DESCRI PTI ON SPUTTERI NG TARGET, SI NTERED ARTI CLE, CONDUCTI VE FI LM FABRI CATED
BY UTI LI ZI NG THE SAVE, ORGANI C EL DEVI CE, AND SUBSTRATE FOR USE 5 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) device, and the like, and nore particularly to the
material thereof. The invention also relates to a sintered article and a
sputtering target having the sanme i as that of the material.

Besi des, the invention relates to gggggﬁﬁﬁﬁﬁﬁb target which is nmade of this
sintered article or the like and is 15 intended for the formation of the
transparent conductive film Mreover, the invention relates to the

for egoi n@PQ&‘Q%R'IQGHEAR@%ITGCTS&QI"T@@'E’EG%@QQ% deviefc e vaustiatmn frorcatse i n
this organic [ device, and a method of fabricating the sane. To be nore

speci ficpy Uh@mma@t rer caMat esrEaNIn enganvadE, dew CRIBYMTRATE SFrIiusbl y 20
applicable to displays, the Iight sources of printer heads, and the like in
conswer and industrial applicationsTHER®Ibstrate for use in the organic EL
device, and a nethod of fabricating the same. The organic EL device may al so
be referred to as "organic electrolum nescence apparatus,” "organic

el ectrol um nescence 25 device," "organic EL light emtting apparatus,"
"organi c TBChdiisplayielétc. In the present invention, the substrate for use in
the organic EL _device may also be referred to as an el ectrode substrate

since it is pr Sv?dé“cﬁw%laﬁe@%eﬂrr@&@t%wﬁeﬁfm%palf%t CRPEHEM et dt es to

an organig FI, devige 1 usifo quch an glectrode, subpiyte.  Backgroung A

10 {(Electroluminescence) device, and the like, and more particularly
to the material thereof. The invention also relates to a sintered
article and a sputtering target having the same composition as that
of the material. Besides, the invention relates to a sputtering
target which is made of this sintered article or the like and is

15 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

20 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

25 device," "organic EL light emitting apparatus, "organic EL
display,"” etc. In the present invention, the substrate for use in
the organicELdevicemayalsobereferredtoasanelectrode substrate
since it is provided with an electrode.

Furthermore, the invention relates to an organic EL device
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Conventional display 5 Recently, with technol ogi cal devel opnent of LCDs and
organic EL displays, there have been provided a nunber of products that
achi eve high display perfornmance and high capability of energy saving. Since
capable of small -size |lowprofile fabrication, these LCDs and organic EL
di spl ays are wdely used as the displays of 10 cellul ar phones, PDAs
(personal Digital Assistants), personal conputers, |aptop conputers
(not ebook conputers), te]evision et and the like in particular. Organic
EL devi cééﬁlflr:%r%%%n%% %er% O‘g?g%% %éﬁt%ispl ays, are light emtting
devices utilizing organic conpounds, of which 15 significant performance
i nprovenents have been seen in recent years. In general, the structures of
these organic, Bl deviges are broadly divided, depending on what |ayer is
i nterposed between the anode and the cathode which are nade of transparent
el ectrodes, inighddefldoving-types: 20 (1) A single-layer type which has
the structure that only a Tum nescent |ayer conprising an organic conpound
i s arbanged betRwamt ihe wanbdecandol beical hixdes 1 apmesytirbdl LCs land hegahiuct ur e
of anode/lum nescent |ayer/cathode; (2) A double-layer type which has the
struct ur &£ hdtsplwoy $ ayeisre 2&5va hete pranspedt & ngunhger cdngradbgwsnebesnt
| ayer, are fornmed between the anode and the cathode, or synbolically the
st ruct ur edtievpbéshclicr iavapspbe rnagce aperridntarseehi ty &ferneag hed8ing3) A
triple-layer type which has the triple-layer structure that a hole
t r anspor t7 hycefHAR 2P &2 |UnPREcent L Fayt Rt hheel et + 6AT 12 BR§FS TR
| ayer are fornmed betwe t.he anode and the cathode., Synbolically, anode/hole
Lranspor t11G PAJErH Unf heSaSR . Y ayaf FeledlS oh traRsFor tTRG Fayaribat hoke;
and

10

cellular phones, PDAs (persconal Digital Assistants), personal

computers, laptop computers (notebook computers), television

sets, and the like in particular.

Organic EL devices, components of the organic EL displays,
are light emitting devices utilizing organic compounds, of which
15 significant performance improvements have been seen 1n recent years.

In general, the structures of these organic EL devices are
broadly divided, depending on what layer 1s interposed between the
anode and the cathode which are made of transparent electrodes,
into the fcllowing types:

20 (1) A single-layer type which has the structure that only a
luminescent layer comprisinganorganic compound is arrangedbetween
the anode and the cathode, or symbolically the structure of
anode/luminescent layer/cathode;

(2) Adouble-layer typewhichhas the structure that two layers,

25 ahole transporting layer and a luminescent layer, are formed between

the anode and the cathode, or symbolicallythe structure of anode/hole

transporting layer/luminescent layer/cathode;

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

that a hole transporting layer, a luminescent layer, and an electron
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(4) A quadruple-layer type which has the quadruple-layer 5 structure that a
hol e injection |ayer,a hole transporting |layer, a |um nescent |ayer, and an
el ectron transporting |layer are forned between the anode and t he cat hode.
Synbolically, anode/hole injection |ayer/hole transporting

| ayer/ |l um nescent | ayer/electron transporting |ayer/cathode. 10 Wen any of
the device structures is adopted, holes injected fromthe anode and

el ectronstigﬁﬁélg@j[rg@%;& cat hode Jeach fhe tHémaP%a%eQBdl ayer cLbrough the

hol e transpor ef- or the electron injection [ayer, and these holes and

e'ECtVO”SS¥ﬁSQW@E@iﬂJLthh%odé#ﬂdﬁéceQ&Aﬁﬁﬁﬁgtiﬁ@fﬂigﬁékahﬁmiégw&éﬂﬁ
referable to as EL devices also include organic EL devices of polyner type

utilizi nglpokymen carpundsanbdo rhosphbsgsegnee Hope; | &ght emi tting devices
utilizing phosphorescence, both of which are under research. Conventional
organi ¢ EL devi c&) 20 glieed wrghat ¢ akke rdeypeeshhaw hgst hbestinadirudse ofayer
sandwi ching an organic |um nescent |ayer between (two) el ectrodes as
descr bbedst ahota reaviea beeno patin e ¢ hi endiare ¥ egear th L rans her etLoflokayer,
subjected to devel opnment for such reasons as follows: (1) Being fully solid
devi ces andluhisesaant ol ARAdl e 28SH Fakr i eatE0n 2F qIPCHpaAPIde lofy skl fre
| um nescence, thus requiring no Ikght emtting nenber; (3% Havi ng excel | ent
vi si bi |i t§Or8EFAt dFRVESF di 8Pl &L Tandnd 4y hEassA tBOFENder SIRC gt LY
Nevert hel ess t?ere has been.a known problgn1th§55ﬁ: ani c % | umi nescent
layers, beIRge4rgam ¢ mat eF'aFST & typi caPFyidifFi%ult  t & "G HEmRpor 79
el ec”onslé‘gg '?g'u%%f%é‘égé‘ﬂp f‘Qg Lhus rang, 49 o G SLEOLA h Q0 2AS L ¥, GauUSI Ng
a leak curtent due to secular %anges

10 When any of the device structures is adopted, holes injected

from the anode and electrons injected from the cathode reach the
luminescent layer through the hole transporting layer ortheelectron
injection layer, and these holes and electrons recombine in this
luminescent layer.

