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

phot oel ectroni ¢ device such as a photoelectric conversion el enent and an
EL element. 2. Description of the Related Art 10 Conpared to inorganic
conpounds, organic conpounds_include nore varied material systens, and
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compound is characterized in that films and the like formed using the organic

compound demonstrate great pliancy, and superior processability can also be

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 arc used as insulating materials, protective materials and covering

30 materials.




However, there are nmeans for maki ng massi ve anmounts of electrical current
flowin the. organic nmaterials which is essentially insulators, and they are
starting to be put to practical use in the electronics field. The "neans"
di scussed here can be broadly divided into two categories. 5 The first of
t hese, represented by conductive polyners, is neans in which a

rr-conjugate system organi c conpound is doped with an acceptor (electron
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the vol{ 2Q€mitonductor or more, a group of materials which exhibit this behavior can be
referred to as organic semiconductors (or, in some cases, organic conductors).

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

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

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

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

to as "thickness") between electrodes applied with the voltage V-
30




30 2 Formula 1 J = 9/8 - ecott - V2/d 3 . Note that the SCLC i s expressed
by Formula 1 in which no carrier trap 5 when the SCLC flows is assuned at
all. The electric current limted by the carrier trap is referred to as a
TCLC (Trap Charge Limted Current), and it is proportionate to a power of
the voltage, but both the SCLC and the TCLC are currents that are subject
to bulk limtations. Therefore, both the SCLC and the TCLC are dealt with
in the sarkormaya her ei nbel ow. 10 Here, for conparison, Fornmula 2 is shown as
a formula expressing the curyent density when an Chmcurrent flows
according to OhMiS%%weeqw dhbtes a conductivity, and E denotes an
electric field strength: Formula 2 15 J = (YE=cy - V/d In Formula 2,
since the conductivity cy is expressed as a = nelA (where n denotes a
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Formula 2

15 J=0E=0- VA

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

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

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

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

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




3 mobility s, in other words, an organic material capable of latently
“transporting a carrier, can be called an "organi c sem conductor".

I nci dental ly, even anong organi c sem conductor el enents which use the SCLC
as descri bed above, organic el ectrolum nescent elenents (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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referred to as phosphorescent |ight. The discussion in spec ron
covers caodsaof cleommonittamspantingo orgemie nionteehind, giid i@ relbmbht alked he liphei t ed

states., 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 el enent described above, the organi.c thin
film 30 is normally formed as a thin filmhaving a thickness of about 100
to 200 nm "4 Further, since the organic EL elenent is a self-|um nous
"element in which light is emtted fromthe organic thin filmitself, there
Is'no need for such a back light as wused in a conventional liquid crystal
di splay. Therefore, the organic EL elenent has a great advantage in that
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(Reference 3: C. W Tang, "Two-layer organic photovoltaic c , Applied
Physi cs LBwetquek rgsponse imayandzhe 1iks, t85ongaoRel]. elenent is receiving attention
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 transborting carriers latently,
which is to say having a certain degree of carrier mobility.

In short, the organic solar battery utilizes an opposite structure to the
organic EL element. That is, its structure is similar to the most basic structure of
the organic EL element, where the organic thin film having the two-layer structure

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

30 the carrier mobility present in the organic material.




phot oel ectric current generated by causing light to be absorbed into the
organic thin filmis used to obtain an electronotive force. The electric
current that flows at this tinme can be understood as follows: the carrier
generated by the light flows due to 30 the carrier nobility present in the
organic material. 5 In this way, the organic material, which was consi dered
as having no purpose in the electronics field other than its ori-gi nal
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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 cérrier, it is difficult to
constantly obtain a carrier density equivalent to a metal or of an inorganic
compound that is equivalent to a metal (e.g., nitride titan or other such inorganic
compound conductor). In other words, with respect to conductivity, it is extremely
difficult to sur;;ass an inorganic materjal, 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




25 only renmi ning advantage is that the organic material is extrenely

wor kabl e and pliant. On the other hand, in the case where the SCLC
(hereinafter, SCLC includes a photoelectric current) is nmade to flow to
the organic sem conductor, the physical properties that the organic

sem conductor originally had are not lost. A 30 representative exanple of
such is none other than the organic EL elenment, in which 6 the |ight
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because t becdessful nigsbecduge atheutiticlendshi of fiss! Biganic thin film is designed as a
uniformly ultra thin film having a thickness of approximately 100 nm.
15 However, the fact that the thickness d must be made extremely thin actually
~ becomes the biggest problem when the SCLC is made to flow. First, in the 100
- nm thin film, it is easy for pinholes and other such defects to develop, and short
circuits and other such problems occur due to these, causing a concern that yield
may deteriorate. Further, not only does the mechanical strength of the thin film
20 decline, but also the manufacturing process itself is restricted because the film must
be an ultra thin film.

Further, when the SCLC is used as the electric current, the physical
properties that the organic semiconductor itself originally possessed are not lost,
and there is an advantage in that various 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 i 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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Further, when the SCLC is used as the electric current, the physical
properties that the organic sem conductor 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
sem conductor is accelerated by nmaking the SCLC flow. For exanple, |ooking
at the organic EL elenent as an exanple, it is known that the lifetinme of
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bri ght ness;”"0f/; in other words, to the amount of electrical current that is

30 mad £l . . Yoshi SATO. " The J ety .of lied
> Phystos /O ga SoshpRd apdye Ral MBite SOk e abecil onieclonayer dopdd o
1 (2000), to 8frcifike londiRtwitydinefioNAitidsN ollie HBN ¢8R ORI PRy 255SRLGT OF

the donor is doped to prodlce conductivity, functlonailtles oYher ?han t he

conduct® vifuythgr.ein thet dedicEuwheérer thei SCLI(E idevid eo \phedecet e Sehdudtivitys gk t O
produce t conductivity, the flow ng of nmassive amounts of an electrical
current t 8 thenassiveaamppntst of an ¢lectsivak currentu dwovgh ghe biltrasthie fimii ng

h I ' iapid i d.the like..lncid Ly, I '
dovi cos uareamERE B Dot Bt Ered SRuleENS Ridkpgl i Be Wieeronc s anc
es usIig"the S . !
of frc ency. “The oy coneavelt BtRecoRf SpRLarL e et ERREalhosg,

light enduch agorganiabl siembntshedarganicsol batteried) thdre it BRb o frobldh ehtied
hol e and el ectron _reconbine with each other to be converted into |ight.
Ther ef 8} ercspgebiossffisincy. it is possible to extract at nost one photon

fromthe reconbihhation of .gne . hol e an ne,15 electron, and .t i.s not_ be
possi bl e to ext :I%%t Oﬁgaﬁ‘i%fﬁri%l?‘%m ol tgﬁsqlsquﬁé? i8S, an aneer ddie Hgbht um

ef 1 1 encinfitdiy AUERASIoL ok efhiRe! 0ol AEMASHleckdl FbSH SEELET)

shoul d be at nost 1. However, reali IS d _
internal cecamibine efith eacnother ¢ s eohverded e ligkBNPTkerefdte] teofcdRAlL9] it (e

organi c EL el ement using the
possible to extract at most one photon from the recombination of one hole and one
15 electron; and it is not be possible to extract a plurality of photons. That is, the
internal quantum efficiency (the number of emitted photons with respect injected
carriers) should be at most 1.
However, in reality, it is difficult to bring the internal quantum efficiency
close to 1. For example, in the case of the organic EL element using the
20 fluorescent material as the light emitting body, the statistical ratio of generation for
the singlet excited state (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 @y, 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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20 fluorescent material as the light emtting 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 sem nar at Division of Organic Ml ecul ar

El ectroni cs and Bioel ectronics, The Japan Society of Applied Physics", p.
31 (1993)). Therefore, the theoretical limt of the internal 25 quantum

ef fi ci encysurgassigsthafFoft fresrescent mstetiohtagdeéh chicvod.es FRMevaH ARt ?H@eY'itS Id
fromthe flyorescent material is not cpf, the internal quantum efficiency

wi || drop 3% thigerit t Mamecessary [t peg entphospheresedit enpiteridlawdttbeerhignde
to use ph ggﬁ(grscent matguri ?F!tfgl to use tﬂ%xl | ght emi ssion fromthe triplet
exci t ed Sfp:@ OB SRR JEFIRCY Jerant Liereione.che i langs of sslackienrforithal
limt closg i ; : ffircienc | )y .8 surpassj hat of
f1 uor escent alﬁgﬁ grlggllnhﬁ%%i ab e%sgj(;:kﬁf@vegﬁsl-lgv\%%%%%y?’ﬁg%rf"gecfm?}gounﬁféHﬁ@fl@a‘? his,
it is nécessiaphosphosseeat hgmsalhﬁbﬁst@ﬁi%rdgﬁieez]{rb%htr%ﬁr 8l gh

phosphorescent quantum efficiency (pp. Therefore, the range of selection
for the materidh othexferds,didbmeanseseulid dicestrudniesl for mpmvae diagakictical

conpounds that can. 5 emt, phosphorescent |ight at roomtenperature are
extremel y FE-Et eﬂﬂ“ﬁ‘ﬁ?’e&%ﬁg&neﬁﬁ {eﬁ‘é gencspigidn pelation fe thy electrisal Cumetyi ng

the el ect rjgcay | Cl.ene ri ghtness | evel geperated in

rel ation to_cltqlﬁeog e%‘fﬁlégﬁgdé%tf 2%%)‘%{3% B ﬁeggl‘@ajnﬁngoﬁ_ﬁn%?'enﬁﬁ_{he : FEIGRh I d
be a greatcuimeno¥ffidiony isﬁniﬂi@v@;l,%@é&hﬁe@'Ievél‘Hfftﬁightﬁés%'c%h Corddfictd RV gd: 2
greater level of brightness can be produced witir a 10 snall'er eFectrlcaI
current0 corligr skegricai aueenthe Congetselys alnce the ebdctdied] hgrdredeaae rddated
achieving.a certain bri %htn ss level, the deterioration caused by the

massi ve  ARDAHUCEE Recql a1k Hrightngss e veladhe Wsteriasalien cansed)byr thet massive | m
descri b The. | tfuct. th ic EL
crenont . o oupt oY Sle ARG RS o BN Y Beoisd bl BB rsthstiniaed pHovRe

or gani ¢ sghabehadhi®@dy, is inefficient at present. As described above, in

the organic solar battery using the conventional organic sem conductor,
the el ectrical dier énersiostiunome fdfothe orgdnge UELreletdent) {hli¢h iis 1804 IR

15 photoelectric conversion such as in the organic solar battery, is inefficient at present.
As described above, in the organic solar battefy 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.c., 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 {low in a device utilizing the physical properties that are unique to the

25 organic material, the reliability and yield from the device is influenced unfavorably.
Furthermore, particularly in the photoelectronic device, the efficiency of the device
is poor. These problems basically can be said to arise from the "ultra thin film"

structure of the conventional organic semiconductor element.

30 SUMMARY OF THE INVENTION




Therefore, electronotive force is not produced, either. However, when the
ultra thin filmis adopted, a problemarises in that the |ight absorption
efficiency is poor 20 (i.e., the light cannot be conpletely absorbed). This
problemis considered to be the |argest reason for the poor efficiency. In
| i ght of the foregoing discussion, the electronic device using the organic
sem conduct or has a shortcomng in that when the nassive electrical current

is made to floWhencfarge cigiect of ihei presdreniditioncialto HhRBAIE & heWBbn@pE
uni que to thﬁ 25 organic material, the reliability and yield from tlhe
devi ce i s ¢ Ak¢ sEHEREC Yhithe sorpestionatgrgande somiconsctdrcalbmehy torprokile an

phot oel ec |+ Vi C he.efficiency of the device is poor. These,

probl ens %@égﬁgﬁléﬁﬁuﬁ@rfﬁ%@td’v gﬂ i“é&o?ﬂry(ﬁf;le?tﬁém’llﬂ%ﬂmé[ Rytjadscr higher yield,

st ruct ur eygihddieusinPVidRt EQR2hi8ha2N| a duc ng - SUMVARY OF
THE | NVENTI ON 9 Theg ef or%, a?“%‘?‘e@ltfao?ﬁ‘ﬂ@?‘%r esf':{eﬁr)f{th?‘ln@gﬁet‘:}t o‘?fsi?lée pesent

i nt r odug e i@vergivnc i ¢epimprooe tthe &ficitcyr 6f She tRIGQEMAMIE ABicO "B Ghe
sem conduct or el enment, to provide an organic sem conductor element” wth
not only §ISEM@peIEGangBriorty but al so higher yield, without using the

conventional ultra .t hi@rﬁ fitr’p1 Anot her obj ect of thgqé)resent S invention is
to inprove the i 1BV EHEY Obhe IESGIN dRGEIoR: A% Aresuleed repeaisd intenpe studiagani ¢

sem condugl@levi ' f present jnyention. as,a result of .
>em CONCURO Uy el NRiARI L AbOVERIERRed Sy 55 i Bl

~ above- nenahosrgdnizhi@nicondue@rihat RIdopdl YHERAL CackEfor VHIM Uolor tBAhaks ifoPed
W t‘h an acceptor or a donor to nake it 10 conductive, and an organic

sem coHueppdugtivenand anarg8GL Geicarshididrdnachichwe SEEC is edd e iavhieye thdhe
nost basi ¢ s(ﬁr . re,lthereof i s shown ipn FI 1. FIG_1 shows an organic

ct ,
seni condu&P ucgp/é ntL Egmpst Rasis sruckyredhersal is showniKiG G.n whi ch, bet ween

