhbeifhs ééndﬁ%tﬂ%%lﬁ TRRY Bfkni caﬂyémﬁ&g Wil &k Kt X—‘ﬁ{ubl?al

posi tioned closer to a cathode side tha The Sécon | ayer. An organic
sem conduetgeric giie fibnlayecandrtoé Gg- t)th ﬁlhalquQrgMQﬂm ﬁlrralar/@gl on of the
functional org r_cont ng._the flrst | ayer includes an
organic corrpoggﬁ‘lc:f%{nﬁmf Condu%tvetgé%éméssmtah Oa*m St?t ’ornganl c conmpound. 38 2 6

MAY 2006 9. Anamelgamm caerentceandioet mro@ha;henﬁincamamoegang Ihgerc balinjeclingwher ei n

a region e functi opa n filmlayer contacting the second
| ayer in CF]g &harg?sdatﬁl E J’unctlo porgamc iayers
2. An organic semiconductor element comprising:

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

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

wherein each of the conductive thin film layers contains at least one of an
acceptor and a donor for the organic compound, and

wherein the conductive thin film layer is in a floating state, and

an electrical current can flow through the functional organic layers by injecting

electrical charges into the functional organic layers.

3. An organic semiconductor element comprising:
an organic structure formed by sequentially laminating an n number of functional
organic thin film layers (where n is an integer equal to or greater than 2) comprising a

first through an n-th functional organic thin film layers between two electrodes,
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conpound that is the sane as the second organi c conpound. 10. An

sem conduct or el enent according to any one of clains |I through 3% el B8
the functional organic thin filmlayer conprises a bipolar organic
conpound. 11. An organi c sem conductor elenent according to any one of
claims I through 3, wherein: the functional organic thin filmlayer has at

| east one hol ewhE@RSRQbhIRAN BETmCAVR! WELAGAuIOLE SEARS ARG FRt eri al,

and at |east one electron transporting |layer conprisifg an e ectron
t r anspor t fompedrbemetmp k-th tﬁdlcwml ergamt tigin hylee (Whrestnls poant integer| oyt e k £4n -

posi ti onqughgggl{thl h ANO «a&] E%#}Eyhgo el ectron transporting |ayer.

12. An organic um ne nprising: an organic structure
whi ch emi ts I | gzhéreblyeamkfﬂhg cmcﬁnblﬂiﬂ’eethin filimOwydrhermedins tatttof 5 acéeptorand by
sequent i a nat i n an n 8 nger of functional organic thin filmlayers
(where n Oélﬁorl "t%réﬁ‘?" d%r greater than 2) conprising a first

through an n- tb.rhexfeﬁﬂﬁéb&ﬂ@l:tw‘értﬁﬁmhﬁ 14yRE 1R iA b FIGhth@)ehS ah€t Wween an anode and a
cat hode, wherein a conductive thin filmlayer is forned between a k-th

functional or gahekctics gurmeny ‘Fﬁﬂlﬂﬂ?'éfhf?%héh@ fixnctignad qrgenicelgears by injectisgk: 5 (n -
1)) and ae&&ntailcml@esf]ﬂ{&%éﬂa o3[ lg’la#:ljgln filmlayer, wherein the

conductive thin fiFFmlayer ohmcally contacts with the k-th functional
organic thin filmlayer and the (k + I)th functi onal organlc thin film

| ayer, and whepein the conduct.i Lye t hi L S;.kN ting state.
13" %A organt o el ectorEin STk RO RPE RemprisHatRG g e et Eer Lot b e
whi ch em t@;dn ghthe Bynctiwiel basic chin fidintlayer @vntadtivgahaicaddethve thih diineEdydny
sequenti al I apm nat i ng an n nunber of functional organic thin filmlayers
(where n |m§’ S{nﬁf’ﬁﬂj‘ﬂlrc amReynd o or greater than 2) conprising a first
through an n-th functional organic thin filmlayers between an anode and a

cat hode, 39 2 6 MAY 2006 wherein a conductive thin filmlayer which
i ncl udes an or gani c APSHERIfmEMiconductor element according to claim 3, whérein:

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

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

6. An organic semiconductor element according to claim 5, wherein a region
of the functional organic thin film layer contacting to the conductive thin film layer

includes the organic compound.

