ORGANI C SEM CONDUCTOR ELEMENT -BACKGROUND OF THE | NVENTION 1. Field of the
“Invention 5 The present invention relates to an el ectroni c 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 el ement. 2. Description of the Related Art 10 Conpared to inorganic
conmpounds, organi c conpounds include nore varied material systens, and
t hrough appropriate nol ORGANHESEMICONDUOTORBLEMERTNt hesi ze organic
materials having various functionalities. Further, the organic conpound is
characterized in that filns and the | i ke faormed using the organic conpound
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compound is characterized in that films and the like formed using the organic

compound demonstrate great pliancy, and superior processability can also be

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

has been given to photonics and elec;ronics 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 phétoresist, have

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

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

30 materials.



flowin the organic materials which is essentially insulators, and they are

starting to be put to practical use in the electronics field. The "neans"

di scussed hére can be broadly divided into two categories. 5 The first of

t hese, represented by conductive polyners, is neans in which a .

i t-conjugate system organi c conpound is doped with an acceptor (electron

acceptor) or a donor (electron donor) to give the i 3-conjugate system
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15 semiconductor or more, a group of materials which exhibit this behavior can be
referred to as organic semiconductors (or, in some cases, organic conductors).

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

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

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, €y denotes a vacuum dielectric constant, p 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



Formula 1 J = 9/8 eso V2/d3 Note that the SCLC is expressed by Fornula 1
in which no carrier trap 5 when the SCLC flows is assuned at all. The
electric current limted by the carrier trap is referred to as a TCLC
(Trap Charge Limted Current), and it is proportionate to a power of the
vol tage, but both the SCLC and the TCLC are currents that ate subject to
bulk limtations. Therefore, both the SCLC and the TCLC are dealt with in
the same yay. g ¢i nbel ow. 10 Here, for conparison, Formula 2 is shown as a
formul a expressing the current density when an Chm current flows according
to Ohnis Law. ol =dgmot egya Vopdtductivity, and E denotes an electric field
strength: Formula 2 15 J=0E=0 V/d In Fornmula 2, since the conductivity a is
expressed as o = ne (where n denotes a carrier density, and e denotes an
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Formula 2

15 J=cE=0- VA

In Formula 2, since the conductivity o is expressed as ¢ = nep (where n
denotes a carrier density, and e denotes an electric charge), the carrier density is
iﬁcluded 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 SCL.C

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



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

el ectrical gualities of functional organic material as photoel ectronic

devi ces, have particularly denonstrated renmarkabl e advancenent in recent
years. The nost basic structure of the organic EL el enent was reported by
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thin filmto forkamestdhasiy sksraselcf theeorganisf Ebr elemene wasdreportad by W.

"nmol ecul ar;_exciton"), jght is emitt en thi lecul ar exciton .
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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 1s normally formed as a thin film having a thickness of about 100 to 200 nm.



emtted fromthe organic thin filmitself, there is no need for such a back
light as wused in a conventional |iquid crystal display. Therefore, the
organic EL -el ement has a great advantage in that it can be manufactured to
be extrenely thin and 5 |lightweight. Further, in the thin filmhaving a

t hi ckness of about 100 to 200 nm for exanple, the time fromwhen the
carrier is injected to when the reconbination occurs is approxi mately
several t gngthh; siabOsREH ic GTV 2 €A dal o -ni bj . t he
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to the or §g&amplelthel émenfronniwhengthe camsisrais inected yo iwhemitie hecombination
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flows due to 30 the carrier nobility present in the organic naterial.
15 as a next generation flat panel display element. Further, since it is self-luminous

and its visible range is broad, its visibility is rélatively good and it is considered
effective as an element used in display screens of portable devices.

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

20 material (i.e., an organic semiconductor) capable of transporting carriers latently,
which is to say having a certain degree of carrier mobility.

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

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

30 the carrier mobility present in the organic material.



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

el ectroni c devices and photoel ectronic devices by skillfully devising the
organi ¢ sem conductor. 5 Accordingly, research in organi c sem conductors
has becone robust at present. Description has been made above regarding
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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
achieved by adjusting a doping amount of the acceptor or the donor, no matter how
20 much acceptor and donor are doped fo increase the cﬁrrier, it is difﬁcult to
constantly obtain a carrier density equivalent to a metal or of an inorganic
compound that is equivalent to a metal (e.g., nitride titan or other such inorganic
compound conductor). In other words, with respect to conductivity, it is extremely
difficult to surp'ass an inorganic material, except for in several examples. Thus, the
25 only remaining advantage is that the organic material is extremely workable and
pliant.
On the other hand, in the case where the SCLC (hereinafter, SCLC includes
a photoelectric current) is made to flow to the organic semiconductor, the physical
properties that the organic semiconductor originally had are not lost. A

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



6 the light emssion fromthe fluorescent material (or phosphorescent
material) is wutilized even when the electric current is nade to flow. The
organi c solar battery also utilizes the functionality of |ight absorption
by the organic sem conductor. However, as can be understood by | ooking at
Formula 1, since the SCLCis 5 inversely proportionate to the 3rd power of
the thickness d, the SCLC can only be nmade to flow through a structure
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15 However, the fact that the thickness d must be made extremely thin actually
 becomes the biggest problem when the SCLC is made to flow. First, in the 100
nm thin film, it is easy for pinholes and other such defects to develop, and short
circuits and other such problems occur due to these, causing a concern that yield
may deteriorate. Further, not only does the mechanical strength of the thin film

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

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

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

original brightness, or, in other words, to the amount of electrical current that is

30 made to flow (Reference 4: Yoshiharu SATO, "The Japan Society of Applied
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30 made to flow (Reference 4: Yoshi haru SATO, "The Japan Society of Applied
7 Physics / Organic Ml ecul ar El ectronics and Bi oel ectronics”, vol. 11, No.
1 (2000), 86-99). As described above, in the device where the acceptor or
the donor is doped to produce conductivity, functionalities other than the
conductivity are lost. 5 Further, in the device where the SCLCis used to
produce the conductivity, the flow ng of massive anounts of an el ectrical
current t Phosie /t auid Wivlé il EléctPonR@%@iBEm%lefc%%ﬁ:s@f vall 9b! RGP 119660 ing
the element”s reli lity and the like. Incidentally, |npotoe ectrofli c
devi ces u§6r£§9)t he orgam ¢ semiconductors, such as organic EL el enents and
organi c sol ar there is also a problemwith 10 respect to
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possi bl e flowdangreft masiveuambuhts of apheleomizal Thaknt shrough thlentllefan&thQBﬂt um
efficienckl) (the nunmber of emtted photons with respect injected carriers)
shoul d bebggomes causq-plpipbiems regasdingtthe elemeans’saeliability and thedikeag t he
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Appl i ed Phy5| csTheporganiq B9 Blgmemhavillt beediscursed heforet exahplel mi Thoflighte

i nt er nal uantumeff|C|ec is.0.25., Furthernore,. as I
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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 ratjo of generation for

the singlet excited state (§*) and the triplet excited state (T*) is considered to be

S* :T* =1 : 3 (Reference 5: Tetsuo TSUTSUI, "Textbook of the 3rd seminar at

Division of Organic Molecular Electronics and Bioelectronics, The Japan Society of

Applied Physics", p. 31 (1993)). Therefore, the theoretical limit of the internal

25 qtantum 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



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

o hor cSupHilibe (aP S MRFLAP WA EADABIS WIRVER) HREVE, in order o

phosphor esc roomtenperature are extremneg
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efficiency (the brightness | evel generated in relation to the electrical
current) phbsphvresceghmjuantiim edfficiency qhi SThevefode,bibeaaggeatf seivvtioat foprthe! f
the electrical, current. efficiepncy, is_jinproved, a greater |evel_ of

bri ght nes$aigHabis previdadlywiesticied.o Thisl Isebecause argane camp@nids that can
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of electrical cysrfntr WREEs, P héAW EGullihg Wrhétprdd koY fﬂc}ﬁ)mvﬂngﬂ?é Eldchgch1
above can be reduced. The’inverse structure of the organic EL el enent,
whi ch i s tonsayefiivgench(thdbtighinesd leivel genvratediinmelatioh tashae eletiricadcgasnt)
solar battery, is inefficient at present. As described above, in the
organi ¢ s&f dhepergesioy Elis elegnemtie thisnwenld baat gsedfaiinevatiend cbinthe electrieale
electrical current .does. not flowif the ultra. thin filmi,s not, used..

Ther ef or ocutFah EsigHeT s TRl grsnles 1Bl Prigass cn B BRI e
ultra {4 hi ' | S a ' [ i ght i on
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probl em i $orc aokiediiped dedtaire brightndsarigest, theakwridatiot haupedbyefe giagsigy. | n
l'ight of the foregoing discussion, the electronic device using the organic
seni condusmsunh £ edecirorlt @ordnignade tchEowntethe wéranthds ifibe a8 describedlabotier ent
is made to &I ow,in a device utilizing the physical properties that are

uni que t o“#hBeI8MSeGani c material, the reliability and yield fromthe
device is influ e . r Leubarly -Ln t

phot oel ect r oni cqglgvﬂg}é?ge?ﬁgﬁe ir %(c?fe%toggﬁﬂﬁegﬁeeﬁiﬁeén%i ?ﬂg%%rl.g ntPhgg}é the
probl ers phsioedddipic canvdisionaiudhta iAths ordantdsdiaebitdriyy 8 ihdfifitidrtlatbresent.

As described above, in the organic solar battery using the conventional organic

semiconductor, the electrical current does not flow if the ultra thin film is not used.
Therefore, electromotive force is not produced, either. However, when the ultra
thin film is adopted, a problem arises in that the light absorption efficiency is poor

20 (i.e., the light cannot be completely absorbed). This proBlem is considered to be
the largest reason for the poor efficiency.

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

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

structure of the conventional organic semiconductor element.

30 SUMMARY OF THE INVENTION




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

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

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

to inprove the gqhbidGbRNGY 63]6 tfl?fh@llégérgﬁrﬁ%&émi fgetﬁ'lﬁﬁoﬁﬁéé'g &q@fcgﬁée% ni ¢

semi conductor. The I nvéntor "0 esent 1 nvention, as are

repeat ed tantien seustuneliofthe coaserstitiad eﬂgz{fﬁ@%&nﬁ@cﬂﬂhﬂcﬁ)ﬂéleﬁféht el pdvidiean
above-nenti oned object by conbining an organic sem conductor that is doped

with an aotgamiescmicoadyeiosclamentakish npt oalygmatige réliabiligrbitalsmhighei gield,
sem conduct. n which an SCLC i ed i eve the onduc ivity. The
rost - bast idiomcine e artusientiongh i iR 1 Arqtder SUak@S! e g
sem co e | ch b vveen
an ano% an g%%aﬁodem{e/é Z[ﬁgrée}ff%ﬁhc? g’?lqtl/ée:Iph%ttééi%tﬁ%fgdg%‘ﬁh%r‘b%% thin
filmlayeprdined s¢mRdntAcds, @ "functional organic thin film15 layer” in
the. present specification) for realizing various functionalities by
flowing an SCLThean‘denionoﬁﬂwcpmmttiantfdnL as hayairt ohrepehiedanionge stuakies,i n

whi ch a dﬁ uctivity js achi eved béedopl ng the acceptor or donor, or
by anot he andeviseC mgaRs Gapable achieving the abave-mantioned abientdui vembifing i | m

| ayer sho o L t.ant i,al | m_cal t he functio

organi c t#%xdor%%l% ‘%29125 ?P‘f‘{% ﬁﬁ%t 15,40 eég(g,” C&%B{%t?r\/@ (E(H’roﬁ [y ﬂ#?a‘frer
I's parf cobddofiveShRd A8 brkfnidScARcoRIMG G 1ﬁ%ﬁ‘iéﬁtng§CL@ R lfs'eh%la%}ﬂ%rvez}hel n
ot her words, obstructions between the conductive thin m | ayer and the
functi onatomdtgamngr t Aihe hostrbdsaysructinethereb® issdhiowmat BEGor. extrenel y
mnimzed. By ado ti (r;%‘ t he above structure, holes and electrons are easily
i nj ected each MRl g RNIE Seacendustamelenyent @ﬂﬁ?@ﬁé i@ 0EZANC of

el 0ROy T b AL S8 o, e,
2B. I'n Fl gmindfedostt o2BinidRem Al Ghf&G! frbfeRled to as a "functional organic thin film
15 layer" in the present specification) for realizing various functionalities by flowing
an SCLC, and a conductive thin film layer in a floating state in which a dark
conductivity is achieved by doping the acceptor or donor, or by another method.
What is important' here, is that the conductive thin film layer should be
cbnnected substantially ohmically to the functional organic thin film layer (in this
20 case, the conductive thin film layer is partibularly referred to as an "ohmic
conductive thin film layer"). In other words, obstructions between the conductive
thin film layer and the functional organic thin film layer should be eliminated or
extremely minimized.
By adopting the above structure, holes and electrons are easily injected each
25 from the ohmic conductive thin film layers into each of the functional organic thin
film layers. For example, a conceptual diagram of an element shown in FIG. 1 as
n = 2 is shown in FIGs. 2A and 2B. In FIGs. 2A and 2B, when an electrical
voltage is applied between the anode and the cathode, electrons are easily injected
from a first ohmic conductive thin film layer into a first functional organic thin film

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

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

t he cat hodgydroitae ca tsBeormh dagctidrlal orgMic NGV lajdr. CAWh& fﬁe@sd fg&@}e]gﬁt Ogd
\ |

that both the electron and the hole flow fromthe ohm c conducti
filmlayeexizroal cioowit,ch hole mppos iftee dhe enode vl the RBjodeHand, arbyletikih Ng
each functional _organic thin film/layer to have a thickness of 100 nmto