F i m Cayer (1ot Sx9ad T i orgie RARARAAE dlere OBl d e ) Bikotic, " e
DLEE PR WEhoben, SO Al | WREDETS B8, Mg,
laminated an organic thin film layer (referred to as a "functional organic thin film
15 layer" in the present specification) for realizing various functionalities by flowing
an SCLC, and a conductive thin film layer in a floating state in which a dark
conductivity is achieved by doping the acceptor or donor, or by another method.
| What is important here, is that the conductive thin film layer should be
connected substantially ohmically to the functional organic thin film layer (in this
20 case, the conductive thin film layer is partiéularly referred to as an "ohmic
conductive thin film layer"). In other words, obstructions between the conductive
thin film layer and the functional organic thin film layer should be eliminated or
extremely minimized.
By adopting the above structure, holes and electrons are easily injected each
25 from the ohmic conductive thin film layers into each of the functional organic thin
film layers. For example, a conceptual diagram of an element shown in FIG, 1 as
n = 2 is shown in FIGs. 2A and 2B. In FIGs. 2A and 2B, when an electrical
voltage is applied between the anode and the cathode, electrons are easily injected

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

30 layer, and the holes arc easily injected from the first ohmic conductive thin film

10




conductivity is achieved by doping the acceptor or donor, or by another

nmet hod. What is inportant here, is that the conductive thin filmlayer
shoul d be connected substantially ohmically to the functional organic thin
filmlayer (in this 20 case, the conductive thin filmlayer is
particularly referred to as an "ohm c conductive thin filmlayer"). In

ot her words, obstructions between the conductive thin filmlayer and the
funct i onallaysrgtnie ca sheond ifumcticmatrorgidol thibefilal lagenat @ vidwéd €rdhYan

m nim zed. By adopti.ng %he above structure, holes and el ectrons are easily
i nj ect ed nglz%lf‘ml&rﬁ fle BRNes oom diranede tawardithe wathogde; snd nncelectedn of

of “an" o et ol e, chifele ol 1AL S5B0e TLAAT, Hadlevegatiotan also e
FI Gs. 27 adeRidod WheBorNtif AELt0E 3hd tOhR Mok FrdtiRhL Bfluie LURGILAVASHTN Ode

and the cathode, electrons are easily injected roma T1rst o
conduct § vdilthlayef bick tossaed thawppasiteidigtibun@licon@). organic thin film 30

| ayer, and the holes are easily injected fromthe first ohm c conductive
thin film 10 | ayésre; by sakiegeadufinehionalosrgrniorthimfibm tlayer thiHave aathéckne¥¥ien
viewed fr Xt e | _circui a_hol e .noves fram t he anode, toward the
cat hode, g)nlp anmgll %’c?{j@ﬁlm r%\;é]gél}e]rnmet traTien iEeRsd (gigapach Rnciesakorganes

: , fil ' h -el - th
o R 98 S Rl GTRLCR! OB AP L SELAL

opposi t e eirgant ithinsfilor|1&yer? A unclienity fyudpkd gheasissio st tonfike PHORRES
thin film|layer to have a thickness of 100 nmto 200 nmor smaller, the
carri ef0i AjB theinherent phypicalitycefi the argamigmaterial ican befredlimedayer can be nade
to flow as the i.n each functignal organic thin filmlayer,

C._Th '
a functionali ty%%é{?gﬁerag’tvli'éln;% RasiG Shrgrfuts; o PreRet 1ggentiyis appliady the he
when the DRALESbOlah bE A BalPafy WBrcb R MEKMER RN PREROKED, | o

struct ur e useful beInragdhert wdrdy,eagimedeipited de bhokiRsml Ainehr i(d WtiEsne! y
useful. In other words, assune that in the conventional element (in which a

f unct i onafuestimal erganie thin fiin dyxer H033isi sndwichwidchewebetareshode 861 andea 301
and a 15 anode 302), a given electrical voltage V is applied to the film thickness d to thereby
obtain an electrical current density of J (FIG. 3A). Here, in the case of the present
invention (FIG. 3B) with the alternatively laminated n number of functional organic
thin film layers 303 similarly having film thickness d and (n - 1) number of ochmic
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

256 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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15 anode 302), a given electrical voltage Vis 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 313) with the
alternatively lam nated n nunber of functional organic thin filmlayers
303 simlarly having filmthickness d and (n - 1) nunber of ohmc
conductive thin filmlayers 304, where it was only possible to flow the

SCLC into 20 t h&hubj bgnpswidingwihiccbrgaatc R0cture twitl2 Qe MMerfattRe jaminated
conventionpal art t he present invention appears equivalent to flow ng an

SCLC havi Fﬂgﬂqtmal WeaRc Hunsilm layeo aad eon Ctihbclhﬁljeslilnnhdayﬁ]yﬁf:l?gﬂrgggid Be
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vol t ages nvbimushobe pgdlied iipweyatic Elhelahant vanire tie RIS isshate 8o gani ¢
sem conductor can easi|y overcone the problemin that by utilizing the

or gani ¢ na¢lieyelight jenmissientandhins prganic polapbattémes, whﬁrdnuﬁlimasl?l;/a:ﬁoelwoum hof
electrical _current is nade to flow, there is a. 30 _negative ect on the
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t t | t : ) ' i thi ilm
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art. This concept did not exist until now This concept ‘can 5 obvi usly be
appl i el i semsicgadietoElclemente nomprised of taneoigEhc stsuctanefdrmed by sequertidiiyeve

| i ght | SSi .and in organi¢_solar patteries which utilize a photoelectric
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D)th functional organic thin film layer; and each of the conductive thin film layers
ohmically contacts with each of the functional organic thin film layer.

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

20 Particularly in the case of the photoelectronic device Which‘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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thin filmlayers between an anode and a cathode, characterized in that: a .
conductive thin filmlayer in a floating state is wthout exception forned
between a k-th 15 functional organic thin filmlayer (where k is an integer
of 1 s ki5(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 fil molrgam“hihtﬁ]hﬁlage@ferabl e to use an organic conpound instead of
using a netal or a conductive inorganic conpound. 20 Particularly in the
case of the photAded.cintomini to deniacktheht@ituceigeithiestiln dngpavenele fhtctidngl
preferable to.us%.t or%ani c.conmpound. Therefore, according to the present
i nvent i on OT84HF ik I’@%\} Y&l camigplia e in e subyartia b requiienit meompr,i 82d of

Funct onal o5 #66ys A FF APt flord it me B A0 MERG, B Sondie hin o

i on: e : ~ t] '
great ers t lfifim I’éye@CX@Sﬂoﬁmbﬂgopftheagiga{rﬁé &B{Cﬁ}hﬁg d%,m ! & Naytnst | e ©

thin filmlayers between an anode and a cat aracteri z

conduct i vaccaptonorf therdonayer in a floating state which includes an organic
conpound is without ~exception formed between a k-th functional organic
thin filmlayer PES, |acrardang to theoprosentf investien,3here is prpyideddamofganic 1) t h

f ' s ' hi;n fi | ; d h.30 of th ti thin fil
Tl e P o5 RO e oS Bl
LS o T g 20 S S RS e

equi val@nequaniveor; greaterddhan rﬂ)tx&ﬂlsisbiQFeaf & FirkSthir6B bAM-tH ArReRREI biRnf@ans
in which the ¢conductive thin 5 filmlayer is formed of the organi c conpound

and the | Syadilmlayspebetieen anranodgsndpt orthode, oharagtarized imhtbate haoaductive
accordi ngt.0 the,present Jnvention, there js provided an organj¢ . .

sem condugilgrttlﬂiﬁl éﬁ%‘ﬂtmc%ﬂ&flﬁggtft%? ‘ﬁﬁﬂcgrlﬁﬁt\ﬁd@g@flrﬁgf*%ec"f%ﬁ’m Ky without
sequenti a ' ' I NGl - Of: L c thi il mlayers
(where n i&sd?rt\io?innftdggfgpq%é%gaﬁaalny?g?glrl&gorrfeag{b géérﬁﬁgﬂrl\m%lﬁlg%iﬁrs&ﬁ;%é& 1581 | rst
through aimtegéroff Lrd & ¢nall)pagdak + 1)th functional 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 lorganic 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 filmlayers between an anode and a cathode, characterized in that: a
conductive thin filmlayer in a floating state which includes an organic
conmpound is without exception forned between a k-th functional organic
thin filmlayer (where k is an integer of 1 :5 k:5 (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
organi ¢ cdfpaelnded Mtedhe gondudivegthim filindapereasd thd byeNidi®. thirh LS ther is
provi ded ap or,gani.c .sem conductor_ elenment conprised of an organic

struct ur e $WeHed 1ty theedGesnioh) o1 the adenes)i ngTais enshlad etheofeldrentt itonak

organi c thi | re.n ks an integer 20 equal to or greater than
2) consi S?Jflﬁ%lifg{;ﬁ%étfﬁ%@d{q\g}g&gﬂmﬁe R¥f5% unct i onal organic thin film

| ayers between dncrRRAgey2RtR &akRALS ' ' : ive
thin filmlayer in a fl ggti ng state M%Pgﬂﬁ{lﬁ%ggé?gﬁag?%gﬁ%r %gﬁrgglglﬁgﬁi S
wi t hout 5 drdbpcbodudtiventhin Bidtvieger, & is-pirbfctabie thantle @rdaeiice bl pdrayer
(where k is an integer of | :r ki-. (n- 1)) and a (k + 1)th functi‘onal
organi ¢t Mestructysed Ryclaminating a éinstdayerrformed byradiding s aceaptor fol the loagiarie

cont ai ns f .an_acceptor, ,and donqr for. the, organi c conpound. Note
Chat - wne dutingh dnda GR0R VG femed i 2fding Grdeatoran agaiks Eprpupy

t he donor, ' It I ' hin film

ayer and TS (e AR asAEBIRNC Ko lft AEIE PRBE of rBRlchel Hdke 0T o
connect ed awcdthoddsidd th:spiie stgbd)mgla@'e;_e., t he organi c conpound used in the

functional organic thin filmlayer 13 is included into the conductive thin
filmlafer, andAlse, Eositrlica cass, tthisrpreferable dlrasrthe orgatip edpmypdundtiseddaahpt or
or the do or%t, Thi s _enabl es..t he el errgng to be manufa turcgd according to a
sinple protBgional orpaiun fhim flm fayer gud the orgnnis eomapund paediik tist @mdagtive he

donor arethﬁcﬂiHﬁfﬂferﬁeicBnh?‘Te{F&%ﬂPfHeisﬁ ettgi filmlayer, it is preferable

that: the conducti've thin m | ayer € ctured by lam nating a first

llayer formed by Iaddengllgnirethecnt@iviicee bbs BEGRBESor GATPIRYAG oA iAcIRacqNd
| ayer formnmed by adding a donor to an organic conpound that is the sane as

t he or ganii@ thegpeduaiive thin filmelayes; 4t is| alye prdferabbs itatothedconldostive tigin film

15 layer be structured by laminating a first layer formed by adding an acceptor to a

first organic compound, and a second layer formed by adding a donor to a second
organic compound that is different from the first organic compound; and the first
layer be positioned closer to a cathode side than the second layer.
Also, in such a case, it is preferable that the organic compound used in the
20 functional organic thin film layer and the organic compouhd used in the first layer
be connected with the same thing. Also, it is preferable that the organic compound
used in the functional organic thin film layer and the organic compound used in the
second layer be connected with the same thing.
The structure of the functional organic thin film layer may be manufactured
25 usin_g a bipolar organic compound, or by combining monopolar ofganic 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

80 increase light emission efficiency and light absorption efficiency. That is, by
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a cathode side than the second layer. 10 Also, in such a case, it is
preferable that the organic conpound used in the functional organic thin
filmlayer and the organi c conmpound used in the conductive thin filmlayer
be connected with the same 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 | am natstmgtuaing thet funagienalf orgarit thin dtiti hgetwids eRPbEFani® canfg'o'hﬁﬁ fhgani
conpound, .a second, layer formed by adding a donor to a second organic

a
compound Fﬁg’c itsslight ¢rajssiin by flewing thier elecisicgheientythe wrganie il tdlembnt st
| ayer be | .t aned. cl.oser to a.cat.node side than the second |ayer. Al so,
in such aB@gﬂsrg}é}P trélfag)ﬂg%e?%(i &6pd e&hﬁ‘cenﬂﬁé:afﬂr ﬁfe@t"égnﬂ?ﬂ!ﬂtffugﬁétﬁuﬁtmﬁ& 20
funct i onakh® Fefii | ' I b din the
Firat | ayors SRtdhal dhate U R 1o RR M he BHANC CSRPBRH SylEF il o
the or ganitlee photpelenttic omeehti (Net, penéranst the RRdcHONIRR Crokd fbgf h&s{@ﬂbiﬁfgq; 1nd
the organi c conpound used in the second |ayer be connectéd wth h¢5g sane
thi ng. Théheerggaiqsadardhatteny whithleighaebabibityyard goachefiiciérioyndaaybercrestgd be
manuf actured 23, usi.n ahbi ?ol ar.organi ¢ conpound, aor by conbining ]
nmonopol ar or gani @eﬁ%ﬂ%oﬁ GPIESEY! IyeHaR IRglugeh sYeviliag Iplated iy theagrganind an
el ectron ' : . . ement ruct ure descrj bed
Sbove s SUPRIMENHCILAKRL in valich SHETRhEionk BsBuTErbin HHBEEE Gesiited
par ti cul anbyvdas e sirictufe capsilo JreehlifinkChe d | 51, C8me O rl s,
| i ght em ssion effi g:isen((::y ar?dbﬁ ght abéo?%ﬁ?gndrg%‘nﬁcc]?%ncy. eT %ﬂ&?lgﬁﬁ%@r 14
st ruct 1} i Apd theeorganis sodardvatsry fumiationhlity. fi | m | ayer with the organic
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having a n-conjugate system. Further, for the conductive thin film layer as well, it

