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DESCRI PTI ON 5 SPUTTERI NG TARCGET, S| NTERED ARTI CLE

CONDUCTI VE FI LM FABRI CATED BY UTI LI ZI NG THE SAME,

ORGANI C EL DEVI CE, AND SUBSTRATE FOR USE THEREI N

Technical Field The present invention relates to a

transparent conductive film for use in an LCD (Liquid

Crystal Display), an organic EL 10

(El ectrol um nescence) dsygegyrpandy he |ike, and nore

particularly to the material thereof. The invention

also relates to a sintered article and a sputtering

target having the sane conposition as that of the
SPURBERING| TABEETdeSINTAREDNH#BOTCDR, r eDRDESTUOUEAFILM FABRICATED

sputtering target which is nmade of this sintered
BY BFiLEFLéNGrTHEeSRMRe GRE@ANIC1BLi PEFMG8d AYD SHBSTRATE FOR USE

formation of the transparent conductive film

Moreover, the invention rébBBREsNto the foregoing

organic EL (el ectrolum nescence) device, a substrate

for use in this organic EL device, and a nethod of
Tecfabrlg Eln? the sane. To be nore specific, the

?ﬂ%%ﬁ heFdl ates to an organic EL device which is

bl dis the | ht
of P REeS RN Sl HRad)S Ee"’%y%‘t&f&ﬁ%aﬁ{; U raSEive titn
t I t
forgﬁggilghgfngggfggakt9§§1da ? ?ﬁagﬁ?ﬁgé?rlggaanlc EL

(Eléé‘f‘?@llﬂ?ﬁn@ﬁg@ﬂtéf Elewlavd Cean@ﬁ)éh@' pcbe 4,68 %{orr%dPBQt%ularly
organi ¢ el ectrol um nescence apparatus,” "organ

to teeahtelryineneense. Zﬁﬁédq\ﬁvfé%tlorp%géw Eeﬂa—téé% a sintered
emtting apparatus,” "organic EL display," etc. In the

artpresentd anvent t onindg he rsuwshaai fgftaife dael Bompheition as that
organi c EL device may also be referred to as an
of Blenatotiel sLibstRegtiglessi nde iitnviestpooyirddd twist hoap sputtering
el ectrode. Furthernore, the invention relates to an
targegarh iClEli gavdade df Udiiy ssadierad arddialeders st dake. and is
intended for the formation of the transparent conductive film.
Moreover, the invention relates to the foregoing organic EL
(electroluminescence) device, a substrate for use in this organic
EL device, and amethod of fabricating the same. Tobemore specific,
the invention relates to an organic EL device which is suitably
applicable to displays, the light sources of printer heads, and
the like in consumer and industrial applications, a substrate for
use in the organic EL device, and a method of fabricating the same.
The organic EL device may also be referred to as "organic
electroluminescence apparatus,” "organic electroluminescence
device," "organic EL 1light emitting apparatus," "organic EL
display," etc. 1In the present invention, the substrate for use in
the organicELdevicemayalsobe referredtoas anelectrode substrate

since it is provided with an electrode.

Furthermore, the invention relates to an organic EL device

1



10

15

20

25

Background Art Conventional display 5 Recently, with
t echnol ogi cal devel opnent of LCDs and organic EL
di spl ays, there have been provided a nunber of products
that achi eve high display performance and high
capability of energy saving. Since capable of
smal | -size lowprofile fabrication, these LCDs and
.Qrganic EL displa are.widely used as the displays of
usi 85 RUrR Pl SpRERES3ePERE St parEonal Digital Assistants).
personal conputers, |aptop conputers (notebook
conputers), television sets, and the like in
BacRgtbhgH! gk Organic EL devices, conmponents of the
ofgani c EL displays, are light emtting devices
utitbai-ageobgani giggmpounds, of which 15 significant
performance 1 nprovéement s have been seen in recent
yearscehnlgeneral tetheosbhiekar @svef ophese o 880kCalkh organic
devices are broadly divided, depending on what |ayer
EL dssphagsposbdrbehmeenbthe paneddednd thhebeat bdderwhivchs that
are made of transparent electrodes, into the follow ng
achigpedighodianlay pengbempagerandpeghvhrohbhadd tylef energy saving.
. Structure that only a  |um nescent |ayer conprising an
Sl“&reg%ﬁPébéén%%W]ig‘%%?ﬁrﬂ@éﬂ'%é?ﬁééﬁ 2hElgAdde and here LCDs

cat hode, of _synboljcally the structure of _
andg Q5T L Rbs CoP 1 3Y8r FERt nﬁu%e,fxz)mﬁddow Ehpagdsplays of
e which has structure.that . avers, 25 a
Cel%éﬁéﬂi PESESotHt |E1nl5g;ﬂ‘e a{Peerr%%raa%\ ?bﬁ%%\é@céﬁ% llsgffer}t,s ht gersonal
grqgﬁsb t t I C
com yﬁb0|?xyi€ ?%eég??ﬁ@%&?@qggﬂ%%gﬂggﬁgggsggggﬁgdor?%ﬁflSlon
setkayen{d wnoeseent jlayer/cathede;, (3) A triple-layer
type which has the triple-layer structure that a hole
transgent & noL | @yelced, |ABRMNGSGHYE dPAYee AMAR EL displays,
el ectron 2 transporting |layer are formed between the
areahbglet asmti t hingaddwois:s Ryimhiod irepldngaranoder@ligids, of which
transporting | ayer/| um nescent
significant performance improvements have been seen in recent years.

In general, the structures cof these organic EL devices are
broadly divided, depending on what layer is interposed between the
anode and the cathode which are made of transparent electrodes,
into the following types:

(1) A single-layer type which has the structure that only a
luminescent layer comprising an organic compound is arranged between
the anode and the cathode, or symbolically the structure of
anode/luminescent layer/cathode;

(2) Adouble-layer typewhichhas the structure that two layers,
ahole transporting layer and a luminescent layer, are formed between
the anode and the cathode, cr symbolically the structureof anode/hole
transporting layer/luminescent layer/cathode;

(3) A triple-layer type which has the triple~-layer structure

that a hele transporting layer, a luminescent layer, and an electron
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| ayer/el ectron transporting | ayer/cathode; and (4) A
guadr upl e-l ayer type which has the quadruple-layer 5
structure that a hole injection |ayer, a hole
transporting |layer, a lumnescent |ayer, and an
el ectron transporting |layer are forned between the
anode and the cathode. Synbolically, anode/hole
trahBpeetiag Layer/ Aoberbfaogpadtidon 413y el REGEIY cathode.
| ayer/ el ectron transporting |ayer/cathode. 10 Wen any
S ymbio ltihea Uky| ce satsdisf boes | st agdopped. ifn} es1bfjeactBéhinescent
fromthe anode and electrons injected fromthe cathode
layegaehl ¢ dier ohutriraespent t 1 ay el atlerrotght h beeholaed
transporting |layer or the electron injection |ayer,
and (¢ heS edyl B8PARd el et rtaise mécionbihees ithe kiusdruple-layer
| um nescent |ayer. 15 Incidentally, devices referable
strugtyr ¢Lhgéa bed eal sberhdradeay 8 ganfie LELL senspes témng layer,

l. t tilizi I d d .
o BRI LIPS B 2T PEL YL SOTROURE e o
bot h of which h.
corPRSEPRPEERSEoEy COUNAL M e OSh FesealEhnon canny,

anod@ViHieiS havi ng;tRe styyietures 9%#%%%&%f@ing agran%porting

organi ¢ | um nescént | ayer betwee el ectrodes a
layédesarimete s abavel haue /e 110y d '
yand her et of ore sub?ec(ed%n?ggﬁgdgf%%%gg?%gg¥fgﬁ§ﬁ£§fbath0de'
r eagioss Aasy bal thvsietilde %&t@’ﬁﬁ:tﬂi‘és}’i§%&é§@@&l sl Ndnjected
thus easy to handl e and fabricate; 25 (2) Capable of
frometlie | amdde saedcel ed thtten g e adteg frdn PHe edttHddRg reach the
menber; (3) Having excellent visibility, suitable for
lumigheprays layed thkz)udashetolreendersfartt inplleyer or theelectron
. Neverthel ess, there has been a known probl emt hat
1n])@FfafR clavetin Hed demse dyelrss ans wgd esrtgamisc nesoakiiales in this
1umP e tggic Ily difficult to transport electrons and
umppeasethr 683%HRTand thus prone to

Incidentally, devices referable to as EL devices also include
organic EL devices of polymer type utilizing polymer compounds and
phosphorescence type light emitting devices utilizing
phosphorescence, both of which are under research.

Conventional organic EL device

The organic EL devices having the structures of sandwiching
an organic luminescent layer between (two) electrodes as described
above have been put to intensive research, and heretofore subjected
to development for such reascns as follows:

(1) Being fully solid devices and thus easy to handle and fabricate;
(2} Capable of self luminescence, thus requiring no light emitting
member;

(3) Having excellent visibility, suitable for displays; and

{4) Easy to render full-color.

Nevertheless, there has been a known problem that organic
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deterioration, easily causing a |leak current due to
secul ar changes over a long tinme of use. 5 On such a
probl em various contrivances have been nade
heret of ore. For exanple, the patent docunent 1 to be
mentioned | ater shows an organic EL device in which an
energy difference between the work function of the
lumaRegeenid avee §/dve 729 PoEaBhempE eofi atlive 4wk byp@callydifficult
transporting _| ayer is reduced for the sake of |onger
to |§RaNShgRt p%lsﬁttroa]écuﬁ%ﬁ%t holgsscEhbeyghhand nthugerprene to
d tachiev .such_an, object, the anode is made of netal
St B T HES FADDr |51 S [ REEUADE 3 NHGTKCSFERREIBIF RPGHEFut HaFhanges
hat I peium ti xide (1 TO and are conductive. For
Ovegxgn%ﬁé? Egég,okbgﬁg'and V205 are nentioned as 15 such
congductdl t al L.des. ! | C ' usj t
netgﬁ %&%ﬁ%g§a gogﬁggFOQG%ggﬁﬂ%hg pgggﬁ%ﬁggguﬁgﬁgalsggﬁ made
heraddebiren, this patent docunent 1 proposes anodes of
doubl e-l ayer structures in which thin filnms nmade of
t heser eon@ipdld,vVehe fRitAInt0dbdambRt e talise ARAtE $Qe@ Bater shows
| am nated for the sake of inproved 20 |ight
an qrgarsiv Eladeei¢&9in Whe chaberin«dapuaedt e2 cieat beteden the work
bel ow di scl oses an organic EL device in which netal
fungiies @fe Hre angede mmbnhbet ilomiwathidrheenergpspes ethe hole
el ectrodes to reduce the resistances of the transparent
trapfeet F odedayes meegatedfogddenente 3f dongiesndd chel Gve patent
di scl oses, an or EL, device in which pieces of

docHREL® aﬁ%&%f?%% @B?R HOneFr6H &Peacdilfiaryych an object,
cheBRANACE T SRnEE hk ' Sy LR PRI PT 1 REEHAE % work

t 0 reduce the resistanc

funSk%ﬂH“ﬁ%ﬁhe;hﬁh%%f?ﬁffkganE§i§Mn¥¥ﬂqﬁg?dge“?¥o and are

I SCI 0Ses an exa of an evice t uses a

condu¥itliialy netale fidhm A 8p6%I ahiool NS @i ve SELMdStioned as
arranged on the auxiliary nefal ?|1n1to avoi d

such conductive metal oxides. Organic EL devices using these

metal oxides are disclosed in the patent document 1.

In addition, this patent document 1 proposes anodes of
double-layer structures in which thin films made of these conductive
metal oxide materials and ITC are laminated for the sake of improved
light transmittance (%).

The patent document 2 mentioned below discloses an organic
EL device in which metal wires are arranged in connection with the
transparent electrodes to reduce the resistances of the transparent
electrodes.

The patent document 3 mentioned below discloses an organic
EL device in which pieces of metal having a low work function are
similarly arranged in connection with the transparent electrodes

to reduce the resistances of the transparent electrodes.

The patent document 4 mentioned below discloses an example
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di el ectric breakdown. The patent docunent 5 nentioned
bel ow di scl oses an organic 5 EL device which conprises
an insulative thin filmlayer between an el ectrode and
an organic |um nescent layer in order to allow
| ong-termuse. Specifically, the organic EL device
disclosed in this patent docunent 5 adopts the
of anfilgudation that asesi psulat{iive 4:H} mdtd m Fayel NRA@pecial
of alumnumnitride, tantalum 10 nitride, or the |ike
ingwl af t uagedl batswveen arhe dinodehkayex i andrythetanghhig to avoid
. lum nescent |ayer or between the cathode | ayer and the
diedrefalnf €C| bifiesestaun - | ayer. The patent document 6
di scl oses an organic EL device in which an inorganic
mat éFaPat&pér de6HIEMRI AGRAR DL aned dee ] @asdi smbogeieian arganic
EL %% qut of .In203, ZnOQ Sn02, or B, P, C, N, and O, or an
PRSrGEn Ot ST SSPe A ndde W v ThAT( oF 1 4gs Layse ihetween

) i s, forned between an el.ectrod | ayer .and the
e e AR SSont S LTI LS A B Gaer to allow

lon@LQ%&QGGgeq |§ B C9Sh Of( nécteé.g??%ﬁ%c;Eﬁ%éhf%éégfﬂggclosed

m MIDATA, tetraaryl diam rivatives,

in 20 Theppatent SOsURBAL % @@&beee@h@'@%ﬁhgﬁ'r%%soﬁ r%at an

technique of fluoridizing an ITO surface to obtain
inshadthpve yiK fubst 19Perohabe? o&ValuRatH HocHiBBt Lantalum
Japanese Patent Publication No. 2824411 (Japanese
nitnedeni medth@51 Pateents Appd dogé 8 obe PubleincalieomiNode Hebyer and
9-63771) "Patent docunent 2" Japanese Unexam ned Pat ent
theApphiagdtd dmrPubt$cantohaMNer deibedwB2b97hePatehicde layer and
docunment 3" 5 Japanese Unexam ned Patent Application
thepgsigaat FohUNGNa%ien5- 397997

The patent document 6 discloses an organic EL device in which
an inorganicmaterial layer containing NiO and at least one additive
out of In;0;, Zn0, SnO;, or B, P, C, N, and O, or an inorganic material
layer made of Ni;-,0 (0.05 £ x <0.5) is formed between an electrode
layer and the organic luminescent layer, with the objective of
providing a low-cost organic EL device that is free of m-MTDATA,
tetraaryldiamine derivatives, and the like.

The patent document 7 mentioned below discloses the technique
of fluoridizing an ITO surface to obtain ITO having a work function
of 6.2 eV.

"Patent document 1"

Japanese Patent Publication No. 2824411 (Japanese Unexamined
Patent Application Publication No. Hei 9-63771)

"Patent document 2"

Japanese Unexamined Patent Application Publication No. Heil
4-82197

"Patent document 3"
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"Pat ent docunent 4" Japanese Patent Publication No. He
5-76155 5 "Patent docunent 5" Japanese Unexam ned

Pat ent Application Publication No. Hei 8-288069

"Pat ent docunent 6" Japanese Unexam ned Pat ent
Application Publication No. Hei 10 9-260063 " Patent
docunent 7" Japanese Unexam ned Patent Application

Publiagaiieer Noexa?Q0@d2PA226t" RabentadQeHNEAb1 8cat®on No. Hei
Japanese Unexan ned Patent Appllcatlon Publ i cati on No.

5-3adi9979- 63771 Di sclosure of the Invention As above,
organi c EL devices, polyner organic EL devices, 20
phosFageascsipcuderitcds’, and the |like require that holes
be injected fromthe anode and these holes be further

i nj déPeRess tﬂ@éﬂn&m%@é@@rﬁthnay@r tHerdo gty €16 hol e

transportln For the sake of performng this
|nje€?|8H S &Pﬁ%% %" i s obvious that an energy

barri er bet t he _anode_an he.hole.tra ortin

oy o s HE R a0 B ner B e bl i OheP ROk T BF Son o Hei
g-okedyee this energy barrier, the difference between the

work function of the anode material and the ionization

pot epbirah t0holigerggm ¢ conpound used in the hole
transporting layer nust be made smaller. Various

or ggabeneeePoHBdamhA%E bS@BnEr@@ﬁﬁﬁ@a@§oﬁ°ﬁ@b§1cat1on No. Hei
transportl ng substances. O th ese, ar omati ¢ am ne

9-2é6/pdunds, or triphenyl am ne derivatives and carbazol e
derivatives in particular, are known as having
exc8Pe&rttf decimens. 7Then, triphenyl am ne,

Japanese Unexamined Patent Application Publication No.
2000-277256
"Patent document 8"

Japanese Unexamined Patent Application Publication No. Hei

9-63771

Disclosure of the Invention

As above, organic EL devices, polymer organic EL devices,
phosphorescent devices, and the like require that holes be injected
from the ancde and these holes be further injected to the luminescent
layer through the hole transporting layer. For the sake of
performing this injection smoothly, it is obvious that an energy
barrier between the anode and the hole transporting layer is
desirably rendered as small as possible. To reduce this energy
barrier, the difference between the work function of the anode
material and the ionization potential of the organic compound
used in the hole transporting layer must be made smaller.

Various organic compounds have been proposed as hole
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a triphenylam ne derivative, has an ionization
potential of 5 5.5 to 5.6 electron volts. Pol yvinyl
carbazol e, a carbazole derivative, has an ionization
potential of 5. 8 electron volts. Meanwhile, as f or
the transparent conductive film indiunoxide - tin
oxide (ITO IndiumTin Oxide) is well known as one

trdﬁﬁﬁdﬂiin%%%%ws%@hdé%@nsgﬁr§H§¥e?ngrtﬁ%ﬁﬁéf%%fﬁg cgpp%Pnds, or

resi stance. Then, 1TO has 10 a wor n of

trigheeiylemive dér i fonseqsantlosrdde 1angdei 486di +88 ihP Lrticular,
transporting | ayer nmade of such typical materials have

areaknelat avehyvimg gexenkergyt Mardterornf. 0Thdro, GQiphenylamine,
el ectron volts therebetween. Under the circunstances,

a trgiplexanphelnchelef by etémei, omeds 4% patémktdeouneoteBtial of
(Japanese Unexam ned Pat ent plication Publication

5.5NEC Hei® RB37RIPOhAS Lgrsopo YHWatya chirha#d¢he madecavbazole
a metal oxide having a work function _higher than that

derde%tTJd’eb§1%§e3d“ dL R hheleP oF €8f 16rigdi € - Bupd Reseem volts.

devi,ce t hat has an rgani c _conpound | ayer betyween its _

anoggagﬁ légfﬁﬁﬁ ?rﬁge @FPW&%éifOQ%%xhﬁﬁﬂglﬁgdéngﬁumOdee
hi hin il f I i i.S ically low in .
t%?a%?%?ﬁté%ggglggpgéggggf%?%%ggﬂid&lé%ﬁ'e%:Céglgs one having

excte'l@L@%@Ef@r‘i@ﬁaPénég%nd\/?@@%illé@t%icdfeﬁfét?nce. Then, ITO has
0 a | ow

transmttance f 20% To inprove suc

a whERNSI &t aB6es £ doublea-d@yesn wanfd gurabh e qhash @l w0 the anode
been proposed in which a ultrathin film25 of the

andf oheghbleg BRhals peXd tten g Moa @ eah £de LA B0 BAYSEEONBaterials
is lamnated on an ITOthin film Even if this
havgoablre-lladyierel gt t aicter enies gad optrad, e hovever6 tdHed. 9 electron
transmttance is on the order of 40-60% which
volgpvitdisrgbpswaemat her small value as the transmittance
of a display. As a result, the conventional thin 7 film
of HPABTalthExide RS tFieS nstd¥ i exemplen thangfaremgntioned

tFiést ob%ect Thg prﬁsent i nventi on has been achieved in
patgn m/gPC REFor goﬂ gpanese Unexamined Patent Application

Publication No. Hei 9-63771) has proposed that a thin film made
of a metal oxide having a work function higher than that of ITO
be used as the anode of an organic luminescent device that has an
organic compound layer between its anode and cathode.
Nevertheless, the anode made of this thin filmof a metal oxide
is typically low in transmittance. For example, terbium oxide
has a transmittance of 10%. Vanadium oxide has a transmittance
of 20%. To improve such a low transmittance, double-layer
configuratiocn has also been proposed in which a ultrathin film
of the foregoing metal oxide, no greater than 300 angstroms
is laminated on an ITO thin film. Even if this double-layer
structure is adopted, however, the transmittance is on the order
of 40-60%, which obviously is a rather small value as the

transmittance of a display. As a result, the conventional thin
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problenms, with the objective of providing a
hi ghl y-transparent 5 conductive filmto nmake the anode
of an organic EL device or the Iike, the conductive
filmhaving a work function higher than heretofore.
Thi s conductive filmcan be used to achieve an EL
device and the like of inproved hole injection
filef fdfLiemoyt a Tho 81 dies htalwe Hdarstiodje€t calerdthd mresensparency.
invention. As will be 10 described later, the aspect of
a fERgstgrbjecsf invention is mainly intended to
achieve this first object. Now, the organic EL device
di séheseesant h@vwﬂe@@hﬁg heeremth i goedibnti ew gshe faregoing

gg still |nsuff|C|ent in the hole nobility and in

pro Fglﬁm etsftﬁt%bl%f’eth‘é% of BUEHiAeRdl aokiighly-transparent
ﬁg g ? gsng gnd 205 - In addition, the

CongEE PVSX de™ Pe??gﬁs ﬁcﬂnﬁ NEEE L Qrfel \BRisice or the

11kEaVQJhégE£%§§§?‘9é QQlﬁP fICIentS Oﬁﬂé gggﬁfg%% hlgher than

her ing high va Wes?  Thi"s Tiean

her@%g%%§% OfTHQEOEbB@ud%H1 fPYﬁréaHngy % ﬁaeﬁﬁﬁa%%e an EL

oxid naterla s thus ow as extrene

deﬂﬂ@&§ﬂﬂﬂﬁ@g@%é%&J%%tﬁvéa%ddéhgb%éﬂﬁ@ﬁé@ﬁﬂﬁﬁ@§cy This
for exanple, approximately 1/9 to 1/5 that of ITO

is Tis Feads tob{baetpraabl enet hate ddhet | WRivROUS of f i @Jsenﬁﬂl be
is low and the anpbunt of |ight available to exterior
desjcg idred | L e ran tbeganipe & ofva cBir$he gpregence thasention is
al so been confirnmed of the problemthat even with the
maigdotielsn o ndedblte: |asteie?s shigctilires § nobiect .t he thin
films made of these netal oxide materials and I TO are
| anlVA%t b (@A ighELt ‘?%‘ﬁé‘ﬁ? tdegffeleogeq inj §h@ffqmwmrpatent
oximtely 1/2 tff TO . still a small va

docH@?ngpi Pt itCaPeusk! Q%Eﬁ?Qﬁ‘*@bﬁg?l?ﬁ%?rﬁfQ&#ltY and

A0 Y bt pi e Po R ST pRbA natH S prag iRy @ Ruox,

Moog,' 'amd“#ﬁ? beII 'Q&Cf—‘ﬂ; 58 r?ﬁgeﬁglt\é% % e.L‘%Fet %HTL]_GQP als such as
ranges o thic nesses MhIC nmeans arge constral nF

RuO®N f18bLi Gatd @No. have light absorption coefficients of 27000

cm™? or higher, exhibiting high wvalues. This means higher
degrees of coloring. Anode layers made of these metal oxide
materials thus show as extremely low light transmittances (%)
in the visible light range as, for example, approximately 1/9
to 1/5 that of ITO. This leads to the problem that the luminous
efficiency is low and the amount of light available to exterior
is small for an organic EL device. The presence has also been
confirmedof theproblemthat evenwiththe ancdes of double-layer
structure in which the thin films made of these metal oxide
materials and ITO are laminated, the light transmittance (%)
is of the order of approximately 1/2 that of ITO, still a small

value not for practical use. In the case of constituting an

anode layer of this double-layer structure, there is also the
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Mor eover, the work function can be nade greater than
that of 5 ITO whereas the resistance becones equal to
or greater than that of ITOw th a practical problem
Now, in the organic EL device disclosed in the
foregoi ng patent docunent 2, alum numnitride,
tantalumnitride, or the like is used for the

Promisemdthaye IHP mid| thé¢ ayeral Thk sdhashpnodudedmulse be limited
problem 10 that a voltage | oss (voltage drop) occurs in

to fREPSSSrVOR (aIRUE BRI ped FANACSE Pi tlayeknessesul wiigh means
in higher drivin voléa es. Second object Then, the

3 LarAmnt oPeshf alid presEAPrassiii@r i on have made

i nt ensi t ugi the f i b , and found
e Ry T i Y R T R B e T, an that of

1o ONRLRALL oMUt L0 § D Lo Ml d BBl 10k 020 G B8RL S Ran chat

devi ce provides excellent ttransparency

of alrengivnt B exeeldient lymnescence intensity even when
a lowdriving voltage (for exanple, DC 10V or lower) is

apphbey.inThak drgartiterDuesert dIWerdian ihasd B8regoing patent
obj ective of providing 20 an organic EL device ICR

docaompri 3es lamiehechl ede dbayedn €ONIMINAItRY deGebbaik 1ike is used
I norgani ¢ conpounds, thereby achieving excell ent

fort tlamsipareltyl end hdur abilini tyyea. | dlnidr heisngryvohtagesha@ndoblem
high | um nescence intensity. The present invention

that i vaekagad astse (vobf eet idrepofoqprwons dnngiiss perhodnofinsulative
fabricating an organic EL 25 device by which such an

thigy dddmc lereddvi &658akipE fabhiearad driiviii devioldiaamsy.
Thig is the second object of the present invention.

The2§EBBH: °B8e5tsecond group of invention to be

descrihbed, later is mainly intended to achieve this

secghégbbfégt}néﬁRHQf%NQ%f{hﬁtQF%%?%Etgp@?RﬁﬁflPﬁ {Rye made
: : Lsglased i h [ i.n tent. dQc t._ 7,
im0 2L aEh e O 45800k B B A et e

useﬁﬂﬂ@ék@ﬁihqpﬁﬁiﬁﬁﬁxiQoﬁpgﬁgﬁﬁjhp¥§ﬁ$9§é€§§nwWQ&J@hQQQectrode

wor k function inproves,
layer of an organic EL device provides excellent transparency and

durability along with excellent luminescence intensity even when
a low driving voltage (for example, DC 10V or lower) is applied.

That is, the present invention has the objective of providing
an organic EL device which comprises an electrode layer containing
certain inorganic compounds, thereby achieving excellent
transparency and durability, a low driving voltage, and high
luminescence intensity. The present invention further has the
objective of providing a method of fabricating an organic EL
device by which such an organic EL device can be fabricated
with efficiency. This is the second object of the present
invention. The aspect of a second group of invention to be
described later ismainly intended toachieve this secondobject.

Third and fourth objects
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surface of |1 TO becones an insulative film As a result,
there 5 is the problemthat the inproved work function
is hard to achieve an effect. The inventors of the
present application have made intensive studies on the
foregoi ng problem and found that a muitilayer film
conposed mainly of certain netal oxide and Ag (or Ag
and Ncwg lhkehe HeteaR HEsHBEed ﬁrﬁ@H@iﬁlﬂiéfﬁr\’& bhteh® document
el ectrode | ayer of an organic EL device tor excellent
7, £beul & sugpecef i sdllupr iidi Zeassbeatra f ehadvortih@unitheon improves
foregoi ng configuration can be adopted to constitute
to fnZot'\ganiNe Er deel e swhivbh liras hexeekkefitnttdrspamgneywes, the
and durability and exhibit excellent |um nescence
sunigent yl W afamnender iheuhppliveatiiom.of 26 kowesult, there
. _Vvpltage ifor exanple, DC 5 V. or lower). That is, the _
s BBSs%ﬁ?b' ﬁ(?e‘fﬁ%&p%eaémﬂ’?é"’cﬂﬁi BOE K EUBLL intpisdiagd tthachieve
o nic EL device which conprises an el ectrode |ayer

eCt . . . . .
nmade OT "a conbination of a certain netal oxide |ayer

and ' Ll mlaye sed -mainly of Ag (or, A .

andT%%eﬁ??Eggo?g(gigﬁébéréggﬁgiﬁﬁﬁjé¥%§%wéﬁﬁV%'&ade Fhtensive

st uldiarspar dyg% el Y @ i.bh t i ghy . s
Iuninesggﬂggfintéﬁgﬁfgrggéﬁnbngg?e%ﬂgpﬁgﬁ%ﬁiga@?%%l%?ygr film

comp@Wed %l AQyVeL tage; a BN rledlaCbiode) a8HDEE r @)L adf Qhd@Phe 1ike)
organi c EL device with which such an organi c EL device

can2becasedel obtaibeth i drh wafttH eheneYecanrdda MBiBedodfan organic
fabricating such an organic EL device. These are the

EL dewwice dod ¢voel heobjmctisltof She qirfelseat 1iypventtan bebre found
aspects of third and fourth groups of invention to be

thageddyy BoF 93 eI afen £ hevirmidmn oren g Mdoptadendedonstitute
achieve the third and fourth objects. 10 Fifth object

an \WIARRE drigafP¥iEr dehicBs iscrysed iant herpasRyoigcy and

du%%ﬁéﬁi%%qgﬁ n%g%g%éﬁyggggifégggfhg n%%%%gchﬁyggggi%y even

under the application of a low voltage (for example, DC 5 V

an

or lower).

That is, the present invention has the objective of
providing: an organic EL device which comprises an electrode
layer made of a combination of a certain metal oxide layer and
a thin film layer composed mainly of Ag (or Ag and the like),
thereby achieving excellent transparency and durability and
exhibiting high luminescence intensity even under the
application of a low driving voltage; an (electrode) substrate
for an organic EL device with which such an organic EL device
can be obtained with efficiency; and a method of fabricating
suchanorganicELdevice. Thesearethethirdand fourthobjects
of the present invention. The aspectsofthirdand fourthgroups
of invention to be described later are the inventions mainly

intended tc achieve the third and fourth objects.

10
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that the netal wires for auxiliary use can cause a

difference in 5 | evel which easily disconnects opposed

el ectrodes for a display defect. There has al so been

the problemthat small charges injected fromthe netal

wiring to an organic |layer of the organic EL device,

such as the hole injection layer, tend to cause

so- ¢dlflted ofrjesst al k. 10 The inorganic EL device

di sclosed in the foregoing patent docunent 4 has al so

hadNeowe phebirgartirabLider tdeckiiesdeseal it hthe duxkebbany patent

metal filmand the insulative filmcause a difference
doquengy d|and &did fodegednadvttisnt doposentebdrivodes the problem

Moreover, in the case of | TO disclosed in the foregoing
thaf,thifeRetaiowrreenipe RasibedRYt hee prabl emshar Pifkerence in

lev%qdwgtohectigﬁs ar.i se at the el ect gﬂgzends after .
stcling” §6Fat “d 1M EhT SRPHSwithg Sstdfenfdhe display
de h t n | ower the . lum nescence
def?%?éns??%geo%%?e%?%%echfaeuerﬁl nggge creqb#%né ?ﬁ\?entsd‘?‘%l%f charges
in it Pi SN tﬁ_@%é@éﬁ'»Pfrbﬁ?ﬁecﬁ?leokggﬁ'i% Y&ye2 stydi 83 5anic
on the foregoing problens, "and found that a nul?llayer
EL fdd ¥ cuhi elicaonpsi s8s abxid | any Wil Phyeert aidhdret gl cause
acid and has a surface layer of 5.6 eV or higher iIn
sowarklédnctbertaick 10 Qcm or  higher in specific
resi stance all over can be used in conbination wth
t heTekedticagenliay &l dfvireorganiloskld devitte tforyEqvirde patent
excel l ent 25 transparency and durability along wth
docgrealt| énhasumilpes bancéhe mratpdieny tdwdn thederthitdinesses of the
application of a |ow voltage (for exanple, DC 5V or
auxpdpwery, mefal ifd lm gEdpitheefnsiudeddteof Ilas aavse a difference
raovi ding: .an organi c EL device of high

. bj ect i f :
+h ﬁﬁh% egégﬁgéyfﬂﬁéﬁ& LG i@ egh L &SS0de | ayer
d f inati f t.ai t al. il .
LS L L0 e L PATEL s BL L9 comen
7, fheskInLEi AL Mhé@i‘é)bférﬁqﬁggepf@é'aﬂ@%je%(tci%rlsergrise at

transpar ency
the electrode ends after etching, so that a leak current flowing

between the anode and the cathode can lower the luminescence intensity
or preclude luminescence.

The inventors of the present application have made intensive
studies on the foregoing problems, and found that a multilayer film
which comprises auxiliary wiring of certain metal acid and has a
surface layer of 5.6 eV or higher in work function and 10 Qcm or
higher in specific resistance all over can be used in combination
with the electrode layer of an organic ELdevice to provide excellent
transparency and durablility along with excellent luminescence
intensity even under the application of a low voltage (for example,
DC 5V or lower).

That is, the present invention has the objective of providing:

an organic EL device of high luminescence intensity comprising an

11
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and durability, and a low driving voltage w thout the
possibility 5 of disconnection of opposed el ectrodes or
crosstalk due to a leak «current; a substrate for an
organi ¢ EL device with which such an organic EL device
can be obtained with efficiency; and a fabrication
nmet hod for an organic EL device. This is the fifth
eleglijrecte dkyelempdesefita tovenhadbon The @spesinaietal idddiliary
_group of invention to be described 10 later is mainly
wirimdended td @&hifeve t hhdnfifilmobjsestr, Toheokbe thehieving a
forego%ggproblens, the present invention adopts the

signdfigminhg YnelAdl Fiestrgdsubevistavent ioreablemt tizdrgparency
ddgscrkg#Lon w | bec%%ven of the_ aspect of a first o
AnCoPBapPot Ky et dh.l SPhETadpéct VBt teAPsW FRaut gk asisibility

Lhvention, .wll _be detail ed i n in a first

of SRESAPRENEPS b5 Rt b DA o B ERE AL At boap Loak
teri sol v : N robl.ens, . the

curSBAL O RULAREEL T0-5ohig L0 Lok LBl PR B Ty f e an
org@ne cOfT, BRRE ckYPLSs bef olfel 8§ §)i8H ﬁgfitfsfg%%{p%n% ZAfcation

and tin as a conmponent thereof, the sputtering target
metboatfRiMan@ ratanlieast defecer M es 1YRas fAfft ARk cS)feEFresent

fromthe group consisting of hafnium tantal um
invension h, The aspattharti def hetlal grasipa offhi hdegOimoOnRenbe described

thereof. 25 Since such netals as hafnium and tantal um
latgreis md iuvded iagendedst o tagnitevesl ement §ifth dlsjgpussi bl e

to increase the value of the work function while

mai ntai ni ng transparency as in practical exanples to

be described |ater. The present invention is also

chaf 8c¥ri& E8Si P iR I h e roRieaSI 2t ko PEGTERT hRYant aemdopts
theaz g fniumis 1%to 20% by atomin conposition ratio.

BePow Y95 By "Gf0M the effect of increasing the val ue

of the. work L ng%i vaﬁtsggll. Above 20% by atom on
the-Ogﬁeré—%agd——fge—eeﬁéﬂeiivity m ght drop.

Incideptahhy, ddeifietdn will be given of the aspect of a first
group of invention. The aspect of this first group of invention
will be detailed mainly in a first embodiment to be seen later.

Invention pertaining to a sputtering target

To solve the foregoing problems, the present invention is a
sputtering target containing one or more types of metal selected
fromindium, zinc, and tin as a component thereof, the sputtering
target containing at least one or more types of metal selected
from the group consisting of hafnium, tantalum, bismuth, or
lanthanide metal as a third component thereof.

Since such metals as hafnium and tantalum are included as
constituent elements, it is possible to increase the value of the
work function while maintaining transparency as in practical
examples to be described later.

The present invention is also characterized in that the third

12
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5 conmponent netal such as hafniumis preferably 2%to
15% by atom in conposition ratio. Mdyreover, the third
conmponent netal such as hafniumis yet preferably 3%
to 10% by atomin conposition ratio. The present
invention is also characterized in that the 10
| ant hani de netal conprises at | east one or nore types
conmpfornret aine tsell sat-éoh § hamntingn st AT Byl Nodfi @6 PRk ition
samarium europium and terbium Invention pertaining
rattio.a datevettabyi eltem thipt caf fexanplfe iofctdwesing the value
sputtering target is a sintered article 15 of a netal
of §§ied'éoélk ghécltiil@él. idepmiaddf-t eAbathe 3hyént iagrom, on the other
pertaining to this sintered article will be described.
handyi t§h¢ | GONENE toreslent M géntdraP i s BnsiAeatad lavtiehe third

contai ning opne or nore types of netal selected from_
COMBEIISINT G Tor © BT Dl L ARd T I 5 Beb ¥ 4% clonplotiety atom
. reof., .the sintereq, article cont.ai ni ng at | east
b B s of a0 Vo1 dens S SaNERGI L Rs tal such
L S1 St [ axi.de,, f.ant.al i de L.
> B gt ¢ e A o W PR S e ampge it ion
ratGponent thereof. Since hafniumoxide and the |ike are
included as the third conponent, it is possible to
i ncraaseridhental ueraftidie wor K1EUNAHR ct25 WHd €in that the
mai ntai ni ng transparency as in practical exanples to be
landésoridednd s Brcompeipeasamt 1 eakenbnenoirsmake0t ypes of metal
characterized in that the third conponent netal oxide
se legdie @ s rbhaf phemmen comed sthiove cifsc4 ¥4 utg 20%e by uat,osuropium,
in conposition ratio wth respect to the total 13
anda s 1@R- t he sintered article. The present invention

is _further characterized in that the |anthani de netal
oxi 4BVERbARP| BEELEENERGstO0AeSARLRELE BYRASIEf net al

selected from the gro consi stjng of cer.ium oxi de,
sa %ﬁﬁhgﬁ%%&gmé;ﬁgﬁiﬂ%sputterin targetlsasgnteredarticle

of a metal oxide or the like. Hereinafter, the invention

pertaining to this sintered article will be described.

Initially, the present invention is a sintered article
containing one or more types of metal selected from indium oxide,
zinc oxide, andtin oxide as a component thereof, the sinteredarticle
containing at least one or more types of metal oxides selected from
thegroupconsistingof hafniumoxide, tantalumoxide, bismuth oxide,
cr a lanthanide metal oxide as a third component thereof.

Since hafnium oxide and the like are included as the third
compenent, it is possible to increase the value of the work function
while maintaining transparency as in practical examples to be
described later.

The present invention is also characterized in that the third
component metal oxide such as hafnium mentioned above is 1%

to 20% by atom in composition ratio with respect to the total

13
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5 oxi de, and terbium oxi de.

flatly-worked piece of the sintered article
so far; and a backing plate of netal

Mor eover, the present
invention is a sputtering target conprising: a

wor ked sintered article. In a sputtering system

equi pped with 10 this sputtering target,

descri bed
bonded to the

athinfilm

amchveti ngft Hhsamenéemsoti éroaclas t hdheofptdgestntiereehtion is

article can be fabricated by sputtering.

I nventi on

furddyg i ﬁ.hr@gr%t%rsgaﬁitewngthaaﬁrgéﬁlet hag N bt ds aw:tal oxide
allo |ng|un1OX|de and zinc oxide Initially,
conpuRed

#hv

an i ndi um oxi

ar et contalnlng

oxi pi@a%eé%ect egd r;%éé}?t 95«9&&9885' stifgg

oxi de, samafi um oxi de, europi um oxid

contalnln

ehe B HOR Rt 0 e i U oA L Bt
oxf@f%erearlpi L8 80 JtS e{i??f 2 to 20),

ﬁﬁ%ﬁ1?%?a@EpHPF@nqﬁ?Q%rﬁétmeI@Lxﬁﬁ#?@Fﬁé from

a hexa onal zered

gﬁ@) eyropium
the sputtering
east one or nore types of netal

gpt%@Eng target

com@PHidein@f B sAukh19xide 1asq apt Rided &menglhla%&% article
The third conponent nmetal oxide is 1%to 20% by atomin

descanposd tsoOnfakat kst baespegtpt atkehe ft alsdda BMsMGaf to the

the sputtering target. Wthout the hexagona

| ayer ed

wordgenpeamd,e vk agpui¢ e i nglter gatut i¢ sehfy saytdmopguipped with
i nvention, the 25
thlﬁeiﬁgéﬁ@lrﬂr@é@é’{g%@nﬁomdm £i llmclll@rdedgtbhavmrdea:cdnpgs ition

conductivity. In the present

i n conduct|V|t¥_ The conductivity is preferab
EF e TRE ticdORansP e et P at cat edb

occurtdurlno sputte i ng.

as WErﬁ%F esFAN

1102 cn gverdlscha an

allgﬁsﬁﬁ Eﬁgi1 OQE% agd n%rox1

Conﬂi.&@yéﬁl?t heh@couLILenge s
sputtering target having suc

%wm@ttermg

A gw_ngptalns an

n1croneter 14 or
r di anmeters nmay

vetieal 1ol nodyle.

conflguratlon

Ier{g target

compesSy e atnolf)@riﬁﬁ‘nﬁokﬁélésé’ﬁ[85}tc&ﬁﬂgﬂﬁtl'n\@e‘afﬂéﬂégl‘)naqv‘i ayered

resi st ance

compound of indium oxide and zinc oxide (In:03(Zn0O)m

where m

is an integer of 2 to 20), the sputtering target containing

at least one or more types of metal oxides selected from the

group consisting of ceriumoxide, samariumoxide, europiumoxide,

terbium oxide, or bismuth oxide as a third component thereof.

The third component metal oxideis 1% to20% byatomin composition

ratiowith respect to the total amount of the sputtering target.

Without the hexagonal layered compound, the sputtering target

itself may drop in conductivity.

In the present invention, the

hexagonal layered compcund is included to aveoid a drop in

conductivity. The conductivity is preferably 10 mQ-:cm or

smaller. The reasonis that at or above 10mQ-cm, overdischarge

can occur during sputtering.

Moreover,

the hexagonal layered

compound preferably has a crystal grain diameter of S micrometer
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5 and hi gh work function while maintaining
transparency. Moreover, the present invention is a
sputtering target characterized in that an expression
In/ (In + Zn) which neans the content of indium oxide
in the sputtering target has a value of 0.5 to 0.97.
10 Here, in the foregoing expression, Inis a

or spaApASirt.i oIThatieasof ik ndiatngire dther spaideard Ng aaf §8htribute
in ternms of percents by atom and Zn is a conposition

the m¢eubtenicec dih shecspledemaitarget in ternms of
percents by atom Wen the foregoing expression has a
vaIG@ebéHﬂNW?Q}DQtﬁﬁrgﬁir@@ﬂ%@@nguﬂhaﬁgpéngwmatlon makes it

uctlve filmcan drop in conductivit At _or above
Posél £ tonteRE 8t Eé?nﬁaﬁaenét %ﬁ?‘ﬁ@c%\/’ebgébﬂeo@ilfw cifgistance

anq] JghohEI% %ﬁmp%tp%?iﬁ%haﬂep TRt B O 2R B Y 05
fe nvention als
Lﬁaggggggg;Zd%ﬁ%téﬁ%géﬁF 568 ?orgmgﬁ:kwéé §§§%%ﬁ?n§arget
chéﬁHéE%r§QBBaiH'BHaE”QhUQkBéb%%lﬁﬂg /nQngldgn \ULEReM means

contains tin oxide as a conponent thereo The present

the avamibnNofful hReLn Sx @dspuhtiald R_G I 9et ngc@e‘ﬂpéé%' I"I‘Qs Hvalue
i ndi um oxi de al |l oy contai ning indi um oxi dé and

of axidet®f 00903% to 0.3% by atomin conposition ratlo

the 25 sputtering target containing at |east one or

nor Betrgpesn dfhardoalegodxigdespseketbad T dm bheogsosption ratio

consi sting of ceriumoxide, samarium oxide, europium
of brAdem isrbhanspRttering basaet hioxieens ast patients by atom,

component thereof. The third conponent netal oxide is
a“dla/&ltbs 2D %P At o 9 Tedrisositt ZaRCcr aRi bhed IPuEeepbey target in
‘ % 5 total ngunt of the sputtering target. The
erP@a? PPSCERAS PA Stef-configuration, the conductivity

mg (the resistivity rise) when tin_oxide._fal

el BUED. 036 B A GC GFRTRS UL ant, YIAGR PRACGx(Gg: he
resﬁﬁ%gﬁgstgané%égﬁn%t%ghductlve film can drop in conductivity.
At or above 0.97, on the other hand, etching may become difficult.
The foregoing expression preferably has a value of 0.7 to 0.95.
Inparticular, therange of 0.8 and 0.95 is evenmore preferable.

The present invention is also characterized in that the
aforementioned sputtering target containing indium oxide and
zinc oxide further contains tin oxide as a component thereof.
The present invention further is a sputtering target

comprising an indium oxide alloy containing indium coxide and
tin oxide of 0.03% to 0.3% by atom in composition ratio, the
sputtering target containing at least one or more types of metal
oxides selected from the group consisting of cerium oxide,
samarium oxide, europiumoxide, terbiumoxide, or bismuth ocxide

as a third component therecf. The third component metal oxide

is 1% to 20% by atom in composition ratio with respect to the
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5 the conductivity may becone |lower (the resistivity
hi gher) and the etching harder. Moreover, tin oxide is
preferably 0.04%to 0.2% by atomin conposition ratio.
Furthernore, tin oxide is yet preferably 0.05%to
0.15% by atomin conposition ratio. 10 The present
invention also is a sputtering target conprising an
totaldiamvoxicde faldroy €potakeriing a hexagonal | ayered
conpound of indium oxide and zinc oxide (1n203 (ZnO
m Wher ecpebs an théegen swth Zdrof 2 rat idve, sy tesridigetivity
target containing at |east one or nore types of netal
mighki dESP s et trets ifStdmitthe rgselpwbensi it iong dE5 fefl leebe Liow 0. 03%
oxi de, samari um oxi de, europi um oxi de, terbium oxide,
by OB s iRt ﬁh&(%@eéshanfim Wae@o%%rﬂsmd@ [eteReds The3® by atom,

d %to 20% t
e BRBRTT Oh T AUISY A TR CUREEE LPAT e T bF B varrat Sbrer) and

@ecérPPﬁ{;eE' ng, t,arget. Rati os of the respective

conponent's within the ranges of 20 In/ (In + Zn +

Sn) M5 rovel 91350ﬁzﬁe 1§Iﬁr%fggab1§ % U%Q Qg téh(é%:%tom in

1and Sn /7 (In+ Z in terns

comp@EE@AbS rY 1L OMFulkRIR rivd-£hethior 00 A9 eXPRRSSI OPeferably
Inis a conposition ratio of indiumin the sputtering

0.0t ged O nlber me oft fer centsnpy> AtoMdn 25t4R.is a
conposition ratio of zinc in the sputtering target in
t er Fbegireparoent gebyiah@hscahsaSpustarcorposiye@ncomprising
ratio of tinin the sputtering target in terns of

an bér:iéelm exdatadn oNceon i hging subkxeqsrigurlayenedt compound
oxi de has, a conposition ratio of 0.3% by atomto 0.02%

fldydé%irﬁ%dw 8 insr egbrRg( Jé&zpﬁae(s?ﬂ%)rm MhemRy bagdninteger
s,.th in oxide exceeds 0. 3% by atomin

of é 259- ﬁ%

offo erftﬁlbtt?ﬁéngoﬁaﬁgﬁtwcﬂpwb’é@o% fBReL one or
mos B SENIE DaLEs, . O LSO I3, WIS, (a1t ing
of @éPﬂhnﬁ@ﬁlﬁgg'ééﬂQrQBnl&QlHkghéu98b18599§98e§n¥erb1un1ox1de,
or bismuth oxide as a third component thereof. The third
component metal oxide is 1% to 20% by atom in composition ratio
with respect to the total amount of the sputtering target.
Ratios of the respective components fall within the ranges of
In / (In + Z2n + Sn) = 0.5 to 0.95, 2n / (In + Zn + Sn) = 0.03
to 0.2, and Sn/ (In+ Zn + Sn) = 0.02 to 0.3 in terms of percents
by atom.

Here, in the foregecing expression, In is a composition ratio
of indium in the sputtering target in terms of percents by atom,
Zn is a composition ratic of zinc in the sputtering target in terms
of percents by atom, and 5n is a composition ratio of tin in the
sputtering target in terms of percents by atom.

According to such configuration, tin oxide has a composition

ratioof 0.3% by atomto 0.02% by atom as in the foregoing expression.
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5 effect. Naturally, the sputtering target described so
far may contain netals other than the foregoing. Note,
however, that the substances and anounts of the
addi tives nmust not hinder increasing the value of the
wor k function, which is an object 10 of the present
i nvention, or cause a drop in this value. It 1is also

Ther eqabpadi ot hialtel Subist artde enotetdsIOVES biyhet om in composition
transparency or decrease the conductivity (increase

ratiifey t&s @@Tldut?ﬁ)lvmmen@u’olseanmeslohat aran tied ataihn tdhbarder.
wor k function at | val ue without |owering the

On FPﬁn%%%FéMn@r ‘ﬂ%%?etgs‘? FPmaes 1 aboponatie pi of thyi i wedihe falls

al | er |un1ox|de and anti nmon oxi de.
bel% nthrgo%ybpy %?q% nr@“‘f G Jc?éﬂgp%ifeﬁ%“c‘&hﬂﬂ)ét Ngé Preguce any
£ thhe present invention, the conductive film
abricated through sputtering by using the sputtering

tar gs&%ﬁg;% éﬁﬁ?? %?%\égetrggxghﬁg d@@@ dS% 'EPOS' | Oa?g “ontain

that o SEri b ove and

meth3 sl @t Nchhe vahue f%fretg!%e_m\@or K &B'%%t' OH w@%eél ethat the
in transparency, and high in conductiVity ?

subsesirsdéyi tahd allaPf €SYM  kReenhHan tiiS Sﬁmst not hinder
characterized in that this transparent conductive film

inchas s nprikh & unsl henodf thebweYkofundx fvghershidh @& an object
above 5.6 eV, the value of the work function is

of &ds waiesrnt olinkantdfora hot ecénanspodiony ilrayerishaslioe. It
made of triphenylamne or the like. This reduces the

is %h@@g’gﬁ%%ﬂnrﬁérofHét%@@&u@@%@tcrtod@ haderhehadimansparency
transportln | ayer result, it is possible to

PESVAH S ant g?g&rﬂr@ﬁta‘éw&fe &ﬁ@?rt%sqﬁ EkEafhighivity)

aII rovenent, in hole |n ection efficiency
Sec@ﬁ% Sg%%fgg%?g?:ﬁaﬁ C6R RBXPCatRe b pogk Sfm&tégéoﬁﬁ a high
Valgéou319£0hgveféwgpl¥%|hvg%t|£%%lég¥%ﬁFgeIgsla cégaé¥ng the

is second group © W
conductivity include gallium oxide, germanium oxide, and antimony

oxide.

Invention pertaining to a transparent conductive film

In the present invention, the conductive film fabricated
through sputtering by using the sputtering target described above
has the same composition as that of the sputtering target described
above, and thus is large in the value of the work function, excellent
in transparency, and high in conductivity (low in resistivity).

The present invention is also characterized in that this
transparent conductive film has a work function of 5.6 eV or
higher. At or above 5.6 eV, the value of the work function is
equivalent to that of a hole transporting layer that is made
of triphenylamine or the like. This reduces the energy barrier
between the electrode and the hole transporting layer. As a

result, it is possible to provide an organic EL device and the
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mainly in a second enbodi nent to be seen later.
Initially, a substrate for an organic EL device of the
present invention is one conprising at |east an
el ectrode | ayer and a base nenber, wherein the
el ectrode | ayer contains at |east one conpound 10
selected fromthe following group A-1 and at |east one
11 kepipdpid 2 1deiwst tred 1 fnpemdtes gt olup B lle iMeresttbe gf bupiency.
A-1 includes chal cogeni des, oxynitrides, or nitrides
of Si, G, Sn, Pb, G, In, Zn, Cd, and My. The group
B-1_ incl.udes chalcog%nides, oxynitrides, or nitrides
of

PSRPAZAPEQYP P4 LRVERAIREr configuration, the
trate f ic EL_ devige of th t |
VBT e S S A SiTirane b Bder et kb bBe described,
| , in th l.ectrod .
ol il 10 e JUTLES Ll Uhe AL her
maifi% aizr]rg 2t sbeasly é}ﬁ%&%@ﬂ%n%%d@%s nf hQ@dhe group

Here, the group A-2 includes chal cogeni des,

OXymhietidesy, o substirhdesrOf afeorithi PRI &&viddolPne present
Cd, and My. The group B-2 includes chal cogeni des of

inveantbani sesme Hhaprubsticahe [essamganitedde daykeeanll a base
the present invention is one characterized in that the

mempk g twhede iraykee €ls anr adedea iayepnt ad5 sThe 1stdst bateecompound
for an organic EL device of the present invention is

selgrd acharadt hiez g lilpwing anveirelfech rodeakayensitsone compound
cat hode_l ayer. According to the configurations of

selegded i hoeft L8/s IRHE cBrbined use of a conpound of

th roup, A-1 and ompound of the group . B-1 or the
conbirhed Uae %P gaﬁrpgﬁﬁﬁug?stmalg?%%n dos piirypitrides, or
: t -2_canin ase the
nlt?%ﬁ?%ﬁ??&%lboE?ngﬁﬁgﬁggp?ﬁée TbcrLrgyé aPngﬁ- The group B-1

inc%&&@gt J.:l_\fgi¥o?%ﬂéggye&%¥itfbge§yb§f g'gitterifcgiresd%gbqra%%@)ia%ides .

device o e_ prese | nven_tl on SC_I‘I _ ove can
be wgednboheOBShiFl YhieaBRoA! JRAEC sEbsde¥k6e rihi Gh %@%anic EL

excel lent durability, 5 a VOM/dr|V|ng vol tage, an
devbtgl flihe pescent e nivBh@€AsSntiys one comprisingat least anelectrode
layer and a base member, wherein the electrode layer contains at
least one compound selected from the group A-2 and at least
one compound selected from the group B-2.

Here, the group A-2 includes chalccogenides, oxynitrides, or
nitrides of Ge, Sn, Pb, Ga, In, Zn, Cd, andMg. The groupB-2 includes
chalcogenides of lanthanides.

The substrate for an organic EL device of the present invention
is one characterized in that the electrode layer is an anode layer.