200 nm or TAX¥RS &P gtt cathode dpwand dhe amodp(FlGadi) udteweye ifoeamualso behin

filml fl h hat, i S, .| L o
or gant ¢ ¢ RSB {BEBobPgle O @Sn b o hote AR ooy BEiF dondicire T
i ke) der iretlaydObddioividie tho s difbcaibRa (i, ), Lhe organic material can

be reali zed. reover, when the basic structure the present invention is

applied, the oiHmejicy stakiieg vich farctivaalaganicothiraYiémanyerdedine Dfhickness
thi ckness, which is extrenmely wuseful. In other words, assunme that in the
convent i oR&I1US Bieter 200 moyresmallers thecearsigniinjeetgdningo each fandtinnshpegardo3 i s

dwi cheg .bet. t hod 01 d 15, ¢ 302), ' | ectrical

vol tage VB YR Pl £8h dRemtRricl FOSkABABE CECt hdrtabys, kb easth uctional
| ectri : ' f . P LNtk ] . t
“nvent i on CTETL 4 SERT¢, 2 tuhchondto YEln pETERL bihiioRsh BFIEe i) ARHRETCoa
organi o0 fiunn thie inkckay @hysiddBtysifitht aiganid aatetialidahMetibhkidaess d and (n - 1)

nunber of ohmic_conductive thin filmlayers 304, where it was only
possi bl e to fl oMemevervhamihs basic Reuethie kb Hisspres¢nhinypntior is 0pplied, tthe 200

L owt ng. AR iSRG ofh b aard it hatnany fedteecoLhTaNtoRs ik Ja SSaRaClY Lot
as in theyeqee SHPWhd! wWohl, 3Qunld tﬁéghgﬂ tﬂ\?rcgﬁveﬁtﬁ}ﬁla‘ffélgﬁltent 'ﬁn %&g% or

FIG 3C, BUt this is inpossible int onventi1onal art because no

how nuch fiaidtiogel besamppthiadiln heye3Q03 Rusdanivhel Bascbhaeaiflodd 300k 4 m
t hi ckness 25 becones verééthi ck. O course, this sinply neans only that an

el ect ricapneds 38dk arpiven elestridal agltage V is applied to the film thickness d to thereby
obtain an electrical current density of J (FIG. 3A). Here, in the case of the present
invention (FIG. 3B) with the alternatively laminated n number of functional organic
thin film layers 303 similarly having film thickness d and (n - 1) number of ohmic
conductive thin film layers 304, where it was only possible to flow the SCLC into
20 the thickness d (which was 100 nm to 200 nm in the conventional art), the present
invention appears equivalent to flowing an SCLC having the current density J to a
film thickness nd, just as in the case shown in FIG, 3A. In other words, the effect
is that of FIG. 3C, but this is impossible in the conventional art because no matter
how much voltage is applied, the SCLC suddenly stops flowing if the film thickness

25 becomes very thick.
Of course, this simply means only that an electrical voltage nV is required.
However, the electronic devices using the organic semiconductor can easily
overcome the problem in that by utilizing the organic material’s inherent physical
properties, when a massive amount of electrical current is made to flow, there is a

30 negative effect on the reliability and the yield of the device.
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However, the el ectronic devices using the organic sem conductor can easily
overcone the problemin that by utilizing the organic material's inherent
physi cal properties, when a nassive anount of electrical current is nmade
to flow, there is a 30 negative effect on the reliability and the yield of
the device. 11 Thus, by providing the organic structure with the
alternately lamnated functional organic thin filmlayer and conductive

thin filmlayer Thifehorganiding Sl GRAHKCLRUEICTRRL ALK fautidefed | OW

in greater filmthickhess than in conventional art. 'S “concept did
not exi stfunctiohah@ngaribi thic diilne flayeamnd cmduetist yihixe filpp!lagek, i theobganic EL
el ements where the SCLC is nmade to flow to achieve Ii(f;_ht em ssion and in
organi ¢ sHMICOBEUElSF icleme; ¢an makeithe SClfh floye e @reater Tibwy thigkness tiramime
said to hgve th ite chani sm of..t he organi c..EL el egents. The
concept E@Ff 8‘{’%%1@%%§§6Fﬁ‘ e?tﬂﬁ JARCEPL gl(i)tnl% rexgsig‘ﬁﬁ}lcn%‘@m %S@P{Eﬁpt can

el ementss. oVIBElyObe apAiEP il bigulio HINSIRMERE WndrE YRISCI i BRI, {SnBhoyd ded
an organic 10 3em cohduct or ement conprised of an organic structure
formed byacdewehightlemissib@nindaini ogaaic solay bheeriaf whivic htiipela lg}licﬁasie@tri&i n
filmlayers (where n is an integer equal to or greater than 2) consisting
of a firseureitohaeensaiditp hamdgmmmosﬁc gaechanisohiofi the longaig &ls ebanewten an

e e OOy SR Lo i DA M S/
D) and a (k v ApeRense e SRET vl hidlh 3 Brofiged i Sighni
conduabi vriitbndiictbmel@n@itscopisaRbE unCoghals sridtafe RAaledoby tguénipgly onal

organic thin filmlayer. In this case, as the conductive thin fi'l mIlayer,

it is prdhenaaiing ap iusember obiwgstionakongpoicidiin fibndayers{whsiewy isaméntageor a
conductive ingrgani c conpound. 20 .Particularly in the case of the

phot oel ec"t@@ﬂﬁ%%e&ﬁ’ﬁ@r &E‘?‘b ﬁsj canisting of - FiEsidhegngh an P‘t%i émﬁFle%lr QIgABIG o
use the qg i Ther C i NQy. I: t _invention,
there i sq%?[ggj;l 1‘5{6139%0%&?\8%%? (Q:ﬁ a?égﬁg ggggu%?%éheé?g%%ﬁ{e?%g%f?@%da8Pn§]f11°tbvregani C
struct ur ghforiiled 1Byers &fueMohthg Vstaleals RatHond cxeptio THBhe @ bdrwReh | L%

organic thin filmlayers (wheré n is an integer 25 equal to or greater than
2) conbi sunpyondl erganicghin film lagrer{whesd k is amaitegeradf oedani(n - 1)) and a (k +
1)th functional organic thin film layer; and each of the conductive thin film layers
ohmically contacts with each of the functional organic thin film layer.

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

20 Particularly in the case of the photoelectronic device which'rcquires 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 sk = (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 which includes an organic
conmpound is without exception forned between a k-th functional organic
thin filmlayer (where k is an integer of 1 s k :s (n - 1)) and a (k +
1)th functional organic thin filmlayer; and each 30 of the conductive thin
filmlayers ohmcally contacts with each of the functional 12 organic thin

filmlaye sSQ e to contact the conductive thin filmlayer with
t he funct P%ﬁlé&lourlgfgg%gﬁﬁi n filmlayer ohmcally or in a substantially

equi val ent mann@lso,ds ordes &8 chA@cARRY Eonductils thf@ﬁgﬁEl]{a‘}%rhﬁitﬁ%@tfuﬁ&ﬁ)dﬁans
(0]

in which the conductive thin 5 filmlayer is forne e organi ¢ conpound
and t he | eygani¢ shitoddh viayér ohenicalty ept dm @rsubbandalbprequivedeef eignner, as
according ,to the present  inpvention, there is provided_an organic

sem condufB¥tl » dbHpHNBRUaR toaadentghsi means i which thy seadugiive thin

sequentd ak. 1. i a - nunber. of functional.organic thin,film]ayers
(wher e El’n kli%a#yl%mlgg%?&% (gfqﬂ}ﬁ Oty CSPE%&W ?Wirjfh‘i)lgx%rnkgi dpped; vith ad‘?i rst
t hrough ap o diumetdoapal organic thin filmlayers between an anode and a
cat hode, characterized in that: a conductive thin filmlayer in a floating

state whi ch i nclThdefor) acc@aling t€ o ptosdni Hiventiboutherekcpividill A9 ofEshic
between a k-th functional organic thin filmlayer (where k is an integer
of 1 s k:semicondugior plemeni Rompiised of e orgama¢ songane oringd byi saquentially and

each 15 of the..conductive thin film|ayers cantai at ast one of an
accept or ifﬁfi‘imﬁuﬂ%ﬁﬁrn NYgoey Ht?WCéWaLoéﬁ% H.fﬁm PISagé’@Wﬁinﬂﬁ angnfager
prese [ td ' r OV I ' 1,GO. t.
o1 Do P o8k lodfrna A MsRERENY 2R ouaF TSP ROMG Hand BIERG |
nunber of tHindilin yets utgedh ntdhiodefdndm taeds, dhaheterized in BBt A dRERELGE
equal to or greater than 2) consisting of a first through an n-th

f unct i onathindganiayertinianflopting |state rehicht inckrles rnaergdaicacampowal oddthout
characterized..in that: .a conductiy thin film.l '

whi ch 1| ncPRBLORfoBsd oS EBmicknih THaCHiTh SBaiE TBB BT GEEFTB Gk ioeh o
oSk SR o Pt AR SRR P b 8 ahaly
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 aumber of functional organic thin film layers (where n is an integer

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

256 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 donox, the organic compound used in the functional organic thin film layer and
the organic compound used in the conductive thin film layer are connected with the

30 same thing (i.e., the organic compound used in the functional organic thin film layer
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25 of the conductive thin filmlayers contains both of an acceptor and a
donor for the organic conpound. Note that, when the conductive thin film

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

| ncl uded QiR kaR] 50 bidudiVennl il 1ay&! anwerg&?mfcﬁ it Hfn i 51 M

I}
| ayer is doped with the acceptor or the dohor I'S enables

to be nadopadt withd thecacchiptor tar ahsi dgrier).pr OTEISS endbiles dept didnient ot be
case where both the acceptor and the donor are included 5 in the
conduct i vEdfacturgd.ag ng tp@ simplsy pHogestbl e that: the conductive thin film

| ayer be structur.ed lam.nating.,a first |ayer for by addi ng an
acceptor to the Iﬁ?@ﬁﬁﬁt")‘ﬁ% %Wﬁcﬁ?ﬁ%l,%’hgﬁ%lbﬁab@&%&e?@{/égggﬁ? \F/lﬁﬂorbﬁt[edggluﬁﬁda
donor t j taols S L, Gy, ! . and
the i ror T S PORRISRTRRE A 1y, 18 proferRAE Rud S e CosRhiB 0L Su TR s
l'ayer. 10bélstictired bydBméndiafea ficdt lhferfotied 3y Rldikahn hbCpt6ORhe dieameund
used in the functional organic thin filmlayéer and the organic conpound
used in t bempowddcand @ sechnd liydrrfiormyd ibypaddiog redomest toi athotgmmic aompoondg.

Incidentally, in the case where both the acceptor and the donor are
i ncl uded ﬂ?".‘ﬁ is e s9Re g8 ths erganihcompaynd;and thﬁtflli%?aémgbem%ﬂmm@owdo:

t he condugt] Js | e structured by lamnating a first
| ayer for%e @y&egﬁgﬂghgheég%éﬁlg&ei)o a first organic conpound, and a
secondig ayer forATRsl iRY%sueHY Bbeditde PREfrAbIA tRAGAR broiid D! &ﬁ@iﬂﬁ% that is
different fromthe first organic c@ﬁrrpgund; and thergf ilrstlnﬁ)layer gCintﬂé :
posi t i onetumxtimeal otganic ten Hddelayied end liza otdemics ecmpduhdiyeed irAtheogorductiveh a

case, it is p%ref rabl e that the,organic conpound used in the 20 functional
organi ¢ t HIRTHP lyerhe conppetediwith tha samedBimBound used in the first |ayer

ve conneeted W uBARRAT HORAR wkAChabin PN ABELE Wi AR So R
conpound js ek EdhdutBive IRAPHfN!1BY&! iR AN PRILABIMEAR: (HRSRRHVO RS film
156 layer be structured by laminating a first layer formed by adding an acceptor to a
first organic compound, and a second layer formed by adding a donor to a second
organic compound that is different from the first organic compound; and the first
layer be positioned closer to a cathode side than the second layer.
Also, in such a case, it is preferable that the organic compound used in the
20 functional organic thin film layer and the organic compouhd used in the first layer
be connected with the same thing. Also, it is preferable that the organic compound
used in the functional organic thin film layer and the organic compound used in the
second layer be connected with the same thing,
The structure of the functional organic thin film layer may be manufactured
25 using a bipolar organic compound, or by combining monopolar organic compounds
by laminating a hole transporting layer and an electron transporting layer, for
example.
The element structure described above is extremely useful among organic
semiconductor elements particularly because in the photoelectronics field it can

30 increase light emission efficiency and light absorption efficiency. That is, by
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The structure of the functional organic thin filmlayer may be manufactured
25 using a bipolar organic conpound, or by conbi ni ng nonopol ar organic
conpounds by lTam nating a hole transporting | ayer and an el ectron
transporting layer, for exanple. The el enent structure described above is
extrenely useful anmong organic sem conductor elenents particularly because
I n the photoelectronics field it can 30 increase |light em ssion efficiency

and |ight ' i-ci gn That: i . St i-ng. the functional
organi o ¢ tacarrs e Snklibha"Giani Bl im Beor bl SrbliE iyt

em ssi on_ byhibigviigly éM&sRIeBY fieRingC thd RLiridal@ubie8Nthe dHeaficCPFENLlemnt N
high reliability and good efficiency can be created. Further, by

struct uri mgth high felieblitynand gogdriffictency danl be icegated.wi Finrthdre ber garttering ]
conpound i ch generates 5 the_photoelectric current (i.e., generates the
el renf:) tr ormm?/ @nfgweég "Egﬁ‘néfb%ﬂtﬁﬂi%g ?wegﬁﬂth they 9rﬁr§aﬁpmp§@m§rwgmht ZANETates h

hi gh relighi |4 . fticiency.can b reated. . Therefore .t

br asent® | ReRidSeRRHiC Bt b wERERE e Fef RO e P OEY BB hingo e o
el enent i Pexak ' G131 ' jpi@ﬁlo(;' above
has t he sﬁ%\%gﬁﬁledgg%iw?%?} E}Je%i%?lgie%%&tmﬁghﬁ gé\%ﬁg?{_&g em&*nté ?ﬁgt&d ionality
to and the orgafherefoteqthd préseny ifwoncionanaludey evdigttkingh@lated a6 the bk%a’rﬁd in

the organic EL el ement, in the case where the functional organic thin film
| ayer is sepifondpe@rilemenhéin priich dhe dugational carganignthin filne 1ayiosddeseribedani c

d ferably includ ' 10}.ecul havi c
compound BbslehaP e SBAHHRE BB U ARLei, B, SORRRIE, P SR ianay
it 15 {5 d68iab) nf@sdfﬁ%zﬁte’?ﬁ?ﬂﬁqidnﬁgwy ch the high nol ecul ar conpound

having an rr-cofj ugate systemis used-and the layer is doped with the

acceptor or theNboncehat] @articqdidy dnt the c@akiccBhdeleinent! i tH tasatheyelthe for
t he conductive thin film]l afyer, it 1is also possible to use a conductive
hi gh nol efunciiongbaiganie thintidm yeads spueturest widhotherbipalis drgaie sompand,