15 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

20 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 reascons as follows:

(1) Being fully scolid devices and thus easy to handle and fabricate;

25 (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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over a long time of use. 5 On such a problem various contrivances have been
made heretofore. For exanple, the patent docunent 1 to he nentioned | ater
shows an organic EL device in which an energy difference between the work
function of the anode and the ionization energy of the hole 10 transporting
| ayer is reduced for the sake of longer life. The patent docunent 1
describes that in order to achieve such an object, the anode is made of

netal oxi denBLeréat $al/Batk  have Po W ki c huoetian shighef v haal t hat refi cundi um
tin oxide (ITO and are conductive. For exanple, RuOx, M3, and V2(6 are
ment i onedtas tharsigelrtcosdluctirvasneirad axildes. tixrgagh c dbd deueespusiarg tbhese
netal oxides are disclosed in the patent docunent 1. In addition, this patent
docunent depepoposasianpdessiofy cdoabheg-d dapek strueturde tn sgdchet kihangielsns
made of these conductive netal oxide materials and I TO are lamnated for the
sake of inpeovedlorg tightofraAsmittance (a). The patent docunent 2 nentioned
bel ow di scl oses an organic EL _device in which netal wires are arranged in
conneétion w t ORh&UChr ghsPEPBAENe| FATIGHESs ot edlizBCERe NS sPapReda6E t he
transparent el ectrodes. 25 The patent docunent 3 nentioned bel ow di scl oses
an or gani 8ST8ECH8%fce in which pieces of netal having a | ow work function are

simlarly arranged in c nnegc io%\ggrlthgmtr ns ar.ent %Ie%tr S %o %%ﬂuce
the resi ot ances ol THEHI RGNSl Ber TBaRE - T PhPoRt UBeumerE” Shovs
e, onedelil gl SLosET 0 SRRLe of oo B dsvihedfel s M ucn
metal filmhecaypi dr digleghlie PIRaKEAWN.ionization energy of the hole
10 transportinglayerisreduced forthesakeoflongerlife. Thepatent
document 1 describes that in order to achieve such an object,
the anode is made of metal oxide materials that have a work
function higher than that of indium tin oxide (ITO) and are
conductive. For example, RuOx, MoOj3, and V,0: are mentioned as
15 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 ITO are laminated for the sake of improved

20 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.

25 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

4



The patent docunent 5 nentioned bel ow discloses an organic 5 EL device which
conprises an insulative thin filmlayer between an electrode 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 configuration that
an insulative thin filmlayer made of alum numnitride, tantalum 10 nitride,
or the like is arranged between the anode | ayer and the organic | um nescent

ayer or betugen,t hie cathade, | ayers and 1,08 069Nk M neseent, | ayet.; The

pat ent docunent closes an organic evic an inorganic
material | awen a%@@'f’l'l’?{glgh &ngg@d Leaste Q& 1@9&%&%1’.45 Oty @fo 50%%
Zn0O, Sn@2, or B, P, C N, d 0, or an inorganic material |ayer nmade of

Ni 1- xC)(Odgélgct&qﬁ;Obééakaongqned bet ween an el ectrode |ayer and the
organi c lum nescent layer, with the objective of providing a | ow cost

organi ¢ EL devicRetpatehs dseemofit iy MIDATAned eddlaar Vit Al 9wes deY iotajandes,
and the |like. 20 The patent docunent 7 nentioned bel ow di scl oses the

t echnifqueELoflefrliuer wHizhngompri$©ssanf aceutletabaith inT®ilavileyeaxr Werdween
function of 6.2 eV. "Patent docunent 1" Japanese Patent Publication No.
2824411 (3apanesérudexanined o25apateAtmApgisiceatti dr YPYbldinc strider Ng adgiow
9-63771) "Patent docunent 2" Japanese Unexam ned Patent Application

Publ i cat i 6ANNOLCHB] Usg. 82RYC L Parert! octh®n? L 3815 CJ §hafesel thek ARt hed ePhat ent

I n Publ n 7997 "Paten nt 4"
App |cat|o lﬁiécggkgntN%oéﬁﬂent %p %?pﬁsa% é é%ﬁyggugatlon that an

insulative thin film layer made of aluminum nitride, tantalum

10 nitride, or the like is arranged between the anode layer and
the organic luminescent layer or between the cathode layer and
the organic luminescent layer.

The patent document 6 discloses an organic EL device in which
an inorganic material layer containing NiO and at least one additive

15 out of In;0s3, 2n0, SnG,, or B, P, C, N, and G, or an inorganic material
layer made of Ni;,O0 (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.

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

"Patent document 1"
Japanese Patent Publication No. 2824411 (Japanese Unexamined

25 Patent Application Publication No. Hei 9-63771)

"Patent document 2"
Japanese Unexamined Patent Application Publication No. Hei
4-82197

"Patent document 3"



Japanese Patent Publication No. He! 5-76155 5 "Patent docunent 5" Japanese
Unexam ned Patent Application Publication No. Hei 8-288069 "Patent docunent
6" Japanese Unexam ned Patent Application Publication No. Hei 10 9-260063
"Pat ent docunent 7" Japanese Unexam ned Patent Application Publication No.
2000- 277256 "Patent document 8" 15 Japanese Unexam ned Patent Application
Publication No. Hei 9-63771 Disclosure of the Invention As above, organic EL

require that” nol B et oy e FE s R0 B S T R S R R,

injected tosfhgghum nescent |ayer through the hole transporting |layer. For

t he sake of perfornlng this injection snoothly, it is obvious that an energy
barrier betweenrphe.apods-andntherhol e transporting layer is 25 desirably
rendered as small as possible. To reduce this energy barrier, the difference
bet ween the workapaneteonadbntheubnodetibat 8ol abeand- _tle 5i50ni zat i on potenti al
of the organic conpound wused in the hole transporting |ayer nust be nade
smal | & . Vari ou$Patgahi docompounds have been proposed as hole 6 transporting
substances. O these, aromatic am ne conpounds, or triphenylam ne
derivatives andfzgmabazel éndeanvaedvestent pepniicedtaron Rurel krowermdihaviaig
excel l ent functions. Then, triphenylamne, a triphenylam ne derivative, has
an ioni zaBrdk8P6Pential of

"Patent document &"

Japanese Unexamined Patent Application Publication No. Hei
10 9-260063

"Patent document 7"

Japanese Unexamined Patent Application Publicaticn No.

2000-277250

"Patent document 8"

15 Japanese Unexamined Patent Application Publication No. Heil

9-63771

Disclosure of the Invention
As above, organic EL devices, polymer organic EL devices,
20 phosphorescent devices, and the like require that holes be injected
fromthe anode 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 obvicus that an energy
barrier between the anode and the hole transporting layer 1is
25 desirably rendered as small as possible. To reduce this enerqgy
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 pbeen proposed as hole
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5 5.5to 5.6 electron volts. Polyvinyl carbazole, a carbazole derivative,
has an ionization potential of 5.8 electron volts. Meanwhile, as for the
transparent conductive film indiunoxide - tin oxide (ITQO IndiumTin Oxide)
is well known as one having excellent transparency and | ow electric

resi stance. Then, ITO has 10 a work function of 4.9 electron volts.
Consequently, the anode and the hole transporting |ayer made of such typical

materials_have a relatively |large eper barrier of 0.6 to 0.9 electran
vol ts theFéB@P%éﬁ?n@nﬁg?sFﬁﬁcﬁFrcuc?fgt 5, T, SO S ten i oned

, , ] P 0l i | OF Pull.i i No.
ei "o 63771 EHAE P apOTaT TR e en P rtragas S AP el T i 1
wor k functi.amhighere than that, of IJQ e usedas thenaneds af.ap 9hgaRic

| um nescent device that has an organic conpound |ayer between its anode and
cat hode. 20 :Navardhel e88net bR anpde: vadenals 3 si d Wi Ratiillon AfoveAelal @d de

is typically lowin transmttance. For exanple, terbiumoxide has a
transrg tt ance tef 510%e Matradbnmsoxicde halaytianpsnchtarcs 1of 20% riaziomer ove
such a low transmttance, double-layer configuration has also been proposed
in whi ch deulitwagtiwe, flid sna2b iom itdwet f onggot agt reflabfoXi 8eslaotgreaverl tishan
300 angstrons is lamnated on an ITOthin film Even if this double-Iayer
structure is adypeedhihewaseior fhe trpassrirenamendusigive helor dadiugfoXiiet0%
whi ch obviously is a rather small value as the transmttance of a display.
As a result FiphexégavdAlPondRiRmn Tin Cridedf 18 metldl koade afasredrving
insufficient in transparency. Fi rds obj.ect The gresent i nventi on has been
achi eved Fﬁc\?ilé\‘ﬁ/nﬁftﬁﬁésﬁ%?%w AGS PTBELENS I 1M T RSt ReaBBFect 1 V™ of L 1Y BAi ng
a hl%ﬂJy_%TSQEEaﬁfgétiorlof'4.9 electron volts. Consequently, the anode
and the hole transporting layer made of such typical materials
have a relatively large energy barrier of 0.6 to 0.9 electron
volts therebetween.
Under the circumstances, for example, the aforementioned
15 patent document 8 (Japanese 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.
20 Nevertheless, the anode made of this thin filmof ametal 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
configuration has also been proposed in which a ultrathin film
25 of the foregoing metal oxide, no greater than 300 angstroms
is laminated on an ITO thin film. Even if this double-lavyer
structure is adopted, however, the transmittance is on the order