The substrate for an organic EL device of the present invention
is one characterized in that the electrode layer is a cathode layer.
According to the configurations of these inventions, the combined

use of a compound of the group A-1 and a compound of the group B-1

or the combined use of a compound of the group A-2 and a compound

18



10

15

20

25

The el ectrode | ayer configured thus is also

characterized by having an excellent etching property.

Mor eover, since at |east one group out of the group

A-1, the group A-2, the group B-1, and the group B-2

i ncl udes chal cogenides of Si or nitrides of 10 the sane

in the electrode layer, it is possible to inprove the
of tduheseemBof darel et eea s@tbe iayegrzattd onheo tasel aeabeheatlect rode

the time of formation. In addition, the el ectrode
layegyeffeghiBelyor nfeenssmedn bl gherhaumivkertmate for an organic EL

IL.nci dental ly, when the anode layer is nade of these
devﬁﬁ&rﬁgﬂi T Atpoiiis, 1T T bo zAe PRl BeteAbPER €51 e used to

f bl [ . I f 5.6, hi gh [ o
corB G gy A1) O o0t nie et AR o WA AP LY,
@ o B dr o raRey oty o T RERE S o AT BV 1 n

pot enfi al °i s preferably given a va

Con%@eéﬁé&@f‘oﬁée 1%! i ESA ¢l BlLRERADL L i) agggvéﬁ%%é@ééized by

mentioned int ent 1 nvention can ac

haviegl Zaté2fe PPERNIABESI R, profe @Y OF MY HFerPeiNgce at 1east
extrenely suitable for the material of the anode.

oneMareamerout hef sthst g abepl aF 130 tergafidudEla OBy €0 rblig B-1,
present invention is one characterized in that the

andekbet goded Byer ihasladespebiaficogeesiddanse $ovwer thanidles of
xm 25 When such neans is adopted, it is possible to

theageimg thethphedemtnmte Hatyemevien 1smaestkeheetoctupsove the
in the display screen due to high resistance of the

adhgisd @t Gde Uhey &rle Corrdqueay £y, tphehepezE ki membsirspantbe time
f the electrode layer can thus be limted in value to

of ?ﬁﬁf“&&é%}ect%rﬁ%ﬂathe% thicetl&siniqde havas wap bgsformed

..to _achi eve a further reduction.in the driving voltag _

wi el BRE Bl e et oS R HeRaah b yhan chanodETayer 1s
ont h titu rial_,of the.electrode .

a0 ayer RS SBEGTI C r 6ol BUNGE "arive 100+ Em o Potential

is @eoublkaniigygh vel HCJ#Ilﬁeic?‘f By &f @R]agjs)hﬁg}lﬂé?dim%% ideration

i ncl udes an el ectrode | ayer made of a constituen
of hole injectability. When the cathode layer is made, on the

other hand, the ionization potential is preferably given a value
below 4.0 eV in consideration of electron injectability.

The materials mentioned in the present inventicn can achieve
ionization potentials of 5.8 eV or higher, being extremely suitable
for the material of the anode.

Moreover, the substrate for an organic EL device of the present
invention is one characterized in that the electrode layer has a
specific resistance lower than 1 Q-:cm.

When such means is adopted, it is possible to avoid the
phenomenon that uneven luminescence occurs in the display screen
due to high resistance of the electrode layer.

Consequently, the specific resistance of the electrode layer

canthusbelimitedinvaluetoimproveelectronandhole injectability,

19



10

15

20

25

mat eri al having a specific resistance |ower than I
O-cm Moreover, the substrate for an organic EL device
of the present invention is one in which the conpound
of the group A-1 or A-2 is any of chal cogeni des or
nitrides of Sn, In, and Zn. These conpounds 10 are
particularly low in quenching property anong the
as gerpoandsoofchhevgr supuAtiienrred@ct and &metivaphbleing voltage
constituting an organic _EL device having high
of [th reseerice Blnaisiasy. Wprds\rsttat he, sibst riat ecdoEramt, the

nic EL device of the present invention |s one in
CO%’%] Ea‘&mﬂf Pftﬁ@egr%bs%rfd& Byershas gnpgpecific

oxi des .of and Ho. These

rescloerp% e AR Do Prﬁ%@%?n%ﬁk’&f BOTPAHUS G disepreferably
us Rl 00 £ B NRIIES, Ao d D2 hANh 234 O?na%ote”%' 2 cdNtituent

d gap energy In ectro

matl&dlecpfnﬁse&m é’c‘.’?hct g%s%%éﬂéée erawa{lg mg th cm.

L device of th r esent i'nvention 1S one in

t heMc)@ﬁbQ@Tr ofhd BabeerReLnTh 04 n theyaerieupL d@vlc@roﬁtﬁe present
falls within the range of 0.5 and 30 at.% with the

inveatdalonamsuntieof n twiel @b edie adendayer oFs the@Ogabup A-1 or A-2 is
Setting the value in such a range can facilitate

anyaﬁﬁGbﬁgﬁggﬁhédeahuenétriﬂhe<ibﬁhzdhhomn@GMentTabsbm:bmpounds
el ectrode | ayer_ while 25 mai ntaining high transparency

are(Pﬁgﬁthwlaﬂ%ﬁtht%‘hclé) qQuegesh Heg Premersyeenpodet hgyepmpounds

onfi ured hus | characterlzed by havi ng . excel | ent .
of %HF i)é’r]ﬁ"e 1N HEFFCARAPL RS T FRES IV ebvep 2t REganic

1 t f EL f th t
EL .Sdn%_Sén ¢ fapdh a&a%ﬁm#%ﬁnfeﬁg%éée&f%sn% & has a
thi g%gsg%zo M d ueswstéaf'z)gﬁe a%g%béﬂge(}f{‘ce%ut“ehe present

con |gurat|6n makes 1t possi rncate an

1nv@hﬁ§6hc1_ErLoggviIQ%MHk?Qﬁ@%dﬁ@'o%ncﬁé%elthgn%rgﬁﬁag' 1id¥:B-2 is

| ow driving voltage, and high [|um nesce
anyl of ensides dmcaddivtl ogm, Whien Tiheahhi gknesm ofethempounds can

el ectrode layer is in such a range, the organic EL
be deeidcern ssombination to facilitate adjusting the values of
the ionizationpotential and the band gap energy in the electrode
layer independently.

Moreover, the substrate for an organic ELdevice of the present
invention is one in which the content of the compound of the group
B-1 or B-2 falls within the range of 0.5 and 30 at.$% with the
total amount of the electrode layer as 100 at.%. Setting the
value in such a range can facilitate adjusting the value of
the ionization potential in the electrode layer while
maintaininghightransparency (light transmittance). Besides,
the electrode layer configured thus is characterized by having
excellent etching properties to acids and the like.

Moreover, the substrate for an organic EL device of the present

invention is one in which the electrode layer has a thickness
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prevented from becom ng excessively thick. Now, the
configuration of the present invention pertaining to
an organic EL device will be described. Initially, an
organi ¢ EL device of the present invention is 10 one
having a structure that at |east an anode |ayer, an
organic |um nescent |ayer, and a cathode |ayer are
withaim ndted dmysust dssinah,1 0 vrer.ei rsudie anofleghaper canthakes it
cat hode | ayer or either one of the electrode |ayers
posguit ¢ nscatf dlenscasre avonpogad isel BGt e firaen whieh has more
follow ng group A-1 and at | east one conpound sel ected
exgqglomn s dneabdllliowi ng yrobpwB-driMéng tiwlgoep Aapd high
i .ncl udes chal cogeni des, oxynitrides, or nitrides of
lumgine ggengg 1ppenghtyln, IZn2ded tiang NjerThee drivipkBess of the
i ncl udes. chal cogeni des, .oxynitrides, or nitrides_of , )
e Lo LS T ARG T G Gar o ELOBevFBE 6F 93t prBefievice is

proyMELAOR LA O ki 00, 202 SIIUGL U Al at | east

an anode layer, 7an organi ¢ um nescen ["ayer, and a

cat hede Laxeroareqglant nahedriims '@%M{)}f{itec}],{]e pdf&ining

anode [ayer and cat hode | ayer or ‘elther one

to aheekrgadec Fayeksic@ntains mat deaasti e conpound
selected fromthe followng group A-2 and at |east one

i noCganieltenpannsr geh eetrd dovdbe 2% the poésoMi Nthvention is
group B-2. Here, the group A-2 includes chal cogenides,
oneokyNingi destroctumiet thaes aaf 18astSan Rmcd&a,laywer,Zmn organic
Cd, and My. The group B-2 includes chal cogeni des of
lumi arerantdesye ns aalsoy a2 thasle bapenetrideméhagedoimowrtession,
of the group A-1 and 21 a conpound of the group B-1 or
whegRanchbiBi ABEAgs é agte Ia AGhseUtPd¢ 1avergesupinhgrapdeact the
1 cggg&rngiof t he group B- 2 Cﬁn i ncrease the ionization
LT T A2 6P PheoRFadiroad 1apat errecdmprayndizefgcted from
th or; ossi bl o_ohtajn an_prgani c EL devi ce,whi ch
th -
o8t SO Rl BER Ry o R St "l Y P o ge: SHng rrom
theNE8R 10wing group B-1.

Here, the group A-1 includes chalcogenides, oxynitrides, or
nitrides of Si, Ge, Sn, Pb, Ga, In, Zn, Cd, and Mg. The group B-1
includes chalcogenides, oxynitrides, or nitrides of lanthanides.

AnotherorganicELdeviceof thepresent inventionisonehaving
a structure that at least an anode layer, an organic luminescent
layer, and a cathode layer are laminated in succession, wherein
the anode layer and cathode layer or either one of the electrode
layers contains at least one compoundselected fromthe following
group A-2 and at least one inorganic compound selected from
the following group B-2.

Here, the group A-2 includes chalcogenides, oxynitrides, or
nitrides of Ge, Sn, Pb, Ga, In, Zn, Cd, andMg. The group B-2 includes

chalcogenides c¢f lanthanides.

As above, the combined use of a compound of the group A-1 and
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| um nescence intensity. The el ectrode | ayer configured

thus 1is also characterized by having an excel |l ent

etching property. Mdreover, since at |east one group

out of the group A-1, the group A-2, the group B-1

and the group B-2 includes chal cogeni des 10 of Si or

nitrides of the sane in the electrode layer, it is
a CQ@@@PBﬁeoﬁothﬁpgéveptﬁela@heeh©n3@ﬁblm@de¢%@t¢kaadqmﬂﬂund of

to the base nenber at the tine of formation. In
thea&&PPPoﬁ‘%iﬁ?@ﬂ%ﬂﬁ?@ﬁﬁ#“¢a?@rtéﬁngﬁéupoﬁngdQﬁmlincrease the
unlforn1t . Incidentally the anode | ayer
c&ﬁg

sonigdiane” P enese e it ot o Trel AiigRLiLy. e s
t r.ef rabl Lven a value.of . / .
enelU AT ot AR %%nhsee%ﬁ%%%sbiﬂ?- B \ierbhgh has
exc%qtfm? haygbihg ,d.e,a o dpe QERGE pRANG o ey high
ionization potential is preferably gi'ven a vaf ué befow
luri nedb&Yckn;i geBsisdenat i ofh of . eLect-har l'@é%ﬂégﬁfi&Mred thus
The materials nmentioned in the present 20 invention can
is atbbeyRairaritzati06d pof entd il § 0f ekcd hore Wby property.
bei ng extrenely suitable for the anode materi al .
MorMoreoversinhe artgama}stELomevgceu@f cute qof eslefitgroup A-1, the
invention is one in which the anode | ayer and cat hode
grougyRr 2erthd g henpdhel ; ehd Hee girosty Bd2 imyerdehashal cogenides
specific resistance lower than 25 1 Q - cm Such
of é&nf%ﬂla*mﬁeﬁar@e% §he ppaBebie (d preveft rode layer, it is
nce _of unevegﬁl nescence in the display._screen

pos&&%’ 'S itk TLET st FStHE @ e%l??o%l)eeF’éﬁé’rde layer to the
h | ect
B e R .

"ayer " "can ric
lay'éQJ %4 set ABirhield @2hf\ghgrtgﬁrlf&9ﬁm—. Lon in the
driving voltage of e organi c device’i's al so

pos§h@h§en{:3§&9em@ﬂ Yhe'afnodé‘1§?@£ rashadd RE these compounds,
constituent material of the electrode |ayer has a

thespeei thtioh gshsé @]l above FEeBlaqdewkl @ vhay8rof 5.6 eV or
structure is preferably 5 used which includes an
higbtectim aoend iakeratmiage off haleohstéttuebhility. When the cathode
layer is made, on the other hand, the ionization potential is
preferablygivenavaluebelowd.0eVinconsiderationofelectron
injectability. The materials mentioned in the present
invention can achieve ionization potentials of 5.8 eV or higher,
being extremely suitable for the anode material.

Moreover, the corganic EL device of the present invention is
one in which the anode layer and cathode layer or either one
of the electrode layers has a specific resistance lower than
1 Q-cm. Such configuration makes it possible to prevent the
occurrence of uneven luminescence in the display screen due
tc high resistance of the electrode layer.

Consequently, the specific resistance of the electrode layer

can thus be restricted to improve electron and hole injectabilities.
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mat eri al having a specific resistance |lower than 1
O-cm Moreover, the present invention is the organic
EL device in which the conmpound of the group A-1 or A-2
is any of chal cogenides or nitrides of Sn, In, and Zn.
These conpounds are particularly 10 | ow in quenching
property anong the conpounds of the group A-1 or A-2.
A fawd hewsredpablienofi nadhievdngv angorganiag <Elo flevheeorganic EL
whi ch. has high [um nescence intensity. Moreover, the
devi&sent 3 hwenPpsfibd a-he BryadertEL ldeviide iim ehihthast, the
t he conpound of the group B-1 or B-2 is an oxide of any
CONGfYSt LR MPE Gt bf et e AT tE@deTHL 2 %P8 RES FhesBecific
conpounds _can 3e used in conbination to facilitate
LeSIHUR T NG ATEE vallu&d off dHEP L # ohrYRL DRTPGLATRS 4F RRaferably
gy . in-t trode_ | ayer .
use%ﬂ é%gﬁgé%??§38%€ré&v%ﬁégﬁéégéegéﬁFriﬁ&éﬁi?ﬁw%g??%%tltue“t
I i C .devi.ce in.. [ t nt ent _of_.t he
matgﬁ%ﬁ%nﬁg%%qghg %ﬁﬁﬁf%gimgﬁ%g§¥§%§$siSW%fhﬁQ%%el 2-cm.
rangerebvBry eRE P ddn YoM ddhing, tiQt @heaHPZF}EBi_@fEL hevice in
el ectrode layer as 100 at.% Setting the value in such
whiahrangecompouridirdthehef gebliptat B aadjpust i Boak Pe ¥ I Rfgenides
the ionization potential in the electrode |ayer while
or maintdenialy Shi,ghn25nad anspafercy Chinghtundansme tdamcegularly
Besi des, the electrode |layer configured thus is
lovwchar deeacihdew e defhy @xerdl ehe cemphiunglprodpans ggoup A-1
to_acids and the |ike. Mreover, the present invention _
Or 432 N drighht ¢anakiksicde aich 1 afhi ek arhe relPecits Sdedpiyse which
h hgﬁ %bt ickness within the range of 1 23 and 100 nm
aSgiictP b onf F UPEEESHF TrekidseE Lhdssi bl e to obtain an

o A kSl £5 LA TR e Piee Lens SR L] W o

whlgpétg‘{é?%%ﬁe{p?gﬂd%@tﬁé %r}'oug\r’]@—ef o&‘h&?—é BE%ESQ%dngﬁt Qr%é substance
yer is in such a range, the organi ¢ L
outdeyice, iwd prayentied iy, omnkege ngh@é%etq:%im\{:%&’nds can be used
in combination to facilitate adjusting the values of the
ionization potential and the band gap energy in the electrode
layer independently.

Moreover, the present invention is the organic EL device in
which the content of the compound of the group B-1 or B-2 falls
within the range of 0.5 and 30 at.$% with the total amount of the
electrode layer as 100 at.%. Setting the value in such a range
can further facilitate adjusting the value of the ionization
potential in the electrode layer while maintaining high
transparency (light transmittance). Besides, the electrode
layer configured thus 1is characterized by having excellent
etching properties to acids and the like.

Morecver, the present invention is the organic EL device in

which the electrode layer has a thickness within the range of 1
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thick. Now, the organic EL device of the present
invention is one in which an inorganic thin filmlayer
contai ning at | east one inorganic conmpound sel ected
fromthe foregoing group A-1 and 10 at |east one
conpound selected fromthe group B-1 or an inorganic
thin filmlayer containing at |east one conpound

andsgPBchmd b Thelienegsiimn gradups AR rmesablleeast obt@in an

conpound sel ected from the group B-2 is arranged in
OrgﬁdHF orl 1% ReF ehEPREEh e %@eexpa}érenéndiqmb blgsmi.ca low

nes | ayer. and bet ween the 15 cat hode | ayer
I g RE T iin SO HedCu T § S5 BF G R ARA B ondi 2441 tion,

whéNQﬁﬂg%%ﬁgkﬁé ghgf RrgFe cttg fié#%%? e[hg gﬂch a range,

e
ress 1 eak curren GtV

theeEEQ?ﬁquEﬂfde§gge ga@ﬂéégn€%ﬁlf§0maggcJﬁﬁ(a/e§85351vely

dur [1ty. Incidentally, the inorganic thin
thilayer, when arranged 20 between the anode |ayer and
the organic |um nescent |ayer, is extrenely preferably
gi vBow@a thaposgahos ELfderend 4f amd hosesaft themnode is one
| ayer and the organic thin filmlayer. Specifically,
in whéaht&e anodegalrdyerthsn nfidemof a gecorpoutrd cONPr 48i bgadt one
group A-1 conpound/a group B-1 conpound = 70 to 90
inogwaggios -empeongs sgiledgted fwopr eher dblregdiaig tdreoup A-1 and
inorganic thin filmlayer be made of a conpound
at Jc%%rﬁgi%ri%goa‘%% S@lle%‘b%cfmw &hgroupuB-A-1sonpouhroeganic
th.50 tg glom190 at . % apove 1%1 %to 50 at.% The sane
Thof 4™ bP YEHTe COREE 0 1S dHy %%aﬁfomwnfir@eb%aw from

theAfgr@agl%ﬁégr%ﬂ Nﬁr%ogﬁﬁ’aEhF gﬁﬂ?% ggwagﬁpge Eected from

rese nis onein

theI YRGS et il AvEr £0 éé' PR ﬁgthv\g_sut ci 9% A Sér-'%\%égn the anode

conpound having a styryl group whose struct

lay%Q”BH&it§e96%§h$WcamﬁM¥hé§5é$9|hQWé¥3éﬁ@?B?l etw en the
fornmulae 5 (chemcal formula 2- chem cal fornu
catBod) layer and the organic luminescent layer.

Such additional arrangement of the inorganic thin film layer
can suppress leak current effectively, enhance the efficiency of
the organic EL device, and improve the durability.

Incidentally, the inorganic thin film layer, when arranged
between the anode layer and the organic luminescent layer, is
extremely preferably given a composition different from those of
the anode layer and the organic thin film layer. Specifically,
when the ancde layer is made of a compound comprising a group
A-1 compound/a group B-1 compound = 70 to 90 at.%/0.5 to 10
at.%, it is preferable that the inorganic thin film layer be
made of a compound comprising a group A-1 compound/a group B-1
compound = 50 to below 90 at.%/above 10 at.% to 50 at.%. The

same holds for the case of using the compounds of the groups

A-2 and B-2.
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"Chem cal fornmula 2-1" 3 Ar Ar 1 C=C4 Ar j
(Chemcal fornmula2-1) 1 2 Ar n where in the general
formula (chemcal formula 2-1), Arl is 2 3 an aronatic
group having 6 to 40 carbon atons, each of Ar F Ar 10
and Ar4 is hydrogen or an aromatic group having 6 to 40
carbon atons, 2 3 4 at |east one of Arl, Ar Ar , and
Ar M@féﬁvémrr‘a‘ht?coggmpc Bindlentiece odntibasptésanhubreznnion is
is an_inte of 1 to 6; "Chemical formula 2-2" 6 Ar

onepd nNwhi ch q:raala%?nﬂwaiznezsqerrs hages |Ch?ftth%lns at least

gener al forrrulagi’\;_‘i formula 2-2), Ar 5.is
oTeQPl B ot P tns G0 SarBah Mo "isfé&fheo%tmdcwral

roruf 5 b oA OGP B, A ST ISLBNRANE e

b ted A !
BRI 411, oS A SEgueo -1 Zf bhit 20

condensation nu IS an I nt eger

“Chefhedicab rinuba 12- 3

3

- Ar

]
Ar C=¢C )
T~ 4 (Chemical formula2— 1)
2 Ar n
Ar

where in the general formula (chemical formula 2-1), Ar® is
an arcomatic group having 6 to 40 carbon atoms, each of Ar?, Ar°,
and Ar? is hydrogen or an aromatic group having 6 to 40 carbon atoms,
at least one of Ar!, Arz,zhﬁ, and Ar! is an aromatic group, and the
cendensation number n is an integer of 1 to 6;

“Chemical formula 2-2¢

6
- Ar
Ar’ N _
T 7 ( Chemical formula2—2 )
Ar

where in the general formula (chemical formula 2-2), Ar’ is
an aromatic group having 6 to 40 carbon atoms, each of Ar® and Ar’
is hydrogen or an aromatic group having 6 to 40 carbon atoms, at
least one of Ar’, Ar®, and Ar’ is substituted with a styryl group,
and the condensation number m is an integer of 1 to 6; and

“Chemical formula 2-3*
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25 Ar' 4 (Chem cal formula2--3) where in the general
formula (chemcal formula 2-3), Arg and Arl19 are each
an aromatic group having 6 to 40 carbon atonms, each of
Ar9 to Arl3 is hydrogen or an aromatic group having 6
to 40 carbon 5 atons, at |east one of Are to Arl4d is
substi tuted mﬁth a styryl group, and the condensation
nunbers p, q, r, and s are 0 or each. The present

nt i is a ne of catlng the organic
Eng i e @“gg A g
[

mlne 20y vacuum deposi ti on.
In tfHfs way of fd*ﬁalion it |§Mb055|ble to forma hole
injection layer and an organic |um nescent |ayer which
are dense and have uniform filmthicknesses. It is

thug’ 66§s%|teh% GePESRildEC RSP AR eI 2 L drAmeel havirg Ar® and
t t T d f
YV RrenEEoh 79 S0PUaLt RS BFBgbr Rl sbtf%n@r P s, cach
of 191‘9 @otﬁ#ndlgrh% gefn E)Iile nvreo% ItgLQ: %gg g?g?gfgoénto\/\ﬁ 8%arbon

nmeans nventi-on e su

atoREgadl G cElsrdeyd Q)% 2204, Al_lm' té @lub)étlttp‘ta: Brv?f@lma st%r& group,

invention is an el ectrode substra te or an organi

andd@WeC &ort¥MEd SidY AnmeLest podey,foF, dehyi BY A ®FgANNIC each,
el ectrol um nescence | ayer and a base menber, wherein

t heThel petsede Haveandeoaf adsbadisnat me@hodhe ff @Haloiidag ing the
two layers: (1) a thin filmlayer of a netal oxide
Orgha¢bm}dﬁwiﬂ«déanctbedsd&hmbovap&ﬂﬁmngthaﬁﬁepscﬂhdforming
(2) athin filmlayer conposed nainly of Ag. 26 Now,
hewttere ¢ heoral tidwsler byi ISMUCHFT Hug at oW | 50 Bbhaydde t heganic

luminescent layer by vacuum deposition. In this way of
formation, it is possible to form a hole injection layer and
an organic luminescent layer which are dense and have uniform
film thicknesses. It is thus possible to provide an organic

EL device having yet uniform luminescence intensity.

Third group of inventicn

To sclve the foregoing problems, the aspect of a third group
of the invention adopts the following means.

Invention of an electrode substrate for an organic EL device

1. Initially, the present invention is an electrode substrate
for an organic EL device, comprising an electrode for driving an
organic electrocluminescence layer and a base member, wherein the
electrode is made of a laminate of the following two layers:

(1) a thin film layer of a metal oxide having a work function
above 5.6 eV in wvalue; and

(2) a thin film layer composed mainly of Ag.
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outernost |ayer or the surface to contact the organic

| um nescent | ayer nust be a netal oxide |ayer. The

reason is that such effects as |ower voltage, enhanced

| um nescence intensity, and inproved 5 durability are

smal | . The nmeans descri bed above can be adopted to nmake

the outernost |ayer or the surface to contact the

or giinwe whem ésceni thdyeerafimtain tigueat ayeris &depeoyed, the

the work function is set at 5.6 eV or higher for the
outegMPEAsbAYERa®r sltth sefff@@ss tgscpohertvolie ayrgarehdnmeidiescent

| um nescence intensit and |nEroved durability are
laygrdiystyRees Bt RLORIRILEYER - | ENSaiF3$PBALS ZhaNegtich pEfects

t ti | ectrode substrate f ,
as ﬁ?ﬁ%ﬁi"vo%{ﬁ%meﬁ% ERBP AL R 268 7 RAF oP¥ie- 0 AT LRproved

r 5 tal oxide has a work function of 5.8
duﬂ fﬁl?#-ﬁg %E escri bed above, the work function

ws?h@@ne’%n@dggcg b@d%ﬁe cand,d %dgg% %r@?ln%k% ?hﬁ\éucf:rermost

hi gher. Note that his value is a nmeasurenent in

layail o@f tee Gk Ma cbORBRLLARa R (RlUS B8HAE 1t nescent layer a
application of UV cleaning or the 0 Iike

methr exéHeanaggrval ue) . This work function was neasured
with "ACG1" from Ri kagaku G ken Co. , Ltd. , by using a
photieeri sshenwonkt hodct The iteaser eaend. Gapl@s hieyteer for the
irradiated with light of 3.5 to 6.5 eV, and el ectrons
reagant thdtf sonhthefeahpl & Wworer wddsageed erflmosst Kuminescence
. function is determned fromthe irradiation 25 light
InteREL Y« raefhiliey AVE AL bl détvomse spallennlephetpiesemdition
i nventi.on is the foregoing el ectrode substrate,
is SALLSELEF zed in that the thin filmlayer of the netal

d di
o feditt o RERR LRt Abelle gt R e Bl 2B e gt Face for
an éggg@age ﬂfggglég Cgﬂﬁ%ﬁ%%gglgfdnlgb %gko%%%eth af@fim laver

t ant
of the metal oxide has a work function of 5.8 eV or higher.

As described above, the work function must be 5.6 eV or higher,
and is preferably 5.8 eV or higher.

Note that this value is a measurement in the air after film
formation, a value before the application of UV cleaning or the
like (pre-cleaning value). This work function was measured with
"AC-1" from Rikagaku Giken Co., Ltd., by using a photcemission
methcd. The measurement samples were irradiated with light of
3.5 to 6.5 eV, and electrons emitted from the samples were
measured. The work function is determined fromthe irradiation
light energy required to emit electrons.

3. Next, the present invention is the foregoing electrode
substrate, characterized in that the thin film layer of the metal

oxide: is composed mainly of indium oxide; and contains at least

one or more types of metal oxides selected from the group
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and a | anthani de netal oxide. 4. Furthernore, the
foregoing el ectrode substrate is characterized in that
the thin filmlayer of the metal oxide 5 contains zinc
oxide or tin oxide as a main conponent thereof along
wi th i ndi um oxi de. As above, the present invention
contains indiumoxide as a nain conponent of the thin
filmlayer of the metal oxide. It also contains zinc

congyi el madpér ntiiok ioxh dex 140 , Fora fexiaml exivken tiardiabum oxide,
oxi de + zinc oxide are the main conmponents, In/ (In +

andziy Laptbemigen moxvg bycstdm-is desirable. Here, In /

(In + ZnhFlndlcates the ratio of indiumatons to the

totél bHFOPerReTRunbErS of OTRAP LN atDHRCEFRAS | ntukaglorate is

t hi fil I f th t d 15 Th I )
Chaafac ﬁélﬁ&%ﬂgd&' ot Zty*aefbe iR e e 8o &%Sv%?ag oxide

f
conteligt TiPha el S R A0 LB eronrg ra c iR Tk thereos
| d d

alo%ﬂipi@geing kgove(%g 95OX| e can drop in

ctivit on the other hand, the

et cﬁgngbe(repeﬁﬁg B}Qé‘éngeiﬁ-\'}éf?ﬁ%ﬁ cg&mgovr%wmde as a

for exanple, indiumoxide + tin oxide are the

mai608PAPEREST I the kRifi BlimaAdyer! o tAethnet D e 21 AM also
is desirable. Here, In/ (In'+ Sn) indicates the ratio

conafa imgli yifmat osE do addieototdln @ . t he nunbers of
indiumatons and tin atons in the thin filmlayer of
t heFoet akaoxilée. w2EnThendialnuenofdd he bnegokhder atrieo tlhe main
[ (In + Sn) is preferably 0. 8 to 0. 95, and yet

comppakatsbl yn0/ 85ntov Bn) 95.0 The redsdtbd it feton iifs dessirable.
value is belom10 . 7 or above 0. 95, the thin film

Herlﬁay&n of (The 'méal ioxd deasas diop T4t tenadctindiyn atoms to

Now, the anount of ni obium oxide, hafnium oxide,
they Lt LinPo%i 8¢, t1oB ANBP ST FaRithar HelTred APTSxidd t i BE atoms

in %%xkﬂfnof}%%$%Jﬁ%gmggo%he metal oxide.

The value of the foregoing raticoIn/ (In+ Zn) ispreferably
0.7 to 0.9, and yet preferably 0.8 to 0.9. The reason is that
if this value is below 0.5, the thin film layer of the metal
oxide can drop in conductivity. Above 0.95, on the other hand,
the etching property might deteriorate.

Moreover, when, for example, indium oxide + tin oxide are the
main components, In/ (In+ Sn) =0.7% to 0.95% by atom is desirable.
Here, In / (In + Sn) indicates the ratio of indium atoms to
the total sum of the numbers of indium atoms and tin atoms in
the thin film layer of the metal oxide.

The value of the foregoing ratic In / (In + Sn) is preferably
0.8 to 0.95, and yet preferably 0.85 to 0.95. The reascn is that
if this value is below 0.7 or above 0.95, the thin film layer
of the metal oxide can drop in conductivity.

Now, the amount of niobiumoxide, hafniumoxide, tantalumoxide,
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atom preferably 1% to bel ow 10% by atom and yet
preferably 1% to below 5% by atomwi th respect to the
total metal atonms. The reason is that at anmpunts of
addition below 0. 1% by atom the effect 5 of the
addition will not reach a significant |evel, sonetines
failing to increase the mork function to or above 5.6
: t han unt addi tj on_of, 20%
andeg 1gﬂtﬁgn§g8 Rgi’tgrln ?‘l tﬁ ‘fal‘l_’lm %%eé h%f at® BE e 20% by

ato%ecg)%%e%b'l@s‘i'ﬁttgvg 1fdJ od Gy, t 'E%nPrOJ%e{Q & & \Perﬁdtrejpably 1%

onducti vi'ty Nbr éover, the gr esen

to BS1dhes iRy £06h A4 &l @&éﬁ@@@to%%é@éfme%@@r%&%' 288 d Beason

that the |l anthanide netal oxide is | east one or

is mBre tatpesnin et ek gxbdes oseheatsd d rp%nweatgﬁlouehe effect
consi sting of cerium oxide, praseodym um oxi de,

of néedyridim i axiwe] 1 sasarraacaxadeigand it U exi jesodBtimes
Incidentally, in the present invention, this nultilayer
faifliiilmg twongi¢teasrgtae ebedt fode prefietabdby hasve 5.6 eV. On
surface resistance below 10 Q' sq. Preferably bel ow 6
thenjogdier haddyetr tprasferabby o @dstft BonMofedWdr antidhenigher by
present invention is the foregoing el ectrode
atoébesttfr%t‘éhl%héiéébt efi £&¢ imeihhtoxhdet hegondmdmyensulative
osed 20 mainly of Ag contains nmetal having a work
fllffu FHntBe Qr(?hé]\?mo?fhﬁgﬁ{épp AD PP R ABERSME T Y he
rese |nvent| is characterized ip that _ the neta

avi'n ar%w(r,f &?5‘?}3%’?1: %nvﬁ’né\}‘o&lfﬁ|t§1ﬁe1f0€%ﬂ?épﬁ§lectrode

sub%@%a&%ypﬁhgrﬁc%%rége %%ggftg seJ %hﬁ%ﬁ?ﬁoﬂ§lde is
at @e%%dco er{% h@raﬂg E' ng Q% ld%sw% %@8&' rom the

or h|g Q& hances he sta Ity St

| t
grou;@nyv\g?ns-ﬂgs:é%gﬁr)g@ c):/@f.lﬁﬁil?doiizgaf rpsgédg{ﬂl%r \é‘%}g‘%g% yniodymlum

oxilde 2 é’\&lﬁ/&rgamT@%lrcﬁélsoﬁlnﬁoﬂzetrlﬁil%rﬁ Sokhak.at amounts of
addi tion bel ow 0. 01

Incidentally, in the present invention, this multilayer film
constituting an electrode preferably has a surface resistance below
10 2/sq. Preferably below 6 Q/sg., and yet preferably 4 Q/sq.

6. Moreover, the present invention is the foregoing electrode
substrate, characterized in that the thin film layer composed
mainly of Ag contains metal having a work function of 5.0 eV
or higher.

7. Furthermore, the present invention is characterized in that
the metal having a work function of 5.0 eV or higher contains one
Lype or two or meore types of metal selected from the Au, Ir, Ni,
Pd, and Pt.

As in these inventions 6 and 7, the addition of metal having
a work function of 5.0 eV or higher enhances the stability of the
Ag layer. The amcunt of addition is 0.01 to 5 wt% or lower,

preferably 0.1 to 2 wt%, and yet preferably 1 to 2 wt%.

29



10

15

20

25

the effect of the addition is small. On the other hand,
at anobunts of addition above 5 wt% the Ag thin film
| ayer may drop in conductivity or beconme expensive. 5
Mor eover, other netals (such as Cu, Co and Zr) may be
added as a third conponent w thout affecting
stability, resistance, and reflectance. \Wen the

pr eﬁ'ﬁ@réé‘%&?@o@tﬁ%s lisseghég a ogrsntoh%%itsteofgdgd’rigc?lgﬁg}&eg%w 0.01,

devi ce 'such™ as ‘an organi c evi ce,

thel Of €9PL Q¥ c1Q %?g%???ﬁsﬁ sﬂl%l];]lql | BWSEI'# njo)ttl"{qer]: Bgﬁdcag‘?haemounts

of outputting rough the anode i's ‘casé,

of addiitt dr dpbtayert oPROAgd HIB A ¥m ?Eylé*%}na)(c?@é@tih%duct ivity

referred to sinply as an Ag thin [ I's gi'ven a

or bBicekeesspedisiFet.0 15 nm and preferably 5 to 10 nm
The reason is that if 15 the Ag thin filmhas a

t hi mbressebel ovhdrnmetihe enode 48 ghi, crotnbezeedusedbe added
in resistance. On the other hand, when the Ag thin
as &ithm hdsanddrakness halnave f £5chimgt healbt hhsy} ttentet Lare, and
fall with a drop in the |ight output efficiency from
refflgetangsi.nescent | ayer. 20 Moreover, the thin film
| ayer of the nmetal oxide (sonmetinmes referred to sinply
as YRebxide pegeent nEwdithicomn ishuckAess senetiedte fammrganic
the range of 10 to 200 nm so_as to suppress reflection
EL gepnret g apePrInéct bk daieiae ofi tt hesphrfgeabhgero employ
th'iﬁ %referablg Eeleqted fromthe range of 20 and 50 nm
LGRGSFEESpPEr ePABIAYSI5 25 and 40 nm When this oxide
| ay has thickness below 10 nm, the stabilization
of {hE B PESeFSNCONE AOEOHATARR dVEHT ORI ha Fedtiqde
of .du Ll (o] r.gani ice. : .
othg?mﬁgﬁg,eaggh % s Skﬁge%ﬁg@e}%ﬁgé g£¥ﬁ%%f€%§%lgggbgf Ag

(soﬁ@@iﬁ@s E%Ef@d‘%gigitnﬁfﬁ??/g%% AdkhiW MR IS0 Jdh ER%ickness

i ght 30 output efficlency.
of 3 to 15 nm, and preferably 5 to 10 nm. The reason is that if

the Ag thin film has a thickness below 3 nm, the anode might
nct be reduced in resistance. On the other hand, when the Ag
thin film has a thickness above 15 nm, the transmittance can
fall with a drop in the light output efficiency from the
luminescent layer.

Moreover, the thin film layer of the metal oxide (sometimes
referred to simply as an oxide layer) may have a thickness selected
from the range of 10 to 200 nm so as to suppress reflection from
the Ag layer. The thickness of this oxide layer is preferably
selected from the range of 20 and 50 nm, and yet preferably
25 and 40 nm. When this oxide layer has a thickness below 10
nm, the stabilization of the Ag layer might not be achieved,
with the result of lower durability of the organic EL device.
Cn the other hand, when this oxide layer has a thickness above

200 nm, the transmittance can fall with a drop in the light
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(2) In the case of outputting |ight through the cathode
In this case, the Ag layer may be a thick filmin order
to reflect the light com ng fromthe |um nescent |ayer
toward the cathode. 5 The Ag |l ayer has a thickness in
the range of 30 and 300 nm preferably 50 and 250 nm
and yet preferably 100 and 200 nm \Wen this Ag | ayer

8,91 ¥ER; igkness of 300 nmor greater, it becomes
on f%% t%?c&eénguggn cause a leak current at the electrode
end.(2hN 160RhASt s MEN S AG iRy a5 ta o gqgﬁﬁas cathode

below 30 10 nm the function of reflecting
towahdthhe eakbodenaBygbesoae Meakes. a WhckN€iim in order to
obj ective of exercising the reflecting function of

reftllics tAge 1 Aykt coiie gt i akors S vafi nklicenAd dwef ovérd the cathode.
desirably set at 30 nmor greater, and preferably 50

ThenAg otageeahers. a Itnveokhes sofi ranttos gaahgeEl fded) cend5300 nm,
The follow ng describes the invention of an organic EL

predesiael yhali agdt Re same civad age er pseifes adsl y hbge ehdt BE0 nm.
el ectrode substrate for an organic EL device descri bed
aboVeenThese Athvé yelelsahivern enthiokseas ehc¥¥ ofm cheyreater,
el ectrode substrate for an organic EL device described

it BRGoBeSBPTdHH: éVe ERE Faregol AGadbFEEErenthat praenect rode

ency o E R E8R 8, SRt e Sl TS o 12 O BLENELY B a0
el.ectrpol uninescence | ayer, .and .a cat hode | ayer are
D) G nat €8 “WREr Giin BT REFL3RE dri Bt neBF AEHe (he Cathode may
[y R . .t he cat hode .
e e RS hrnad o SNLAPASTE 5 OF & PR AT Py o fapeting

fun@ il o pxi deshayl ﬁ%)}%ﬁpr&éwﬁﬁkﬁﬂes@%\ﬁ 2 Ps € aTgyer is
a thin filmlayer conposed nainly of Ag. he presgnt

de slieiTt @Rt $t BloSOm eheg AeheEZethd p Ad¥@ rd0ey 15 Anldd Breater.
| ayer of the netal oxide has a work function of 5. 8 eV
or hhgbationThe phesedhniiavent deRiice al so characterized
in that the thin 31 filmTayer of the netal oxide: is
confibsefb Nedwi 1yg ae sidrdiber® dXé deivention of an organic EL device

having the same characteristics as those of the electrode substrate
for an organic EL device described above. These have the same
functions as those of the electrode substrate for an organic
EL device described above.

To achieve the foregoing object, the present invention is an
organic EL device having a structure that at least an anode
layer, anorganicelectroluminescence layer, and a cathode layer
are laminated, wherein either one or both of the electrodes,
i.e., the anode layer and the cathode layer are made of a laminate
of a thin film layer of a metal oxide having a work function
above 5.6 eV and a thin film layer composed mainly of Ag.

The present invention is also characterized in that the thin
film layer of the metal oxide has a work function of 5.8 eV or higher.

The present invention is also characterized in that the thin
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and contains at |east one or nore types of netal oxides
sel ected fromthe group consisting of niobium oxide,
haf ni um oxi de, tantal um oxide, and a | ant hani de netal
oxi de. 5 The present invention is also characterized in
that the thin filmlayer of the netal oxide contains
zinc oxide or tin oxide as a main conponent thereof

: JAP o de, .Th t I _
o 00T AP e Y P AV b
an t t fo e | ect ed

9 ?%%%%2%%&%%%&%@%?%8 o#@ ol o ae o Gedblipadected

frc@%'@ﬁe é'ghgﬁ'sqq'ngsaé@rhl:ﬂ@bq)ﬂng cﬁx?ag Lerpy um oxide,

oxi de. %he present invention 1S also characferize
t arithatuh hext Rien Jﬂdn&aysﬁt%@ﬁwd{n@@hml %xQfqehg cont al ns
nmetal having a work function 5.0 eV or higher. 15
The TheeseatehdVanid ot 15 idl §ms@f@ﬁ§§é@iéz§9edﬂ M Rakbct PRe thin
metal having a work function of 5.0 eV or higher
filgohbgemsobneht ypet &Y ok aontmyies ypes okimetak tin oxide as
selected fromAu, Ir, N, Pd, and Pt. Invention of a
a masrhegnprealr itbatriany ad corgganrith Elncdewi cecidéhe present
invention also is a nethod of fabricating the 20
or gahc FRIESEAN cndeel¢bedsabdve, donpritdnizedelisnt ¢pst the
% formng the el ectrode by sputtering; and formng
lantt @néldﬁalﬁ‘? al gxdds éﬁwﬁﬁ Aegs&neRe oAy BPIBYL YRRueH metal oxides
l 05|%|on gourth oup of jnvention 25 To sol ve the
selpg &&o RGTpF BB SHRUPY %%%%H@g Pt £LHTUHR wxgrc%ﬁrp pr@fseodymlum

OXlthe hnv%ntlon ado ts t e fall owi ng means, In|t|aI

fhe ngs tluf“n\?é(rjft on 833 U8 é’&‘tl%t‘?de a§‘l‘j5‘o§te|I T gpt
or i.Si n el ectrode f drivin
an%Hé ANT ¢ eg} Cc(l}rﬁrm{neéceg%g (fha‘_’i/rear{:te%lza ‘%é\@ thet"Bhe thin

leﬂ%H%ﬂrcMﬁﬁ&géHn&ﬂ§ﬂ§23Ph?Q%%?%§§gme%%ngnet ja work function

conpri sing an anode thin oXi
of Bagi Bg arwprknhkynction above 5. 6 eV and a netal

The present invention is also characterized in that the metal
having a work function of 5.0 eV or higher contains one type or
two or more types of metal selected from Au, Ir, Ni, Pd, and Pt.

Invention of a method of fabricating an organic EL device

The present invention also is a method of fabricating the
organic EL device described above, comprising the steps of: forming
the electrode by sputtering:; and forming the organic

electroluminescence layer by vacuum deposition.

Fourth group of invention

To solve the foregoing problems, the aspect of a fourth group
of the invention adopts the following means.

1. Initially, the present invention is an electrode substrate
for an organic EL device, comprising an electrode for driving an

organic electroluminescence layer and a base member, wherein the
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thin wire. Here, the work function is set at 5.6 eV or
hi gher for the 5 reason that such effects as | ower
vol t age, enhanced | um nescence intensity, and inproved
durability mght be smaller unless this condition is
satisfied. Besides, without the netal thin wire, the
anode can grow in electrode resistance and increase in

elé%%*bé&ngg'%nid%%ﬁ%péyco%%ﬂﬂggﬁ%nggtQﬁg%&IQ§ﬁﬁqsfme layer

as enhanced | um nescence | ntens

of BresSenl bRYEBLARRIhY shasartiAZedohnabhat Ehe e@ﬂﬂﬂ? metal
thin filmlayer of the netal oxide is one having a

thifungiteon of 5.8 eV or higher. As described above, the

wor k function nmust be 5. 6 eV or higher, 15 and is

pr eHerabl yhb. 8oe¥ ounbtgbarisl astdental byevitdd e for the

is a value neasured in the air wwth AG1 from R kagaku
rea@Gpkehhadf tech eNfettananglowlder Nexittadde qutesentd luminescence
. invention is characterized in that the anode thin film
intpayet Yof afRe 1Meralvesk iddeabiid idompogdd e mimaldfer 20i1less this

i ndi.um oxi de, and al so contains zinc oxide and/or tin
CongiFdénaésaSﬁéﬂﬁfé@ﬁponent (s) thereof; and further

contains a IantEanlde nmet al _ oxi de. The addition of the

Ian RENFPEE . cHA® PFEeW%é?%xtag}r \Féutfhéfltrﬁfnthﬁ PRPAGyeR" ofrow in

tal oxide com i ndi xi de, zi

elefgrgxredereah%?%’}cefl ﬁogixﬁd}sc%e‘?/\%q' k1 Pur@s %BchlgneVQﬂSSlblY
11mQE9H8rth e%@%c%%S%%c%fa@e %%%n%i@?ru%ﬂagggg%aé(ﬁnten51ty

i‘foned above mai n onents

adthlggng Eﬁgﬂﬂyggék%5ﬂﬂ#@h Ben hEC%ﬁggsg %?19596[ 'Oat the

set the work function at or a ove ectively.
anoflertsen A1 khes @ourte 1of maddh td;ohe Iﬂ@%‘@ﬁav?ﬁ?ta?’@ork function

I ncrease the resistance, decrease the transmftance,
of 8nd eWleber hagake .t he etching property.

As described above, the work function must be 5.6 eV or higher,
and is preferably 5.8 eV or higher. Incidentally, this value is
a value measured in the air with AC-1 from Rikagaku Giken, after
UV cleaning.

3. Next, the present invention is characterized in that the
anode thin film layer of the metal oxide: is composed mainly of
indium oxide, and also contains zinc oxide and/or tin oxide
asamaincomponent (s} thereof; and further contains a lanthanide
metal oxide.

The additicn of the lanthanide can effectively give the thin
fiim layer of the metal oxide composed mainly of indium oxide, zinc
oxide, and/or tin oxide a work function of 5.6 eV or higher.

In the cases of metals other than those mentioned above as
main components, the amount of addition of lanthanides must be
increased in order to set the work function at or above 5.6 eV

effectively. A rise in the amount of addition, however, can
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4. Next, the present invention is characterized in that
the foregoing | anthanide netal oxide is a single netal
oxide or 5 two or nore netal oxides selected from
cerium oxi de, praseodym um oxi de, neodym um oxi de,
samari um oxi de, and terbium oxide. For exanple, when
i ndi um oxide + zinc oxide are the main conponents, In
: + 5% 98% by _ataom s preferabl. The
lndréég%oﬁ%ﬁ% ﬂéﬁkﬁﬁéﬁagfaf#%c¥ﬁaﬁe(I%g Z%fapgml%tance’ and

debfgﬁf&fgpéytﬂ el@cﬁg?]gt 8§Ppaehqd%\y?t preferably 0.8 to

The reason iIs val ue i s bel ow 0.5,

the ameiakt pxé e diddm.aan AroR idh ¢andyst
AboveO 98, on tﬁi ot her hand, t heet chi ng %?E%ﬁ%%?dn%nghat the

fordﬁce_fm@fahﬁthMﬁfﬁm/erﬁetMe@»xﬁc@ ﬁé(aﬂpben Ilrédlrw&é)rl Qﬁlde or
+ tin oxide are the nmain conponents, F (In +

twdlo 7 wmotree I@ega%dmyiaésmeire@esﬂrfamxecermmmgmal Ltﬁr@éeodymlum
the foregoing ratio In/ (In + Sn) is preferably 0.8 to
oxiglen5 nepdyypetunrprasf edabl ya0a8s umn Ok H8e, Thad dasoni us oxide.
that if this value is below 0.7 or above 0.98, the
t hi HOF| EMarRyer wWifent Heldhiaimal oxXielet cahndr opide are the main
conduct|V|ty Wien, for exanple, indiumoxide + tin
compengats 2 tRc/ oki et A 26 - ﬁﬁetﬁapn9§én%bn%ﬁ@% ig pyeferable.
+ Sn_+ Zn) 0.5%to 0.98% by atom 1is desirable.

The(ﬂﬁalva ob %lret%%r%wg%ﬁ?gtlroaﬁnon RIP ANk 35?1 arezﬁﬂralgly 0.7

to B BEST AL Yo 0o abR B0 VA B o SHEL TG 3 g 17 enis
valhgelg%%io@)ﬂ %e Q:lh M&ED dé)?fdc—%]nf %.5 CondgCt I Vl Ly ’\cloon'%ibl.{chtnrlty

et chi'ng proper deteri or at e:

I
T L T e

bel gwr&8%: rhywidd @Mt ANdx¥@p1 81 ef e abh bxiYet ¢ 130&1 @\yléé) are the
by atomw th respect 34 to the total metal atons.

maineasoponsntHAIn F (1 $ @)l 4e0 i 3% tbﬁbO%@-tﬂy/(alﬁ)bmai§TBSe51rable.
the addition m ght not produce any effect,

The value of the foregoing ratio In / (In + Sn) is preferably
0.8 to 0.95, and yet preferably 0.85 to 0.95. The reascon is that
if this value is below 0.7 or above 0.98, the thin film layer
of the metal oxide can drop in conductivity.

When, for example, indium oxide + tin oxide + zinc oxide are
the main components, In / (In + Sn + Zn) = 0.5% to 0.98% by atom
is desirable.

The value of the foregoing ratio In/ (In+Sn+ 2Zn) ispreferably
0.7 to 0.95, and yet preferably 0.8 to 0.95. The reason is that
if this value is below 0.5, the metal oxide film can drop in
conductivity. Above (0.98, the etching property might
deteriorate.

Now, the amount of the lanthanide metal oxide to be added is

desirably 0.1% to below 20% by atom, preferably 1% to below 10%

by atom, and yet preferably 1% to below 5% by atom with respect
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failing to achieve a work function of 5.6 eV or higher.
Above 20% by atom the thin filmcan increase in
resistance with a 5 drop in conductivity. Mbreover,
the thin filmlayer desirably has a thickness of 10 to
500 nm preferably 30 to 300 nm and yet preferably 30
to 200 nm The reason is that if this value is 10 nm
to ehesmakthermetalpaebhem might regeuh i ttheatechaphcal value is
strength of the thin 10 filmlayer. At or above 500 nm
be lidwele Ical yoatwm a tpreokldeh i ton et thh gn Pt opestivicandngneffect,
increase in the filmformng tine. The oxygen partia
faigrigus dre agthidrec td mowf funatfonnafi Dnéshdubd theglsetr . at Above
0-5% Preferably it is set at 0-2% and yet preferably
ZO%athO-aItD/%mr'l'h%h?eg%ﬁ ifs lthatan finarsavsl d@ e brnce with a
hi gher, the 15 resistance can increase. As for
drog yidt afPRAREY I WiHe’ anode | ayer is desirably anorphous.

Th is_that whep. th de, | ayer, h .
T FRRER kDL oD L 00E, YT 195,80 ks o

10 gﬁgstﬁﬁcﬁ% atgtr%'%eraﬁlgﬁ B &t %'Bio”%gnégtat%gi? ggllf{;geaf?f 1y 30 to

e electrodes™c be “20 “tap&

ZOOtﬁﬁybLfﬁeafegggﬁoﬁgeehh%ni%ft QP%EQlu§'§%2{8d§ﬁ- ?'smaller,

The p_resent |nyent| on 1's the_ ore_gO| ng su rate for _an
a p@LEANC flglevbeey char ac@ieerrﬂ@@ﬁaffmcghafstt%%@ﬁm%ftz ‘gh@ thin

wire is conposed mainly of any of Ag, Al, an
£ile 1ER& Presentot nyesie0BobS nkdhe theegeifly sebstratgrb8lem in

an organic EL device, characterized in that netal
etchaviqpeoperky famttawnintrba@eeMortheghienn s addedgt @ime.
the netal thin wire. 7. The present invention is the
f or 8geiony ssulzarat ®l poesanreatgan cifk odefri eformation should
characterized in that the netal having a work 35
be gemeti bnodf P esreblli yhers coit aitn8-adfle eéyppeyet pwoferably
or nore_ types of netal selected fromAu, Ir, N, Co,
at pglsandThe reason is that if this value is 5% or higher, the
resistance can increase.

As for crystallinity, the anode layer is desirably amorphous.
The reason is that when the anode layer has an amorphous
crystallinity, residues disappear from the end faces at the
time of etching (etching surfaces) and the electrodes can be
tapered to resolve such troubles as disconnection of opposed
electrodes.

5. The present invention is the foregoing substrate for an
organic EL device, characterized in that the metal thin wire is
composed mainly of any of Ag, Al, and Cu.

©. The present invention is the foregoing substrate for an
crganic EL device, characterized in that metal having a work
function of 5.0 eV or higher is added to the metal thin wire.

7. The present invention is the foregoing substrate for an

organic EL device, characterized in that the metal having a work
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The addition of the netal having a work function of 5.0
or higher enhances the stability of the netal thin
wire. The anount 5 of additionis O . 01 to 5 w % or
| oner, preferably 0. 1 to 2 wt% and yet preferably 0.5
to 2 % The reason is that if this value is bel ow
0.01, the effect of addition is small. Wth addition
fun@ft ehoVer 5 w %evt be Agghlin cfdrlth i ByesnandybBechi k& o or more
may drop in conductivity or beconme expensive. 10
typdr eobengtaflhere et ad & fayhe raddellr asna, t lnig,d zOPERENPL .
w thout affecting stability and resistance. The netal
t hi Ahei reddéspnabEythasmatéhi chkness ofwdok tbusdfiommft 5.0 or
and preferably 20 to 400 nm The reason is that if this
highgiryenhpgcpel ohe K amlitheod rhy oetal thie priassl.enfThieatmount
the anode 15 resistance will not decrease. Above 500
of ARA1&d Ahdredsdd T PfEFéneE lAvpevePrbdemednly 0.1 to 2 wt$,
el ectrodes cap _sonetines cause a |eak current. The .
andyivfth Eb’fef%aﬁétyap thitP vt r&t ti n The AeRsasikR that if this
di recti.on st. be rendered smal]ler ;than the w dt h_of ,
va1fie SRRl pH A m 1 AP P  T56 (147 (AECAERGR. Siglesmall. With

i ' T i dt.,h qf t [ thi i in th .
o SIS 50 o TR o TR KO A2 L0410 33
mayy%f&geiﬁféBhﬁd%é¥$@EP?o%ﬂ%%%éﬁetg£%§HgQ%éfﬂ” film

| ayer. ~ 8. The present’invention is the foregoing

el epbredecsulstHAt R £ 915 AR @@Eﬁ@&dggdﬁ?QPﬁcom onent without
conprising a protective f|¥n1on the anode 25 tﬁln Pllm

af feayehgotthbe 1At alhnexirdei sthadeeason is that the
provi sion of the protective filminproves the

dur @ahel neyadf thi hewieé adles hi &b W rieas Thec i Okeedd V& 10 to 500
| ayer is desirably made of material capable of being

nm, ediothed dfre nadid vef Ohantd 06f nnhe Tret aleddvm vé téatadd hads value
36 conductivity. An anorphous transparent conductive

is f9lpwmde om, |tk ben Brivde ccet ntheximdeokehambé hsui tidbe yanode

used as such material. .
resistance will not decrease. Apove 500 nm, an increased

difference in level between electrodes can sometimes cause a
leak current.