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

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

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

30 functional organic thin film layer, and an acceptor-doped layer of the hole

15




Therefore, the present invention includes everything related to the organic
sem conductor elenent. in which the functional organic thin filmlayer

descri bed above has the structure capable of realizing the organic EL

el enment functionality 10 and the organic solar battery functionality. Note
that, particularly in the organic EL elenent, in the case where the

f unct | | I | i
conpound. TRREOfE FHEAL b B/ A bie I#Iﬁ%t}" T ol e Tty ©
mol ecul ar \gieieh Gthée @ritieGRRH WY e cSYRICENE tinfilRelayef.0r the

conductive thin filmlayer as well, it 15 is desirable t6 use a nethod in
whi ch the hi gh riﬁleesuueﬁur&:m)rﬁnharfainbnmalgmgamcl thig dilu dastee whieh aiged Snugrd
and the | ayer oped with the acceptor or the donor to inprove the dark

conduct i vuquaﬂlﬁ\lSP frha?ttﬁemé ts/thersgme afewhen @ged iy the; organici Elnelement, Thatiis,
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organic thin filmlayer by conbining nonopol ar or gani c onpounds, "t he

conduct i va&'urthes, far|the icapductiteothin fidmslaytreaserdl, 1ids dgswable ¢asse anpethbddn t he:
hol e trans .r erlal and the el ectron transporting material, and the
| ayers Hgﬁli tﬁ% h@bgﬁ' Gt wmpa%éﬁmpgah@u TRAIRER1S SYHEMbissesedaddiek
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t ransport I Ng nater ectron transpor

speci fic tgRkemativélys foefthe strﬂuauvr@tthﬁfi filth wgfyrcn & dRBoposaprRdtd e" thef
the electron transporting material used in the 30 functional organic thin

fil m | ayercondndiieghi p Q@ulml@pmpduaglemﬂmthetmmm«ar t6nor addagotheiato.
mat eri al usedirl: Plg;functlonal nlcthlnfllmlayer arelamnated
upon each ot her i I’SP}@%‘?QF&a%é ag Datiery, canthec easgewheen for exam@lerthethe
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That |5 transporting material, are laminated to structure the functional organic thin film
layer by combining monopolar organic compounds, thé 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 transpdrting material. In more
sp_ecific terms, this refers to a method inr which the donor-doped layer of the
electron transporting material used in the functional organic thin film layer, and the
acceptor—doped layer of the hole transporting material used in the functional organic
thin film layer are laminated upon each other in the structure used as the conductive
25 thin film layer.
Note that, if the carrier can be injected into all the conductive thin film
layers (ohmic conductive thin film layers) described above, then it is not necessary
to reduce sheet resistance in any of them. Accordingly, a conductivity rate of 10710
S/m or greater is sufficient.
30
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5 in the organic solar battery, in the case where the functional organic
thin filmlayer is structured with the bipolar organic conpound, the

bi pol ar organi ¢ conpound preferably includes a high nol ecul ar conpound
havi ng the n-conjugate system Further, for the.conductive thin filmlayer
as well, it is desirable to use a nethod in which the- high nolecul ar
conpound having the it-conjugate systemis used and the 10 | ayer is doped
with the acceptor or thBRIFHODESCRIATION OHEHEEDRAORNGESt i vity.

Al ternatively, for the conductive thin filmlayer, it 1s also possible to
use the, condudflithe apcemparyieg drawingsipound with the acceptor or donor

added thereto. gﬁtf €h, .In bhe O{rﬂani C é | ar battery, in the case where,
for example, the T Wreti84f STHERLPRthe IRIGHS 1Y CREORat eri al , and t he

| ayer made of t | e@t t] j - e laminated to
structure the ftr}ﬁg{%i' g%a%%%iﬁ???ﬁ?ﬁ%iqfﬁnﬂ?g%gﬁ%@'v%%t i ng nonopol ar
or gani c5conpounddGst Ba. BT shéw \effecty protiinked b presit¥hebrdlone be made
using at |east one of the hole transporting naterial and the "electron
transporting natl@MdsaftA M4Bhlélusﬁyf@rtgeenbb¢ldn6émmmmttih ddwrieglcaptan and
donor to ipgrease the dark conductivity. Alternatively, it is also possible
to use 20 t¥t¥e hol e transporting material and the el ectron transpo

rting material. r Citff l Ct 1 this s:to thod i n_which
t he donor - doped }TIg}yreTIrg %Pﬁtaﬁetﬁéeqq‘gc??gﬁldt 'r]otr%%‘?)%ﬁﬁg "Elraf%’r inéchﬂlg@fd- TH e
functi onalefficgaoy,c thin filmlayer, and the acceptor-d oped |ayer of the
hol e transporting material used in the functional organic thin filmlayer
are | afPnat ed upfgﬁiseéékﬂnﬁk(ﬁﬁﬁepiwtchevaﬁimal arganicsEH edeméits; conductive 25
thin filmlayer ﬂo e.that, if the carrier can be injected into all the
conduct i ve thi n HP fhShoXseAnsorganic BL clsmeniacoerding to theipiescay érventioascr i bed

above, then it i t . u heet .resi stance in of .t hem
Accordingly, a gg&?&@\%&? €/§§%%rfem rggari@felgfgalgpma&c Eieej?%’reﬂf%c%aﬁééf)éhﬁ 30
16 BRI EF P&t Mkcgtof THE DRAWNGS I n the acconpanying draw ngs:

L

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 reépect to embodiments of

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

30 achieved from both the electrodes on both sides. In the organic solar battery as
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FIG 1 shows a basic structure of the present invention; FIGs. 2A and 2B
show concepts of the present invention; 5 FIG. 3A to 3C show effects
produced by the present invention; FIGs. 4A and 4B illustrate theory behind
i nprovenent in electrical current efficiency; FIG 5 shows theory behind

i nprovenent in the electrical current efficiency, 10 FIGs. 6A and 6B

depi ct conventional organic EL elenents; FIG 7 shows an organic EL el enent

accor di ng well, iR driéioRaRhks MEPAR D absblvTigh, 8HYWhe HAPSFIH e GERRLS G 2"

organi c EL el enent according to the presen ventl on;

speci fi ¢ exalegransphreman or gani ¢ EL el enent according to the 15 present
invention; and ELG 10 shows a specific exanple of an organic EL el enent
according to tHR&shr@sdhe oigamiet Bin clommny 4EDNDESCRIMPTPOMCOmiTERhRREEERRED

EMBODI MENTS. 20;: Lnaft tailed I ti ' d .t h t
emboa ment Qs 48R i G5B o FIBARGAS Tor arfov e ths eippaticmet an

' I I ' h Lk h '
L el oronpet SRR M ORIAEITIE Oy Bl Turet |Gy CERTRIsclehy Sufeff™ ©

| east oneefficiancynderderdtoaactaéod &implordéice sirabaPar §bt orgPMERE  oleinlnt
accordance wth this enbodi mrent node, description is 25 nade of an el enent

st ruct ur emay %@@Tﬂeétqdr@ﬁi@}inﬁX&mp&e i'Bhif ovitdw explainsdbelovate to achieve
appl i ed i n & ot ARCEOPE, ki 40 e elTioal P2y Fha GHPERK R SODYIGR o t o
w70 BRI AR LR IARgC 0, A0S BB LA Sl il o
e el g hseafuerty S ORI PRALILPTES,
battery apbotoms| haying cemfpimreenwime off endigy elrenenittedpyandethe light energy is -
equivalent to the product of that energy multiplied by the number of photons). At
this time, a power efficiency ge; (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 '
ge; = Ly/(Jy - Vi)
Next, a case will be considered in which an organic EL element D, that is
exactly equivalent to the organic EL element D; is connected to the organic EL
20 element D, serially (See FIG. 4B). Note that, a contact pdint C, connects the two
elements D, and D, together ohmically.
Here, the elements as a whole (i.e., element D, having the structure
consisting of Dy and D, connected to each other) are applied with a voltage V, (=
2V1) that is double the voltage that was applied in FIG. 4A. Then, since D; and D,
25 are equivalent to each other, the voltage V; is applied to D; and to D,, respectively,
as shown in FIG. 4B, and the shared electrical current density J; flows. Therefore,
since D, and D, each emit light with the light energy L;, double the light energy 21,
can be obtained from the elements as a whole Dy,. _
The power efficiency e, at this time is given in the .following formula:
30 Formula 4
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made transparent. First, in the organic EL el enent, as neans for overcom ng
the poor reliability deriving fromthe ultra thin filmand also for

i nproving the proportion of 5 light emitted in relation to the electrical.
current (i.e., the electrical current efficiency), in order to achi eve a
sinpl e device structure, the organic EL el enent may be connected serially,
for exanple. This will be expl ained below. As shown in, FIG 4A, assunme an

organi c EL el emgg, =DIL, /{0 - wahch=1apgl yiymg a certain el ectrical voltage V,
causes an electric curlr(egt WIV'EE an glectgi ¢ 10 density J, to flow and

light is enitted\bhypambeigidersined dy pemparing tbmabawﬁwnlﬁanﬁd Hormeula 3phed ons
havi ng certainp amounts of energy are emtted, and the light energy is

equi vgl entﬂg? Q?Yf‘é“}ﬁ”&’@ﬂ&@ Fg)frnwgaaﬂ, Ehf‘é?’Q%/nﬁlﬂlﬁpiﬂnpé(ﬁ)eﬂye@fhglﬁuﬁﬁe«'lﬂlCEFIG_- )
phot ons) . . | i ..effician | (this refers to I ght
eni ssi on éllr;ﬁe]rng{;?plvll?n‘s’to% tﬁ?@%@%@?ﬁf%erf%éa‘ﬁ g—tefl}’l}v((: ¢ §9n§e§‘l’3§5’r‘]r ﬁncvé{f“c‘éo{&m)
that vwas andel, afEohbei®@RNS LD4s teingAPRybdl NBIARRR (HRNRLH¥NL LRYGEREPD
rate") is gi vJe]lnai n toheefol | ow ﬂgsforn%I a: yForrml a3 ?pelfcn: ﬁF?(?ﬁﬁY @?5?
Next, a cappeansitd ibgegwmnisiafeldd.ei, L yhiic marased gallg/JEL Thiznenta $eniffvaht i S
exactly equivalent to the organic EL elenent D, is connected to the organic
EL 20 el exgng fogdipaprganiossd. mlements 3)Thatpise biyhdncreasivg rihacergeninFIC,

e a wnol Snal cdoBfE Sesy” Al i, PHhE ?%%?L"?%ﬁf'tg'%ivg :ﬂ,g{)sﬁaﬁfogftqg{tﬁg;gfz
doubl o ¢ ne e Ao pen It M SRR S Ml Iy nt O Cor i, ol 0

are equévdlxedtlevel, #tdebomich possibleaointeagethV eldcsriclRuiredt efiddncynd to D2,
respectively, as shown in FIG 413, and the shared electrical current
density J, flowdxapHaing g consppiceane gangratly, eeladn enimmbeynf thict entineky

9N el SRR S oS s s ST S b RTIS er
in the fokinon 1 bRERMES lev3 byOLIHZinthe the current density at a fixed level and
increasing the electrical voltage by n times. This property derives from the
15 proportional relationship between the brightness level and the electrical current
density level in the organic EL element.

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

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

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

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

At this time, by configuring, for example, D; as a blue light emitting
element and D, as a yellow light emitting element, if color mixing can be performed,
then a white color light emission will occur. Therefore, this enables a white color

30 emitting element in which the electrical current efficiency is higher, and therefore
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18 q)e2 ~ 2L,/ (JlI - 2Vj) = LI/(J - VI) As can be understood by conparing

t he above-nentioned Fornmula 3 and the above-mentioned Forrmula 4, there is
no difference between FIG 4A and FIG 4B in ternms of the power
efficiency, and the | aw of energy conservation in which V, 5 and J, are
converted to L, is being obeyed. However, the current efficiency appears
to increase twofold, i.e., Lj/Jj is increased to 2L,/JlI. This has a

signi fi camlie ld@%ﬂit?@fﬂwel@ﬁﬁn@fs%gh@r thhn $4 gﬁg&l}me ﬁ@ﬁaliﬁt’ by increasing the

organic EL elenents connected sefially and by applying nore voltage in

proportion to tHe desoiied abow, dneohmitdity cornectincHraskinans RNy Ng
the current densiﬁ at a 10 fixed level, it beconmes possible to inCrease
the el ect APEafenE §ledRealceyrrenteefficiencexisnimpioyed insl graaterpbrigbtnesgyeaertsd |y,

wh . . lr.el i,val ic EL el t - ohm cal |
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TR 1 sty Ot a0 S 0 D ERRAL  e

propor t i onsalleel then onshihe drivesdondlheartbr i Bt afore,cus! loagd at he ghegichheal
current densi_tai | evel in the organic EL elenent. O course, even in the
case wher elcgiigad volage camhr applicd|ibepnssibde & comrestbowdverempay bygania &L
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and one of_ the organic EL elenents (either D, 'or D2) is applied wth a
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R e NSRRI
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the elements D, shown in FIG. 4B, in a schematic manner.