of 40-60%, which obvicusly 1is a rather small wvalue as the

transmittance of a display. As aresult, the conventional thir

9



5 conductive filmto make the anode of an organic EL device or the |ike, the
conductive filmhaving a work function higher than heretofore. This
conductive filmcan be used to achieve an EL device and the |ike of inproved
hole injection efficiency. This is the first object of the present
invention. As will be 10 described later, the aspect of a first group of
invention is minly intended to achieve this first object. Now, the organic
EL devi cedijgclased nL&élheoipaggﬁsegbe%emns@pﬁyg@ehtl lsleecrzsaﬁ@pggeakfy
insufficient in the hole nobility and in durability despite the use of such
metal oxide matefiatsop§eRUOX, 15 MOB, and V205. In addition, the netal

oxi de material sTsuch as  RuOx, M3, and V205 have |i ght absorptlon
coefficients ofTaa@&@semﬂlnmﬂn¢ﬂ@hﬁasb@ﬁmdnﬁiémp®qumﬁﬂmmmhefmﬁsgﬁﬁM§

hi gher degrees of coloring. Anode | ayers nade of these netal oxide

mat er i al sprhbsdeshowwas hexthreemgd yedtowd | ght ptoand gt antesyh(1%)- t2Gnispardent
visible light range as, for exanple, approximately 1/9 to 1/5 that of ITO
Thi s |%eadsonguchévpr sblentehae ke hehe i oo T eftf | ot ereiyC i BL |dRy @Rl athéhenount
of light available to exterior _is small for an organic EL device. The
presence haseal d6eetndeent Ve n@dlﬁ‘f }%%Ve”ld} obl é’ﬁlrtkhaﬁuré%‘éﬁﬂp% PAIhRE dicdes of

doubl e- | ayer 25 structu%e in %ﬁﬂrlfllqﬁ?nade of theﬁe nmet al oxi de
mat eri al s"ERGCPTB Gre TAM NGPE V€Fi M ¢ ARSHT t tafidet Pof CREEVS AhE Lor der
of apprOX|nateI t hat. ,of IT t|II nall val ue for ractical_ use.
In the case ofc%%ngfﬁ}%ef%llr}fée aﬁ l Fayer ofnjtehctl%l r]:10 rér8 strEglture

there is al socﬁ@ef&srero%gg&h%tf'mea SJ@?@E%%'\,@%%WM% |}, 1 usf, be

limted fto respective predetermned ra ge i cknesses Ich means a
I ar geuponaters@ﬂtb&m fabeicakin@n.a MUCOVEF . 2t herver iy fnetd oni ¢aanbe JrRde;

greater than that of
mainly intended to achieve this first object.

Now, the organic EL device disclosed in the foregoing patent
document 1 seems to be still insufficient in the hole mobility and
in durability despite the use of such metal oxide materials as RuOx,

15 MoQ;, and Vo0s. In addition, the metal oxide materials such as
Ru0x, Mo0Os;, and V;0s have light absorption coefficients of 27000
cm™' or higher, exhibiting high values. This means higher
degrees of coloring. Anode layers made of these metal oxide
materials thus show as extremely low light transmittances (%)

20 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 theproblemthatevenwiththe anodesof double-layer

25 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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5 I TO, whereas the resistance becones equal to or greater than that of ITO
with a practical problem Now, in the organic EL device disclosed in the
foregoi ng patent docunment 2, alumnumnitride, tantalumnitride, or the like
is used for the insulative thin filmlayer. This has produced the problem 10
that a voltage |l oss (voltage drop) occurs in this portion (insulative thin
filmlayer), resulting in higher driving voltages. Second object Then, the

i nventor sppént Be phasentrcappld eald a@ thave dmde tH i ensSiMensé tdbesl Dnithe
foregoing problens, and found that the 15 use of certain inorganic conpounds
i n conbi nad s pé ¢t hitkep ekeettreadel hay eramde aro dirgaint kkn&Ebsdeyi ekiphovedes
excel l ent transparency and durability along wth excellent |um nescence

i ntensityaeVengeherrnat  awndr iovi Mplvol cage off-or exanple, DC 10V or lower) is
applied. That is, the present invention has the objective of providing 20 an
organi ¢ EL deviMderepieh, codmpriogds THRACELept ¢t e apde g6ARARAI higan ddrataion

i nor gani c_conpounds, thereby achieving excellent_ transparency and

dur abi®l i t ¥T0a TRRF 7 $ Viltiy BF UGS CanE WG SABARLNES ceh@ §Htenditde thed
present in enﬁi on, further hgs t he og' ective of providing a nethod of

fabri cati‘ﬁé HhO oV yhhi ¢ BE2551G8vi BEC J;]zeU\‘m ch such an organic EL device can be

fabricated wi th of biclenoy, This solhe sacond obl egt of (the. present ...
i nvention. The aspéctn of - 8 98CoN group “of in ent on to be- " descr? 5&d T at er
is mainly,i t ieye ' ecan .obj e LRI t j.ects 9
Now, in p%%g&nﬁgﬁg%’d?slgﬁggg ?%@%ﬁgéfor egoaflﬁif %%tt érlliggdogﬁﬁr%% Mgé ?%g}yle%g
surface i gofluriidiszaditsQ,d Rat ot Bepord, duncinan hARMOVEGucL® & 8¥blem
Nevert hel ess, while the work function i'nproves, the surface of I‘FO becones

an insul athye af4+dRads 13 skestb1taddE8k8p) occurs in this portion (insulative
thin film layer), resulting in higher driving voltages.

Second object

Then, the inventors of the present application have made

intensive studies on the foregoing problems, and found that the

15 useof certain inorganic compounds in combinationwith the electrode
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

20 an organic EL device which comprises an electrode layer containing
certain inorganic compounds, thereby achieving excellent
transparency and durability, a low driving vocltage, and high
luminescence intensity. The present invention further has the
objective of providing a method of fabricating an organic EL

25 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




5is the problemthat the inproved work function is hard to achieve an
effect. The inventors of the present application have nmade intensive studies
on the foregoing problem and found that a nultilayer film conposed nainly
of certain nmetal oxide and Ag (or Ag and the |ike) 10 can be used in
conbination with the el ectrode | ayer of an organic EL device for excellent
results. Specifically, it has been found that the foregoing configuration

can be adont ed kg, cansthEhe: a8 Qroanie £, 6. beR"as. exeeld optanc

transparency an durab and exhi bit exce dsicence intensity

even 15 underd heoapptiLad Il%nfpuoﬁlap%a% aggt (i wexanpheect D6 Sin }Jércwes
| ower) . That is, the present invention has the objective of provi

organi ¢ Etodevi @@.V\huék}e@&rmrl@@g amel ecirodesr k ayefcride ohpac&@Ei ratd on
of a certain netal oxide |ayer and 20 a thin filmlayer conposed mainly of Ag
(or Ag andutrfadd ke) ITO berelne sacn évisngl &xcet | £himt r aRspareasylandthere
durability and exhibiting high |um nescence intensity even under the

appl i cati on Oie pdow enitliarg tve tapepvan felréctunde) osubsthat@ tof grharve
organi ¢ EL device with which such an organic EL device 25 can be obtai ned
with effiéanesdyedhd a nmethod of fabricating such an organic EL devi ce.