7. An organic semiconductor element according to claim 3, wherein:

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

and

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

8. An organic semiconductor element according to ¢laim 7, wherein a region
of the functional organic thin film layer contacting the first layer includes an organic
compound that is the same as the first organic compound. |
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formed between a k-th functional organic thin filmlayer (where FsMgp %%55
integer of | <k < (n - 1)) and a (k + 1)th functional organic t*hfn T1il

| ayer, wherein the conductive thin filmlayer ohmcally contacts with the
k-th functional organic thin filmlayer and the (k + 1)th functi onal
organic thin filmlayer, and wherein the conductive thin filmlayer is in a
floating stateg 14. | r ) t rLShNg: an
organic struct%re V\%ﬁ?ﬁé}g%as?fgﬁoﬁgﬁ?&r 8%&%%%%%%%&3%32@%?%%@% gtlpn and is
formed byolsthgdignstipzal loygangrthindilimigyarsontaptingoibe sesfond layert inokudés ar grganiic t hin
filmlaye re. n | Lnhteger, equal to or, greater than 2) conprising
a first t%oﬁnopuoél glr? lﬁ[ﬁﬁss‘m%%%g}@isong Ogﬁ%alacnclogp%'}dn filmlayers between an
anode and a cat hode, wherein a conductive thin filmlayer which includes an
organic corrpoui](? is, fornmed between a k-th functional organic thin film
layer (where klf's afii Hedyerergicondugtog elemant, a9°°£§1)lg ANdE ‘%ﬁ of alsimg 1

funct i onathr@iglad)ivehekdih ihe FinBlidrAY 8fganiOBmEfith @86 cAhprisbe a ARRIAMCENfe t hi N
filmlayers contains at |east one of an acceptor and a donor for the

or gani ¢ cERA%, and wherein the conductive thin filmlayer is in a
floating state. 15. An organic el ectrolum nescent el ement conprising: an
organic structure which emts light by making a current flow therein and is
formed by sequéhti abhyorgamé sernicogduater relemgemb eccapding umciny ormal ofoelgiansi £ t hi n
filmlaye n.is an integer equal to or greater than 2) conprising
a first tﬂﬁouﬁid\ré\,?g'h&ﬁlpt h functional organic thin filmlayers between an
anode and a cathedilactionbilesrgbmic ahiaofiieh tilye Bast i Badt idn Hoby etinspbuitia layeel udes an
or gani ¢ conpound i lfﬁrmed betweenla k-th functional organic. tni n film

| ayer (wh&" rk““igsaj‘r?% pgetingrmaternly and ap (past que) elgcirpn, fSPQrting Haye net i onal
organi ¢ t tbrprisidgranl cky86n triiip6@ing naeihl; @hd t he conductive thin layers
contains both OL an acceptor and a donor for the organic conmpound, and
wherei n the coW8efem he helgitiangnorting) layes s pasitjorediclppes 40 fmanade sids thangthe A
organi ¢ ebiggldnlasponasciend. el ement according to claim 14 or 15  wherein a
region of the functional  organic thin filmlayer contacting the conductive
thin 40

12. An organic electroluminescent element comprising:

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

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

wherein the conductive thin film layer ohmically contacts with the k-th functional
organic thin film layer and the (k + 1)th functional organic thin film layer, and

wherein the conductive thin film layer is in a floating state.