The width of the metal thinwire {(in theminor-side direction)
must be rendered smaller than the width of the anode thin film layer
(in the minor-side direction). The width of the metal thin wire
(in the minor-side direction) is 2-40%, preferably 3-30%, and
yet preferably 4-25% the width of the anode thin film layer.

8. The present invention is the foregoing electrode substrate
for an organic EL device, comprising a protective film on the anode
thin film layer of the metal oxide. The reason is that the
provision of the protective film improves the durability of
the metal thin wire.

The protective layer is desirably made of material capable

of being etched in the etchant of the metal thin wire, and has
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In that case, indiummay be used at the ratio of In /
(In+ 2Zn) =0. 2to 0. 98, preferably 0. 5to O . 95
and yet preferably 5 0.7 to 0.9. 9. The present
invention is a nmethod of fabricating an el ectrode
substrate for an organic EL device, conprising the
steps of: lamnating an anode thin filmlayer of the

condllali vaxiyde fA ﬁmoPﬁﬁ%u@eﬁPgﬁsﬂ%?%ﬁﬂ“@ﬁﬂ%ﬁﬁf@%&p%ifmInade of

nmetal thin filmlayer nade 10 of a neta n w

indihed eeldeet-chi ng dhedaatah Hdishifddun ¢ g alshsach X8Herial.
acid of phosphoric acid, nitric acid, and acetic acid,

In anditaft@sel he netichh ngay ppef asrdg@dehéi eaalio of In / (In +
oxalic-acid etching to pattern the anode thin film

Zn)l ayér-2 1@ OMFeovereféehebpyedermt tionvertti orand fde preferably
met hod of 15 fabricating an el ectrode substrate for an

0. 7ortgar? c2EL device, characterized in that the base
menber is a glass substrate. Here, the anode thin film
| ayér ThEPHRS@tehedenhian i@anarhodedntaly ni et bxakhelectrode
acid. The concentration of oxalic acidis 1 to 20 W%

SUbSETRRE dfifeotR S39GIHGN, Elpr 8BELESI y COMPF B3 NGt oblg Sheps of:

LarplB OHEOR AR Fof 18 JOE ot BreumRia s ide on 3
t ¢hi t -achi. d. At b 2 %
oa s A 21 A OREN 1P R R S a L QTR e ber made

of §ﬁ1¢é$ Lo agi vgf'r!éntlﬂé’rgaﬂgeét Qkﬁin%Eﬁgdxhgg a'IEE%'(%tn”?X 1m layer

al so be added. 25 The netal -etc acids aren

in lal Mitedt 8capy oFadH b 186 r9BeSic i DUty By Be 23N aCi S acetic
as long as they cause no danage on the anode thin film

acildgyend #ftkxedhacdterinphosehebiveidy dddiitidadtalic-acid
and acetic acid can be used yet effectively. The
etchdtnpst of patxeure tiod dhedeespact ivelmcldgear.e not
particularly restricted. 37 Neverthel ess, such mxture
as all owdoreswdfi citdet prebeny rateentofort hdsmethk tidthod of
fil mand causes no damage on the anode thin
fabricating an electrode substrate for an organic EL device,
characterized in that the base member is a glass substrate.
Here, the anode thin film layer can be etched in an etchant
containing oxalic acid. The concentration of oxalic acid is 1
to 20 wt?% of the aqueocus solution, preferably 2 to 10 wt% of
the agqueous solution, and yet preferably 2 to 5wt%. The reason
is that at or below 1 wt%, a sufficient etching rate cannot
be achieved. At or above 20 wt%, the crystal of oxalic acid
may be precipitated. In addition, acids in no danger of
corroding metal may alsc be added.
Themetal-etchingacidsarenot limitedto anyparticular ones,
but may be any acids as long as they cause no damage on the anode
thin film layer. A mixed acid of phosphoric acid, nitric acid, and

acetic acid can be used yet effectively. The ratios of mixture

of the respective acids are not particularly restricted.
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filmlayer is naturally preferable. No particul ar
restriction is inposed on the concentrations, either.
Nevert hel ess, such 5 concentrations as allow a
sufficient etching rate of the nmetal thin film and
cause no damage on the anode thin filmlayer are
naturally preferable Thus, mater dilution is al so

Ne %}{éﬁ"f %Strgrﬁfg}:u}% as anl § EL eé"ésecgs %:ﬁlé_ng rate

electro e Ssu of ~an or §ani e

of eheCldRde subshraf enCoRRAr lc%h%%sa@uoelcf%ﬁﬁz{iyer anfée aBode thin

driving an organic el ectrol um nescence

fi1menBgkr ikhea€heatingderbekngA 4 ambﬁ@%}%ﬁ@f@ulﬁknﬂeéf‘rlctlon
anode thin filmlayer of a nmetal oxide having a work

is finpotdean cabeve boh Mgt achet akithlirn WiN&retbBeless, such
organi c EL device including: the organic 15

conglegot r ot inheesseatbolayesy f Andiancathedd dayert ORFOSEE metal
to the electrode. Here, the organic EL device provides

thiphd idamanfdimety onsanthmad ¢ cot stlas athode bhithéilm layer are
el ectrode substrate for an organic EL device described

natagelel v Zor F € rAbgeoup Tofug mwarfie orf iHewei aaf i sralshedesirable

.. aspect of a fifth group of invention will be

1f #6539 Bed. This fifth group will be detailed mainly in

enbodi nent. to he seen later, 1. The present

i nviit.%ﬂ eI bk P&tvel%.ussﬁ 6Pg%h?€tﬁ<edaew%trafz% for an

I t de for dri n
B T O il S B Tllch s
fortélaﬂ?‘ a§g{1]ﬁ8%tll ceczlolllu J.fI l me;:]nocnet I meggané] ?se member,

OXId n"wre; n1|ayer 0

the'@ﬁ@c‘:t?&ig%efr{be | ag RALee ﬁéﬂ?ﬂf@fﬁd‘an LR oLl gg? dP{Jhm layer

on a base nmenber, wnherein t I'm ["ayer
of H%@fa@xbﬂﬁd@aﬁaﬁlfd\@rg hEt £ M- BRW G vd €6 Al Bhd a metal

speC|f|c resi stance of 10E+4 Qcm or hi gher.
thin wire, the organic EL device including: the organic
electroluminescence layer; and a cathode layer opposed to the
electrode.
Here, the organic EL device provides the same functions and
effects as those of the electrode substrate for an organic EL device

described above.

Fifth group of invention

Hereinafter, the aspect of a fifth group of invention will
be described. This fifth groupwill bedetailedmainly ina fifth
embodiment to be seen later.

1. Thepresent inventionisasubstrateforanorganicELdevice,
comprising a laminate of: an electrode for driving the organic
electroluminescence layer descried above; a transparent
conductive thin filmcontaining indiumoxide; ametal thinwire;
and a thin film layer of a metal oxide, the laminate being formed

in this order on a base member, wherein the thin film layer
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The reason is that the work function of 5. 6eV or
hi gher inproves the hole injection efficiency to
organic materials, enhances 5 |um nescence intensity,
and extends life. The work function is preferably 5. 8
eV or higher, and yet preferably 6. 0 eV or higher.
Moreover, the thin filmlayer of the netal oxide has a
of théaetess oxifdd hae 4G nnf upref esakino B 5Q SRVIHRd @Ndpecific
yet preferably 5 to 20 nm |If the thickness of the
restiittai¢é mofay@Eis QGcamoar sighder, 10 the thin film
| ayer may not produce any effect. If the thickness of
t heThRineaddmi $ &pet tihe 400k fmnort igneaf & ¢ efvther higher improves
inter-anode resistance of the thin filmlayer
theqditiensésjepbésnblsf idatisinny EPossigarkic Thetareassef enhances
the el ectrode substrate for the thin filmlayer 15 to. .
lumiBGsrenrg ANHPEFLAY - aPBY BRHPDBRAS alifei ndhe eteranfunction is
ter.nal ectrode qutl et or may not _be _cqvered. |
pref SRy s AL RT TR DS G Pe DY s Rl heEob 1ot oaf of Gapésher
EL ' [ S] a {.amna of : an. el ectrode for,
ari I0E5Fks- oot B M B AR TRt Reltis il Py Hise g kness
1 t ' iye .20 an r '
o O s o i 8 o, b aRaneEt FREEREMLS 5 co 20
nm. | ayereiod dihec pRESL 9xidee dien @M patL, being 1 harBBdshhi1er,
this order on a base nenber, wherein the thin film
thel @lyeh fOflh he et abyoxd €@ fiasu de WorKe E@REH 0N abeve OnBckness
eV and a specific resistance of 10E+4 Qcm or hi gher.
of 2heThéipr eSeht 1ayeat iien 10D the dnvepéhearsett HoOridt & f-anode
1 above, the configuration of which is changed in
resgisdemcdhat tilsg tthien af em lafeladenatiaer f ddesibly causing
transparent conductive thin filmcontaining indium
croggitdel land the nmetal thin wire is inverted. Even in such
a configuration, the functions and effects of the
i nVEREi LB ofr Ehehelsahbods subst mov or3thghehprelieln layer
invention is characterized in that the thin

to cover are a display area and/or a wiring area. An external
electrode outlet may or may not be covered.

2. Thepresent inventionisasubstrate for anorganicELdevice,
comprising a laminate of: an electrode for driving the organic
electroluminescence layer descried above; a metal thin wire;
a transparent conductive thin film containing indium oxide;
and a thin film layer of the metal oxide, the laminate being
formed in this order on a base member, wherein the thin film
layer of the metal oxide has a work function above 5.6 eV and
a specific resistance of 10E+4 Qcm or higher.

The present invention is the invention set forth in 1 above,
the configuration of which is changed in order. That is, the order
of laminaticn of the transparent conductive thinfilmcontaining
indium oxide and the metal thin wire is inverted. Even in such

a configuration, the functions and effects of the invention
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filmlayer of the netal oxide has a work function
within the range of 10E+4 Qcm and 10E+B xm 5 The
reason is that if the specific resistance is 10E+4 Qm
or lower, the inter-anode resistance decreases to cause
crosstal k. Mreover, if the specific resistance is
10E+8 xm or higher, the resistance becones so high

ard Rate thgnhoLe hn{eftégﬁvgﬁficiency may drop. 10 4. The

present 1 nvention is characterized in that a thin film

| aygr. ohetpecsehal i Oxége: bayes dwasf&ﬁwlkzé&%t k@3tOkhe thin
5.8 eV or higher. As described above, the work

filfnedjyeon 68 phef peaklly H&i@\haorahigher £k ¥84 within the
preferably 6.0 eV or higher. 15 5. The present

ranigwent | DOERE chanaghar izedd mythat the netal oxide
contains at |east either one of zinc oxide and tin
oxi Gee rU&annﬁhnth@ﬂpbﬁeMié Dfedinfli imeddidaarcd s 10E+4 Qcm
oxide type, In/ (In + Sn) = 0.6 to 0.98 at%is
or kpessr dfleeinver- prefier adt ys0a1rse dey 198 At % c2@saNdtpsstalk.
i ndi um oxide + zinc oxide + tin oxide type, In/ (In +
Morgpveisn)iE bhe spegidd iy issprefer alsl é0EYd Qcm or higher,

referably 0.75 to 5 at% Here, at% nmeans percents
theﬁ&emﬁén@e b8 OBRSsTAT LVRE F i 4 BOURa) agF EFhPBET iciency

na cPt the nmetal oxide contains at | east one type of
ylaﬁ?ﬁ%hlde oxi de. 25 The content of the | anthani de

e 20 2 ferably. % to 40. . .
at% ﬂﬁwgr Ss?%é‘gt{rtgj‘éa? %gt&t a{g}q ‘tQ Stane in bhet @ Yhin film
layRiefer ably I}QEEQ %Ql@ite%lcfx?F@ %rtlé“%tu «:ft£§§ of 5.8 eV
content of the | anthani met OXI i's b at %
or HgH&si stance can fall wth a drop |n t he wor k
function. noreover, if the 40 content of the |anthanide
met ak axsdeleéaegﬂﬁvéo ahdowdhe fuddhisan Hgoierably 5.8 eV
i nsul ative, possibly reducing the work function.
or higher, and yet preferably 6.0 eV or higher.
5. The present invention is characterized in that the metal
oxide contains at least either one of zinc oxide and tin oxide.
With main components of indium oxide + tin oxide type, In /
(In + Sn) = 0.6 to 0.98 at% is preferable. Yet preferably 0.75
to 0.95 at%.
With indium oxide + zinc oxide + tin oxide type, In / (In +
Zn + Sn) = 0.6 to 0.98 at% is preferable. Yet preferably 0.75 to
0.95 at%. Here, at% means percents by atom.
6. The present invention is characterized in that the metal
oxide contains at least one type of lanthanide oxide.
The content of the lanthanide metal oxide is 5 to 50 at%, and
preferably 10 to 40 at%, with respect to the total metal atoms.
Yet preferably 10 to 30 at%. The reason is that if the content

of the lanthanide metal oxide is below 5 at%, the resistance

can fall with a drop in the work function. Moreover, if the
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Here, at% nmeans percents by atom As above, it is
desirable that the netal oxide includes indium 5

oxi de, zinc oxide, and/or tin oxide, and contains a

| ant hani de netal oxide. 7. The present invention is
characterized in that the | anthani de netal oxide is an
oxi de selected fromthe group consisting of cerium

cod@@ﬁ@mx@&@ﬁ?QQﬂﬁﬂﬁ%QéEdﬁetBﬁogdgHQgEQQégasEﬁpaf%, the film

samari um oxi de, and terbium oxide. 8. The presen

carl BERdhONihsuahariaed erpaedipn f hatqhbenpetale ik Wih€tion.
contains at | east one selected fromthe group
Heregnsdist i mganef prcédhtsabg @ronfhe netal thin wire is
desirably made of netal having a specific 15
r eshstanTee beltois e siv@bhe Thet use oét AY,oxAlde andl GdesSindium
particularly desirable. 9. The present invention is
oxigkaratheprixidce . i andhar timeonktdal anchconteies @ohéathsnide metal
.metal having a work function of 5.0 eV or higher. 20
ox1d§r the sake of stabilization of Ag, Al, and Cu which
are_use as the main conponents of the netal thin
wiréd; nEtl PREFPRG alMoPk-19mindei grhafaster exedr iR ghleet the
.S desirabl dded, .10, The present inventign_s
la éhﬂ%&g%rpfé&irPﬁhg? 9ﬁe%ﬁn%¥lgﬁaﬁ A HBr € Fhctltenaroup
f. 0 | r,.contains one type 25 or_ twog or, .
contd fy S8 N P B e B b TRE ooty eiiendti ypyoxide
f . N iy above, Au, Ir, N,
Saﬁ%iﬁ%%,ééﬁggﬁ:éﬁ%'%%g??ggl§%ﬁ§§% as the netal having

a wor krhdingtd Qh ©fi nren@ 18 95 @ﬂl&f@éteffféﬁeﬂ{ 3HH the metal
netal s other than the foregoing ones are al so

thipref ee adnt aoded tAle yb £ hold sagdvers] ¥raffted fr8 U eonsisting
performance of the netal thin wre. ExanplesS thereof
of ifngl wle, sanH @et.al s as Mo and Zr.

Themetal thinwireis desirablymade of metal having a specific
resistance below 10 p{2cm. The use of Ag, Al, and Cu is particularly
desirable.

9. The present invention is characterized in that the metal
thin wire contains metal having a work function of 5.0 eV or
higher.

For the sake of stabilization of Ag, Al, and Cu which are used
as the main components of the metal thin wire, metal having a work
function of 5.0 eV or higher is desirably added.

10. The present invention is characterized in that the metal
having a work function of 5.0 eV or higher contains one type
or two or more types of metal selected from the group consisting
of Au, Ir, Ni, Co, Pd, and Pt.

As above, Au, Ir, Ni, Co, Pd, and Pt are desirably used as
themetal having a work functionocf 5.0 eVor higher. Incidentally,

metals other than the foregoing ones are also preferably added
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Moreover, while the etchant of these netals is not
limted to any particular one, it is desirable to

sel ect an etchant that 5 causes no danage on the
underlying transparent conductive thin film An exanple
thereof is a m xed acid of phosphoric acid - acetic
acid - nitric acid. Incidentally, sulfonic acid,

w1ﬂﬁg&%“559@£§$%gcégfe%ﬂﬁj§2%Aél( bgn%%de %gﬁfﬁg%al thin

m xed aci d

wir Fe feeds et Re Ao JP §h@gh§fl@ﬂ%h ﬁ@@a?@t%gJﬁyernd Zr.

may be sandw ched bet ween erent neta anpl es

of MBecdivkher aRt 18BtAkSctRELHECLBUEH BB AL S518SidinotC b imited
Mo, In, and Zn. Concrete exanples of the netal thin

to whyepaandwuﬁhedob@tMﬁenlsddéiﬂf@@lenﬁ%E&éﬂéé@'éﬁkétchant that
Ti/A/Ti, CG/A/C, M/A /M, In/A/In, 15 Zn/ A/ Zn,

cauard 09 HAgage.crltheThedqyriesieni travepeirenticoradu@ g kbin £ilm.
EL device conprising: the electrode substrate for an

An srgawile Ehaesdfeliset rfioredh dnidnyf miodphori@ albdve- acetic
cat hode | ayer; and an organi c el ectrol um nescence

acijchyehli t DHCHEF & - thénérl@mtca]El_‘{dewb%O@itc\ﬂ@E@ thel gangfonic
functions and  effects as those of the el ectrode

acigiptn %t Bheod e dryanPe BPdgslite théscribed aove:

0 aihgn ﬁsémpiéggrféaﬁgeaﬁ] B e e inripbcs and not be 3
sinf1a REhe sl it Mot p Be PR {b%a%agéw%?ézbwaen ditferent
met 80 A I o A it She TR BRI, imahyds, sgch,metals

as 4singt hewd2 sputtsidngntargets in the practlcw
exanples 1-1 t0'1-9 and fhe conparative exanples 1-1

to &odcrbt@. eBahmplds SEEtdHNRletW1eWhh RDrO'OaMHE: Bled between
device in an
different metals include Ti/Al1/Ti, Cr/Al/Cr, Mo/Al/Mo, In/Al/In,
Zn/Al/Zn, and Ti/Ag/Ti.

11. The present invention is an organic EL device comprising:
the electrode substrate for an organic EL device set forth in any
cf 1 to 10 above; a cathode layer; and an organic electroluminescence
layer.

Here, the organic EL device provides the same functions and

effects as those of the electrode substrate for an organic EL device

described above.

Brief Description of the Drawings

Fig. lisadiagramshowing atable which shows the compositions
of sputteringtargets inpractical examples 1-1to1-9andcomparative
examples 1-1 to 1-3;

Fig. ¢ 1s a diagram showing a table which shows the

characteristics of conductive thin films fabricated by using the
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enbodi nent 2-1; 5 Fig. 4 is a sectional view of an
organic EL device in an enbodinent 2-2; Fig. 5is a
sectional view of an organic EL device in an

enbodi nent 2-3; Fig. 6 is a sectional view of an
organic EL device in an 10 enbodinent 2-4; Fig. 7 is a
perspective vieM/of a vacuum evaporator in an

spu%qng' ﬁ?é@s %hgﬁdaﬁ?%?f(ggg em&gGthe b 9 and the

vacuum evap rator

com%aqbeg&@méyymﬁﬁg% @nle%g gi.ng neasuring points on a
Substrate; Fig. 10is a sectional view of an el ectrode

substipat g il thesedr RSNt epdeds Fepk; oEanlélEiﬁd%v1ce in an
sectional view of an organic EL device in the

embprégent ewigdi nent; Fig. 12 is a series of sectlonal
views of the process for fabricating the el ectrode
subftigat d iis teheseprieisam ] enbodi oEnan oFygnid3ELS d@vice in an
sectional view of an electrode substrate in the
embpdégent émBedi nent; 25 Fig. 14 is a sectional view of
an organi c EL deV|ce in the present enbodi nent; Fig.
15 F3ga Sedises cfeddctihalisw ems ot @heapnccéésdEance in an
fabrlcatln% the el ectrode substrate in the present
emberB§NeRt >’ Fig. 16 is a sectional view of an

eIe trode substrate in the 43 present enbodi nent; Fig. .
%%ga geéﬁ|6h§i HIRRE G b ?QpErSFHéFeEPrgﬁelce in an

emb%H? rate_i, |n the present enbodi ment;

Fig. 7 is a perspective view of a vacuum evaporator in an
embodiment 2-5;

Fig. B is a sectional view of the vacuum evaporator in the
embodiment 2-5;

Fig. 9 is a diagram for use in explaining measuring points
on a substrate:

Fig. 10 is a sectional view of an electrode substrate in the
present embodiment;

Fig. 11 is a sectional view of an organic EL device in the
present embodiment;

Fig. 12 is a series of secticnal views of the process for
fabricating the electrode substrate in the present embodiment;

Fig. 13 is a sectional view of an electrode substrate in the
present embodiment;

Fig. 14 is a sectional view of an organic EL device in the
present embodiment;

Fig. 15 is a series of sectional views of the process for
fabricating the electrode substrate in the present embodiment;

Fig. 16 is a sectional view of an electrode substrate in the
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Fig. 18 is a sectional view of an organic EL device in
the 5 present enbodinent; and Fig. 19 is a diagram
showi ng the chem cal fornmul ae of various substances.
Best Mbde for Carrying Qut the Invention 10

Herei nafter, enbodi nents of the present invention wll
be described in the concrete wwth reference to the

predeaW Ba$odikeidental ly, the reference draw ngs
schematically show the sizes, shapes, and arrangenents

of ¥he.indi visdual seomanent$ied 0o BN28XERBE thRL UH S1ectrode

i nventi on becones apparent, the ratios 15 andng the
subkhdiavieddal thar s ebeintg ethiclbicanent: ;f rom i n actual devi ces

and the like. Hence, this inventionis not limted to

t heFéhowh8 exaapbestaboar. viewtd @ awtqwsic B cddnigce in the

for showing a section nmay sonetinmes be omtted. Goup
pregengnsolipeRcsts 20dHerei nafter, a group of enbodi ments

1 of the present invention wll be described with

ref BLBnck® 6 2 HEL ARG ASYing the ghreadarml épbodilmenef various

i ndi um oxi de, zinc oxide, and tin oxide powlers were
SUbR{2BHSPn predeterm ned proportions. In addition, a

predet erm ned anmount of cerium oxide, samarium oxi de,

eur opi um 25 oxi de, terbium oxide, or bisnuth oxide

0 d 1 xe therein as a third

Besgoﬁggﬁeﬁ?i ¢§?§§ﬁ$%t§pg &ég gPHSH R a wet gri nder

f Or ndBohpuEs e ANErbBARNELY - IEANULA! 8030A PRI IYIIEU i 11 pe

before it was Ssintered at 1 0 a sintered

des8cibele. in Thirke Sid¥RRA AT Liehe FOFEPSRLRAS 40 @k drawings.
exanpl e of the sputtering 44 target in clains.

Inchfaicemee 1y WheRet e fExdniEe HE a@fi gyl sih exbee AN Zifow the
oxide, it contain a hexagonal |ayered conpound

sizeenpritsipgs | nahdnaoxbdgensttk i dIf OkédenfhR2Qh{ ZYImPbnents
where mis an integer of 2 to 20) . For

to an extent that this invention becomes apparent, the ratios

among the individual partsbeingdifferent frominactual devices

and the like. Hence, this invention is not limited to the shown

examples alone. 1Inthedrawings, hatching for showinga section

may sometimes be omitted.

Group of embodiments 1

Hereinafter,eagroupofémmodiments]_ofthepresentinvention
will be described with reference to the drawings.

In the present embodiment, indium oxide, zinc oxide, and tin
oxide powders weremixed inpredetermined proportions. Inaddition,
a predetermined amount of cerium oxide, samarium oxide, europium
oxide, terbium oxide, or bismuth oxide powder was measured and mixed
therein as a third component. This mixture was ground in a wet
grinder for 48 hours, and then dry granulated and press molded
before it was sintered at 1380-1480°C into a sintered article.

This sinteredarticlecorresponds tocanexample of the sputtering
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5 instance, in practical exanples 1-1 to 1-6 to be
described later, the inclusion of such a hexagona
| ayer ed conmpound conprising indiumoxide and zinc
oxide (1n2G8 (ZnO m where mis an integer of 2 to
20) seens to achieve a further reduction in resistance.
This sintered article was cut into a 4-inch ~5-mt)

N rp E whi ch was bonded by netal indiumto a

a 65€k|h@ bt & %of oxygen free copper to constitute a

t t th t t
SpuPEFPRE e et e hy B L %tfegﬁagﬁwtw " Hhised® oxide,

it E%nt% %a%k%%%agl%ﬁﬁ\T%Qef%gﬂ%éﬁgou ée 151 g %ydlum oxide

sputtering ta e pr

andpﬂ‘ﬁél&hydé)f IBX@eer%)ﬁp%te?re % s in EF}E o@é’ ng 20) For

ferent conpositions were na he ta

msscraqm@et he }fQQHEQ%'ddlogﬁaﬁlfplté?;el L@Stp@qusv@owab%laﬂ%ed later,
targets the plurality of types. [Practical exanples

thelihdlaisli Sl 46 Shomm iHetdgohabl eaglefid.cchpPingtédbrising
exanples 1-1 to 20 1-5 are exanples where tin oxide Is

indd um ondtde ankhe ipractict ( exanplze®)inl whede M drsean integer
then, sputtering targets having indium of
of Appe &0 neteetnys 939Amh it oenaardc rzihner ofe cippr drnatet s 1% ance .
by atom Note that in the table of Fig. 1, the
conﬁbéstB@nteaeﬁo@rtb¢l$rnﬁwnmnzunao ané-inah @@ﬂms t) plate,
vi dent fromthe shown expressions, 25 are_ones
WthE‘sYﬂ%Et ?rbd%éwt BEAP Ls i ORMi rrRIiuRP KRG, Péﬂﬁe 2 @xmn free
Wt h Jﬁglct to the total anmount of tE utterlng
COpP&Fg‘é? CGFhStt St Sc??‘éta'felék%%ﬂaé 95r, atpred ?ﬁ?ﬁédp tent,
unt, of r X|de owder_is.f rthe ed to
the g%;kt?loﬁshgéfﬁb i'ndi Um ot ° 43 %bB c%}@%@ﬁb dfided to
a be@é}gﬂhg'}ﬁ # 0% 2PREB TRLRIY, I3, ”{é‘%‘ -Oglg\gt £BRAYS 48 ger. "

a res e sputtering target

exa@HL@hé %e%%@kaéﬁﬁogﬁﬁéH91Q¥?1u951§%,hyf@ s bB < tering
practical exanple 1-2, a predeterm ned” anoun of cerium

targets havingdifferent compositions weremade. The table of Fig.
1 shows the compositions of the respective sputtering targets
of the plurality of types.

[Practical examples 1-1 to 1-5]

As shown in the table of Fig. 1, practical examples 1-1 to
1-5 are examples where tin oxide is 0 in ratio. The practical
examples 1-1 to 1-5 are, then, sputtering targets having indium
of approximately 93% by atom and zinc of approximately 17% by
atom. Note that in the table of Fig. 1, the composition ratios
of indium, zinc, andtin, as isevident fromthe shownexpressions,
are ones with respect to the total sum of indium, zinc, and
tin, not ones with respect to the total amount of the sputtering
target.

In the practical example 1-1, a predetermined amount of cerium

oxide powder is further added to the composition having indium cof
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5 oxi de powder is further added to indium of
approxi mately 93% by atom and zinc of approxinmately
17% nmenti oned above. As a result, the sputtering
target of the practical exanple 1-2 contains cerium
(Ce) of 6% by atom In the practical exanple 1-3, a
predeterm ned anount of 10 samarium oxi de powder is
further added to indiumof approximately 93%by atom
apPPZRE1Fehe Lot 24/pP6d rRit N EA%neht RPREax dBavely A7 mentioned

2boyE3 " B oS hhar (fhh (G Chr 2o L SeE Pt (4he Bractical
i le 1-4 t.ern t of 15
exdf 1 £8) SRR e SRl AR el BT ke S of
' : 93% d zj i nat el .
SoERPUBEELY 0210l o 03] £ 06 BLBRBERS ISV corium

oxibdl gelvdelr tihe Mnald Cali xRl & nlridm %%”tagﬂ;;{a}}tﬁ%‘{@ UMo3s py

(Eu) of 10% by atom As above, in these

atofXaAB| £5nc GaY bgb?s]ros@martqu 1328 Gn&WF DR SN AR SOl 20resuit,
as exanpl es of [anthani des. Needl ess to say, other

thel apete desg TR diSOoberHsegrddt 1hel peaehipgal BXxanphbatains
1-5, a predeterm ned anmount of bisnmuth oxide powder is
cerfiumt heTe addéd 620 hndiuomof approxi mately 93% by atom
and zinc of approximately 17% nenti oned above. As a
resdht thes phectspial eekagpiar det3, ofa theepebetntaeéd amount of
exanple 1-5 contains bismuth (Bi) of 6% by atom _
SampPLgEt PEafe exampe est sl feintdier 9idad ShoWwndiwntde argblaximately
. of Figﬁ.) 1, a practical exanple 1-6 is an exanple where
93%; Ri ahPBxPEE, Z2PAcObxaRfer OaHR E e h oki Hengiwared A alfe. As a
al.l_ m xed. The practical exanple 1-6 is a sputtering
res{dtyor Ry oG b 1k LRY P T8 ORT AP 509 b 4t G Ample 1-3
inc of _a roxin‘q{)l 6% by ato and tin of
con;tﬁplrno%srraaltggfﬁugb/o Ssm%t%é g,& %ryeg%i%r?m ned anount of
In the practical example 1-4, a predetermined amount of
europium oxide powder is further added to indium of approximately
93% by atom and zinc of approximately 17% mentioned above. As a
result, the sputtering target of the practical example 1-4
centains europium {(Eu) of 10% by atom. As above, in these
practical examples, cerium, samarium, and europium are shown
as examples of lanthanides. ©Needless to say, other lanthanides
may also be used.
Inthepractical example 1-5, apredetermined amount of bismuth
oxide powder is further added to indium of approximately 93% by
atom and zinc of approximately 17% mentioned above. As a result,
the sputtering target of the practical example 1-5 contains
bismuth (Bi) of 6% by atom.
[Practical examples 1-6 to 1-9]

As shown in the table of Fig. 1, a practical example 1-6 is

an example where indium oxide, zinc oxide, and tin oxide powders
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5 haf ni um oxi de powder is added further. As a result,
the sputtering target of the practical exanple 1-6
contains hafnium (Hf) of 5% by atom A practica
exanple 1-7 is an exanple where zinc oxide is 0O in
rati o. Then, the exanple is a m xture of indium oxide
and 10 tin oxide. The practical exanple 1-7 is a
s%qhtgﬁggtharget havi ng i ndi um of approxi mately 91% by

A€ fom and ti'n of approxi mately 9% by atom A

pr e@‘ﬁﬁe%fﬂ@@&@f@%%&pﬁ% fagtalu u@%'eg?rallggc\é%jle%?t{ ﬁﬁ%q_g}%dindium

further. a result, the sputtering e

of RppTUxGaatIMMR by G aiNsd ac‘lgﬂ?c(x-rl"i‘l)atcglgy 365'a—ésr gfgg atom,

by atom A practical exanple 1-8 is putterin

andh@¥hngfi aelh bk i 0kt appr oXivRtaldmn 91% by o AnRdnkiunalbunt of
approximately 9% by atom A predeterm ned anount of

ha fireinkm uodxiedeppeveer 1s adihed f Ehtherer. AS & reswdsult, the
the sputtering target of the practical exanple 20 1-8
spuddre mimg tarde umf The pfab%ily lakaempA @lact t6akains hafnium
ex%ggle 1-9 is a sputtering target of 100% i ndi um
(Rfgxife. SA PBreddtwtmi ned amount of cerium oxi de powder is
added further. As a result, the sputtering targets of _
t heBpPhaflrear! examplesl 1l d edehcxgArdienwBerEuRmiiCedxbfle is 0
. 6% by atom 25 The sputtering targets nmade thus, were .
in 3ebdtin SACRE ﬁﬁgn@e&dwl%ph%t%rﬁnhgtwﬁaﬁtldl%% oxide and
. _filns, on | ass _substrate (#7059.from_ Corning, Inc.
e R0 ey P RS eI HIAr B T miSubsEEkid e 7ok Earget
oray .l ndustries, | . ahl e of Fig. 2_shows .
haﬁ%ﬁsuﬁéﬁ%ﬂ%ﬁ 6ﬁ§tﬁgﬂ%ﬁ§gpgg%eﬁ?7p%&ﬁbr??ésagfm{hgﬂqﬂr%ln of
apprdEnd ebii,cased, thus, The %?Qh%t@yﬁﬂhééyaﬁ% ntzoEStantalum
one show ng the values of the transparency and wor
oxifdengidwisrof scongucd | ¥erthkrs, @@ﬁe§°PQ§E§hYGHMér@?uttering
0

being fabricated by using the sputtering targets
tarbhﬁ:kﬂTQ@@lylactical example 1-7 contains tantalum (Ta) of
5% by atom,

A practical example 1-8 is a sputtering target having indium
of approximately 91% by atom and tin of approximately 9% by atom.
Apredetermined amount of terbium oxide powder is added further.
As a result, the sputtering target of the practical example
1-8 contains terbium (Tb) of 5% by atom.

A practical example 1-9 is a sputtering target of 100% indium
oxide. A predetermined amount of cerium cxide powder is added
further. As a result, the sputtering targets of the practical
examples 1-9 each contain cerium {(Ce) of 6% by atom.

The sputtering targets made thus were used in an RF magnetron
sputtering system to form films on a glass substrate (#7059 from
Corning, Inc.)} and a polyethylene terephthalate film substrate from

Toray Industries, Inc.

The table of Fig. 2 shows measurements on the physical

47



10

15

20

25

5 practical exanples 1-1 to 1-9 and conparative
exanples 1-1 to 1-3. This table al so shows the
physi cal properties of the sputtering targets
thensel ves in the foregoing practical exanples 1-1to
1-9 and the conparative exanples 1-1 to 1-3. Initially,
as shown in this table, the sputtering target of 10
propletpeachf ctle examle 1hs1f Hiasi da€easiHys Of 16.662 a8/1GC shown in
and a bulk resistivity of 2.3 rrD-cm The thin film
Fidf.olndd omd hol fisg tsebshilake by wsieng ddtesspreheki Bad work
target of this practical exanple 1-1 exhibited a
funcdsian $ viotty ofn@60tiMecnf abnsa thanspadncyioé &3%ms being
Besi des, the work function was 5.72 eV. 15 As for the
fabatich tred chir astiend sthie, spesitdudn aer 2raet sobserttesl fategoing
all. Moreover, the th|n filmformed on the film
Pragiicia htexaBylasi aglt he $pd A8 AEMEATREIE ehamples 1-1 to

pract.ical e le 1 exhibited a resistivity of 980
1-34 3,‘11; 13n§2 ﬁ@rpa?ﬂsfoaréﬁey’softfs%whygésq@esprpﬁ@rv\;dr% of the

9. dent al | t
k00400 Vo 5,58 . p0, e b e g cngsr i
exgﬁg e@rpbf P?tﬁog Sh%?%% Jﬁé%%é@&%%b' amples 1-1 to 1-3.

rochem c Lt d. eover

gga@§@€E§T§yesa¥E§ﬁb&ﬁQQ§Q%E%aESS§e atnha ¥@N@é§¥%&§'{grget of

nm The work functions were neadured

theRpkaBtKekki ekamp1kt d-1Fak st Be 4@hehitR9o%56.62 g/cc and a bulk
characteristics, the mark "double circle" in tthe table

resfBaNg i tRPOoKeED, @Um'tcr@| | ’Tﬁ@etfmﬁkflqm{ Cf Srmbit thrP the glass
residue, the mark "triangle" a slight anount of

subségiadueshyand itde vhek shartossring kangetan@anthdfs practical
resi dues or that etching was inpossible. The sanme also

exahpllds fierl t behfiddiltomd ng desedisptioinsy 48 | pathenQ-cm and a
practical exanple 1-2, the sputtering target has a

tragemangn ey Bt 9%/ ccBand de shulthe et ifungt pnows® 5.72 eV.

pcm The thin filmformed on the gl ass substrate by
As EQFnEh?h‘étgﬁ‘&ﬂ%ﬁWa‘%%‘?ﬁé?téFft Bies lﬂ%@ ieeFe e&%m}éserved

al %_ex@&%é&%&g}rgﬁés%hVIt¥llm formed on the film substrate

by using the sputtering target of this practical example 1
exhibited a resistivity of 980 pd-cm and a transparency of 87%.
Besides, the work function was 5.55 eV.

Incidentally, theresistivitiesof thethinfilmsweremeasured
by the four probe methcd (Loresta: from Mitsubishi Petrochemical
Co., Ltd.). Moreover, the transparencies were transmittances
at a wavelength of 550 nm. The work functions were measured
by AC-1 from Riken Keiki Co., Ltd. For the etching
characteristics, the mark “double circle” in the table means
no residue at all, the mark “circle” little residue, the mark
“triangle” a slight amount of residues, and the mark “cross”
a large amount of residues or that etching was impossible. The

same also holds for the following descriptions.
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5 of 1850 ~Mcm and a transparency of 90% Besides, the
work function was 5.62 eV. As for the etching
characteristic, residues were not observed at all
Moreover, the thin film formed on the filmsubstrate
by using the sputtering target of this practica
exanple 1-2 exhibited a resistivity of 1880 10 pQ cm

andlgl. gch@g . rc%ri%%él()fex% i leB“als—iZdesc’hlete @%{J\é\&rerﬁq%nugncttairognet has a

was I'n the practical éXanp
i t ity .Qf .6..7 /
cergiey el Bg;nskoske b 3, ERLAL G5 0D W en. ohe

thien fihe gbase SubSthatgl B¥susiPgtihe SBYt 8 hRYt ke sputtering
target of this practical exanple 1-3 exhibited a

targesi sdf iiys Ptadbl calQexmmpteal tpasspaancyd of 888 stivity
Besi des, the work function was 6.03 eV. As for the

of atadl ngfchar aci®ra st rensphesirtiieso epesnot pehselyed ahe work
all. Mreover, the thin film formed on the film
fungifsant ave shyd us¥ ng't-he Bputficeri hhet arget iR ethatisteristic,
practical exanple 1-3 exhibited a resistivity of 810
resguas aners fednspasene§dofta @bl Bediidesovee Work thin film
function mas,ﬁﬁgs eV. In the practical exanple 1-4,
formad <Put tBFi Ad Waryttshaets Pdernsityd ofhe. sputgiekingdtarget
bul kK resistivity of .2..4 _nK-2- c he thin 25 film
of PBlted Tt i b SEaRRABSIF A BX5y It 96 § Her Shat £8 g Of 1880
target ,of this practical le 1-4 . exhibited a :
ue2 'rcené?asrt“ijv‘_f't%/r%flsg’é(fer[qb%ﬁlxﬁ%' a %’Fgﬁ arerdddf df° Bhofunction
wasBesigies,ythe work function was 5.78 eV. As for the
etching characteristic, residues were not observed at

a'|InNBEEOE%éctHE%lt@&Bm@h%wﬂtgﬁ”%%eo%th%érﬂd@‘%%rget has a
substrate by using the sputtering target of thi's

den@ﬁ@?tb@a%.7gxéaﬁbea$d4aebﬂhhi&%giét&%§kgtbfiﬁYO@fmﬁith The
~tQcmand a transparency of 8B% Besides, the work
thifwAd¢limofiowas BoR3t kY. glassheulps ackiceabyexaimbhet AeSsptibeering
sputtering target has a

target of this practical example 1-3 exhibited a resistivity
of 750 uQ-cm and a transparency of 88%. Besides, the work
function was 6.03 eV. As for the etching characteristic,
residues were not observed at all. Moreover, the thin film
formed on the film substrate by using the sputtering target
of this practical example 1-3 exhibited a resistivity of 810
uQ-cm and a transparency of 87%. Besides, the work function
was 5.93 eV.

In the practical example 1-4, the sputtering target has a
density of 6.81 g/cc and a bulk resistivity of 2.4 mQ-cm. The thin
filmformedon the glass substratebyusing the sputtering target
cf this practical example 1-4 exhibited a resistivity of 460
u2-cm and a transparency of 89%. Besides, the work function

was 5.78 eV. As for the etching characteristic, residues were

not ocbserved at all. Moreover, the thin film formed on the film
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5 density of 6.93 g/cc and a bulk resistivity of 0.82

mcm The thin filmfornmed on the glass substrate by

using the sputtering target of this practical exanple

1-5 exhibited a resistivity of 880 [tQcmand a

transparency of 87% Besides, the work function was

5.63 eV. As for the etching characteristic, 10 residues
sub¥ef €2 06t bgbses ved ahealdpuibEeover ¢4 thio® fHM practical

fornmed on the filmsubstrate by using the sputtering
exdrDet 1-0f thirsiprecti cal ol evit) exhibiied |@).cm and a

resistivity of 960 ~tQ cm and a transparency of 87%
traBespalesnciyhe fwbBR .f uBetsiote s washs. wdrkeVfudbthinn hes 5.73 ev.

practical exanple 1-6, the sputtering target has a

dendint e hef p@.agx ig/adc exadpd sbulHo ,r ddisstipritthye mifnd). ©@6rget has a

mdcm The thin filmfornmed on the gl ass substrate by
denggitiyg ofhé - Sput/erd mgd wabydt afestifsits vartactdfcdl. Séxan$pl em. The

.1-%, xhibited a resistivity of 670 pfl-cm and a _
thin ﬁgﬂhfé’ﬁ&?cbfms £ BbePdeSULPhe AT RY20SEBScENENSRAStering

5.62 eV. As for the etching characteristic, residues |
Car i DS P baH S I Bh bovor > PRE I TP4 4 nSoistivity

d~on . the filmsubstrate b the sputtering

f .
of EHUR G (974 Br &L= BRARYI 6 1.6 bxhi BRcediGe: the work
fudﬁ%ﬂéﬂ'%@@’§f6§5%V'm4ﬁ@Eyg%a&g%agﬂﬁﬁgﬂgyﬁgﬁégg%eristic,

Besi des, the work function S

resirAcd & cab rexamy &dsdrvbhe sPWTeri ngotargel hash@ thin film
density of 6.92 g/cc and a bulk resistivity of 0.72

forifedt com The ftihind filher fateed 0N dheg gtass splstd Al BgbY¥arget
using the sputtering target of this practical exanple

of Ihi exhiditedad eesirgtlie/ilys 580xbib54@pfd emandiaity of 960
transparency of 89% Besides, the work function was

Q2 -6c2aey. a Asrhospieheret who figs thar aBeedidets c,t he esbdkesunction
were not observed at all. Mreover, the thin film

was 5.61 eV.

In the practical example 1-6, the sputtering target has a
density of 6.95 g/cc and a bulk resistivity of 0.96 mQ-cm. The
thin film formed on the glass substrate by using the sputtering
target of this practical example 1-6 exhibited a resistivity
of 670 pQ-cm and a transparency of 88%. Besides, the work
function was 5.62 eV. As for the etching characteristic,
residues were not observed at all. Moreover, the thin film
formed on the film substrate by using the sputtering target
of this practical example 1-6 exhibited a resistivity of 750
u-cm and a transparency of 88%. Besides, the work function
was 5.60 eV.

In the practical example 1-7, the sputtering target has a
density of 6.92 g/cc and a bulk resistivity of 0.72 mQ-cm. The

thin film formed on the glass substrate by using the sputtering

target of this practical example 1-7 exhibited a resistivity
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formed on the filmsubstrate by using the sputtering
target 5 of this practical exanple 1-7 exhibited a
resistivity of 540 S2 cm and a transparency of 88%
Besi des, the work function was 6.17 eV. In the
practical exanple 1-8, the sputtering target has a
density of 6.91 g/cc and a bulk resistivity of 1.05
of EgnuQthen 4A4t Ai nfddspheered Jr thesgl ags Subsiratge work
by using the sputtering target of this practica
furexaihph e wbs8 @xBDbided aAmesisti vty eofhBAQ icltdradtdeaistic,
transparency of 89% Besides, the work function was
resgiPeaWwene mas toeeoiect @i rgl 1l r esMduesveer,e thet thin film
observed at all. The thin filmforned on the film
formarktpat Ehes fhy st WSt Rateplan &g haat Ahgetsmofttdring target
practical exanple 1-8 exhibited a resistivity of 860
of S BIRC B FRanSFATENLy bT 7 88¥6 1ohéSidies rahks Wbk ty of 540
Q_functi nwas 5.61 eV. In the practical exanple 1-9, the
MO it B AgtFAPGER HHC KR OdehlFty BESE.IRF g/idec anark function
waDUW k fegbstance of 2.8 nmQcm The thin 20 filmforned
on t%e gl ass substrate by using the sputtering target
of thi r i-cal.--gx - hi ki t J St Vi
of 19502 B e and s P hRdSarondy o SOUt e Rbe dadey has
f t igQn . : f.qr. .t i ng .
Ao S actor st &/ Fodh e Bl Terde e 8 Jog o The
thitrhifd 1fr E@rheydred eRet feakbisl subybstiat 8 y28sPhquehBIspi€tering
sputtering target of this practical exanple f—g
tareydti b f ech &sresbastiividly efarldbd 1 QBcaxanithited a resistivity
transparency of 88% Besides, the work function was
of BLB el Mhemaeval watedsgorencystedl 180ty BbsduHs anthe work
X-ray analysis, the thin filns of these practica
funsiEmpt é¢23- §-£6 £Y9 shdwddh ot biepedketedrifignmrgsitaes were
al] were anorphous. As described above, according to
not RRSE IS et cat Lexakhprekhnini§11n fygeedan theobiamnsabstrate
conductive filmof .high work functjon

by using the sputterlné;target of this practical example 1-8
exhibited a resistivity of 860 uQ2-cm and a transparency of 88%.
Besides, the work function was 5.61 eV.

In the practical example 1-9, the sputtering target has a
density of 6.78 g/cc and a bulk resistance of 2.8 mQ+-cm. The thin
film formedon the glass substrate by using the sputtering target
of this practical example 1-9 exhibited a resistivity of 1250
pul-cm and a transparency of 89%. Besides, the work function
was 5.68 eV, As for the etching characteristic, residues were
not observed at all. The thin film formed on the film substrate
by using the sputtering target of this practical example 1-9
exhibited a resistivity of 1450 puQ-cm and a transparency of
88%. Besides, the work function was 5.66 eV.

When evaluated for crystallinity through an X-ray analysis,

the thin films of these practical examples 1-1 to 1-9 showed no
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whi | e mai ntai ning high transparency. 5 Next, the three

types of conparative exanples were also sputtered into

thin filnms as in the foregoing practical exanples.

Then, the physical properties of the formed thin filns

are also shown in the table of Fig. 2. As shown in the
table of Fig. 2, the sputtering target of the 10

pediOMRAIA ELRXAM e il has auflesgldye of 6.65 glcc and

‘oulk “resistivity of 2. 5 mQ cm The sputtering

tar get defsdriiveCcampatat b¥eoraxagpPte dhds¥asrisedcsD examples,
forma thin filmon the glass substrate as in the

it fier egaisi@lpr act cbakiaxanpbaducthive thim &flmisASwEB8R function
40-cm in resistivity and 89% i n transparency. The work
whifluneid lort aniasi ry 221 dlIS Enangsarfarcy he et chi ng
characteristic, residues were not observed at all
Mor devdr,, e thueeetivivgst atfgetomparatsveosparatlieve were also
exanple I was used to forma thin filmon the film
SPQ§J5§F¥hﬂ@t§StPﬁntﬁélm6r%@théheprE?EQéPgeRéﬁﬁFé§alT%¥%mPleS

TheT ki f"ﬁym sa%%e%%%“ﬁ's%?%?%'n% e S, 15 B are also

shé%%T?ent tte% get of the conparative
xaine T 2 Frast a® ensﬁty of 6.85 g/cc and a bul k

resizd kbl o G 88000 pithe SPUhLErlig daIget Dlget of the

hi s conmparati ve exarrp e S use

conﬁﬂa{rrﬁtoﬂfé h@x&hﬁﬁé substrat g QiSerlsrlLé)heofOBelQ' RBYcc and a bulk
practical exanples. This thin filmwas 170 VQ cmin

redias S 4 bY 225 Iﬁﬁdc%O%T}rﬂe Ebﬁ@%@%ﬁﬁ@@ar Jheo K s comparative
function was 4.92 eV for the etching

exZlpelreaclt-€elr ivsid OJS&EdItaf g@omrwrﬁhni fegh destnerglass substrate
observed whi ch precluded the etching. Mreover, the

as sputhieef d Nggo 1@y getacafi cahi sxagmpas at ITra seklahplfd 1in Ra 880 pf2- cm
used to forma thin filmon the filmsubstrate as in

in rheipbiEdslmn Pridct Lodlranemplawcy 52 Tiis sorkifinidt amegs 5. 22
680 j.icmin resistivity and 89% in transparency.

eV .BeddE]r thf SRGTROURRETBATRESSE1ES Wl%?%d{f‘e’?e npfieobserved

ttering target of the conparative
a?f. Moreover gthe sputtering target o t {rg comparative example

1l wasused to formathin filmonthe filmsubstrate as in the foregoing
practical examples. This thin film was 420 pf2-cm in resistivity
and 88% in transparency. Besides, the work function was 5.18 eV,

Then, the sputtering target of the comparative example 1-2
has a density of 6.85 g/cc and a bulk resistivity of 0.46 mQ-cm.
The sputtering target of this comparative example 1-2 was used
to form a thin film on the glass substrate as in the foregoing
practical examples. Thisthinfilmwas1l70ufd-cminresistivity
and 90% in transparency. The work function was 4.92 eV. As
for the etching characteristic, a large amount of residues were
observedwhich precluded the etching. Moreover, the sputtering
target of this comparative example 1-2 was used to form a thin

filmonthe filmsubstrateas inthe foregoingpractical examples.
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1-3 had a density of 6.90 g/cc and a bulk resistivity

over MOcm 5 The sputtering target of this

conparative exanple 1-2 was used to forma thin filmon

the glass substrate by the rf nmagnetron sputtering

nmethod as in the foregoing practical exanples. This

thin filmwas over MO cmin resistivity and 89%in
Thits anspar eBeym FhHe WOB K fumctinon nwas & H58eMifs fordtheos in

etching characteristic, 10 etching could not be done,
trasparehtig b8iesg damposshbl wor kbeowet pnt e ssput 8 ®r &g
tarﬁgt of this conparative exanple 1-3 was used to
f or MPASONPE /f FPf BRUERETLNENtanBst raf eche admpawanere example

manner. This thin filmwas over Mxmin resistivity and
1-3gBogli & demmsiparendy.90Bedicdeandt &bl ke esuirfettl ot ywasyer MQ- cm.

5.55.eV. 15 Th b f th t t
The SRR HES gy e Lot ek QP RRATLRE CORPRA (v vas used
co B e 1T H R IR T Toho of Vst PBor Gymapnetron

t
practical exanples have unctl

spu . . e ANy E i
P BUSALERG LBk U M TR 00 B A1 POSPENENEL s

thi@)rfﬁ?ﬁ_glavmg o%oﬁlfh'@féﬁ%ﬁ%s%%&y&et%i 8%%1 thtit‘.llgansparency .
d f11Tnms as

evices are fabricated by using suc TFhin

Theshownk fiundtheopract bcab exanph ¥ f+0f hkranspah8haracteristic,
el ectrodes thereof, it is possible to obtain devices of

et chipraovedulhbl poitnjleet domer,at ebe Sutwhlygofbébrggrimpestible.
enbodi nents 1 25 As descri bed above, according to the

Morgeyedt, ofheheplititsir roupargltt ke priesentompeerdt one example
the inclusion of such netals _as |anthani des and

1-3n4psi iRafhKkes ferpoasipie £61pr ovi ddea ftidansppehrate in the
conductive filmof higher work function while

SamgaMAfEied -ng T ahdphkeicyln A s pvas MR cactori pystavity and

88%t?% Eg%%%} inyentioH,SLt bepoqgidpossﬁégg 53 %o obtg{%S oV
of fant 8 "EP VA C8s afid SdFfGar & Phasphordsrehiant ype

L P ST JEiLep Sl MONE:DOLE LOLSELL Ve praceicad
examples and the comparative examples, any of the sputtering targets
of the practical examples have a work function of 5.50 eV or greater
in value while maintaining a transparency of 87% or higher.
Consequently, whenorganicELdevicesororganicphosphorescence
type light emitting devices are fabricated by using such thin
films as shown in the practical examples for transparent
electrodes thereof, it is possible to obtaindevices of improved

hole injection rates.

summary of the group of embodiments 1

As described above, according to the aspect of the first group
of the present invention, the inclusion of suchmetals as lanthanides
and hafnium makes it possible to provide a transparent conductive
film of higher work function while maintaining transparency. As

aresult, according tothepresent invention, it becomes possible
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5 [Enbodi nent 2-1] Initially, with reference to Fig. 3,
description wll be given of an enbodi nent 2-1
according to the organic EL device of the present
invention. Fig. 3 is a sectional view of an organic EL
device 100. As shown in this diagram the organic EL
devi ce 100 has 10 the structure that an anode | ayer 10,
to @b orarp ey dnricnBiceay i cleayemdlérgndi @ mad SpHe rleayRince type
.16 are |am nated on a substrate (not shown) in
11ighe €84l ol 9 Hardli aRs odr impesseichhpdr inmiectincent fatdencies.
on the anode |ayer 10 and the organic | um nescent
| ayer 14 which are the characteristic 15 parts of the
enbodi nent_ 2-1. The configuration and form ng nmethod of
the?ﬁﬁgﬁiégiﬁﬂgﬁﬁiﬂﬁﬁﬁéhﬁg, such as the cathode |ayer
16,[E'qug%%n%e§ﬁghbed in the briefest form As for
part's at are n nmenti oned, various configurations
and f.qrni rall no i,n the fi,eld o .
orggﬁggqéﬁq éV|ggg§ﬁ§%?%§C%fﬁygﬁﬁrg@bg?SFﬁ&P&éﬁ?%T+£%be‘glve“
of AMeh i okdi I |3 ; f
P e e R e
inveetikef.er red .t g gl hegbivaloh A5 W OWL A)a AN §haAYR Brldevice
or B-2 (which wll hereinafter be referred to
100col IFectstveby BS ok 08pdBhgtranhe 2k dasgshbedeheleWice 100 has
Nevert hel ess, the cathode |ayer 16 nay be nade of the
thef grtagoi tigr endhganian aonpbundsy #heb0t hanwerdg et i @Msnescent
of the foregoing inorganic conpounds are rendered bel ow
laygr ldvand valarthody Towstr tlentr emdteerirad sedf otthe substrate
anode | ayer 10 54 The_anode | ayer 10 of the present
(HQ5ﬁﬁﬁﬁ%%¥tl?-f%ﬁﬁﬁﬁ%léﬂther the constitution of
conhainLng an iqgr anj c. compound of the follow ng
or ol AT GhG s CoHpOUNELOR i GPBGRRBFALEPN the anode layer
10 ﬁ%?ggﬁ%&’%‘%% %&Lr}lgng%%t%sﬁg #%}%g%z;ﬁ%hfgﬁta?e”'tﬂg Haracteristic

parts of the embodiment 2-1. The configuration and forming method

of the rest of the components, such as the cathode layer 1le,
will be described in the briefest form. As for parts that are
not mentioned, various configurations and forming methods
generally known in the field of organic EL devices may be
employed.