15 The basic structure (FIG. 6A) of the normal organic EL element is
manufactured by providing a transparent electrode 602 onto a substrate 601 (here,
the electrode is an anode, and an ITO or the like is generally used for this), a
functional organic thin film layer (hereinafter, referred to as an "organic EL layer™)
604 for performing light emission by flowing an electrical current is then formed

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

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

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

20




then a white color light emssion will occur. Therefore, this enables a
white color 30 emitting elenment in which the electrical current efficiency
is higher, and therefore | 19 the longevity of the elenent is higher than
in the conventional art. As described above, by ohmically connecting the
el enments serially, the apparent electrical current efficiency is inproved
and greater brightness can be obtained with a smaller electrical current.

Thi s neandetiuge the first gkoedd6@34 whitlkis methhandehessRiEIR caghGH Kcdakeh Huent
for em ssian of the sage |evel of brightness is kept smaller than in the
convent i ofaltheplemanty ¢ RBeradpre, ithecpareg impossibiegnida swhtinnevatimsiasahixvgg t age

can be appi i Lt |8 ssihle to co ct however, ny. organi ¢ EL el enents
as may bewrllée glg}elh']?ﬁlégr%? r{oﬁgﬁb rHRet F‘Pfq Rﬁ‘? ﬁﬂ%%@ggmﬁﬁ Blemaitis tq praduce the
However, gshigtesslbr BgRt. above, a problem occurs even in the case where the
10 organic EL elenments are sinply connected serially. The problem derives

fromthe el ect Fodesafupie, tshecltigas iu@in@hreﬁisgﬁi%ﬁt BrenrdiiddeirbsothltREBAbde
structure, which will be explained using FIG 6. FIG 6A shows a

cr oss- secBpdiihe cathege drsalso be wperted Refelcaorht GDPagthesarathy, Bl E Bakpwand
FIG 6B s Cross,segctional i of all the elepents Dall shown in
FIG 4B, Bﬁvghgléﬂle?gt e Rér ?ﬂqg%e%ﬁé@% $t rptalifree (gatlpdes fgr grganie
normal or gaRiicorauchlrei®itesi S u u } )] a sparen
el ectrode 602 ont gﬁg suggsetsr’ajt'e _ 1i)?ﬁ§é’rzgd2]%eﬂe@e/@t@9§g)é_ i%{'-ggln%gt@bs_e}h%nq
an | TO or firkechthbde | 603ge081 del Hads aarisparenfl STherRforbUMC be@iiAks Pog@BieCtd hi n
fil mlgé/er (hereinafter, referred to as an "organic EL l'ayer™) ¥ 604 for
per f or H¥ n§ringghrt thedight emittgd frpmviihe gearndebrsatic Bhallayeu60dbt  iHowénen, fincered
20 and a cat e 603 is.then: vided. Wth this structure, light can _be
pr oduced ﬁi“? Eﬁ&ts e tmﬁﬁ%gﬁ)féﬂ%{ EVeg@PFtSH%g’( {}ﬁée s dencemothatike ppganie £1603
may be a ol OGi ' r e t ljic electrode with a
| ow wor k mcf{ | oﬁc'l, \6}@1r1c§ah_r‘“$ﬂéil eﬁq%lé% %n%ﬁﬂ)@t ?ﬁeggg%eg%égobh%ogp% 898‘?’?%‘%%
wi th a nmebatdise thoagylitititn 6f {hd drgeie BB %ayRk Ui dipBYiPont the &gpic@tﬁ)%?n
two organic EL elenents having the structure described above e

the ITO by sputtering have fo be repeated.

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

20 FIG. 7 shows a structure in which a first 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 703a 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 maintajined almost completely. Therefore, the light emission

that is generated with the second organic EL layer 703b can be brough£ out, and the

electrical current efficiency can be.doubled simply by doubling the electrical

30 voltage.
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connected sinply serially (as shown in FIG 6B), the structure will include
a first transparent electrode (cathode) 602a, a first organic EL |ayer
604a, a first cathode 603a, a second organic EL |ayer 604b, a second
organi c EL | ayer 604b, and a second cathode 603b, which are |lam nated in
this order fromthe | ower side. Then, 30 the light emtted by the second
organic EL | ayer 604b cannot be transmtted through 20 because the first

cat hode 603a whiMbrdoserssime, thershtird ysoddds bebaiks ¢BRsiSenb ok REMpMItwh@] the
el ement. Therefore, it becones inpossible to do such innovations :as m Xi ng
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has a structure such as shown i'n FIG 7, for exanple, the
el ect r Le adenived &xom thef litwi thinckile atrubtmre, mandeasvensimg a concept sinil ar

[ [ [ h | ectrical t
CrTTci ency. | and I qUMioRaDlsY disriber haup g ewely Fawalso heraprbedgndbs otaic hout
: : i n.whi.ch first .or ic EL.l ayer
b a1 polf Ualiry, SHRPRAE sRANLLHAIA o SbrihE ol 450 b Pesaic Biye.

704b, andeleng@ithoddis Ad eRpRideddsaligdsi n this order on a transparent
el ectrode (anode) 702 that is provided to a substrate 701. In this

structure, by apbpisyissgmad heteethanithdra inhh ahgditie sakue datiery 8f in which a given
15 light energy L; generates a photoelectric current with an electrical current density Jq,
thus generating an electromotive force V;. N number of the batteries S; are
ohmically connected serially, and when a light energy nl,; is irradiated there, n
times the electromotive force (= nV;) can be obtained if an equivalent light energy
(= 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 Iight, 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 comnecting 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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t he donor has been applied to the organi c sem conductor, the first

sem conductor 25 thin filmlayer 705a can be connected al nost ohmcally to
the organic EL layer (i.e., the hole carrier and the electron carriers can
be injected), and, noreover, the transparency can be maintai ned al nost
conpletely. Therefore, the light emssion that is generated with the
second organic EL | ayer 703b can be brought out, and the electrical

current efficiency can be doubled sinply by doubling the electrical 30

vol tage. 21 Moreover, since the entire process becones consistent (for

exanpl e,of vih&n or 1¢sd inGrded ¢ MobieRe tHeafansieVityalls othar Werids, BEORIBSES sttddredds vacuum
deposi tion can_%ggr .and when_usi ng hi%h nol ecul ar, materials, a

d, | ecu . a wet
process 283 thin gtdﬁ)ﬁ’t“? #hpush for hight to Da)thropgluit, designedso dhat thy lfﬁ_hb’t‘,’ék;vedoes
not  bec QERhGHIMBRLSRITE MredR Srehiddboibili ecZﬂO(S,shﬁ’(}ﬁleﬁlQﬁc Shid fHeUhRkddds Yhi ch two

of organic EL |ayers have been provided. wever, as described above, as
| ongSas the wlfrgthin fikairondheoider ofspvesdlast.ri cal vol tage may be applied, the

structure may he Mihdle %a%ga?srote% I(egc}clve%ow E%Eg ptggj?esg

WidHgkby e ThiN g, fidyn | aver
is inserted between eac e organi-c er 3. Fhetef re,’ the poor

rel i abi |drganicdoldr bettay stanitore Swohi a6 dizdiosddoin Reffeeeren, thelpresént isventldh ®ley beved from
the ultra ' i trycture, c e overcone. The phil osophy descri bed
above. ndPEpel i e B i bosiser dong fie 6 Grarent mvBBICRCoR R SSRUAS un ch | 5
sai d t 0 sitiglld drgnit SRarCRRES it iTBRRG N8 Moké RFhI e 8dh ¢hfdonv@ltBAE AL, Thi s

will explained as follows, It is _assuned here that there is an organic
sol & pdryteadypt eonnegtingiwelemegtspgiiallyss | ght energy L, generates a

phot oel ect i crHeWakie Bbncbbis Iﬁn@&nﬁh@é‘std'lf i re%ﬂf iél?élﬂig? ﬁ?ﬁ:i Ye¥n ddscribdd Ybave

generating an el ectronotive force V nunber . e batteries S, are

ohni cal I4pingohn eegasiy Blerdlamany andithe evgenric golar batterepeepmples.  The ifolkeadnmt ed
et val astor e BeleAEd SLAGHELOT ey BEBE opiMo i B L ABE ol o
sol ar batr¢sentiipwenion. Howsvenrihg priefent id@eradoh ig dve lionitgditu thess @kanpibat t e_ri es that
o BOTCStCoaptablon ;AP R bbby M SHEEHE R Y5, o7
say they have multiple carriers. Specifically, Au, Al, 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, SnO,, copper oxide,
cobalt oxide, zirconium oxide, titanium oxide, niobium oxide, nickel oxide, neodymium
oxide, vanadium oxide, bismuth oxide, beryllium aluminum oxide, boron oxide, magnesium
oxide, molybdenum oxide, lanthanum oxide, lithium oxide, ruthenium oxide, and BeO.
25 Further, compound semiconductor thin films can be also used, including ZnS, ZnSe, GaN,
AlGaN, and CdS.
A particular characteristic of the present invention is that the conductive thin film
layer can be structured of an organic compound. For example, there is a technique for
mixing a p-type organic semiconductor and an n-type organic semiconductor to form the

30 semiconductor thin film layer.

Typical examples of a p-type organic semiconductor include, in addition to
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For exanple, there is a report that discloses inproving the electronotive
force by connecting two organic solar batteries serially (Reference 7:
Masahiro H RAMOTO M noru SUEZAKI, and Masaaki YOKOYAMA, "Effect of Thin
25 Gold Interstitial-layer on the Photovoltaic Properties of Tandem O ganic
Solar Cell", Chemstry Letters, pp. 327-330, 1990). According to Reference
7, by inserting a gold thin filmbetween the two organic solar batteries
(i.e., betUeRnrepesanied byl Chemdl telbwagshihaldoyanimeeidudelt toofhel STREOM s tdse

el ectronotive force generated by the light irradiation is obtained. 3
However, Reuside-BO Mefnlso(repregented dy Chemg@ below)n fTherfiollowting ean tiehklskness

. 22 of 3 n e Ln_order to achiev he nsmttivity. In other words,
the film iesedy Arsu‘é}%uf?‘éﬁp%?gaéﬂc S?W%P"f‘ﬁfﬁ?f f Fffrﬁa (iegteseated 3y, Chigaugh belaw);i ght
to pass thrppghed [ 0 . ' Ty h ckqcell.
Nbr eover, r epgge(}it}%isetr)?ﬁ? P 3 %&é?@%:}gﬁ? gjgl%ﬁl#élﬁéztl%éeﬁt%ﬁ?%’&ﬂ%ggja yobhegl't he
ultra thirb ficlow);sNeisoprupybeaibizodé (sepresetiedBy Bhehh. 06 LGRS 54D AL 5‘l]‘i)ké?e
resolved by using the present invention. That is, in the organic solar
battery sthwihay & gl teansporisigo seatetial Reddrfoncargdnict BE mtesenthi avaRDoON

may be applied at.the.gold_thin fil ortion. By doing this, the present
i nvent i on \C&H® %%féba Cdlgerg. 7&1‘#@?’1—2 i(Eepseeatcd by Ceoyn.t  helove), obiCTRBY

and nore hi (Gl t : venki r 10 instead of
connectingkgagy% %%%ﬁ?gﬁégfp%ﬂ9§&§¥ﬁ§&%§gé38§®%%§5%?Dand structures of the
present invention have been described above wusing the organic EL el enent
and the organic solar battery as exanples. The follow ng describes
preferﬂ@d(g%anples of structures of the conductive thin filmlayer to be
used for the present invention. However, the present invention is not
limted to these exanples. 15 First, vgrigus netallic thin filnms can be
used because they are conductive, whi $to say they have nultiple
carriers. Specifically, An, A, Pt, Cu)/N, etc. are exanples that can be
used. Note that, when these netals grelusgd for the conductive thin film

| ayer, it is preferable that they as ultra thin filnms thin 7
enough for visible light to pg& S everal nmto several tens
of nm. 20 Further, various ns. can be used,

Chem. 2
N= N =N
H
\N N/
H y/
NN N
-

Chem. 3

. (=
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of visible light transmttivity. Specific exanples include |ITO ZnO, SnQ2,
copper oxide, cobalt oxide, zirconiumoxide, titanium oxide, niobium

oxi de, nickel oxide, neodym um oxide, vanadi um oxi de, bisnuth oxide,

beryl |l i um al um num oxi de, boron oxi de, magnesi um oxi de, nol ybdenum oxi de,
| ant hanum oxi de, |ithium oxide, ruthenium oxide, and BeO 25 Further,
conpound sem conductor thin filnms can be al so used, including ZnS, ZnSe,
GaN, Al Gherangl CdS. A particular characteristic of the present invention
is that the conductive thin film |ayer can be structured of an organic
conpound. For exanple, there is a techngu® for mixing a p-type organic
sem conduct or and an n-type organi csgrrgongugi or to formthe 30

sem conductor thin filmlayer. Typi 5 of a p-type organic

sem conductor include, in addition to 28 QUPC represented by Chem | bel ow,
pht hal ocyani ne bound to the other netal ) bound to no netals
(represent@®gkhys Chem 2 below). The followi ng can be also used as the
p-type organi c sem conductor: TTF (represented by Chem 3 below); TTT
(represented by Chem 4 below); nethyl phgpot hi azine (represented by Chem 5
5 below); N-isopropyl carbazole (repriseﬁgeo by Chem 6 below); and the

like. Further, a hole transporting used for organic EL etc., such
as TPD (represented by Chem 7 bel sw¥, NPD (represented by Chem 8

bel ow), or CBP (represented by Chem 9 below) nmay be al so applied thereto.
10 Cheny Ichgng 2 Chem 3 15 CISS>---<SSDI 24 Chem 4 s-S s-s