These are the third and fourth objects of the present invention. The aspects
of third and foliFEh HY YU S 6 FREENtT Bt @P@éld@stclfqrbéévﬁdﬂ%ﬁiedrfétque

i nventions i,nl te ded tqQ achi eve the thi and. fourth ob cts 0 Flfth
obj ect Noat"?ﬁs%?aatﬁl e gl B P Ceho et e il e h, Jpﬁ‘?)é‘ﬁf

(rjrgfglrm\r/]\:rgs ?gSEQUXI ?Olﬁg&eeo%tfnﬂ%:ause ggg;&%j%ergnc ha(%rt ae b‘tl:ﬁénl %t the

10 can be used in combination with the electrode layer of an organic
EL device for excellent results. Specifically, it has been found
that the foregoing configuration can be adopted to constitute
an organic EL device which has excellent transparency and
durability and exhibit excellent luminescence intensity even

15 under the application of a low voltage (for example, DC 5 V
or lower).

That 1s, 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

20 a thin film layer compcsed 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

25 can be obtained with efficiency; and a method of fabricating
suchanorganicELdevice. Thesearethethirdandfourthobjects
of the present invention. Theaspectsofthirdandfourthgroups

of invention to be described later are the inventions mainly

intended to achieve the third and fourth cbjects.
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5 level 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-called crosstalk. 10 The inorganic EL
device disclosed in the foregoing patent docunent 4 has also had the probl em
that the thicknesses of the auxiliary netal filmand the insulative film

cause a differe ¢ hig L%v |, easily disconnecting opposed el ectrodes.
Mor eover, in th§—§5se—gﬁ—ﬁgo di scl osed in the foregoing docunent 15 7, there

has been the prgplemybat. pits é‘ﬂ%eq;ic\’i;cef‘schhggio%%idsﬁd%he Ebecghertrode. ands

after etching, so that a I'eak current OW Nng etween the anode and the

cat hode capclawek 3 hed YRENESEEHE Enh BANSId VocmepregInide: hull ABS GaNIELerd he
inventors of the present application have nade intensive 20 studies on the

f oregoi ngtprebkteascand fousd thataaxiuliiryayes dah mawdé ch CofMpEisesSe in
auxiliary wiring of certain netal acid and has a surface |layer of 5.6 eV or
hi gher5i nlwoek fwhich emsdiy B3 sQemnerct shicgipersech esipeti fade s eSistanties@ldy over
can be used in conmbination wth the electrode |ayer of an organic EL device
t o provi ddegrcél.| efite2® thanspasendeandtdar abidb tgmakond windl excolalrass

| um nescence intensity even under the application of a |ow voltage (for
exampl e, DGR frafer e mahe Livl riRg Yt esedf IRMENL RER ThaS e C8ljaetits ve
of providing:, an organi ¢ EL deyice of high |Iumi nescence intensity conprising
an 11 el &t r%ed‘él‘l:%lyers”r?g'ﬂea%f tﬁecg}ﬂ%a% of C&F Fer ta¥ At metS R QukPl ic&yS ©

wiring and a surface thin filmlayer, thereby achieving a significantly
smal | eleéf?éﬁ§l¥% igfgﬁﬁia%ﬁbellent transparency and durability, and a | ow

drIVIﬂ@ VO'tagefﬁetqg%&g%%ﬁcP%ﬁFk%QJﬂé@’disclosed in the foregoing patent

document 4 has also had the problem that the thicknesses of the
auxiliary metal film and the insulative film cause a difference
in level, easily disconnecting opposed electrodes.
Moreover, inthecaseof ITOdisclosed in the foregoingdocument
15 7, there has been the problem that pits and projections arise at
the electrode ends after etching, so that a leak current flowing
between the anodeandthe cathode can lower the luminescence intensity
or preclude luminescence.
The inventors of the present application have made intensive
20 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 EL device to provide excellent
25 transparency and durability 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



5 of disconnection of opposed el ectrodes or crosstalk due to a |l eak current;
a substrate for an organic EL device with which such an organic EL device
can be obtained with efficiency; and a fabrication nethod for an organic EL
device. This is the fifth object of the present invention. The aspect of a
fifth group of invention to be described 10 later is mainly intended to
achieve this fifth object. To solve the foregoing problens, the present

i nvention t I N i r j 5 i.on hnitial ly,
doseri pt i Beca T roBe oy von e RG Bapa o T Tet g S ot nvanti on. Yrhe
aspect of ,thiggfifsy @royprehcenventhon:i mil habe det ahkedpiai adbyiddidgfid st
enbodi nent to %e seen later. Invention pertaining to a sputtering target To
sol ve thesfighegotbBgtPLOBhEDNS, o1 HEL PHES I s i sWaNtd OrexicSe 1l erd) tSRHSERITAT Y
target containing one or nore types of netal selected fromindium zinc, and
tin as a endpdnesbilheyeodnd tdhd ocsputtierninggvol aagetwtomndat nilng pats didasiti tone or
nore types of netal selected fromthe group consisting of hafnium tantalum
bi snutth, of dianthaattéonetlorzozsed Hirattomsonemt crbeseeflk 28eStace lsrch
metal s as hafniumand tantal umare included as constituent elenents, it is
possi bl e EBrFABFéasesSthetyarfelof #ReCr gR ke fHncis BrCanilieh i et fi Gy an
transparency as in practical exagples éo,b?kdfscribed | ater. The present

i nvent i on°F82BFSd e HEVAERETT 2 BE PAE T Haed e 1t Bt FHC 19D ¥ orhe e et t iith as

haf ni [ % 20% b i : it . Q.. | 1%

oi 1 oct of TEREPEGS " CRE VARG S5F TR WDIie HORBELSA T TRl o0 AROUE-20%% by
t , é e wotic .

Thi T 8 cONBREnt met o 2CK 2SIt Al bt & rarer S5 29T o L% Byt o

10 later is mainly intended to achieve this fifth object.

To solve the foregoing problems, the present invention adopts
the following means.

First group of invention

15 Initially, description 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

20 sputtering target containing one or more types of metal selected
fromindium, zinc, andtin 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.

25 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 1in practical
examples to be described later.

The present invention is also characterized in that the third

12



in conposition ratio. Mreover, the third conponent netal such as hafniumis
yet preferably 3% to 10% by atomin conposition ratio. The present invention
is also characterized in that the 10 |anthanide netal conprises at |east one
or nore types of netal selected fromthe group consisting of cerium
samarium europium and terbium Invention pertaining to a sintered article
Atypi cal exanple of the sputtering target is a sintered article 15 of a
metal oxide or the |ike., Herginafter, the_inventiqn pertaining fo_thi.s
Sintered GPFPEIS R IF B8 CREGr DAL LT ANy ECAT BY GSeHt rveh Do ot
sintered aotiel e HOMAI NG, 00eQ FOE dypes: of emehal-c3al aot ednlr omyiadi um
oxide, zinc oxide, and tin XXI e as a conponent thereof, t%e sintere

article 29rcoptai,HLRIrahckedst 1aNgman 1Mor @ HuRes 1f WEhalordxicdes neebeslad
from the group consisting of hafnium oxide, tantalum oxide, bisnuth oxide,

or a | anthaniuje dred atonyude iasi oy thi gHtcemgnent i beaeat a 1Siyncec haf Bhumpxi de
and the like are included as the third conponent, it is possible to increase
t he va uecofptoime momie fahctu oin a 25 aviri i wn Ned pirad e Ngb 1 iy ahs pas dricy bas aitom
practical exanples to be described |later. The present invention is also

char act er L retbmpothatl arheathior.d Monponent thet dlhioxd derguote ras medfanl smch
menti oned above is 1% to 20% by atomin conposition ratio with respect to

t he total @as1Bagmgumt 1o xae %?ﬁgérééla’r Bitclte. 1fite Pt ededit imveprpoflicg on
further characterized in that the | anthani de netal oxide conprises at |east
one or noFétdypes of netal selected from the group consisting of cerium

oxi de, samariu xi de, europium 5 oxide, and terbium oxide
n%ge presentlﬁnventlon gs a?so é%aracterlzed in that the

10 lanthanide metal comprises at least one or more types of metal
selected fromthe group consisting of cerium, samarium, europium,
and terbium.