Incidentally, in the embodiment 2-1, the anode layer 10 1is
made of compounds of group A-1 or A-2 (which will hereinafter be
referred to collectively as group A) and group B-1 or B-2 (which
will hereinafter be referred to collectively as group B) to be
described below. Nevertheless, the cathode layer 16 may be made
of the foregeing inorganic compounds when the work functions
cf the foregoing inorganic compounds are rendered below 4.0
eV in value.

(1) Constituent materials of the anode layer 10
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5 group A-2 and a conpound of the group B-2 in
conbi nation. Note that the conbinations of inorganic
conmpounds of the group A-1 and conpounds of the group
B-1 and the conbi nations of inorganic conpounds of the
group A-2 and conpounds of the group B-2 have sone
over | appi ng conpounds: 10 G oup A-1: chal cogeni des,
oxyrilie aflede lofydt Loigleshefp@ser®enboBimBRt £ aldpts either
Zn, Cd, and My; G oup A-2: chal cogeni des, oxynitrides,
thqwon$titdESODbf@mnﬂﬁiniﬁ@an@ﬁpr@@nﬁﬁboﬁﬁbu@@@fMﬁefollowing
Group B-1: chal cogeni des, oxynitrides, or nitrides of
group |Aamit e dessompllr@ aup B gohab genidesorifination or the
| ant hani des. The conpounds of two types, the group A
corgid e Yr Sdpcentaieinghas icontdateld Issowesed pfi she following
difficult, as described above, for either one (group A
ITOHP YT HFFBF HRIVMDAANT GrgHRi B~ 2 dRpoeiei patiaor gditee that
thegocgqggougd) alone to increase the val ue of jonization
potent T af “1effe &l VEISE IZPEET FRERNAY AT 1o sthprgreypt A-1 and

[ el i%gtion otential ,to val ues ahove .
o G R nebiuanery Frlo ThBr Ui £EBB BRI bf Sfnpnoraanic
. oA 0 , Qr.th
Congfnégsr&g%ﬁi %fg%wenpoipn%%lgof ?ﬁ%‘qéz*g&&?gﬁﬁ% g&a;?g]et ﬁ%ou&g -2 have

s onOMPeSAUS pefi ihe-Gfe8anBs2, can be conbined to
constitute the anode | ayer 10 so that the ionization

pot emioual AhAS chan exidrarRlsy, bayger¥ahue, fr Rit8i8¥sUF si, Ge,
above. As a result, an organic EL device can be

Sn,olbai wed Vim,clinhasdexeeld ent; durability and
transparency, a low driving voltage (low specific
r esispaRc)s : Bhadmddeingldesundnescencees pteansityides of Ge, Sn,
Mor eover.. the conpounds conbi ning the inorganic

PP, cERpodRds Z8f Cthe 3ol :A- 1 and the conpounds of the
gro B-1, _or the conpounds conbining the inorganic
con%gﬁﬁﬂs B {t

Fli ot s et ORYdSidiafds or nitrides of

lanthanides; and

Group B-2: chalcogenides of lanthanides.

The compounds of two types, the group A and the group B, are
thus combined because it isdifficult, as described above, for either
one (group A or group B) of compounds (ocrganic compound or inorganic
compound) alone to increase the value of ionization potential
effectively. Specifically, it is difficult to increase the
ionizaticon potential to values above 5.8 eV.

Consequently, the inorganic compounds of the group A-1 and
the compounds of the group B-1, or the inorganic compounds of the
group A-Z and the compounds of the group B-2, can be combined to
constitute the anode layer 10 so that the ionization potential has
anextremely large value of 5.8 eVor above. Asaresult, anorganic
EL device can be obtained which has excellent durability and

transparency, a low driving voltage (low specific resistance),
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5 of the group B-2, are characterized by having
excel l ent etching properties to acids such as
hydrochl oric acid and oxalic acid. Specifically, the
interface between an acid-treated part and an
untreated part exhibits a snooth section, which allows
clear distinction between the areas of the

andch tighr eatreithpacénand ibhenld tipt reat ed part. El ectrode
| ayers made of such inorganic conpounds thus have
el edtomsaeepat teensorgfowxdeldoebti rdineht BY iy LA s ®Rompounds of
with the effect that even m croel ectrodes and

thespg@etipolied aid ddrpldcomoetdshafeshargrdgs 8{ir,one the compounds
di sconnection, deformation, increased resistance, and

comiy gy §8e GrsinY e i hePHRARRIE G EBAJEr M 8-2 and the compounds

ecifically, the inarganic conpounds of groupA-1
of ?Cﬁﬁa lﬁfé’uPSi%?'( PLS Ghamaferigak qu having jexogllappoetching
prcgp ey 5 Arihs Jitn 1BSyrvGaRentiegs Seishand aimee actd.
Spél\%ﬂf]&aﬁg/qoth@%%Qe%celBgewgg%ggaqw%éznigc?—gﬁﬁ%\gﬁed part and

reover, “the inor gani ¢ conpoun

on BRGS0 LOGERR 000G P TIOWS c co

diNatnsal bit, b&Blleker enerans 1exbeesnef 1&g +t3h &P part and the
sulfides of Zn. In particular, in the present

unterdiode deart Zn AleOrragd ZnagedsSmade Ot alwdySihBrganic
their respective regular 25 conpositions of 1 : 1 in

compatinds Cohpeurdsrowt Lot trheleproporé tnasofak&kdd SPent etching
i ncluded. Moreover, particularly preferable materials

PregioingP he Withor ¢die ceddmpduntbasf ¢hengrouprdel eand-ddes and
group A-2 are chal cogenides of Sn, In, and Zn or

elelﬂtth“?%%é odt CPRE liad e TRE apessBRe TR FoP s tpslihaennection,

defépese conpounds, as partly descri bed above, have

a1 o5t abs Bt B oE?F%éFéﬁ%ﬁor?%ﬁa?Pe§F“quenching
g;oegghiei &%Ogargacuk%r %nogg tg?ztna;?ﬁngicgﬁrgg?nds
traﬂ%E@@%&Bﬁf%ﬁally,theinorganiccompoundsofgroupA—linclude
SiOx (1 £ x < 2), GeOx (1 £x <2), Sn0,, PbO, In.0;, Zno, Ga0, CdO,
Zns, ZnCe, CdSe, InxZny0 (0.2 < x / (x + y)} £ 0.95), Zn0OS, CdZno,
CdZnsS, MgInO, CdInC, MgZnO, GaN, InGaN, and MgZnSSe.

Moreover, the inorganiccompounds of thegroupA-2 specifically
include the foregoing inorganic compounds of group A-1 excluding
5i0x (1 £ x £ 2) etc. Naturally, Zn0O here means oxides of Zn,
and ZnS sulfidesof Z2n. Inparticular, inthe present embodiment,
Zn and 0, and Zn and S, are not always in their respective regular
compositionsof1l: linratio. Compounds out of the proportions
are also included.

Moreover, particularly preferable materials among the
inorganic compounds of the group A-1 and the group A-2 arc

chalcogenides of Sn, In, and Zn or nitrides of the same. The reason
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5 that nore amounts of |ight can be taken out. O the
chal cogenides of Ge, Sn, Zn, and Cd nentioned above,
the oxides thereof are vyet preferable in particular.
Group B conpounds Now, the conpounds of the group B-1
specifically include Ce203, 10 Ce02, Prc, 011, Nd203,
SM203, EU203, Gd203, Th407, DY203, H0203, Er203, TM2O03,
foYb20Bs LE20RatCeNe I Nolledin 88NN, aBUNa AN, JONe PR above,
HoN, ErN, TnN, YbN, and LuN. They can be ‘used al one or
havonbhadliests afs¢mpt dbnnece f £ ypeeneb bhesena MESOVEenching
t he conpounds of the group B-2 specifically include 15
Praprst desconbpaations af awonortimerinsypesisekeaiedifd®mf the
t he group consisting of Ce203, Ce02, Pr6011, Nd203,
gr%wo?g,-l BY20 %, hHORO3L PER2G3, WINPD3ex¥B203ntartdr at@p3rency so
EU203, Gd203, Th407, O these conpounds of the group
Ehad FOLRARAL GRS BIBTE ©XF BEsE2 benCat Nd,OSihemha¥sogenides
d i, e., 0 Nd203, SMR03, EU203, Th407, 20 and
of %Zog'bﬂdr eZVeta%e¢%r%%P .lo?ﬁglgraz’éévoﬁv f e tprsdrs shegeot are
yed Moo ASHRA Uy (geEE LG Above, the use of these

I norgani ¢ conpou can'increase the value of the

| onigzahi®ne PRLARLILAIGd N the anode |ayer 10
eff@tﬁ/%'y.—(?crﬁ'[‘e"m“of the group B (group B-1 or group

B- 2No6Q el BEmpaanNeX s t HesFduy Bon SMddi A& Qivetnh of ude ce.0
t he content ofpt he group %ﬁzgdrgoup Bswl olr grou\épBr-lz nee Hey

CeOt [Hrsber riedi @y, 3 dog, Suiph y GASOYr DBROR) Dy SoNaesHd, EMe;, Tm,0,
content of such a group B conpound preferably has a

YboQal de2Qb 4 el t BeNy, aldié, fmd). EGNanddB0 BN Y%DAN, hHbNe ErN, TmN,
total anount of the anode |ayer 10 as 100 at.% The

YbNp eag@d-or fThiey 67nike uhed d¥onherconnehnablionhe Hewpor more

B conpound falls below 0.5
types of these.

Morecver, the compounds of the group B-2 specifically include
ones or combinations of two or more types selected from the group
consisting of Ce;0s, CeO;, PrgO;;, Nd:03, Smp0;, Eu,0s, Gd,03, ThaO+,
Dy203, Hoz03, Er,0;, Tmp03, Ybs0i, and Lu,0;.

Of these compounds of the group B-1 and the group B-2, oxides
of Ce, Nd, Sm, Eu, Tb, and Ho, i.e., CeOx, Nd,0;3, Sm;0s;, Eu,04, Thy04,
and Ho,03 are yet preferable. The reason for this is also that,
as partly described above, the use of these inorganic compounds
can increase the value of the ionization potential in the anode
layer 10 effectively.

Content of the group B (group B-1 or group B-2) compound

Next, description will be given of the content of the group
B (group B-1 or group B-2 will be referred to simply as grcup B)
compound. The content of such a group B compound preferably
has a value within the range of 0.5 and 30 at.% with the total

amount of the anode layer 10 as 100 at.%. The reason for this
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at. % the anode layer 10 deteriorates in ionization
potential adjustability. Specifically, it mght be
difficult to adjust the ionization potential into the
range of 5.65 and 6.40 eV. 5 On the other hand, when
the content of the group B conmpound exceeds 30 at. %
there m ght occur a conductivity drop, coloring, or a
is tohanspaf ety ddr e té ansHd td AHEE) Bk ORp oGRS egYant be1ow 0. 5
in view of better bal ance between the adjustability o
at the thed umodet heyeoni cafito8rpeteidalid ndhe; an9de pdlential
| ayer 10 and the transparency etc. , the content of the
adjgraupb Bléopoursdeuref erably, has mivakubewiit bifa e to adjust
range of 0.8 and 20 at.% and vyet preferably a val ue
theyiktihzahéopapgeagft Sahndnt 0 ahe %angd lof he. 66okakd 6.40 ev.
anount of the anode |ayer as 100 at.% Content of the
on PP G BEF X e gE BEp caTherbrpbuitie B oup B compound
Incidentally, the content of the group A (group A-1 or
excgereoéuspgla@ '%/wltl%eo%epélgglﬁ%ﬁcPB SFRPAY C4d Yrloxif tRP - coloring,
i ' und, ha val ue that is abtained by
or saﬂgctr]?%g%?ﬁggg% cglnjt %F_gfatnﬁémgi}to%ceg E6@Found from
t he t of _100.at. 9 node | ayer . 10
is g%%’%%gggggfqgt'heggon'g%%dsc{%}m?%%égfoaﬁgg«m@? of}f)e%ele” the
adjQEtabAUR 400 A U ' 5 - p
B o e B et Pooh FREvR s Bl Tihe ancae
layem tthenanade: daydiaddhdiast 8. y ahsec it dh o £t & 2088 ¥ ompound
0. 5 and 30 at. % the content of the group A inorganic
pre¢empblndhias theadnedeiltayer the irsingevalfu® 8 tad) A&t . %, and
range of 70 and 99.5 at.% 25 Neverthel ess, when the
yetapbdéerahdy a0l aiindianyheonpogad £ (It hinkd10oapoheni)th the
ot her than group A and group B, the content of the
tOt@ﬂoaﬁoAnﬁn@%géﬁﬁc a@@ﬁ‘ﬁoaﬁd’eirs agr e08r absl-y .det er mi ned in
consi deration of the content of the third conponent.
Thi SRBESBC RS ERpuBEGHEe At (§KEVENAdE PAyE! 2 ) aig@iwound

) ‘.
r 1Q. i [im n rticul ar. thickn
l ay?HC19en§aT9t , the tc(:"odntteontao}J/f Pl'%etgrc‘:gugA t(grgupe§§i or group

A-2 will be referred to simply as group A) inorganic compound has
a value that is obtained by subtracting the content of the group
B compound from the total amount of 100 at.% when the anode layer
10 is composed of the compounds of the group A (group A-1 or group
A-2) andthegroupB (groupB-1orgroupB-2). Thus, when the content
of the group B compound in the anode layer 10 has a value within
the range cf 0.5 and 30 at.%, the content of the group A inorganic
compound in the anode layer 10 is a value within the range of
70 and 99.5 at.%.

Nevertheless, when the anode layer 10 contains any compound
(third compcnent) other than group A and group B, the content of
the group A inorganic compound is preferably determined in
consideration of the content of the third component.

Thickness and structure of the anode layer
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R

but is preferably given a value, in concrete terns,

wthin the range of 0.5 and 1000 nm The reason for

this is that if the anode |ayer 10 has a thickness

bel ow 0.5 nm pin holes can occur to 5 cause a | eak

current in a long-termuse. On the other hand, when

the anode | ayer 10 has a thickness above 1000 nm the

el eatHeogigodie anspar G £30 falde MM LR aﬂafh%t‘i%ul r thickness

| um nescence intensity. Consequently, VIGMIOF_ _ ’
buthés tpare fiataploe gheeneeralilhe, dur@Ridddne 8BEmEhe, Ari Vi B8e range

vol tage value etc. , the anode | ayer 10 10 preferably
of Wa$ anchildfess.wi Thien ridres sranfier ot hls0 iand 1890 iBMhe anode

and yet preferably a thickness within the range of 2. 0
lavgw 1B0rsm théckneds bajerw 10. 5 snmotpinnhoedst eaanyccur to

particular structure, either. Both a single-Ilayer
Caui§ (kttfrkafBr&eniulitl IaykengtEactusshavidy twe other hand,

nore | ayers are applicable. 15 Consequently, when yet
whehi ghles Pé)r?'?pa]raeﬁgg ¢ dts %réﬁéﬁlﬁqeaﬁw%e§ig@weyelt03/0 nm, the

i.gher conductivity is desired, a double-I|ayer )

61%§¢%% %rgrﬁ&faﬁf?%ﬁﬁeﬁathgﬁghW%ﬁﬁnﬁtp6ﬁﬁn+Q1lumlnescence
- tggngpg ive yer_ of _hi r_.transparency or_a
thon uc*tfl vecglqg’%t u(;.eg’gt]l[)gyern ot hi %Egjretcto%ﬂg’@t '%ﬂ?%,bes%%e” the
dura% i TTQ y 20 @ndhd n203, ZnY. » SpeshL i stance, gf

anode I%yer Next , descr%%%?%n gﬁl?agggggégﬁ'oFgfhéH%de tayer

10 pRedididoIpshsbancenioknkl® anadei b ayes 19ngIhb$ 1.0 and 800
specific resistance is not [imted to any particular

nm,vahdeyelbup rie€ epraf By abloh gt ¥e8sa ¥akuenbehewrdbgk Q@f 2.0 and
cm for exanple. The reason for this is that if the

300speci f ithe resdpdeahegehad (a ivalmuet of idiBeadmier digheirticular
there can occur uneven |um nescence within pixels as

strpgiurg, aitieeease Baththe dviwvghg-velyeagesafrudteure and a
organi ¢ EL devices fabricated. Consequently, in order

muliy Bvid B bWEE R VinAgt el e Ages T € Her Y SDS sphee jdprlicable.

resistanfe of the anode | ayer .10 preferably has a val ue
Consequently, when yet higher transparency (light

transmittance) or yet higher conductivity is desired, a
double-layer structure may be formed through lamination on a
conductive electrode layer of higher transparency or a
conductive electrode layer of higher conductivity, such as ITO
and In;0s3-Zno.

Specific resistance of the anode layer

Next, description will be given of the specific resistance
of the anode layer 10. This specific resistance is not limited
to any particular value, but is preferably given a value below
1Q-cm, for example. The reason for this is that if the specific
resistance has a value of 1 Q-cm or higher, there can occur
uneven luminescence within pixels as well as an increase in
the driving veltage of the organic EL devices fabricated.

Consequently, in order to achieve a lower driving voltage, the
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of 40 nCl-cmor smaller, and yet preferably a val ue of
1 mMQdcm or smaller. Incidentally, the value of the
specific resistance of the anode |ayer 10 can be
determ ned by neasuring the surface 5 resistance with a
resi stance neter of four probe nethod and neasuring
the thickness separately. Method of form ng the anode
spe@yei cNexéisdaseld pEiane Wirldqde -g) f
pform’ng the anode | ayer 10. Thigkﬁﬁggﬂaééﬁg?ﬁgggfgaﬁo?'Value
of |[4Mnt@dciocanymalQ epar tirkulyart "fﬁ?@@é’rag‘_?? axgaRl® Jff 1 mQ-cm
i s possible to adopt such nmethods as spuftering, vapor
or gmpddiar on,I xpidensatlilng, the cadstiengf hasedpsealifgel resistance
met hod, spray pyrolysis, and ion plating. 1In
of shet BaFSr Lakrghl ¢ reajudte flefegmestron bypoekerimgng $he surface
referably adopted. In concrete terns, the sputtering
re Js%?’é%rgl&ﬁb 5 PR idFABEuREre ¥ hefcdRdit iele mexhod and
Pa in vacuum 0.01 to 50 nnisec in

10- 7. X 10-23
me"’{%ue“r’t&ge%BF gﬁ%%ﬁbf%?ﬁﬁt FERATHFLE0 to 300'Cin

sub&%r%%% %%ng%ﬁ%ﬁyre.r&g) Organi ¢ | um nescent | ayer
hbmr—ééScf+pf+ﬁﬁ—mﬁ¥¥£%e—é£§5%L§fﬂfﬁé or gani c

[ um ce - . QRS Lt erial. of th

o SNBRE5 PO20 ERAER wOIISL UL BE kel 8 v e
andde be psed) @s t@ﬁigo@%tﬁﬂﬁatﬂggﬁgéak§ﬁn5?e&9H¥¥H§ to any

| um nescent |ayer preferably conbines the ol [ owi ng

partireel Auncétnost. 2Fd@)keXhasDe, | 1 ecs if@sEUReE @B aBopt such
function of enabling hole injection fromthe anode

metrayds ars ashokedmijrest | eaday edeard eadh| NGl €Ctddt ing, a
injection fromthe cathode |ayer or an el ectron

castijrxthencHayel -ganderthbe, appta gatvionl péian eb@diori plating.
field; éb) Transporting function: a function of noving

In pafeefEd ol kEIBdd B et eEMaas hyohgret tofrihg ispreferably

eleqiric field; and ,

adopted. In concrete terms, the sputtering is preferably

performed under the conditionof 1 x 1077 to 1 x 1072 Pa in vacuum,

0.01 to 50 nm/sec in the rate of film formation, and -50 to

300°C in substrate temperature.

(2) Organic luminescent layer

Now, description will be given of the organic luminescent
layer.

Constituent material of the organic luminescent layer

Organic luminescent material to be used as the constituent

material of the organic luminescent layer preferably combines the
fellowing three functions:
{a) Charge injecting function: a function of enablinghole injection
from the anode layer or a hole injection layer and enabling electron
injection from the cathode layer or an electron injection layer
under the application of an electric field;

(b) Transporting function: a function of moving injected holes and
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(c) Lum nescence function: a function of providing a

field for electrons and holes to reconbine, thus

contributing |um nescence. Nevertheless, it is not

al ways necessary to conbine all the 5 foregoing

functions (a) to (c). For exanple, suitable organic

| um nescent materials are also found in ones that have
eldd o NjBetidite W dHANSROF Afd Ofy CAPabildties nuch

superior to their electron injection and transport
(c)cdpabindddeasce Thuset Dat eraafan@amobeofswﬂo&alcmng;s%i @Se1d for

|l ong as they pronote el ectron novenent in the 1
e legitgamisc ahdnipéssent dezyerb ihd ,t thakl ovnt etbabingtimiwéscence.

holes and electrons in the organic |um nescent |ayer

14 Hexernhelesmeil iperet Floratheesaesaofy itoprombdne all the

recaonbinability of the organic |lum nescent |ayer 14,
foﬁﬁ%?%%@dﬂ?&ﬁ%Rﬁ%eé%bn?ongﬁériafoﬁréﬁéﬂﬁﬁﬁy g adnle organic

electron nopility of 1 1%-7 cn/V s or greater. The

freres sato

luqa¥§§%$npla¥%ﬁl? VBPJé%OB%P&Wa g@q%hpleinjection
i_ck .r-esponse of the or.gani.c devi ce

an%?%ﬁ%%ﬁ%ﬁgﬁ%ge%u%ggﬁ%é YT SRS S e i t%ffelr electron

i u C 1Jity he_qr.gani ¢

s PmeAa e IS AR IR ILLY Sl 01 g gon »o

suitagey Afsdd.ad 2048"as aKb 2 ﬁ(rérﬁ)égecgﬁéytfi*onafﬁ%v%gr{e?nt in the

preferably 20 a value within the range of 1.2
orgamid lulixed@ehtCMA W B.14 MDbeQVebyw rREMPBNLEion of holes
| um nescent material of the organic [|um nescent |ayer
andigl peetenabl iy thaso aga sl ectumminasbehitt ya ganlllefieatrhate center.
its hole nobility in value. The reason is that if this
r el Beirgnshep tihe pakerse imprgaridcr ¢ crmimsatent 1 tatedr thborganic
25 available for the organic |um nescent |ayer 14 can
lumggeseenti tagar bkeddd pappnafdlvméneaneneseereial preferably

st e b o oo g e election IOPLLLLY
o S0ET &0 GgaeL 1A 000 o1 p-iale of 102 ML e
reﬂngéétng@%én%$héﬁigi%H(%%$i£8réy¥ fb@fg gﬁgﬂgéﬁﬁce the
luminescence intensity. Consequently, the electron mobility
of theorganicluminescent material preferablyhasavaluewithin
the range of 1.1 x 107" and 2 x 107% cm?®/V-s, and yet preferably
a value within the range of 1.2 x 21077 and 1.0 x 107% cm?/V-s.

Moreover, the organic luminescent material of the organic
luminescent layer 14 preferably has an electron mobility smaller
than its hole mobility in value. The reason is that if this
relationship is inverse, organic luminescent materials
available for the organic luminescent layer 14 can be restricted
excessively and the luminescence intensity might drop.
Meanwhile, the electron mobility of the organic luminescent
material is preferably rendered greater than 1/1000 of the value

of the hole mobility. The reason is that too small an electric
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reconbi ne the organic |um nescent |ayer 14 near the

center and the |um nescence intensity m ght drop

agai n. Consequently, the hole nmobility (ph) and

electron nobility (pe) of the organic 5 | um nescent

material of the organic |um nescent |ayer 14

preferably satisfy the relationship of ph / 2 > pe > ph
molyikpoy camd wyekeprief edablfy csatd sfyrt he Ired abinansdi gcotons to

ph / 3 > pe > ph /100. Moreover, in the present

re‘-‘é?%ﬁmﬁemezoqgaﬂhé brganies ceroe Ihﬁﬂmleslc%mtearaytdrre benter and
thEg{heferably contalns aromatic ring conpounds having

W‘We € dXpressy By Atedf 6Peifer h - geRenalequently, the
ae, (2-1) to (2 he aromati c ring conpounds
ho%ﬂ%ﬁb&ﬁ s&Pi?r’ylandg@fp%téaﬂ Bebiddd % ogﬁ%bquft‘ah@ organic

e con itipn n the electron nmobility and
1uﬁ?ﬁé§é¥ HI# ﬁe o?gg' c f%%%ﬂﬁ%eéeaﬁn%%&%?¥ml%ﬁer 14
n cen er 14. descr b d. above.
pr%£§?£ggﬁeé§r6%gllg%groﬁﬁg ARG B ?g a%ﬁ%dnaéidﬁh/ 500,

and ryédweplg@ﬁsga 15@ J]abef £ ) E%l(a%dlc)n%}gpél B%ﬁg ”9% > pe >

- to'4 O nuc ary oups inclu
nh annhganyl pyrenyl, coronyl, biphenyl, terphenyl
pirrolyl, furanyl, 20 thiophenyl benzothiophenyl
oxaMDaeowyk dnphaﬂ%ﬁamﬁhﬁﬁﬁyi,embﬂ@@hﬁht canba20¢yé organic
pyridyl, and benzoquinolyl. Besides, the preferred 5-
lumﬂ@eﬁgenmcﬂéugral9lBnef@r@hpg et ardes Jemyt Bnering compounds
napht hyl ene, ant hranyl ene, phenant hryl ene, pyrenyl ene,
havdgpoRy ke, IEPPRENgKRRRS SEdrpherye dimeqnindigdreamsl formulae
5 Eirany 25 thi ophenyl ene, benzophenyl ene,
(2= aH?ai%ﬂVlenghe & PHEA %uﬁ%ﬂ%u%ﬂ%ﬁ@ﬁnﬁﬁd%ﬁyﬂé@esU”h styryl
carbazolyleneé?ﬁy£|d Ien and benzoqui nol yl ene.

ILOUES Gt &t 8r ﬁﬁﬁl&ﬁﬁ%ﬁmﬁaﬁé§ ¥g N6 ttdie geendition on

th tit
e bR SRl Vi g7 dREF o €hbSi PhueRt gf Bipsoraanic

lum'ﬂﬂ)@é@@né- n{aocéirféib altlﬁél QESHPEc621{1ﬁ5.%3élscgegrgyp’llayer 14
nmet hyl group, 1-propyl group, propyl group, Ss-buty

describedabove. Amongthe aromatic groups having6to 40 carbon

atoms in the general formulae (2-1) to (2-3), the preferred
5—to40—nucleusarylgroupsincludephenyl,naphthyl,anthranyl,
pyrenyl, coronyl, biphenyl, terphenyl, pirrolyl, furanyl,

thiophenyl, benzothiophenyl, oxadiazolyl, diphenylanthranyl,

indolyl, carbazolyl, pyridyl, and benzoquinolyl,

Besides, thepreferred 5- to 40-nucleus arylene groups include
phenylene, naphthylene, anthranylene, phenanthrylene, pyrenylene,
coronylene, biphenylene, terphenylene, pyrrolylene, furanylene,
thiophenylene, benzophenylene, oxadiazolylene,
diphenylanthranylene, indolylene, carbazolylene, pyridylene, and
benzoquineclylene. Incidentally, the aromatic groups having 6 to
40 carbon atoms may further be substituted with substituent groups.

The preferred substituent groups include 1- to 6~carbon alkyl groups
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group, t-butyl group, pentyl group, hexyl group,
cycl opentyl group, cyclohexyl group, etc - ) , 1- to
6- car bon al koxyl groups (ethoxy group, nethoxy group,
I - propoxy group, n-propoxy group, S-butoxy group, 5
t- but oxy group, pentoxy group, hexyloxy group,
cycropentoxy group, cyclohexyloxy group, etc.), 5- to
(etdringePens rartyly lggoops, ammmpy gyeups, suhstépyl ea owigh hs-butyl
5- to 40-nucl eus aryl groups, ester groups having 5-
ITQUE 4D- AUEY & GBI pgnéubgr@mfehegwémurav'r:gglszenmgl group,
-carbaon al kyl groups, cyano group, nitro group, an
oy B GG FOU 0+ 1S’ B S CarOPEIHIGR g T oHBS GG iy Soup,
um nescent | to contain fluorescent

I ayer 14
me O h P& R8P 6?%8???6%9598% RyPRECPORENT PiblazdTRUE%E, group,
_ t and the like onpounds of
t-oRIEONBEOLE O AV kSl P v SRET S8R oy rgopentony aroup,
kA0l i vati ves qas | igand., Moreaover, one .
Cycﬁg\%%ﬁqug Xﬂyggtroo? ’1%%% '\s?t’yr5§I é:?JylzleO'r%fgl-us LS 6t G Yor i Ps . amino
i BeBSent urBleki @ 5-SUeh0as A eds 'aR)1S gkBups,
groZ?diphenylv}lnyl) bi phenyl, doped %M?l?%g ug tgpﬁedesFer groups
havihgdnge b hoehaeheesr ySUgko@Ss f £HOE QGRS HF i fYMBRE -carbon
type or ones simlar to the host, is al'so suitably
alkydedroNpishodyahof groupg hhie ror gariup,| Widesdeiferd ayeim.
20 Next, description will be given of a nmethod of _
f or Atngst adsoopyahetabiei hescem dmyeriduresdantr ngyer 14
method is not limted to any particular method. For
Lo egaRrppan i fluergsssing e bird chdeperssuct niehodshdsizole type,
vacuum deposi tion, spin coating, casting, LB nethod,
benéﬁﬁ‘léﬁﬁf’ﬁ@r oS FEPPERZAFIO e itiyPeh@NEadd cofl ifksr madmppunds of

d tion it i ferable t ‘ |

sty bERg e PEBRGI (iron OF8d: Crapishee ravalerﬁ%s%nogﬁnolmol
- 10- t 10-3 Pa_i 0.

der SHETVELIGR P Rt o ST e P or AT O VBRE -BoTEst of

disﬁ%ﬁﬁl'£§i@n§UQ%@f§€bﬁegpsﬁﬁﬁwwyuﬁqﬁ%Q%gﬂgé%aterial, such

um'nescent |ayer 14 can al'so be forned .
as 4lj $s0byisn@ -1 NERE NN 131, 101 98Phenk UM A8seeN; 1 PRSI halt o red
In a
strong fluorochomes, such as fluorochromes of cumarin type or
ones similar to the host, is also suitably used.

Method of forming the organic luminescent layer

Next, description will be given of a method of forming the
organic luminescent layer 14. This forming method is not limited
to any particular method. For example, it is possible to adopt
such methods as vacuum deposition, spin coating, casting, LB
methed, and sputtering. For example, in the case of formation
through vacuum deposition, it is preferable to satisfy the
condition of 50°C to 450°C in deposition temperature, 1 x 107’
to 1l x 107% Pa in vacuum, 0.01 to 50 nm/sec in the rate of film
formation, and -50°C to 300°C in substrate temperature.

The organic luminescent layer 14 can also be formed by
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predeterm ned sol vent, and then making it into a thin
filmby spin coating or the like. Incidentally, the
form ng nmethod and formng condition are preferably
sel ected as appropriate so that the 5 organic
| um nescent layer 14 is a nolecular deposition film
which is a thin filmfornmed through deposition froma
- i d a_ yapor phase, or. a fi
dig H%ﬁg sollgggggaf%g% rowﬁgmhﬁEiﬁ%ﬂ”%%ﬁﬁahnﬁatﬁréal in a
e tdy I p xrpa“& legul
P deposﬁ??gﬁffkgﬁgggn %géeth?g- gkgﬁFn%ﬁkéﬁggl %lfﬁénlby spin
codﬂﬂﬂ@éitﬁbﬁ@ﬁgﬁi@Mch%éﬁ%i@ﬁy(mﬂéﬁHk%ﬁnfﬁéﬂﬂﬂgﬁﬁ@%orming
film based on differences in cohesion structure and
corfd ght onderespiredidisb b yelbcasd esUlaldd b HNgE0Rd! that the
di fferences. Thickness of the organic |um nescent |ayer
orgkB1fhel engariscdrinineseent 4| ayes thdliesuleir ldépdedttion film,
any ~ particular thickness, but may select an
whigdbddpa ahd nt Aildknéos mesd Uﬁ%ﬂkﬂhdﬁp@udungomnfthala material
circunstances. In reality, values within the range of
co”%’%h‘?%ﬁé]l % VAR BDEfSCent it b éMabp BmetHeh ¥eagbrsdbidification
s is that if the thickness of the organic

fr(’l“hn?ner%@éﬁflra&ye?oﬁﬁofl&iq slBeI%WSS’lﬁJrﬁl?%e qQunildegdehcphase.
t d th t

TYERAR  herCEhE (AP CRAGIE Tor AIRE D GhANe Ei4M neegenbe fully

dléﬁ@ﬁqu}§h§60?§g% g @Hﬁ @%lﬁ?% Of tgﬁﬁﬁ€|2$%1 gemp8iecular

ten becones |gher nse

acd%ﬂdf%tpéhaﬁ§fmwﬁEQSE@QOEU?H@%ﬁ%%HﬁﬁeéQfﬁ%%ﬁé%l5ﬁ structure

val ue of 25 the applied voltage, etc € organi

and URi gaseerte # ayenrukd uPs efey ahky 1hagsa ﬂéﬁ&f@?ﬁﬁ V‘f&ﬂb@lonal
the range of 10 nmand 3 Am and yet preferably

di ftfrckness. Wit hin the range of 20 nmand | AM (3)
Cat hode | ayer 64 The cathode |ayer 16 is preferably
madéhafkmesal of ahkopsganic luminescent layer

The organic luminescent layer 14 is not limited to any
particular thickness, but may select an appropriate thickness as
needed depending on the circumstances. 1In reality, values within
the range of 5 nm and 5 pum are often preferable. The reason for
this is that if the thickness of the organic luminescent layer
falls below 5 nm, the luminescence intensity and the durability
might drop. On the other hand, when the thickness of the organic
luminescent layer 14 exceeds 5 um, the value of the voltage
to be applied often becomes higher. Consequently, in view of
petter balance with the luminescence intensity, the value of
the applied voltage, etc., the organic luminescent layer 14
preferably has a thickness within the range of 10 nm and 3 um,
and yet preferably a thickness within the range of 20 nm and
1 pm.

(3) Cathode layer
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or el ectroconductive conpounds having a small work
function (for exanple, below 4. 0 eV) , or m xtures of
these. Specifically, one of magnesium al um num
indium lithium sodium cesium silver, 5 and the |ike
may be used alone, or two or nore types thereof in
conbi nation. The cathode layer 16 is not limted to any
par thheulcathohieckagss, 16i theprenibeakay nadésoPreéesbb) yalloys,
given * value within the range of 10 and 1000 nm and
or ﬁéﬁcﬁrr@f:@rlalbuc;tlve vanpeuRdshhAving aasmel bfwdok afuh@00on (for
0. (4) M scell aneous Although not shown in Fig. 3,
exalmtplles BP48Ypt ef et bl &% Raxtaregeari h )@eF%yerSH’%‘Flflcaler one

reventin ture and o fromgetting into, the
e GHRRS VY %ﬁ%ﬁ&ﬁ%ol?@lﬁﬁg%@algraggsocib@reo&@@:t%, silver,

t d 100 P d t |
amfﬁceﬂé;gl FRORRLES ot A Freleried Tuar sl oo
n GORQL YREBE | 2hng ﬂﬂgrég$H888eﬁ%wé¥mﬁ@ng ”R@ynﬁlmlted to any

m xtures 1 ncluding at [ east type of COmoronEr

pardiuoii ae- @HEE&h@éﬂl(é¥¥%¥E9r§ha@@J&3191@'HkéféHQBQQEglven
in their copolynmer main chal n; and copol yrmers

a vpahygewhyieine, t pol v @eyd £NED Mﬂ%@%lﬂ?teﬁ‘@@rﬁlé@tﬁreg@rably
pol yi m de, polyuria, polytetrafluoroethylene,
a vediyehbotbtini fdheoroetdyl efie 10 and 200 nm.
pol ydi chl or of | uoroet hyl ene, or chrolotrifl uoroethyl ene
wi t H4di ¥hiseeddiablegmsoet hyl ene. The preferred material s
of the sealing layer also include: water-absorbing
subéﬂéﬁ@éghh&9¢n§ gHnabsoFpei vt ylofigos o igherrabbs that a
[ of substances having an absorptivity of O,
Sea@“ OW&I"?“&F&@H Bl PRUT SrANPIP X VAR éaomﬁ@etwng into
R e i ? 88 AR o
orgﬁHglgaéﬂ/giFe%lc%e EOOAI F}?’reﬁgg%ﬁ maLt' s Olfogg%aggg Slng layer

such as perfluoroal kane uoroanlne

incR&{dd UOfOp%‘o%l'}%er@ an‘% ggat' ons, of thosg,di GHLdizing

fl urocar bons. whi ch absor ben
tetrafluoroethylene and monomer mixtures including at least

one type of comonomer; flucorine-containing copolymers having
a ring structure in their copolymer main chain; and copolymers
cf polyethylene, polypropylene, polymethylmethacrylate,
polyimide, pclyuria, polytetraflucorcethylene,
polychlorotrifluorcethylene, polydichlorofluorcethylene, or
chreclotrifluorcethylene with dichlorodifluoroethylene.

The preferred materials of the sealing layer also include:
water-absorbing substances having an absorptivity of 1% or higher;
moisture-preoof substances having an absorptivity of 0.1% or lower;
metals such as In, Sn, Pb, Au, Cu, Ag, Al, Ti, and Ni; metal oxides
such as MgO, SiC, Si0;2, GeO, NiO, Ca0, BaQ, Fe:0, Y,0;, and TiOs;
metal fluorides suchasMgF;, LiF, A1F3, andCaF;; liquid fluorocarbons

such as perfluorcalkane, perfluoroamine, and perflucropolyether;
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for absorbing noi sture and oxygen are di spersed. To
formthe sealing layer, it is possible to enploy vacuum
deposition, spin coating, sputtering, casting, ME
(rmol ecul ar beam 5 epitaxy) , cluster ion beam
deposition, ion plating, plasma polynerization (high
frequency excitation ion plating) , reactive
andspompesingongl asnmeh&3d,1 1asel rfOMPodaheomel i EVhich absorbents
gas-source CVD, and the |ike as appropriate.
for| Eseditient izt k@ Nexd oxiden reeferdingededi g. 4,
description will be given of an enbodinent 2-2 of this
i nvéet iferm Fhg. sdailégng segeronat Vs ewsoibhe 0 gamp toFlvacuum
devi ce 102 according to the enbodi nent 2-2, show ng
depogd tdevi-ceP haiaRf ifite §PRGEETAEIr heasStahnandEE Kmgéecular beam
.10, an in rganic thin filmlayer 12, an organic
eplﬁﬁ‘?ﬁyﬁescsﬁn)tl §5T) ajer PEaMmndeRoSatHSde | AGBr Rb2BiRI, plasma
| ami nated on ,a.substrate not shown) in succession. )
po AR R Bado TR p el nfr el bRt T Tof iR reactive
i i h e nsSport e ectively.
B e ey e S B o e e Bt e HE g e G 3R CVO
andl aver 11z eall:0uws,Jopvalitage driving and inproves the
20 durability of the organic EL device 102.
I ncijdanbaliimgntt he2qrganic EL device 102 of the
enbodiment 2-2 is characterized in that the inorganic
t hi Nekicl, v ayerrd2tendatey pogeds, hptsweipdivh aladebe given of
| ayer 10 and the organic |lum nescent layer 14. In
an emhedimespettd,of tthhas ithlensdpe.stFugt udeiasatdhattdbnal view
the organic 25 EL device 100 of the enbodi nent 2-1.
of paneg damec il davagedddet igttondingl tdedhearmmdydmneht 2-2,
the inorganic thin filmlayer 12 which is the
showidihctRe i 9BVd SFarta bENdt hBeeMiddiTiont e 2t Ratsad tarode layer

description of the enpodiment 2-1 for the rest of the
10 ¢ G oent 42nd G s ThelEnT Rags I'RreraA6OTERACE BB ThegScent

1ayR3V8 4 g Same configuratlon g Lo the first embodiment. . _. .

(not shown) in succession. When the inorganic thin film layer

12 is provided thus, injected holes can be transported
effectively. Consequently, theprovisionof the inorganicthin
film layer 12 allows low-voltage driving and improves the
durability of the organic EL device 102.

Incidentally, the organic EL device 102 of the embodiment 2-2
ischaracterizedinthat theinorganicthinfilmlayerl12isinterposed
between the anode layer 10 and the organic luminescent layer 14.
In other respects, it has the same structure as that of the organic
EL device 100 cof the embodiment 2-1.

Hence, the following description will deal mainly with the
inorganic thin film layer 12 which is the characteristic part of
the embodiment 2-2. See the description of the embodiment 2-1 for

the rest of the components, such as the cathode layer 16, since

66



10

15

20

25

Now, the inorganic conpounds available to constitute

the inorganic thin filmlayer 12 include conbi nations

of the conmpounds of the group A (group A-1 or group

A-2) and the group B (group B-1 5 or group B-2) which

constitute the anode | ayer 10 descri bed above. Thus, as

in the anode | ayer 10, the content of such a group B
thegoimaoend hiss spiref excalfliyygiatera asalive tMd he inrdthenpstgenent .

of 0. 5 and 50 at.% yet preferably a value within the

ran§jevef the) irarmpaaolatcdfpamudevenabablpr ébercabist itute the
., value within the range 10 of 5.0 and 30 at.%with the
1nog@eRl CakB iRt f bEm tide sitn 2 glire budsiaemifinah ilcaye p fashd Gbmpounds

% It is also preferable that the thickness and

. t
of ?E?n‘? hQRRet W e Pedf C&r Sr PR Aame s thesererpt Be(group B-1
de _ | 10. Neverthel ess, wh he i i c thi
T A AR NN EATT N
0 i ' t | 14, th d
T e g L e R, T e flsep P fiiChea group

B cOhpem i fif erents LOMpP i&i@gﬁ- ass?&gbfei gakhyn the ?‘%?%ﬁepof 0.5

| ayer 10 is preferably nade of the conpounds of

andA SWroUps A- $e@ prdH OMPah ) o/ FOUR B { ORQHP tBrel Qnge of 1.0
group B-2) = 70 to 90 at. %0. 5 20 to 10 at.% whilé@

andt K@ anorgaana ekiem hidrme lpayefe dZblheaiv@Ig@ank€thin the range
conmpounds of group A (group A-1 or group A-2)/group B
of fgPoapd BOladr 3gwdatp Bh2) tots(l tamdetow O ¢ . Mabgueic thin
.10 at.%to 50 at.% The reason for this is that if the
filgnbaRerots € akolp Bt(HP Gup Briede nploly tBat) the thickness
compound falls qutside this range, 25 there can occur a
a“dd$8§“]3ﬁ1q Fasparehe§ raRd 4% 9 Advedsdns msgdepFpcof the anode

1a reesi st}ance whi ch are unfavorable for el ectrodes.
72 ngodTnent 2-31 Next, with reference to Fig. 5,

CosKEVELLROLIAL) SR, PLNET B BRCSTORTERS o513 B L e
betkbefeVhEead04e 2LLQLAI 1Y Jﬂhtgﬁé(%P§§HfEH¥hﬂ%ﬁ%scent layer 14,
the anode layer 10 and the inorganic thin film layer 14 must be
given different compositions. Specifically, the anode layer 10
is preferably made of the compounds of group A (group A-1 or
group A-2)/group B {(group B-1 or group B-2) = 70 to 90 at.%/0.5
to 10 at.% while the inorganic thin film layer 12 the inorganic
compounds of group A (group A-1 or group A-2)/group B (group
B-1 or group B-2) = 50 to below %0 at.%/above 10 at.$% to 50
at.s. The reason for this is that if the amount of the group
B {(group B-1 or group B-2) compound falls outside this range,
there canoccuradropintransparency and an increase in specific
resistance which are unfavorable for electrodes.

[Embodiment 2-3]

Next, with reference to Fig. 5, description will be given of

an embodiment 2-3 of this invention. Fig. 5 is a sectional view
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showi ng the device having the structure that an anode
layer 10, an inorganic thin filmlayer 12, a hole
transporting layer 13, an organic |um nescent |ayer

14, and a cathode |layer 16 5 are |am nated on a
substrate (not shown) in succession. |In the present
enbodi nent 2-3, the provision of the hole transporting

of layesrdanie Bdddkivard a dheeobedimnts ke afbdd2medt 2-3,
| Tows efficient transportation of injected hol es.

shoGuirsequieat Hev i dehengv bugsicbr oft fiet hoke thizanspordhbgde layer
| ayer 13 allows 10 | owvoltage driving and i nproves the

10,danabnpirgarofc tthel origabncla e r de¥i ce Hdlde dmenepataling layer
the organi ¢ EL device 104 of the present enbodi nent

13,22 a8 e Ré Csdii i BeelF e La9 Athat 4 of 2B He 2orgditied €L layer 16
deyice 102 of the enbodi nent 2-2 except that the hole .

ArS ﬁ&“&&ﬁtierfg PE | dyetURBLFE Nt dPBGset BVt hguccession.

[ [ hin filml r 1 t I, C .
e R E il ErEYEmat Pt of RowPRg?Ladger pgtitgie hole
' | i nl it . t.ing. |
crhfen by 1 18, oL LS ARG AEL 2 0 o
allgﬁg e f - AESC LirBhisPR rOh t1ike & £ 89QIRY b PdL pergéng%%%ently,

and 2-2 for 20 the rest of the conponents, such as

thecaphedd diayer dif, tHdCaolldey vlysher€9aki URed L he3 s110ws
same as in the enbodinents 2-1 an 2-2. (1)

lowComslitt 4 gent r rai ayi ahdofmp hevbel eheranspphlliing badyeheldrganic
The hole transporting layer 13 is preferably made of an
EL glegaime R84conpound or inorgani c conpound. Such organic
materials include, for exanple, phthal ocyanine
conpbaadsntdildn nehconpoaadss Edi aténeceonldi migthe present
oIL%oners, and thi ophene-contai ning oligoners. _
embpfifigPted “Haf@ri 4N§ SA™MEnh& tirtheitgani éScohpéund theclourgenic EL
for Q{ ano gous silicon (a-Si), (x- Si.C, 68 ,
cdeviile S Vo SPF RBPBHFTEBh {12 S ot EhaFCEne (MSAS rdieporting
layer 13 is interposed between the inorganic thin film layer 12
and the organic luminescent layer 14. Hence, the following
description will deal mainly with the hole transporting layer
13 which is the characteristic part of the embodiment 2-3. See
the description of the foregoing embodiments 2-1 and 2-2 for
the rest of the components, such as the cathode layer 16, since
they may be confiqured the same as in the embodiments 2-1 and
2-2.
(1) Constituent material of the hole transporting layer 13
The hole transporting layer 13 is preferablymade of an organic
compound or inorganic compound. Such organic materials include,
for example, phthalocyanine compounds, diamine compounds,
diamine-containing oligomers, and thiophene-containing
oligomers. Preferred materials of the incrganic compound

include, for example, amorphous silicon (a-%i), «-SicC,

68



10

15

20

25

conpounds, I11-V famly conmpounds, noncrystalline
carbon, «crystalline carbon, and di anond. Anpong ot her
types of the inorganic material are oxides, fluorides,
and nitrides. To be 5 nore specific, Al1203, SiO Si O
(1 Sx < 2), GN, InN, GlInN, G (1 Sx <_2) ,
LiF, SrOQ CaOQ BaO MF2, CaF2, UgF2, SiNx (1 <_x <_

mlcflr[c;)ﬁr SQQQIH?FQI lniééf(;%égnbe gsf‘ onepco

types t hereo fnatio esi des’ dongl t uent family

comﬁﬂ&mdﬁlIEEIWEf&HﬂhNyS@dﬁﬁdﬁhﬁg tMﬁn&P§SBQUQ1ne carbon,
mobility has 10 a value of 1 x 106 cnR/Vs or greater

cry=ppl 1 tdev olatgen of ahdx dilddotia. 1 RAmblfyy Vbehkr, sk hef the
ioni zation potential has a value of 5.5 eV or |ower.

inqryarst ¢ gea e eiahda ferow hde et hbdoofidelse haoldenitrides. To be
transporting layer 13 15 The hole transporting | ayer

morg3 §SEe¢bf it nPtledst oSife Sieg &1 &er StAuctGak, bolN, GalnN,
may have a doubl e-|ayer structure or a triple-Ilayer

GeOgk rUctﬂr’é <t ér rextdrpl SrTheCRO e Ba@nseFti ngaFayePgFe3 SiNx

|s nat / rpted 0 any artl cul ar thickness, either,
‘1 fhér &ad 3 vaAE TR ht h EhE2PaRGe VS D .25 HHe andir 5EHP] 9 more
fer The. h 0, n sporgin Iayer 13|s
typ%rse %h tegognqq]pa:yte?%u a‘!r\tf’grm ng Bte 0857 et RerS O%S%ltuent

maﬂéﬁﬂéﬂ)ﬁéﬁpf@f@PQEl%ageQ%é¥gﬁn§%jtﬂékréﬁ%'ﬁgl n&&@gﬁﬁ&y has

is preferable to"adopt the sane method as the ne

a vﬁflufeord'@ ng x thes hgle . ect | f‘e!a@)é?:r Wgﬁ n@a&t%g@ of 1 x

25 Next, with reference to o, des tion wl

10'gtyen ﬂfloﬁﬂhﬁﬂ@pdl£@ﬂttge418ﬁl%@ﬁidﬂ] 40Pialll §asba value
is a sectional view of an organic EL device 106

of accoral ngrt dowlrer .enbodi ment 2-4, show ng the device
havi ng the structure that an anode | ayer 10, an
i nofgafitgudtiur< ahdnfloapengn® thodof ¢ hertamlsporanagokayey layer
69 13, an organic |um nescent |ayer 14, an electron
i njection |ayer

The hole transperting layer 13 is not limited to the
single-layer structure, but may have a double-layer structure or
atriple-layer structure, for example. The hole transporting layer
13 is not limited to any particular thickness, either, whereas a
value within the range of 0.5 nm and 5 um is preferable. The hole
transporting layer 13isnot limitedtoanyparticular formingmethod,
either. A variety of methods can be adopted. 1In reality, however,
it is preferable to adopt the same method as the method of forming
the hole injection layer.

[Embodiment 2-4]

Next, with reference to Fig. 6, description will be given of
an embodiment Z2-4 of this invention. Fig. 6 is a sectional view
of an organic EL device 106 according to the embodiment 2-4,
showing the device having the structure that an anode layer

10, an inorganic thin film layer 12, a hole transporting layer
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15, and a cathode |l ayer 16 are |am nated on a substrate
(not shown) in succession. As above, in the enbodi nent
of the present section 4, the provision of the
el ectron injection layer 15 5 allows the function of
injecting electrons effectively. The provision of the
el ectron injection layer 15 thus facilitates noving
13,ehacirgasitol ihenesgamitCl hyairnescert elayarrdifti nyiddt #6n layer
i mprovenent to the responsivity of the organic EL
15,denvidea 1086t hbrdei denteat |y dhe baganiad & ateva ceullBbrafte (not
the enbodi ment 2-4 10 is characterized in that the
shoy ek o ¢ AFeetioan | &reab o8 e, sin fther pobed intsettweétidhpresent
organi ¢ | um nescent |ayer 14 and the cathode |ayer 16.
seqhd bt 1t hf8e HE bF FaRlc OEL tdev ik abBopf itpection layer 15

llenboq%negi 2-4 . hasd;he sane, structure as that of  the

al 1 gant t° ELUREYV 08 Pda T Tore T hbnenBbariEmn -t tephigely. The
the | owi d ription wll .15 deal inly with the,

pr%jkﬁé?%69¥%?%%t$%%ckgégr1?§e 9%ﬁ9§i§¥%gaig b Fatificares

moﬁ%ﬁ?fgﬁé%{§55§ EerEh@foE?%FﬁQPQQMﬁﬂgs afe IQ?e&eﬁh Ofiith an

conponent's may adop e sane configdrations ag in

imghereREROAE BEOLS ge%pb%é%éi@@§§fHQ§Qcﬁp?XHicOELtM@bQQe 106.
publicly-known configurations in the field of organic
EL I2@idewita@dy,(dhe Cangdnitdientddirtes nale &f tleembodiment 2-4
el ectron injection layer The electron layer 15 is

is giveafartat iz erhile thh tarhoe aot conanpeund ondra et §dsiinterposed
conmpound. In particular, organic conpounds can be used

betpigepohbe i endan uh lomgarsiscart deviecel ¢ hatd s ertbbHentayer 16.
25 electron injectability fromthe cathode as well as

Excap texcet $ entnedaraindic EL i el cpr &Pér odd trgyaieodiment 2-4
o CUPEUSGe! A0LUIS, & Iy orrqul a0l e and oxad gzok, o 14
or ERPRILRCPRILEN. BN oYU OL i, JO M, L0 o iy
deal mainly with the electron injection layer 15 which is the
characteristic part of the embodiment 2-4. The rest of the
components may adopt the same configurations as in the
embodiments 2-1 to 2-3 described above, or typical
publicly-known configurations in the field of organic EL
devices.