!
CaH;
Chem. 7
Q as
=)
o) e
Chem. 8

m

Chem. 9

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

Fi¢-CuPc represented by Chem. 10 below, 3,4,9,10-perylene tetracarboxylic acid
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Chem 5 5 Chem6 Chem 7 H3C Chem 8 10 Chem 9 CH3 Typical exanples of an
n-type organi ¢ sem conductor include, in addition to F16-CuPc represented
by Chem 10 below, 3,4,9, 10-peryl ene tetracarboxylic acid 25 derivatives
such as PV (represented by Chem 11 below), Me-PTC (represented by Chem
12 below), or PTCDA (represented by Chem 13 below), naphthal enecarboxylic
anhydri des (represented by Chem 14 below), naphthal enecarboxylic diimde
(r epr esenidesivativéharh 45PWefropesertbd bieChérke: Ipop SO
used as the n-type organi ceqsg[yn?econduct orbéﬁru%émﬁ‘ﬁ)ﬁpgémg&ﬁgﬁéﬁﬁ@%
bel ow); T&hemeprdsehelowlhy @hemTADAbel(capresenbehz doyui iiren.(r apr eBﬂ@b@dngy

Chem 18 bel : 2, 6-napht hoquj none (represented by Chem 19 bel ow);
(repres ent“éaﬁ%le@%ﬂ‘iboﬁgﬂﬁel BﬂbY‘%ﬂ)‘%‘SI udfanesented eghes ebhem. by1€heh1\;\?om),

bel ow); t i ] [.epresent b 0 22 bel ow);

i ckel bi s a PR RPArBReACHNIR e EREGTR: Sher) S BT o e " Thee.
Furt hers dpllew r&h thean Ik t@bi &l e it L FElr ,
such as Al ga ?ir:gepresent eﬂget;yh%h&gmﬁiﬁéb?l%,%é%%ﬁ%rg%}lgggﬁ?g r'byT@g?n 25
bel ow), dreprBPnfacepredaimmd Ify tehew);, TCHe(ropesemyd bby alhemappli below);

thereto. %)%nzcgqeuq]nor}é) (I%Bree?entle%] 1%? Czh?am(?hle8mbello%v); 2,6-naphthoquinone (represented
by Chem. 19 below); DDQ (represented by Chem. 20 below), p-fluoranil
(represented by Chem. 21 below); tetrachlorodiphenoquinone (represented by Chem.

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

like. Further, an electron transporting material used for the orgahic EL etc., such

as Algs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),

ot PBD (represented by Chem. 26 below) may be also applied thercto.

15 Chem. 10
E F
E F
E { l F
N---Cu--N
F | =
Foo N NO N F
A/
F F
F F
Chem. 11
N 0]
‘meaw,
@N . ND
(O~
O N
20
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Chem 13 5 Chem 14. Chem 15 Chem 16 10 Chem 17 Chem 18 15 Chem 19 NC
CN NC CN NC CN NC CN 27 Chem 20 Chem 21 5 Chem 22 Cl. C Chem 23 Chem
24 10 Chem 25 Chem 26 15 t-Bu 28 Further, in another preferred technique,
an organi c conpound acceptor (electron acceptor) and an organi c conpound
donor (electron donor) are m xed and a charge-transfer conplex is forned
to make the conductive thin filmlayer to create

Chem. 12
; OO ’
(O~
Q
Chem. 13
OO d
O~ <X
} 0] 8]
5 Chem. 14.
Chem. 15
O O
R—N " EN-—R
0 o]
Chem. 16

Chem. 17

Chem. 18

: NG : CN
10 NC CN

15
Chem. 19

oo
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5 conductivity to serve as the conductive thin filmlayer. The
charge-transfer conplex crystallizes easily and is not easy to apply as a
film However, the conductive thin filmlayer according to the present
invention may be forned as a thin layer or in a cluster-shape (as |ong as
the carriers can. be injected). Therefore, no significant problens occur.
10 Representative exanpl es of conbinations for the charge-transfer conplex
i ncl ude t ihe.RROTCNQ conbi nati on shown in Chem 27 shown bel ow, and

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

i ncl ude [BEDT- TTF] - TCNQ (Chem 28 beflQw) f1( Me) 2P- CI8TCNQ (Chem 29 bel ow),
Bl PA- TCNQ (Chem 30 below), and Q TC Chem 31 below). Note 15 that,

t hese charge-transfer conplex thi n 47 c&h be appl ied either as deposited
films, spin-coated filns, LB film pQVymer binder dispersed filnms, or the
like. Chem 27 TTF 20 Chem 28 BEDT-TTF 3% NCCN NC CN TCNQ NC CN  NC-CN
TCNQ 29 C#rem.29 Chem 30 5 Chem 31

E F
O O
F F
5 Chem. 22.
Cl Ct
(Do
Cl Cl
Chem. 23
=N Nx
NI
. N N
Chem. 24
10
Chem. 25 .
Chem. 26




CHB NC' CN N (Me)2P Bl PA CL8TCNQ NC CN NC-CN TCNQ NC - CN X Nt4N9 NC -

CN Q TCNQ 10 Further, as a structural exanple of a conductive thin-film

| ayer, a technique of doping an acceptor or a donor into an organic

sem conductor to apply a dark conductivity thereto is preferably used. An
organi ¢ conpound having a re-conjugate systemrepresented by a conductive
polymer etc. may be used for the organic sem conductor. Exanples of the
conductive polymer include nmaterials put 15 into practical use, such as
pol y(et hyl enedi oxyt hi ophene) (abbreviated to PEDOT), polyaniline, or

pol ypyrrol e, and&'urtheadui tanother hpreétrocd pedhyidenyire negatdci satpoeri acceptor

pol yt hi opRel[rge derivati ves,,K and po[(%/( par aphenyl ene vi nyl ene) derivatives.

Al so, whehClREODAceeRtar) atid i pEganiq compownd fanermicteatioa dends) axgeixest and al

e eocd, S AR R IO B B S b PP
R T N M i vt e e D gy
accept or (Chewlex arysialines femsilyi aml imsiot easactoeppay) as 2 Filmt hdlowéver! ke case
where the cggggétiéesthqg%%%i lai;eria%cgrrd%ige g:c? l1?1!166 pie%egts ienvaegtion 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 charge-transfer complex thin films can be applied either as deposited

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

" Chem. 27
S S NC CN
=] = =
[S S ‘ NC CN
TTF TONG
20
Chem. 28
| 8.8 S-S NG CN
(=1 ) =~
[ S S g NC CN
BEDT-TTF TCNQ
25
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n-type material for the organic sem conductor. Exanples of n-type organic
sem conductors include the above-nentioned Chens. 10 to 26 and the |ike.
Then, for the donor, alkali metals 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 nmay be used. More preferably, several
of the structures descri bed above can be conbined to serve as the
conducti veChdmm9dil mlayer. In other words, for exanple, on one side or
both sides of an inorganic thin filmsuch as the above-nentioned netallic
thin film netallic oxide thiQHsfilm or conpound sem conductor thin film
can be formed 15 with a thin fNl mdn which a p-type Gsigfapi c seni conduct or
is mxed with an n-type i ¢
conplex thin film or th OFF
p-type organi c sem conduct or g%ﬁed with theN&ccep 6N an n-type organic
sem conduct or doped with the dolor. In such a case, it is effective to use
the charge-transfer conplex thin filmin place of the 20 inorganic thin
film Further, by layering t€2R-type organic seristeNductor thin filmthat
is doped with the donor and the p-type organic sem conductor thin film
that is doped wth the acceptor to have these serve as the sem conduct or
thin'filnkﬁﬂ¥gr30it beconmes a functional organic sem conductor |ayer into
whi ch the hol'eés  and the 25 el ectrons can both be injected effectively.
Furthernore, a technique is %{i:> considered in which the donor doped
hi
Nmior

n-type organi ¢ sem conduct or filmand the acceptor doped p-type
organi ¢ sem conductor tH | am nated Aot o gne sigfle or both sides
of the thin filmin which thé p-fNybe organic ‘i-!@s.@- or thin film and
t he n-type organi c sem conduc thin filmargcm xed~t ogenher. 30 Note
that, all the types of the t il mwhich are given above as structures 31
for the above-nenti oned sem conductor thin filmlayer do not need to be
f or med })n fil mshapes, but rgpher they may be al s? P&r med as i sl and

By 8

shapes. appl yi ng the above-nenti oned sem conduc thin filmlayer in
t he '
Chem. 31
AN e NC CN
X — —
e -~
CqHg 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 usred. An organic compound having a
m-conjugate system represented by a conductive polymer etc. may be used for the
organic semiconductor. Examples of the conductive polymer include materials put
‘15 into practical use, such as poly(ethylenedioxythiophene) (abbreviated to PEDOT),
polyaniline, or polypyrrole, and in 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
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present invention, it becomes possible to manufacture the organic

sem conductor 5 elenent with high reliability and good yield. As an
exanpl e, 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 el enent. Thus, the organic EL
el ement of the present invention is also effective because the efficiency

can al so Bemicprducest. mip iviede tlﬁfsé rbﬁreb&ﬁtéd‘b%ﬁhérﬁ@ Bid 965 WeScrPled Move
organic thin fllmlayer (i.e., the organic | ayer) may be the organlc EL

el enent oMathittime, Lepdp asid (strongly aadlc dqn&rtt) smheasrﬁeélgl @I, AhGL; AllBr;, -
generally |f|cal ari a are possible such as a

| ami nat ed ‘%%e;uelf ﬁ%@ %Eaﬂﬂﬂﬁalqgadn@&ﬁ@ﬁ as %WQQQPFW&I{@W%%@@F@HDW@%Q

| ayer and jkhge %&Fﬁérﬁ” transporting layer, and a single-layer structure 15
usi ng the high-nolfecal ar conpound, and the high efficiency el ement using

li ght Bm ssi on Hurthey,t methe bﬁe%h@i%ctﬂeeéoﬁéﬂisedoﬁw 088 pré@rafNeqh! fedan
above, the colors from each of the organi c EL layers ag {ferent em Ssi on

col ors carlil-W@erriB@éw@ls fonith¢ efr)lgamcc ebm&ﬁduc&mabl]ﬁ:aamlappd)ﬁ aetyipen oggandc

l ong-life V\:hl ol or t em ssion el enment 20 Regardl ng the anode the
organi c EF E’I tor?ﬁ“‘flﬂa F}Feg?’}?mﬁcsn?ﬁ“%m‘émtso @49 26fandntheHikeanddhensi de,

then I TO 0 d uch
transpar e(rf?flgioelrjl%%%rf 3@88?1%%85%@%%‘)%@3%@ a}ﬁyz‘é e rt?%@b‘i rh&nhﬁ‘ﬁ'l 3

thin fil miafwigdhse Slich b}?aﬂl blQli darfd SRt AR I_l?é\ﬁts Hasetcaﬁ fﬁﬂ&?’(ﬁ] Jlﬁ‘g Pave
to be transparent (i.e., in the case where the light is made to exi rom
t he caﬁ‘hod@a%b@j%ed 25 then a netal/alloy and or a conductive body which

does not transm%\;l I%% but WhICh %s a sonewhat |arge work function nmay
be used, such a cferahly, sewqralpfrt Fﬁguéwwnﬁi%scﬂbe@Iabﬁ’éﬁpmé}@h?@ﬂéﬁm@d

tal t | kal tal
B kal i Ceart fobbe tsite SodRte IRl 1R W Bftet ot ity B5aRRist it ee?e
met al | i c @l aym tssdo¥Bor mlﬁtﬁgﬂn@%h\ﬁﬂfﬁm fe Can&{;&;ﬁﬁoveaﬂleg P/gd %Qeté‘i'hc

Al:Li alloy, Ba, Ca, Yb, Er, and the used |n3
case wher &ilmg endta}j;h:t oxide thmtfelmrmiecdmp(ﬁmd séimiotndineoe dihdtlen sardiBe f@ﬂnéﬂl t r a

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

20 inorganic thin film, |
Further, by layering the n-type organic semiconductor thin film that is
doped with the donor and the p-type organic semiconductor thin film that is doped
with the acceptor to have these serve as the semiconductor thin film layer, it
becomes a functional organic semiconductor layer into which the holes and the
25 electrons can both be injected effectively. Furthermore, a technique is also
considered in which the donor doped n-type organic semiconductor thin film and
the acceptor doped p-type organic semiconductor thin film or laminated onto one
side or both sides of the thin film in which the p-type organic semiconductor thin

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

30 Note that, all the types of the thin film which are given above as structures
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filmmade of the netal/alloy may be used. Further, for exanple, by using
the organic thin filmlayer according to the present invention as the
structure that generates the electronotive force by 5 absorbing the |ight,
the organic solar battery can be obtained. Thus, the organic solar battery
of the present invention is effective because it inproves efficiency. Wen
structured in this manner, the structure of the functional organic thin
filml ayerfordle gbave-mentionad semécanddctor thint filne layet eloi moticeiad berforgeddnal | y

[ ] [ I ic thin_ fi | ayer, of the organic solar
g;te ? elr ; %@bggﬁfe}%&%"a&% %gg’iaé' bllert}’ésql é?ﬂ?a%laéds@{lﬁl ﬁ@n@ﬁegw th t Ee p-type