F her, | h [ EL el .y he, wher.e, f le, th '
ol 1 i BRI SFEge GREBRSTGY PielBitly s IEhERs 4 THEh FRPSCPLAT, CRRROTHE
el ectron piyansPArdhng YRt ARG el Tof e Lo R ANRROK i T Bk RhR! e are

| am nated to

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

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

30 functional organic thin film layer, and an acceptor-doped layer of the hole
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structure the functional organic thin filmlayer-by conbi ni ng nonopol ar
organi ¢ conpounds, the conductive thin filmlayer should al so be nade
usi-ng at | east one of 25 the hole transporting nmaterial and the el ectron
transporting nmaterial, 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

t ranspor t itigspextiang alaterial Wﬂ@ﬂelrksﬁh@oﬁm'ctioﬁ r pganichthin fdpe layeroare lamineted n

whi ch a donor-doped | ayer of the electron transporii terial used in the
50 funct | GWER BB ous T seictyis begg &5 thefndutiR o BBEG | ayer of ¢ he
hol e 15 transp i ri -l qt .1 Qf L thip fi

| ayer, are |am na ee%%él}g%)eﬁ Oggdc}%%gﬁg%é&}ln g%‘#pﬁ%’{‘&?@ &%‘Fe@ga‘gislg? h%egolﬁdﬂ@t ive
thin fil mirgafe solthbasief P theQaftfe A RhENNSEd A Ble Go8ARY ELIKMAehd. | "TRAYS!
when used inh the organi’c solar battery is the sane as when used in the

or gani c5 Elin ¢heorgrnic Solar battery, in ithe tise wheenibe fant@ondaganiy thimfilhdagase
where the functional organic thin filmlayer is structured with the bipol ar

organi ¢ cdésmsbustired Heithi the| bipolar gergasicc semparad, Hieebiodd 9rgamie wempaunst gh
nol ecul ar co nd. havj ng the n-conjugate syst . Further, for the

Conduct | vETERTDIT ngfdey o hlgh daeiechiap Sommpin’ Bavie; fhe, Seoniiigatn Giystem.

whi ch t he ¢hi havi. g, - ] ' ' and
the 10 | aj oris B SULARIRATRIMDE AR 06 & el FICHARIAC T SLE MBI
conduct i Vigkhich thé hisHaiol a1 cérﬁpoﬁﬂchQﬁﬂ% UhE hvCorjliate fsybidd aY@ded ddd fhe

al so possible to use the. conductive high nolecul’ar conpound with the :
accept t¢ dayertoisodopeddedtht Her eceeptdiuot hhe donor tthamprgueithe shitkredmauctvity. i n

h , L f le, the, | d f the hol '
e e g B orihire WAL TR L LRSSt o
2 nat 4 Rqgb WS Rl RN OB ek o ol B1BL Bbr s 1.

made using at | qRgthefni fe bRANNOs6la: ARGPR! il (1@ S&eeWhote, FoE exBfmple! i ron
transporting material, and the |ayers should be doped with the acceptor and
donor to ilayeraasde tdfethdandle coambpotting tyaterhl, endathievialygr madei of shes elquisomi bl e

to use 20 both the hol e transporting material and {he electron_ transporting
mat eri Ht . UBRSpRiiiae edeiali @rg E@rﬁﬁ}at% itQ stuchys ths ﬁl%@ﬁ%’dor&?%itﬁﬁl fim

donor - dOpf%elrar}'f on%%iﬁiﬁg monopolar organic compounds, the conductive thin fi_hn 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 elcctroﬁ transpo'rting material. In more
specific terms, this refers to a method in- which the donor-doped layer of the
electron transporting material used in the functional organic thin film layer, and the
acceptor—doped layer of the hole transporting material used in the functional organic
thin film layer are laminateéd 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 1071

S/m or greater is sufficient.

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

reduce sheet resistance BRIWDEHCRMO%@PWEEWA%@%!WC“V' ty rate of
10.10 S/rn or greater is sufficient. ON OF THE

DRAW NGS | n t helndbe eepempamyjngrswings: FI G 1 shows a basic structure of
the present inv . .2A and 2B _show concepts of the present

rieni e o i GO hosetardriuers inbuieinni proent Thven o
: d 4B ¢ t [ ehi v |

gl‘ fG|s ci gﬁc?;n FI GF@SS%‘C?IA@ cf%gokﬁ?) b%cfﬂcﬁapsi ?ﬁ&ﬁg?@%ﬁ mvﬁnflﬂ’éﬂ el ectrical

currents ef fi i gnias. 3A0FCshoRARA HBAER) B} (OPKRBA AVBlyGL0aN! ¢ EL

el enents; FIG 7 shows an organic EL enment accor di ng e’present

i nvention; Fl GFlSssHéwenad 48pithisirate gcarpbehiafl iaiprovaashCinfdleShRABBrrent
according to fthe present invention; FIG 9 shows a specific exanple of an
organi ¢ ECYHFERENR according to the 15 present invention; and FIG 10

shows a specifi appl_e of organic EL el enment according to, the present
i nventi onP DETAICFLIE?[() gg§§9€WI§Tﬁ%@rbz%?h@éﬁﬁﬁ@%e@im@ltﬁ@l\%?ﬁ?@al _current
Her ei naf t @fficidaewi | ed explanation is made with respect to enbodinments of
t he present i nvention, usi ng an organic EL el enment and an organi c sol ar

bat t er ¥0 as FIGs. 6A and 6B depict conventional organic EL elements;
FIG. 7 shows an organic EL element according to the present invention;
FIG. 8 shows a specific example of an organic EL elemeht according to the
present invention; -
FIG. 9 shows a specific example of an organic EL element according to the
15 present invention; and
FIG. 10 shows a specific example of an organic EL element according to

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Hereinafter, detailed explanation is made with resi)ect 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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exanples.- Note that, with respect to the organic EL elenent, in order to
achieve light emssion, it is sufficient if at |east one of an anode and a
cathode is made transparent. However, in accordance with this enbodi nent
node, description is 25 nmade of an el enment structure in which a transparent
anode is forned on a substrate to achieve the light fromthe anode side.
~In actuality, the present invention may be applied in a structure I n mhich

cat hoe sl 1 B0 BKP e BBy GRRE LR, 35 iciTi0e O iy et B be

opposite m@t};ﬁg jdag substrate, and in a structure in which the Ilght is
30 achieved fromboth the el ectrodes on both sides. In the organic solar
battery as 17 \aisl,, ir rther dganico Binkedembet, bad tre¢ansalbsooRetdogiihg ey

si de of tgéaﬁéema nt .may be nmade transparent. First, in the organlc EL

el ement , lati’sderé‘fms\f@mdh? Hira Han ;fdm ang élspibr impsovieg the proporten ofie

il ra L0 et | TRARY 5) SRl gty 't”pt‘?%ntqg‘ztrwgl uPhat ofidor Hhe logtpRAb dmont
effici encyificiticy! 4R brd& t%cgﬁlﬁ tngm 83@%8'5%0 uﬁte”{»fgagechELO% il g@ EL

el enent may be “connect ed serla exanpl e. exp

bel ow. AsnsiydwicimectddGeriahy, ﬂﬁ%btmp&ﬂ OT'lfia Rritl lﬂ-e)qﬂﬁi'ﬁeatbe% i n which
applying a certain electri caI vol tage V1 causes an electric current with an
electric 10 dedsi shown in FIG&\AAéndaSSugm ansoxgania il iglemettt gy, imnavigyh per

uni t surfa area Llﬁg t] Vi n ert n amounts of energy are

enitted, 3 Yif}i’eaﬁeﬁ H&ff’@r“@‘ga ul v&R HiG cudERE With am gleciier gy
| t h ff

rul 1 g el N0l féﬁnl“ﬁ%d b il ﬁfvéﬂt b RBlocet o €

el ectri capheas davisg %&tat@%'m(ﬂﬁtt@rdf tidby V@ Shies, eﬁfé}jthé lfg]‘h@rb'fhe}%e is15 -
sane thing as an "energy conversion rate 3' Is givenin the follown

f ormul a: e‘qmrvraleat % dpeproduct of diat envigly Meliplicl by tle mimbebef photinder edtin
whi ch an apic EL elenment D2 that js exact |y equival ent to the organic
EL ol emertliDITE, &chaEek EHiGenehSeor dani E1e 10 BicalighbAmission sy Willsee

FIG 4B). re’élﬁécet fohe: e1BciFiRRt %?érg?ct'eﬁ tridal %%We%ttﬁatt\pgs E%n, and it means the

16 same thing as an "energy conversion rate") is given in the following formula:
Formula 3 |
| ey =Ly/(J; - Vy)

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

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

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

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

The power efficiency ge; at this time is given in the following formula:

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

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

density J1 flo ore L )1 d D2 each emt light with the
| i ght energy L\f',%"eaogl}%‘?@ Ty hezlvilgﬁp“clzggr g\?/lBZLl can be obtained fromthe

elenents as a W@ garDdklundERQoBOWSY c@hbhih® By abBe ndintioned RdriRulh S Ghaen |
in the followng fornmula: 30 Fornula 4 18 (pe2 = 2L1/(Jl 2V1) = L1/(J -

V1) As cathdebovrdercstiondd (ormmbpdy thege tih @oatiffesonce rictwaen FFGT 4 and® FiGd
t he above- gent i oned Fornula 4, there is no difference between FIG  4A and
FIG 4B ' iderms of theRowenetficiencye pad e lagnef encagy sanssrvaien yywhich vV

conservat i i n i \Y/ J Le C te 1 ;S being. ohgyed.
Hovvevers:i lf"ﬁ@ j(,1u #‘gne ﬁﬁ H‘é‘?‘ﬁ%‘@@y léa%b‘z%r@%&g& nﬁoé)ges‘}gr’t \Wﬁ (S:PH,E%F _egfi',&e}}‘iy‘] 1
IS increa | . QR Ld i ng Ohein¢ EL
el enent . §ﬁ§?atr|9§@ %éigsﬁctf;?aféllwﬁg'%i’%”eﬂ&?ggé\dirgﬁgﬁ o g}h Z’r;r%nt ghé&g}h&r?(g%?lg’g ser ?al |y
and by appieanig rfor ehwobigagie BL planpent | dThdtoist Hey increhdng ofheebasmmid FIL hat
were increased and mai ntaining the current density at a_ 10 fixed |level, it
becones pelesaite qopnpeled csesiallynand| e epplying queicereltegs iteiprapgrticax &mithe ng

R R R A B A T
tines fd“eﬁ*:‘k!éa@@él,eﬁ%elﬁé@ég YsibR! 1B lif £h§k9thta*é?ebc‘fﬁéa{ledﬁheﬁ?9%éi¥nc§£ a fixed
| evel and 1 ncreasing the ectrical voltage by n tines. 'S property

derives from t hExdminingpdhis iconatptr elait | goaehilly, behavean nihbebrofgtticnestirdlevel
and the electrical current density level in the organic EL el enent.

course, e¢@wivalent weganie Elnplements atecplunically ronnected, lie pestibleaiosachiesieract ed
oo 21y kS B GRS e S S A SRS D ol 5 8 230 Epand
voltage, jdcreasing the electrical voltage by n times. This property derives from the
15 proportional relationship between the brightness level and the electrical current
density level in the organic EL element.

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

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

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

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

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

element and D; as a yellow light emitting element, if color mixing can be performed,
. then a white color light emission will occur. Therefore, this enables a white color

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

1.Q (> thhé—l@ng?@ﬁ;%?t aggfle?lglé"fuﬁgfru @Qﬁii%?ﬁé @(gﬁvefl?i%ﬁtaék his time, by

configuring, f exanpl e, as a emt ‘ement and D2 as a

yel low light emAs degcrifednebéve,i by GHn@icany ﬁdﬂﬂe@lﬁ% Be REEHEAEESbriallyh §he 2
white color light emission will occur. Therefore, This enables a white

col or 30 eppuenhglegtéealneutrentweffishendyeiseimptaviedaind greastet befphiimisenay bs

hi gher, ang Lhefdef' re 1? tgi Iog%evity of the elenment is higher than in-:
the conveRPHmeM With a smallee clotied! aevg, dhiomempaiiha it énpessiblegotmake

el enent | t : .ri.cal rent .ef f.i cien s 1 nproved
and gr e5:1t gg%%égﬁétu eéggc%lggpgéﬁ&%tb E.%ﬁilﬁglﬁﬂfﬁﬁé §§’EFII'§Ycle(¥e{l‘tﬂgﬁ?’%§§S léﬁ%pgnt .
Thi s meangmialie thhni » RRSS¢dventiBnARKE:, S FhEhdaReS akY rhc nt
for em ssircr)ln of th% sanme | evel Ilcifnbri ghtness iIs ke’p?‘1S 1scrﬁiriéelcdg)rht ﬁgﬁﬁlﬂ%&?he
convent i onkkctrazal voRage hau berpplied, it inposaibla ts cgmidot aneveehaardreatic B, t age
can be applied, it is possible to connect however many organic EL elenents
as may be® }12S BRY tereedodrand theiqveralhfibribicknessreapdenmade thickk .