(1) Constituent material of the electron injection layer

The electron layer 15 is preferably made of an organic compound
or inorganic compound. In particular, organic compounds can be
used to constitute an organic EL device that has excellent
electron injectability from the cathocde as well as an excellent
durability. Here, preferred organic compounds include
8-hydroxyquinoline and oxadiazcl, and derivatives thereof such
as metal chelate oxinoid compounds containing

8~hydroxygquinoline.

70



10

15

20

25

compound, this inorganic conpound preferably uses an
i nsul ator or sem conductor. The electron injection
| ayer 15, when nmade of an insulator or seniconductor,
can effectively avoid current 5 | eak and inprove
el ectron injectability. For such an insulator, it is
preferable to use at | east one netal conpound sel ected
f r owhehet ge ol consi Stijrgtdforal kgkirnes Bt @lade of an inorganic
chal cogeni des (oxides, sulfides, selenides,
compeing,i tbs}, imdkadhhe eampdumeiale fertzdd lgogerisdes, insulator or
hal i des of al kaline nmetals, and halides of 10 al kal i ne
semagPnRueEedl-s. Tiber lelkd mirect rdack apectlisare t ayer 4Benj made of
made of these al kaline netal chal cogenides or the |ike,
an dpsuli et roh ?ﬁf“é&f’élﬁjiqqtt%/r« SCPRef EESHILL Yoy Gveaid current
furt S eC|f|c [ 1 ferred al kal i ne netm
é‘haa?g&&%ﬁ 8 = Lo b L B P A O K28, © RazSee " na 2o
r h pr, ferre 15 al kalin arth nmeta
it 1% p%éﬁﬂp d%sg €o % 85 qﬁiﬁ} %p%)mggeﬁ @ﬁgp %@d selected

chal cogeni |nclu

froogfasghﬁaf&i’ ne net aI S | nCJ[arg%e%IEIO kgilplr efrﬁ{{%? %ﬁggﬁanldes

(oxNafels , sﬁQEﬁ@@@ﬁE%léﬂFﬂé&eE%ﬁﬁ@%fE@éﬂe%ﬂﬁanHégégihmetal
earth metal's i nclude, for example, fluorides such

chalafcyeBadids , SH2L i dF2,0 £ 201a8d iBeF2meand shal i fes I{thﬁﬂes of
than fluorides. Now, when the electron injection |ayer

alkBl iire et bf mataden cotiductidie preterwed injection layer 15

. semconductors include oxides, nitrides, or nitric

1s prilgesfcbhesenapdadtineastt ohehd eregenddgice sobrBaheCaike, the
Sr, Yb, A, Ga, In, Li, Na, Cd, My, Si, Ta, Sb, and Zn.
’Fﬁerypfbahnlscﬁébdéédilél bRePrEL emaP by HOPEOVRsest U hiehest

onblgatl Mor eover it is ﬁreferable that the )

|no BﬁﬁF lEBﬁEBun&W@npﬁﬁﬁ%ﬁq%QH? felime Bpeedr Ghalcogenides

. ect.ion # e g [ m Ccrocr l1ine or

AP LSl e FHTEAEL 0 e procer e

alkfaml%(g 'e%q:t a%%ha%c,e@g gge%flhg% Efsaq a%'abe tSlyon BeO,

, can torm a nore nngenous t

Bagsl esge- g6k ?%dﬁ/%ﬁrﬂﬁé. SUER addition, the preferred halides

of alkaline metals include LiF, NaF, KF, LiCl, KC1l, and NaCl,

for example. The preferred halides of alkaline earth metals

include, for example, fluorides such as CaF,, BaF;, SrF,, MgF,,

and BePF;, and halides other than flucrides.

Now, when the electron injection layer 15 is made of a
semiconductor, preferred semiconductors include oxides, nitrides,
or nitric oxides containing at least one element out of Ba, Ca,
Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb, and Zn. They can
beusedalone, or twoormore types thereof incombination. Moreover,
it is preferable that the inorganic compound for constituting
the electron injection layer 15 is a microcrystalline or

noncrystalline insulative thin film. The electron injection

layer 15, when made of these insulative thin films, can form
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as dark spots. Incidentally, such inorganic conpounds

i nclude the al kaline netal chal cogenides, the a
earth nmetal chal cogeni des, the halides of alkaline
netals, and the halides 5 of alkaline earth netals
descri bed above. (2) Electron affinity Now, the
el ectron injection |ayer 15 according to the

a membodhomoyedod priefenabl ymhas arcehest defcaffivd tyixels such
within the range of 1.8 and 3.6 eV. Wen the el ectron

as dafiknspgthal | SngeldamtiaBly0 svchnivatgenitheompearidninclude

injectability drops with the tendency

kal i ne

toward hi gher

thqn%%kﬁélvat%ﬁﬁﬁhn@hﬁéﬁﬁgﬁmhﬁﬁésc@hee#lk@ﬂemg/eavwhnmetal
the electron affinity exceeds_ 3. eV in value, on the
Cha&t%ﬁienhaﬁa the probésis Ptfyaékaéé@@r Pened Sof adshphexbglides

i ncreases while it

| t. effi
of k? %%g%n%\ggélr&l}g%%gs egﬁspe?f?e%@o'?e%ngg%eaﬁrr ence of

bqu% n%lb#@%tlonf%ffe%tlvely Thus,

he é&rectron I njection Iayer is pref

affinit

the el ectron

erably

i VRR,2a Valdle Within, b hﬁr%@@gfo f l]ae%ranf'S a(?:c%o\%:lldxad;dao the

yet nore preferably a va

e Wt

he range o

embddibedV¥- 23@%&%\@naﬂl®ehgbqrﬁé@1@€%rbﬂ SELChIop vﬁ{tfkflm t¥e range

bet ween 20 the el ectron inject

ion |ayer 15 and

of 0rgaahd Bu6ierescenien layereldcprehendtdinihes favakupedbw 1.8
1.2 eV or snaller, and yet preferably a value of 0.5

eV eV orlgaultiee o Ihet somliejethabilditf erepcewiinrekeet tendency

ection injection from

towatre BiLg -mﬁrnﬁpagV@htaaﬂwndaQWErH@mwgﬁmcenz&fflc1ency

affinity is, the easier the e

| um nescent | ayer 14 becones.

This makes it possi

ble to

WhegohSei ?Jd?éttfﬁ’él BF §amiic ER*F@A TR 31 G6yf LR it bved on the other
res nsi vi t i gy 8? %é gap The electron i njection
t

hany éhogx

FB6RTReME CRIP LR eeE  ARFYNY lower

L5320, FOSE Y, D80 0, GO0, ETET ) 12 0, PRl T2 s oo

rea and

sudﬂfﬁg§Ehé&@9u£?%nceofblockingjunctioneffectlvely. Thus,

the electron affinity of the electron injection layer is

preferably given a value within the range of 1.9 and 3.0 eV,

and yet more preferably a value within the range of 2.0 and

2.5eV. Moreover, the difference in electron affinity between

the electron injecticon layer 15 and the organic luminescent

layer 14 preferably has a value of 1.2 eV or smaller, and yet

preferably a value of 0.5 eV or smaller. The s

difference in electron affinity is, the easier t

maller this

he election

injection from the electron injection layer 15 to the organic

luminescent layer 14 becomes.

This makes it possible to

constitute the organic EL device 106 of improved responsivity.

(3) Energy gap

The electron injection layer 15 according to the embodiment

2-4 preferably has an energy gap
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energy gap is thus set at or above a predeterm ned
value, e.g., a value as great as or above 2.7 eV, it
is possible to reduce the chance that hol es reach the
el ectron injection |layer 15 5 beyond the organic
| um nescent | ayer 14. This can inprove the efficiency
of the reconbi nati on between hol es and el ectrons,
greartieamcang e prefienetdgnaerd ni€ensi §yo &fv bhegpsgear ¢ Blhen the
device 106. It is also possible to prevent the
enegl @t taagh lisntects srtl agerr dboveselfrddomeemittidgalue, e.qg.,
light. 10 (4) Structure Now, description wll be given
a VGl U@ stFR: tir @Sofr't AboFlkeeét-rloeV i nitects ar$aybilelso reduce
that is made of an inorganic conpound. This electron
thg R Fenthafenals $ sTREED itha el e ot BAY pariacuiar layer 15
structure, but. y have a single-layer structure, .
bey&)onucg%&el gf&arfscngjﬁrﬁjc?%?g,en& 9t"‘lyl’eﬁl iﬁl'ayglhlsst CGét gp@rove the
QU . r r..the.electron injection |layer 1
ef#é?%%% i%?tg t§8§%$ﬁiﬂ ?%% a§6%wﬁﬁﬁam§%fseﬁ?ﬁe?ieC%ronS’

enh¥ad OMg (i CKRRSRES JTRY- 8§ H Qi’@% ct)ﬁ.e{)ﬁgd&ngga?ﬁct %gf device

circunstances. In reality, values in the “range

1068 Ot isGlsdpomanh 108G Ay ane Heberall Sn The J8aSN 1ayer
20 for this is that when the electron injection’l ayer

15 15 gwde of omarniinof geqi tigakpound falls below 0.1 nmin

t hi ckness, there may occur a drop in electron

i nj édt abttlrutyuee a drop in nmechanical strength. On the

ot her hand, when the electron injection layer 15 nade

of Hawi Rt iconpolhdeegteen s f1100) shmichutrkiekhbsslectron
. .25 it becones high in resistance, possibly
injgetérnotateig 1thé hatedosids ©f en tiferaegdf cmpound. This
zyice 106, i. maki n ujck response difficult, or

d e .
©LeFEd™t i HY £ F e OPort 39 m ¥or it Oh. T IBdhssqiehiayy Ragticular

I inj ecti I . 15 f [ [
o RN L R BB eA T 5 OGS O B0 DB e
stra%_tQIré); %lam:q: iwe D{my y@?ds Yeh e ,prf%fre(eﬁglrt% %. Moreover .

thi ckness withi'n
the electron injection layer 15 is not limited to any particular

thickness, either. Various thicknesses may be employed
depending on the circumstances. In reality, values within the
range of, e.g., 0.1 nm and 1000 nm are preferable. The reason
for this is that when the electron injection layer 15 made of
an inorganic compound falls below 0.1 nm in thickness, there
may occur adropinelectroninjectability or adrop inmechanical
strength. On the other hand, when the electron injection layer
15 made of an inorganic compound exceeds 1000 nm in thickness,
it becomes high in resistance, possibly deteriorating the
responsivity of the organic EL device 106, i.e., making quick
response difficult, or requiring time for film formation,
Consequently, the electron injection layer 15 made of an

inorganic compound preferably has a thickness within the range
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the range of 1 and 50 nm (5) Form ng nethod Next,

description wll be given of a nethod of formng the 5

el ectron injection layer 15. The electron injection

layer 15 is not limted to any particular formng

method as long as it can be fornmed as a thin film

| ayer of uniformthickness. Various types of nethods,
of Such aasi VaUum deposi $¢0Mmo 8pi predatrdlly £ashidPnekB within

nmet hod, and sputtering, are applicable. 10 [ Enbodi nent
the2-HHndgowp fdésaridptiI@nnmi. | | be given of an enbodi nent

2-5 of the present invention. In the enbodi nent 2-5, a

pl urali Eprefing Aetdadi c compounds can be used to

achi eve an anode | ayer 16 of excellent etching

pr oH@.Xtty Qﬁacw-aﬁéﬁar Bhéy PR 9hVeR ¢hea 1@%@@@& u’@ﬁmmg the

1 unlfqrnlco OSltlon ratlos
e1efE e el fon not LERB e LSk 20 oot ngy ik kaver 15 is

notoﬁgﬂﬂlted E:Ib % v gaeangJtchvagr VI ng vol t%gxtﬁdaexcﬁ.ltc{pe%;ﬂ? it can

um nescence ensi and EXC

be ?%r%c?'éhe% \M}'Fll’]} ﬁ.h]fl{’lci &¥ OE?@%&E%T Cﬁzne?ﬁat Various

characteristic o dlnen Iles I'n
typlelte @noechayss, 16uks FREQCQMmUSJIE‘J%é:PE_{th stpgirrge&éatlng,

and sputtering ‘met hod. Moreover, in the enbodi ment 2-
cagﬂﬂn¢wanplﬁetaqaLngﬁdtypatt@ﬁﬁﬂuc 448l BegaeMable.

materials can be used to achieve an organic

| umlAmbodamehay@r514 in which the constituent

materials are in uniformconposition ratios. 25 As a

resPv, defabibtacthovlibbthodiiseproliadedihodinatt gh-5 of the

organic EL device of low driving voltage, high
PreP@ﬁFnéﬁ%ﬁﬂﬁéqqﬁenéf%ytheaﬁFQﬁ%émPéﬁt pabid i ppuganity of

e obt ai ned mntg¥5ff|0|enc hat |s a second
moc?r?a?r%{c‘f ereEPPen nto2ashiege jan tapgdet haver 16

t ' I of
or GO LLUTLEEIITL  BHSE et Il §aB 1 %kl ehe
con@%ﬁoﬁléﬂgr}ng@égqgls are in uniform composition ratios. As

a result, a fabrication method is provided by which an organic
EL device of low driving voltage, excellent luminescence
intensity, and excellent durability can be obtained with
efficiency. That is, a first characteristic of the embodiment
2-5 lies in that the anode layer 16 is formed by using certain
targets and sputteringmethod. Moreover, inthe embodiment 2-5,
for example, a plurality of organic luminescent materials can
be used to achieve an organic luminescent layer 14 in which
the constituent materials are in uniform composition ratios.
As a result, a fabricationmethod is provided by which an organic
EL device of low driving voltage, high luminescence intensity,
and excellent durability can be obtainedwithefficiency. That
is, a second characteristic of the embodiment 2-5 lies in that

the organic luminescent layer 14 ismade of aplurality of organic
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In order to obtain the organic EL device having the
property that its constituent materials are in uniform
conposition ratios, at |east the anode |ayer 10 and
the organic |um nescent |ayer 14 5 are preferably
formed under a consistent identical vacuum condition
W t hout being exposed to the air. Athird
conBuRgs ebystisG rf 4 hee reahodiviiug- Gebo®S tibd hethod.
sharing of a vacuum chanmber for exercising sputtering
and Ia vadeumchémzem toe exgacisiBly deadwshattlepgsthé GProperty
The reason is to obtain an organi c EL device having 10
thatthétpropest yt oemt ndtee conss iangenn waifoirml sompesinion ratios,
uni form conposition ratios. Then, in the enbodi nent
at egstatipngredevieviam chapbdrthe provided Wotnontgniitayer 14
a heati qut and substrate hol di ng neans necessary o
areflre brEral % RFTEHULERT T FgCoBat S BFEb WA & HedpFRY™ condition
.. unit,, evaporation, sources, .and like 15 fo .
wi e R A T R LB P B M W S E RS s e of the

emﬁydiﬁéﬁtVQQ%Uﬁfé‘eiﬁo%ﬁﬁ“%ﬁéﬁkﬂguﬁﬁfteeCBE%J%“%ﬁQSber for

vacuum chanber or exercising va position.

ex%fgﬂﬁfﬁﬁéﬁdhté§iﬁgQﬂQﬁQﬁ%%u@%%ﬂﬂﬁb@ii&ﬂ?eﬁgggyéﬁggvacuum

-5, it7is possiblé to enploy the <configuration that

depdiel vaetUm Thambessbari SpY 6BERAG @G Hdien 20 Maglce having
chanber for vacuum deposition are arranged separately

theandr@percgnnécitedthe eaahsof heent nmadwantel s AeG® diMmguniform
to such a nodification, a substrate given vacuum

comggpoist 1 Pon redn doe. t h8hentr dnspoheedmbmidinéetvaciiuma single
chanber for sputtering by a predeterm ned _ _

vaciyghsperflaeitod sumovyiled nhé sankey restiht saddat PBotheit and
case of sharing the vacuum chanber. For ease of _

subgidetst aRAL Ad NS M B JanP E SBE adevi T t 9% BE Cdésictd bauF hering

th present enbodi nent,2-5 shall have the sane ,

but BhFPGUr AL Bl G20 PHat™ b + (= ERBAIHEh 35 © e RIUIRP Like
t %@ fg%g' ' &n .enpl oyed.,.in_th enbo?'nen .

f :

o B S O e R S Vr o o1 A4 By PRE Bharing of
thel $8866H ¥8be for exercising sputtering and the vacuum chamber
for exercising vacuum deposition. Incidentally, as a modified
example of the embodiment 2-5, it is possible to employ the
configuration that the vacuum chamber for sputtering and the
vacuum chamber for vacuum deposition are arranged separately
and are connected to each other in advance. According to such
amodification, a substrate given vacuum deposition can be then
transported into the wvacuum chamber for sputtering by a
predetermined transportation unit, with the same result as in
the case o©of sharing the wvacuum chamber. For ease of
understanding, the organic EL device to be described in the
present embodiment 2-5 shall have the same configuration as

that ¢f the embodiment 2-5.

According to the fabricationmethod employed in the embediment
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correspondi ng fabrication nmethods: Anode | ayer 10: high

frequency magnetron sputtering; Inorganic thin film

| ayer 12: high frequency magnetron 5 sputtering; Hole

transporting |ayer 13: vacuum deposition; Oganic

| um nescent | ayer 14: vacuum deposition; Electron

injection |layer 15: vacuum deposition; and Cathode
2-5l,ayehe 16 ayacsiumhdeposbeilon. Wérd 1)f ratgmnt bgn thiet heespective

anode | ayer and the inorganic thin film layer In
corfrespiong inke fabadeatdyper med hand :it he i norganic thin film

| ayer 12 by high frequency magnetron sputtering, it is

preﬁ@PﬁBléaﬁérug@= 81g8r gerarisacyi fagagd roh ceMIaETds1g;

of the %roup A (group_ A-1 or 15 group A-2) and the

gr odPOBYEGr6up- B &2 1 iy B 2}2: St f FEaARGNCY magnetron
sou ?rge% nmust contain at |east the group A (group A-1 or
P é 6 6 gA-2) and the group B (group B-1 or group B-2) in

pre roi rtions. Moreaqver, the target (1 m

o 1828 TraG0ecBbane, o088 %5 TREEk MU SRRt

”aF@Qbéhic'§uﬂ&ﬁ%§%@hkyﬁggk§'ﬁqq 29 YD RiRG Mipxed, .

uniformy by using a solution met hod Fbop eci pitation

net RodrteaneaRtEatibanl aQe®l 150 18 Rk Webefsi+ 1991,V eiHd

pol yhydric al cohol or thé Iike; precipitating agent:

pot asshuaehydrexi de:orathen dégpsandoa.physical m xing

method (mll: ball mlIl, bead mlIl, or the Iike;

m xi(hy Pernadiond dfotPe 200dholayyr amdl thenisbngened (latn film

tenperatures of 1200C to 1500 C, for a period of 10 to
layeg hours or preferably 24 to 48 hours) followed by

nol di ng (press. nol ding, H P nolding, or the |ike)

Her &0 GHaingt Bhgfanasifher¥ebrid) ARdd Tt PAGIRRECHSIidI AFlr layer
12 B SISHERAPpbID She fafe of, 1 and SOCIINLE o .
a tQPGEQCEEEkZ?g B&dgag%ngo%ggugﬁgpg%t¥he group A (group A-1 or
group A-2) and the group B (group B-1 or group B-2}. Specifically,
the target must contain at least the group A (group A-1 or group
A-2) and the group B (group B-1 or group B-2) in predetermined
proportions. Moreover, the target (1 um or less in average
particle diameter), or raw material, is preferably obtained
by being mixed uniformly by wusing a solution method
(coprecipitaticonmethod) (concentration: 0.01 to 10mol/liter;
solvent: polyhydric alcohol or the like; precipitating agent:
potassium hydroxide or the like) and a physical mixing method
(mill: ball mill, bead mill, or the like; mixing period: 1 to
200 hours) and then sintered (at temperatures of 1200°C to 1500
°C, for a period of 10 to 72 hours or preferably 24 to 48 hours),
followed by molding (press molding, HIP molding, or the like).
Here, the rate of temperature rise during themolding preferably

fallswithin the range of 1 and 50°C/minute in value. The target
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that its constituent materials are in uniform
conposition ratios. Incidentally, since the
conposition ratios and the |ike can be adjusted by the
sputtering condition alone, it is also 5 preferable
that the conpounds of the group A (group A-1 or group
A-2) and the group B (group B-1 or group B-2) are
obtsputedbgd-hsepardtiebys iEheh spatteriingCbRdid ¥ Diigithdptoperty
limted to any particular one, whereas it is
thqﬁéiémmﬂ%ﬁIEUQmMm@tehem&ﬂmremﬂmoﬁfqnm@mgpnsamldmratlos.
other inert gas; 0.3 to 4 Win plasm output per a
Inciqept alt ¥ acé 1aa gret RRmPargdtion xatdor waid thaolike can

Pa,in vacuuym O 01 to 50 nmisec in the rate of film
be faowmsﬁ ) { bPE2 G ut BANEn G beEPBA A LADE [ it 15 2150

50C to 300C i bstrate_ t
”H?iegé’:ohnaat.”%%engfmgf?cw = ifut Dy S R CEGhck 41 SR AT L ox group
- Eﬁgi%}&f e S R S

Seﬂ#ygggjnflIn1th|cknesses (2) Formation of the organic
Iun1nescent | ayer 14 Wth reference to Figs. 7 and 8,

deschiepiguit evidg Bengi¥€Bn 1of nbhe imatthed: 8fadfp At PIchNgr one,
organi ¢ | um nescent |ayer 14 by 20 evaporating
whedehbet enisepapdeatbde tatetpbbg te tdhgEod id®: in argon or
Initially, the rotation axis 213A for a substrate 203
othes hmket gebf PoBatpoh Eboutplsssatoorpthapesubst fate surface
203 by using a vacuun1evaporator 201. Next,
aregvapothei bargetr césx2124 to 212F10d?é9annang&ﬂnzn, 0.01 to 50
positions each away fromthe rotation axis 213A 25 of
nm/BRE S BIEr Rebe QB AUt pHEaiiBat rafe bOB miqutesmtiedthe period
bout itself. At the sane _tipe, various evaporation

of fiimfpzmetira; aApolatdd SPMF tanedEtya ke smmegature. The
I Ity of L 212F
rea%dﬁ71| thatl SYEROLaL b?gttﬁgH%ﬁgg??%féiogoés mnéﬁiffectlve

are arranged opp05|te

ande%%ﬂaﬁﬂ@gogeﬁg?ﬁ é% Tﬁéngég%@éaéLE%98§C%%t -ﬁlfwg£gan1c
¢an be obt ai ned |
thin film layer 12 having unlform film thicknesses.

(2) Formation of the organic luminescent layer 14

With reference to Figs. 7 and 8, description will be given
of the method of forming the organic luminescent layer 14 by
evaporating different evaporation materials at the same time.
Initially, the rotation axis 213A for a substrate 203 to make
self rotation about is set on that substrate 203 by using a
vacuum evaporator 201. Next, evaporation sources 212A to 212F
are arranged at positions each away from the rotation axis 2134
of the substrate 203, and the substrate 203 is rotated about
itself. At the same time, various evaporation materials are
evaporated simultaneously from the plurality of evaporation
sources 212A to 212F which are arranged opposite to the substrate

203, thereby exercising deposition. The organic luminescent
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Here, the vacuum evaporator 201 shown in Figs. 7 and 8
conprises: a vacuum chanber 210; a substrate hol der
211 for fixing the substrate 203 to the inner top part
of this vacuum chanber 210; and the plurality 5 (six)
of evaporation sources 212A to 212F to be filled with
evaporation materials, opposed to and arranged bel ow

lavan sl 4$ubshr bee dit alenedl1in tHiis waguum chanber 210 is
configured capable of maintaining its interior in a
pr eH&E&r hiltfo¥ia depreysppiraseratlal %h@yn ag.ans .ekhnd$tcomprises:
nmeans &not shown) . Incidentally | e six evaporation

2 VYRIB G é@?eér%l%hévﬁfﬂ?%t%fee E}Pé&ﬁén%llt hernuhbigtg she substrate

O ST e S Bkl I oo
BT MR e T Tl AR —
mat@Q 1‘3 15 ec&q_%ésé&'?%{ é??ﬁag&%#% %g?tgh%lléﬁ’? g,r%btﬂ%ané%cf{ﬁ%er 211.

Thl&i«lb}%d’@irﬁ 2R3nbetrata o ahoWon £ S5ghtkq b%fp%rkﬂcéefgf malntalnlng
vertically at the center of the top surface of th

1tssdmﬂdﬁd@rhtherpiéaeEHBMhﬁ@@a@épge%@ﬂﬁliﬁwtéﬂﬁtglﬁy using
Is connected with a notor 214, rotating and agitating

exhmpansmeBy s20nbheshrotal i onahcaplerraiabm;)ﬁumrﬂee pakosvapdration
the substrate 203 held by the substrate hol der 211

Sourglees seff Showat iloh Hboutdieheamottai ¢ ngushafrt qorevaporation
213, along with the substrate holder 211. That is, the

SOWF&GRT ddl NP6t AL MatSakFBeZEIR Paterpabpeshide qt lefs, or seven
center of the substrate 203 by neans of the rotating

CL I®WIihaft portion 213 Next, concrete descrlptlon will
be glve of the ne

| um nesceht SPay %Fa 5 %dt%egjg{JE‘IgF%a%‘gf‘i anl % 2 fgg holding
thel ¥BE2OE, 09BN e I NIIRARENG O BHLLLS &Qf?ﬂ%e:fmf%g'hold the

opant materia Yy usi ng € vacuum evapor at

subd0}a€ent b WS 1S, 1 14 hﬂkhba$£¥uuﬁh§u§M§§;Q§kﬁ 283,08t ating

flat square shape as shown in
shaft part 213 formaking the substrate 203 rotate (about itself)

is erected vertically at the center of the top surface of this
substrate holder 211. This rotating shaft portion 213 is
connected with a motor 214, rotating and agitating means. By
the rotational coperation of the motor 214, the substrate 203
held by the substrate holder 211 makes self rotation about the
rotating shaft portion 213, along with the substrate holder
211. That is, the vertical rotation axis 213A is established
at the center of the substrate 203 by means of the rotating
shaft portion 213.

Next, concrete description will be given of the method of
forming the organic luminescent layer 12 on the substrate 203 out
of two types of crganic luminescent materials (host material and

dopant material) by using the vacuum evaporator 201 configured thus.
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Fig. 7 is prepared. This substrate 203 is |ocked to the
hol ding part 212 of the substrate holder 211 in a
hori zontal state. |In this respect, the substrate 203
shown in Fig. 7 being held 5 in a horizontal state
means that the substrate 203 is |ocked to the holding
part 212 of the substrate holder 211 in a horizontal
Initid By HefRe §0bEQIYNY Ade HF g€ é@@é?@sgﬁgbelé%eshown in
12, the two evaporation sources 212B and 212C
Flgadpomnp&gem@ﬁ | mgiBasybeickele 288 220 e fiidd @the holding
with the host nmaterial and the dopant nmaterial,
pantespertoVekre Afttest taeef hbllideg, 21k yﬁcuumﬂoq:hamxetam@tate.
is depressurized inside by the exhaust nmeans to a
In phddetrerapered. vVheusnbstchtas 403 $hownOid4 Hogr. 7Theing held
the evaporation sources 212B and 212C are heated so
in phictiveombal FRRES Aleadnd tihet dbpansubstrte i AP3 is locked
vaporate fromthe_respective ev oration saqurces 212B
to TR NP1SE AT RAFIHLRES! DS ISRAHE: ABRMG IRE T 2d Horgropizontal
sta t rotated for agitation, whereby the substrate 203 is
rotated at a predet erm ned speed, such as 1 to 100

sl bt i Lo el e M TS cne
eva?%&%%h@h apdrtbe Lopanth, i 8Fi Al M8 £ o%vgﬂofrﬁé(gﬂnaf:? circle

rmthe organic |um nescent |ayer 12.” Here

2211 BreFify118d the evaRor b ®Nmsesr c8s 344BraRd g Qtarn%terlal
arranged at positions off the rotation axis 213A of

resphetsubiyrat 8 f2@3 byheafpnadeier ntned il @icehMniper 210 is
hori zontal directions. Thus, the 25 rotation of the

depgwssiual ee@03nedniec tangehd hexlamgb esmehnisndicdentpredet bemined
evaporation materials, such as the host material and

vacther dorEnta srat.ef ball0 BrT o he. subbenat ¢ h208 visggut &t Lyn sources
This allows the evaporatjon materials to adhere to the

2128, p8erat €C az‘@h@rﬁtf%?moyth% thathas & Miat 5134 |agydthe dopant

evaporati :%n 79Fgat erials _of uniform caonposition

matﬁﬁ%%§68§EQﬁ§%% a%p ﬁﬁppectlveevaporatl n sources 212B

and 212C simultanecusly. In the meantime, the motor 214 is
rotated for agitation, whereby the substrate 203 is rotated
at a predetermined speed, suchas 1 tc 100 rpm, about the rotation
axis 213A. 1In this way, the substrate 203 makes self rotation
while thehostmaterial and the dopantmaterial are co-evaporated
to form the organic luminescent layer 12. Here, as shown in
Fig. 8, the evaporation sources 212B and 212C are arranged at
positions off the rotation axis 213A of the substrate 203 by
a predetermined distance Min horizontal directions. Thus, the
rotation of the substrate 203 can change the angles of incident
of the evaporation materials, such as the host material and
the dopant material, on the substrate 203 regularly. This
allows the evaporation materials to adhere to the substrate

203 uniformly, sc that a thin film layer having evaporation
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within the filmsurface of the el ectrode injection
| ayer 15. For exanple, it is possible to forma thin
filmlayer having concentration variations of 10% (on
a nole basis) . Mdhreover, 5 when the evaporation is
performed thus, no revolution is required of the
substrate 203. This elimnates the need for intended
ma tSBCL] &ndf eqHl FERnt cop O3 PPoacereNids fddiBbOrsMEEQR formed
in a mninmmspace. Here, the revolution of the
witdubsttriae ef 208 eefrdase taf riate bacabeudte dnyjdot abhngayer 15.
axis other than that of the 10 substrate. It requires
Forssawanid eer ithas ipowsdid kasecofosml i thdtratfiioim Neweri having
exerci sing the sinultaneous evaporation, the substrate
comzE i sahoonl varted it amyf paPei cahar rshlapdasiake, fBpreover,
ex the case shown in Fi 7 where the substrate
Wh%éﬂﬁfs"%%réﬁaaé 1B DEE L Hhe ghﬁlsat ROZFF ¥t ¢ AR L5 geguired
t he subst entica

ot %Le ﬁlﬂ%ﬁl? 2?0§Vap§héﬁ(§ﬁ%%bP35§S fﬂﬁ:ﬁ?? ;gﬁra?gtended
spé%éfgggggﬁdﬁgﬁéﬁg Cgﬁﬁ@ﬂ#ﬂ%”ggoﬂf t?é:f '@ygﬁation in a

circ nd t he rot axi's
minSWRet 5ake L03. He J@e tﬂ@f%vell%tt%cﬁh@@etl% %fu%sapzl:é(te 203 refers
satisfies M> (1 20 where Mis the radius of

to therdfaghnabs e r@hg %%laﬂfﬂ’né— hsikh@tH&NgtRaef st d8F the
of the substrate 203. On the other hand, when the

subsitdest ©f the suhstirate A3careidet t%ﬂﬂliﬁﬂtﬁ@tcase of self
different in length, L shall be the Iength of the

rotladnigest side. In such configurations, the angles at
whi ch evaporation materials are 25 incident on the
sub¥fPrati® 203r ¢} oy heesilgrdltiane wfs evaperat i on, the substrate

sources 212A to 212F can be rendered identical, so that
203; ha neenbbrgﬂiﬁenwamss%]rt%wfé@aﬁm&1 or?armerf%rsexamplef
an be control%g e easi
Jﬁ%e e

thecsﬁﬁ S EP&bre: VS SRS TAFS 4Pd ha1 the shape

s\ljgsg?éla‘{'egﬁgg .ﬁ]ec{t sgnggglo \%j(e')er ofalnghge u%socnrat’pee 203 are
identicalinlength. Here, thepluralityofevaporationsources
212Ato212Fare arrangedalongthecircumference of the imaginary
circle 221 around the rotation axis 213a of this substrate 203.
The short-plate shape preferably satisfies M > (1 / 2) x L,
where M is the radius of the imaginary circle 221 and L is the
length of a side of the substrate 203. On the other hand, when
the sides of the substrate 203 are not identical but different
in length, L shall be the length of the longest side. 1In such
cenfigurations, the angles at which evaporation materials are
incident on the substrate 203 from the plurality of evaporation
sources 2124 to 212F can be rendered identical, so that the
composition ratios of the evaporation materials can be

controlled more easily. Besides, due to such configurations,

the evaporation materials are evaporated at a certain angle
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i nci dence can further inprove the uniformty of the
conposition ratios within the filmsurface. Mreover
in exercising the fabrication nmethod of the 5
enbodi nrent 2-5, as shown in Fig. 7, the plurality of
evaporation sources 212A to 212F are preferably
arranged on the circunference of the imaginary circle
of 22ic zdeund bhe ttot atvbataxitse ZIBA of Thbheabsubsid ab€ vertical
~ 203, the individual evaporation sources 212A to 212F
indiglance samAged it r ang ey ot h360h if ormaiboute ft hbecepmepsition
of the imaginary 10 circle 221, where n is the nunber
ratgoeviapbhafi hSsdukEesSpIAG 212F to be arranged.
For exanpl e, when six evaporatjon squrces 212 are to
be HPFERJEA, tHey S SHTbl Y &r ridtiyelFatiagreshost of the
'._about, the_center of the imaginary circle 221. In
embggéﬁengr%a%geﬁ%n?,ovﬁelﬁl +%r??y'%'eévﬁﬁ%% §%Pf evaporation
ri for i_h4la c iwvely. on
o Bt 68 o L et DL o H S A BT R e Fbmterence
of EH@S!‘LHE@ihQﬂ(OEm’@lEhEQlféf«gﬂ:ﬁ&y@t‘ieW@@ti&?@?ﬁ%tiﬁh of the
ratios vary regularly in the direction of the film
subkhlirakBess3, Naxtindiestdidl keApWirhk 18 Huweied D1PRARME 212F being
detail of the 20 conposition uniformty of the organic
arrbngedes¢enhglagebrlicohat nisbdor etk erdth® of the imaginary
si mul t aneous evaporati on net hod descri bed above. By
cirpdg 8Rlexuhpre, nAly Was mgdteasof hevdostamidrersalraas 2122 to
Cs as the dopant. The substrate 203 shown in Fig. 9
212{gk0 st gre@ndgd.-5 Fpm AKRM® 1 + Whetf i9in levpro having gources
t hi ckness of 25 approxi mately 1000 angstrons (setting)
212088 SsitflIRarRbiRN§ e dde poisit &AF Girdle L £ Re SR dgd at angles
%ggdiéion: Deposition rate of Alg: 0.1 to 0.3 nnis;
of BUpodPPHoN thst €SPt TS0, Whe ol B9 iRRY G l9ht éknesdn such
f : 0 setiing). 81 Incidentally
e SR Lt et ALP o A ol S BP AR 14T choga g B cen e
formed in layers successively on each portion of the substrate

203. It is therefore possible to form a thin film layer whose
compcsition ratios vary regularly in the direction of the film
thickness.

Next, description will be given in more detail of the
composition uniformity of the organic luminescent layer 14 that
is formed by the simultaneous evaporation method described above.
By way of example, Alg was used as the host material and Cs
as the dopant. The substrate 203 shown in Fig. 9 was rotated
at 5 rpm while a thin film layer having a thickness of
approximately 1000 angstroms (setting) was simultaneously
deposited under the following condition:

Depcsition rate cof Alg: 0.1 to 0.3 nm/s;

Deposition rate of Cs: 0.1 to 0.3 nm/s; and

Thickness of Alqg/Cs: 1000 angstroms (setting).
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Fig. 19. Next, the thin filmlayer obtained was

measured f or thicknesses at neasuring points (4Ato

4M on the gl ass substrate 203 shown 5 in Fig. 9 by

using a contact type filmthickness neter. It was al so

measured for Cs/Al (Al in Alg) conposition ratios

atomc ratios) by using an X-ray photoel ectron
Incggenteddyepshexpspmichhcstdentabky]l fohmubeasfirAhg is shown in

~points (4A to 4M on the glass substrate 203 shown in

Figri 42-9 are arbitrary corners (13 points) of 16 equal

sections 10 having_a square shape with each side of 50

mm NAXFeddthtPLn tnt s LA APt AP gdmegdRedtuR ¢ for thicknesses
oe ATRVEELR, 2500k3, Tt T30 BURRRES L TR 20 SO
in $820 O BT TOLGIEE ) O AN BB e g5vms ot
eosby SECL AT, R O 583 s
by UBMRS ahamg phébbekaessoRfspectroscope (XPS). Incidentally,
the measuring points {4A to 4M) on the glass substrate 203 shown
in Fig. 9 are arbitrary corners {13 points) of 16 equal sections
having a square shape with each side of 50 mm in length P, into

which the surface of the substrate 203 is divided in adwvance.

Table 2-1 shows the results obtained.

“"Table 2-1"

82



approxi mately 1000 angstrons (setting) was formed under

the sane evaporation condition as in the foregoing

si mul t aneous evaporation 5 nmethod except that the gl ass

substrate 203 was not rotated. The thin filmlayer

obt ai ned was neasured for thicknesses and Cs/Al

conposition ratios (atomc ratios) at the neasuring

points (4Ato 4M. Table 2-2 shows the results. 83

"Table 2-2" Table 2-2 Measuring pointThickness (A)Cs/Al
T@g%’i?ﬁ_@%ll. 1 4C8841. 1 4DR110.7 4E9221. 1 4F1

20.8 430191 . 2 4H10151.3 4110670. 7 4J9081 . 2

4K8950.5 419201 . 0 4MB501 . 1 As is evident fromthese

results, it was confirmed that according to the

si mul t aneous evaporati on nethod descri bed above, 5 the

thin i mTlayer was goLalned W N, ERtr enelLy Ui orm
film Hﬂ%ﬁ@m@gmt Hi i hidleesmige) of 1008 and A1093
angstf ons ang .extrengly nLEorm CS[ Al COMpoOSLLTon
rati (atoﬁ?@*ratios) mﬁﬁﬁbkﬂéhe range o .19 0 and
1.10 pover measur 1jng pal (ZA 10 ZN o Lne
substf at e . On tHe otﬂésﬁﬁénd, n the ta of usi]ng
thefabncauép 1047 1.0

40 1088 1.1

4E 1091 1.0

4F 1093 1.1

4G 1082 1.1

4H 1075 1.0

4] 1082 1.1

4 1065 1.1

4K 1010 1.0

4L 1008 1.0

4N 1025 1.0

Meanwhile, a thin film layer having a thickness

method except that the glass substrate 203 was not rotated.

4M) . Table 2-2 shows the results.

83

of

approximately 1000 angstroms {setting) was formed under the same
evaporation condition as in the foregoing simultaneous evaporation
The
thin film layer obtained was measured for thicknesses and Cs/Al

composition ratios (atomic ratios) at the measuring points (4A tc



10 nethod different fromthe foregoing simultaneous
evaporation 84 nethod, it was confirned that the
nmeasuring points (4Ato 4M on the substrate 203
showed filmthicknesses in the range of 884 and 1067
angstrons and Cs/ Al conposition ratios in the range of
0.6 and 1.3. 5 Practical exanples [Practical exanple
2- 1'Tab)lePeepdrati on for fabrication of an organic EL
device (fabrication of a target) Powders of indium
oxi de and ceriumoxide (no greater than 1 10 gmin
Tg&ﬁragilp%éticle di aneter) were accommobdated in a wet
€ &iTI<container so that the nole ratio Ce / (In +
Ce) was 0.05, and then m xed and ground for 72 hours.
Next, the resulting ground article was granul ated,
f ol | owed by press nolding to dinensions of 4 inches in

di anet e 5 mmin.thijckness. Th esul tant. 15 S
S.tmg paint | @&é hen Hos e bind
for 3¢ hoursgj
@2)
& trans
$ﬁ41kness 20 2 |n
e obtfined targgt 2-1
: ] i vacgﬁﬁ1chanb of the hiagh
frequengy sput ring systen1gp€1the vhcuum epaper at or .
The high freque sputlt erin vSt em \as QQQ@I ggrj {0

forma 1ranspagﬂgt el ectJr ode g%?ﬁﬂ r5 nm|
thi cknegs_as the_anode llaver hereby obtalnl g a2b

substrafe. FbrgiFa.n1xec gas1q§g§ggon jas and-~oxygen
gas waspfilled in a state dep urized down1'0—3 X

‘ anode Iayer
f 1.1

Formati ¢n of f
glass sqbstrate

10-1 Pal]in vac In tlhat a here] the squtggring
was per facaed ynder the I cond pof-1lapn ultingn
vacuum @f 5 x 3949 Pa; 4 subqggqgg 1.3

4] 1067 Q. 7

4. 008 1.2

4K 895 0. 5

41 020 1.0

4n S50 1.1

As 1is evident from these results, it was confirmed that
according to the simultaneocus evaporation method described above,

> the thin film layer was obtained with extremely uniform film
thicknesseswithin the range 0f 1008 and 1093 angstroms and extremely
uniform Cs/Al composition ratios (atomic ratios) within the range

0of 1.0 and 1.10 over the measuring points (4A to 4M) on the substrate
203. On the other hand, in the case of using the fabrication

10 method different from the fcocregoing simultaneous evaporation
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tenperature of 25C, an input voltage of 100 W and a
filmformng 85 tine of 14 mnutes. Hereinafter, this
gl ass substrate and the anode layer 10 will be
referred to collectively as a substrate. Subsequently,
this substrate was subjected to ultrasonic cleaning in
i sopropyl al cohol, and then dried in a N2 (nitrogen 5
netdes), atnospherenbetoee tO-at nuite mdaant hggbpousitry (M to 4M)
(ultraviolet rays) and ozone. In this state, the anode
on [tdyeersublPt b tehd OSulsdtawrd hbsmnbhdoked Sorsthe vheugange of
of ionjization potential by using AC-1l (from R ken
884apRi1Ep’ Eanﬁeafowawadfcoi%%l qfres btignoratyios in the range
£ %pr over, tge substrate provided with the anode 10
ot %er®i9 has ‘neasured for |ight transmittance

(wa El gt of. 550 nm and found to be 89% (3)
Tre16 agh Cgl FACH 9es aporator The substrate was | oaded

on the sybstrats holder _qf, the vacuum chanber. Then,
the—vatuunrtﬁangérgﬁas—deﬁTessurized inside to a 15
vacyum afrebavakO-dh TosF ehbkowgk i Bef ore meobggﬁic EL device
transporting |layer 13, the organic |um nescent |ayer

(fab4ichheoel ot HoRariyeegti on | ayer 15, and the cathode
| ayer 16 were |am nated in succession on the anode
| ay@pwiie randft hedimorgainie darfd mefrdium bayee 1Roofrékeer than 1
substrate to obtain an organic EL device. Here, in the
um peravdrégenpaheillef of am¢ton) obetheaorganbdatedi hrescendt ball
_.layer 14 to the formation_ of the cathode |ayer 16, the
milyaeADRPHASTNR? Brakdheeven sorabiosee thatln HeCsangas 0.05, and
vacyum con ition@&as maj ntained. Initially, as hole
[

thep, BhZHGr 81 H g9 Har I ERBS YNt | REE ralbdife FeRsiting ground

v.acuum evapor at.e as the lLun nescen

0 t t .
e WaS B B AEAY Gind DI TS FebPEeagoratad ot aa HApne Lons
of N {hORMAGHIN : KL ot DRA0BPRRT §hOPNEBLR A L NepDEVIEEH: cant

_ nnm's an e dep05| ion "ra
wasl BELEARIAd e d e 2CHEW:CRY £LMUTHN @lnd @MY BeQft IBBAG baked

IS shown
at a temperature of 1400°C for 36 hours to fabricate a target

2-1 for the anode layer 10.

(2) Formation of the anode layer 10

Then, a transparent glass substrate of 1.1 mm in thickness,
25 mm in width, and 75 mm in length and the obtained target 2-1
were placed in the common vacuum chamber of the high freguency
sputtering system and the vacuum evaporator. The high freguency
sputtering system was operated to form a transparent electrode film
cf 75 nm in thickness as the anode layer 10, thereby obtaining a
substrate. Here, a mixed gas of argon gas and oxygen gas was
filled in a state depressurized down to 3 x 107! Pa in vacuum.
In that atmosphere, the sputtering was performed under the
condition of: an ultimate vacuum of 5 x 107* Pa; a substrate
temperature of 25°C; an input voltage of 100 W; anda film forming
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in Fig. 19. The chem cal structural fornula of DPVDPAN
is also 86 shown in Fig. 19. The chem cal structural
formula of DI is also shown in Fig. 19. Then, as the
el ectron injection |layer, Alg was vacuumevaporated to
20 nm 5 Finally, Al and Li were vacuum evaporated to
formthe cathode |ayer 16 on the electron injection
tineaydr 115nihakeiscat iHgré headrgani ehiklgdewisceupar@td Nehd the
deposition rate of Al was 1 nms, and the deposition
anacht 6 agfert il Onas 10. be@lraftsrebheot homkaessvce‘ly ke Al ubstrate.
filmwas 200 nm 10 (4) Evaluation on the organic EL
SubgmqeenAldi r eehisursehstvelteageasf ﬂu]SJVC\msi appl i etitresonic
across . electrodes with the cathode |ayer 16 of the
cletned d i P EL 2 Heohee radnehhas ﬂ@é foya Nz (nitrogen

| ect,rod nd th ode | 10 as the S|t|ve(+
gasgl gcat{rgﬁgpg%ﬁe %te%é)lb%rr]g%tmﬂgﬁgetycvﬁsa‘gl nay chping UV
h n_ne cence inten was 164 n|t
u#ﬁra%pjr%%neﬁegg At iol of "WAs ‘cor tr‘ﬁl:\)dstsot%)é bl b e Tahtae layer

10 dﬁtgﬁgrgﬁﬁstggEe %%%i%&hﬁa@i g”%é?'kh%Yg%Mﬁh%qgﬁﬁ?Onization

constant-current drivi ng was conducte

pot@%ﬂﬁﬁl|H&”@§1$§@&339r(@Pémm@§kgﬁuﬁglk§V@B aftey 8 and founa
| apse of 1000 hours or nore. 20 25 "Table 2-3" 87 'Table

to Re3s Praciv CalM@Hb@@lelﬁ%nt:H%@hb%@ra&_@@@ld{ﬁrﬂé:’cﬂ actialhe anode
enbodi nent Practi cal enbodi ment 2-12-22-32-4 WMaterial of

laye mddelwe Dxices ineaxifdes IIn gixi detdnsmdde/ance (wavelength of

550 nm) and found to be 89%.

(3) Treatment in vacuum evaporator

The substrate was loaded on the substrate holder of the vacuum
chamber. Then, the vacuum chamber was depressurized inside to a
vacuum of 1 x 107® Torr or lower before the hole transporting layer
13, the organic luminescent layer 14, the electron injection layer
15, and the cathode layer 16 were laminated in succession on the
anode layer 10 and the inorganic thin film layer 12 of the substrate
to obtain an organic EL device. Here, in the period from the
formation of the organic luminescent layer 14 to the formation
of the cathode layer 16, the vacuum was not broken even once
so that the same vacuum condition was maintained.

Initially, asholetransportingmaterial, TBDBmentioned above
was vacuum-evaporated to 60 nm. Next, as the luminescent layer,
DPVDPAN and D1 were co-evaporated to 40 nm in the vacuum. Here,
the deposition rate of the DPVDPAN was 40 nm/s and the deposition
rate of D1 was 1 nm/s.

Incidentally, the chemical structural formula of TRBDB is shown

in Fig. 19. The chemical structural formula of DPVDPAN is also
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| ayer Ce oxi deSn oxi de/ Sn oxi de/ Sn oxi de/ Zn oxi de/ Zn
oxi de/ Zn oxi de/ Nd oxi de/ S-n oxide/ Eu oxide/ |IP
(eV) (5.205. 855. 955-80 Thickress(rrn) 75757575 Li ght
transm ttance89898888 (% Hal e
transporti ngTBDBTBDBTBDBTBDB nat eri al
Thi ckness(rrn) 60606060 Materi al
s h @ IDRVDPABDPYOPANDRYDFAMDRYBRAA I ukitnescefio draykes of D1 is also
Thi ckness(rrn) 40404040 Material of electronAl gAl gAl gAl g
shqwi} eb®i BATl-aylét- Thi ckness(rrn) 20202020 Material of
cat& deAl /Li Al/Li Al/Li Al/Li |ayer Thickness
(rkrrFP20028920030 VELESGECY) 4. riscten ogayer, Alg  was
Lum nescencel64158168165 intensity(cd/ n2) Half |ifel000
va uélﬂ“r_s?vglpor%?céafo%@ # ur¥-or norel000 hours or norel000

UG ) 2 LN LSLEORE Bobya AN B Tl B carnone
1ayRR0odicent Placldcaln eabedi DBALGYMAN 8l i rif i cat ing the organic
EL device. Here, the depcsition rate of Al was 1 nm/s, and the
deposition rate of Li was 0.01 nm/s. The thickness of the A1/Li
film was 200 nm.

(4) Evaluation on the ocrganic EL device

A direct-current voltage of 4.8 V was applied to across
electrodes with the cathode layer 16 of the obtained organic EL
device as the negative {-) electrode and the anode layer 10 as the
positive (+) electrode. Here, the current density was 2.0 mA/cm?
and the luminescence intensity was 164 nit (cd/m?). The
luminescent color was confirmed to be blue. Furthermocre, for
the sake of durability evaluation, constant-current driving

was conducted at 10 mA/cm?. Noparticular leak current was found

even after a lapse of 1000 hours or more.

“Table 2-3”

87



10

2-52-62-7exanole 2-1 | " Ybteiri al

of anodeln oxide/ln

oxde, I n oxi del n oxide | ayer Sn oxi deSn oxicl e~ /Sn
oxi deSn oxi de Zn oxi deZn oxide /Zn oxicleZn oxide Tb

oxi deHo oxide /Srn oxicle |
dqi ess (rrn) 75757575 Light.
* ~-1ole transporbi ngTBDBTBDBTBDE3TBDB

hi
(4)

mat eri al 60606050 Thi ckness(rrn) Ylateiria~

P (ev)5. 845.825. 985.23 T
transm ttance88888989

TofDPV ANDPVDPANE) P\ / DPANDP\ / DPAN | um nescent
P& DI/ D1// D1/ D1 Thi ckness(r-un) 40404040 Nbteirial of
el ectronAl gAl gAl gAl g i njection | ayer20202020
Thi ckness (|Fefal Mbeimba | Profcal edtbdre el e Bl chl bvibd deft Al Falclicdthdiment
~aver 20020@200200 T hiJzkriess (rrfp-3vol tage (M5
Malefial ¢ 4no@6. ( Ilit-Nescencpd6846616416Pn badiensi ty((o6lé-ad)
Eia If |ifl62000 hours pPiorkrel000 fowrs. or nor k68~
hours or norsl1000 hour EZrerderfore * [Zn@Gi@ss ref efzenroe”
[p%kfractical exanpl e 2-Pjdokikgt ead ofSrtduiee-t ar get | E2-odcegf
Thlfckm% racti €af® exanpl e 2 82 a targefs 92-3 nmde ©BF 5 ndi um
LT €. tir’xide, zinc|®xide, and p€odym um oxj e
i ransmittance | 85 89 88 88
(%6) x
Hole transporting TRDB TBDR TBDB TSDB
material
Thickness (nm) 60 60 &0 &0
Material of DPVDPAN DPVDPAN DPVDPAN DPVDPAN
luminesaent layer
Thicsness () 40 40 40 40
Material of electron Alg Alg Alg Alg
injection layer
Thickness {rm) 20 20 20 20
Material of cathade | AlL~Li Al L AL/L Al/L
layer
Thickress () 200 =00 200) 200
Voltage (V) 4.8 £.3 5.0 5,1
Luminescence 164 1568 168 165
intensity (cd~m?2)
Half life 1000 hours or mors 1000 hours or rore | 1000 hours or more | 1000 hours or more

¥ : Grass reference

“Table
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X : Grass reference

[Practical example 2-2]

Insteadof the target 2-1of thepractical example 2-1, a target
Z-3 made of indium oxide, tin oxide, zinc oxide, and neodymium oxide
was used with indium of 0.8 in the mole ratio {In / (In + Sn + Zn)),
tin of 0.1 in the mole ratio
0.1 in the mole ratio (Zn / (In + Sn + Zn) ).

was fabricated with the rest of the fabrication condition the

(Sn /

same as in the practical example 2-1.

layer 10

direct-current voltage of 5.3 V was applied to across the

had

an

ionization

89

potential

{(In + Sn + Zn)),

An orga

Incidental

of

5.85

nic EL device

ly, the ancde

eV.

and zinc of
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was used wth indiumof 0. 8 in the nole ratio (In /
(In +Sn + 2Zn) ) , tinof 0.1 in the nole ratio (Sn /
(In + Sn + Zn)), zinc of 0.1 25 in the nole ratio (Zn /
(In+ Sn + Zn)), and europiumof 0.04 in the nole
ratio wwth respect to the total nmetal (Eu / (In + Sn +
Zn + Eu)). An organic EL device was fabricated with the
elgeirodef ¢hé Habbitedtrah ocgndi id @1 theiganesasn ithd peactical
practical exanple 2-1. Incidentally, the anode |ayer
exaﬂp}@dl nvildhi 2 one 90 lpottdrat athef cBra@rgV.dénsity was 2.0
rect-current voltage of 5.1 V was applied to across
mA % eNetd  BAAN B hoh & UBBIE SR 68 gani en ELt Ydew s A &g ditn The
exanpl e 2- the result that the

|
lunb %ﬂ?cgleﬁgltcyrvx‘ié ZCOQ%MMZUM bgaPdéteand t he

TSR e 0 1, I U e
2- 5k RSt t { Le
o 1]’I lasrﬂ?;gr%{gcgft e &%%%§e¥ o tg]-l %1 %2? Bgf%x'r? gbleei‘a{rp atarget

2-4ZhA8e V4 dediafdok €4bI LHErPé'xQ@e 191%’1‘@33:4’@:?@ \fé('rstdh éﬂgkymn oxide
of 0. 8inthe nole ratio (I'n /

wasofisOd with tilmei i e £r @t & o Shefmc()lé r‘atSIb "'(IZ‘!")/) (Iﬁlm@nOi Zn)
0.1 inthe nole ratio (Zn / (In + Sn + Zn)), and
tint efbiOurh dfh @h@6 mode triwe imDl (Srr at | (i By esprot) t edhe of 0.1
. total nmetal (Tb / (In + Sn + Zn + Tb)). An organic EL
in §&¢i Belkasatapri(éat éd (Wnth $hetras)t) 153md $4marium of 0.04 in
fabrication condition the sane as in the practical
th eei@&ﬁﬁ éatZ‘OlWlltll?f:lr@ér?teéltl 960 tthe &rddd Mgral 1Ghad @mn + Sn +
ti o otentl aI 84 eV. A _direct-current
S LR Wvgs Ia&a\fﬂe%et%aacﬁagglﬂ?et%qiewad*ége rest

t ni¢ EL, device as. in the G
Oftoffle f'%ebfo}z%%g 59§£ 8BS A 35 U hE M FRRE L a1 Sxamp e
1. dQ@l%fd’eM@é“l%? ciqé‘l\fég'eli‘el @rlllq‘:lc{ B¢ 44m QS%E%%Cgotentlal
Intensity was 95 ni t. m nescent cCoOl or
of 6Qnf3 Eved 20 e df UBurrent voltage of 5.0 V was applied to
across the electrodes of the obtained organic EL device as in
the practical example 1, with the result that the current density
was 2.0 mA/cm® in value and the luminescence intensity was 168

nit. The luminescent colcor was confirmed to be blue.