Invention pertaining to a sintered article

Atypicalexampleof the sputteringtarget isasinteredarticle
15 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,
zincoxide, andtin oxide as a component thereof, the sinteredarticle
20 containing at least one or more types of metal oxides selected from
the groupconsistingof hafniumoxide, tantalumoxide, bismuth oxide,
or a lanthanide metal oxide as a third component thereof.
Since hafnium oxide and the like are included as the third
component, it is possible to increase the value of the work function
25 while maintaining transparency as 1in 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 1n composition ratio with respect to the total

13



Moreover, the present invention is a sputtering target conprising: a
flatly-worked piece of the sintered article described so far; and a backi ng
plate of netal bonded to the worked sintered article. In a sputtering system
equi pped with 10 this sputtering target, a thin film having the sane
conposition as that of the sintered article can be fabricated by sputtering.
I nvention pertaining to a sputtering target that contains an alloy of indium
oxi de and,zing 0% de ki td gkt ¥rebihe, present i nveatigndsna IRWLEIidg Garget
15 conprising an i ndium oxide alloy containing a hexagonal |ayered conpound
of i ndi un¥gxtde randhzi-Be txt dee § | NZBEERG Mt heWnes £t Ak niisicANmieftzages xebe2 to
20), the sputtering target containing at |east one or nore types of netal

oxi des setefpedsfasomi heeagrtowmecansisdiag t@iecers inmexiade,s sSlaswat € dmf @xirde
eur opi um oxi de, 20 terbium oxide, or bisnmuth oxide as a third conponent

t her eof . tHhegthiipdccoRpenemy wet ak raxinde xiislel YstemP0Yabyo at den i autopposi ti on
ratio with respect to the total anmount of the sputtering target. Wthout the
hexagdnal okageredxbnpduRdum ipetisprit tering target itself may drop in
conductivity. In the present invention, the 25 hexagonal |ayered conmpound is
i ncl uded to avolldr&8CHRdp ihecEHRRAT VI tYVeTheCRordudt | TP U tied I01%ef BRABIRF 10

ocour  dur EHAPERGTIEF] ng. WO bbYers 18! nXBGEnET T | A coPEGAREUNAE REREY ab y
Uhat "or eoRer CABIS o Ty CBAEY Polre UG BhRBFr Bic b gt S ¥ATFad Hodife.
{1 anspar ehe ROkt a1 Focor | o 18 St ate 5 ARG P GRmwarh PEct Fan i | ¢
mal ntigy) NI pgiLr 3PSPRAESNAGY; target, a thin film having the same composition

as that of the sintered article can be fabricated by sputtering.

Invention pertaining to a sputtering target that contains an

alloy of indium oxide and zinc oxide

Initially, the present invention is a sputtering target

15 comprising an indium oxide alloy containing a hexagonal layered
compound ©of indium oxide and zinc oxide (In,0:(Zn0)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 consistingof ceriumoxide, samariumoxide, europiumoxide,

20 terbium oxide, or bismuth oxide as a third component thereof.
The third component metal oxideis 1% to 20% by atomin 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

25 hexagonal layered compound is included to aveoid a drop in
conductivity. The conductivity i1s preferably 10 mQ-cm or
smaller. The reasonis that at or above 10 mQ:cm, overdischarge

can occur during sputtering. Moreover, the hexagonal layered

compound preferably has a crystal grain diameter of Smicrometer

14



Mor eover, the present invention is a sputtering target characterized in that
an expression In / (In + Zn) which neans the content of indiumoxide in the
sputtering target has a value of 0.5 to 0.97. 10 Here, in the foregoing
expression, Inis a conposition ratio of indiumin the sputtering target in
terms of percents by atom and Zn is a conposition ratio of zinc in the
sputtering target in terns of percents by atom Wien the foregoing

expr essi of., has, @ yal uerhel v Oop.; 4 Bﬁatlérég%w t&ﬂ%%%@@ﬁé?@or@@f‘%ﬁ%'&e

filmcan drop I n conductivity. At or above 0.97, on the other hand, etching
may becongndi bticetencdherf @begfalnge@xaba@s_ueqn preferably has a vaiue of 0.7
to 0.95. In particular, the range of 0. 8 and 0. 95 is even nore preferable.

The present invemi sputsealise thagact erdwzedy i sudihatothegqu2@tabor enketi drired
sputtering target containing indiumoxide and zinc oxide further contains
tin oxi depass &b tenponemntm thereufspaitmn pragehtcti imeti lon ffurltchersiss sgance
sputtering target conprising an indiumoxide alloy containing indium oxide
and tin axddeloh 9°0RULBCD18K BRlacomriintednposi tirehspaticact-he 25
sputtering target containing at |east one or nore types of netal oxides

sel ected from tHergebeph- CBH§| HLGRPOF HeYeuki oxi dé, @ S%Pr‘aFtﬁ‘rhldsa dearg@topi um

oxi de, terpium oxide, nuth oxide as.a t? n? ?npon 5 of . The
O T AR a AL S AR TR M el tv hCParPan t h
respect tp, the ot anDunt of .t he utterl tar t reason _is that
oo c‘%ﬂﬁcg%?é?.tt SELETRRR ol b 1 Y LRI S A I dUP A8 anRel )

when tin |ge5faqu)b§ ow 0.03% by atom On the other hand mhen tin oxide
exceeds 0.3% by atom the conductivity may becone | ower (the resistivity

hi gherg and Here, in the foregoing expression, In is a composition ratio

of indium in the sputtering target in terms of percents by atom,

and Zn is a composition ratio of zinc in the sputtering target in
terms of percents by atom.

When the foregoing expression has a value below 0.5, the

15 resulting transparent conductive 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, the range of 0.8 and 0.95 is even more preferable.

The present invention is also characterized in that the

20 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 oxide and

tin oxide of 0.03% to 0.3% by atom in composition ratio, the

25 sputtering target containing at least one or more types of metal

oxides selected from the group consisting of cerium oxide,

samarium oxide, europium ocxide, terbium oxide, 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

15



t he etching harder. Moreover, tin oxide is preferably 0.04%to 0.2% by atom
in 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 indiumoxide alloy containing a hexagonal

| ayered conmpound of indium oxide and zinc oxide (1n203 (ZnOm where mis
an integer of 2 to 20) , the sputtering target containing at |east one or

nore type f .nmet al id electe fromt e g p consisting 15 of cerium
oxi de, sa Hm%&?ﬂ%% 8%56%&@%3% §8F16& b un?%gl de, or bismuth oxide as a

third component f,neegfonThe LhLEd:i, commonants fiRtal. oxi dais dod @200y

atomin conposition ratro respect to anmount of the sputtering
target. B@bh@sd%ptb@hé %%Qﬁcéﬂl\&%t%p'm@@@%ﬁeﬁaﬂn\Mﬁl@é"fbﬂ@sr@@&%ﬁ ®fo2D I'n
[ (In + Zn + Sn) 0.51t0 0.95, Zn"/ (In + Zn + Sn) 0.03 to 0.2, and Sn /
(In + Zn pySMorr. 0.dR2 the 8tBeimhbadyBwBEnpel feit Bde yx & 08 Hese,by Atidig,
foregoing expression, Inis a conposition ratio of indiumin the sputtering
t ar get5 i nther nenafuquerceny sndy ot oome PSwén (sha cespesitviiary hdtghee of azidic in
the sputtering target in terns of percents by atom and Sn is a conposition
rati o of tiwe iatehengspattdsming target in terns of percents by atom
According to such configuration, tin oxide has a corrp05|t| on ratio of 0. 3%
by atomto 0.02¥PE¢OXESm 440 AXERE f6r BgBIAGAEXPr 8s8FBnto 462 THey reb@Bril s

that if tin oxide exceeds 0. 3% by atomin caonposition, ratio, the
conduct i vFP?Pﬁ&;%tBé’éorFétllcﬂmer élrfdy}i%m%F‘éhl ﬁg”ha%%ﬁje ign Yhe BERéF TREHdY

when t he o SI Oﬁ rl% of _tin oxi de fall beI owtO 02 % by atom the
addi ti on ™ ght %ﬁ’ro‘—?ﬁ%@ afly © oglpe‘?sfjetéf ra
10 Thepresent1nventlona1501saisputteringtargetcomprising