' ' ; 5 . o ) dyct of. uch as s
descri bed I n el of HPLFE [e5abdve HRanBRAR e SEMERN YER Mitm TGP 3R by«
the presenressriiodiventién, @ tepesich iposeibdTpd enmivrhcti tH éél%gnﬂf s&ﬂﬁ:‘oﬁpg?ﬂﬁ'rc EL

el ement according to the present invention using the rge-trans
conpl exSaelemencwiiliigh veliabality and gnddayield. FI G 8 shows an el enent

f th ' L el t. First, on a glass substrate 801 on
wni oh 170 a5 TanefaﬁéﬂZ‘e%%w‘fse,st%aia”Eé‘mpéEirééima%eraor?nhplmrmm tmventiask pers be
N-N - bi -benzi din hol e t ransportin
mat er i :if( %gf{%%%)géﬁﬁé%g)’%éf yghltn%[;%@%m%ggg l%icgéyﬁf#?““ s é&p&{ceaurtrgmﬂﬁ@) as
the obt aithembyobbtaid ahs RﬁghﬂliﬁgELamhle%QﬂaThﬁEthg) organic EI element of r;d&e

tris(8-quinolinolato)al um num (abbreviated to'Alq) as a [ight emt

material -HAVSHY Layendlonds atro difeativp detiug the offesiency ainddgobe ﬁrﬁgrcb);ed50 nmto
obtain gn 25 electron-transporting and light emtting |ayer 805a. A first
or gani ¢UEL | ayer%f@é‘sr' 12 RISRY, g peuctBrsyel therprarnicThisr Bhntayer (iTRhand

foNQ are cfaRaskLadvd) fied Bkl Be Updiid B AorfONSIERMEE Tabe! Urlet $ha °08
constitute materials that are generally used. Specifically, many variations are
possible such as a laminated structure described in Reference 2 with the hble
transporting layer and the electron transporting layer, and a single-layer structure

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

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

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

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

30 Mg:Ag alloy, an Al:Li alloy, Ba, Ca, Yb, Er, and the like can be used. Further, in
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After that, 50 nmof TPD is deposited as a hole transporting |ayer. 804b,
~and 30 deposited on top of this is 50 nmof Al g, which serves as an

el ectron transporting 33 layer/light emtting | ayer 805b. Thus, a second
organic EL layer 810b is fornmed. Finally, as the cathode 803, My and Ag
are codeposited at an atomic ratio of 10:1, and the cathode 803 is forned
to have a thickness of 150 nm to thereby obtain the organic EL el enent of

the presenhe icase et thebliEFTROG B Riadd] tol kiR EGRH ﬁ%ﬁ&ﬁhlg@é {gihcfé:t‘ a8 AFRaHient .

a specific_exanple is shown of an organic EL el enent present

i nvent i on filnthmage of thenmetadatioy nsasnbeoseduict or  that is the same as used in
the organic EL h.‘a r 11:199 i ncl u egit}’i n the conductive thin 10 filmlayer, and
the acceptor an LR GFAmPE, dypeting dherareanio, this filan layeElaccending in the

ducti : ] , f | t St t f t '
EL ol orend ™ e opveRg O Ceding BRRrel ko aEh R R, oy bremaitl s
EL el ere: _ | _ _ |
170 S0rvi mg e G B R A ol AR, TR e AT ©

el ectron sphmdptieryi offheipyéseneinveation iseffestival becausteip dabi®@ads efficichdy.s serves
as an electron transporting layer/light emtting |ayer 905a. After a first
organi ¢ EL | ayerVhamatrpcturesh inetdls manres thagtrugurmebtheafunglienal @genicghin

deposi t gd. W t hat the, d TTF tjtutes 2 mo| % Then,
205 mm ottt FL PG, 056 0% bl £ SRR Mot dba i eshRE e bt B

2 3 S CBEpN Pe BITHD S Hiaie e Hoee
Aiter Chat oo al i MANE B0 o RLUFRAE ML bel | 2 Srehh,

and deposkemplois theplaafinafedstiuetii® with afie pGpe WipsdicsemMESnAft@aR] g8 r on
transporting layer/light emtting |layer 905b. Thus, a second organic EL

| ayer 910B-1Y§e OEarie scEopdHetor such ¢s ihdescribhd de Rebgena3and Ag are
codeposited at an atomc ratio of 10:1, and the cathode 903 is forned to
have a thickness of 150 nm to thereby

Embodiments
[Embodiment 1]

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

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

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

25 electron-transporting and light emitting layer 805a.

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

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

30 deposited on top of this is 50 nm of Alg, which serves as an electron transporting
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obtain the organic EL el enent of the present invention. The el enent can be
manuf actured sinply by the organic sem conductor in the organic EL | ayer as
the material for structuring the conductive thin filmlayer, and m xing

t he donor and 30 acceptor, thus being extrenely sinple and effective. 34

[ Enbodi nent 3] In accordance with the present embodi ment, a specific
exanple is shown of a wet-type organic EL elenment, in which an electrical

light emi tlayerdigienitting Payes805b.5 Thiis Ta%c@ﬂ@@fgamcEEL'l 681885 ¥Hned.
conductive thin filmlayer is forned of a conductive pol ymer. FIiG 10 shows

an el enent st rudfiordy,ofs theecathesien8Q3,EMg aidedgrare dodeptsitedratarnaings Tatio
substrate nod 2 osited into-a filmwth
a thi cknes(éto laﬁﬂwhiﬁé hﬁ’ﬁf’a@?’rﬁs mg J@gl?é’es"bﬂ{]g]ﬂfﬁﬁs&lf 15£bn’é'®lt9éh¢f?b§ne
i oxyt i ORIRG/ 1R ot Sdnke ENCIHICHPBE fhedfiblhrk BNUEigha! ed 1O PEDOT/PSS) | S
applied by spin coating pora snture 96" that a hol e I nj ecting

| ayer 1604 is formed vmth a th| ckness of 30 nm Next,

pol y(2- met hoxy-5-(2' - et hyl - hexoxy) -1, 4- phenyleneV|nerne) (abbreviated to

MEH- PPV) |[En@hs¥£bmenéa]| nto a filmwth a thickness of 100 nm by spin

coating to bt ai n light emtting |ayer 1005a. A first organic EL
| ayer 1010a | S ﬁBr‘i‘ﬁﬁ?r Wit NS eﬁﬁ’ﬁ’ﬁgﬂeﬂm@eﬂ?&iﬂl%ﬁxamﬁ 308 ﬁg‘i)wnl oh an

PEDOT/ PSS e erve conduct ive .thin film
ayer 1000 EAEERELHlptinf B i€ SRcHP ind Ry SF el sbviedtle, Sinidpifoyi
coating, tthat ﬁoth%@awﬁe asuded ko the
conductive thin film |ayer i smrfiagle@agid o llagé,arrfg lﬁg%?rgfléﬁlqgg CHﬁiaﬁ% Hiif

i nj ect ilfig flllayéayer; hkind theceoxkptorgand che Elﬂﬂoayz&e Adjiedbtod meskenetie I@egiu@ KRl e
injecting | %%er for dtoié; Therefore, in a case where a third and a
fourth or GAeH EﬂtEEoi1 Netivear &b Dshpwiti whtcsampie oftan slementcgrenture wé thai n
filml ayerm.g §1% a light-em ssion |ayer MEH PPV can 25 be |ayered
al ternat el y®according to extrenely sinple mani pul ations.

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

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

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

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

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

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

30 acceptor, thus being extremely simple and effective.
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Finally, 150 nmof Ca is deposited as the cathode. On top of this, 150 nm
of Al is deposited as a cap to prevent oxidization of Ca. [Enbodi nent 4] So
I n accordance with the present invention, a specific exanple is shown of a
35 organic solar battery of the present invention, in which a mx of the
p-type organic semnm conductor and the n-type organic sem conductor is
applied as the conductive thin filmlayer. First, 30 nmof CuPc, which is
the p-type organi c senm conductor, is 5 deposited onto the glass substrate

t hat has [,0xi.mat 100 nmof I TO applied onto it as a transparent
el ectrode?[%g d””%%BF%% of PV, which serves as the n-type organic

seni conduct or, - ir5 AeaRBHLEbitPH bk A IRRBEE UBBEACLONM & Bl o

junction in the organic sem con

or gani c t i wet-fykrorgayierEL clneht of whivh an QuBisicalHoRMrAliing PUBRASI s lcat 2

1:1 ratio as the conductive thin filmlayer to have a thi nm
Furt her 5 01 ke oprgaaie Bls lagposndethe anndudivet drnofilmhityesOisn forafedPéfi 5

deposi ted, ereby creating second functional organic thin filmlayer.
Finally, f‘é’\éﬁaﬂ?ﬁ%% PRAY ngr'apgﬂ;'egﬁagh(f‘ﬁ% & @&m%e.ﬁmﬁéfﬁorﬂéaﬁh%om L5
battery stJdjsiatpy €d as. described above is extrenmely effective because it
can realize the present invention sinply by ultimately using only two

types of organi EirstoopeiAdElasBkubseatel 1601 RA RASSIETITO MeeRt | d%oll%\,%%i e,
it beconmes- possible to provide the organic sem conductor elenent ichis
hi ghl y r eldeppsitedhingo hdiimywith a ddckricss of aboutid ninawimiget aquseud §tution of

tra thin fi Further, particularly in the Bhotoel ectronic

devi co bR E‘tlihiélca?gaﬁi%’%é&%bs@ﬁme%ﬁxre@%e glfqni¢ enggidof (ahbreviated  to
gg%??;?ﬁg‘@@?@@gj € HPledSy WP YEG ing E‘io1eva'A‘pr(])raetleer(iltoris Ures IHAE% 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 coéting to
'15 obtain a light emitting layer 1005a. ,
A first organic EL layer 1010a is formed in the above manner. Thereafter,
2 30 nm film of PEDOTY/PSS is applied by spin coating, to serve as a conductive
thin film layer 1006.
Then, after that, a 100 nm film of MEH-PPV is applied by spin coating, to
20 serve as a light emitting layer 1005b. Note that, since the conductive thin film
layer is made of the same material as the hole injecting layer, this second organic
EL layer 1010b does not need a hole injecting layer formed to it. Therefore, in a
case where a third and a fourth organic EL layer are to be laminated onto this, a
conductive thin film layer PEDOT/PSS and a light-emission layer MEH-PPV can
25 be layered alternately according to extremely simple manipulations.
Finally, 150 nm of Ca is deposited as the cathode. On top of this, 150 nm

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

[Embodiment 4]

30 In accordance with the present invention, a specific example is shown of a
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a cathode; an anode; a structure conprising a first through an n-th
functional thin filmlayers (where nis an integer equal to or greater
than 2) between the cathode and the anode, a conductive thin filmlayer
between a k-th functional thin filmlayer (where k is an integer of 1 s k
s (n-1)) and a (k + 1)th functional thin filmlayer, wherein the
conductive thin filmlayer contacts with the k-th functional thin film

| ayer andorgaméc ¢ddarbajiedy éfurhetprosmit invimiol imwihdgten mishel gierp-t ﬁ%ﬁﬁi&ct ive
thin filmlayer conprises a first layer and a second |ayer, an erein
each of t FEOREREER and; thern-fynenp1zapis seraisopdicies inappligd asnhe condudtiveer .
2. An el eghn mnclaggvi ce conprising: a cathode; an anode; a structure
conprising afTtirs If’hrough an n-th functional thin filmlayers (where nis

an i i eger eqURlrs O3l BALCHPA NN 10U Ry EALOTS AN L s, afode.

a conductive thin filmlayer betWeen a k-t 1 on in §7e}3

(wher e & deparitenomgethe glhsslsiubstritestian ras Wppraxithagel{ KL0B At bf TPOCipSIRA
thin filmlayer, wherein the conductive thin filmlayer contacts with the

k-th funcPithti|asthiransparent) dgerodend Nexte 50 - of )V whichtseoveal ast them-typem
| ayer, wherein the.conductive thin film.| r co jses a first |layer
i n%:ll udi ngggga&b%gf:mé?’fﬁl Clalp i H§PPS ai“ﬁc&ﬁﬁ? r?éldgﬁvaéﬁf‘eb‘ts%‘? JowdReAnPthe

first | ayginciondh IROSRANK %ﬁ{co#ﬁ?{g&f‘e i ?pnﬁg%eémgs BQﬁstsﬁﬁeﬁgn%l?(égénic?ﬂﬂl

wherein each of the ?fﬁ%ctl ona ayers cofprises a
em tting. fibpdayer3. An el ectronic device conprising: a cathode; an anode; a
structure conprising a first through an n-th functional thin filmlayers
(wherelth is an Afier dgasr CoBoand Py ere epdepositedt dtanl :2)ratie nstlemcordhctiat ihike and
|t 25 e?n?sﬁg}r‘g l(é??rgt%;}?iv;éerﬁ %i%lgnefsis lo%n 1I0a rrel.r 161;[1 er? %Oamg _ogfr}jl];fycnicstcile%r(])gilteé,hain% fiim
on top of that 50 nm of PV is deposited, whereby creating a second functional
organic thin film layer.
Finally, 150 nm of Au is applied as the electrode. The organic solar
15 battery structured as described above is extremely effective because it can realize
the present invention simply by ultimately using only two types of organic
compounds,
By reducing the present invention to pradice, 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 £ilm. Further, particularly
in the phbtoelectronic device using the organic semiconductor, the efficiency of the

photoelectronic device can be improved.