However, as desgy. aboye, .a problemoccurs even in the_.case ere the
10 organi c EL e%ﬁ%{%& Br esgflﬁﬁﬁﬁgegﬁn%B’E(gjge’?eqchﬁ Gvenrifeths Ase drheie the es
fromtie offsped FOAQSfedls 41RSi ' L S tagi

St ety e P ieal MR Eh e EAD. § PR pioh R o5 3R the

cr oss- secticotretes fawthef orphricoE b asiementslare! fropntheltlealeavstribtulrd, Gvhidh, wand

FIG 6B shows a_.cross sectional viewof all the elenents Dail shown in
FIG 4B, bsexp fing Fisnner . FIG. GAeshowss a8 csessaeectional( view ob e ofganie

ol ect  odetb03omerts Bh Bk EFICTH. FRLVIC o/ ats Erid sReuo ] iuam alhng
1 m | ayer o Ranehe 100 HBRRLR G T do ettt matmel 1) L ern) 792 € 1

15 The basic structure (FIG. 6A) of the normal organic EL eclement 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
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604 for performng light em ssion by flowng an electrical current is then
formed 20 and a cathode 603 is then provided. Wth this structure, |ight
can be produced fromthe transparent el ectrode (the anode) 602. The

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

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

the |ike) | [ - SLr ribed
above. ar o onse il (SRS Ba RN A, AR o R ighdh % BRE BT
wi 1 inclofitheelbivent. Thersmel fiecohre!timpassiblabhferalchGfRavativrsidsshixdngani
EL | ayer 604a, a first cathode 603a, a second organic EL |ayer 604b, a

second or Henlightmmissiosr fremuthe uppdr and she brweroaginid £ 16 0Rmenth ta hratuee the
| am nated in this lorder fromthe | ower side. Then, 30 the light emtted by
t he seconﬁ’héﬁeg‘éﬂ?{: Ight.| ayer 604b cannot be transmitted through 20 because

the frst cat hofs, §03A NSt iq Pt e RSN IHORIL PRIR 1 Snbake"

out of the el emen erefore, I TPOSST |

i nnovat i oggd @ife Batkodd has ARk B@fépo?ﬂéﬁﬁe@&eﬁé@m G PabBRSradYI P REBLAWRs,
organic EL el enents to produce the ite color light. 5 FOor exanple, a

t echni que VuKmajfing dhs@adcmtloy, Tand &. hRd&erfest, 'Yotthetahfreancadkodeafior iganic

cat hode has al sq be reported (Reference 6: G Parthas%gatgﬁ, P, - E. _Burrows,
V. Khal fi semigonducies degicesany ApplPhys, Y 2s3138-Al 4t 950} B asigihis, dhe
or gani-c ' ct devices”  .J. | . _Phy. 2, 2138-2140 (19 . By
isi'ng ¢ GFT, GAROVE 8ha G B8 Smagd srliRuisatoherefdin, SCPERITABRIPR bo )
beconeg, PBARk R o1kt hithA 24 th %eémghéreg%mé EEdafer@isbhe Feeend, angani c
EL | ayer 604b. Howeveér, since the ITOs are mainly Tormed by sputtering,
there i s thecbiOerare iyt fernedgbnispulkring aghere 604 aconcein that fike otgamgdEL
Further, the process_ al so becones cunbersone because the application of

t he or ganlayeE1604aywill pytlge glmageon Bantharh ghea pprGesshalson begomes cumporsgyme
P oL B 2RI B P RUE R PR of
coarm o, MO AR kpbo Syt <1 ) oy can be [ meroved using

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 curfent
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 organif: 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 Vstructure, ‘by applying a material in which the acceptor or
the donor has been applied to the organic semiconductor, the first semiconductor

256 thin film layer 705a can be connected almost ohmically to the organic EL layer (i.e.,
the hole carrier and the electron carriers can be injected), and, moreover, the
transparency can be maintained almost completely. Therefore, the light emission
that is generated with the second organic EL layer 703b can be broughi.: out, and the

electrical current efficiency can be doubled simply by doubling the electrical

30 voltage.
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to i nprove the electrical current efficiency, and also the el enent
transparency issue can be cleared without a problem 20 FIG 7 shows a
structure in which a first organic EL | ayer 704a, a first conductive thin
filmlayer 705a, a second organic EL |ayer 704b, and a cathode 703 are
lam nated in this order on a transparent el ectrode (anode) 702 that is
provided to a substrate 701. In this structure, by applying a material in

whi ch the accep i e

seni conduct or, ?ﬁéﬁ=??g?n§§ﬁ$%§%ﬁ§§?g$&§§l?ﬁ?%wggph§§§@§£3#8§§nggﬁuggen
connect ed usingnistv alofédudr tafediald)a d2yPaoiess Bhch ay hcum Qepositibh cBRbE Wsad, | er
and the electron carriers can be injected), and, noreover, the _

t ranspar epod vekan wngdigh sialechlad matarials mpwet plogessThmhefsapin coiting tghbe
em ssion _that isrtn%en rated with the sec%nd_ organic EL | ayer 703b can be
brought o#tcd)aHif WRBUTACEINE ProsessARGsdint Decomeicambersame-be doubl ed si nply

by doulling the | Vv, regver,. singe the I.re
proces?’ beconesl\gdgﬁgﬁétfceﬁﬁ '('43%90‘&3@%3%}‘86%%“9‘@&“{%&“!"06{)% W%ﬁf@i layers
mat eri al Shade Bn PIOESE SHEWCAEr WaUKRIBIAPASIVE] 90162 PP iR eant BRfbutlRCT
using high nolecular materials, a wet process such as spin-coating can be
used), t hef etevtificad tunlfagg mpay be sppiiedsthectrucacemay behaulickgerdl (Wtcdutdeat |
FIG 7 shogws the structure in which two of organic EL | ayers have been
provi ded. ﬂﬁoﬁ%‘g}qw&sthﬂb@ém lyer apissrted petwaen gach of ithaiorgandatEladayens). of

| tri | b l.j.ed, .t t t . b [ti-]| .ed (of
cour se. - THETEBRAIR, Yot rRGiof L8, Steani, by Cayeietiomemn VGHcH s
or gani f) Elefitd@Foin theﬁh\ﬁ%ﬁf&ﬁf fl‘?lsm 'sﬁl‘gc ?Q,_rcathe' @s@r&)f&& of the organic

sem conduct or el enent, erived fromthe ultra thin film

structure, can Thephilosopiey ddseeibpliiabose phsurads can Akd t&b@ﬁiaa&huhab&%falﬁ@n

al so be applied in the organic solar battery, which is said to utilize the
opposi t e PelanRattery rriieh ihsaigrigarilizedihe eppostatmedtinismifromehplcagarid Bls

fol |l ows. I]:? istas mad.lpe%r‘él th%t t%glre is an organic solar battery Sl in
whi ch a gP\aIFh1 5 KT EXRRPYPAEP 198R¥Sat es a photoel ectric current with an
electrical currpig (daRakd herblthar tLES 9GRS BALBSORE BARE SOTRWiih hi66n VL
N nunmber of the batteries Sl are

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

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

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

25 Gold Interstitial-layer on the Photovoltaic Properties of Tandem Organic Solar Cell",

Chemistry Letters, pp. 327-330, 1990). According to Reference 7, by inserting a

gold thin film between the two organic solar batteries (i.e., between a front cell and

a back cell) an effect of improving the electromotive force generated by the light

irradiation is obtained.

30 However, Reference 7 also structures the gold thin film to have a thickness
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ohm cally connected serially, and when a light energy nL1 is irradi ated
there, n times the electronotive force (= nVI) can be obtained if an

equi valent' light energy (= nL1l/n= L1) can be provided to all the n nunber
of solar batteries S1. In short, if 20 all 'the organic solar batteries
that are connected serially can absorb the light, then the electronotive
force increases as a product of the nunber of batteries. For exanple, there
is a report that discloses inproving the electronotive force by connecting
two organic solar batteries serially (Reference 7. Masahiro H RAMOTQ

“htor o BF e 1680 P RAlEhj YD o miniEly 38 binBlwdidh, U hinf R fluotured as (|

Cel |", afthbri thinrfiimlthattiethin enppgh B2 Figh30 pak3BONgh alesigokdry tha tIReﬁ@tt wilte 7, by

insertin film bet tvvoo |c sol ar res(i.e.,
bt ween Frch tish bk arfl MgreorttgReRTgan i Hesoey BEPepRuT SRt dR icRht ot

el ecgr oppl e tHi®fiEeisTRANRS edebvyvdidiand. i ght irradiation is obtained. 30
However, Reference 7 also structures the gold thin filmto _have a thickness

22 of 3 nm oSUFlEE lede%aa@ﬂSOtw aetivesiy veiee the anesert inveptiey. That s« Wehe wor ds,
the filmg ShrfoBur i a, | BOUS: roli ght
to pass t ro%é?yﬁ%ﬁ&ges ng%{bg;&?ﬁg{%&h%ﬁeﬂréﬂc%h ﬁlep%sglgéﬁetﬁhe bgstr:Echll
I\/breovelappliedmtmkbthmtﬁyntpemﬁ}pd@m dnaﬁhﬁzpmﬁﬁ@hlmvh@qnmaelhqeggd afa 5 the
uItratthfl M. | S..QR_ 1t he .ord ver al. nm 0 be
Fesol ved gy Bt HREARE o8 B bicl B SRR orRAGH (B AR UEP

bat tieryu&tdaﬂefwraeahxghwa&ledieﬁﬁlsmﬂr in Reference 7, the present invention

may be applied_at the gold thin fil ortion. (o] this, t resent
i nvention carfBf&agieeepegs and dpughres ot é?fP??“gﬂV%fl%%Bg‘?Yeg&s?n pﬁsﬁpb?“{;aei’[(’ﬁ? cker
and nor @sifh ghé &Srglﬁ.ﬁif:' Kl @nehham Hi%eoﬁﬁﬂﬁé/ @Blai By Ak tlexamples. | Tt Goltbvithg
connectlng two el enents seriall e basic concepts and structures of the

present PWB?RPTWH%WW%E%@W% ebtha seRdctvR PGBy S ig AnPEdfer & enent

and theg%rsaﬁ%& A, AMoWpet, Pheprasn AR $s not Taik@td M¥dcSampieSCr i bes
preferr exarrp es of structures of the conductive thin filmlayer to be

usedsf or t he Finsk sariaws mqtﬂlm]ﬂmoﬂhnsmwbv gsed bepausp they @ condwesive. YWHCh 15 thot
limted 5 1o VAl i ou be
used bediley iR RIRTR GRters shielriany AL ALPLTL 3y o b plhulgics ot
carri er de uSpeci Natc: tﬁat ,ywheainthesdl metals, ar€msed\ifgr the ccon@cavceﬁamﬁlmslaydmtt igan

preferable that they be formed as ultra thin films thin enough for visible light to pass through

(i-e., several hm 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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be used. Note that, when these netals are used for the conductive thin film

| ayer, it is preferable that they be fornmed as ultra thin filnms thin

enough for visible light to pass through (i.e., several nmto several tens

of nm. 20 Further, various netallic oxide thin filnms. can be used,

particularly fromthe viewoint of visible light transmttivity. Specific

exanpl es include I TO, ZnO Sn02, copper oxide, cobalt oxide, zirconium

oxi de, ti t@ng i I.,ObBi ' i | i um, oxi de,

Vanadi um cree Euded BYUCHUR 85 BhAReRB b oREER fie regindlls or

magnesi umbounidds, nouhyaleupicaxntdd by @hehanu hde THel fidWine*dates

rut heni um oxi de, and BeOQO. (}Zg? Furt herlJ, corrpouggl%s)ﬁ:a)n‘i (;I(‘)Hr?dfjdglt or g)r%la% ?Plsng can

be al so ustsgd asndleuptitype BrgniZsemicapaiictorATEN(represe@td b laorh Blﬁe@éw?;
invention is that the conductive thin film

et on BET Grtretaiied by Chimot Sale), despalmenotyezios A esc by Chem
t hni 1. X4 - i i dugt d -t . i
o ontte & eigl): N RoBrb b e kiRl T { e B SaM) i g TiRE" ©

| i R SRR o
et arich; o/ BOIEOTARRpETRETRABAHC LA 06| Hbnic EIRAALS |Gl B FEDCHPC

bound to rfrepresaited byaPlicanenttetow), NP (2eprescandd by Ehdm! 8 HeiRg), GRICBP

al so used as the p-type organi c_sem conductor: TTF (represented by Chem 3
bel ow) ; ﬁePTGWEﬁCEQfé m-&%@ﬁwmmay brealsojppplied Hydrploenot hi azi ne
(represented by Chem 5 5 below); Nisopropyl carbazole (represented by
Chem 6 below); and the like. Further, a hole transporting material used
for orggnieydgk £tCc., such as TPD (represented by Chem 7 below), a-NPD
(represented by Chem 8 below), or CBP (represented by Chem 9 bel ow) nmay
be also applied thereto. 10 Chem 1 N N--fu--N\ NRN Chem 2 NNN

NZ NN
“W-=-Cu-~N7

Y/
NN N

V¢

Chem. 2

NNy SSN

2T
Zm

N/

Chem. 3
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15 S 8
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Chem. 4

Chem. 5

Chem. 6 -

Chem. 7

Chem. 8

Chem. 9

moé6 /N / |

15 S S 24 Chem 4 s-s
C3H7 Chem 7 - _

CO 1

CH3
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0
\

/
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/

S

N

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

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

25



1, ~I Typical exanples of an n-type organi c sem conductor include, in
addition to F16-CuPc represented by Chem 10 bel ow, 3,4,9, 10-peryl ene
tetracarboxylic acid 25 derivatives such as PV (represented by Chem 11
bel ow).,, Me-PTC (represented by Chem 12 below), or PTCDA (represented by
Chem 13 bel ow), naphthal enecarboxylic anhydrides (represented by Chem 14
bel ow), napht hal enecarboxylic diimde (represented by Chem 15 below), or

the Iike. t

sem conduSParaR R0V SBNBEA LT By St TE1 Efort) MBI Wb Gented v,
Chem 17 bpbay) ; 12bepeloay naiie PIRIDAS efigiediiddneBy 1EHph OWI3  belo

2, 6- napht hoqui none (represent ed by Chem 19 below); DDQ (represente SV By

Chem 20 haphthvplenpedibopylani | anl(ychrpieeserﬁt@destwyltddlerby 21Cbe11novv) i4  below),
tetrachl or odj henoqw none (r.epresented by Chem 10 22 bel o

ni ckel bi sBRPHEAIENGFIERKREC @Flé}iﬁi‘é&’@rﬂf@&ﬂlﬁd @ﬁ&he@:’»lso@?l@w; oarm: like Thee.
Furth t f | th E

such 2 FUGHRE P a0 bRl AT A5 ity Sl SpRiediBcrsy

bel TepLed b

Cheret o, SEPRRenedrByTbngC 18 Fbgw‘?"% AR s EY?‘?*%J“?P%"'FEPI"W)
N N F F bedzdgquindne @opreseditdNby Ghem.NL8 below); 2,6-naphthoquinone (represented

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

FN

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

10 22 below); nickelbisdiphenylglyoxime (represented by Chem. 23 below); and the
like. Further, an electron transporting material used for the organic EL etc., such
as Alqs (represented by Chem. 24 below), BCP (represented by Chem. 25 below),
o PBD (represented by Chem. 26 below) may be also applied thereto.