an indium oxide alloy containing a hexagonal layered compound
of indiumoxide and zinc oxide (In,03(Zn0)m: wherem 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
15 of ceriumoxide, samarium oxide, europium oxide, terbium oxide,
or bismuth oxide as a third component thereof. The thizrd
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
20 In / (In + Z2n + Sn) = 0.5 to 0.95, Zn / {In + Zn + Sn} = 0.03
to 0.2, and Sn/ (In+ Zn + 3n) = 0.02 to 0.3 in terms of percents
by atom.
Here, in the foregoing expression, In is a composition ratio
of indium in the sputtering target in terms of percents by atom,
25 Zn is a composition ratio of zinc in the sputtering target in terms
of percents by atom, and Sn is a composition ratic 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 atomas in the foregoing expression.
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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 nust not hinder increasing the value of the work function, which
is an object 10 of the present invention, or cause a drop in this value. It
is also required of the substances not to | ower the transparency or decrease
the conductivity (increase the resistivity). The substances that can maintain
t he work nctio t, i I W L hout | r iR ) I
decreasiHEH?ﬁ§a%%§65ﬁtu%??€%¥§n%ﬁ%&%%§%§§ﬁ#%§f3%%%%g%§§£%§£§ﬁ§%§¥ag?nand

antimony Qxi de. ) D& 498t REL 3] Ak PG d Qofle IANSPARNE neoRdUt hyen b Ehm !N the
present invention, the conductive filmfabricated through sputtiering by

usi ng thepgputd eydigr tangel Wiescrnkedoabows + 26h has 15He Sane 6QIRRSFLIAR as
that of the sputtering target described above, and thus is large in the val ue

of the wopklbunotioon, pexaelhgntt hd @&ddiansgarenayin andyht gho t np coadaet awiyt y
(lowin resistivity). The present invention is also characterized in that
this tanspéeent. conductive filmhas a work function of 5.6 eV or 25 higher.
At or above 5.6 eV, the value of the work function is equivalent to that of
a hol e transpor¥ahgridyer thivasphstaudeg tofragt phenyiheidnec de rthey Iddkd.a iThi s
reduces the energy barrier between the electrode and the hole transporting

| ayer. Ast@tatesytttheyt thanpddss bifeIeeoprevi deNah Ser gAANE VELL deiléd afdi st he
17 li ke which all ows an(lngrovenent 3? hgle i njection efficiency. . Second
group of PHYEMEGIF NeRS t RE© t °df EN&ecdNdL{rdsy offUitiveRPiton WA e

described, 5 The aspect of.this.second o) of_.invention_.wl|l be detail ed
mai nl y inlgcgg@gﬁdm%ﬁ%maVal%etof gﬁe wogFaggpptlon, which 1s an ogject

odi nen 0 beé Seen
10 of the present invention, or cause a drop in this value. It
is also reguired of the substances not to lower the transparency
or decrease the conductivity (increase the resistivity).
The substances that can maintain the work functicn at a high
value without lowering the transparency or decreasing the
15 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

20  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

25 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

17



Initially, a substrate for an organic EL device of the present invention is
one conprising at |least an electrode |ayer and a base nenber, wherein the
el ectrode | ayer contains at |east one conmpound 10 selected fromthe foll ow ng
group A-1 and at |east one conpound selected fromthe group B-1. Here, the
group A-1 includes chal cogeni des, oxynitrides, or nitrides of Si, Ge, Sn,
Pb, Ga, In, Zn, Cd, and My. The group B-1 includes chal cogeni des,

OXyNi 11 desy o Ofy Pk He54Q & haﬂw%b@%ntﬂm Ao@R0t L AN QU At b oy che
substrate for an organic EL"'devi ce of the present 1nvention i s one
conprising at |east an electrode |ayer and a base nenber, wherein the

el ectrode | ayer contains at |east one conpound selected fromthe group A-2
and at |east onecepapoLtdo sef echiedntiom the group B-2. 20 Here, the group
A-2 includes chal cogenides, oxynitrides, or nitrides of Ge, Sn, Pb, G, In,
Zn, Cd, and Mpedthetpeeagpt2of ackudes groha cfdawietes cofw i Bnbharisdes bethe
substrate for an organic EL device of the present invention is one

char aét erTkedaspethar ft hdisd ectaode dagep ¢ anvandder ayiekl b@siqheiled
substrate for an organic EL device of the present invention is one

charact erf2é81livn itthat $hecBFetRftlnayer tos b2 ct dddéalrgyer. According to
the configurations of these invention the conbji ned use of a conpound of
the group A-1 aﬁﬂl%?%% oﬁhﬂug?tfﬂEediﬁhﬁn§@9aQﬁcFﬁékﬁﬁﬁﬁ?ﬁédjﬂi€r@§%§t
conmpound of th a_conpo 2 ccan i ncrease

S SeTRE g AP i PP S s PR et A o R o B R R T
Lhe SubStgghee 00000000 6Bl Aoyl 68,41, &Eﬁtge%ssegrc vhﬁ%@% . deseribed

above can be use constitute an or nic Vi ce as exc ent

dur ahid i té!eleét%d QW 'tWe”QoYQ'o%QﬁI Hingh Ly Q%SPQQE% bAkeRshb¥unkhe
el ectrode | ayer configured thus is also characterlze

selected from the group B-1l.

Here, the group A-1 includes chalcogenides, oxynitrides, or
nitrides of 8i, Ge, Sn, Pb, Ga, In, Zn, Cd, and Mg. The group B-1
includes chalcogenides, oxynitrides, or nitrides of lanthanides.

15 In another configuration, the substrate for an organic EL
deviceof thepresent inventionisone comprisingat leastanelectrode
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.

20 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 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.

25 The substrate for anorganic 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
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havi ng an excellent etching property. Mreover, since at |east one group out
of the group A-1, the group A-2, the group B-1, and the group B-2 incl udes
chal cogenides of Si or nitrides of 10 the sanme in the electrode layer, it is
possible to inmprove the adhesion of the electrode |ayer to the base nenber
at the time of formation. In addition, the el ectrode | ayer can be forned
with higher uniformty. Incidentally, when the anode |ayer is made of these

i nor gani & cogusds s-bhesd PREZak R nRAtENAA! 1 &Spweﬂ@f §£%@t¥h\/e glyeprgqyal ue
of 5.6 eV or higher in consideration of hole injectability. Wen the cathode

| ayer is 1mBae, e@fickhie veatyher chapdgutheliypni zatd o5 podehticd ainsoppaherably
given a value below 4.0 eV in consideration of electron injectability. The

mat er i al slenertd anedciian phespnesentehnvent desceabedchitewe @b iwni zadd oho
potentials of 5.8 eV or higher, being extrenely suitable for the material of
t he anodeonviridover ,ant ergubist rilt eddorcarnvlorganizs Bixoevl ert ofutflei piegent

i nvention i s one char acterized in that the electrode |ayer has a specific
resi sbance Jwer tidy VA ife 25 Vheh Fuchremscercadoptedsity-is possible
to avoid the phenonenon that uneven | um nescence occurs in the display
screen due to Tﬁ’iegﬁl?%lrgfiﬁn%%y%ﬁ G Fwad BBQSI Ja@@rlscbﬁﬁéééﬁéﬁtrll;?e‘jﬂ%

speci fic resistance of ﬁhe el gg%rode | ayer thus be limted in value to

i nprove &1%CH1% A afid“Ro abdl PE§t erﬁ a WeFPYES 1t §1AEHT dfe FIUr t her
reducti on, (‘{ gugrl vl‘:ngf I teaggou1 I%_ lggnlf E%j ge\él cep ncij dﬁ?t@'i% if,
uerrl’t ec

in contrast’ CONSt 't rodé€’l ayer “has fa spetific

resi st ancg, I S i wef er.abl i ch
bc,qgct - JligB ayerﬂgagh%esaxe@{alééggwaes S (PEaT e ablak 5 wised, h

i ncl udes an e of constituent material having a specific
resi spancend agle tthat Hle fd1 &M rode layer, it is possible to improve the

adhesion of the electrode layer to the base member at the time
of formation. 1In addition, the electrode layer can be formed
with higher uniformity. Incidentally, when the ancde layer is
made of these inorganic compounds, the ionization potential

15 is preferably given a value 0of 5.6 eV or higher in consideration
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 invention can achieve

20 ionization potentials of 5.8 eV or higher, being extremely suitable
for the material of the anode.