13. An organic electroluminescent element comprising:

an organic structure which emits light by making a current flow therein and is
formed by sequentially laminating an n number of functional organic thin film layers
(where n is an integer equal to or greater than 2) comprising a first through an n-th
functional organic thin film layers between an anode and a cathode,
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2 6 MAY 2006 filmlayer includes the organic conpound. 17. An orggﬂgcwﬂy 2005
el ectrol um nescent el enent according to claim15, wherein the con tive
thin filmlayer is structured by lamnating a first |layer formed by adding
an acceptor to the organic conpound, and a second |ayer fornmed by adding a
donor to the organic conpound, and wherein the first |ayer is positioned

closer to a catfiefs §idfdhad tﬁiﬂgilﬁxefé adwhﬁxqﬁclucﬂeg' "% ﬁig%%ﬁound is

el ectrol um nescent el ement according to claim1ly/, vﬁnergl na fregion of the
f unct i onafformeg &piwsen hkrih funiciipnah gegenic ¢hit fidmilaygr tiereh momdnieger of Atk £i | m

| ayer inglu o -1 n_organi c el ectrol um nescent

el enent a@ﬁ:oﬁgﬁ?}%yﬁ(&pi al %gtiél%wv%%ﬁglthﬁg ?ﬂn%ﬁl “conductive thin filml ayer is
structured by mhsteirathe nondactiverthin filayleyer obmizatly byhtsuttchvitly thark-thdompibadl to a

first organic. conpound, and a second | ater for.ned dding, a donor to a
second orﬁﬁgﬁfl‘(?ﬂ@g%gﬂl&r?rﬁ&b? (ks F}fg‘@ﬁéﬂ?q?ﬁgﬁﬁfﬁﬁﬁ‘ég’fxﬁ‘ fr=6‘?dgani ¢ conpound:;
and the first lhageinths ciistiveaniadilaldmels iha Mataidpede side than the second
| ayer. 20. An organic electrolum nescent el enent according to claim 19,

wherein a region of the functional organic thin filmlayer contacting the
first |ayer |nqh_ude%ad?gan@gg@dﬂognﬁgggp%@%n{enp&n{ﬁis%@e sane as the first
um nescen

organi ¢ conpound. 21. An organic electro el ement according to
claim 19, wher enrganic sigycire which eenifsulight by medkingr g awirent tloiwntheieimaidaiger

contactin e | r .includes an, organic c ound, that is the sane
as the seg%%gobig%ﬁ?%n%@yrrgacr)rﬁﬁ%%ngﬁ.3 r'fmg?rggﬁlﬁléwté ngiégp 25 lﬁ%hlﬁle@gle% “8&l ement
accor di ng (wieramyisomeintdgerc bquairgo b2 grefater akegh21&mpsiges firdt brohiginai inathal

organic thin.filmlayer. i 0 sed of a bjpolar _ organic conmpound. 23. An
or gani c el?'g]&‘?’bﬁl ﬁ’fﬁaﬂ‘églé‘ﬁg‘fmiqygﬁgjﬁ{we%@%?’&‘?c%é‘n@f)cgh?fleone of claims 12
through 15, whevheieii adbnduchivé/Mhin F0RO18EwhiehGhé10MR! anOs@at GoinPbihdf isl M | ayer
has at |east qgne hole transporting | a};]/_er . .
ormed 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,
wherein each of the conductive thin film layers contains at least one of an

acceptor and a donor for the organic compound, and

wherein the conductive thin film layer is in a floating state.

15. An organic electroluminescent element comprising:

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

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

wherein each of the conductive thin layers contains both of an acceptor and a
donor for the organic compound, and

wherein the conductive thin film layer is in a floating state.

I6. An organic electroluminescent element according to claim 14 or 15,
wherein a region of the functional organic thin film layer contacting the conductive thin
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conprising a hole transporting material, and at |east one electr%p. A 05
transporting layer conprising an electron transporting material; QnM Yﬁ@
hol e transporting |layer is positioned closer to an anode side than the

el ectron transporting |ayer. 24. An organic el ectrolum nescent el enent
according to claim 22, wherein the bipolar organic conpound includes a

hi gh nDIeﬁmhgﬁepaﬂmggngaQ%Mh@gnﬁwﬁmgpnjugate system 25. An organic
el ectrol um nescent el ement according to claim 22, wherein: the bipolar

or gani ¢ conpound includes a high nol ecul ar conpound having a n- conjugate

system and  he;conduGhiis. § kb AYERRELYLES Boltholls ol ecul a

conpound having a n- conjugate system ectrol um nescent
el ement accor dimbgreirothe| @hdaci@e thihdilai layer is sgudsinpd|barlamingemd ¢ fostnippund