15 Chem. 10
F F
F F
F F
F F
Chem. 11
N O
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0 N
20

26
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0O ad Ad Chem 21 FF OO FF 5 Chem 22 >0. C Chem 23 -,NN N
Chem 24 0 At N, 10 3 Chem 25NN H3C CH3 Chem 26 NNN t-Bu 15 28
Further, in another preferred technique, an organic conmpound acceptor

(el ectron acceptor) and an organi c conmpound donor (electron donor) are

m xed and a charge-transfer conplex is formed to nake the conductive thin
filmlayer to create 5 conductivity to serve as the conductive thin film

| ayer. Thglh%ﬁarl%%e-transfer conplex crystallizes easily and is not easy to

apply as However, the
Cl Cl
Gt Cl
Chem. 21
E F
| F F
5 Chem. 22.
Cl Cl
o=(_)~_)=o
Cl Ci
Chem. 23
/N- ’N\
T
=N 'N
Chem. 24
10
Chem. 25
Chem. 26
N....-
I
Ly (O
t-Bu O
15



conductive thin filmlayer according to the present invention nmay be forned
as a thin layer or in a cluster-shape (as long as the carriers can be
injected). Therefore, no significant problens occur. 10 Representative
exanpl es of conbinations for the charge-transfer conplex include the

TTF- TCNQ conbi nati on shown in Chem 27 shown bel ow, and netal/organic
acceptors such as K-TCNQ and Cu-TCNQ O her conbi nations include

[ BEDT- TTF] - TCNQ (Chem 28 bel ow), (M) 2P-C18TCNQ (Chem 29 bel ow),

Bl PA-TCNQ (Chem 30 below), and Q TCNQ (Chem 31 below). Note 15 that,

these char ge-tr gngfiRr, &9 HloBert Ptéfelfrbdi "Bl ubeaﬁl @nghﬁ‘fé Eb@%ﬁﬁpasa&gﬁfbﬁ' ted

films, spin- coated filns, LB film pol ymer |nder sperse

|i ke. Cheeleztos ascygotNandCn Btga‘xtic Cbinpbiiid TONQY (A8ctehetondy ar¥ wixedengN
BEDT- TTF - TCNQ 25 29 Chem 29 N G sH37 NC-CN CH3 NC CN’ (Me)2P CL8TCNQ
Chem 30 & <arse- N@ns@comlws formed to make the conductive thin film layer to create

5 conductivity to serve as the conductive thin film layer. The charge-transfer
complex crystallizes easily and is not easy to apply as a film. However, the
conductive thin film layer according to the present invention may be formed as a
thin layer or in a cluster-shape (as long as the carriers can be injected). Therefore,
no significant proble.ms' 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-CsTCNQ (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
= ==
g sj ' NC CN
TTF TCNQ
20
Chem. 28
| S8 §-._S NG CN
(=1 ) )=
s~ TS S S NC CN
BEDT-TTF TCNQ
25
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5 BIPA TCNQ Chem 31 XG NC CN 0004H9 NC CN Q TCNQ 10 Further, as a ,
structural exanple of a conductive thin-filmlayer, a technique of doping
an acceptor or a donor ‘into an organic sem conductor to apply a dark
conductivity thereto is preferably used. An organic conmpound having a
at-conjugate systemrepresented by a conductive polyner etc. may be used
for the organi c sem conductor. Exanples of the conductive pol yner include
materi al s into practical use, such as poly(ethyl enedi oxyt hi ophene)
(abbrevi ate To %EDOT) pol yaniline, or polypyrrole, and in addition

t heret o, pol yphenyl ene deri vat¢|¥es pol yt hi ophene derivatives, and

pol y(paraphenyl ene vinyl ene) q@rl vatives. Al so, when (j ;accept or i s doped,

it is preferable that a e ial be uyged fo ergani c :
sem conduct or. Exanpl es e e organic --,@h onduct or may i ncl ude
t hose represented by Chems.” 1Yo as descri bgfl abe this time, Lew s

acid (strongly acidic dopant) @Wlech as FeC13 (I11), A C13, AIBr3, AsF6, or
a hal ogen conpound nay be used as the acceptor (Lewis acid can function as
the acceptor). 5 Further, inMep® case where the GgTGNQ s doped, it is
preferable to use an n-type material for the organic sem conductor.

Exanpl es of n-type organic sem conductors include the above-nentioned
Chenms. 10 to 26 and the like. Then, for the donor, alkali netals such as
represent &he®. 3¢ K, Ca, Cs and the like, or a Lew s base such as an

al kali earth netal (the Lew s se can function as the donor) 10 nmay be
used. More preferably, sever@ the structures descri bed above can be

conbined to serve as t{e cah ive thin filmdayer. her words, for
exanpl e, on one side or bothi sides of an inorg 1_n | m such as the
above-nentioned netallic thinN=KIIm nmetallic id méhllm or conpound

sem conductor thin filmcan Qf r med

5 - BIPA TCNQ

Chem. 31

©®@ Ve NG __feN
“CqHg C :

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 uséd. An organic compound having a
;-conjugate system represented by a conductive polymer etc. may be used for the
organic semiconductor. Examples of the conductive polymer include materials put

15 into practical use, such as poly(ethylenedioxythiophene) (abbreviated to PEDOT),
polyaniline, or polypyrrole, and in addition thereto, polyphenylene derivatives,
polythiophene derivatives, and poly(paraphenylene vinylene) derivatives.

Also, when the acceptor is doped, it is preferable that a p-type material be

used for the organic semiconductor. Examples of the p-type organic

30



15 with a thin filmin which a p-type organic sem conductor is mxed with
an n-type organic sem conductor, or the charge-transfer conplex thin film
or the doped  conductive high nmolecular thin film or a p-type organic

sem conductor doped with the acceptor, or an n-type organi c sem conduct or
doped with the donor. In such a case, it is effective to use the
charge-transfer conplex thin filmin place of the 20 inorganic thin film

Furt her, ' : ' he e o i,0 AL L5 IS
oped i £ R g e b N it 9P R s 16
doped wi At thisetimer Bpivid atid (3nvAghhasicespamtpsuding Fe0l:cauAloL, AmBp, fil m
| ayer, it becones a functional organic sem conductor |ayer into which'the
hol es and/sie @ baleger enmpoand bahbbased pe tecatcepfosdLieweds geidrantfeectiome, a
technique ig also  considered in which the donor doped n-type organic

seni condu®¥ B1€ 29FROT):| m and the acceptor doped p-type organic

Sem comluctor fPuftnbL Ul B LABDRLERIIGRATR dShaE iPlis BOLRAIISE R A

thin filmin whi or gani ¢ sem condu

n-type orgagbe HRMrRANEHICHYS drbhmicl kéMicvnAubiored H:@e81B8" of 3yt Srddiad
all the types of the thin filmwhich are given above ‘as struct'dres =31 for
t he abovesemrvndners ardluwdnthectbovetmentidnddChemer 1@ do 26tandethd 1ike. b& Hemr nmed

but rather they nmay be al so forned as island shapes. By

[ fil h
;Bm y: nS‘ (Pfgt%gEi’ﬂpé’lsn%lk@]il.dﬂ%téiss%%ﬁhc%’éﬁ%%&?m%b}ﬁ Laj KnGaayfey andh the ke, mrez ent

i nventiony it 0 ossipl g t n {1 the or ic sem cgnductor 5
el emont R PEE TR S5 pRof BB it sk AR TS BRCGARR)
thin fid migeruel, t he present invention can be structured such that |ight
em ssion is"obtained by flowing the electric current, to thereby obtain

t he organi ¢ EL Baeapntierafiysseveiad odrthasiroctitesed@sceibtd abovéean beasariiined
invention is also effective because the efficiency can also be inproved. 10

When usedtq $PV6R8 thgagonductive thigcikm daysr. + Heotheg avdrds.iior gxampls, loayae side e. |
1 920k B A BB NG CERRCA 1S TR SA0BAE St
gngr \e’ﬁg 'Gﬁlzrhgmﬂt&rt]zﬁ%iﬁ eoxﬁgﬁﬁ 0SS W Tt odSp i PEBnTiRbRGu S Hith Uit €55 66 'tBHed
156 with a thin film in which a p-type organic semiconductor is mixed with an n-type
organic semiconductor, or the charge-transfer complex thin film, or the doped
conductive high molecular thin film, or a p-type organic semiconductor doped with
the acceptor, or an n-type organic semiconductor doped with the donor. 1In such a
case, it is effective to use the charge-transfer complex thin film in place of the
20 inorganic thin film. v
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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transporting |layer and the electron transporting |layer, and a single-Ilayer
structure 15 using the high-nol ecul ar conpound, and the high efficiency

el enent using light emssion fromthe triplet excited state. Further, as
descri bed above, the colors fromeach of the organic EL | ayers as
different em ssion colors can be mxed as different colors to enable an
application as a long-life white color light em ssion elenent.

20
Regar di ng fdrahenbdec tknimeaneiEndicts®ifin filh 152& (kc% HB{ %ﬁ( il.ﬂoob CollBEi ©

exit formthe anode side, then ITO (indiumtin oXide ndi um zin
oxi de), arkilmehhpes, buttatheragheparayrite adso dorméd/as ishmdghnpes. conpounds can be
often used. An ltra.thin filmof gold or the like is also possible. If
the anode does nBY¥ #RRIEINE thee abpyerrigntionsd Jemisondygior weinc fide leyer eint te

2 Conduct iEoaial¥ehfiot Rk Yohiesto Rhomaciis T Dorrrin e HHOTHEar
| ar ge war kelbahaet (vafh KBH rBBaBiB @aﬂ&&; N Ti, and TiN. For the organic EL
el enent cat hode, a ne aIr or aﬁ?%ril th?%lds/vnall normal work function such

as an al kal i netAk anaddemtplestictdrgaricathin filialgeeaf the pRisaht inveHE68 canMe
alloy including these netallic elenments may be used as well. For exanple,
an 30 My: Abruotyrsg such that lighglemigsiosds abiainy byeflowimg) thédrelddtiie auarenbeto

used. Further, in, 32 the case ere the light is to be e to exit from
the cat hoc}gg]ée;b e Ot Jﬁ?r%{gﬁm"niﬂf Ff‘"‘ﬁﬁ‘%de St e PEganie JEk oslemept g theed.
Further, f : 3 r | & .t Ld f cording to the
pr esent iﬁgﬁﬁgﬁwggq e%@r%‘%&g %g@g@ﬁ&% gsb¥ E%al{ §1|¥§é3tefi§f%9‘.’?f§ force

by 5 absorbi ng Whenlusghtin thisevsy,adsGusRr@bS BRS bRayicCin PRnoh fg?é!,- thEhus,
the organic solar battery of the present invention is effectivé because it

i nproves éRgRRiceRbylayen\aay dierthetergenici BLtdlementnrgamic Hielayer sttuctue aindt he
mat or i al o CORBHOR GmalBrBia s BeoHonsfay Blan HPSAUTAI, GARE YaHiAions| fre
st uct or o R nach &) nclanra YnuchoRE Bbontl SRS T iR HEoROR
sem condugiamspotiighlAer ianddhe cledesh itranksd @@ Nage andP AHgIBM vor structure

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

20 Regarding the anode the organic EL element, if the light is to be made to
exit form the anode side, then ITO (indium tin oxide), 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, T}, 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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[ Enbodi nent 1] 15 In accordance with the present enbodi ment, a specific
exanple will be given of the organic EL el enent according to the present
invention using the charge-transfer conplex as the conductive thin film

| ayer. FIG 8 shows an elenent structure of the organic EL elenent. First,
on a gl ass substrate 801 on which ITO as an anode 802 is deposited 20 into
afilmwth a thickness of about 100 nm

NN - bi s(3: Y, |)+ ' - di,ph | -.-benzi di ne..(abhreyi ated to . TPD). as
the hole e@%%p%ﬁ%ﬁ%‘e%@lﬁﬁa‘s q%ss’géﬁégie?‘i‘dﬂw‘ %‘% ﬂf’m‘?%ﬂ St ah “cl“ﬁ&}i@l
transport fifyg thadesf th30fetal/AReY maé,rges&%dqui nol i nol at o) al um num (abbrevi at ed
to Alq) as alight emtting matérial having an el ectron transporting
property is depbsither foy ekdimple, by wiingithe arganfSthah dilinn ayer ragosidig taghend
light emtting layer 805a. A first organic EL |ayer 810a is fornmed in the
above nanpESentrHByHiqneras thwmtwwca@tag@nm@épdm tedertepmetivetfosceofbyl: 1

ductive thin.filml .806, .form | i t t hi ck f
To nm ar feorbig Begiehinlis S¥iaic sotse sl e aen e oaieth r lisoie Ry or
804b, and ' 1 hi S, 4 : LGl s;
ol ect ron 19 an2eEHY LR pRRh OB efteed tbpe Mhprlfes SHERRGRS 20 0"
organi ¢ EL | ayeWiEOfiridufedrinBtlis mahne, khe stasctiieof tehfumetiSRa, orBnigntin\g

are codeposited at an atomc ratio of 10:1, and the cathode 803 is forned
to have afilthilegeresmyotisc1d@ sircture arkstobsturcotnatérmls eatoarggenerdtly vseshimt of

el S ke or T Tl TGS b oo ™
the onganxhlptlis e n S AGK FruSRE SREYEE Reivel tBeedif sk SR 4 L0
Conduct v B g1 et CSCeReiare of the organic
EL el enent.