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

25 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,
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Mor eover, 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
guenchi ng property anmong the conpounds of the group A-1 or A-2, and are
capabl e of constituting an organic EL device having high | um nescence
intensity. Mreover, the substrate for an organic EL device of the present

i nvention.i e.Ln LCh; o - B-2 1 y of
oxi des. of 0 RGeSy BT A rh These compounds San be gibd T h 5
combi nat b@gnthe baghiilate, adjustd.ngrhbe dealtues: ¢f ithe iirpni gt rggtpotrend i al
and the band gap energy in the electrode |ayer Independently. Mreover, the
subst r at echest iau©h ganiac i slevoge mife theepreseld 120eknterd i®nspecdreid n

whi ch the content of the conpound of the group B-1 or B-2 falls within the
range of r@sh sneh 36 aiove i Oh dihea dotlal eataurir ot ruke wef edtsr pde fleayerl s 100
at.% Setting the value in such a range can facilitate adjusting the val ue
of the Wi athonhpbheatlidgls iamn thee @t eetrode Viedy @adthi ¢ e 25canBRLAIUTHY hi gh
transparency (light transmittance). Besides, the electrode |ayer configured
thus is 8Rdrcdctetikediby FasmRClbkeeltesits ed e nd Ooprdpeit#slt 8 gehds and
the |ike. Nbreﬁyer, t he ubstggte for_an orggnic devi.ce o resent

i nvention is oN@LERVirch'E RECEIFERLFodd PRy EEHHE Bl FRIVHGTeS t%%%> fHih the
range of ;1 and 100 nm, guch conti guration kes d L, passible o fabricae an
organi ¢ ELVEEVITCE whi R%has frore’ excel Tent  turabiTit y,; apIOM/dr|V|n%
1oL 29 RGO chUmeseeIe A gheas sy oyl madhAn, Vg Uerihaiess o
from pecomingexcessi ¥ehy 1HLCkn quenching property among the compounds
of thegroupA-1or A-2, and are capableof constitutinganorganic
EL device having high luminescence intensity.
Moreover, the substrate for an organic EL device of the present
invention is one in which the compound of the group B-1 or B-2 is
15 any of oxides of Ce, Nd, Sm, Eu, Tb, and Ho. These compounds can
be used in combination to facilitate adjusting the values of
the ionizationpotential and theband gap energy in the electrode
layer independently.
Moreover, the substrate for anorganic EL device of the present
20 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 donization potential in the electrode layer while
25 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 anorganic EL device of the present

invention is one in which the electrode layer has a thickness
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Now, the confrguration of the present invention pertaining to an organic EL
device wll be described. Initially, an organic EL device of the present
invention is 10 one having a structure that at |east an anode |ayer, an
organic lum nescent |ayer, and a cathode | ayer are |lam nated in succession,
wherein the anode | ayer and cathode |ayer or either one of the electrode

| ayers contains at |east one conpound selected from the follow ng group A-1
and at | east one conpound selected from 15 the follow ng group B-1. Here,

the group A-1l.ingcludes chal cogenide oxynitrides, or.. nitrides of,Si,.Ce,
e S T A LA P U O R T e

Pb, I'n, e group’ B- n %866%? es,

Oxyni {11 dess 96101 ud desnof dand hanl desya fnot har srganke A devise ofotpe

pr esent i'nvention is one havi ng ructure that at |east an an

an organi &yt 4y pascent, r 3y ef r yandsa %&hodﬁrﬂ@yﬁ? agg1hkagdat ehdn nigh
succession, wherein the anode fayer and cat hode [ayer or "either one o? t he

el ectrodel uhayeks ey anferali 4 @ast 19RRILCONPOHNdsSeh adied nfircamd fie Sffot hew ng
group A-2 and at | east one inorganic conpound selected from 25 the follow ng

gr oup 5B- 221 &et epdiché agreoupl é- 2ni aokudes raha) €,00ehe des gadXyNiR idkesicoris
nitrides of Ge, Sn, Pb, Ga, In, Zn, Cd, and My. The group B-2 includes
chal cogerp deseot eldarfitani des omAs calroves s s heedonbimedk use of a conpound of the
group A-1 and 21 a compound of the group B-1 or the conbi ned use of a
compound of t HEYyr dile Acn gz tisipsdnd hef Prke egtodpvBNZ ieanPRiEREasRIt he
ionization potential, of the electrode | ayer effectively. It is therefore
possib!e.?% %%t%ﬁ%@%hco$baﬂ?ﬁlﬁf Hé%%c%emﬂ?EﬁFHQ§d5_excelIent durability, a
Low driving voltage;, and hioh, ol pesgence.l ofensl ty:. g slheetnads, Laver
10 one having a structure that at least an ancde 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 compound selected from
the following group A-1 and at least one compound selected from
15 the following 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
20 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 compound selected fromthe following
group A-2 and at least one inorganic compound selected from
25 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 of lanthanides.

As above, the combined use of a compound of the group A-1 and
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i s al so characTerTzed—ny taving an excel l ent etching property. Moreover,
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 cogenides 10 of Si or nitrides of the sane in
the electrode layer, it is possible to inprove the adhesion of the el ectrode
| ayer to the base nmenber at the tine of formation. In addition, the

el ectrode |ayer can be fornmed with higher uniformty. Incidentally, when the
anode | ayer is made of these compounds, 15 the ionization potential is

f bl i f_ b \Y Lagh I i ti hol
e r SOLY, S e R BT RL0Tc Mharn SO 103 LoB N

i nj ect abi e cat ayer is ma

I oni zat i o, POL£hk ) ah-bSanRr 6f @LaRNrd N @/ al Me,Peb oW 4an 03 8Y bBse the
consideration of electron injectability. The materials nentioned in the

present 20hnvenib@npsednachi eye tgai gakkopogst @Qk/%@' srokcbiBetVY Oryhi gher,
bei ng extrenely suitable for the anode material. reover, the organic EL
devi ce oftlibeepbeseniod nvedti e ichtONe &N whigeh thecanade ilcayerh adid gashode
| ayer or either one of the electrode |ayers has a specific resistance |ower
than 25 leXcell8unch confalgutativen mekésw t quossibbe volprevent 4@ high.
occurrence of uneven |unm nescence in the display screen due to high
resi st anckumi neke sglatimdenpayer. Cohsaguenttgdet havspecsionicl geseédt hee of
the electrode |layer can thus be restricted to inmprove electron and hol e
i nj ect abi 113630 cIPraciari&d Pediévilew PR thecddisni thg bl 1ag e BIPEREY -
organic EL device is also Eo&sib%e. Incidentallé, if, in contrast th%
constit uenP T AEVELI"alS GtCE hdtel &S0 8§ aYEP " Rasy diff§ @TFUR| &t AncdDEbove
1 Ocm a_double-layer structure is preferably. 5 use ngch i ncl udes. gn
ol ot T odedf BYBr TraS 1 o Borar 4 AAL HaF BAFHhaviirg o Sp88 11807 Bb BPance
lover gt hanelsh2,6Myitrides of the same in the electrode layer, it 1is
possible to improve the adhesion of the electrode layer to the
base member at the timeof formation. 1Inaddition, theelectrode
layer can be formed with higher uniformity.
Incidentally, when the anode layer is made of these compounds,

15 the ionization potential is preferably given a value of 5.6 eV or
higher in consideration of hole injectability. When the cathode
layer is made, on the other hand, the ionization potential is
preferablygivenavaluebelowd4.0eVinconsiderationofelectron
injectability. The materials mentioned 1in the present

20 invention can achieve ionization potentialsof 5.8 eV or higher,
being extremely suitable for the anode material.