[Practical example 2-4]

Insteadof the target 2-1 of the practical example 2-1, atarget
2-5 made of indium oxide, tin oxide, zinc oxide, and europium oxide
was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn)),
tin of 0.1 in the mole ratio (Sn / {(In + Sn + 2Zn)), zinc of 0.1
in the mole ratio (Zn / (In + Sn + Zn)), and europium of 0.04 in
the mole ratio with respect to the total metal (Eu / (In + Sn +
Zn + Eu)). An organic EL device was fabricated with the rest
of the fabrication condition the same as in the practical example

2-1,. Incidentally, the anode layer 10 had an ionization

90
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-[Practical exanple 2-61 Instead of the target 2-1 of
the practical exanple 2-1, a target 25 2-7 nade of
i ndi um oxi de, tin oxide, zinc oxide, and hol ni um oxi de
was used with indiumof 0. 8 in the nole ratio (In /
(Inm+ Sn +2n) ) , tinof 0.1 in the nole ratio (Sn /
(In + Sn + Zn)), zinc of 0.1 inthe nole ratio (Zn /
pot(dmt #+abnof Enp)l, eand oldd vavefc@rkZdi vébheagel @ 3ti0y was
with respect to the total netal (Ho/ (In + Sn + 91 Zn
appHl Hedl Fo. amromgarie ELedevicok svastf abei oatedi médhothanic EL
rest of the fabrication condition the same as in the
deprertdzal nekhApPeactiical nexdental Ry,1.t hel tinodee| ageult that
10 had an ionization _potential of 5. .82 eV. A
thejFredEndufeanl MbMeayé - 8 B/ emy dng ag ufpphiceliheol weipescence
inttehe el ectro ei of. the btglined or%ani c EL devices as
i TheY pratt] ta Exanpt &% 2LUT L R BR Sfe CPASH Hashgen fiigned to
rrent density was 2. 0 mA/cm 2 in value and the

be GHLE! . : : \
i uménaescence intensity was 166 nit. The | um nescent

col g \was ;AR ik 10 ,-kg blue. 10 .[Practical exanple
2- 7%1‘%1‘6@—0% 2-1 of the practical exanple
2- 11n@tkandst thét8a Jade- ob it Py 0XE d83 b 8181 5 target

zinc oxide, and ceriumoxide was used wth i ndi um of
2-60ma8ei oif tilediro exialel, ot {hNokidé N zH 9N oki4R), hnd t&HPi@h oxide

0.1inthe nole ratio (Sn/ (In + Sn + Zn)), zinc of
wasQuded5vitrh timelinml efr@t 8 d o Zhe/ méla ratSro HIANY )In +a86 + 2n) ),
ceriumof 0. 0 6 inthe nole ratio with respect to the
tint gffall.detial theemolE ratisn (Brzn HInCe) 9n .+ Am)orgamnirec of 0.1
. EL device was fabricated with the rest of the .
in {£86r FeAEI §RtdondiZti dn (e +s&fe tadnilid ,t Weahrtsotdiom of 0.06 in
th exaqple 2-1. Incidentally, the anode |ayer 10 had an
® BRitZat P Cpdidht itRSPES toft 5 t68 &9tad gigted:t - @ rentIn + Sn +
0 e 4.9 V was pe}é{e.dto across .t he el ectrode
20 bR E S RRaHBr Gaile A Lt 18R ab Pt L ThRE Pt e rest
ofﬁ%@qmﬁ%é%&ti@hu%ﬁgftES%%ﬁe%@%egggﬂ%%”é%%acticalexample
2-1. Incidentally, the anode layer 10 had an ionization
potential of 5.84 eV. A direct-current voltage of 5.1 V was
applied to across the electrodes of the obtained organic EL
device as in the practical example 2-1, with the result that
the current density was 165 mA/cm® in value and the luminescence
intensity was 95 nit. The luminescent color was confirmed to

be blue.

[Practical example 2-6]

Insteadof the target 2-1of thepractical example 2-1, atarget
2-7 made of indium oxide, tin oxide, zinc oxide, and holnium oxide
was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn)}),
tin of 0.1 in the mole ratio (Sn / (In + Sn + 2n)), zinc of 0.1
in the mole ratio (Zn / {(In + Sn + Zn)), and holnium of 0.12 in

the mole ratio with respect to the total metal (Ho / (In + Sn +
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density was 2.0 m¥cm 2 in value and the | um nescence
intensity was 164 nit. The | um nescent col or was
confirmed to be blue. 25 -[Practical exanple 2-8]
Instead of the target 2-1 of the practical exanple 2-1,
a target 2-8b made of indiumoxide, tin oxide, and
ceriumoxide with indium of 0.9 in the nole ratio (In
Zn f+ Hen )+ ShR) cagantiin B dedica whe fedreicatéd ¢SAN the rest
(In + Sn)) was used to forma 75-nmthick film92 on a
of SBSt3aE £Cabh oRnFeRda t2emEh et ake fisl nwass pedethycal example
o u3|n% A a conposed mainly of zinc oxide with
Teri dRTFAen 9H't%%enﬁQ9q%t#@Kﬂ%hlpeéb%%tﬂﬂ)%ﬁélzatlon

EL dev
pOteog agEt ?a?ég%wev(zph% Cﬁ:’)s?):chPﬁée@t?g‘%l?fE%‘E?ogfl 5.1V was
appplolrléjdittgnfaf: %@Seig tt'%%cpeg_%c%%gege g%pazlé}?%norganlc EL

I'nci denta e anode ayer an

ded%ﬁé%“déulncgh@ &@a@yﬁéﬁq a .l #ﬂ%ﬁnét?nQFéQ@'zgénresult that

Moreover, a direct-current voltage o
theﬁ@ﬁhk%ﬁﬂi@e@%ﬁ&%ﬁwb@e2 @hﬁ@PEQQQ§1QElQﬁﬁaﬁgtQhﬁeﬁumlnescence
organic EL device as in the practical 10 exanple 2-1.
intHersity haacwrdenti density WasiResBed cEMR raRd st Benfirmed to
| um nescence intensity was 162 nit (cd /M) - The
be [liieescent color was confirmed to be bl ue.

Furthernore, for the sake of durability eval uation,
condPranticalr exampdei ¢i-Ad was conducted 2 at 10 mA/ cm
articular |eak current was found even after 15 a
| apgésaﬁa%tfot%&lasfg&t 4ot ef t[%%%\‘?‘é%@%é expapplee? 2L AR target

[nst e tar gt 2-1 of e practical exanmple 2-1,
I!

22 Rafe R b BRI Re: piif o oidte » eith g e, SRR aF HEh oxide

cosOl 180 BT S L 0 e ol
t1n(§@ b ﬁlln t§% ﬁo%%)katl%”QSﬁ'OC QE,Q %H n %HS nokgnc of 0.1

ratio (Zn
in the mole ratlo (Zn / {In + Sn + Zn)), and cerium of 0.06 in the

mole ratio with respect to the total metal (Ce / (In + Sn + Zn +
Ce)). An organic EL device was fabricated with the rest of the
fabrication condition the same as in the practical example 2-1.
Incidentally, the anode layer 10 had an ionization potential
of 5.98 eV. A direct-current voltage of 4.9 V was applied to
across the electrodes of the obtained organic EL device as in
the practical example 2-1, with the result that the current
density was 2.0 mA/cm® in value and the luminescence intensity
was 164 nit. The luminescent color was confirmed to be blue.

[Practical example 2-8]

Insteadof the target 2-1of the practical example 2-1, a target
2-8b made of indium oxide, tin oxide, and cerium oxide with indium
of 0.9 in the mole ratio (In / (In + Sn)) and tin of 0.1 in the

mole ratio (Sn / (In + Sn)) was used to form a 75-nm-thick film
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ot her respects, the organic EL device was fabricated in
the sanme manner as in the practical exanple 2-1.
Incidentally, the anode |layer 10 had an ionization
potential of 5.23 eV. A 25 direct-current voltage of
6.0 V was applied to across the electrodes of the
obt ai ned organic EL device as in the practical exanple
on 2 Bubwitiria tiche aresd ich hat 2 0 hemewtriert fiensi t¥sWAsd2 By using
mA/cm 2 in value and the | um nescence intensity was 166
a tfngeTheompofiedesedml w ol orz wes @ohfier widht oelrd usd wef 0.05 in
93 Summary of the group of enbodinents 2 As has been
they8diq &@ b We, t lagEdidi ¢ o thise totganme tEll de¢i ée(Zof+ Ce)) .
t he Eresené invention, it has becone possible to
n

AN (PHIREE Can®br G5 °° EF adev _RBIMRPLE had1BRcethentrest of the
n nd.durapility and .5 hi bits hi

Fa L AT 4! P chatiethadh & roRrarivi iy example 2-1.

Ind%ﬁéﬁ@gilygoqul%ﬂghérfégggdfolﬂgﬁra%nqéﬂ¥aélkgnnag%ential
of certain organic conpounds. It was al'so con |rne8

of that1d hee@nogeqal ayercapdsiNe cdike npde obscertayfreoyer, a
i norgani c conpounds had excel l ent etching properties.

dirkribceovent agsDtdyng 4O the subgisalgfi0fe@nt@ ¢BPLEss the
EL device of the -present invention, an organic EL

el edsvi cde exhfl hihts aptaucked prekeriabEe pevfoenaace) ear Peactical
fabricated easily. Besides, according to the nmethod of

exafmibre datl ng Berer gaheccuEketdv ideam saft ¢ hea priesemA /cm® and the
invention, it has beconme possible to prgyide 15 an

lumdmpsfenEE dafieds Idff ecasvepy whitcH dsian‘excelllemt luminescent
trans arenc%,and durability and exhi bits high

CO L q it SR FREENE P PeebdReundénr th e Bpapi viERg the sake of

voltage. Goup of enbodinments 3 20 Herei nafter,
durg logf’h%n%"saﬁ%??éf)ﬁlrnaow FTRIT B gFodp 8f P9 HFenEPBAUCTed

N ? desct.i b g i.th reference to the draw.ngs.
t | .
a F%rég ?gbl e&gﬁ% g igﬁlar(ieag curren% wasm%ognd even after

a lapse of 1000 hours or more.

(Comparative example 2-1]

Instead of the target 2-1 of the practical example 2-1,
a target 2-9 made of indium oxide, tin oxide, and zinc oxide
was used with indium of 0.6 in the mole ratioc (In / (In + Sn
+ Zn)), tin of 0.3 in the mole ratio {Sn / (In + Sn + Zn)),
and zinc of 0.1 in the mole ratic (Zn / (In + Sn + Zn)). In
other respects, the organic EL device was fabricated in the
same manner as in the practical example 2-1. 1Incidentally, the
anode layer 10 had an ionization potential of 5.23 ev. A
direct-current voltage of 6.0 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 2-1, with the result that the current density was 2.0
mA/cm? in value and the luminescence intensity was l6enit. The

luminescent color was confirmed to be blue.
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(1) Preparation for the fabrication of a substrate for
an organic EL device (fabrication of a target) 25
Initially, a sputtering target to be used in form ng
el ectrodes of an organic EL device by sputtering is
fabricated. Initially, powders of indium oxide and
ceriumoxide ~ no greater than 1 ~tm in average
par Suchergi afeter) wene adcemmddechtsna wet  bal |
m |l container, and m xed and ground for 72 hours.
Her &5 hae b@4nndlt amiyl e dbgivien da ngo ad engerd ornged gz Bt device
ceriumoxide is 0.05 in the nole ratio with respect to
of threpresant dmy@gmt iami 5t hekdeaand posksiblbe ceppresdednasrganic
Ce / (In +_CE)%. Next, the resulting ground article was
EL giesiiisat '@t Cf o PEwsEces Usy tprieean s iy t endi semebdAdty and
exh?%'4 incﬁs in_dianmeter, and 5 nm inthickness. The
et LIRRECRNBAACEE S Ty DEKE REdPErnbRe dr ixAgg voltage,
-hea aked at _a tenperature of 1400C for, 36 )
Comhggrgsl%t %%ga%?‘%ggt g% SfaPy&t R e e q&ff&in organic
Ldentatly h e -$%p i i]] deal _wth
comgggb%g'orggﬁ?%gEflgévggg% h|§F&g§£%i€h%1%%%§chayer and the
11 keOnkEBePeRdSe ERaaR X8RS 1 O i M8 LY excellent etching
el ectrol um nescence apparatus in clai ns. f%‘%ornatlon
progl rtthiee@anode | ayer Then, a transparent gl ass substrate
310 of 1. 1 mmin thickness, 25 mmin width, and 75 nm
i n Mengbhert ecdaregod ng tlas gelbsdrhtdeabbircat edganl? BDdHevice
an Ag target (Ag: 98.5 wt% Pd: 0. 5wt o, Cu: 1. 0O W%
of jhe pirasedti nirviwe tGomrora acugan thabbedevf cehexhiigphting such
frequency sputtering system and the vacuum evaporator.
prefreableneeREgrnppegueaby bephiebeicagesy seemlwas oper at ed
to _forma 35-nmthick nmetal oxide |ayer 312a, a .
5- nRFEhTER’ AQCERFAING 0L The Tethefl of dsbihadtiiclo met girganic
ELcﬁ%ﬁQﬁaé?%ﬁk 312b 9 the gl.ass Sg strate 310. In_this )
el &ck T Du" s B At ¢ 318" RAVi Pig- OB Pafsde Leayeprovide

Way, an

an Sg§E§PgHﬁ§%%v92etQ%%Sck@@gﬁylgﬂféﬁ ﬂgg;é¥¥é¥fg%% transparency

and durability and exhibits high luminescence intensity even under

a low driving voltage.

Group of embodiments 3

Hereinafter, embodiments pertaining to the third group of
invention will be described with reference to the drawings.

[Practical example 3-1]

(1} Preparation for the fabrication of a substrate for an

organic EL device (fabrication of a target)

Initially, asputteringtarget tobeusedin formingelectrodes
of an organic EL device by sputtering is fabricated.

Initially, powders of indiumoxide and ceriumoxide (nogreater
than 1 pum in average particle diameter) were accommodated in a wet

ball mill container, and mixed and ground for 72 hours. Here, the
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This is shown in Fig. 1. Here, the glass substrate 310
corresponds to an exanple of 25 the "base nenber" in
claims. While this practical exanple uses the glass
substrate 310, it is possible to use a plastic
substrate or such a substrate as a silicon wafer
dependi ng on the applications. Besides, the step of

misAongniavgd ane pnedegl ayerpby foseEt sRUEherH B@ X6l eSPONESis 0. 05
to an exanple of "formng an 95 el ectrode by

in dhe eriegat hocwaichs reBipaict 0 tti‘rea anoelel | @xyie[mt31(@his mole
corresponds to an exanple of the "electrode" in clains.

rat4ey e‘fflglrrbﬁedﬂga@er@ﬁear gon Cgas/ ahfinoxy@§en )gas was
filled in a state depressurized down to 5x 10-4 Pa in
vac&h?ﬁﬁtrl hheheesat kbRpHEr@Ind s ritHelsprasegFagubated, followed

forneqrunder the condition of: an ultimte vacuum of

by ?%?Sfomf BN, T, pess %aﬂ dmEheys 2 cbar%eﬁempand 5 mm
It f 100 nd f t
in fflAgEs OF 40000, 300, 8 LU IO NG LR O 1 bding curnace,
I bstr at 310 dt de |
am%?g%”ﬁi?ggs@re g SR e O ERB et i T e B85 6 5 nours
to mbsrﬁ@s’@ter@teca?&fe@OEL@S%fidsaﬁ 0, 204€X31RlE of the

el ectrode substrate for an organic electr IUni nescence

appah&&u%ntﬁlQbalm%e5ﬁﬂﬁgﬂﬂﬁﬂgﬁbbdiﬁ%§tSgb§§§§t%e%48w1th an
was subjected to ultrasonic cleaning in isopropyl

orgahdeohiol dearidet. heMhdsicadyarm AEMALWiidd 0geRegpshds ko an example
at nosphere before 10-m nute cleaning by using W
of okt pagieoliet elayrs)ro lamd nesere.ce Appdrasurse nentc Befor e
and after the UV cl eaning of the substrate, the anode
| ayaP) 3¥QIHAS igBaodr def anodie lagiewe of its work
function by using 20 AC1 (from Ri ken Kei ki Co.
Lt dTyen. éhérﬁﬁﬁﬁarﬁﬁt@é¥§s%Eb%wm%b%ﬁdﬁﬁléﬂeémwhgpEhﬂfkness,

oy B b R e the ST T
andlégh&;target (Ag: 98.5 wt%, Pd: 0.5wt%, Cu: 1.0 wt%) are placed
in the common vacuum chamber of the high frequency sputtering system
and the vacuum evaporator.

Then, the high frequency sputtering system was operated to
form a 35-nm-thick metal oxide layer 312a, a S5-nm~thick Ag thin
film 14, and a 35-nm-thick metal oxide layer 312b on the glass
substrate 310. In this way, an electrode substrate 318 having
an anode layer 316 composed of these three layers was obtained.
This is shown in Fig. 1.

Here, the glass substrate 310 corresponds to an example of
the "base member"” in claims. While this practical example uses
the glass substrate 310, it is possibletouseaplastic substrate
or such a substrate as a silicon wafer, depending on the
applications. Besides, the step of forming an anode layer by

such sputtering corresponds to an example of "forming an
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transm ttance (wavel ength of 550 nm and found to be
84% The surface resistance was neasured by the four
probe nmethod and 25 found to be 4. 6 Qsq. -(4)
Formati on of the organic EL device Next, the foregoing
"substrate" was | oaded on the substrate holder in the
vacuum chanber of the vacuum evaporator. Then, the
el exactibiiz CHan®et t vas idepr ass Wlizass | nstHett 9s8 YAGUHMRfe layer
I x 10-6 Torr 96 or |lower before a hole transporting
319 ayerr820pnds drqgaan cekanpiescentthéayel e32dodd" in claims.
el ectron injection |ayer 324, and a cathode | ayer 326
wer delrgni Ramédefingasceessiaim g st hedansggehages 846 Dilled in
the substrate 318 to obtain an organic EL device. This
a stat stempe s aur bzl gowp taex 8071 Pe t heageninod fnaéimatthecmosphere,
formation of the hole transpaortin | ayer 320 to the )
they SPHEFRSANE! "ERePEAL RETET 39€?r3’2}%? FPRAYELORNP L el bkt imate
br oken_ev [L:Qnce. so that the sanme vacuum condition was
VACREN L aPretD 10 TRE e 26F TOTRT R LFE Cariaiican 1puc voltage
ot 1801 gRScR J Bk Ta.DhSUChe YACUUMAGRASILT ON
corresponds to an exanp 0 orm’ng an organic

eleﬁEE@HHEEQ%§9Qﬂ%?eh@%%&ogﬁéﬁ%%%gag§@?§iAﬁﬂgn%g%thisglass

claims. That 1is, the organic |um nescent |ayer

sub8@raeePaNdsaha 8ReceXAPREELaPériNec"WI DAL referred to simply
el ectrol um nescence layer” in clains. is Initially, as

as sheshoheetIBhspaningumdteraat 320,cdBPBspasids to an example
vacuum evaporated to 60 nm Next, as the organic

of Fbei aéscamode mydrs 8221 eDPYDPAN @andablcwelectroluminescence
co-evaporated to 40 nmin the vacuum Here, the

aPP@apdsi®i B Faeemsf- t he DPVDPAN was 40 nnmis and the
deposition rate of D was I nm's, 20 Then, as the _
el ectPSRAPRPELY o} ByfeiP 3Rt enP 48 \fixs subjected to ultrasonic

vacuum evaporated to 2 m Fi nal | Al and Lj re
Lo S R 5 PP Ra b LRanldeite e afer MeobSbhresen as)
atm@sﬁﬁ%&g%efore 10-minute cleaning by using UV (ultraviolet rays)

and ozcne.

{3) Measurements

Before and after the UV cleaning of the substrate, the anode
layer 316 was measured for the value of its work function by using
AC-1 (from Riken Keiki Co., Ltd.), and found to be 5.85 eV (before
cleaning) and 6.20 eV (after cleaning). Moreover, the substrate
provided with the anode layer 316 was measured for light
transmittance (wavelength of 550 nm) and found to be 84%. The
surface resistance was measured by the four probe method and
found to be 4.6 Q/sq.

{4) Formation of the organic EL device

Next, the foregoing "substrate" was loaded on the substrate
holder in the vacuum chamber of the vacuum evaporator. Then, the
vacuum chamber was depressurized inside to a vacuum of 1 x 10°°® Torr
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injection layer 324, thereby fabricating the organic EL
device 30. Incidentally, the deposition rate of Al
here was 1 nm's, 25 and the deposition rate of Li was
0.01 nms. The thickness of the Al/Li filmwas 200 nm
The chem cal formul ae of TBDB, DPVDPAN, D, and Alq are
shown in Fig. 19. (5) Evaluation on the organic EL
or Ueweceeffabeichted tYankspd rectg Taye B2 0y 0t 3ggadfi Al dnMescent
was applied to across electrodes with the cathode
laviegy 62 232 @ nofe lihrd molst dintet torqganliay <3l 3dbviaed 380cashdde layer
negative (-) electrode and the anode | ayer 316 as the
3263818 Vieinatadcit oteCCeRFEONt iR EDPr enpdgendsiviey vids$ of the
/ cn1 and the | um nescence intensity was 160
SUbﬁFFaFfdgﬁ@ZtP ObfREN POnPRESEERt ELofBY i1Gs cBAlfr iBdShewn in
Fi lue. Furthernore, for the sake of durability
l<-Jeva uation, constant-current driving was 2 conducted

at %QrgAhﬁpE§Q6%Q¥8%%fkgﬁtjgggofﬁé{fgéﬁ&ﬁhtggégd'é?gﬁkportlng

after a'laps ours or su

laytelie 3PacH @l XAMRIE S %@rt%esrﬁ%%dd% Tal& Fd 4R vacuum
25 "Table 3-1" 98 Table 3-

wasﬁﬁﬂﬂ|H¥ﬂﬂ%ﬁﬂgﬁéﬁ“&ﬁ@@té@afﬁﬁﬁcﬁhﬁa%aﬁng@dW@H condition was
enbodi ment enbodi ment enbodi nent 3-4 3-13-23-3 Material of
maiamnadeeldayerl n oxi de/In oxide /1 n oxide/ln oxide/

The step of forming the organic luminescent layer 322 by such
vacuum deposition corresponds to an example of "forming an organic
electroluminescence layer by vacuum deposition" in claims. That
is, the organic luminescent layer 322 corresponds to an example
of the "organic electroluminescence layer™ in claims.

Initially, as the hole transporting material 320, TBDB was
vacuum-evaporated to 60 nm. Next, as the organic luminescent
layer 322, DPVDPAN and D1 were co-evaporated to 40 nm in the
vacuum. Here, the deposition rate of the DPVDPAN was 40 nm/s
and the deposition rate of D1 was 1 nm/s.

Then, as the electron injection layer 324, BAlg was
vacuum-evaporated to 20 nm. Finally, Al and Li were
vacuum-evaporated to form the cathode layer 326 on the electron
injection layer 324, thereby fabricating the organic EL device
30. Incidentally, the deposition rate of Al here was 1 nm/s,
and the deposition rate of Li was 0.01 nm/s. The thickness of
the Al/Li film was 200 nm.

The chemical formulae of TBDB, DPVDPAN, D1, and Alg are shown
in Fig. 19.

(5) Evaluation on the organic EL device fabricated
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Ce oxide /Sn oxide /Sn oxide/ Sn oxide/ Zr oxide /Zn

oxi de/ Zn oxi de/ Nd oxi de /Sm oxi de/ Pr oxide/ Wbrk

function(eV) (before cleaning)5. 855. 815. 845. 80 Work

function (eV) (after cleaning)6. 208. 855. 955. 85

Thi ckness(nrn)

oxi de/ Ag/ oxi de35/ 5/ 3535/ 5/ 3535/ 5/ 3535/ 5/ 35 Li ght

t r afis i tSHceUy *85858483aSr Pacd -Pesi svancepplieyi4 to across

64. 33. 94. 0 Hole transporrting_ materi al TBDBBDBBDBBDB
eLephiragiss S 66E06060KE SRYSF OF 6| B Hes camtained organic EL

G A I
i . 2 i .

oo LSBT 020000, I SEUBO o sy v 2.0

ma NQl2 aga( 4. 1344 nééce?ﬂ’ie; ?nLtLém %%@ 114y 81883 t(Y:(dC/qAZqQ. The

)1 601 561 641 61 Hal el 000 urs orl hour's

1unfirle &98n BOHES 0@ L LOQ- 108 BnEH BB BRDELARIY eNDF - fhermore, for
:d ass reference [Practical exanple 3-2] Atarget 3-3

theslsawe k¢l alvradd lused dvastead cof, e dtamgetcid-dentofdtheing was
practical exanple 3-1. This target 3-3 is one nade of

conduditesh as bXirfe/cnt’i.n B pker t ZéwcaoxXlicte; camd emeodysi fiound even
oxi de, having the follow ng specific conposition.

aftpar @ liapgicumioXiod®, hoursoxird@orsand zinc oxide will be
referred to as main nmetal conponents. Initially, the

nol éPFat P8USF S| Alli Wk iR adte Grdi $xeBPdie Sodparentlown in Table
3-1.

“Table 3-1"
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10 (expressed as
ratio of tin in

In/ (In + Sn + Zn))
the mai n net al

is 0.8.

The nol e

conponents (expressed

as Sn/ (In + Sn +2Zn)) is 0. 1 . The nole ratio of
zinc in the main netal conponents (expressed as Zn /
(Im+ Sn + 2Zn) ) is 0. 1. In addition, the nole ratio

of neodym um 99
(Inm+ Sn + Zn + Nd)

in the total
) is 0.06.

met al

(expressed as Nd /
The organi ¢ EL device

330 was fabrlcated as in the foregoing practica
eyﬁﬂbﬁe 3-1 except that the target 3-3 was used instead
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Bideshown bel ow was
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By E%ATP]
Lead of t

Bevhriin 20
ke target

DAY OPANI St
431 of

Mm@lglgcﬁgxih&%nla%aMJXIQ oS- 1 I lqs tar geh\q‘j 4 15 nge rm(]e
Ofcdefd@i-dm  oxi de, tlbgn oxi de,|zgi nc oxilde, and sgyarlum

X6 GF o 530 THE [RPECTTT C [RDAPOST TI[QM @S T ONKOWS: T1E
kBsstahi 0 of indiypad n the jpggsn netalgocporrponeggos (In/
Ragkhl + SN+ ZN)) [ 0. 8. I[geg NDI € T|gid 0 Of [LIg (11 the
MR ARG Bensity (cd~m? ) |160 156 164 161

Half life 1000 hours or  |1000 hours or J1000 hours or 1000 hours or
more more more more

¥ Glass refarence

[Practical example 3-2]

A target 3-3 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-3 is one made of indium

oxide, tin oxide, zinc oxide, and necdymium oxide, having the

following specific composition.
Here, indium oxide, tin oxide, and zinc oxide will be referred
to as main metal components.

Initially, themoleratioof indiuminthemainmetal components

(expressed as In / (In + Sn + Zn)) 1is 0.8. The mole ratio of tin

in the main metal components (expressed as Sn / (In + Sn + Zn))

is0.1. Themoleratioofzincinthemainmetal components (expressed

asiZn/ {In+Sn+2Zn)) is0.1. Inaddition, themoleratioof neodymium
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conmponents (Sn / (In + Sn + Zn)) is 0.1. The nole ratio
of zinc in the main netal conponents (Zn/ (In + Sn +
Zn) ) is 0. 1. In addition, the nole ratio of samarium
in the total nmetal (this nole ratio will be expressed
as Sm/ (In + Sn + Zn + Sn)) is 0.04. 100 The organic
EL device 330 was fabricated as in the foregoing
in phactotal mxtabl @:Presexcepts NHat tihe # angetzB3~4NdaS is 0.06.
used instead of the target 3-1. Incidentally, the
anodde ayepn3ceEktmwd-averk vanctdlonscafed Rs5i84tkY foregoing
(before cleaning) and 5.95 eV (after cleaning) . The
Pra&iifcade e XPEEILSt AndecvFePhet foddd &page316-awas. uged instead
sq., Adirect-current voltage of 4.5 V was applied to
of g%ﬁb§§rﬁﬁé dctrodes of the obtained organic EL

device.330.as.in t Li le.3-1, with th
oo BN IR b R CHBRGIT § Shas 2 e loP e hEpde aves 316

I - | upi-ngsc nsity was, 16
T AP o ey dB P ERT 43 iyl 5195 ov (arver
clehrfihlgr.no h i rak ld ai |
et e P g ned condacred S4B Sae e vas
4.3 (Nospgarticular |eak current was found even after a
| apse 'of 1000 hours or nore. 15 Incidentally, the
resMbtrecokrt ha fiaettealirexanplel8adecase 4abSP whOWMppTied to
Table 3-1. [Practical exanple 3-4] A target 3-5 shown
acrpgglsohnasl esedofdast efd iod dita itrerdgelrgdnlic &l theice 330 as in
practical exanple 3-1. This target 3-5 is one made of
thej pR ¢ibd c20 osamiele Bi-Ar oxd e thel Resvkt dehatamée current density
praseodym.,um oxi de, having _the specific conposition as_
WasEOr § GUELCRENGR t1 46 Ao TBE 1 HEA RARGTREHE YRANF ifet MRS 156 nit.

oo QRIS (L e e $1c5 B2 O B TIN5 LBt 01,
rorfDlL SRk ATUEOLS B S AP BRI RSB ariving
wasd8leh8li@Red at 10 mA/cm?. Noparticular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-2 are

also shown in Table 3-1.

[Practical example 3-3]

A target 3-4 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-4 is onemade of indium
oxide, tin oxide, zinc oxide, and samarium oxide, having the
specific composition as follows:

The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.8. The mole ratic of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zing
inthemainmetal components (Zn/ (In+Sn+2n)) is 0.1. Inaddition,
the mole ratio of samarium in the total metal (this mole ratio will

be expressed as Sm / (In + Sn + Zn + Sm)) is 0.04.
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the nole ratio of praseodymiumin the total netal (Pr /
(In+Sn + Zn + Pr)) is 0.04. The organic EL device
330 was fabricated as in the foregoing practica
exanpl e 3-1 except that the target 3-5 was used i nstead
101 of the target 3-1. Incidentally, the anode |ayer
316 showed work functions of 5.80 eV (before cleaning)
and The86rg¥n{ af Elerde il e@aiidfgya T hia st d aiced raesii st aneef @fegoing
the anode layer 316 was 4.0 QQsqg. 5 A direct-current
Pragdiitcade csRmp. 663V1m%%C%BblﬁhﬁFtthauﬁamg§ttBe4 ehectsedesnstead
of the obtained organic EL device 330 as in the
of Shgcttidddet Sxdnmple 3-1, with the result that the
current, densi in val ue and the

0
U RReEERee i H oRrL W&?L\%zea. 36ROV Hegk erignct ions of
f d t th t
> BQJO @rb}é@§5% rla‘;‘{)nllelqjyoevgs] Bﬁastj‘?\é rtgﬁg?rgo nir&%)rrer#‘e surface
ol ¥ 00, v, cfoUusted. 2 21 10 M cpparthoul ar [ eak ..

Current was found evenrafter apse of 100
volBd e dAchdenyalhy, dﬂﬁif@@uiésaegoggetmé“gléé%rodes of the
exanple 3-4 are also shown in Table 3-1. 15 [Practica
obtexiarpd & Byddi A HRIgseti S @ 3hewn ibel BW pascused i e&tame 3-1,
of the target 3-1 of the practical exanple 3- 1. This
witthathet r8sulf thawneheader oénitndensi tgxivee, 2t DmBxtdé,in value
zinc oxide, and tantal um oxide, having the specific
an@xﬂﬁﬁxﬁqmbmeageﬂ@a(mﬂie@@lﬂheWﬁﬁléGManui(ﬁ Theeli lmminescent
the main netal onents (In &Jn + Sn + Zn)) is 0.8.
CO1?HéWﬁﬁE¥QQ§}6m8§nEPannbﬂH§ nalNﬁﬁﬁ%ﬁmoéénpéﬁén$§e(§@ke of
d n + Sn + Zn%é s 0.1. The nole ratio of zinc
Urtar?eﬂn]a*f% Skt hpa Raon‘éﬁflét(amwwﬁemtsﬂrwzaﬂ )’anCGDdUCted
t he nq_e ratlo of tan%alum

dd
at %ota %5&5flﬁ?apfr& Sak curren

a lapse of 1000 hours or more.

Was foun% even after

Incidentally, the results of the practical example 3-3 are
also shown in Table 3-1.

[Practical example 3-4]

A target 3-5 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-51is one made of indium
oxide, tin oxide, zinc oxide, and praseodymium oxide, having
the specific composition as follows:

The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
compenents (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
inthemainmetal components (Zn/ {In+Sn+2Zn)) is0.1. Inaddition,
the mole ratio of praseodymium in the total metal (Pr / (In + Sn
+ Zn + Pr)) is 0.04.

The organic EL device 330 was fabricated as in the foregoing

practical example 3-1 except that the target 3-5 was used instead
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25 + Ta)) is 0.06. The organic EL device 330 was
fabricated as in the foregoing practical exanple 3-1
except that the target 3-6 was used instead of the
target 3-1. Incidentally, the anode | ayer 316 showed
work functions of 5. 60 eV (before cleaning) and 5. 64
eV (after 102 cleaning) The surface resistance of the
of anedergared-B16 Iasiddn8allisy. tAcdifiedt-Tayeerd1lydHEged work
of 5. 1 V was applied to across the electrodes of the
funght b med odr ganB @ ElV deveferd3Clbsannnghe qndcti.édl ¢% (after
exanple 3-1, with the result that the current density
clegdsilngd- r r [ARCRE Lifd Gfaltife ke fie Pénthesaepde layer 316 was
intensity was 62 nit. The | um nescent color was
4.0 dAfFAmed to be blue. Furthernore, for the sake of

d bi,l.it | ti t t, - t drivi was
conduat 65t 5CRE T8 RO ERROS NS ard 1ol Y 2PBAKSEUFP ehross the
f - 100Q -hours or.more. . .
oL o s R pBE  Phea P APRE Hold S HE S Fat P et ical

exagﬁ;ﬁe shown, sigh {abl L3112 tih%t,ZQh%%ﬁ'rwteijéhgit}qgag-%ploenm/cmz

--2 Practical Practical Practical Practi ca

in wiThedi mephe Thedirmteendeoth ta erpeds 1ent, i3- 53163 M3m8nescent
Mat erial of anode |ayerln oxide/ln oxide/ln oxide/ln
colaxi dels Sroroki deé8ntoxbdebdneaxi delrfHhoxmdelt, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-4 are

alsc shown in Table 3-1.

[Practical example 3-5]

A target 3-6 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-6 is one made of indium
oxide, tin oxide, zinc oxide, and tantalum oxide, having the
specific composition as follows:

The mole ratio of indium in the main metal components (In /
{In + Sn + Zn)) 1is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
inthemainmetal components (Zn/ (In+Sn+2n)) is0.1. Inaddition,
the mole ratio of tantalum in the total metal (Ta / (In + Sn + Zn
+ Ta)) is 0.06.

The organic EL device 330 was fabricated as in the foregoing
practical example 3-1 except that the target 3-6 was used instead
of the target 3-1. Incidentally, the anode layer 316 showed work

functions of 5.60 eV (before cleaning) and 5.64 eV (after
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Zn oxi de/ Zn oxi de/ Zn oxi de/ Zn oxi de/ Ta oxi de/ Nb

oxi de/ HF oxi de/ Sm oxi de/ Work function(eV) (before

cl eani ng)5. 605. 645. 615. 72 Wrk function (eV) (after

cl eaning)5. 645. 715. 655. 95 Thi ckness(nm

oxi de/ Ag/ oxi de35/ 5/ 3535/ 5/ 3535/ 535/ 100/ 35 Li ght

transm ttance(r6)*838383 Surface resistance(Q D)5. 34.
cleBB11169) - 2 Fokestirdnspontdsigs nat eei ef TBDBTBHBEBDBEBRE 316 was

Thi ck (nm) 60606060 Material of |um nescent
4. 8 4yés8RPVDPANDPVDPANDPVDPANDPVDPAN D1/ D1/ D1/ D1

Thi ckness(nm 40404040 Material el ectron injection

| ay@rNE%FEAFHAFanﬂ?hV%kﬁ@%%(?%52@20’262@ aBPeipdl tofacross the

cat hode | ay Li Al /Li Al/Li Mg/ Ag. I n_ oxide/Zn oxi de

eledhrparesst o 00502085 O e chisbos ) che pract ical

84. 74. nescence intensit

exaf eS80 oS ing sl Fib 1000 HOIAL ToH 2 BOBY HIAR 4 2 A/ cn’
in VoJl]ué)QIQdI%%lérf‘u @Qggerb@ E?}tgﬁsq?&%amégnqr erm&‘gleellém%Tescent

Transm ttance ass rererence rac IC& exanp

col%rt%Hﬁﬂc&hﬂi§ﬁ9$ntgebgmbT@§ used, st 8ag-af %B% %ﬂ%gggke of
-1 of the practical exanple 3-1. Thi's target

duﬂ%ﬁilﬁﬁ&iéﬁal@QtMﬁh Scexisden tddy pxtde, dﬁhﬂ@n@xhgg c8Rbucted
n|ob|un1OX|de haV|ng the specific conposition as

at 16/hBWsm’. No particular leak current was found even after

a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-5 are

shown in Table 3-2.

“Table 3-2”

103



10

oxide,

(In + Sn + Zn))

components

The nole rati o of
(In/
the mai n net al

indiumin the mai n netal
(In + Sn + Zn))

conmponent s
is 0.8. The nole ratio of tin in
conmponents (Sn / (In + Sn + Zn)) is

0.1. The nole ratio of zinc 10 in the mai n netal

conponents (Zn / (In + Sn + Zn) )
the nole ratio of niobiumin the total

+ Sn + Zn 104 + Nb)

1

is 0. 1.
met al

I n addition,
(Nb / (In

) is 0.12. The organic EL device 330

V\@Sb[fgbl‘d cated as in the foregoing practical exanple
' except that the target 3-7 was used instead
ug ot

tha anadao In\lnr 316
CTTO U

of the

G ehn\/\nrl

o
T T TOTO T

al Cl \) [ ~J III\JIL IIL‘ully, -------
hor k functions of mn@v (bBEfALe cl éﬁﬁﬁgg) " affepet
PV (after cleaning)s-sThe systace regd-stance i rﬁee
ggﬁﬁ5g¥%%rslo Wy 4.8, 12 U A T T e nmhg}lcnln m’}agc
.1 V was appligd,tg acrqss.ide elgclLodes|ol dl
Dbt al ned organi c Ellzdex ce 330.as in tzhgx,cpyact ,de/
exanmpl e 3-1, wth tthe.sesul tiut hat -t he|gurs ent ﬂse,ngd;,y
/\B&ﬁZGth(deGﬂQc\eiarﬁhg)\@JEﬂle and |[th& | um nlesgence i epsity
Va8 ub&i6n B lafer EBRIND UBIemescent|s. ool or seconfirmedsto be
Dinikeess(hror t her nore, (for the qake of durability
Brigel Bat' @n, const angscufasent|s3ers.¥3ng wasgscondugisedoo.ats
E@htn#rdmwiqﬂe partif&ul ar | edkzcurrent|s®as founf even
resispie® (Anse g 31000 hqir® or eS_lnci dehtal |y
*H'é"ﬁ“%@m "Pgrebf t he |PI&ct i cal|T@S&npl (TEBBB are {958
ggp actidi? examm| k93 71 A 1%rget
#aS"%ﬁBWS%%IGBW WadCRYEBAN | s P@‘éﬁ‘f“"\'ﬂf "t IRBVERiNg et [BBVEPANQ
of t he practlcal exahpl e 3-1/PThis t r/ t 3-8 |4Pone
Th"‘*“esg‘(r"m: Ae-t—oxi e —t-r—aidde—zi-AdPoxi de, Kid
nai c la ! I -t g
WFW;%WT.S?.TSV!@L-Li“S. e e
aterial of cath de i Al | i
nts (ln /| ¥4 + Sn A IZ)HT)) is {08 The fﬁjmde/zmmde
T%ckness{nm) I.I Il I Il l'”UZdbul T 1TET %O 500
75
(Total thickness: 80)
Voltage (V) 4.8 4.7 4.8 4. 4
Luminescence intensity(cd, m? ) [162 165 163 166
Haif life 1000 hours or | 1000 hours or | 1000 hours or | 1000 hours or more
more more more

X : Transmittance ‘Glass reference

[Practical example 3-6]

A target 3-7 shown below was used instead of the target 3-1

of thepractical example 3-1.

tin oxide,

The mole ratio of indium in the main metal components (In /

(Sn /

is 0.8.

zinc oxide,

{(In + Sn + Zn))

the mole ratic of nicbium in the total metal

1

and niobium oxide,

specific composition as follows:

is 0.1.

in themainmetal components (Zn/ {In+Sn+2Zn)) is0.1.

04

(Nb /

This target 3-7 is one made of indium

The mole ratio of tin in the main metal

The mole ratio of zinc

(In + Sn + Zn

having the

Inaddition,
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25 conmponents (Sn / (In + Sn + Zn)) is 0.1. The nole
ratio of zinc in the main netal conponents (Zn / (In +
Sn + 2Zn) ) is 0. 1. In addition, the nole ratio of
hafniumin the total netal (H / (In + Sn + Zn + Hf))
is 0.06. The organic EL device 330 was fabricated as in
the foregoing 105 practical exanple 3-1 except that the
+ Nbangats 3.8 mas used instead of the target 3-1.
I ncidentally, the anode | ayer 316 showed work
f unChiconsgehib. Kil &V i(dzeBianewst e ng)a el 2% 65 €Ve foregoing
(after cleaning) . The surface resistance of the anode
pracayerl3t8ampde 3-5. €xd¢my. the dittectacgetedt 7veks ageedfinstead
4.8 V was applied to across the electrodes of the
of Gbeaitde@edr gardi-c EL device 330 as in the practica
exanple 3-1, with the result that _the current density

was 18CadgRtedd v i fhgapnedgnday e Bufi vesvedcecFntmgtions of
5. B Rk T DRSS A0 0842 RSP T T ace
re A oS EN T T S ol SV Bk A (AT dnd ROURE- even

L] PP EORE: LoD UL 0l EELISHOSELRL LY, o e

elelkh rbablses Bthe cB]BE@QBéQQJIéﬁ?@i@EE BBl cd R ot 85 g6t t?féﬁn‘gctical
the practical exanple 3-3 was used to form the anode

exah@yer3316 Wittt hBi kN eSS 5 aof t 12 caxdrdet a¥RE1t3WAWL .8 mA/cm?
nmetal layer: 100 nm andanoxi de layer: 35 nm Moreover,

invaierccatdode 126 inasere nwasi rgi aresti tf yea € 0BeSIt. ofhefl @hinescent
My/ Ag thickness: 5 nm and a transparent conductive

colfdn marmdeof i imdidubrokidelard zifno tloximerél, nfbr( khetsake of
Zn)). = 0.85): 75 nm Here, In/ (In + Zn) represents

durghe bt 8 9% 1 vabi onndFamswiart Tespeen tt@r i Héndovals conducted

ignunt of, indium and zinc. In other respects, the
at gﬁﬁ/EmEt No particular leak current was found even after

a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-6 are
also shown in Table 3-2.

[Practical example 3-7]

A target 3-8 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-8 is one made of indium
oxide, tin oxide, zinc oxide, and hafnium oxide, having the
specific composition as follows:

The moie ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components {Sn / (In + Sn + Zn)) is 0.1. The mole.ratio of zinc
inthemainmetal components (Zn/ (In+Sn+2n)) is0.1. Inaddition,
the mole ratio of hafnium in the total metal (Hf / (In + Sn + Zn
+ Hf)) is 0.06.

The organic EL device 330 was fabricated as in the foregoing
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25 device 330 was fabricated in the same manner as in
the practical exanple 3-1. The anode | ayer 316 showed
wor k functions of 5.72 eV (before cleaning) and 5.95
eV (after cleaning). The surface resistance of the
anode layer 316 was 0.2 @ sq. 106 A direct-current
voltage of 4.4 V was applied to across the el ectrodes
pra@ftille ekbabned3on gartspEletayigR 330 % BDStQﬁs used instead
practical exanple 3-1, with the result that the
of this tagedensily Masi de Rt EM Gt hea Y@HHE #PErtdes showed work
| um nescence intensity was 166 nit. The | um nescent 5
furcdiornsas fcanf 6t med t tobéobkue:1dutit hgnmared bokst hev (after
sake of durability evaluation, constant-current
clegimivigp- waSheoadudred rats 10t améen®f Noepantideullayedredk 6 was
current was found even after a |apse of 1000 hours or
5.0mfPésdlncidental ly, the results of the practical
exanpl.e 3-8 are 10 also shown in Table 3-2, .
[ Coftpdt REFTaCBkERPFe3l 479A 2 hrlydt Vavgsnaneléed; hajafpsoss the
oxide, ti xi d and .zi nc oxi was u i nste of
o1 Rergel 34 S6re PR A T P e 1308 F Sie Practican
By OSLLi f t -9 i foll ows,: 2
e fBTE e Ak P s B0 T SR nTin e 0 ma/on

indﬁﬁd&éﬁﬁ@helﬁ%ﬁm@gﬂyﬁﬁéﬂﬂﬁépéﬂﬁyﬁa§@63RQD) &ﬁé&&%%%ﬁscent

The nole ratio of tin in e mal n netal conponents

collor Wast Rt dAgH 8 Bedp1lbe MphEtHSEMOr8f ZbRCthR sake of
the main netal conponents (Zn / (In + Sn + Zn)) is

dur@bhl ifhe «orgbnkeibh,desvhee a330-cvasréabrdeatedqg wakh€onducted
same 20 manner as in the practical exanple 3-1 except

at fRanAYhind.t aNgepa r3-i&ulesr Ussak ducidentabbyfotihe anedeafter
| ayer 316 showed work functions of 4.65 eV (before

a lepsmieg) 1AAG 23 e\ofafpee .cl eani ng). A

direct-current voltage of 6.0 V was applied to across
t helncidentally, the results of the practical example 3-7 are

also shown in Table 3-2.

[Practical example 3-8]

The target 3-4 of the practical example 3-3 was used to form
the anode layer 316 with thicknesses of an oxide layer: 35 nm, a
metallayer: 100 nm, andanoxide layer: 35nm. Moreover, the cathode
layer was given the composition of an Mg/Ag thickness: 5 nm

and a transparent conductive film made of indium oxide and zinc

‘oxide (In / (In + Zn)) = 0.85): 75 nm. Here, In / (In + Zn)

represents the mole ratic of indium with respect to the total
amount of indium and zinc. 1In other respects, the organic EL
device 330 was fabricated in the same manner as in the practical
example 3-~1.

The anode layer 316 showed work functions of 5.72 eV (before
cleaning) and 5.95 eV (after cleaning). The surface resistance
of the anode layer 316 was 0.2 Q/sq.
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25 el ectrodes of the obtained organic EL device 330 as
in the practical exanple 3-1, with the result that the
current density was 2.0 mAdcn2 in value and the
| um nescence intensity was 166 nit. The | um nescent
color was confirnmed to be blue. Incidentally, the
results of the conparative exanple 3-1 are 107 shown
i n Fablieedt3curlebltevdiB8igeTabl £34 -v Jas applied to across the
Conpar at i veConpar ati ve exa m pi eexanple 3-13-2 Materi al
e legft rpsisgeof ayter bhtexinde/ Cegaxi d@L Sovbxé dI0 8 0xite/practical
Wor k function(eV) (before cleaning)4. 655. 25 Wrk
SXAMHE ok, (E)h takt eesel edhiatgybe @85 emt6density was 2.0 mA/cm?
, Thickness&nn)?S oxi de/ Ag/ oxi de35/ 5/ 35 Li ght
1IN Y3 LHRARE LRIV TR ISif F ke § E5Y YpaAEH(n 1 / EBs: lumiaescent

Hol e t ti teri al, TBDBTBDB Thi ckness(rrn) 6060
CONER HABICU 1l HeSCehE Payér DPVBPANSPVEPAR,| BEFDENe sake of

ouclB OISO 10,40, Lol 8 Sl ERNL PR o conavcce
at hayRBAM Al Nd bathickiess {(0m 2002000+ was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-8 are
also shown in Table 3-2.

[Comparative example 3-1]

A target 3-9 made of indium oxide, tin oxide, and zinc oxide
was used instead of the target 3-1 of the practical example 3-1.
The specific composition of the target 3-9 is as follows:

In the target 3-9, the mole ratio of indium in the main metal
components (In / {(In + Sn + Zn)) is 0.6. The mole ratio of tin in
the main metal components (Sn / (In + Sn + 2n)) is 0.3. The mole
ratio of zinc in the main metal components {Zn / (In + Sn + Zn))
is 0.1. The organic EL device 330 was fabricated in the same
manner as in the practical example 3-1 except that this target
3-9 was used.

Incidentally, the anode layer 316 showed work functions of
4.65 eV (before cleaning) and 5.23 eV (after cleaning). A
direct-current voltage of 6.0 V was applied to across the
electrodes of the obtained organic EL device 330 as in the
practical example 3-1, with the result that the current density
was 2.0 mA/cm® in value and the luminescence intensity was 166
nit. The luminescent cclor was confirmed to be blue.

Incidentally, the results of the comparative example 3-1 are
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Vol t age(V) 6.0 Lum nescence intensity(cd/ M2166 Hal f
: Transmttance :d ass reference 5 | Conparative

life

exénple 3-21 108 A target of 100% cerium oxi de was used

i nstead of the target

3-1.

perforned in the sane manner

In other respects,

3-1 of the practi cal
the film formation was
as in the practical

exanpl e

showrmipgl Sahle 3 3As a result, the anode | ayer 316 showed

wor k functions of 5.25 eV (before cleaning) and 5. 46
eV (after cleaning). As for the surface resistance,
t he e laayer 316 had an insulative surface and
coulg%%gﬁ §§¥heasured. Incidentally, the results of the
conparative exanple 3-2 are 10 also shown in Table
3-3. Sunmary of the group of enbodi ments 3 As has been
detai | ed above, according to the organic organic EL
deviTgblef3Lg present invention, it has beconme possible
to provide an organic EL device which has excellent
transparency and durability 15 and exhibits high
| um pesctence—ntenstty—evenr—thRger—a—-ow—ei-+-hy
vol t fge, conprising el ectrodes @@m@ﬂﬁﬁﬁitlgomnnm@m
| ayef) nade of certain inorgaq&%nﬁﬂnpouniéenbb was
al sojconfirmed that the anode lfayef and t1§_1'ke madp
of CETrahﬁﬁﬂﬂﬂggrﬁt_ﬁﬁﬁﬁ&wﬁﬁr =+ PNt
i nvepMpisral feneguSeer no det eri glracxieni n ¢€elvxivg.”
property. Besides, according t¢st-heigrganfc EL devicg
of the present invention, it ?s(ggﬁgpe possi ble to
provide an organi c EL device Pect el ypwhi ch has
exce|l ent transparency and durgbility and

Work function(eV) (before cleaning) | 4. 65 5. 25

Work function (eV) (after cleaning) | 5. 23 5. 46

Thickness (Pm) 75

oxide,” Ag / oxide 35,75,735

Light transmittance (96) * 89

Surface resistance (2 ,/[) 15. 8 N/A

Hole transporting material TBDB TBOB

Thickness (rm) 60 50

Material of luminescent layver DPVDPAN | DPVDPAN

/D1 /D1

Thickness (nm) 40 40

Material electron ingection laver Alg Alg

Thickness (nm) 20 20

Materal of cathode layer AL Al Li

Thickness (nm) 200 200

Voltage (V) 6. O

Luminescence intensity(cd,/m2 ) |166

Half life

X : Transmittance Glass reference

(Comparative example 3-2]
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exhi bits high | um nescence intensity even under a | ow

driving 25 voltage. Mireover, according to the

el ectrode substrate of the present invention, it is

possible to fabricate an organic EL devi ce which

provi des the foregoing effects. Furthernore, according

to the fabrication nethod of the present 109 invention,

it Astpogsibbe ¥ aleriicat exadeowgani cedEli ndeWee oWt B8 target

praovi des the foregoing effects. G oup of enbodi nents 4
3-15 ofiet8enfrest icalgegaprdfe préf.er indothisodimmtscdsef the film

the present invention will be described with reference
format 1an ¢¥aRikest OrPpAadpi EAP eaBepRanser] agl)in the practical
Preparation for the fabrication of a substrate for an

exa<5nrpgani L device (fabrication of targets) 10

I ni Lical Ly, wd of jndiumaoxide, tin oxid and

cerlgl‘ﬁ?ngl g)éis g%'a?égaacncoorrengagteggﬁtﬁSgo\%@g %%?*%ﬁ”lcltlons of 5.25
eV QerisaiRer i t |l rati i ndi In/ (ln .+

%n)%) %irs% S.l%%rlilﬁ@t)rmall}gj :?;'tf(io %12 F?fn%%ng?é%ﬁ]&gﬂ' sdjs)tor the
surf&dh résiantdde, MblLsfal! G l5

metal (Ce [/ (In + Sn +@@é§%é¥%§g}§é}f{%§%}r{£§gg@€$1ve surface
andmioduiH andtgbiendigtgs i 472 15 hours. Then, the

resulting ground article was granul ated, and press

mol deditenteidysi ons rafsuwd isnelieshd rcodipaireitarvaBdabpt® 3-2 are

in thickness. The resultant was acconmodated in a
alspaRhAynf dnndebleadd3then heated and baked at a

tenmperature of 1400C for 36 hours to 20 fabricate a

t argefmary phy thet AraUp P EEPedipenasndtal oxide. In
add'tioqé owders of indi um oxide and zinc oxide (no _
gr eé?el? S FEGA AR Whe RGBT FPakee?)dakt® organic

t he

.Q ted in_a t ball ml] container so that ,
B Rt PoBr R Ay b £5° BR 6P bREd i It b g ovide
andyaéﬁfdﬁﬁEﬁ&ﬂggwgchQHﬁ§excellenttransparencyanddurability

and exhibits high luminescence intensity even under a low driving

voltage, comprising electrodes (such as the anode layer) made of
certain inorganic compounds.