36




of 1 s ks (n- 1)
conductive thin fi | ayer conprises a first layer in contact wwth the k-th
functional thin fi | ayer and a second layer in contact with the (k + 1)
th functional thin filmlayer, wherein each of the functional thin film

| ayers conprises a light emtting |layer, wherein the first |ayer and the
k-th functional thin filmlayer conprise at | east one of a 37 n-type

organi ¢ sem conductor and an electron transporting naterial, and wherein

t he sectmdMbayer and the (k+i )th functional thin filmlayer conprise at

| east one of a p-type organic sem conductor and a hol e transporting
material. 4., A el ectroni ¢ device conprising: a cathode; an anode; a
structure c&np?‘f'?eﬁﬁo‘?ic FUSCOMMAYLGh an n-th functional thin filmlayers
(where n isaaathod®t eger equal to or greater than 2) between the cathode and
the anode, gngqpgctive thin filmlayer between a k-th functional thin film
| ayer (where k is'an integer of 1 s k :G ;1){/ and a (k + 1)th
functional @HITHCHIE ERMRIFED, 2 fifsk equghtaten-dohastianphbine fiindayers fwhess oris an
](c:orrpri Bmgleaecﬁqwmtqr:gﬁaaﬁrtﬂnaﬁmlbdiwégnme(&ﬂﬁlﬂeiaﬁdﬂ'(é%laﬁé_ with the k-th
unctiona . f a_se ayer i ncl udin n_accept.or in
contact wi t?}ah{oﬁ%&h\({ihkpaqﬁ I?’%PE %hﬁvgél? %ﬁaﬁf‘{“ﬁf{%ﬁﬁhl“ﬁ{'m%)’sﬁww Biah e of

t he fufitt £#&mdh - hiand itk m1thjusctionebhiprfiméayem | i ght em tting | ayer, wherein
the first | ayhéremmil tdRiubtivelinih WAE @ tdhtabRivithfthd K BX&IonAAMNR fint Ry&lankeast

. one of 0- L. c..sem conductor and an el ectron transporting
mat er i 5@}“%@‘%3‘?‘&%’%‘%f#'@tefawe&yer I s di sposed closer to the anode than the

second | ayewheggidhamendsictivetthip filseloperdolpyisss afitst layee aida 8¢dond fayac tdnal t hi n
filmlayer omeRiisshat theS@tctioiMhirtim Ides doipRsy JRfh smasigigrRduct or and a

hole transporting material. 5. An electronic device conprising: a cathode;
an anode; a structure conprising a first through an n-th functional thin
filmlayers 2wtferaleatrohis dgvice comprising:
' . a cathode;
an anode;
- a structure comprising a first through an n-th functional thin film layers {where n is an
integer equal to or greater than 2) between the cathode and the anode,
a conductive thin film tayer between a k-th functional thin film layer (where k is an integer
of1 =k = (n-1)) and a (k + 1)th functional thin film layer,
wherein the conductive thin film layer contacts with the k-th functional thin film layer and
the (k + 1)th functional thin film layer,
wherein the conductive thin film layer comprises a first layer including a donor and a
second layer including an acceptor,
wherein the first layer is disposed closer to the anode than the second layer, and
wherein each of the functional thin film layers comprises a light emitting layer.

) and a (k +‘i)th functional thin filmlayer, wherein the
| m
| m

3. An electronic device comprising:
a cathode;
an anode;
a structure comprising a first through an n-th functional thin film layers (where n is an
integer equal to or greater than 2) between the cathode and the anode,
a conductive thin film layer between a k-th functional thin fiim layer (wheré k is an integer
0f1 =k = (n-1)) and a (k + 1)th functional thin film layer,
wherein the conductive thin film layer comprises a first layer in contact with the k-th
functional thin film layer and a second layer in contact with the (k + 1) th functional thin film layer,
wherein each of the functional thin film layers comprises a light emitting layer,
wherein the first layer and the k-th functional thin film layer comprise at least one of a
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I nteger equal to or greater than 2) between the cathode and the anode, a
conductive thin filmlayer between a k-th functional thin filmlayer (where
k is an integer of 1 s ks (n- 1)) and a (k + 1)th functional thin film

| ayer, wherein.the conductive thin filmlayer contacts with the k-th -
functional thin filmlayer and the (k + 1)th functional thin filmlayer,

wherein the conductive thin filmlayer conprises a first |ayer including
Al ga afdyPe YemEpmicondustor and ankieryor irmpportingdnateriah & each of t he

f:mct i onal twhiereirf hk Bedondesyer ﬁrﬁdméi(lﬁfl hgmlcii(ﬂﬁlthﬁmgh‘ldy@gco{n%@? atI@astGﬂecr)f_ si ng
t J ; ode: an .anode; a structure co | Si
: ?Fr;t%rﬂttﬁ?%ﬁéh&gﬁgrﬁlwﬂdu?hﬁgm %ﬁ?ﬂffg%?ﬂ?pr?ﬁpplr?ﬁt?r ?ers (where nis anrrpi nt eger °

equal to or greater than 2) between the cathode and the anode, a conductive

thin filmlayerahgénar ddvibe béinfrisigt i onal thin filmlayer (where k is an
i nteger 38 of s (n -1)) anda (k + 1)th functional thin filmlayer,

s ks -
wherein the é(ﬁ%ﬂ]ﬂ%‘%’ive thin filmlayer contacts wwth the k-th functi onal
thin filmlageeneded the (k + 1)th functional thin filmlayer, wherein the

conductive thiichid Bdhiskia £ AP EHre R &h hith AnclichaPlnid MR MPLE Guirdre 3NE
second,. | ayer iuﬁgl ug(|b n% F¢§C13;§ow§er ein .t he%’;nlc{r@%éﬂhéyer ':Agérdgvsvpc{ged cﬂq‘oser
to the lrg?q%gqlfql,ganortqrﬁ:at doane) betygep thegathodgiapd theanedenh of the functi onal .
thin film | ayendudieerihin fiedayer begletn andthtfd:nwodaa;rﬁffjlmﬁay%mmrf?ﬁymhﬁgéevhce
conpri Sk Ng; . 1 - re conprising a first through an
n-th f Et\{;tgrcfn(gl Qf}tﬁfﬁﬁgﬁ( ﬁﬁﬁ‘%@?@“a& @hﬁléq{}}eﬁs an integer equal to or :
greater that"eibibpgeadudive tupfimdaer sAMPises aditeldayer ickging Fcddangeintaeieok i | m
| ayer nth theschathafutetibhal ftiu Gini laperl antifai sechrid 1BydratRIding\MheicBegtoriis coadt Wit@es  of
1s k ?k-(rl‘) thActieid i ko 1gye],)th functional thin filml ayer,

wherein each of the functional thin film layers comprises a light emitting layer,

wherein the first layer and the k-th functional thin film Jayer comprise at least one of a

n-type organic semiconductor and an electron transporting material,
' wherein the first layer is disposed closer to the anode than the second layer, and
wherein the second layer and the (k+1)th functional thin film layer comprise at least one of

a p-type organic semiconductor and a hole transporting material.

5. An electronic device comprising:
a cathode;
an anode;
a structure comprising a first through an n-th functional thin film layers (where n is an
integer equal to or greater than 2) between the cathode and the anode,
a conductive thin film layer between a k-th functional thin film layer (where k is an integer
of 1 sk s (n- 1)) and a (k + 1)ih functional thin film layer,
wherein the conductive thin film layer contacts with the k-th functional thin film layer and
‘the (k + 1)th functional thin film layer, _
wherein the conductive thin film layer comprises a first layer including Algs and a second
layer including a-NPD, and | ' :
wherein each of the functional thin film layers comprises a light emitting layer.

6. An electronic device comprising:
a cathode;
an anode;
- & structure comprising a first through an n-th functional thin film layers (where n is an
integer equal to or greater than 2) between the cathode and the anode,
a conductive thin film layer between a k-th functional thin film layer (where k is an integer
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wherein the conductive thin filmlayer conprises a first |ayer in contact
with the k-th functional thin filmlayer and a second | ayer in contact
with the (k + 1) th functional thin filmlayer, wherein each of the
functional thin filmlayers conprises a |ight enmtting |ayer, wherein the
first |layer and the k-th functional thin filmlayer conprise Al ga, and

wherein,th C t he +1thfunct|onal thin filmlayer
conpri sétl (?ﬁ:‘% qg anﬂ gﬁé‘%?%‘%“ %‘é‘ l®6fprising: a cat hode; an anode; a
struct ure comeieln thg canductivet thintiro laybr eomtavist wittf tha&ith maliorahthin flirh layet syer S

wher e S to or greater than 2) between the cathode and
'Ehe angftlbee ﬁ@gﬁhﬁ;ﬁﬁn?ﬁﬂgﬁ{l | m | ayer between a k-th functional thin film

| ayer (wher éf"h?"%"é rFanHyetiye thin §im @vgr Rongprisgs a ﬂi&)t)fav&nmchldm Li ang mrsecond
funct i dayat intlbding FeClgn | ayer, wherein the conductive thin filmlayer

conprises a th'eFe?ﬁ thg%}’s‘? [agbﬂg gﬂﬁbs%g cl'osert &%O%%E%néhqhﬁetcgﬁ%aﬁrt uncti onal

thinfilmla ayer TRcr th the (k +
1) th funct"‘f"@l’?&? eﬁ‘ql‘il%ﬂ'felfv'i'ﬁtip@a}éﬁn filHayess eoreptises afightlemitingiayéronal thin film
| ayers conpri ses allght emttlng | ayer, wherein the first |layer and the

k-th functiopal | er conprise Alg3, wherein the first layer is
di sposed cl ogerAr{Qé@rﬁh éir%'agx?rﬂ'gﬁr\ghe second | ayer, and wherein the second

| ayer and thacgkeds;ith functional thin film]l ayer conprise a-NPD. 9. The
el ectroni c dawke&ieaccording to any one of clainms 1, 2, and 6, wherein the

[ I r e, ok ani.c onduct 10 The e| ectroni c device
;l:fzzﬁdl ﬁéetgééﬁ&‘%ﬂ%%é sy it hrough g, ?%?ur\ﬂm% f¥p fielayers dwaersa isafer |
p- type’@?@&ﬁﬂ@'@h@i@ﬂi@dh&@) be_ﬂv.h_’een'tﬂlmcalhcebtandmmarmem ce according to any
one of clai ré&:oiadu@ve thin fﬁm & b@twe\éﬂ%rkﬂh%ﬁcﬂ& ) i fim c@é‘?r(wlgé?w é:%ghcﬁe er
materi a e tq oy ? SI Stl Flé- c, 3, yl ene
t et racgk bﬁ?(ﬁ gan %f* &5?‘1"\9@& C, PTCDA, napht hal enecar boxyl iC
anhydri des, Whﬁmﬂhtheacmdectaletibmyﬂfmdayhnomm]hasesTé:I‘i@t |ager, in [wenzciowittn 6eek-th

2, 6- nalﬁhkmuihﬁﬁﬂkﬂday@%d :PsédoH@raZQH hconté&%tﬁ‘ﬂm RO P RAEBRAY R A 1ayer,
ni ckel bi sdi phen n gac}!l oﬂhm’:functlonai thin film Iayers comprises a light emitting layer,

wherein the first layer and the k-th functional thin film layer comprise Algs, and
wherein the second layer and the (k+1)th functional thin film layer comprise a-NPD.

8. An electronic device comprising:
a cathods;
“an anode;
a structure comprising a first through an n-th functional thin film layers (where n is an
integer equal to or greater than 2) between the cathode and the anode,
a conductive thin film layer between a k-th functional thin film layer (where k is an integer
of 1 <k = (n-1)) and a (k + 1)th functional thin film layer,
wherein the conductive thin film tayer comprises a first layer including Li in contact with the

k-th functional thin film layer and a second layer including FeCls in contact with the k +1) th
functional thin film layer,

wherein each of the functional thin film layers comprises a light emitting layer,
wherein the first layer and the k-th functional thin film layer comprise Alga,

wherein the first layer is disposed closer to the anode than the second layer, and
wherein the second layer and the (k+1)th functional thin film layer comprise a-NPD.

9. The electronic device according to any one of claims 1, 2, and 6, wherein the first layer
is n-type organic semiconductor.

10. The electronic device according to any one of claims 1, 2, and 6, wherein the second
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12. The el ectronic device according to claimany one of clains 1, 2, 3, 4,
and 6, wherein the second |layer conprises a material selected fromthe
group consisting of CuPc, phthal ocyanine bound to a metal, phthal ocyanine
bound to no netals, TTF, TTT, methylphenothiazine, N-isopropylcarbazole,
TPD, and CBP. 13. The el ectronic device according to clains 2 or 4, wherein

rises a. terial selected fromthe group consisting of
:[AlheCI g?qﬁ}lgt%r%&'&%sn&&amﬁﬁ%fmﬁ%@fj@ﬁ. 14. The el ectronic device according to
claims 2 or 4, wherein the donor conprises a material sel egtei frlomthe _

| Syl i ; | kal i t,h t,a . An clronic

devi e compr, s e secinieviobBccorify B3 ohgol o' arE ¢ an Yo e 1 ayer
bet weorFYEhSOTRYSRS db matRial FRledsrbfien the Sekipreoneisi PofaiCuPei 8419, 10perdgrs
bet weertettacarbosmylib oad admlivaﬂ\es,amﬂawwmﬁ MRICIDA, v ﬁaﬁr]tihdler{e!céﬂﬁb*ﬁy egnn@]g.?c}@g;hgn t he
first f ' L i I Seco cti.ona | 1
| ayer, "panaBi¥earo Qi dihidd, TG 7O BobdluBGEE B eanenlFBati it PP oret,
funct i defEachiorpdiphenqayineas,dvickelisdiphenylglyswiored BERradiRBRA thin film | ayer,
wherein the conductive thin filmlayer conpri seis ahfi r?tI I a?/er and g fﬁcond

' h,of the f.irst functiona in filmlayer and_ the
sevond funct'Cor CRARHENISeI0unG BLip SUOnR 8 PBES bif O FrifiyPEmo. An
el ect r 81 tecaRA/Yes comRiises s maferial aeleeteditsere theagrowmameisting dfiOuBt, dhttatdcyaes ]E h: n
filml ayend et acneal oniMdyeife aitind 8 _ A0 Metis? PRCOAT, IRIBRABILREN F11 M
| ayer Rg; e0ad t e I:;he anode, a conductive thin film ayer
bet ween -:%?#gr W ragrfazﬁﬁh@?[?,oar@% hin filmlayer and the second functional
thin filmlayer, 40 wherein the conductive thin filmlayer contacts wth
the first fuscthoB@birdnit devidel dBobrdiigto s 2 or 4, wherein the acceptor comprises a

material selected from the group consisting of AICI;, AlBra, AsFs, and halogen.