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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First, 50 nmof TPD for serving as the hole transport material is deposited
onto a glass substrate 901 which has approxi mately 100 nm of |TO serving as
an 15 anode 902. Next, 50 nmof Al g which serves as the el ectron
transporting light-em ssion.material is deposited, and this serves as an

el ectron transporting layer/light emtting | ayer 905a. After a first
organic EL layer 910a is forned in this way, 5 nmof a layer 906 is

codeposi t ' t it ) en,
205 nm of S U RBUASE BT, ;PR oot BBl B M S s R il
TCNQ consti t ut dlin@lyyaisY%hetaatlinliev803isMa aenAgCire\@depbditdd hmad adnicOrhlio
After that, 50 nmof TPD is deposited as a hole transporting |ayer 904D,
and deposiftdlloand die etthode SU3sisSormeddd bavg,a thickmess fVEY) am, do thesblyr on

transporting. |layer/li mtting. |ayer 905b. Thus, a second organic EL

| ayer 9109b|?§ﬂftg¥ﬂﬁ%ﬂ l‘gg&-li‘ijﬁ%!epwpgse %ﬁ@%é@‘ﬁ‘é’éﬂ@ﬂgo& My and Ag are
codepos%ted at an atomc ratio of 10:1, and the cathode 903 is forned to
have a thickness of 150 nm to thereby obtain the organic EL el ement of
the presefqBnpitbaemehey} The el ement can be -manufactured sinply by the
organi c sem conductor  in the organic EL |layer as the material for
structuring theInawtonddanee withnthis Embodyment, anspevific ryatipde dosbowandf ag0
acceptor, thus hei n(jil extrenely sinple and effective. 34 [Enbodinent 3] In
accor danc &1gianif Elaelepentent therpirscnt dveniiospde iwhich 3raniganic scmicomdugtor a
wet -type organi.c EL el enment,.ip which. a | ectrica lL,ght,emttin l.ymer
e uson A B S o cein e eBic R T fobRlucdRHng SonhPie Bt <
f or medy@f ?é}ﬂﬁ'cl o :0f o he
or gani %@Efﬁmgl erre’nth#laI?tihres%(?/&?mroﬂé&gt}l%gs&? 8\1/3%? ?(gt%@cpigﬂégﬁ%ﬁé \r}%c t(?hléfhf% %fsf an
anode 1002lémentdeqodictizd. | RIG. & fshbwswan kexamipht afnas slahembettictb) ofnthea

m xed aqueous _sglution of 10 pol yet hyl ene di oxyt hi ophene/ pol ystyrene
sul foni c gQ&gani¢ Elpeletieat-ed to PEDOT/ PSS) is applied by spin coating to

evaporate mi st yce, S9oLIBF i P Peer MR HMh B0V mbR P Bl 2
onto a glass substrate 901 which has approximately 100 nm of ITO serving as an

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

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

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

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

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

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

30 acceptor, thus being extremely simple and effective.
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pol y(2- met hoxy-5-(2' - et hyl - hexoxy) - 1, 4- phenyl enevi nyl ene) (abbreviated to
MEH- PPV) is deposited into a filmwith a thickness of 100 nm by spin
coating to 15 obtain a light emtting |layer 1005a. A first organic¢ EL

| ayer 1010a is forned in the above manner. Thereafter, a 30 nmfilm of
PEDOT/ PSS i s applied by spin coating, to serve as a conductive thin film

| ayer 1006. Then, after that, a 100 nmfilmof MEH PPV is applied by spin
coating, to 20 serve as a light emtting | ayer 1005b. Note that, since the
conductive thin film layer is nade of the sane material as the hole

i nj ect i ng [Fashediment 3] second organic EL |ayer 1010b does not need a hol e
injecting layer fornmed to it,. Therefore, in ,a case where a third and a

fourth organi c Bl aceQreanes withofthgresamt smbadimant, arspesificexasplais shawen ofi n
filml P i -em .esi | PPV. 5 be, | d
bl t or nat oy VECbe R RP RIS oleniily SN AR (iRFcal TR CriiaE mofySrisu Bt o
Ca i jt t j 15 i It ed
mo n cop ol (RS Sl R Ao and U RofuctleS ik RIS 8 ShndifRAZH .SV,

t he preseconductéve ipotymer. SpBIGS 10 shawplah ietersdiawsiradture o35ther aadhnec Sal.ar
battery of the present invention, in which a mx of the p-type organic
seni condu&leend the n-type organic seniconductor is applied as the

duct i thip.filmdl _ First, 30 f CyPc, which is the p-fype
organi ¢ seni condiSbopi & EWstapBewEat Ot o ebich A Ginas anceiel iE Hss
i - | y i .1 ode.
ot .50 Sepdentin o ThOPRiciStss B aBobt 1 WP, b HRCE HLBROEHARAE,

deposi teedpobrthyleie adibxythiapRentgpolystyréms M sulforiic | WoRE | Ofabbfeviftedor ggni C
sem conductor. This becones a first functional organic thin filmlayer. 10
After t haPERSYPESHdisPepplied dutspusicoatingttoaevappratat ingigtsre, heo toatdaididlee

deposi 1 edMSTHIE olfap T ri “KGTRR Oty 7 3 TWERBETL obf Rerisby crBEKbng a
second f_Uﬁﬁf;}(@ﬂﬁéthoxy-S-(2'—ethy1—hexoxy)—1,4-phenylenevinylene) (abbreviated  to
MEH-PPV) is deposited into a film with a thickness of 100 nm by spin coating to
15 obtain a light emitting layer 1005a.
| A first organic EL layer 1010a is formed in the above manner. Thereafter,
2 30 nm film of PEDOT/PSS is applied by spin coating, to serve as a conductive
thin film layer 1006.
Then, after that, a 100 nm film of MEH-PPV is applied by spin coating, to
20 serve as a light emitting layer 1005b. Note that, since the conductive thin film
layer is made of the same material as the hole injecting layer, this second organic
EL layer 1010b does not need a hole injecting layer formed to it. Therefore, in a
case where a third and a fourth organic EL layer are to be laminated onto this, a
conductive thin film layer PEDOT/PSS and a light-emission layer MEH-PPV can
256 be layered alternately according to extremely simple manipulations.
Finally, 150 nm of Ca is deposited as the cathode. On top of this, 150 nm

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

[Embodiment 4]

30 In accordance with the present invention, a specific example is shown of a
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organic thin filmlayer. Finally, 150 nmof An is applied as the el ectrode.
The organic solar 15 battery structured as, described above is extrenely
effective because it can realize the present invention sinply by
ultimately using only two types of organic conpounds. By reducing the
present invention to practice, it becones- possible to provide the organic
sem conduct or el enent mhich is highly reliable and has good 20 vyield,

wi t hout h@ B E&af‘ﬁ V;ﬁ%én‘?,q erttldi’ n Wi & hi® ofﬂfecﬁ'?g[gﬁ greapic. . or,

particularly 1n the p trom c device using e organi

the effi Csmﬁwndﬁcﬁoh@ndpdhetmehﬁﬂbfgam@ séigitonducan ibapplied avaHe c3aditdNdVE:
1. An electronic device conprising: a cathode; an anode; a structure

conpri si nﬁllafﬂmlﬁﬂelt hrough an n-th functional thin filmlayers (where n is
an integer equ to ea han.2) hetween the cathode apd the anqde, a
conductive th| Eph n:?(?al%@ {)e(ts'\‘/é‘é ‘ﬁ‘tlﬁ EnBTtVB%aﬂfg?WFnS?m}WHQ@F: tSwher e
K is n j (

ayer, TRAARAR Ph@ﬁe e, sl R 12 OBk AURTIOCR of 110 bppita
functi Onaﬂ)nﬂohit sfd irﬂhsﬁa?é’rﬁrelé(ﬂﬁbd&e N1 50 heh WFRV,0RBichi st Fes 4d fhel RY e
wherein the conductive thin filmlayer corrprl ses a first | ayer and a second

layer, wbxgasic semécdudustor) &y depositdd)ces GuPacashPdf arandedtter firm eap of

the functjonal thin filmlayers conprises, a light emtting |ayer 2. The
el ect r oni UGEER B ﬂ&‘c%am%emlgoaﬁ tay. 1, Thisdbeepmes adirsy %uac%pweqrgaalcﬁhuy pe

organi c ﬁg}lg%@%uct or. 3. The electronic device accor di ng to claiml,
wherein t nd layer is p-type organic senm conductor. 4. The

LA £ o A Opeshery B el 09 s eimpoqgR Lare
film layer to have a thickness of 10 nm. Further, 30 nm of CuPc is deposited, and
on top of that 50 nm of PV is deposited, whereby creating a second functional
organic thin film layer.

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

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

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

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

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

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

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

photoelectronic device can be improved.
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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. 5. The el ectronic device according
to claim1, wherein the second |ayer conprises a material selected from
the group consisting of CuPc, phthal ocyani ne bound to a netal,

pht hal ocyanChaIM®Sund to no netals, TTF, TTT, nethyl phenothi azine, N

i sopropyl carbazol e, TPD, and CBP. 37 6. An electronic device conprising: a
cat hode; an anode; a structure conprising a first through an n-th
functional t.hin A tleettonicalesicé edmapresing: i s an i nteger equal to or greater
than 2) between th@} ﬁat hode and the anode, a conductive thin filmlayer
between a k-th fii Bnal thin filmlayer (where k is an integer of 1 < Kk
< (n-1)) and a (d{rldn)addﬂ functional thin fil mlayer wherein the conductive

thin filmlayer c cts with t th,.functi and t he
(k+l )th functi d¢h @ﬁl‘??n*ppflﬁ\gﬁay ﬁlm%r?e#%% e cow I vgkrts ‘@{& Fmi ayer
conpri ses aasfanﬁxstégekeqxartoldngfeutérmgna) lobowmann theaeathode smttheanddeyer | ncI udi ng an
acceptor, wher e| n t“\a)ﬁ first i s di sg{o&%i %I SSkin b it}g adg than the
éllygthr]ing y%r be ceng nctiofnd '[%HPnlﬁ?lal rq%@x i

second | ayer, ) unctona ayers
conpri ses aaﬂmgalgércffm<tlt1<(:g1])aydaa(k+17chﬁiﬂcammllémﬁhmlagerdevi ce accordl ng to

claim6, wherein the first er .| ARl S 1 et 8- The
el ectronic devi c¥¢ é%gl'eac“oﬂ%“c?}é/e @Pa@ﬁ%nléy&mﬁ%t?’%f %%Fr%e l%%?b‘%’ g%;%/ﬁégfl S p-type
organic seniagﬁnﬁlddtec(k+1)ﬂlﬁ1f{dtﬂnﬂlﬂﬁnﬁimM}(er devi ce accordl ng to claim®,
wherein the fist_ ] aye terla roup

consi sting of FI %ﬂ‘ef%’ﬁ’éh é"ﬁ@“’g%‘%”y A §Omp CF’ gcar ag yalnﬁg] Ssa%g%gdygg
derivatives, PV, whMeeilRTie, mRIMchdﬁdﬁrﬂmb@mwdboxyl i ¢ anhydrides,

napht hal enecar boxyl L . diy! Pl SuncEhPenid Hin 188RZ AL A tighenfiiting tayer.

2. The electronic device according to claim 1, wherein the first layer is n-type

organic semiconductor.

3. The electronic device according to claim 1, wherein the second layer is p-type

organic semiconductor.

4, The electronic device according to claim 1 wherein the first layer comprises a
material selected from the group consisting of F;g—CuPc, 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.

5. The electronic device according to claim 1, 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.
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napht hoqui none, DDQ, p-fluoranil, tetrachl orodi phenoqui none,

ni ckel bi sdi phenyl gl yoxi me, BCP, and PBD. 10. The el ectroni c device
according to claim®6, wherein the second | ayer conprises a nateri al
selected fromthe group consisting of CuPc, phthal ocyanine bound to a
nmetal, phthal ocyani ne bound to no netals, TTF, TTT, nethyl phenothi azi ne,
N- i sopropyl carbazole, TPD, and CBP. 11. The el ectronic device according to
cl ai m 6, wher ei Andetranic dpticy coogmpmgses a 38 material selected fromthe
group consi sti ”%c?tfhof‘lcm’ AlBr 3, AsF6, and hal ogen. 12. The el ectronic
devi ce according to c’aim 6, wherein the donor conprises a materi al
selected fromtheagedsup consisting of K, Ca, Cs, and an alkali earth netal.

13. An el ectronic, device conprising. . f‘!lﬁ[ﬂﬂ“' ure
conprising a fi AU regﬁrél nggﬁlg %-?E%odlﬁgtaﬁghttgﬁg?ﬁn% rm ﬁ%?}égsr@t{e\kl\%nere n is
an int eger ieguintegboeqosl tgoegtaer thitel) ejwdee thewethoddmnddba dnode and t he anode, a

conductive thin fil .ayer between K- ] : | i r (where
k is an int egera 08?(571 {“éélt%mﬁfﬂnl? 31‘3%"*’%??8“ élﬂ(tﬁ %%&P lﬂ}!ﬁ%{ﬂ%ﬁﬁr( ﬁ%ljﬁﬁ%lgl m

| ayer, wheraiimtegdref ¢t gndu@t1)yand hiknl)ith foncticamkthinddmdayeses a first |ayer in
contact with the, k-th functio hin filmla . rin
contact with thé"h(ef?ﬂ “ER ﬁé}?ﬂﬁgrﬁé?lqeﬁ%n cﬁ%ﬁ%}%@%%ﬁ?@?%ac of the
functi onal lhyerand ibk -4 dustiomigdin fslaged | ght emtting | ayer, wherein the

first layer and _the.k-th function thin filmlayer rhse at st one
of a n-type or g%%el%%‘ﬁicg%#lﬁﬁ‘éct %Jr“a%]ﬁ”dﬁg% cgfnggft?s%nﬁts trlgiﬁegg%:lrhfd?nﬁga #ﬁtlt%gri al,
and wher ei nntlhgesad tayer inelyding amaccefror, (k+l )t h functional thin filmlayer
conprise at |east on f -type 0 ni . C e
transporting natwéﬁgfeg}f.%e%ft?aﬁz lélséﬁ’%%sfeéoﬁfeég%%gg}é%d%g%ﬁéeg{eﬁ%ﬁﬂ@%{&gl m 13,
wher ei n the fi stwhesesach ofihe ifisetom! thimfilar lagdrs sehpteedlight emittigelageroup

consi sting of F16-CuPc, 3,4,9,10-perylene tetracarboxylic acid
derivatives, PV, Me-PTC, PTCDA, naphthal enecarboxylic anhydrides,

napht hal enetar bhy | dletrdnic rdedies adciidyg TCElainh én Zdgreim 8refirsR]ager is n-type

organic semiconductor.

8. The electronic device according to claim 6, wherein the second layer is p-type

organic semiconductor.

9. The electronic device according to claim 6, wherein the fist layer comprises a
material selected from the group consisting of Fi—CuPc, 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.