It was also confirmed that the anode layer and the like made
of certain inorganic compounds described in the present invention
caused no deterioration in etching property.

Besides, according to the organic EL device of the present
invention, it has become possible to provide an organic EL device
effectively which has excellent transparency and durability and
exhibits high luminescence intensity even under a low driving
voltage.

Moreover, according to the electrode substrate of the present
invention, it is possible to fabricate an organic EL device which
provides the foregoing effects.

Furthermore,accordingtothefabricationmethodofthepresent
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25 Then, the resulting ground article was granul at ed,

and press nolded to dinensions of 4 inches in dianeter

and 5 mmin thickness. The resultant was acconmpdat ed

in a baking furnace, and then heated and baked at a

tenperature of 1400C for 36 hours to fabricate an 12O

target for the anode |layer. 110 Next, a netal target of
invAgtiidr) addiiki ppakiLueofo Orab M4 aNtn AdoRh G BIWHE YRS which

fabricated. This will be referred to as an Ag target.
proBesiedes hen fimteajo dray gefifeaf-u Wi th additional N of 1.7

w% 5 and Co of 1.3 wt% was fabricated. This will be

referred to as a Cu target. Mreover, a netal target

of pure Al will be referred to as an Al target. (2)

Fablareat @f emdedmamist rdate for an organic EL device

Next, description will be given of the formation of the

10 SEEErmEEd offora &% OdPgah P& eEE raed eebodiment s dshbwhe present
. Fig.. 12. .Atransparen ass substrate 410 of 1.1 nmin
invent Hedd 1hbe %%lba% W Ehd AL TRAGS G ridth, dBAHngs -

the[%@ggkg %ﬁd &%%%ﬁ% %:ﬁ, | ZO target, and Al target

are placedin the acuun1éhanber of the high frequency

:)egt(tlt?r 'P'}%%X%ttel% The hijgh ffarbeL‘ilﬁ%Q;yons%l’g taers!u:lt_%tlrsa&e for an

orgwaGUmMIOHe vd ok hQ&%ﬂ%&aﬂﬂbdMHﬂﬂié¥§gé%F”gon gas al one
Is filled.  Fig. IZ(I) shows the gtass substrate 410,
whi chicdanesponaedd 0s ap iexdmy &xi@f, tha oihake RABRN um oxide
in clainms. In that atnosphere, sputtering was perforned

areuyndermndeat @0 icoadidt @a lafmi bl vamdanmfr 3oxtHd: tHRAncde ratio
substrate tenperature at roomtenperatures; an input

of ypftage(dn A00I'W+ &nd)aiki 0 nPf orime mople imee iaf of4tin (Sn / (In
mnutes, so that a 110-nmthick thin filmlayer 412 of

+ 1) et 3110 oki d@daber BPABITBYL e hFaman dogshedtatah neeal (Ce

rgon,gas.. This is shown_in Fig. 12(2).
/ (?ng+ 5 9% Ce)) is 0.05, followedgby mgx%ng and grinding for 72

hours.

Then, the resulting ground article was granulated, and press
molded to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C for 36 hours to
fabricate a target 4-1 for a thin film layer of a metal oxide.

Inaddition, powders of indiumoxide and zinc oxide (no greater
than 1 pm in average particle diameter) were accommcdated in a wet
ball mill container so that the mole ratio Zn / (In + Zn} was 0.15,
followed by mixing and grinding for 72 hours.

Then, the resulting ground article was granulated, and press
mclded to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommedated in a baking furnace, and then heated
and baked at a temperature of 1400°C for 36 hours to fabricate an

IZ0 target for the anode layer.
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25 Subsequently, the Al target was used to forma
120-nmthick Al thin film414 in the argon gas. This
is shown in Fig. 12 (3) . Mreover, the |ZO target was
used to forma 20-nmthick 1ZO thin film416 in the
argon gas m xed with oxygen gas. This is showmn in
Figs. 12(4) and 13. 111 Incidentally, the 1ZO thin film
416 Nextpr at gethvetdiden Jeed wHeh H88es8ahkl Yobe f @ fedts ang
on the foregoing Al thin film414, but is preferably
Au fodr fed. wSibsegudrilni caiteda nwhnateipmoséhﬁéeeaEQEat@ as an Ag
aqueous 5 solution, the 1ZOthin film Al thin film
targate etched to formI1ZO A thin wires 418 of 20 Win
width. This is showmn in Fig. 12 (5) . Thereafter, the
t hi emidas -agernesplt h@r%ta@fdsaa@tﬂbm@dtfml fieof 1.7 wts

cg g % § on_this substrate was etched in an oxalic

an 3{%6’&3 Wit 8RSt §3PERRESEER alea%t‘é%hltlh%tr%ﬁ%rred to as a
nwre 418 fa on _the side of a thi

Cu HEFREbr odl ThHR" Bades 1T onT EHE FAGET AU Thio w ol ot sgé exred

to fAbrigahed thr h such patterning will be referred to

as a patterning electrode. This is shown in Fig. 12(6) .
;Q?Hggnﬁﬁﬁﬁﬁcdﬂy%ﬂjyﬂqﬂHé'Qdﬂ@@yéﬁg E éﬁﬂ&ﬁ %g L device

90 Newat, Meatelptidhd whel Abet RiiRad res 44 eBLRARREEn of the
through the foregoing etching correspond to an exanple

subsf rilte fetralant kiryaniilce EIBeivdes,. thRisl 249 Ahdkhniwi Feq. 12.
418 corresponds to an exanple where a protective film
i s & faagedavant grbisd stinstmitree41Tho§ Bubsir ahetMAskness, 25
subjected to ultrasonic cleaning in 20 isopropyl
mm éPcUH@Fhraﬁﬁdtﬁénm@rllédlifm\g*athaIantth@g‘@blgnas@ted target 4-1,
t nosphere before 10-m nute cl eaning by using W
IZO(EF‘FESW of BE Ly %fzeorpelace(ds)mwga@w@ﬁﬁﬁmscmber of the

hlgga ternln elec% ode electrode

th 90
EFQB&Q Y| BRYth=r18 Sﬁscf? \RJ%&%?W%%§§F€&Ering
SYSft%El FLg%’ﬁg?nggdb¥otQgpressm:ize down to an ultimate vacuum of

5x 10™ Pa, in which state argon gas alcne is filled. Fig. 12{1)
shows the glass substrate 410, which corresponds to an example
of the "base member" in claims.

In that atmosphere, sputtering was performed under the
condition of: a vacuum of 3 x 107! Pa; a substrate temperature at
room temperatures; an input voltage of 100 W; and a film forming
time of 14 minutes, so that a 110-nm-thick thin film layer 412 of
a metal oxide was formed by using the target 4-1 in the argon gas.
This is shown in Fig. 12(2).

Subsequently, the Al target was used to form a 120-nm-thick
Al thin film 414 in the argon gas. This is shown in Fig. 12(3).

Moreover, the IZ0 target was used to form a 20-nm-thick IZO
thin film 416 in the argon gas mixed with oxygen gas. This is shown

in Figs. 12(4) and 13.
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25 two probe nmethod, and found to be 2.5 W The
netal -oxide thin filmlayer 412 formed fromthe target
4-1 alone was 3 x 10E-3 Q@min specific resistance.
Moreover, the patterning el ectrode was neasured for
l'ight transm ttance (wavel ength of S50 nm and found
to be 89% After the UV cleaning of the substrate, 112
t he Ianddertaydry 4t Bewaso reraisurednf 406, the realde iafe FiSm, need
work function by using AC-1 (from R ken Kei ki Co.,
not mgcessand fyolmed foomsel ©6. 0BeeVortgoidgnhal tyinthelm 414, but
nmeasurenents are shown in Table 4-1. 5 (4) Formation
is grefieeadlgadiormEd devi ce The foregoing "substrate” was
| oaded on the substrate holder in the vacuum chanber
of tHESFENGIhISvapotat of. THENAtENEhesPhake -aratsde weadueous

i d f -6 T
LT R A RN 8 S e reom
ondSBOSERE, 3, Lo SF8 B, B BT 1

SUCERaSLAR QR the. %‘?ﬁ%eflfr}{ q&lg%yq_ﬁ ehﬁet%fbo%}lrcﬁet rmed from

obtai n an organi c EL “device

theldarberes- ﬂnohhﬁhﬂgré@gsffgﬂét@QSfé%éﬁ%&(Hh(gnt3§%11 agqueous
organic 15 lum nescent |ayer 428 to the formation of

solulne otat bofter ayeth 432attdhe t\raGudAeWeso ot ttHlQ'kﬁ@r%VQFB falls
once so that the sane vacuum conditi on was nmi nt ai ned.

on Heegiddhelfoaganic fBlimetbcer4dd mads xpondsct Dathet 4-1. The
organic el ectrol um nescence device in clainms. 20

elﬂQﬁﬁQ@ﬁI@abaécﬁh@dhﬁhQQthﬁﬂuﬂﬁigqﬁtmﬁ&ihglwiIBDBewaeferred
vacuum evaporated to 60 nm Next, as the organic

to @ﬂn%e@%*ﬁ?rn|léggerel4%8tr9¢vapAﬁururm I sepen in Fig. 12(6).

co- rateito 40 nmin the vacuum_Here, th
dep SHtF‘ ¥/ oF NE neN PPVIEPAN LAye t4 0 tnkis m%%ll fpelde formed

deposition rate of D_ wa nn's.
from @R %arget -1 prefera%ly has a width of 90 um. Moreover,

the Al thin wires 414 obtained through the foregoing etching
correspond to an example of the metal thin wire. Besides, the
IZO/Al thinwire 418 corresponds to an example where a protective
film is arranged on a metal thin wire.

This substrate was subjected to ultrasonic cleaning in
isopropyl alcchel, and then dried in a N; {nitrogen gas} atmosphere
before 10-minute cleaning by using UV (ultraviolet rays) and ozone.

{3) Measurements

The patterning electrode {electrode width: 90 um, electrode
length: 100 mm) described above was measured for resistance by the
two probe method, and found to be 2.5 kQ. The metal-oxide thin
film layer 412 formed from the target 4-1 alone was 3 x 10E-3
Qcminspecificresistance. Moreover, thepatterningelectrode
was measured for light transmittance (wavelength of 550 nm)

and found to be 89%. After the UV cleaning of the substrate,
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25 Then, as the electron injection |layer 430, Al g was
vacuum evaporated to 20 nm Finally, Al and Li were
vacuum evaporated to formthe cathode | ayer 430 on the
electron injection |ayer 432, thereby fabricating the
organi c EL device 434 . 113 Here, the deposition rate
of Al was |I nnis, and the deposition rate of Li was
thehafdden syeFhe 2 hacknessu obdtier Ahklia fLEM MRS s2Q0-k Blnct ion
Incidentally, these are shown in Table 4-1. Moreover,
by theing BRed cellrdrorhikae dfe ikBDB;o DPVDRAN,) ,Dlan@nfloAhd to be
are shown in Fig. 19. .(5) Evaluation on the organic
6.9 @lévice fabricated A direct-current vol tage of 4.4 V
was appljed tqo across electrodes with the cathode
| ayéPCALéifn&@lt e JBEAMfed FgEiite Are Rhqteviide Tflaeast-1.
t he elec rode and the anode Iayer 412 as
Sfedhissgrga ¥ ent density

t
\flgiTﬁetP?E%;IAéﬁ%seua?umanhtgesl:g" iR ian e eb s Cggrolder
in BRePLyEnud SchMibDerIPng, e LAk the.5ake 9f qur %lltyt g (vacuum

eval uation, constant —current dri v ng was ‘con Uct e

cha%@qu@agN%eBQe%%rE&%@da s G L8Rl VRS, %O%Pq %6en'Torr or
after a | apse of 1000 hours or Tore. Jincldent al |

loweeshéfsrofa haeptashbpakrexgnmiweA-4b@r an §f@%1t rlumlnescent
Table 4-1. 20 25 "Table 4-1" 114 Table 4 -

layer 428, an electron injection layer 430, and a cathode layer

432 were laminated in succession on the anode layer 412 of the
substrate tc obtain an organic EL device 434. This is shown in
Fig. 14.

Here, in the period from the formation of the organic
luminescent layer 428 to the formation of the cathode layer 432,
the vacuum was not broken even once so that the same vacuum condition
was maintained.

Here, the organic EL device 434 corresponds toc the organic
electroluminescence device in claims.

Initially, as the hole transporting material, TBDB was
vacuum-evaporated to 60 nm. Next, as the organic luminescent
layer 428, DPVDPAN and D1l were co-evaporated to 40 nm in the
vacuum. Here, the deposition rate of the DPVDPAN was 40 nm/s
and the deposition rate of D1 was 1 nm/s.

Then, as the electron injection layer 430, Alg was
vacuum-evaporated to 20 nm. Finally, Al and Li were
vacuum-evaporated to form the cathode layer 430 on the electron
injection layer 432, thereby fabricating the organic EL device

434,
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Practical Practi cal Practical Practice |

enbodi nent enbodi nent enbodi nent enbodi nent 4- 14-24- 34-4
Mat eri al of anode |ayerln oxide/ln oxide/ln oxide/ln
oxi de/ Sn oxi de/ Sn oxi de/ Sn oxi de/ Zn oxi de/ Ce oxi deCe
oxi deCe oxi deSm oxi de (Auxiliary wring)Al Al Al g
Protective layer of netal oxidelZOZO - IP (eV) (after

cl edlrirey) tbe EfpoBah.orbbate WE Rilgh s tir @ngs] tiraNe8EAIdposition
El ectrode resistance (k 0)89898989 Specific resistance

ratef cdnbtlevdayer. nb2.s.42Thd2thdckiS2s€mf the Al/Li film was 200
3x1C0E- 38x10E- 48x10E-47x1CE-4 Hol e transporting
NM-mat er i al TBDBBDBBDBBDB Thi ckness(rm 60606060 Materi al of
| umi_nescent | ayer DPVDPANDPVDPANDPVDPANDPVDPAN
Thi éRAESSNHMLA0408D26eMaT BriRd Wl istTiedd & dirdct i areover, the
chel ayerﬂqlél gAI I-qLAI g Thi ckri ess§nn¥20202020 Mat erjal of .
TG el P vg BeLi9Yy 5BYB i 4YYPFAN, D1, and Alg are shown in
Fi Thilcémess(nn) 200200200200 Voltage (V)4. 44. 34. 44. 4
Lum nescence intensity(cd/n2 )1 611 641 631 56 Hal f

houro 08ROt o4 AORHROUTS it 230 IS Fahd0ced,

exapplea rdcdl- A ety dr s Shoye QQQOW”%EEU§§QIEQEt%%Qacross
of the target 4-1

electrodes with the cathode layer 432 of the obtained organic EL

device 434 as the negative (-} electrode and the anode layer 412

as the positive (+) electrode.

Here, the current density was 2.0 mA/cm? and the luminescence
intensitywas 16lnit {cd/m?). The luminescent color was confirmed
to be blue.

Furthermore, for the sakeofdurabilityevaluation, constant-current
driving was conducted at 10 mA/cm®. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-1 are

shown in Table 4-1.

“Table 4-1”
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of the practical example 4-1.

of the practical exanple 4-1. The organic EL device 434
was 5 fabricated in the same manner as in the
practical exanple 4-1 except that the target 4-2 was
used. The target 4-2 is conposed of indiumoxide, tin
oxi de, and ceriumoxide. The nole ratio of indium(Iln
/[ (In + Sn)) is 0. 9, the nole ratio of tin (Sn/ (In
+ Sn)) is 0.1, and the nole 10 ratio of ceriumto the
total netal (Ce / (In + Sn + Ce)) is 115 0.03.

| NPBehtdi Iy, the work function of the anode I|ayer was
5 85 eV in value. The electrode reS|stance mas 2 4 kQ

’\ )L P VWalal

drTect=corrent—votta c of—4 v—was et—to uoo

he 5 el ectrodes of|} (o gcl%'?c EL de %434 olpt ; ‘ﬁeql

y the foregoing megns as irﬂbﬁ'me”pracglg exa

+ ot + I d \ \ A

-P>U'_"T
P

thn Lllc restHtTthat—thd—ehr+renrt—tdensty—wa

MW”E#ﬁam Rl ue and "t‘ﬁ" & unifRgeeénce [PREEASI ty §”‘"fG’4
it. The |uninescent 881" (uvva§“ » |rrr%’?j "td?/be bl|gneexide”
%t hernore, f or thg°84Re off“HFabi | it~ Eval uatl%'ﬁ“”"de
&Y aa’ﬁ’f”"i‘,)urrent 10fri vi ng fWas cond®ted at 10

PERD® PRE°FFaPritul afeY eak cUFPent was~ found evén
ipt(%\f)(ﬁtai%'é’@) of 1000 hours gr nore. lncidentally, the
rlesul ts of the pract[Pc8f exanpl@® 4-2 g &5 al so slpwR in
aft Eeranigencf(B*act i ca exanpl ¢ 4-3] 15{The organi ¢ EL
Btqre® 48U madf abri B8t ed | n [Bhe sane |[#Ranner as|dn the
?Faeﬁqrea&rﬂ”@%éqwbé?m -®xcept |#Hat the|prootectiveldi4d m
YeE™of t he |ZO target in the practical exanple §-2 was
t used _IncidentalPyOEhé §01PEQf 4 t he |7ancde 4

| |[Eyeeensprise 188 eV i [iBVAI ue. [TBI® el ectimde resi s{a@nse
BsshrkRQ 20 A dirleet-curr of 4.4 Viamas

Pptrsedutiesaeross t hePvebect (orlesanw firvdre s es uldFvidraty

t|eckesthent  densi ty s 2. O|laA cn? ij4p val ue anghct he

| lusth raRSEERRGR R @RS g Was 163qnit. Theg T um nescind
Thickness{nm) 20 20 20 20
IMaterial of cathode layer AL L AL Al Li AL L
Thickness(rrn) 200 200 200 200
Voltage (V) 4, 4 4. 3 4.4 4. 4
Luminescence intensity(cd/m? ) [161 164 163 1566
Half life 1000 hours o1 000 hours or 1000 hours or 1000 hours or

more more more Jmore

* :Glass reference

[Practical example 4-2]

A target 4-2 shown below was used instead of the target 4-1

fabricated in the same manner as in the practical example 4-1
except that the target 4-2 was used.
The target 4-2 is composed of indium oxide, tin oxide, and
cerium oxide. The mole ratic of indium (In / (In + Sn)) is 0.9,
the mole ratio of tin (Sn / {(In + Sn)) is 0.1, and the mole

ratio of cerium to the total metal (Ce / (In + Sn + Ce})
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color was confirnmed to be blue. Furthernore, for the

sake of durability eval uation, constant-current

driving was conducted 25 at 10 mA/cnR2. No particul ar

| eak current was found even after a |apse of 1000

hours or nore. Incidentally, the results of the

practical exanple 4-3 are also shown in Table 4-1.
0.(JFractical exanple 4-4] 116 A target 4-4 shown bel ow

was used instead of the target 4-1 of the practica

exadpicéd déntalAy,f ohet herkefahct aogetf, tdre Agotlar gayerwass 5.85

used instead of the Al target. Incidentally, the |ZO
eV giotvédtieve Themedkst sodet resddst afixee owgani2c 4Elk@evi ce

434 was 5 fabricated otherw se in the same manner as in

t he PpHagErEarurEgafpreliage Thet +hrgdes4aBprildedohpozeloss the

electr%ﬁ@%%?wogkd %ﬁ%%ﬁ+%‘#€/ﬂﬁé¥¥é 4%%?$Etgghgxbg$tE%Qﬁ%?%pg01ng
t f | 1, d the 10
medhdy :a% & ;tgl%a&’%l}r‘f{ttl(é’atqhéext%"zaﬁ st ™ (J% tkﬁenr =Y Ghat the

cuﬁ?@hﬁdeﬂé&é&@§s2lWQ¢M%Ez4$¥alEE%\M¥%e+ﬂﬂghkg%egggfﬁiensity

anode | ayer” 412 was eVoin val he el ectro

wasl @%l4shance Yas Zuﬁlﬁﬁ%céﬁg'&Sﬁbrcué%e%bdﬁﬂfﬁ@ﬁ fb fedblue.
V was applied to across the 15 electrodes of the

Furahgamot eELf slevhe @ a434 OBl A HET by et/Be uben 8aQidith st current
as in the practical exanple 4-1, with the result that
drivhegcwss eninderntsid ytwhs niA/cﬁanN Bodnt ival ler aedkt Berrent was
| um nescence intensity was 156 nit. The | um nescent
fOU@dI 6V eWa s feenf iar fad steo dfe U510e houmw tdremworee, for the
ake of durability evaluation, constant-current 20
dr| VPR \ﬁ/&§aééh’du¥f‘§dfﬁﬁuiésnﬁf chipe MNeaplitrtuwmampbakd-2 are
1s8ur ent was ﬁ%ﬁ 3 en after a | apse of 1000 hours or
2+Skor Oan&Pdg ] ‘he results of the practica

exaTBEgc%léa r%xample 4-3]

The organic EL device 434 was fabricated in the same manner
as in the practical example 4-2 except that the protective film
made of the IZ20 target in the practical example 4-2 was not used.

Incidentally, the work function of the anode layer was 5.85
eV in value. The electrode resistance was 2.4 kQ.

A direct-current voltage of 4.4 V was applied to across the
electrodes, with the result that the current density was 2.0 ma/cm?
invalueandthe luminescenceintensitywas163nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-3 are
also shown in Table 4-1.

[Practical example 4-4]
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al so shown in Table 4-1. [Practical exanple 4-5] 25 A
target 4-5 was used instead of the target 4-1 of the
practical exanple 4-1. As for the netal target, anAg
target was used instead of the Al target. The organic
EL device 434 was fabricated otherw se under the sane
condition as in the practical exanple 4-1. 117 The
t ar §etangsti - ¢ oplposedofow ndisumsex desteadcodxide, tanget 4-1
praseodym um oxi de. The nole ratio of indium (In / (In
of therpypcticad examde fivl e et foroihe metESntArget +2BMg farget
S O.&,,and t$$ gnhﬁlratio of praseoquiun1to t he
Was i3 9met At E PLOITS &% Wnueh)) hgidgntally, the 120
IL.nci.dent al | he .work functjion of the anode |ayer, 412
pr i P T Al 416 40 RE THER oc e HatTR drle SR D 94 was
) L r - rent. vo g f V_was _appli.ed to .
fa%ﬁ%ﬁéigﬁhQGBS%g@fg% ég %Pgt%gﬂg%?%gﬁ%%ro?ﬁaﬁg: © practical
exadgMi£e 484 as in the practical 10 exanple 4-1, with
the result that the current density was 2. 0 mAcnR in
val upeaddribe kum neseEhsSstAtENSIdYi WA ARe Nidin oxide, and
Thel um nescent color was confirned to be bl ue.
samkudtihepnire,. fDhet helsaketofo «fir ahdliuky @+l vatigny zZn)) is
constant-current driving was conducted at 10 mA/cnR.
0. 9o tder thelkaraltéak curtent (®as /f oulitd even)af tier 015, aand the

| apse of 1000 hours or nore. Incidentally, the results
mo 16t refd prdc spda s laxankt e e S afral wHowh | $mTAbl B 42 Zn + Sm) )
is %O(%P "Table 4-2" 118 Tabl e4-2

Incidentally, the work functicn of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.4 kQ.

A direct-current voltage of 4.4 V was applied to across the
electrodes of the organic EL device 434 obtained by the foregoing
means as in the practical example 4-1, with the result that the
currentdensitywas2.OmA/cm2invalueandtheluminescenceintensity
was 156 nit. The luminescent color was confirmed to be blue.
Furthermore, for the sakeof durabilityevaluation, constant-current
driving was conducted at 10 mA/cm?. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-4 are
also shown in Table 4-1.

[Practical example 4-5]

Atarget 4-5was used instead of the target 4-1 of the practical
example4-1. Asforthemetal target, anAgtargetwasusedinstead
of the Al target. The organic EL device 434 was fabricated
otherwise under the same condition as in the practical example
4-1.
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Practical Practi cal Practi cal Conparative

enbodi nent enbodi nent enbodi nent exanpl e 4-54-64-74-1

Mat eri al of anode |ayerln oxide/ln oxide/ln oxide/ln

oxi de/ Sn oxi de/ Sn oxi de/ Sn oxi de/ Sn oxi de/ Pr oxi deNd

oxi de/ Tb oxide (Auxiliary w ring) AQCUAgAg Protective

| ayer of netal oxidel201ZO ZO IP (eV) (after cleaning)

5. 1% tg@setods5s PS5 ddmpsad arfshindiancex@iHa) *inc oxide, and

El ectrode resistance (k4)89878790 Specific resistance
Pragreosyddem gydee. 53hegpolsp ratr isoemndium (In / (In + Zn))
. ﬁ; OE}§KX1O - 34x10E-24x10E-4 Hol e transporting
3 fater il DBTBERTBERE FRi ¢RReds(£Pn) 68806086 0-1, and the

Material of |um nescent
o R PV ANBPOOR ANV AN PVEBAN SOE T /E7 8. (Px / (Tn + Sn
+ pthicky gsg(py) 40404040 Material el ectron iniaction

Py gf ir . . .

I'ayer Al gAI gAI'gAl g Thi ckness(nnm) 20202020 Materi al of

cat F Li-AL/ LELAL/ kj |

Thi ?E%gé%?ﬁ%l?%z%@%ogg% \k/{éﬁ\?éééi‘\ﬁﬁ.t@ia@%@e e2Ygr 412 was

5. shuUBNESCERAQ Nt PRSI %M(e%yf@d%ilag%ﬁ 281, 86115¢ Balf o

lifel 000 hoursl 000 hours or hours or or

nor andt eadtectirrdnanssitigacet @ Iy wekeagPLeed to across the

[ Practical exanple 4-6]
electrodes of the obtained organic EL device 434 as in the practical
example 4-1, with the result that the current density was 2.0 mA/cm®
invalueandthe luminescence intensitywas16lnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm?. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-5 are

shown in Table 4-2.

“Table 4-2”
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Alg
20
Al L
200

Alag
20
Al/Li
200

Alg
20
Al L
200

Alg
20
Al/Li
200

Material of cathode layer

Thickness (nrm)

Voltage (V)
L.uminescence intensity{cd/m? )
Half lite

4. 5
161
1000 hours

or more

4.5
158

1000 hours or
mors

4.6
166
1000 hours or

mora

5, 3
162

X : Trarnsmittance: Glass reference

[Practical example 4-6]

Atarget 4-6 was used instead of the target 4-1 of the practical

example 4-1. As for themetal target, aCutarget was used instead

of the Al target. 1In other respects, the organic EL device 434

was fabricated as in the practical example 4-1.

The target 4-6 is composed of indium oxide, tin oxide, and

neodymium oxide. The mole ratio of indium (In / (In + Sn)) is

0.9, the mole ratio of tin (Sn / (In + Sn)} is 0.1, and the
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ratio of terbiumto the total netal (Tb / (In + Sn +
Tb)) is 0.06. 25 Incidentally, the work function of
the anode | ayer 412 was 5.90 eV in value. The
el ectrode resistance was 2.5 kS2. A direct-current
voltage of 4.6 V was applied to across the electrodes
of the obtained organic EL device 434 as in the
moIo¥ agdt €8l ofexamd emflah, tW thhd heo £ gsuhbctshat §de;, (1n + sn +
current density was 2. 0 mMcn2 120 in value and the
Nd)unime8cém®ce intensity was 16 6 nit. The | um nescent
color was confirned to be blue. Furthernore, for the
sakdnofidediiedBivl/i ttheewalrliafuont icanstanhe- sHodentayer 412 was
driving was conducted 2 at 10 mA/cm No particul ar | eak
3. 8QuevVentn wad Uecoun@iheven eaft erdeSrasliapsenof %060 2hauri.
or nore. Incidentally, the results of the practical
exafpfer&Ct-gHETCRFSBOLhAUR Ph TablVe was2apptorpatataveoss the
ani.c EL device was fabricated as in

| 4- An
ele? %g%re%cﬂfg%e SQE%Pgd PFHC EREPI L TRHAE dafs ITFO-ParRfetct ical
i nst t 4-1 of t act i cal ,
e T e e i i e g e YERB AR A< 2. 0 ma/em
in YR8 ng | A 1dRNEAIddn et M4 £ PPCLhaR Of L NGrANPAR; nescent

ayer 412 was 5.25 eV in Irect-curre

col tage Unbirded WBSpaPRhed &1 &FH0%8, 1R r the sake of
el ectrodes of the obtained organic EL device as in the

durpitacti cale exBapk e of, Icowsttadthec i eseht dhatihhewadr £8AHucted
density was 2.0 mAcm 2 in value and the | um nescence

at LAtwAgichy . wis 62 tridul dhel dakinescent eakOEoWASE even after
confirmed to be blue. Incidentally, the results of the
a legfrarafi VeO0&xdrmles 401 mpee.20 al so shown in Table

4-2. Summary of the group of enbodi nents 4
Incidentally, the results of the practical example 4-6 are

also shown in Table 4-2.

[Practical example 4-7]

Atarget 4-7 was used instead of the target 4-1 of the practical
example4-1., Asforthemetal target, anAgtargetwasusedinstead
of the Al target. 1In other respects, the organic EL device 434
was fabricated as in the practical example 4-1.

The target 4-7 is composed of indium oxide, tin oxide, and
terbium oxide. The mole ratio of indium (In / {In + Sn}) is 0.9,
the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole
ratio of terbium to the total metal (Tb / (In + Sn + Tb)) is
0.06.

Incidentally, the work function of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.5 kQ.

A direct-current voltage of 4.6 V was appiied to across the
electrodes of the obtained organic EL device 434 as in the practical

example 4-1, with the result that the current density was 2.0 mA/cm®
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As has been detail ed above, according to the organic EL
device which is characterized in that an el ectrode for
driving the organic el ectrolum nescence |ayer of the
present invention conprises an 25 anode thin filmlayer
of a netal oxide having a work function above 5. 6 eV
and a lam nate of netal thin wires, or an el ectrode
in b &8d €hefll@imiaie sofegafd £nt &kl NEFHEBY ¢8I tCe, The luminescent
beconmes possible to provide an organic EL device which
collas wexceldrent rincdnspabentbyuand dursdié rqyreand cexhkink tsike of
hi gh | um nescent intensity even under a low driving 121
dungdlitlabey conprisipg  t henanede 1 ayereanddthe inickeamadenducted
of certai,n inorganic conpounds. It was also confirned
at {RalAYRE& anode Payér GhR¥ Needkkeurndat vhscépuaicheven after
i norgani.c_caonpounds had excell ent etching properties.
a lg é69e950805ﬁyﬂﬁ%gofom95@-eIectrode substrate of the

t o i it i i bl t fabrj
o gai ¢ eBF 40 Vel HREnESSRLS Appara RASah Gt frovTks 4-7 are

he,f.oregai ffects. Moreover, according to the
1 19 =2 ; . . Co
@ S%agpﬁggt?gn nggﬁo %f the present 10 invention, it is

possicBheat-afialr k&ak@1anangani ¢ el ectrol um nescence
apparatus which provides thé foregoing effects. Goup

of arbodidreit 81.%k8 ddek et rabl8latddid HYR tq{el E%gégﬁﬁgg example
e

enbodi mrents 5 of the present invention wl
4~1ldescephedhuatt Anrefer eacget owdheusk @ mMgSead [F¥ agid adlrget 4-1
exanpl e 5-1] (1) Preparation for the fabrication of a
of shbgirattel dor exanprlgani-¢ ard adteRigceaftfabrixcatisen eb the metal
targets) 20 Powders of indium oxide and tin oxide (no
targeéater than 1 pm in average particle diameter) were

accaommpdated in a wet ball mll_ container so that the
nol éNFAEPBERA LY, (FRe+WweRk {aRchbian ¢5|thpernode layer 412 was

9.25 eV in value. A direct-current voltage of 5.3 V was applied
to across the electrodes of the obtained organic EL device as
in the practical example 4-1, with the result that the current
density was 2.0 mA/cm® in value and the luminescence intensity
was 162 nit. The luminescent color was confirmed to be blue.

Incidentally, the results of the comparative example 4-1 are
alsoc shown in Table 4-2.

Summary of the group of embodiments 4

As has been detailed above, according to the organic EL device
which is characterized in that an electrode for driving the organic
electroluminescence layer of the present invention comprises an
anode thin film layer of a metal oxide having a work function above
5.6 eV and a laminate of metal thin wires, or an electrode substrate
for an organic luminescent device, it becomes possible to provide
an organic EL device which has excellent transparency and durability

and exhibits high luminescent intensity even under a low driving
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by m xing and grinding for 72 hours. Then, the ground

article obtained by the foregoi ng neans was

granul ated, and press nol ded 25 to di mensions of 4

inches in dianmeter and 5 mmin thickness. The

resul tant was accommodated in a baking furnace, and

then heated and baked at a tenperature of 1500C for 36
volhages tomprdlsingatbeaanadgeiafer &he vnedkikayesde Thf scertain
. target will be referred to as an ITO target. 122
1NnopGReeCs COMPOREAFm oxi de and zi nc oxide (no greater than

1 pm in average particle dianeter) were acconmobdat ed

in & CWEES At TO MANEIima &ndér thE Atede tiiysorad Ahpol ke made

/ n.+ Zn) was.0.15 followed b }xing and grinding .
of part3snnEibedSigncoinathrduin sl Ln st e RRpEerties.

t he,f.or LN ns. gr.anul.at ed nd press, nol

to B ST R o R o SBC B R4 Ehe present
invERitGkRAESS. jcThe jiesulfant was acgomudal.ad ja a hakin rganic

furnace, and then heated’and baked at a tenperature o
e1et4008Cut@he3tehelr S ap@a fahid cafgi dnt g 9efidd e anRd® going

| ayer. This target will be 10 referred to as an |ZO
effearget. Powders of indium oxide and cerium oxide (no

greater than 1 gmin average particle dianeter) were

accHnmedated ancaraingbal khenfdbr cont bdbmetetsmd bdt thderesent
. mole ratio Ce / (In + Ce) was 0.18, followed by m xing
1nvgRd1gni-ndi A§ f ols72 powssblEhentat he fgbtoumdtarti gdre 1%rganic

obt ai ned by the foregoi ng means was granul ated, and .
elegiged URIPEEGENCE dRRERISONHLS of Wit ¢inc REO T ¥del artdter f@npgoing
ff5 nmin thickness. The resultant was acconmodated in a
©11G5kPng furnace, and then heated and baked at a

tenperature of 1400C for 36 hours to fabricate a

target for the anode |layer. This target will be 20

refﬁ gg gF é- % g-§. Next, a nmetal target of Ag

Wi t ?5 o2 8 _B JRgpt -7 w%and Au of 0.8 wt % was
fabpbeat g et &bl S HabABI MbEL FEEr EBTBIHRA M BSS of the present

invention will be described with reference to the drawings.

{Practical example 5-1]

(1) Preparation for the fabrication of a substrate for an organic

EL device (fabrication of targets)

Powders of indium oxide and tin oxide (no greater than 1 um
in average particle diameter) were accommodated in a wet ball mill
container so that the mole ratio Sn / (In + Sn) was 0.1, fcllowed
by mixing and grinding for 72 hours. Then, the ground article
obtained by the foregoing means was granulated, and press molded
to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1500°C for 36 hours to
fabricate a target for the anode layer. This target will be

referred to as an ITO target.
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an ACA target. Besides, a netal target of Ag wth
additional Pd of 0.5 wt% 25 and Cu of 1.0 wt % was
fabricated. This target will be referred to as an APC
target. Besides, a netal target of Al with additiona
Pt of 0.5 wt% was fabricated. This target wll be
referred to as an Al target. (2) Fabrication of the
subferdessf of brdbagyaiciecendevive d2Bddletq greater than 1 um
. description wll be given of the formation of the .
10 YHEEPARAF o C Hh Dragntisd 'ENegevreeoAfat pd Fhewietnball mill
Fi_g. 15 tr arent glass substrate of 1.1 in
congRlBRRess. HAE e My NG APRLoant 25 it A1) ehgE - Her followed
L .as e i;ned -l TO-t,arget 5 r the.anode |ayer, . .
by ﬁgkég g%? 9%?%? g%a58£e7?a§%PFSand$gfnfa ge fgﬁﬁﬁ%ﬁ pEticle
obt%.irf?é&“byttaﬁgeftor@t'jgiﬁilg%ggngmgg]%r%qﬂlﬁﬂﬁga@?& U I8 0 1ded
hi gh fréquency sputtering system e hi gh™ f requéncy
to SAWdredi s s¥YStemmichoperatedahotdepLessy e H4OWnELkness.
an ultimate vacuumof 5 X 10-4 Pa, in which state a
Themireedh lgasn of wasgan coasnadwh 490 oxygepakl@r@gps dsnd &l ednd then
Fig. 15(1) shows the glass substrate, which
heacerd espondakea &t exatpheeafsthihe "basedmerbercrd M6 hours to

claims. Incidentally, the base nmenber on which an
fabgligatrode (3YIps/ dog tdrg argede wt hlyele r 8fers ethtgetswill be
"el ectrode substrate.” In that atnosphere, sputtering

refggd sferfor fgd 2By 145 nP¥HEL-15 | TO target under the

C enbaPaEEr o° b ChUBIR 1BHa: Ak B8 LA PigHe (BPiGes oF than 1
i OB L AL S ol MR TS
e 0450 LB 20100 A LA 08 Srnioes
by 8asinhnshdegtahhyngt hsig?gigaakg.t efpeRat Uhe Jr09 Lrticle

This i's shown in Fig.
obtained by the foregoing means was granulated, and press molded
to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C for 36 hours to
tfabricate a target for the anode layer. This target will be
referred to as target 5-1.

Next, a metal target of Ag with additional Cu of 0.7 wt$% and
Au of 0.8 wt% was fabricated. This target will be referred to as
an ACA target.

Besides, a metal target of Ag with additional Pd of 0.5 wt%
and Cu of 1.0 wt% was fabricated. This target will be referred to
as an APC target.

Besides, a metal target of Al with additional Pt of 0.5 wt%

was fabricated. This target will be referred to as an Al target.

(2) Fabrication of the substrate for an organic EL device
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Subsequently, in a nitrate-phosphate-acetate aqueous
solution, the Al thin filmwas etched to formAl thin
wires of 20 25 ~tmin width. This is shown in Fig. 15
(4) . These Al thin wires correspond to an exanpl e of
the "thin wire of netal as auxiliary wre" in clains.
Thereafter, the ITOfilmof this substrate formed from
t heNekTQ tdwgetivaioretwhed be aivexaldf Ggeedd$mation of the
solution so that at |least 124 one Al thin wire falls on
subsieragiedd ogf aan orf@rslce ¢ilr oy imede thom itshesHdht Angetig. 15.
This is shown in Fig, 15(5). The electrode fabricated
t hr BugF2BERATpAEt BEAFAGS WP I rdlee radf dr-rledmt dnashackness, 25 mm
, atterning electrode. 5 Incidentally, the ITOfilm
in ﬁafiﬁgd FRONT © HET IO kefidgdty 35t ¥PéilaBFythasot st med BFC target

90. m_ Next, this subst e d a, substrate having no
for pRATAS BAYe rabRPRE o The Fac B Aia ey bndng A1 target,

oniZ5, 00 0Lyt TELD! L8 e (UITLDLAROR oo coe
- i - di - | .
riofaseblEnEyl (e EUgl A5 gBELA T0,a SUE SR hecorsng

sys@egankCobbrdE¥HCo GOpFESPRPHSt Qo €XadPl & Ofmde vacuum of
el ectrode substrate for an organic el ectrol um nescence

5 xdeyiiceal niglhi®h Nexde d MikeMBSLr BEeavgsnsyRtestedhd Qxygen
ultrasonic cleaning in 15 isopropyl alcohol; and then

gasddised diln ead .N2 Fing ¢ r b§én ) gad)oas mbaeherlasbebaibstrate, which
10-m nute cleaning by using W/ (ultraviolet rays) and

COrgasRONAd§ 3k ovea uremmtlse Abfertihe" b¥sel empmingrdf irheclaims.
substrate, the anode |ayer was neasured for the value

Incgrenta by k FORCPRER BYIESIIngrARIE Gff pome L2 R k@n (S) is/are

nd fqound to Qe 6.18 eV (after

Kei ki . Co, Ltd.),
arrgngta B L e At T he Bped el e brodey SHASE TRES - "

d f light t i tt .
?C\gggl %ﬁé?{]a%\’aggg eﬁ:sr%ﬂr gﬁgt%rerllrgg Wasr %%Sr orrﬁaggef:)y using the

ITC target under the condition of: a vacuum of 3 x 10! Pa; a
substrate temperature at room temperatures; an input voltage
cf 100 W; and a film forming time of 14 minutes. This forms
a 110-nm-thick ITO film in the argon gas. This is shown in Fig.
15(2).

Then, the Al target was used to form a 120-nm-thick Al thin
film in the argon gas. Incidentally, the substrate temperature
is 100°C. This is shown in Fig. 15(3).

Subsequently, in a nitrate-phosphate-acetate aquecus
sclution, the Al thin film was etched to form Al thin wires of 20
pm in width. This is shown in Fig. 15{(4). These Al thin wires
correspond to an example of the "thin wire of metal as auxiliary
wire" in claims.

Thereafter, the ITO film of this substrate formed from the

ITO target was etched in an oxalic aqueous solution so that at least
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found to be 88% The patterning el ectrode (el ectrode

width: 90 gm electrode Iength: 100 nm) descri bed

above was neasured 25 for resistance by the two probe

nmet hod, and found to be 2.5 kS. The thin filmlayer of

the netal oxide formed fromthe target 5-1 alone was 5

X 10E+5 SQmin specific resistance. Incidentally, the
onendasuhenent scaralibovn thReTablie &f lan (H) FddmtddN de from

the organic EL device 125 The foregoi ng "substrate" was
the|l ddfed aoyetthe §hidst riad esholderin iRi¢ helBdéyum cdhesrbelectrode

of the vacuum evaporator. Then, the vacuum chanber was
fabydsrasedr tha@uds| Hechoratgauumofwilk be echrrred to as a

| ower before a hole transporting | ayer 520, an organic
PabLFRThESBeRt S5 YLRRR - 522, an el ectron injection |ayer

r.. 526 were |lam nated in

524, and a, cathode | a
su038§§g8HtgﬁH?he 5%%% TCayet 1Bf FHEAbEFPYt £ oITO target
bt ain_an _organi.c, EL i.ce 530. This is shown in Fi
pre%§Fathe%aFn%tW&dﬁgrfgﬁ%¥%éﬁ¥the formation of the )
or gRRkE, +M{% atl &Y8l osﬁggtigﬁwdxﬁirhé)fnot B€1m were put

cat hode | ayer, the vacuum 10 was not broken even once
back0i hbalc HhQasalR VasHbEY CoMY hi DL YRS hiMREDIAI¥ed metal oxide
Here, the organic EL device corresponds to the organic
wasEEolringht byetki hgnghappargétiss+ N £4 ai MubdtddidldempeaSature of
the hole transporting material, TBDB was 15
2000acuwne ehapenal ed dwr S-amxdlextin@antdeettifbdesaigillet. This
| ayer, DPVDPAN and D1 were co-evaporated to 40 nmin
is shewpatidmd Hare(6) t heleposil$ bnatat Boofar e dBPVDPAN, device
was 40 nnis and the deposition rate of DI was 1 nnis.
COrfifeiPon@dsSt he eMe@¥MPifj eét itée 1Bttt rafg wabstpgate for an

vacuum evaporated to 20 nm Finally, A _and Li were
or 43T furk LY ApBPAtE 155 FORAFL AE ‘CAhoHR FAFeMon { he

SLSﬁ%%Q? tﬁI%‘%Hﬂs'}Jt%Y%Es é&%ﬁéé@%éW%% ET%rgé %QE c éaning in
isopropyl alcohol, and then dried in a N; (nitrogen gas) atmosphere

before 10-minute cleaning by using UV (ultraviolet rays) and ozone.

({3) Measurements

After the UV cleaning of the substrate, the anode layer was
measured for the value of its work function by using AC-1 (from
Riken Keiki Co., Ltd.), and found to be 6.18 eV (after cleaning).
Moreover, the substrate provided with the anode layer was
measured for light transmittance {(wavelength of 550 nm) and
found to be 88%. The patterning electrode (electrode width:
90 um, electrode length: 100 mm) described above was measured
for resistance by the two probe method, and found toc be 2.5
k€Q. The thin film layer of the metal oxide formed from the

target 5-1 alone was 5 x 10E+5 Qcm in specific resistance.

Incidentally, the measurements are shown in Table 5-1.

(4) Formation of the organic EL device
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Here, the deposition rate of Al was 1 nm's, and the
deposition rate of Li was 0.01 nm's. The thickness of
the Al/Li filmwas 200 25 nm Incidentally, these are
shown in Table 5-1. Mreover, the chem cal fornulae of
TBDB, DPVDPAN, DI, and Alq are shown in Fig. 19. (5)
Eval uati on on the organic EL device 126 A
di r be- fouregot nyddidge oft o 3a¥ Wasdappin etiet SUBEE BSEe holder
el ectrodes with the cathode |ayer of the obtained
in phgandculn deviker @f thwe vacgam egapoyatbect rddenanthe vacuum
the anode | ayer as the positive (+) electrode. 5 Here,
Chamhércwﬁﬁeﬂﬁpd@ﬁ§mwyZw@slZS@dekgn@ aad ude dfurti med@8hdrr or
i nten was 163 nit écd/nﬂ . The | um nescent  col or

LouRIS ST BT S (Are@ L bUBBSBP GBI BUKFRE ke, SPohr ¢Het G akghigrescent
Laygn u'clf'et% B ot T oY i 1o i R Laver
52 6fb9 l%an.I'?]I nasd Sse5100f B%e %Qlolagui%ygr o@of‘ﬁ'eSSL%Pstrate

InC|denta e results o he practlc exa

to @b%a1§hgwnokﬁaﬁagl @roubvilte 28025 j E§Q|§555%0Jg7 JaPES

5-1 PractlcalPractlcalPractlcaIPractlca

enbgdirapnterbedengid eiodicpreit efodic BRRL t $oh5-%0- 8824 organic
Mat erial of anode | ayer[ TO+l TO+H 20+I TO+

luminescent layer to the formation of the cathode layer, the vacuum
was not broken even ocnce so that the same vacuum condition was
maintained.

Here, the organic EL device corresponds to the organic EL 1ight
emitting apparatus in claims.

Initially, as the hole transporting material, TBDB was
vacuum-evaporated to 60 nm. Next, as the luminescent layer,
DPVDPAN and D1 were co-evaporated to 40 nm in the vacuum. Here,
the deposition rate of the DPVDPAN was 40 nm/s and the deposition
rate of D1 was 1 nm/s.

Then, as the electron injection layer, Alg was
vacuum-evaporated to 20 nm, Finally, Al and Li were
vacuum-evaporated to form the cathode layer on the electron
injection layer, fabricating the organic EL device.

Here, the deposition rate of Al was 1 nm/s, and the deposition
rate cf Li was 0.01 nm/s. The thickness of the Al/Li film was 200
nm.

Incidentally, these are shown in Table 5-1. Moreover, the
chemical formulae of TBDB, DPVDPAN, D1, and Alg are shown in
Fig. 19.

(5) Evaluation on the organic EL device
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(Auxiliary wiring)Al Al Al APC Protective | ayer of netal
oxi deln oxide/In oxide/lIn oxide/ln oxide/ Ce oxideSn
oxi de/ Zn oxi de/ Zn oxi de/ Ce oxi deCe oxi deSm oxi de Work
functior(eV)(aftercleaning)6. 186. 055. 955. 90 Light
transmttance (% * Electrode resistance ( k 4) 88888988
Specific resistance of netal oxide thin2.52. 42. 62. 3
filf lchymsqy2omrerGE+6d 006G 0657 B0B+6/ Hohe tpphspdr tiongacross
mat er i al BDBBDBTBDBBDB Thi duress (rrn) 60606060 Materia
elegt rioglgisnestlerithe apé hPRYDRANDPYIPANORVDIRANDRYDRANNiC EL device
40404040 Thi ckness(nm MNaterial electron_inaction o
as theeRPERBLRE ol Thi TSI P TR 0P626NEE et RHPT 07 S ctigrs it ive
layerl /Li Al/Li Al/Li Al/Li Thickness(nm 200200200200

(IVEIEEGECFF4. 34, 24.64. 4 Luninescence intensity(cd/ m
)1 58 1 58 Half lifel ou o 1_000, haurs,
b 198567 noht < WAL U0 RS L T ot elbl BP0 B¢ A iminescence

int'egs§§§/ £ eEgRGe (WH/III? ) t he’l‘ﬂ‘eéﬁ&%&@%ﬁ%ﬁ&:% JBSr %%Desgcr:bﬂ firmed

the present practical exanp base ne

to HAY 1810 be; A BEans UDPSbEalRe 5@ kdPbasl LasPstial €a18ation,
silicon wafer, a color-filtered color 5 conversSion

consuhsitaterrentt herlivkeg "Raactiécatuexarpl £t 5-10 #in o> . No
a nodi fied exanple of the practical exanple 5-1, the
pardrigerlar leak current was found even after a lapse of 1000
hours or more.
Incidentally, the results of the practical example 5-1 are

shown in Table 5-1.

“Table 5-1"
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of lam nation may be inverted of the transparent
conductive thin filmconposed nainly of indium oxide
and the netal thin filmas 10 an auxiliary wire. Even
in such configuration, the functions and effects of
the invention are the sane as in the foregoing 128
practical exanple 5-1. Incidentally, Fig. 17 shows a
sectional view of the configuration where the order of
qu1gat onis inverted. [Practical exanple 5-2] 5 A

arget -2 shown bel ow vvas used i nstead of the target
1 of—the practic 5-1._ The nrnanlr‘ E

ae\7| ce was fabricat §qm ﬂ the ' , man(efihs i n ﬁ?é‘“’a'

practical exanple 51 €Xcept [{RAT™ t_h °Tt%?’§é‘t 5- ¢ gt
MSER il ar get—S s—conpgsetof—mpistimoxider—tn
?t|||a§:ﬁn @naa 10 cenﬁlrgn OXI de. I e nol e rﬂtlo of i ITé) Lum

n./ trpém)lera oo tin
nve la rc> Sﬁetal o><| ?n oxxde('he mHg I/at | O[[é /er | Umzno:;%l/ e
eomde

total nmet al (Ce/ (|n+Sn+ i
Yooainie WAk, functi of the de | ayer S
WBQ%&S%@L%#@ toanind &l @Q, >|s€ 2 9§a

hneB¥x N Val u he el ¢ctrode refistance whs 2. 4

K924 Asg%g@g,t) curregg vol t agg;pf 4. 2 Mgwas applipd to
SREEOSSLlDE meBl L&lPEes of the, gbtai nedgoggam ¢ EL 5
relevdrgeras i n the priactical ¢xanple 5-I, with th

result that the curq@@15densi1t0\é+\@as 2. Rog N en? |1Be g

DTS

HY A e AN ekan€ T U NESEENCE | o =
TR nescent  col ogowas confldg rred to g blue. g0

MBI & favel OT  L[BPVERHGE  ONoRIBRaRT TT Ipu BN uat F!éUDpAN
constant-current driyying wag;conducted,at 10 mA,gnP.

NQRakt) cul ar | eak [current s found pven after|a

'MLt@Q@%eﬂQTn inmuayg}our SAQF nor e. };{@CI dent aA|qy, thne 1 %UI S

TRdntRGPr acti cal exapple 5-2|are 25 al,go shown |:R

MR B catPadh fayer )L AL/ AL/ L AL/ Li

Thickness (nm) 200 200 200 200

Voltage (V) 4.3 4, 2 4.6 4.4

Luminescence intensity(cd/m? ) 163 158 163 158

Half life 4000 hours or | 1000 hours or | 1000 hours or 1000 hours or
more more more more

X :Glass reference

While the glass substrate was used in the present practical

example 5-1, the "base member" may alsc be a glass substrate, a
plastic substrate, a silicon wafer, a color-filtered color

conversion substrate, or the like.

"Practical example 5-1 #2"

For amodified example of the practical example 5-1, the order

of lamination may be inverted of the transparent conductive thin
film composed mainly of indium oxide and the metal thin film as
an auxiliary wire. Even in such configuration, the functions

and effects of the invention are the same as in the foregoing
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[Practical exanple 5-3] A target 5-3 shown bel ow was

used instead of the target 5-1 of the practica

exanple 5-1. The organic EL device was fabricated in

the sane manner as in the practical exanple 5-1 except

that 129 the target 5-3 was used. The target 5-3 is

conposed of indium oxide, zinc oxide, and cerium
pramd deal Bl @ 3t i 0 Dhiciadhntml(lyy, Figlnl¥ sws d Sectional

0.9, the nole ratio of zinc (Zzn/ (In + Zn)) is 0.1,
vieshdo f hehgolao st fabretdforceriemet ahicheotdt al ofetldm{€etion is

(In +Zn + Ce)) is 0.15. Incidentally, the work
invic@don of the anode | ayer was 5.95 eV in val ue. The

el ectrode reS|stance was 2.6 kf2. A direct-current
vol t&gacsfcal 6eV3W§§eaéplled to across the 10

| egt odes 0 obt anic ElL device as jn the
o1 o FREEe Qyatoraodt PR R éspesipe Serd th%he {arget 5-1

i R m?%ﬁ%'%@ﬁa S en88aueor i cated
in Gﬁ%oéaﬁﬁﬁmQQ%@fwggﬁﬁpt%% lﬂ#%t égirgﬁgﬂéfe Eor e&g%ﬁt that

sake of durability evaluati constant-current drivi

thel&;ma§e§oadgcmegga}sé@_n$Vch No particul ar | eak
current was found even after a |apse of 1000 hours or

nmor €hel nardent akbyj st bempesadi t £ of ndhen acdd Calin oxide, and
exanple 5-3 are also shown in Table 5-1. [Practica
ceraxanpkeds- 4)THO o target 1 6-¢f showiubel bw Maslusedn) ) is 0.9,
instead of the target 5-1 of the practical exanple
thesmplensrabi ot pd rreiral ($@r det{ Int e APC  tar §efl wemndistde mole
|nst d of the Al target. In other respects t he .
ra &F@ | CCEFLHByitOe W FabRLCACSE i nlEhe/ sdmE HanfertaSe)) is
0.1 the practical exanple 5-1. 25 The target 5-4 is
) gdnposed of i ndium oxide, tin oxide, and

Incidentally, the work function of the anode layer was 6.05
eV 1in vwvalue. The electrode resistance was 2.4 kQ. A
direct-current voltage of 4.2 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0
mA/cmzinvalueandthe]JmunescenceintensitywaslSBrﬂt” The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10mA/cm®. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-2 are
alsc shown in Table 5-1.