i ncl udes hi gh l.ecul ar._conpound havi ng a n-, conj ugat e,system .and t he
conduct | vt YRR e e R e o Smlelion G0k SRS 1 R¥E I 4 B pound
Wi th an aaddipg ®tdomi t@thdop@anicadapeuridoaid . 27. An organi c el ectrol um nescent
el enent according to claim?23, wherein the condutive thin filmlayer

i ncludes at | e3dFreghbe gpst @H‘é‘ iR EPEted G108 P P ARhoRstidei than ths epcPRRIaYR ect r on
transporting material. 28. An organic el ectrol um nescent el ement according
to claim23, wherein the conductive thin filmlayer includes both the hole
transporting naferi &n ¥ErNi¢ plectetlwninessant ¢leraens perording tneleiar i &l whepan aan
organic s -&%gg T HpTe i r i tes an
el ectr orm? ‘%gi‘é“ %&%g 9 a s@raﬁflc%nltﬁglhltg §eggc§l&ﬁft§1tgftg§%Hgﬁgyggggufgﬁ?iﬁ g |y

| ami nat i ngncdudentha @rgaerc compbpumict i onal organic thin film42 2 6 MAY 2006

| ayers (where n is an integer equal to or greater than 2) conprising a
first through an n-th functional organic thin filmlayers between two

el ectr odes, 19. An organic electroluminescent element according to claim 15, wherein:

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

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

20. An organic electroluminescent element according to claim 19, wherein a
region of the functional organic thin film layer contacting the first layer includes an

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

21. An organic electroluminescent element according to claim 19, wherein a
region of the functional organic thin film layer contacting the second layer includes an

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

22. An organic electroluminescent element according to any one of claims 12
through 15, wherein the functional organic thin film layer is composed of a bipolar

organic compound.

23.  An organic electroluminescent element according to any one of claims 12

through 15, wherein:
4]




wherein a conductive thin filmlayer which includes an organic c o% 2@65
formed between a k-th functional organic thin filmlayer (where k=i
integer is 15k :S (n- 1)) and a (k + 1)th functional organic thin film
| ayer, wherein the conductive thin filmlayer ohmcally contacts with the
k-th functional organic thin filmlayer and the (k + 1)th functi onal

organi ¢ thin fideMuhaRbl ofRshc WHAT SinD 14/8€ heORARGSH 068 HoM Baddpbiimbay@r 1s in a
floating state. 30. An ordanic solar battery conprising: an organic

st r uct ur e coipiENgG 8wl tresspariing| meteridnend e 16ast cee Blpctalis RPAGIEilgr and is
for med byc&ﬁﬂr?%iﬂlé&’mhﬁgﬁs%ﬁfng%a?é?iaﬂ Jynber of functional organic thin
I t

film layers ere n1s an I ntéger edqual to or greater than 2) conprising
a first througthedwlatrarsporfiog tiyeroil positonpdlaset toi an dhbdasil@then shebdtowern t wo
el ect rode§ wh§r ein a conductive thin filmlayer which includes an organic
compound PEMSPPIENEIYC ot ween a k-th functional organic thin filmlayer
(where k is an integer of 1 <k < (n - 1)) and a (k + 1)th functional

organic thin filmlayer, \_/vhel\rei n each of the conductive thin filmlayers
contains at |ed%t ond Banifsleciiobmyneseen slementaspefingde cleime2o MyRiitthe onpound,

and wher epfholaR@r&ARdeitiouRd tiftithieh 12! Mkh WREculs® dofpdurd RALINS SdoRf@ate 31. A

organi c solar battery conprising: an organic structure which generates an
el ect r onosysien-f or ce by absorbing light and is forned by sequentially

| am nating an n nunber of functional organic thin film layers (where nis
an integer equal to or greater than 2) conprising a first through an n-th
functional orgdhi c tAmangdnid eledt@umrisesbatt wieernt avoordingdd clooie22, whissirei N a
conductive thing fi.lmlayer. which includes an organi c conpound .is forned
between a k- t hEURTFOTRRS FERRTI IR i ek Bpip Ul ppetpdheving amiy cger of
1 5 k _< céijugatelgystenandd (k + 1)th functional organic thin filmlayer;
wherei n each of, the cond C'ti}\:il% t hin fi%mlayers contai ns bqth of an

acceptor and athegepdpctivghip flmJages dncudes adygingiolesplar Gararend herae ddtiduct i ve
thin fil nkb,gygﬁegﬁtehﬂ a floating state. 43 26 MAY 2005