10.  The electronic device according to claim 6, 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.

11.  The electronic device according to claim 6, wherein the acceptor comprises a
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napht hoqui none, DDQ, p-fluoranil, tetrachl orodi phenoqui none,

ni ckel bi sdi phenyl gl yoxi me, BCP, and PBD. 15. The el ectroni c device
according to claim 13, wherein the second | ayer conprises a materi al
selected fromthe group consisting of CuPc, phthal ocyanine bound to a
nmetal, phthal ocyani ne bound to no netals, TTF, TTT, nethyl phenothi azi ne,
N- i sopropyl carbazole, TPD, and CBP. 39 16. An el ectronic device

conpri si ng: magriglaselecteéd fromrtheagrogesonsisig af Ul AlBonpsissandchabogén.r st t hr ough an
n-th functional thin filmlayers (where n is an integer equal to or
greater than 2) between the cathode and the anode, a conductive thin film

| ayer betwe&h a TRt Hedtrontt devixzl actdridmgf ol chilma§ewhéreinethe donorscongmisenbeger of

1 <k < (n-1)) _.and +| )t h functi.onal i i . m|ayer erein the
conducti ve PRERRR et gl Foalhl ot b Ch ol s s FBionor i n

contact with the k-th functional thin filmlayer and a second | ayer

i ncl udi ng ap, acge '%cro indecogtact .svm' th the (k+l)th functional thin film

| ayer, wherei'n each 0 MHEFERETTSHE thin film ayers conprises a |light
emtting |ayer, acdiedei n the first layer and the k-th functional thin film
| ayer conprise at Iegs_t one of a n-type organi c sem conductor and an

el ectron transpoarntalnﬁge"nat erial, wherein the first layer is disposed cl oser
to the anode t harnsttubtresapniging ayiest thramgh anwhihrfenctiondl ehis Gtw tugferds ykdre aNd t he

(k+l)th functional thin film]ayer,conpri a | e one of a p-type
or gani ¢ sent BRI SN g BURST ot PLRERtrrG nde 8 e 855" the” el wot roni o
devi ce accor di ng ¢oadudtize thid film Vdgertetwechad-thi fedctibaal eliin ibneyes@der k isat er i al
selected fromthe gra onsi st i F16- C 9, 10- peryl ene
t et racar box§t i eg‘érc(lgd Stlig?f'i‘ig)jia %%a‘grﬁﬁi‘ ﬁwgww?mhapht hal enecar boxyl i ¢
anhydri des, naphiiradiefecanderyd ihin filin layetepmpfid@a fiHayeb anoagui widnte 2, 6-
napht hoqui ngne QD%I -fluaranil ., tetrachl aradi phen i e, . .
i ekel br s PR RERL Bt anp s phERGh SABRI BRPEm fwprigw
accordi ng tthircfilai layek6, wherein the second | ayer conprises

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 n-type organic semiconductor and an electron transporting material, 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.

14.  The electronic device according to claim 13, wherein the fist layer comprises a
material selected from the group consisting of Fic—CuPc, 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.

15.  The electronic device according to claim 13, 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.
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a material selected fromthe group consisting of CuPc, phthal ocyani ne bound
to a netal, phthalocyanine bound to no netals, TTF, TTT,

met hyl phenot hi azi ne, N isopropyl carbazole, TPD, and CBP. 19. The

el ectroni c device according to claim 16, wherein the acceptor conprises a
material selected fromthe group consisting of ALC13, Al Br3, AsF6, and

hal ogen. 20. The el ectronic device according to claim 16, wherein the donor
conprises al640 Auntlriredic devicecorgirisingm t he group consisting of K, Ca, Cs,
and an al kali eagthyhgtal . 21. An el ectronic device conprising: a cathode;
an anode; a structure conprising a first through an n-th functional thin
filmlayers (whepwanede;is an i nteger equal to or greater than 2) between the

t hod dth t
cat hode and, e 200S SubRIAG! YL LRLANEE RHETGR (atn
(k+l)t h f unetdnontagertetyeah iof orl gneaea yien 2) beteeei the tdtkodeendithetaneds, t hin fil m | ayer
t act ith th = f
functional ¢ hi n F L 6 08k btk d S bRl i bl il
conpri ses aaﬁintgerMélyx’sk<i(mdD)Lmidn@kW)tyafumdnaIMﬁbmme¢ ayer incl ud| ng a- NPD,
and wher efn eachyglefe (R QRh ol LLMABY ER8C LOBMRERTSS o Fohh o1

emtting |ayer. ronic an anode;
a st ruct ur e i oppadt svithgtha K-fhr Sinctidmelb thh fidm lmydrhnﬂwnsmomhhalyext hmchdiﬁlglam | ayers

(where 1 Sodifiok IBIEL FAURL (L REuBLSAL B e, &) Detween the cathode and

t he anode, nducti ve Weeh A k-th functional thin film
| ayer (where k i wheram eamégmmtIOQalMﬁlmriayb)S)compdsa a(liglnt E)mMlehy@t,i onal

thin filmlayer, t W|ththe
k-th functi onal Wﬁ%} ﬁh{]ﬁispfagylg%}l%ﬁ%h{#ﬁ F&{Ebg?a;l ltﬂ{*lumfﬁ{lfﬁé& °ona l?ﬁ% %lefil | m

| ayer, wher ehsoftaretypongent sengicotfuntof ardnanledeggon towperitisematrifli r st | ayer

i ncluding Li andwﬁerein 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.

17.  The electronic device according to claim 16, wherein the fist layer comprises a
material selected from the group comsisting of Fs-CuPc, 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.

18.  The electronic device according to claim 16, wherein the second layer comprises
a material selected from the group counsisting of CuPc, phthalocyanine bound to a metal,
phthalocyanine bound to no metals, TTF, TTT, methylphenothiazine, N-

isopropylcarbazole, TPD, and CBP.

19.  The electronic device according to claim 16, wherein the acceptor comprises a

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

20.  The electronic device according to claim 16, wherein the donor comprises a
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second | ayer including FeCl3, wherein the first layer is disposed closer to
t he anode than the second | ayer, and wherein each of the functional thin
filmlayers conprises a light emitting |ayer. 23. The el ectronic device
according to claim 22, wherein the first layer is n-type organic

sem conductor. 24. The el ectronic device according to claim 22, wherein the
second |l ayer is p-type 41 organic sem conductor. 25. The el ectronic device
accordi ng tmatefidisele@& fravh éreagrouptdoasiftingtof KaGerCsc endnniafial carth pgiabr i al

selected fromthe group consisting of F16-CuPc, 3,4,9, 10-peryl ene
tetracarboxylic acid derivatives, PV, M:-PTC PTCDA, napht hal enecar boxyl i c
anhydri des, 2Inapihdémmecaetoxgdmpristigi m de, TCNQ TCE, benzoqui none, 2, 6-
napht hoqui none,  .p-fluoranil, tetrachl orodi phenoqui none,
nickelbisdipheniVﬁﬁ%ggine, BCP, and PBD. 26. The el ectronic device
according to cl anmm@i;, wherein the second | ayer conprises a materi al

sel ected fromthe, group consisti.n . a
netal, phthal och FHE GBR qmgahrsgﬂ%[fggéﬁ% %%E{CH@#WWF%E not%ﬁ)azi ne,
N- i sopr opykeaihgzotqal t6BDgreancthGRP. beBveen Aire w@ihed¢ amitheamddei ce corrpri si ng:
- a cat hOde an anOde Cl%g?/élrmsfmger% een%lkqﬂf&lpbﬁaﬂhﬁﬁfrg

functional thin ¥9PH Fen 1§ an eger e uapjgto or greater
t han 2) betmamgérheleathedla))amthﬂd‘té)thiﬁndmnahthuoﬁiim}ayar,ve thin filmlayer

between a k-th f ct| nal I f 1 <k
< (n-1)) and a ( ﬁ“efcuﬂ‘%‘tchﬁe%’r“ lﬁy i’P tac[ amglrlﬁle\}ﬁﬂélr@l%ﬁlbt e coH@uctl ve
thin film Ilay&randmé]Qk+ls)ﬂ:§um:ttbnzl$h1ntt‘1&;1Myer n contact with the k-th

functional thin filmlayer ndlae K+l )th
functional thi n"i%Y eé’)?’é‘?ucg‘\%tglrﬂ ﬁﬁlol &RCH of ﬁs{e ﬁ?sgn {t)l%a ﬁl? F:&%%Pé
| ayers conps s&ead tayki poludigid-NPDgakdayberein asble ot itre ﬁuh@otlairtbm ﬁlaylawerand t he

k-th f“”Ct'Sor}%nsgshah?gmemmmgal er. conprise Alga, and

22.  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 <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 Li and a
second layer including FeCls,

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.

23.  The electronic device according to claim 22, wherein the first layer is n-type

organic semiconductor.

24.  The electronic device according to claim 22, wherein the second layer is p-type
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wherein the second | ayer and the (k+l)th functional thin filmlayer
conprise a- NPD. 28. An electronic device conprising: a cathode; an anode;
a structure conprising a first through an n-th functional thin filmlayers
(where n 42 is 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 $ k :S (n-1)) and a (k+1)th

functi onal d¢rgénic $enlignndugtery | wherein the conductive thin filmlayer
conprises a first layer including Li in contact with the k-th functional
thin filmlayer and a second | ayer includi n% FeCl3 in_contact with the
(k+1)th funki orfdie cdsivonif idpvicd aopending\ih sleiin F2ewbereinfthe g 1avgheampias 2t hi n
filmlayers ri | ght EEln , eipp t ! yer and
the k-th furﬁlg@l onasﬁﬁ?[ﬁ?nhkllgl r%h fg%%%é cgorf%%?ﬁg% %‘éﬂ;?—(ﬁf\ﬁ%ﬂ%ﬁ%ﬁ? Egﬁ%eikf?st | ayer
i s di sposediethmwrylio dchk damivaves,hdV, t Me-BECGoRTUDe maphibpdencogibexglip t he
second Iaye{

Sk Sublithibhdlafoflite! Afiliad NiTENG | MdiRY HenfogibA © 2% NPD.
i ng: a first

29. An el ectronic device conprl a cat hod€; an anode; iIrs
functional sdphthofiihenel ayer PEXQween t heflemetibde andettanklodipdiencquingeas; ond

functi onal &Qﬂel i%%%ﬂ&%lﬁ%?%iﬂ%eﬁ%%ﬂgi’ﬁﬁcat hode and t he anode, a conductive
we

thin filmlayer e first functional thin filmlayer and the
second functional thin filmlayer, wherein the conductive thin filmlayer

contacts wid  Phelddofbuib 0l RBGHink ) Bt 31 wHe¥Ethe BRnd er%‘s&gﬁgs

functional in frimTayer, Wher el nethe conductive thin fiimlayer

conpri ses aa fhiatesia! seleyted framdhagour condistisgyefr CuPcyphshabooyaningbauing & a maipbr

i ncl udes an wher ej 0 hefi-r s |.QF thia film

| ayer and t%hgﬁésig@%%e f %ﬁ@ﬁ oﬁ’al Mtﬂlh?l%&@’ fTT%’ Tfrlr’ &eﬁ;ﬂ%ﬁéﬂoﬁﬂa&hs, N
isopropylcarbazole, TPD, and CBP.

27.  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 <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 Alqs, and

wherein the second layer and the (k+1)th functional thin film layer comprise a-

28.  An electronic device comprising:
a cathode;
an anode;

a structure comprising a first through an n-th functional thin film layers (where o
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filmlayer conprises a light emtting |ayer. 30. The el ectronic device
according to claim?29, wherein the first layer is n-type organic

sem conductor. 31. The el ectronic device according to claim?29, wherein the
second |l ayer is p-type organic sem conductor. 32. The el ectronic device
according to claim?29, wherein the fist layer conprises a 43 materi al

sel ected fromthe group consisting of F16-CuPc, 3,4,9, 10-peryl ene

t et r acar boxiy ki tcgei dualde oy greatyrthan D\petwigsn fipcathpdeamd thewnede.hal enecar boxyl i ¢
anhydri des, napht @i PEXYIA i1 de. E%@’ i 2, 6-
napht hoqui none, Qlfg%!&gﬂf uor anlla*%bgﬁer@ggﬁl%ro I nﬁ?e-%aﬁiiﬁﬁ%?\ée}?%&g@%

ni ckel bi sdigpHetgdrgl ¥ ok Frén-1DBaR sl L Bfnctigal tindilaylayerr oni ¢ devi ce according

to claim29, whepelr e - j gﬁfg{a i 5 8k g¢ted from
t he group consi S{hu%h’%l ‘(#é C&ﬁl%gcfmgr%ﬁf%%clfgani E@ﬁﬁ%ﬁ’ﬁ toiag_éﬂrrlg%?glﬁ,ﬁé )

pht hal ocyanionacbwiiin thet lotinfunetianal thin finF lay@Tand aveschnd lahierriaelnding Fefels N

i sopropyl ca 1 a3 ectroni c device conprising: a
cat hode, angoglﬁéﬁﬁﬁi%llfﬁlyp%ﬁ@%l g’ﬁ%ﬁ@%?’%’ filmlayer between the cathode
and the anode, avlsedwerdhbfithefirstional thin filnf layers Fenypenisepe light emittibglayeit hode and

t he anode, a con g [ il £ %ﬂwﬁg jonal thin
filmlayer and tvﬂjé?etlﬂségg%%ha&ﬁn%d%én%%e@ﬁﬁﬁ%n%%gﬁe, edré gﬂ]ds’t he

conduct i ve t hi n vilickain tha fiest layenis dispesediclobertihdie pedstthdnthe seconidhyesdné fi | m

| ayer and the segaond nct i | i1 TR r leRl ctive
thin filmlayer “ghc?ﬁepn} |[h§e8§é°§8?| Pgm%flg%ﬂgﬁn]cﬁﬁoﬂabl@ﬁﬁhg%ﬁpg% agsldecond

| ayer includPidlg an acceptor, wherein the first layer is disposed closer to
t he anode than the second | ayer, and wherein each of the first functional
thin filmlayer and the second functional thin filmlayer conprises a

i ght em tt2%g |Aydectronic 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 the conductive thin film layer comprises a first layer and a second layer,

wherein the first layer includes an acceptor, and

wherein each of the first functional thin film layer and the second functional thin

film layer comprises a light emitting layer.

30. The electronic device according to claim 29, wherein the first layer is n-type

organic semiconductor.

31.  The electronic device according to claim 29, wherein the second layer is p-type

organic semiconductor.