14. The electronic device according to claims 2 or 4, wherein the donor comprises a
material selected from the group consisting of K, Ca, Cs, and an alkali earth metal.

15. An electronic device comprising:
a cathode;
an anode; _
a first functional thin film layer between the cathode and the anode,
a second functional thin film layer between the cathode and the anode,
a conductive thin film layer between the first functional thin film layer and the second
functional thin film layer,

wherein the conductive thin film layer contacts with the first functional thin film fayer and
the second functional thin film layer,
wherein the conductive thin film layer comprises a first layer and a second fayer, and
wherein each of the first functional thin film layer and the second functional thin film layer
comprises a light emitting layer.

16. An electronic device comprising:
a cathode;
an anode;
a first functional thin film layer between the cathode and the anode,
a second functional thin fiim layer between the cathode and the anode,

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

| ayer conprises a first layer including a donor and a second | ayer

i ncluding an acceptor, wherein the first layer is disposed closer to the
anode than the second | ayer, and wherein each of the first functional thin
filmlayer and the second functional thin filmlayer conprises a |ight
emtting layer. 17. An el ectronic device conprising: a cathode; an anode;
a first funcyheseinthe eandustive tin tiydayesconieet with hecliistifurttionst thin fil layssaed a
secondm&gggﬁmqmﬁﬁoﬁ&WWhﬁmﬂg%*ayer bet ween the cathode and the anode, a

duct t the first f t | I and
Che second "R I anaye, ¥t 1 IPGromRisgt & 19 st dorhele Pulserand &1 1 m
| ayer sasondbayer inglyding dreadceptet, f unctional thin filmlayer and the second
functional hrinithé st 6# fo REF B I fheGhodd ad {hﬁ%céddri@}e'r%]ﬂal thin film

| ayer and the second functi rise ht emtting
|a§er wher &Perefngach of e fist functiopahthinim dayer a%%ﬁ@@?@ﬂﬁ‘&l*”'i%?‘?ﬁ’ thin v layes
conpr i senaises edight eoriingtbyer. N-t ype organi ¢ sem conductor and an el ectron
transporting material, and wherein the second |ayer and the second
functional thin fil mIa er conprise at |east one of a p-type organic
seni conduct ot?- ﬁ‘ﬁ&'e&tf%‘l’@e"ﬂqeéﬁmﬁ‘ﬂﬁ‘ﬂg 'ng material. 18. An electronic device
conpri si ng: aeath@dehode; an anode; a first functional thin filmlayer
bet ween t he 5‘.?.%% ge and the anode, a second functional thin filmlayer

ca

bet ween t he e and the anode, a conductive thin filmlayer between the
first functRdMAfunglanal thinifilm laxgrhetupan theyeatbedecand thet anedei onal thin film

| ayer, wher isgcdndduraoiiiifin i 1ayer BethviebMhoRUBbdE it 96 hfiodd, t h the first
functional 5@09(1!3&1&@1&[?\4% Ia%‘rd between the first functional thin film layer and the second
functional thin film layer,
wherein the conductive thin film layer contacts with the first functional thin film layer and
the second functional thin film layer, _
wherein each of the first functional thin film layer and the second functional thin fiim layer
compnses a light emitting layer,
wherein the first layer and the fist functional thin film layer comprise at least one of a n type
organlc semiconductor and an electron transportmg material, and
wherein the second layer and the second functional thin film layer comprise at least one of
a p-type organic semiconductor and a hole transporting material.

18. An electronic device comprising:
a cathode;
an anode;
a first functional thin film layer between the cathode and the anode,
a second functional thin film layer between the cathode and the anode,
a conductive thin film layer between the first functional thin film layer and the second
functional thin film layer,
wherein the conductive thin film layer contacts with the first functional thin film layer and
the second functional thin film layer,
wherein each of the first functional thin film layer and the second functional thin film layer
comprises a light emitting layer,
wherein the first layer and the first functional thin film layer comprise at least one of a
n-type organic semiconductor and an electron transporting material,
wherein the first layer is disposed closer to the anode than the second layer, and
wherein the second layer and the second functional thin film layer comprise at least one of
a p-type organic semiconductor and a hole transporting material.
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the second functional thin filmlayer, wherein each of the first functional
thin filmlayer and the second functional thin filmlayer conprises a
light emtting |ayer, wherein the first layer and the first functional thin
filmlayer conprise at |east one of a n-type organic senm conductor and an
el ectron transporting material, wherein the first |layer is disposed closer
to the anode than the second | ayer, and wherein the second | ayer and the
second functional thin filmlayer conprise at |east one of 'a p-type

or gani ¢ senit@okdelettmnicatedica coraprisidg: ansporting material. 41 19. An

el ectroni c dgyhhed &onpr|5|ng a cathode; an anode; a first functional thin
filmlayer betmeen 't he cat hode and the anode, a second functional thin film
| ayer bet weef 8P¥€zat hode and the anode, a conductive thin filmlayer

bet ween t he affirstﬁncflamwrﬁmﬁ|Iayhhbé’twééri iﬁb'céﬂﬁ@ﬂe é’rﬂ.ﬁhé BRodeecond  functi onal

“thin filmlay, onductive th |ImIaye contacts with the
first funct %osgg ”#‘ﬂ'%%?ﬁ“ iR ﬁg@aﬁe@ﬁ@ee H&' drae he@edshal thin film

| ayer, wher @i ¢pndudive dhid i ilayer beiveen itharfilsh functianahibiri Sleslaperf dndsthe |say@rd

i ncl udiumgtionaf3hircd (Zefecond | ayer including a-NPD, and wherein each of the

first functi | . thin f ndthe second functional thin film]layer
conpri ses a %B%ﬁ{n tE?rF?qciuH@elt@éz[m aygf. CoRfacts) V@@‘tt%ﬂ"s&f”ﬂgﬂnﬁlér"&ﬁ%Hygr?ﬂj’ a
cat hodéhe sgronthiudeional thin film lajernct i onal thin film |l ayer between the cathode
and the ano%eemﬁe%aﬁahiwmtﬂm% F BbrApr and
‘the an & a&gndi\ﬁ{ive ctlhl n fil myea erp ég%\'%‘gﬂéﬁlf@érﬂﬁh g%%%@?%%%g thin
filml 8'"Hn9ﬁ @td functlonal thin filmlayer,
wherein each of the first functional thin film layer and the second functional thin film layer
comprises a light emitting layer.

20. An electronic device comprising:
a cathode;
an anode;
a first functional thin film layer between the cathode and the anode,
a second functiona! thin film layer betweén the cathode and the anode,
a conductive thin film layer between the first functional thin film layer and the second
functional thin film tayer,
' wherein the conductive thin film [ayer contacts with the first functional thin film layer and
the second functional thin film layer,
wherein the conductive thin film layer comprises a first layer including Li and a second
layer including FeCl,,
wherein the first layer is disposed closer to the anode than the second layer, and

wherein each of the first functional thin film layer and the second functional thin film layer
comprises a light emitting layer.

21. An electronic device comprisihg:
a cathode;
an anode; :
a first functional thin film layer between the cathode and the anode,
a second functional thin film layer between the cathode and the anode,
a conductive thin film layer between the first functional thin film layer and the second
functional thin film layer,
wherein the conductive thin film layer contacts with the first functional thin film layer and
the second functional thin film layer,

wherein each of the first functional thin film layer and the second functional thin film layer
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wherein the conductive thin filmlayer contacts with the first functional
thin filmlayer and the second functional thin filmlayer, wherein the
conductive thin filmlayer conprises a first layer including Li and a
second |layer including FeCl3, wherein the first layer is disposed closer
to the anode than the second | ayer, and wherein each of the first
functional . thin filmlayer and the second functional thin filmlayer
conpr i §YBPriges pdAmt eaHiting lawey: | ayer. 21. An el ectronic device conprising: a
cat hode; anwheritethe rst layériant URCArb1GORItiohAd i fithd 189 o Y Rpridesdigesim t he cat hode
and the anod% adﬁeconddﬁunct i‘fﬂal thi? fﬁll{&{!}ﬁyﬁr bet ween. tﬁ@ﬂﬁ t hode and
the anode, XMEEHHIEPPRPRY{AYPHAT e SeRnd funglg i daver capprise SR Bnal t hi n
filmlayer and the second functional thin filmlayer, wherein the

conductive t Bisnad gggmdnﬁ%y@mcgg&hﬁﬁgi@:w th the first functional thin film
| ayer and the ond functional thin filmlayer, wherein each of the first

e
functi onal tﬁF?\tﬁ? % m | ayer “and the second functional thin filmlayer 42
conprises a amgiddeem tting | ayer, wherein the first layer and the first

functi onal ?"‘W&“‘ﬁa'ﬂ‘?ﬁmﬁ%ﬂ%@@eﬁﬁ%%&"&’mﬁéﬁﬁ t he second | ayer and

t he second functignal. 11 ayer rse a- 22. An el ectronic
devi ce conpfiSEFengfuncional ihin,tile laygs baiwegs therathoda and theaneddal thin film | ayer
bet ween t he acainbodiee shhd filnh éayan bekeen tisee ientlintional i fiin fabérmarfdl thensesorrir

bet wee 1 d the anode, a conductive thin filmlayer between the
first @S&%agﬁ‘&%ﬁ%y%?fi | m | a¥_er and the second functional thin film
[

| ayer, wher &hareiige eensiyaiveithia Tiimmlaperrqomprisesadirstdaiepinclediog &i in cerjact will ge
i ncl udfirsy furictioral trom fitke tlayel bhd tahsecond layer including FeCls in contact with the second
functional thin film layer, - '
wherein each of the first functional thin film layer and the second functional thin film layer
comprises a light emitting layer,
wherein the first layer and the first functional thin film layer comprise Alqgs,
wherein the first layer is disposed closer to the anode than the second layer, and
wherein the second layer and the second functional thin film layers comprise a-NPD.

23. The electronic device according to aﬁy one of claims 15, 16, and 20, wherein the first
layer is n-type organic semiconductor.

24. The electronic device according to any one of claims 15, 16, and 20, wherein the
second layer is p-type organic semiconductor.

25. The electronic device according fo any one of claims 15, 16, 17, 18, and 20, wherein
the fist layer comprises a material selected from the group consisting of Fye-CuPec,
3,4,9,10-perylene tetracarboxylic acid derivatives, PV, Me-PTC, PTCDA, naphthalenecarboxylic
anhydrides, naphthalenecarboxylic diimide, TCNQ, TCE, benzoquinone, 2,6-naphthoquinone,
DDQ, p-fluoranil, tetrachlorodiphenoquinone, nickelbisdiphenylglyoxime, BCP, and PBD.

26. The electronic device according to any one of claims 15, 16, 17, 18, and 20, wherein
the second layer comprises a material selected from the group consisting of CuPc, phthalocyanine
bound to a metal, phthalocyanine bound to no metals, TTF, TTT, methylphenothiazine,
N-isopropylcarbazole, TPD, and CBP.

27. The electronic device according to claims 16 or 18, wherein the acceptor comprises a
material selected from the group consisting of AiCI;, AlBrs, AsFs, and halogen.
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first functional thin filmlayer and a second | ayer including FeCl3 in
contact with the second functional thin filmlayer, wherein each of the
first functional thin filmlayer and the second functional thin filmlayer
conprises a light emtting | ayer, wherein the first |layer and the first
functional thin filmlayer conprise AlIQ3, wherein the first layer is

di sposed closer to the anode than the second |ayer, and wherein the second
| ayer and t ¥8- SRR 8lastranigdavicgraecordingrio folaims 1Bpei & whengin itee denoeDMpE®s aThe

el ect r owsitariatissléctal e Mlerdl doRsigtity o ReCfan@lafialkali é&h hftal,2nd 20, wherein
the first layer is n-type organic sem conductor. 24. The el ectroni c device
according to any one of clains 15, 16, and 20, wherein the second |ayer is
p-type organi c sem conductor. 25. The el ectronic device according to any
one of clains 15, 16, 17, 18, and 20, wherein the fist |ayer conprises a
material selected fromthe group consisting of F16-CuPc, 3,4,9, 10-peryl ene
tetracarboxylic acid derivatives, PV, M-PTC, PTCDA, naphthal enecarboxylic
anhydri des, napht hal enecarboxylic diimde, TCNQ TCE, benzoqui none,

2, 6- napht hoqui none, DDQ p-fluoranil, tetrachl orodi phenoqui none,

ni ckel bi sdi phenyl gl yoxi ne, BCP, and PBD. 26. The el ectronic device
according to any one of clainms 15, 16, 17, 18, and 20, wherein the second
| ayer conprises a material selected fromthe group consisting of CuPc,

pht hal ocyani ne bound to a netal, phthal ocyanine bound to no netals, TTF,
TTT, met hyl phenot hi azi ne, N-isopropyl carbazole, TPD, and CBR 27. The

el ectronic device according to clains 16 or 18, wherein the acceptor
conprises a material selected fromthe group consisting of AICI 3, AlBrs,
AsF6, and hal ogen. 43 28. The el ectronic device according to clains 16 or
18, wherein the donor conprises a material selected fromthe group
consisting of K, Cs, and an alkali earth netal.- 44
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