26. An organic electroluminescent element according to claim 22, wherein:

the bipolar organic compound includes a high molecular compound having a n-
conjugate system; and

the conductive thin film layer includes a conducting high molecular compound

with an acceptor or a donor added to it.

27. An organic electroluminescent element according to claim 23, wherein the
condutive thin film layer includes at least one of the hole transporting material and the

electron transporting material.

28. An organic electroluminescent element according to claim 23, wherein the
conductive thin film layer includes both the hole transporting material and the electron

transporting material.

29. An organic solar battery comprising:
an organic structure which generates an electromotive force by absorbing light

and is formed by sequentially laminating an n number of functional organic thin film
42




32. An organic solar battery according to claim30 or 31, wherei nﬁgrﬁm’omgg
of the functional organic thin filmlayer contacting the conducti hin
filmlayer includes the organic conmpound. 33. An organic solar battery
according to claim31, wherein: the conductive thin filmlayer is

structured by lamnating a first layer formed by adding an acceptor to the

organi ¢ COyBR¢RHere ANLlafin&@eOafhal BYR ordhRf WM 2P ¥oraslelin frst BRNEH ab Q-th he

organi ¢ conmpound; and the first layer is positioned closer to a cathode
si de t hanfingBonabeigaric thiy Ehm lagars bpfveen femelectsndbsar battery according to claim

33, wherein a [ e} | [ ' I optacting
t he conducti vewtiel |eﬁp?i%}corﬁ%i“{aa§eew£?g§#uggésr ?ﬁ%ﬂq%ﬁﬁ%giag (% %ﬁ%g%@@m
organi ¢ s&iraed bettveer y kal finctionmad) otgonic [thin fild layenheheed kis dnhiategamidlictk e t hin

filmlayeg i tructured. by. | am nat.i first layer forned by adding an
accept or Eno @?ﬁ%@%b@h@%ﬂo% gﬁﬂ%l{,mhﬁ]&‘ky?econd | ayer formed by adding a
donor tg a Segwhﬁ‘e()?@aﬁd)rﬁiretﬁ&ﬁﬁylfﬂmtmjﬁ'_ohﬁlidgili lé@ﬁ@mwﬁﬁmmktthﬁ‘urgckibﬁaldorgﬁni c
conpound; and t. irst layer is positioned clgser to a cathode side than
t he s_econaraa%'yébm%@a.*a%a‘@r%%% *él)élbﬁ‘QP“%l&_{ erepsjc gt bimylane 4l cl ai m 35,
wherein a regi me@fntw@ondwmttmﬁmhweggsrihﬁﬂbml{gsidté.m | ayer contacting the

first layer includes an organi c conpoun that i's the sane as the first
organi ¢ conpound. 37. An organic solar battery according to claim 35,

wherein a regi gy of sthe anfc%fatrizﬁfé?}cnp%?ir}i 'tthi n filmlayer contacting the

second | ayer includes an organic €O hat is the sane as the second
or gani ¢ conpound or@8ic smceregwhich geodrates bateleetrymatteofodiertsy $tsodbme bigle of

clainms 29 ropah wherei n t he .functional or ni.cthintibgl er is
comosed &1 5 BRReT By so O elubindt 80 s SRR o hsPa bk oY,
accor di ngldyers@whcronds o intdgar eqaltd dr lafeatedthad ) corgristngba MAYthZGRAGn WRRT ei n:
the functi on{'il ?rl%ani 1 Hn filmlayer has at |east one hole transporting
| ayer functional organic thin film layers between two electrodes,
wherein a conductive thin film layer which includes an organic compound is
formed between a k-th functional organic thin film layer (where k is an integer of 1 <k <
{n - 1)) and a (k + 1)th functional organic thin film layer,
wherein each of the conductive thin film layers contains at least one of an

acceptor and a donor for the organic compound, and

wherein the conductive thin film layer is in a floating state.