32.  The electronic device according to claim 29, wherein the fist layer comprises a
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35. The el ectronic device according to claim 34, wherein the first layer is
n-type organic sem conductor. 36. The el ectronic device according to claim
34, wherein the second |ayer is p-type organic sem conductor. 37. The

el ectroni c device according to claim 34, wherein the fist |ayer conprises a
44 material selected fromthe group consisting of F16-CuPc,
3,4,9,10-perylene tetracarboxylic acid derivatives, PV, M-PTC PTCDA
napht hal enaoaietisdx yélpated afinony d ithed esoum agsmsibtinge ridc & obPe:i 3481 hparleneToNg

TCE, Dbenzoqui-n 2 GeidNaRAVAREYT PRNeNDRQ  PTEDIAOT @iiHthalenccarboxyli
tetrachl orgdl p&%ﬁ@éﬁi none, n’c?ckél bi &di ehen%l}\%lyoxi’ m::%,515 BCﬁne?rrléjxggD. 38.
CNfhe

The el ect r owhydrifiessi sephibalencadrbepviio dilmiidn 37 T&En Pereoguedsd 2-yer
conpri ses 1 sel ec fromtrl up cong-SiH ;

pht hal ocyan@ﬁ@%ﬁﬂ%@g’to a nft?tﬁa’, pht'ha Oge{:n?/‘éni ne %gﬁ%ﬂé&?%@%eg%ﬁcﬁei TTF,
TTT, net hylmpékeihigdiphenylgipoxime, BSRpddiBP.car bazol e, TPD, and CBP. 39. The

el ectronic device according to claim34, wherein the acceptor conprises a
material selected fromthe group consisting of AICl3, AlIBr3, AsF6, and

hal ogen. 4@3. Th&he electranivdeayictaviording tocddaion 39gwherei thg spead laxen epraprises he donor

conpri ses -er | e ; I IcS4ding, , and an
al kali ear ﬁ]m%g%%ls%@ﬂ(fﬁkﬁ% %%té%%lg&%egi@gaéﬁ%ﬂcgi ng: oggé !é;tlﬁ%ﬁlé; an
anode; a fiphthaldcyanine obrundt Hpn uoi | metalsy el TBet WEBN methylpkenpbisaingndNt he

anode, a se i ! ilmlayer between the cathode and the
79 b o

anode, a condu ve 1 yer between the first functional thin film
| ayer and the second functional thin filmlayer, wherein the conductive

thin filmlgyer GO S A: atngﬁi i,rst functional thin film layer and the
second func |'on53§“{i%1cl@§ro\1£1?id nﬁa%]%y r,sm\%her ein the conductive thin filmlayer

conprises a firsteatbager and a second | ayer, wherein each of the first
functional thin film.layer and the second functional thin

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

35.  The electronic device according to claim 34, wherein the first layer is n-type

organic semiconductor.

36.  The electronic device according to claim 34, wherein the second layer is p-type

organic semiconductor.

37.  The electronic device according to claim 34, wherein the fist layer comprises a
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filmlayer conprises a light emtting |ayer, wherein the first |ayer and

the first functional thin filmlayer conprise at | east one of a n-type

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

the second | ayer and the second functional thin filmlayer conprise at

| east one of a p-type organic sem conductor and a hole transporting

material. 45 42. The el ectronic device accordln% to claim4l, wherein the
B

fist |ayer dwigsal sselected fromp thy| gEPe coBYSURE oRf t R GRS p3dSndrasrylens of

F16- CuPc, 3 iésalarbyie" xélenaemﬁaﬁwsacmbqu@ ap*r@lnﬂerﬁaﬁﬂhhmeécarbﬁ’ licMe- PTC,
PTCDA, napht hal enecar boxyl ic anhydr ht hal enecar boxylic diimde,

TCNQ TCE, Behzsges narbtiafengcarbox h@éﬂaidﬁo “égN@DQT E- f pengoquiaione,  2.6-
tetrachl or odhpliRiye@uadlone. pgkel bi sgirpbegi! 9! Y oXefEnididibhe uPﬁp 43.

The el ectronic¢c device according to claim4l, wherein the seco |"ayer
conprises &ickalbisdiphanylehjoxinge BUPr BB group consisting of CuPc,
pht hal ocyani ne bound to a netal, phthal ocyani ne bound to no net aI s, TTF,

TTT, methyl phenot hi azine, N |sopropyl carbazole, TPD, and CBP. 44. An
el ectroni c d8vi cEhedessonisidyice agordingrie glaim Af, vheiie the seqond &pyerf eomprisesnal  t hi n

filmlayer E%Mﬁﬂseﬁé&%d%ﬁxh&@%rcﬁﬁ%ﬁsﬁk%n@@?é@c BhtRAGQRHink YOGt Qqetaﬁh' nfilm

| ayer between the cathode and”the anode; a conductive thin fi
bet ween t he Phihplegyaninac sl ta hng mdtals.| Sk A1d. tn@thykénemﬁmwmmc@i -onal

thin filml aygf l\gg}g&gleﬂTpﬁe&n@@@mtlve thin filmlayer contacts with the
first functlonaP thin fil 'ayer and the second functional thin film

| ayer, wherein the conductlve thin filmlayer conprises a first layer and a

second | ayerg Wog! QbdroRRGVRE abddfdihd E§&1aﬂ‘ny§wtwﬁelf@+1ﬁiemc&tpﬁrﬁg A¥Sy and the

second functional thin_ filmlayer conprises a t em ayer,
wher ei n theﬂfarwkseleasﬂéifmaﬁhe 2UIQED fonsisting Qﬁ}%lﬁsomrssﬁﬁFmalﬂd halegenyer conpri se
at least one of a n-type organic sem conductor and an el ectron

transporting material, ) . ) )
0.  The electronic device according to claim 34, wherein the donor comprises a

material selected from the group consisting of K, Cs, and an alkali earth metal.

41.  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 the conductive thin film layer comprises a first layer and a second 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, 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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wherein the first layer is disposed closer to the anode than the second

| ayer, and wherein the second |ayer and the second functional thin film
| ayer conprise at |east one of a p-type organic sem conductor and a hole
transporting material. 45. The el ectronic device according to claim44,
wherein the fist layer conprises a nmaterial selected fromthe group
consi sting of F16-CuPc, 3,4,9,10-perylene 46 tetracarboxylic acid
derivatives, PV, Me-PTC, PTCDA, naphthal enecarboxylic anhydrides,

napht hal eneaar boxyd électfbhictietie addohiihe T Haim BN ZAINAE Bist 18y comprises a
napht hoqui none, . DDQ fluoranil, tetrachl orodi phenoqui none,

ni ckel bi'sdi BHERg] oitlestefmEomBCbe  ArUP PEEISISIBE  ¥heF etair ohfio,1wpriee

accor di ng t @uatabdRyiié¢, aMel&ivaiidle PECMEPrey EPTCOAP! hapRtalefeciBbB/iical
sel ected fromthe grou% consi sting of  CuPc, phthal ocyani ne bound to a
netal , pht RRDEEJERi Aphigleacrartexylis nditmide, Fﬁ%ﬁﬂ THGE, nhsprsaupnenot2f-azi ne,

N- i sopr opyhgmiRaaabs, TPD, pag CBP. gfiuodiie €l eclic@Rhlordiiprersquifeong’ ding to
claim44, wherein the acceptor conprises a material selected from'the

group consi gickelbisgiphenylgiyeximg, BCB, andPBE. and hal ogen. 48. The el ectronic
devi ce according to claim44, wherein the donor conprises a material

sel ected fromthe group ponsistin%_of K, Cs, and an alkali earth netal. 49.
An el ectronf? delhecdectiondpgperpcordipgdacisad!, vairembasecopd fayprcomprpest i onal
thin filmlayeke APl MRRA HoBfme 8lolp d6nsifly bhCuR)PftBalo& iR BRhd kbR flelpnal  thin

filmlayer between the cathode and the anode, a conductive thin filmlayer

bet ween’ t hePhttplgeyapigpctbowithl tor hih mmetaks,| 548  ddd> t msthylpbenpidazinggncN-onal

thin filml ayslonyWhsiBicTiDanaeppuctive thin filmlayer contacts with the
first functional thin film layer and the second functional thin film

| ayer, wherein the conductive thin filmlayer conprises a first |ayer

including Ahga apfl cleBr®CNe ca¥piisihdiCl uding a- NPD, and wherein each of the
first functional thin filmlayer and the second functional thin filmlayer

conprises a |ightcafideting | ayer.

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 the conductive thin film layer comprises a first layer and a second 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.

45.  The electronic device according to claim 44, wherein the fist layer comprises a

material selected from the group consisting of Fis—CuPc, 3,4,9,10-perylene
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50. An electronic device conprising: a cathode; an anode; a first
functional thin filmlayer between the cathode and the anode, 47 a second
functional thin filmlayer between the cathode and the anode, a conductive
thin filmlayer between the first functional thin filmlayer and the
second functional thin filmlayer, wherein the conductive thin filmlayer
contacts with the first functional thin film er and the second

functional telpqertioxylia | agjder derixpidsiesi B\ hMec%mué’fﬁ st ARphthalenerarbgrahic

conpri ses aa:¥h5/&1§&es| Ay ﬁthhl@&éc!a'x@bﬂglcl-'dnﬁﬁ&je a TCIRY,ONEER, a¥Rhzogiabitdi G- FECl3,
‘wherein the first layér is disposed closér to the anode than the second

| ayer, and naphteaiiponsach of firsto-fugienil onal  tefrRshlpfodiphenpguinongnd t he
second fun%&_ﬁﬂﬂ&ilﬁh 1yhiildl Bap¥eha ppPri ses a light emtting layer. 51

The eIectronFc véceﬁggCSh%:ng ‘to c?a|n150 wherein the first layer is
n-type organic sem conductor. 52. The el ectronic device accordlng to claim
50, whereiny dé he %%%QOJ&QM%Cé aoc 1&1 REclaid Q@Wh@reﬁﬁm:% @comprises 1he

el ectronic device according to c 50, whérein the fist Tayer conprises a
mat eri al sed motedal stleoind from the grapp ml§m ¢f{epPes plithadnogayree bogind tooa metaher y| ene
tetracarbo d ati.v Me-HEC, TFTCQQah ReMohal gaec L boxyl i c
anhydrides,_nadﬁ?ﬁgﬂen§®g$b0§ ﬁ?% ¥?#|de TCNQ genzqu|none 2, 6-
napht hoqui nisergopbchazplef TRIAand CBY. tetrachlorodlphenqu|none

ni ckel bi sdi phenyl gl yoxi ne, BCP, and PBD. 54. The el ectronic device
according to claim50, wherein the second | ayer co rlses a materi al

sel ected frémt hﬂiegpi‘tmpme @neics adentyling o, 4% 9&Pﬂen‘@f BoOPICE B a

net al , phtlpgtleﬁ 3%@1@#9@&%%5% %%sﬂ?%ggé_f%lﬁl—[_r Br;] ASF,, 4R C}ﬂ)@ phenot hi azi ne,

N- 1 sopropyl car azo Al ectroni c device conpri sing:

48.  The electronic device according to claim 44, wherein the donor comprises a

material selected from the group consisting of K, Cs, and an alkali earth metal.

49.  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 the conductive thin film layer comprises a first layer including Alqs and
a second layer including a-NPD, and wherein each of the first functional thin film layer
and the second functional thin film layer comprises a light emitting layer.

50.  An electronic device comprising:
a cathode;
an anode;

a first functional thin film layer between the cathode and the anode,

47



a cathode; an anode; a first functional thin filmlayer between the cathode
and the anode, 48 a second functional thin filmlayer between the cathode
and the anode, a conductive thin filmlayer between the first functional
thin filmlayer and the second functional thin filmlayer, wherein the
conductive thin filmlayer contacts with the first functional thin film

| ayer and the second functional thin filmlayer, wherein the conductive

thin filmlayer aseegudifnsgone! thin §lm laygrdretvencn the cobedarnd|thgasode, wherein each
of the first fU%C%%g&gi'v?lhﬁ%ﬁl&'ﬁy@i;&%@:{ntﬁ@ﬁr&ﬁﬁmﬁ&ﬁ?ﬁﬁnﬁﬂﬁ‘%rbpﬁﬁ'méh'”

filmlayer conprise: _ % t emtting layer, wherein the first layer and
the first fagpend fomcsional thip fdm layes, ayer conprise Alga, and wherein the second

layer and the segond, fRGHQRA %@W&%&Aﬂ%ﬁ%t?ﬁcéénﬁ?‘% fiRf- AN

el ectronic device conprising: a cat an anode; a t functional thin
filmlayer logiraedthesénond finhaetel indfilthleyeinode, a second functional thin film

| ayer between t i | L er
bet ween t he firBﬁxﬁﬁiggggﬁgﬁg%%ﬁﬁl?@fﬂﬁrgyeﬁﬁgﬁgq%ﬁgsmgg%%%%%ggh%?lona
thin fil m |syenlayeheckidmgtie€lsconductive thin filmlayer conprises a first

| ayer including .. I LY [ 'qﬂgé ' [ | ayer
and a second Iay‘}eﬂreréinlpnté]leSi?dglE %%géggsggﬁe?\gﬁg%rﬁ% g‘%ta &v{ﬁi {ﬁdnt e eg%l{c?ol%'cffr’fahgcti onal
thin filml ayer ,wherer eich of theHirssflurtchienal thim filnf layiertand itk seednd furctipeal iy er and
t he second lgpﬁ i.onal .t hi fil.m conprises a light emtting | ayer,
wherein théttl |r%%%P%bg%Qgﬁgﬁﬁ%§%¢?§§£functional thin filmlayer conprise
Alga, wherein the first layer is disposed closer to the anode than the

second | ayes;, anthe SNR6REUHIE RFANEd BUEL B Whd:bif AERADhyEHAGLLBRA! LhI N

filmlayers conprise
organic semiconductor.

52.  The electronic device according to claim 50, wherein the second layer is p-type

organic semiconductor.

53. The electronic device according to claim 50, wherein the fist layer comprises a
material sclected from the group consisting of Fys—CuPc, 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.

54.  The electronic device according to claim 50, 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.

55.  An electronic device comprising:
a cathode;
an anode;

a first functional thin film layer between the cathode and the anode,
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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 the conductive thin film layer comprises a first layer and a second 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 Alqs, and

wherein the second layer and the second functional thin film layer comprise a-
NPD.

56.  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 comprises a first layer including Li in
contact with the first functional thin film layer and a second layer including FeCl; 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 Algs,

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 o~
NPD.
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