[Practical example 5-3]

A target 5-3 shown below was used instead of the target 5-1
of the practical example 5-1. TheorganicELdevicewas fabricated

in the same manner as in the practical example 5-1 except that
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samari um oxi de. The nole ratio of indium(ln / (In +

Zn)) is 0.9, the nole ratio of tin (Sn/ (In + Sn)) is

0.1, and the nole ratio of samariumto the total netal

(Sm/ (In + Zn + Sm is 0.18. 130 Incidentally, the

wor k function of the anode |layer was 5.90 eV in val ue.

The el ectrode resistance was 2.3 kQ A direct-current
thevald aget 06-4. 425 waseappl i ed to across the el ectrodes

of the obtained organic EL device as in the practical 5

exafpkeet8rdetwbth theammddd ifatinthemcaridal densidyide, and

was 2.0 mANcn? in value and the | um nescence intensity
cerygg 958dai t . Tirhgolemakseent coflormwanconfinzednt)o de 0.9,

blue. Furthermore, for the sake of durabil i;ﬁ
thea g ifat F dh1OcBhsPaMS cld? ent (BRI Vi AR Iwds ¢brnblucked fhe mole

10 n2. .No particul ar | eak f found 10 _
TatdVer b TEF AT dpse 67 1066 1B br (wor 6. i deFRatl ) 1S

o.1he results of the practical exanple 5-4 are also
"“shown in Table 5-1. 15 20 25 "Table 5-2" 131 Table 5-2

Pra%hh@@%ﬁﬁﬁggg?ﬁ%ﬁ%gﬁ%%gthﬁﬂPﬁ&9Q%Z%ggsgpgg?7%@{er was 5.95

enbodi nment e i ment exanp

ev Materjal,of anpde I@y@&ZQ_aEZO;EE%t%f%éA%éiW kQ. A

Wi ring) ACAAPCACAAI Protective [ayer of metal oxideln
diredided b prenicde/d Nt ogede/d N4 ogi de/wHH appde/ 0% ¥ SPss the
oxi de/ Sn oxi de/
electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0

ma / cm?

in value and the luminescence intensity was 163 nit. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-3 are
also shown in Table 5-1.

fPractical example 5-4]

A target 5-4 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the APC
target was used instead of the Al target. In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.

The target 5-4 is composed of indium oxide, tin oxide, and
samarium oxide. The mole ratic of indium (In / (In + Zn)} is
0.9, the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the
mole ratio of samarium to the total metal (Sm / (In + Zn + Sm))

is 0.18.
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Pr oxi deNd oxi de/ Tb oxide 5. 845. 825. 955. 25 Wirk
function (eV) (after cleaning)88888789 Light trans
mttance(9)*2. 62. 72. 62. 8 Electrode resistance( k)
Specific resistance of netal oxidel OE+61
OE+610E+710E-4 thin film |l ayer(S2cm Hol e transporting
mat er i al TBDBTBDBTBDBTBDB Thi ckness(nm) 60606060 Mat eri al

of ITwdireseent y,ayeeDRYPRANDPVDPANDRVRPANRRMERAN: ver was 5. 90
D1/ D1/ D1/ D1 Thi ckness(nm 40404040 Material electron

eV i hhectaDite | ayer Ak gAE DALGAR eThirddgiessd 1aR 20202029 3 (. A
_ Material of cathode layerAl/LiAl/LiAl/LiAl/Li
dirpdickpessemt) 2002002600200 Yokt age¢¥rd.appllidd. t6h.a@ross the
Lum nescence intensity(cd/n2 )1 661 651 61 Half lifel
e 1 egior ¢19ef < fort D c0ob thdures! 6rag0io- Réurevor enas emitéropeattical
- Transmttance; d ass reference [Practical exanple 5-5]

ra
examply gqutl 5- Bl ERohfichErsW ad e d i stenrent dhestangetas 2.0
mA/SC-m]g .of the pra I;Ci cal exanple 5-1. As for the netal .
t4 get | va Ze Rk 85 PHel SRS s Rt ehbydfat Heodanit - The
f. n r.res t.s, the organic EL deyice. was
lun}lg-[)%%:%?gdc?%gshgagagng%%ﬁﬁneeraeatso i%ﬁe b;"lhuee 'prg%lfﬂ—:]éﬂermore' for

thé”gﬁﬁgeo?'éurg@%ffqgeév§1§ak dﬁvn%gggagEEHgﬁég%%t driving

oxi de, tin oxide, an praseodym um oxl

wasf @hQuek ddndt un sk om?( I NNd PMYtlcular leak current was found
even after a lapse of 1000 hours or more.
Incidentally, the results of the practical example 5-4 are

alse shown in Table 5-1.

“Table 5-27
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the nmole ratio of tin (Sn/ (In + Sn)) is
and the 132 nole ratio of praseodymumto the
(Pr / (In + Sn +
the work function of the anode |ayer was
The el ectrode resistance was 2.6
A 5 direct-current voltage of 4.5 V was applied

10 is 0.9,
0.1,
total nmetal
I ncidental ly,
5.84 eV in value.
ki).

Pr)) is

0. 20.

to across the el ectrodes of the obtained organic EL
djvic _aiinthe practical exanple 5-1, with the
rd8UF P Hat the current density was 2.0 mA/cn? in

ensity

s 166 nit. The

Furt hernore, for 10

constant-current

ralue - and the lumnescence in
um nescent col or wag’=corf i r nftbcicd be Pertcal

drill

Tedsske
WAas

et abi |
Tdhducte

. Comparative
pogAimenral U pkdmos,
Saf 10 ThR.

Nisterarfteiodutar | eak ¢
(@pder wing1000 hour s
g¥oteclie l=pr efceiafe exa
15 [ Practical exanpl
used i nstead of the

exanple 5-1. As for
Wad frgteefe'nst ead of

H?ent wa
FYCAnDTr e.

[ipb>@e5- 5
iG] A
[Fapget 5-
[ E4 net al
 he Al ta

HZ23ound 4
ARSi dent all
Hin exide.S howWy

vern after|@o+
Aga the rpsults
InjioAide Fabl e|ibex@e.”

| aroget” 5- gSshawmi  be| Dvwximas

Nd o@flef he
% &Fget,
[ get .

I n ot her

Praed i cal
HE5APC  t [ get
respects,

(‘e s8N ¢ EL devi cfPBwas f abjd8cat ed i M8t he sane|asanner

gentivprsmitgog(bfex pract i PabP exanp)®e7’5-1. Th® @arget B6 is
Crpesettor (kwdi um oxi de, tin| oxide, apd neodynjum
Gracie=ssHe ofipdtdordat | dOBf 6i ndi UBEFEBN / (19E+7 Sn) )10Es 4
h'q\ﬁlml{isﬁ’éﬂﬁ?zﬂ?eratin f fin( / (In+Qn)) is. 01 and
lj_ﬁ'%"awmé”ﬁ‘%ﬁ'i o of ng88Fni um [’8CBhe t of et al |TREE/
(pigregstel & 25 Nd)) §¥6@ 0 15 J6Rci dent all®y  the K

i 9F SRSt R anodkPPVRGAN WREVEPR?  4NPMORAVAl o He:

el ectrode resistancelBvas 2.7 k@' A di [€€1 - curr eptD!

al 4 j 8 across|{he 40
Material electron ingction laver Alg Alg Alg Alg
Thickress{mm) 20 20 20 20
Material of cathode layer Al Li Al L Al Li Al L
Thickress(nm) 200 200 200 200
Voltage (V) 4.8 4.5 4.6 B2
Luminescence intensity{cd/m? ) 166 165 161
Half life 1000 hours or | 1000 heurs or {1000 hours or

more more more

X Trarsmittance: Glass reference

[Practical example 5-5]

A target 5-5 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the ACA
target was used instead of the Al target. 1In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.

The target 5-5 is composed of indium oxide, tin oxide, and

praseodymium oxide. The mole ratio of indium (In / (In + Sn))

is 0.9, the mole ratio of tin (Sn / {In + Sn)) is 0.1, and the
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el ectrodes of the obtained organic EL device as in the
practical 133 exanple 5-1, with the result that the
current density was 2.0 nmA&cm 2 in value and the
| um nescence intensity was 165 nit. The | um nescent
color was confirned to be blue. Furthernore, for the
sake of durability evaluation, constant-current driving
mo Iz \geat Eondific Ped ssodonimm/ MR theNa el icetad l(@ak / (In + Sn
current was found even after a |apse of 1000 hours or
+ Bipkk. 1Pnfi-dédntally, the results of the practical
exanpl e 5-6 zire al so shown in Table 5-2. [Practi cal
exa%’icéd@-nfa 1 At S et k7T enshiehe? Hw heagnesied L ptistends 5. 84
of the target 5-1 of  the practical exanple 5-1. As for
SV {hB mithiCtar gERS tRECABACSS @S2 RGRd VRSt eAdbofkQ. A
| theAl . her respecgt the organic L device
dJLItWas f%‘%?%%gj:ted‘k?%g%ﬁg soafregr'rénfyerwgg iar?%a]ffee%rgé’ti%%Foss the

&@H% 5 o i ?a .i &0 L ndi racti
. oXi de,gtsﬁgnflgfijege;tegﬁgn%t&grg%igurﬁ Sco%ggg.8§$ge %nsnllgg?:g{gl B of:t cal

exdrplieiB{1n ¢ithntheSAELulE Qrdt e L RALHANQT 1) Rias 2.0
(Sn/ (In +Sn)) is 0.1, and the nole ratio of terbium

mA At he talak ared ahe Thrk ndlsten®® intd)3its wad6.66 nit. The
Incidentally, the work function of the anode | ayer was

lurg.rgssceft exo i prvabsecofifie releat tvwde bdsicsst arker wasrdche, for
kQ A direct-current voltage of 4.6 V was applied to

they&ss ¢ hedugaddtlivdesevi 1 g ight ai peds brganicifBtent driving
device as in the practical exanple 5-1, with the

was eepfrctrs 2t Hd @g/ﬂé‘nt d¥RP 2yt gy la ol epyeiny penp was found

val ue and_t he | um nes e intensity was 161 nit. The
eVers 44 helc ﬁ?s@ol%f mQBCBHHIrWtIBOE%bI ue.

Fur - for he_sake of durability evaluatio

congpggg?égﬁ%éﬁf abﬁvfﬁaufﬁgsogo%%ﬁuﬁ%ﬁ?%ﬂC g™ 5-5 are
sholg partriheylar _Leak current was found even after a

| apse o? 1000 hours or nore.

[Practical example 5-6]

A target 5-6 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the APC
target was used instead of the Al target. In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.

The target 5-6 is composed of indium oxide, tin oxide, and
neodymium oxide. The mole ratio of indium (In / (In + Sn)) is
0.9, the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the
mole ratio of neodymium to the total metal (Nd / (In + Sn +
Nd)) is 0.15.

Incidentally, the work function of the anode layer was 5.82
eV in value. The electrode resistance was 2.7 kQ. A
direct-current voltage of 4.5 V was applied to across the

electrodes of the obtained organic EL device as in the practical
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Incidentally, the results of the practical exanple 5-7
are 134 also shown in Table 5-2. [Conparative exanple
5-1] An organic EL device was fabricated as in the
practical exanple 5-1 except that an |1ZO target was
used instead of the target 5-1 5 of the practica
exanple 5-1 and an Al target was used as the netal

exdm¢g§t5—LDCkQ€ﬁt@H@hré§ﬁiﬂwﬂﬁé{U@Wéi@@rQEnEhae%EQQ§zwas 2.0
| ayer was 5.25 eV in value. A direct-current voltage

mAAfmBi8 ¥ahee @appltitad 1uei racd OsscEhin €St EQURssOf6t he . The
obt ai ned organic EL device as in 10 the practica

lurgkaerptens- ¢ lwirt WatsheongSiltied had Hdeb loue I enfur@@esiddre, for
was 2.0 mA/cnR in value. The |um nescent color was

theohtkened donsd bliey REwdittel@ss, cduetbomtaourrent driving

flomﬁg% bet ween anode, el ectrodes, single-pixel
Wasg GHMANSESTEa tWhd PA/ Giossi BIoeP aRE élf udrec L sadd-st rphé was found

matrix drivi.ng. 15 Lncidentally, the results of the
evegbﬁ%%?% ieelg‘éﬁ%l%£5£?8§rimnﬁ¥§ooghﬂﬁﬁern Tabl e 5-2.

Su r r f _enbaodi s 5 As, has, been

Sot SPCA R nseld 9 IHR BLBTRICLIERNS Bedrhes) sehmphe 5-6 are
als@n s@lEANiiG &lgatd 6/ M nescence device of the present

invention 20 to constitute an organic EL |ight

em t[pirag tappar alk4spliet shag becone possible to provide
an organic EL IighF emtting apparatus which has
excal tepget rangpaireney candadun abil ity snd gxhinki tsrhkghs-1 of
| um nescence intensity even under a |ow driving

thevotdelesa corpmpdierig-1 .t hasahode Heayer aandathetl,i keemifetarget
of certain inorganic conpounds. 25 It was al so

wa scof f ied: ¢ 3 It hlee ddoderfayer dmdother|rndepamte, tdfe organic
certain inorganic coquunds had excel | ent etching

EL drgpée ras. fabadicfded dor 6@ BgMeompR@ syt ganiie Ehe practical

o devi ce o% the present invention, it has beconme possible

X3P 15 ovT e an organic EL devi ce

The target 7 is composed of indiumoxide, tin oxide, and terbium
oxide. The mole ratio of indium (In / (In + Sn)) is 0.9, the
mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole ratio
of terbium to the total metal (Th / (In + Sn + Tb)) is 0.16.

Incidentally, the work function of the anode layer was 5.95
eV in wvalue. The electrode resistance was 2.6 k. A
direct-current voltage of 4.6 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0
mA/cm? in value and the luminescence intensity was 161 nit. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10mA/cm?. Noparticular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-7 are
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effectively which has excellent transparency and
durability and 135 exhibits high | um nescence intensity
even under a low driving voltage. 136 CLAIMS 1. A
sputtering target containing one or nore types of netal
selected fromindium zinc, and tin as a conponent
thereof, the sputtering target containing 5 at | east
alsgneshowmuire Tatples ©f2 netal sel ected from the group
consi sting of hafnium tantalum bisnmuth, or |anthanide
met dICcapa rattihia cexzopenentl It hereof . 2. The sputtering
target according to claiml, wherein said third
Con&ﬂﬁ%ﬂa%@@5P¢%ﬁqg%WQSZ@%HQFQH%maﬁHHXM©®SBt¢0na1example
ratio 10 with res%ect to the total anmount of the

>~ LS FEEEN hGetafFet 2 3taﬂrﬁ§tsﬁaﬁt BPeAgirafged afécehdifpraet 5-1
o« WU S-S B A et v

A4e@m the group consisting of cerium samarium
uropium and terbium 15 4. A sintered article
CONrRICHHRGLONAOF RB ol ¥PAMOFL SIS 1 RCLABKEIILEAN was 5. 25
i ndi um oxi de, Zinc oxide, and tin oxide conp
eV thevedhe.t he &inteteduardd il a;SONigENbRYsab e@ak QR®lied to
or nore types of netal oxides selected fromthe group
acmEsitdie ngl of t habivisumfoxinde odtant 4y pyhdec BisedtNice as in
oxide, 20 or a lanthanide netal oxide as a third
thecapopencatlhereofnls. 5The siinttertdte artballe adcor dihg tarrent
claim4, wherein said third component netal oxide is
de@@%ﬁb 98% By OatfeAv $1° conpusilticon T i bumink saspectolor was
total amount of the sintered article. 6. The
co '%ﬁ%ﬁ dt%ﬂ??é?%u%ccowﬁﬁﬁgﬁﬂ?%ﬂ%ﬁrn@u%rtg a\feFEPARt g5owing

sai d | ant hani de xi de co i ses at. | east. one or
beqﬂﬁwp y%% 3 elec%ro es, 3138£e pixe luminescence was

impossible which precluded simple matrix driving.
Incidentally, the results of the comparative example 5-1 are
also shown in Table 5-2.

Summary of the group of embodiments 5

As has been detailed above, by using the electrode substrate
for an organic electroluminescence device of the present invention
to constitute an organic EL light emitting apparatus, it has become
possible to provide an organic EL light emitting apparatus which
has excellent transparency and durability and exhibits high
luminescence intensity even under a low driving voltage, comprising
the anode layer and the like made of certain inorganic compounds.
it was also confirmed that the anode layer and the like made
of certaininorganiccompounds hadexcellentetchingproperties.

Besides, according to the organic EL device of the present
invention, it has become possible to provide an organic EL device

effectively which has excellent transparency and durability and
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of netal selected fromthe group consisting of cerium
oxi de, samarium oxide, europium oxide, and terbium
oxide. 7. A sputtering target conprising: a
flatly-worked piece of the sintered article according
to 1 any one of clainms 4 to 6; and a backing plate of
nmetal bonded to the sintered article. 8. A sputtering
exhifriget Iiowlpr lsihgeanenndi umtexisdeyaldwyn codéai ai Ngwa driving
hexagonal | ayered conpound of indium oxide and zinc 5
vold@dFe (1n2C8 (ZnO) m where mis an integer of 2 to 20)
, the sputtering target containing at |east one or
nore types of netal oxides selected fromthe group
consi sting of cerium oxide, samarium oxide, europium
oxi de, terbium oxide, or bisnmuth oxide as a third
conponent thereof, wherein 10 said third conponent
netal oxide is 1%to 20% by atomin conposition ratio
with respect to the total amount of the sputtering
target. 9. The sputtering target according to claimS8,
wherein an expression In/ (In + Zn) which neans a
content of said indiumoxide 15 in the sputtering
target has a value of 0.5 to 0.97, where in said
expression, In is a conposition ratio of indiumin the
sputtering target in terns of percents by atom and Zn
is a conposition ratio of zinc in the sputtering
target in terns of percents by atom 10. The sputtering
target according to claim8 or 9, further 20
containing tin oxide. 11. The sputtering target
according to claim1, conprising an indiumoxide alloy
contai ni ng i ndium oxide and tin oxide of 0. 03%
t 00. 3oby atomin conposition ratio, the sputtering
target containing at |east one or nore types of netal
oxi des selected fromthe 25 group consisting of cerium
oxi de, samari um oxi de, europi um oxi de,
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terbi um oxi de, or bisnmuth oxide as a third conponent
t hereof, wherein said third conponent netal oxide is 1%
to 20% by atomin conposition ratio with respect to
the total amount of the sputtering target. 2 12. A
sputtering target conprising an indium oxide alloy
contai ni ng a hexagonal | ayered conpound of i ndium oxide
and zinc oxide (In2G3 (ZnGARSwhere mis an integer
ﬁ to 2 0) , the sputterin target containing 5 at
Iea t %ﬁﬁmﬁﬁt%&ﬁQﬂtaﬁﬁgstoﬁo faniggi ees Femestetlypesnef metal
roug&gony sting of cegdum oxi de, samari um oxi de,

gt mterz G R 10 A Shids AT ¥eNde e rgof, the
t wh dthird t
Sputttﬂ [E%(?:@%[E Fom oﬁ%(}a} a, erein: sai ird conponen

y atomin 10 conposition

ratb@ Mb&@tf§§83§f ﬂé}élﬁigé%t@% @g?gﬂtsgie&Pg? from the group

sputtering target; and ratios of said respec
con@@@ﬁ@ﬁgnb$ hakhi Wt ht int Heuk angesmu Of |6E/14A{hanfgk'ﬁetal as
Sn) = 0.5 10 0.95 zn / (In + Zn + Sn) = 0.0
a taﬁlddSnoinp(::hﬁnt ZheteSd). = 0.02 to 0.3 in terrrs of
percents 15 by atom where in said expressions, In is
a conpbls¢ tsmut reating dfarged amcoira itnye tspul & emi Y Whargein said
in terns of percents by atom Zn is a conposition
thirpdt pemppngnkcmefathé sspét ter PAG bar géom ant e@omposfition ratio
ercents by atom and Sn is a conposition ratio of tin
withpregeeshutPethfgtoselt amgenti aft & ﬁsS@Mtﬁérre@m $agpet.
atogﬁ 3. A trans arent conductive fil de fromthe
te

spu Tﬁgs Ll%ﬁ’ Nyt as‘ﬁgrﬁtela&‘fo&rdtllnéﬂ @OaE Bl hX & rartperein

t tl
Sal?n][em accor |ng %o C%I%Prl%és aﬁaﬁ%nsg%$€m%%g %gﬁso‘?f metal
selécéeﬁvﬂ%m hirghey, rou%ﬁcg:ﬁg 1é‘t§H835§ at&§ .0, AL 830 C Blropium,

devi ce, COfT'pI‘I S ng at
and terbium.

sele&r

4. A sintered article containing one or more types of metal
selected from indium oxide, zinc oxide, and tin oxide as a component
therecf, the sintered article containing

at least one or more types of metal oxides selected from the
group consisting of hafnium oxide, tantalum oxide, bismuth oxide,
or a lanthanide metal oxide as a third component thereof.

5. The sintered article according to claim 4, wherein said
third component metal oxide is 1% to 20% by atom in composition
ratio with respect to the total amount of the sintered article.

6. The sintered article according to claim 4 or 5, wherein
said lanthanide metal oxide comprises at least cne or more types
of metal selected from the group consisting of ceriumoxide, samarium
oxide, europium oxide, and terbium oxide.

7. A sputtering target comprising:

a flatly-worked piece of the sintered article according to

1
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an el ectrode |ayer and a base nenber, wherein said
el ectrode | ayer contains at |east one conpound
selected fromthe following group A-1 and at |east one
conpound sel ected fromthe group B-1: group A-1:
chal cogeni des, oxynitrides, or nitrides of Si, Ge, 3
Sn, Pb, Ga, In, Zn, Cd, and My; and group B-1:
anyclkalec ofewildesms dxywi ta;i desy or nitrides of
| ant hani des. 16. A substrate for an organic EL devi ce,
conpr Peckgnat plleast of5manadl bondede tlhayére aithtzreaserticle.
menber, wherein said electrode |ayer contains at |east
one BcofpotRitt 52 g elaf g CREPESISiog My gt edpumAciged alloy
t .| east ope conpo nd selected fromthe group B-2: .
confipdfipiA. 3: NERAPCBELNT BEST S OXyHIRPRERSOL oF NG | Qriipfand zinc

oxif (o, (Pho) i idie o Bl 1 A08: 10 D% Bodt obhe Seii tering

t api - ice according to claim 15 or 16, wherein
2s %?deéﬁégFngé | ayer is an anode |ayer. 18. The

subgtral esf UnaR ORGRRI € £QSQﬂ¥H@ﬁa§C89£ggggsé %gggan@rom the

15 or 16, wherein said electrode layer is a ca

grolipy€sns15cifg Jheesuhst batigel, 8hmArdeNi &£ide Ole@bpium oxide,
organi ¢ EL device according to claim15 or 16, wherein

terbaun caliett,r ode ikayeh dsisidaspeti fiCcongshehaRtR e wherein
than 1 0-cm 20. The substrate for an organic EL device
acceadiinght odawpmponensf ratailnexlisld aid9]% wher 208 & dtom in
conpound of the group A-1 or 20 A-2 is any of
COMBRELEbFGRHatel” Wi thitgsrkst 6P Qe thtalampwnt oZlthdlsputtering
substrate for an organic EL device according to any
targgk-of claims 15 to 20, wherein said conpound of the
IS of oxi des . of

%Logp ﬁﬁl gr Eéz' an¥ C di e, Ndi Sgl e ein an
.~ and”Ro>PB5 e ThBIstiBSPat B°FBFYaRTIor Gahi e 1BL SdeviEe
exp?%ggg%h?%}]:/o&?rq?a@é?C%%%}S%@%kg gscghstérg)t ZOJ‘E' s%grier%é]ium oxide
in the sputtering target has a value of 0.5 to 0.97, where in said
expression, In is a composition ratio of indium in the sputtering
target in terms of percents by atom, and Zn is a composition ratioc
of zinc in the sputtering target in terms of percents by atom.
10. The sputtering target according tc claim 8 or 9, further
containing tin oxide.
11. The sputtering target according to c¢laim 1, comprising
an indium oxide alloy containing indium oxide and tin oxide of 0.03%
to0.3%byatomincompositionratio, the sputteringtarget containing
at least one or more types of metal oxides selected from the
group consisting of cerium oxide, samarium oxide, europium oxide,
terbiumoxide, or bismuth oxide as a third component thereof, wherein
said third compcnent metal oxide is 1% to 20% by atom in

composition ratio with respect to the total amount of the sputtering

target.
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the group B-1 or B-2 falls within the range of 0.5 and
30 at.%with the total anpunt of said el ectrode | ayer
as 100 at.% 23. The substrate for an organic EL device
according to any one of clains 15 to 22, wherein said
el ectrode |layer has a thickness 4 within the range of 1
and 100 nm 24. An organic EL device having a structure
t hatl2at A egsittarimanoderdayecomani oiganha liukiinesesiitde alloy
| ayer, and a cathode |ayer are lamnated in
conggaEddsi enhewherepd $avdradodempayed afdicdilodexidyesind zinc
5 or_either one of said electrode |ayers contains at
ox1dga i naltid 280 PFoune re & beasdinteaeret £otd dWingthe cupittering
ta A—% and_ at, |.east one conpound selected fromthe
86 6WEGLgrGdp B-1: group A-1: chal cogeni des,

oxynktyides, or nitrides of Si v+ Sn, .Pb, , In,
o/ BB 455 A b HOTEEvBhn B Rotaartugan, GeLected from the
[ ; N tri : I anij .25, or gani.c. EL .
58, #5825 1141 438 AU IR o0 TSR s,

terba¥Rl o:8MOr gl 51 kML Res%ent lavel, ¢ Dﬁdacsﬁnggﬁt &hereof,
| ayer are |am nated in succession, erein sai d anode

whelrajat: and cat hode | ayer or either one of said
el ectrode | ayers contains at |east one conmpound 15
sel estiedthian tchenpoblenawintes gr eyl de 21 iy atol €88t b§N&tom in
compound selected fromthe follow ng group B-2: group
compogitéhal nugenivded, roxysdt tiodase tortadi smowies off tGe spSittering
Pb, Ga, In, Zn, Cd, and My; and group B-2:
Largrak c8§shi des of |anthanides. 20 26. The organic EL
devi ce according to claim24 or 25, wherein said anode

| ayEFaRE Chtifode ISSPS© O e FPRBPNEAE Sof 24 4i W € e tHerig anges
o KRYFU5ihas Aasegh{ic gestotancs, | oper tan L. ome T o o
o §05 S 9 NS RLOEOENT, B (HhE SEOUD kBl Pl cents
by atom,

where in said expressions, In is a composition ratic of indium
in the sputtering target in terms of percents by atom, Zn is a
compositionratioofzincinthesputteringtargetintermsof percents
by atom, and Sn is a composition ratio of tin in the sputtering
target in terms of percents by atom.

13. A transparent conductive film made from the sputtering
target or sintered article according to any one of claims 1 to 12.

14. The transparent conductive film according to claim 13,
having a work function of 5.6 eV or higher.

15. A substrate for an organic EL device, comprising at least
an electrode layer and a base member, wherein said electrode layer
contains at least one compound selected from the following group
A-1 and at least one compound selected from the group B-1:

group A-1: chalcogenides, oxynitrides, or nitrides of Si, Ge,

3
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28. The organic EL device according to either claim?26

or 27, wherein said conpound of the group B-1 or B-2

is an oxi de of any substance out of Ce, Nd, Sm Eu,

Tb, and Ho. 29. The organic EL device according to any

one of clains 24 5 to 28, wherein a content of said

conpound of the group B-1 or B-2 falls within the
sn,r &bgeGef, An% @nd 8@,atan% Wgt:h st total anount of said

el ectrode |layer as 100 at.% 30. The organic EL device

accérébpg Bol anyloneaderciddars 24ynStra d2®,, wher editrides of

sai d el ectrode | ayer has a thickness within the range
langpapidgg-100 nm 31. The organic EL device according to

any.one of clainms 24 to 30, wherein an inorganic thin

fil it 4y EPPSEAE&ENF A 3ft OF 848¢ < phelevdifouR@MBELedpadRt least

th roup A-1 and at | east one conpound 10
an (LR & Mk Phb S0 eTR5 anTrRrBanr coimier - odantaver
n{ aLnin one, ¢ sel.ect f_r.om

Conkﬁgﬁgr %Spi%lflgt a%%le gc%or{'lg(gg%d ogqneele%o@n%o%u%dn gcéeecffoceic}cfwrl&rﬁ group
A-21BB40ROUReBs? bRcaLLAREGHA BehRER AN sllNeh,e %%%M@p%—2:

said anode | ayer and said organic | um nescent “[ayer

andgesup betoveenasabgeaatibadestayerr aduk sairth OF 98 € of Ge, Sn,
| um nescent layer. 15 32. The organic EL device

Pb, aGepr inpgZhp ady end ®f;chaids 24 to 31, wherein said
organi c |l um nescent |ayer contains at |east one
ar ogadip BoApoaghdlhagengdassoyr yhngheopdekose _
structural fornmula is given by any of the follow ng '
genéf alTfopRbBAE atehEnf cdl orermiF&EL 2lek)i ceoa¢ehedinglto claim
formula 2-3): 20 "Chemical formula 2-1" 3 Ar 1 1 . Ar

15 prcgé,_w ereln said electrode layer is an anode lavyer.

18. The substrate for an organic EL device according to claim
15 or 16, wherein said electrode layer is a cathode layer.

19. The substrate foradevice foranorganicELdevice according
to claim 15 or 16, wherein said electrode layer has a specific
resistance lower than 1 Q-cm.

20. The substrate for an organic EL device according to any
cne of claims 15 to 19, wherein said compound of the group A-1 or
A-2 1is any of chalcogenides or nitrides of Sn, In, and Zn.

21. The substrate for an organic EL device according to any
one of claims 15 to 20, wherein said compound of the group B-1 or
B-2 is any of oxides of Ce, Nd, Sm, Eu, Tb, and Ho.

22. The substrate for an organic EL device according to any
one of claims 15 to 21, wherein the content of said compound of
the group B-1 or B-2 falls within the range of 0.5 and 30 at.% with
the total amount of said electrode layer as 100 at.%.

23. The substrate for an organic EL device according to any

one of claims 15 to 22, wherein said electrode layer has a thickness

4
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Ar 4 Ar J (Chemcal formula2- 1 ) wherein the genera

formula (chemcal fornmula 2-1), Arl is an aromatic 2 3

4 group having 6 to 40 carbon atonms, each of Ar , Ar r

and Ar is hydrogen or a an aromatic group having 6 to

40 carbon atons, at |east one 2 25 of Arl, Ar , AP,

and Ar4 is an aromatic group, and the condensation 6
withdmbethen riasigen dfntlegerd afo0l i 6; " Chenical fornul a

2-2" Ar Ar 7 Ar mN ( chemcal formula2-2 ) where in

t he2dendpraprdanhulBEL Celdriechhviognalst @x@)ure Ahati staheast an

aromatic 5 group having 6 to 40 carbon atons, each of
anoglesl aRET Ardn I IO GBR LBESERNEr ABET ¢ ardEpchabprg Bayer are

to 40 carbon atons, at |east one of Ar5, Ar6, and Ar7
Lami BalEhst} SES SR avBEYRYR SRichignodRdlater and cathode layer

or é@gerehp%%tﬁic?%rsr%gﬁge%%cg.rios ea%akg.trgg:'e@r%girf]@ tgglgeseésla‘ﬁr.]g@eﬁ,ompound
seldPted from the following group A-1 and at least one compound
selected from the following group B-1:

group A-1: chalcogenides, oxynitrides, or nitrides of Si, Ge,
Sn, Pb, Ga, In, Zn, Cd, and Mg; and

group B-1: chalcogenides, oxides, or nitrides of lanthanides.

25. An organic EL device having a structure that at least an
anode layer, an organic luminescent layer, and a cathode layer are
laminatedjjlsuccession,whereinsaidanodelayerandcmthodelayer
oreitheronecﬁfsaidelectrodelayerscontainsatleastonecompound
selected from the following group A-2 and at least one compound
selected from the following group B-2:

group A-2: chalcogenides, oxynitrides, or nitrides of Ge, Sn,
Pb, Ga, In, Zn, Cd, and Mg; and

group B-2: chalcogenides of lanthanides.

26. The organic EL device according to claim 24 or 25, wherein
said anode layer and cathode layer or either one of said electrode
layers has a specific resistance lower than 1 Q-cm.

27. The organic EL device according to any one of claims 24
to 26, wherein said compound of the group A-1 or A-2 is any of
chalcogenides cor nitrides of Sn, In, and Zn.

28. The organic EL device according to either claim 26 or 27,
wherein said compound of the group B-1 or B-2 is an oxide of any
substance out of Ce, Nd, Sm, Eu, Tb, and Ho.

29. The organic EL device according to any one of claims 24

5
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Ar" Ar ' Ar4 (Chemcal formula2- 3) where in the
general formula (chemcal formula 2-3), Are and Arl14
are each an aromatic group having 6 to 40 carbon atonmns,
each of Ar9 to Arl3 is hydrogen or an aronatic group
having 6 to 40 carbon atons, at |east one of Ars to
Arl4 is substituted with a styryl group, 15 and the
to Londeénsatior wonters pf gaid, caffdosnaref Gci9f dgr®gcB-1 or B-2
33. A nethod of fabricating the organic EL device
falhgcoteihy the aaygenefol .l ands3Q24ato23Ritbonpei $bhgl amount
the steps of: formng said electrode |ayer by
of sptdtetrrbroandl#BeR ag s8Pd@Br@ani ¢ | uni nescent | ayer
by @C n1%%PosLtion. 20.34. An el ectrode substrate for
an % gZﬁTG‘c 934\ & JE8ApRi aFfgrlandetedtvdng Gf claims 24
rivy an ar.ganic el ectrol um nescence | ayer and . a
to 2%615%111%%6 er>y grglcﬁr 8§a]i%iyeell- glétsr%& LekNgggev 4N the range
1 ha athin filmlayer of a nmetal oxide having
of %q%%gkif%ﬁ%?ion above 5.6 eV and a thin film Iayer
conpps j : g T - for .
an or ggg}%@é?aﬁé\% c‘:E/(J:5 gce:g%(r:gi %gﬁ%&;ﬁ%&gﬁgi%ﬂgj{r{ﬁ% é:i(ir?lms 24
to 3@ dwididididm 1 ayesanctiei et almoxhgerhasntaiMRRK at least
function of 5.8 eV or higher. 36. The el ectrode
one subgtnate skdecardof gani theElg ey oe 1agaarsit ng: adto otkatpound
34 or 35, wherein said thin filmlayer of the netal
se leyx ek £ roing heomrpose 8 —fed by igforigadiiyntloki deé lmaed/elfcontaining
contains at |east one or nore types of netal oxides
at legsdcreg crrpRtAes g otpee digisttigggspuni bb? tmdxtdéeast one
haf ni um_oxi de, tantal um oxide, and a | anthani de netal

compRing sIFCtRsh f5PFahR 8 BIOWR AP 18] 2EFRBER stibdiGtat @ either

accordi.ng_.to . . .
between saldpanode layer and said organic luminescent layer and/or

between said cathode layer and said organic luminescent layer.

32. The organic EL device according to any one of claims 24
to 31, wherein said organic luminescent layer contains at least
one aromatic compound having a styryl group whose structural formula
is given by any of the following general formulae (chemical formula
2-1) to (chemical formula 2-3):

“Chemical formula 2-1"

3
- Ar
Ar C=¢C |
— 4 {GChemical formula2— 1)
2 l\r n
Ar

where inthe general formula (chemical formula2-1), Ar' isanaromatic
group having 6 to 40 carbon atoms, each of Ar?, Ar®, andAr’ is hydrogen
or a an aromatic group having 6 to 40 carbeon atoms, at least one

1 . . .
of Ar', Ar?, Ar’, and Ar® is an aromatic group, and the condensation

6
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claim 36, wherein said thin filmlayer of the netal
oxi de contains 15 zinc oxide and/or tin oxide as a
mai n conponent thereof along with said indium oxide.
38. The el ectrode substrate for an organic EL device
according to claim36 or 37, wherein said |anthanide
netal oxide is at | east one or nore types of netal
numipdrdes iselsectient dgeamdhel grOuy consi sting 20 of cerium
oxi de, praseodym um oxi de, neodym um oxi de, samari um
“Chexiigel famhutler H-afi oxi de. 39. The el ectrode substrate
for an organic EL device according to any one of
claims 34 to 38, wherein sgid thin filmlayer conposed
mai nly of/"Ag contains ng hayi ng a work function of
5. @ or higher. 25 46 The el edtrode substrate for an
ofAgani vile according tag claim 39, wherein said
nmetal haying a mMnctign off 5.0 of CHurgleal ferenilazns 2 )
one typelor two or nore es ¢of nmetal selected from
Au, Ir, N~ Pd, and Pt. "41. ofpani ¢ EL devi ce having
a structure that at |east an 8 anode | ayer, an organic
el ectrol um nescence | ayer, and a cathode |[|ayer are
whelr@amimeh&denvhan eidymiithesnonec- o1 rBokll18211e ar®isanaromatic
el ectrodes, i.e., said anode layer and said cathoge
grobpyravang 6ege af carbaN Aabesof eachhbn A+ Enlgayer i D Bfdrogen
a metal oxide having a work function above 5.6 eV and a
or ghiarchat il eyeup donpiosed @i B0y catbAg. adams Thet oY gadt Gone of
s EL dgvice accgrding to claim4l, wherein said thin
Ar'fiRmi aged &fr't He metldtioditted hasth wordt yimyict gooupf and the
5.8 eV, or higher. 10 43. The organic EL device
congepgpiiig PYTBRA M 4F P 4ntegRar 6ifnl $& it ndfilm

e L BT e Teatt coror wore. Tvbee. of "aekm
oxi des sel ect ed
at L a) w (Ar‘A(N\A,M | )
k |9jpk jq |11 k jr k;[\rmjs { Ghemical formula2— 3)

Ar Ar

where in the general formula (chemical formula 2-3), Ar® and Ar!é
are each an aromatic group having 6 to 40 carbon atoms, each of
ar® to Ar®® is hydrogen or an aromatic group having 6 to 40 carbon
atoms, at least one of Ar® to Ar'* is substituted with a styryl group,
and the condensation numbers p, ¢, r, and s are 0 or 1 each.

33. A method of fabricating the organic EL device according
to any one of claims 24 to 32, comprising the steps of: forming
sald electrode layer by sputtering; and forming said organic
luminescent layer by vacuum deposition.

34. Anelectrode substrate for anorganicELdevice, comprising
an electrode for driving an organic electroluminescence layer and

a base member, wherein
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fromthe group consisting of niobiumoxide, hafnium

oxi de, tantalum 15 oxide, and a | anthani de net al

oxi de. 44. The organic EL device according to cl ai m 43,

wherein said thin filmlayer of the netal oxide

contains zinc oxide or tin oxide as a main conponent

thereof along with said indiumoxide. 20 45. The

or géAite Elegbypde hecmdl v tolahdnatddDr 44innhelei hayer of

saig | ant hani de netal oxide is at |east one or nore

@ MEYBesOBtARetAY N9 ey ks divEcHe®TF PmvEné - §r Bipand a thin film
consi sting of cerium_.oxide, praseodym um oxide,

layﬁ@o&?ﬁ?ﬁﬁ%&xF@é?l§aﬁ§r' m oxi de, and terbium oxide. 25
46. ;Ih [ devi di t s f .
oP Ao 9306 Bl e PR 0 M2 AN R e acspraing
to BRhRMY30f @Hefgﬂﬁaégﬁd fetal e PAYT NG, & WoE K et on of; o 4
5.0 or higher. 47. The organic EL device accoré?ng to

a wokal MuAbLivhReobel B sakd oFehalyhRaving a work function of
5.0 or higher contains one type 9 or two or nore types

of BBt dlheselecteddéramsAisatdd foNan Pegannd Bl dev#8e sRcording
nmet hod of fabricating the organic EL device according

to ¢ebammyBlone 9%, ot msim batiol 4% inchnhnilsiyey tiiet ke epstof oxide:
formng 5 said el ectrode by sputtering; and form ng
sai #SofgBRPEedemaént bl aii Aedéumcexlidger amd vacuum
deposition. 49. An el ectrode substrate for an organic
EL O80F8els dnpriasithg§neanr a1k tode sf 8f Wetal mpisdes selected

£roll ani c el ectro] um nescence la%er_and a _base nemnber

IOI\}le%}ee

PROTE SO B ELY PodBT PR & 140t BAEBAPR SF 1P arfantalun
ot OB AL L Merk Chall2oTELEL o, Paving s verk
el egyropig, Sélpééxrlftt: & Q{evairbeoreqae@tcro%e %%\f)is%era%cec%rc ior}:%ing to
claim 36, wherein said thin film layer of the metal oxide contains
zinc oxide and/or tin oxide as a main component therecof along with
said indium oxide.

38. The electrode substrate for an organic EL device according
to claim 36 or 37, wherein said lanthanide metal oxide is at least
one or more types of metal oxides selected from the group consisting
of ceriumoxide, praseodymiumoxide, neodymiumoxide, samariumoxide,
and terbium oxide.

39. The electrode substrate for an organic EL device according
to any one of claims 34 to 38, wherein said thin film layer composed
mainly of Ag contains metal having a work function of 5.0 or higher.

40. The electrode substrate for an organic EL device according
to claim 39, wherein said metal having a work function of 5.0 or
higher contains one type or two or more types of metal selected
froem Au, Ir, Ni, Pd, and Pt.

41. An organic EL device having a structure that at least an

8
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to claim1, wherein said anode thin filmlayer of the

metal oxide 15 has a work function of 5.8 eV or

hi gher. 51. The el ectrode substrate for an organic EL

device according to claim49 or 50, wherein said anode

thin filmlayer of the netal oxide: is conposed mainly

of indium oxide, and al so contains zinc 20 oxide
anogﬁdﬁéweﬂ n2Bx? HB2REC o hef rr ebwpbrescender kofer amhd a cathode
1 urther contains a | anthani de netal oxide. 52. The
ay@Fe@F?o&8m§HB§Pﬁat@hﬁéﬁlgn organi ¢ EL device according

to clajmb51 mhe S | ant hani de netal oxide is a
Si nSﬁghﬁgt%heo% tgr ?V\ﬁl TE Sl Toki- del2 3@ Hedy Layer

andzﬁiﬁoﬁﬁédé'@a%rd% p{ngég ?erabl mmol)élla S eOdyq-hrér%llm layer

a
oxi de, samarium- oxi um

of g'ﬁ@%é@d@x§ﬁgshééﬁﬁgfQrw%@ko%gﬂ%m%oﬁLa%%%%Pg %P%%r%Hﬁga thin

to any one of clains erein said nmetal

filmi Leyks cofipesed mARhNLY -ef agny one or nore of Ag, Al,
and Cu. 10 54. The el ectrode substrate for an organic

EL deviTie acgandicngl, deoricdaabfrd3dinget@idl sam®lalwherein said
having a work function of 5.0 eV or higher is added to
thigafdlmetayethdh wie evetsdl hideltect rode ulfstoatiof af 5.8 ev
an organic EL device according 5 to claimb54, wherein
or BigbleFetal having the work function of 5.0 eV or
hi gher contains one type or two or nore types of netal _
sel bat e PEERTAG, B AEViCe Tecordingn® Ptaingll pRed2, wherein
Saislggtroﬁ& substrate _for an organlc EL devi ce accordi ng
o RE i A28 OPYBG, CEohBPi LPhgT16%4d frotective filmon

' f h | d 57. A
sa| 39858? E?P@é gg ?ﬁeﬂn %r%é égbgp a{eefor an

or gé‘@hgaﬁrs d@é"l%%s@:c‘éﬂfedépgngr% %E%e%ngf%et%f“o%cfg% LQ1ected
56, conprising

from the group consisting of niobium oxide, hafnium oxide, tantalum
oxide, and a lanthanide metal oxide.

44 . The organic EL device according to claim 43, wherein said
thin film layer of the metal oxide

contains zinc oxide or tin oxide as a main component thereof
along with said indium oxide.

45. The organic EL device according toc claim 43 or 44, wherein
said lanthanide metal oxide is at least one or more types of metal
oxides selected from the group consisting of cerium coxide,
praseodymium oxide, neodymium oxide, samarium oxide, and terbium
oxide.

46. The organic EL device according to any one of claims 41
to 45, wherein said thin film layer composed mainly of Ag contains
metal having a work function of 5.0 or higher.

47. The crganic EL device according to claim 46, wherein said

metal having a work function of 5.0 or higher contains one type
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the steps of: 15 lam nating an anode thin filmlayer of
a netal oxide on said base nenber, and then | am nating
a metal thin filmlayer nmade of a netal thin wire
t hereon; etching said netal thin filmlayer in a m xed
acid of phosphoric acid, nitric acid, and acetic acid,
and 20 after the etching, perform ng additiona
or GWal P&- Aere étvewisngf metpdt tserlecsaidd famoddu,hilx ,f iNim Pd, and
| ayer. 5B. The nmethod of fabricating the el ectrode
"substrate for an organic EL device according to claim
57, erein said se nmenber is_a glass substrate. 25 .
59. 4%3 %r Hied ﬂpg‘égﬁr&&%%taﬁ gregnisdel dmst¢aaccording
r-gani.c_EL .devic sai d _el.ectrode substrate ,
to %g §5§i§5 gﬁaépgcﬁﬂogg %POrﬁﬁWHﬁlﬁéngh%gﬁgéﬁ%?s of: forming
-al ecdyr, jlescence .a er said .
Salglegﬁf%%gnkgfnggg I3%?%2%5§ggﬁpr?@%ﬁgqgﬁggﬂg e Fﬁﬁﬁ erganic
elebkkBulLAaYBescehce mBRLAL 8% dahaw B R Menlkf unction
above 5.6 eV and a netal "11 thin wre, the organic EL
devioe Amel el Rgie sedkd ratgar €arbeghn@l-u AB$EERC omprising
| ayer; and a cathode |ayer opposed to said el ectrode.
an élecinodt ebir adtel vsius bhat egh ol c adl o godl Om Bhe e¥h€€,1layer and
conprising 5 a lamnate of: an electrode for driving
a bageomnghkes,eWBeredhuni nescence | ayer; a transparent
conductive thin filmcontaining indiumoxide;, a netal
t hi A2hfireleahBodet e e fiaminalercaieal nalaodntesle thin £ilm
the Lam nate_ being forned in this order on a base
LayRpnBira MGkt eP LRI REYHI% 3 iM198f dyBICctoion mPata a1- 6 eV and a
metgfigﬁ.has.a work function above 5.6 eV and a specific

Fesrstinte’6f 10E+4 92cm or hi gher.

50. The electrode substrate for an organic EL device according

Pt

to claim 1, wherein said anode thin film layer of the metal oxide
has a work function of 5.8 eV or higher.

51. The electrode substrate for an organic EL device according
to claim 49 or 50, wherein said anode thin film layer of the metal
oxide:

is composed mainly of indium oxide, and also contains zinc
oxide and/or tin oxide as a main component thereof; and

further contains a lanthanide metal oxide.

52. The electrode substrate for an organic EL device according
to claim 51, wherein said lanthanide metal oxide

is a single metal oxide or two or more metal oxides selected
from cerium oxide, praseodymium oxide, neodymium oxide, samarium
cxide, and terbium oxide.

53. The electrode substrate for an organic EL device according
toanyone of claims 49 to 52, wherein saidmetal thinwire is composed

mainly of any one or more of Ag, Al, and Cu.
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61. An el ectrode substrate for an organic EL devi ce,
conprising 15 a lamnate of: an electrode f or driving
an organic el ectrolum nescence layer; a nmetal thin
wire; a transparent conductive thin film containing
indiumoxide; and 20 a thin filmlayer of netal oxide,
the lam nate being formed in this order on a base
mentydr., Théedeict rosial sty st na ¢ Ifmrl @y er gah ithel, getvalkce according
oxi de has a work function above 5. 6 eV and a specific

Lo [dgilst aiceWbErEdR+a Metmlohatiighen. w62k TheceientoHds.0 eV or

. Substrate for an organic EL device according 25 to
highedi hss@dses Lo ke iodi PR wiig-m | ayer of the

net al i de, has work function of 10E+4 )cmto 10E+8 ,
Qo %63 DT ST SEF oS SUkBt T 508 %Praﬁnar%%lnfﬂevzee according

is [ . f__cl ai 60 6 .
o e TR LR S BT B ot 5.
eV HA% 1N KofiHAChE %é)fzygeso‘te\{wgroph%ﬁ%gt &s &% rnyegllnsgelected

el ectrode substrate for an organic evi ce accor

froto Aany 1e0e Naf, ¢lai n%,6Q o B3, wherein said netal oxide
contains at |east either one of zinc oxide and tin

oxi 8é.. B eThetebeetyaser sahisEbatm begaac@YaBi€cBlaccording
device according 5 to any one of clains 60 to 64,
to wherai M 9saird Set alongxiide ngont ai ns  at | east one type of
| ant hani de oxi des. 66. The el ectrode substrate for an
or ganPEC EECHRVE clel e cor dend anedanyhiond idim ¢baersoB0th® metal
.65, wherein said | anthanide netal oxide is an oxide
ox1gglected fromthe group consisting of cerium oxide, 10

pragﬁod niﬁgko idg,f egP%%1Pn1oxide, samariumoxideei for an
and”t er Bi TUnt "8%i Q. “87° 1 Thel ¥ et Gue® Slsds st Tior e
orBEEE oo LB ER REERT B LR (08014618 B8, Bl
the steps of:

laminating an anode thin film layer of a metal oxide on said
base member, and then laminating a metal thin film layer made of
a metal thin wire thereon;

etching saidmetal thin filmlayer inamixed acidof phosphoric
acid, nitric acid, and acetic acid; and

after the etching, performing additional oxalic-acid etching
to pattern said anode thin film layer.

58. The method of fabricating the electrode substrate for an
organic EL device according to claim 57, wherein

said base member is a glass substrate.

59. An organic EL device using an electrode substrate for an
organic EL device, said electrode substrate comprising an electrode
for driving an organic electroluminescence layer and a base member,

said electrode being a laminate comprising an anode thin film layer

of a metal oxide having a work function above 5.6 eV and a metal
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at | east one selected fromthe group consisting of Ag,
Al', and Cu. 15 68. The el ectrode substrate for an
organic EL device according to any one of clainms 60 to
67, wherein said netal thin wire contains netal having
a work function of 5.0 eV or higher. 69. The el ectrode
substrate for an organic EL device according to claim
thigg wiieer dilre sardamétalEhavéngca vorkl ddnagi:on of 5.0 eV
20 or higher contains one type or two or nore types of
et #P166PEGPEd © Frlentiind Ugiags oo devey ofard, v,
Ni , Co, Pd, aﬁd Pt. 70. An organic EL device .
conpr CERGIS HE Y& e SERSEE s (t5's t5dtce & 6yt tleor gani ¢ EL
devige according,to any one of clains 60 to 69; a o
cat oAt Y87 - aNd SH 6T Gam LB FBATTEI R Hegedics . comprising
a 1b3eate2R L3
anelectrode fordrivinganorganicelectroluminescence layer;
a transparent conductive thin film containing indium oxide;
a metal thin wire; and
a thin film layer of a metal oxide,
the laminate being formed in this order on a base member,
wherein said thin film layer of the metal oxide has a work
function above 5.6 eV and a specific resistance of 10E+4 Qcm
or higher.
6l. Anelectrode substrate for anorganicELdevice, comprising
a laminate of:
anelectrode fordrivinganorganicelectroluminescence layer;
a metal thin wire;
a transparent conductive thin film containing indium oxide;
and
a thin film layer of metal oxide,
the laminatebeing formedinthis order onabasemember, wherein
said thin film layer of the metal oxide has a work function
above 5.6 eV and a specific resistance of 10E+4 Qcm or higher.
©2. The electrode substrate for an oxganic EL device according
to claim 60 or 61, wherein said thin film layer of the metal oxide
has a work function of 10E+4 Qcm to 10E+8 Qcm.
63. The electrode substrate for an organic EL device according

to any one of claims 60 to 62, wherein said thin film layer of the

metal oxide layer has a work function of 5.8 eV or higher.
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64. The electrode substrate for an organic EL device according
to any one of claims 60 to 63, wherein said metal oxide contains
at least either one of zinc oxide and tin oxide.

65. The electrode substrate for an organic EL device according
to any one of claims 60 to 64, wherein said metal oxide contains
at least one type of lanthanide oxides.

66. The electrode substrate for an organic EL device according
to any one of claims 60 to 65, wherein said lanthanide metal oxide

is anoxide selected fromthe group consisting of ceriumoxide,
praseodymium oxide, neodymium oxide, samarium oxide, and terbium
oXide.

©7. The electrode substrate for an organic EL device according
te any one of claims 60 to 66, wherein said metal thin wire contains
at least one selected from the group consisting of Ag, Al, and Cu.

68. The electrode substrate for an organic EL device according
to any one of claims 60 to 67, wherein said metal thin wire contains
metal having a work function of 5.0 eV or higher.

©9. The electrode substrate for an organic EL device according
to claim 68, wherein said metal having a work function of 5.0 eV
or higher contains one type or two or more types of metal selected
from the group consisting of Au, Ir, Ni, Co, Pd, and Pt.

70. An organic EL device comprising: the electrode substrate
for an organic EL device according to any one of claims 60 to 69;

a cathode layer; and an organic electroluminescence layer.
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