31. An organic solar battery comprising:

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

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

wherein each of the conductive thin film layers contains both of an acceptor and a
donor for the organic compound, and

wherein the conductive thin film layer is in a floating state.
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conprising a hole transporting material, and at |east one electrorf & MAY 7408
transporting layer conprising an electron transporting naterial; and the
hol e transporting |layer is positioned closer to an anode side than the

el ectron transporting |layer. 40. An organic solar battery according to
claim 38, wherein the bipolar organic conpound includes a high nol ecul ar

conpound havingza r anCRRINHIRE b%b(if&%@%orélifxg 1 ait] SRR F1, SRbRI PREIRMF
according to claim 38, Wherein: the bipolar organic conpound includes a
" hi gh nol eéhl nctivonapergende Haw il layer eonteasing ubracandustive dhin fdmdlaydiendededuct i ve

thin fil | a high nol ecul ar conpound having a rc- conjugate
system Iﬂﬂéggﬁgégﬁhﬁgﬁiolar battery according to claim38, wherein the

bi pol ar organi ¢ conpound i ncludes a hi gh nol ecul ar conpound having a

re-conjugate system, and .th onductive thin.film]ayer includes a
conduct i ng higﬁ§hnlé@dF%W“E@ﬁﬁ%ﬁﬁﬁyﬁFPﬁﬁ tﬂcngéﬁfﬁ ‘Y a donor added to
it. 43. An or 9@ ena@itiae AE 1dyeRiCandivha E)Olaﬁﬁrﬁtiﬂ% 3%irstiRk Edrihell b .
conductive_ _thin filmlayer includes at |east one of the hole transporting

mat eri al aAdng pe assepiar tpthe prsawe somppryRg pad arseggnd laver farmest Buatdinga) ar

battery aggid iR okfnk! BFb3%; aper ei n the conductive thin filmlayer
i ncl udes both the hole transpdorting material and the el ectron transporting

materi al . 45. Mp/firsilayenis ponitiongfeaidsst twendathode side then dlesaennd laysr.gani ¢

el ectrol um nescent element and an organic solar battery according to any
one of clainms 1 through 3, 12 through 15, and 29 through 31, wherein a
conductivity oB4t he Avondudt iseler bdviery fdcbriingayenaiins33, edieadin hoegion gf that er t han
10-10 § mfundé?lonal organic thin film layer contacting the conductive thin film layer includes the

organic compound.

35. An organic solar battery according to claim 31, wherein:

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

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

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

that is the same as the first organic compound.

37. An organic solar battery according to claim 35, wherein a region of the
functional organic thin film layer contacting the second layer includes an organic

compound that is the same as the second organic compound.

38. An organic solar battery according to any one of claims 29 through 31,

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

39. An organic solar battery according to any one of claims 29 through 31,
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wherein:

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

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

transporting layer.

40. An organic solar battery according to claim 38, wherein the bipolar

organic compound includes a high molecular compound having a n-conjugate system.

41.  An organic solar battery according to claim 38, wherein:

the bipolar organic compound includes a high molecutar compound having a n-
conjugate system; and

the conductive thin film layer includes a high molecular compound having a n-

conjugate system.

42. An organic solar battery according to claim 38, wherein the bipolar
organic compound includes a high molecular compound having a n-conjugate system, and
the conductive thin film layer includes a conducting high molecular compound with an

acceptor or a donor added to it.

43. An organic solar battery according to claim 39, wherein the conductive
thin film layer includes at least one of the hole transporting material and the electron

transporting material.

44. An organic solar battery according to claim 39, wherein the conductive
thin film layer includes both the hole transporting material and the electron transporting

material.

45. Any one of an organic semiconductor element, organic electroluminescent
clement and an organic solar battery according to any one of claims 1 through 3, 12
through 15, and 29 through 31, wherein a conductivity of the conductive thin film layer is
equal to or greater than 107'° S/m.
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