Moreover, the organic 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

25 1 Q-cm. Such configuration makes it possible to prevent the
occurrence of uneven luminescence in the display screen due
to 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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Mor eover, the present—rnvention is the organic EL device in which the
conpound 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 low in gquenching property
anong the conpounds of the group A-1 or A-2, and thus capable of achieving an
organi ¢ EL device which has high |um nescence intensity. Mreover, the
present invention is the organic EL device in which the conpound of the
group B-1 or B-2 is an oxide of any substance 15 out of Ce, Nd, Sm Eu, Tb,

and Ho. These mpounds. can _be.us i n,_conbi nat | to facilitate adjusting
t he val ueg %‘flr%ﬁgr iroenqsuz% T6h pot ggltel & and' ¢ h‘éoggﬁgegg ribt gy IRt e L

el ectrode rsigh re -, sent- inyentipn is.th
organic E?_elégéigcelsi %q%%%vﬁ%%%b%% cgﬁ%n%é%fa?%g'cékﬁogﬁd%% t ‘lﬂeggfogBeB-l

or B-2 falbgstWictfidt theceange of £ 0rheand 30 abq¥ Wiihe £ hgatotal s ggpunt ~of
the electrode |layer as 100 at.% Setting the value in such a range can

further fasilktateadbustd NAt e, valusofethgyboni zabben r HPotentd b rppithe

el ectrode | ayer while maintaining high 25 transparency (light transmttance).
Besi dés, thedelbdictodenclages eankilgurtacbddiusaiysrchadactodt iaz etb iyt havueng
excellent etching properties to acids and the |ike. Mreover, the present

i nventi onméasetrhea lorrgani cgEk depdcief ia rehiich driee el estrodédrayerQhas .a
thickness within the range of 1 23 and 100 nm Such configuration makes it
possi bl e to obtMPhearer orlgamikr FEeHevindeniticch ikathaopegereel Flertetiuyrabin i ty,
alow drivi ng vol tage, and hi %h | um nescence intensity. In addition, when

t he t hi ckWesshoihe KEmaBEIF OdeThayerorR 47 SUch 4 tamyey & chelsoganiices,

device is prevented from becom n xcessj vel t hi ck. .
ogrntrié%s of Sn, fn,ey%i%n. %heseycompounds are particularly

10 low in guenching property among the compounds of the group A-1
or A-2, and thus capable of achieving an organic EL device which
has high luminescence intensity.

Moreover, the present invention is the organic EL device in
which the compound of the group B-1 or B~2 is an oxide of any substance

15 out of Ce, Nd, Sm, Eu, Tb, and Ho. These compounds 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

20 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

25 transparency {light transmittance). Besides, the electrode
layer configured thus is characterized by having excellent
etching properties to acids and the like.

Moreover, 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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Now, the organtc EL device of the present invention is one in which an
inorganic thin filmlayer containing at | east one inorganic conpound
selected fromthe foregoing group A-1 and 10 at | east one conpound sel ected
fromthe group B-1 or an inorganic thin filmlayer containing at |east one
conpound selected from the foregoing group A-2 and at | east one conpound
selected from the group B-2 is arranged in both or either between the anode
| ayer and the organic |um nescent |ayer and/or between the 15 cathode | ayer

and the opganioe hm negeent ohavefurauchnadditisonal Lanrangement ofc1hg on
inorganic thin filmlayer can suppress |leak current effectively, enhance the

ef ficienayr@initherotganice EndeNi Kes mbdel BXQVE dhe durabillityy, a low
Incidentally, the inorganic thin filmlayer, when arranged 20 between the
anode | ay#riandgtiel organiand biighescenhekayerce iateevdirteyrel yIpraeferabdy, gi ven
a conposition different fromthose of the anode |ayer and the organic thin
filmlayerhespeoefisakkyesweeh thee amder pdyet aivs made iof suclompowarige ,
conprising a group, A-1 conpound/a group B-1 conpound = 70 to 90 at.% 0.5 to
10 25%at .0fhejerganprefér &1 that s thecV ABL§ahifd AThiRe $PRATRagsc s IalE of a
conpound conprising a group A-1 conpound/a group B-1 conpound = 50 to bel ow
90 at. % abovek10 at.%to 50 at.% The sane holds for the case of using the

fﬁgpounds of_t&gﬂgjgﬁﬁfgnxgﬁgﬁ? Iaﬁévﬁ%% rsgver,ethe{ongani iEL devi ce of
present in i CHh& organPEPaM néSEERT Pay &P EBftai ns
oL oSt LPIR SO L SIRONACL NN 09 & SLYIYL OLURMIGEP B el o
formul a 2i&%r&9n@%h%@ﬁﬁﬂu£9rggh@c%é%)fféﬁ“%ﬂ&a%ozgﬁgﬁh% %f%ﬁp A-1 and
10 at least one compound selected from the group B~1 or an incrganic
thin film layer containing at least one compound selected from
the foregoing group A-2 and at least one compound selected from
the group B-2 is arranged in both or either between the anode
layer and the organic luminescent layer and/or between the
15 cathode layer and the organic luminescent layer.

Such additional arrangement of the incorganic 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

20 Dbetween the anode layer and the organic luminescent layer, 1is
extremely preferably given a composition different from those of
the anode layer and the organic thin film layer. Specifically,
when the anode 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

25 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 80 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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Ar  Arl C=CZd(Chemcal fornulaZ-1) Ar J n Ar where in the general formula
(chemcal fornmula 2-1) , Arl is an aromatic group having 6 to 40 carbon
atons, each of Ar2, Ara, 10 and Ar4 is hydrogen or an aronatic group having
6 to 40 carbon atons, at |east one of Arl, Ar2, Ar 3, and Ar4 is an aronatic
group, and the condensation nunber nis an integer of 1 to 6; "Chem cal
formula 2-2" 6 Ar Ar N~~ 7 ( Chemcal fornula2-2 ) Ar 15 where in the
general formula (chemcal formula 2-2), Ar5 is an aromatic group having 6 to
40 carbon at oMy, £GP Af S AW AT £l §eDYHEOZEN 0L AN ALAMALG G jRaVi ng
6 to 40 carbon atons, at |east” one of Ar5, Ar6, and Ar7 is substituted with
a styryl &i®oumh widéht hgecondensiat i 0imDHEBCR N 1S @ori Bbageri f dt t DeSstand
20 "Chemical fornula 2-3" 25 Ar8 N JAr"" "-N Ar'2f Arl4 ( Chem cal

formul a2-&)e 4d8ocAntArcl compsumbehaviimdg ke sgeney al g fonpulvadofschert wat t fieamul a
2-3) , Ar8 and Arl4 are each an aromatic group having 6 to 40 carbon atons,
each of PeombdaArils8 psvieydriogeanar @ah ahenatotlgwomy haenagas todABuiarbon

5 {chemical formula 2-1) to {(chemical formula 2-3):

“Chemical formula 2-1”

3

Ar

Ar c=cC )

a (Chemical formula2— 1)

, Ar
Ar

where in the general formula (chemical formula 2-1), Arl is

an aromatic group having 6 to 40 carbon atoms, each of Ar?, Ar?,

10 and Ar’ is hydrogen or an aromatic group having 6 to 40 carbon atoms,
at least one of Ar', Ar?, Ar®, and Ar® is an aromatic group, and the

condensation number n is an integer of 1 to 6;

“Chemical formula 2-2”

6
- Ar
5
Ar N _

T - ( Ghemical formula2—2 )

Ar
m
15 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 Ars, Are, and Ar’ is substituted with a styryl group,
and the condensation number m is an integer of 1 to 6; and

20 “Chemical formula 2-3”
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5 atons, at Teast one of Ar8 to Arl4 is substituted with a styryl group, and
t he condensation nunbers p, g, r, and s are 0 or 1 each. The present
invention also is a nethod of fabricating the organic EL device described so
far, conprising the steps of: formng the electrode |ayer by sputtering; and
formng the organic 10 |lum nescent |ayer by vacuum deposition. In this way
of formation, it is possible to forma hole injection |layer and an organic

| um nescent |ayer which are dense and have uniform filmthicknesses. It is

t hus possible to provide an organic EL device having yet uniform

| um nescence i ptensity. Third oup, of ~i nvention To sol ve the foregoing
probl ens, the faspect {of, ;a\t hi,rd g?ﬁ h2 | Of e § nvenki on adopts the foll ow ng
means. Inv@ﬁf%gﬁeo nAél ctp%de UEEE%Q&éRPor aﬁﬁbr@&HWOﬂEﬂfdewmcé—-@b 1.
Initially, the pkg ent i @nthgn ﬁs an/ el dng @e substrate for an organic EL
device, conprisiArg an el ectrdade for drivinfran organic el ectrol um nescence

| ayer and a base nenber, wherein the electrode is nade of a |am nate of the
following two layers: (1) a thin filmlayer of a nmetal oxide having a work
function 25 abdwerd.i6: ¢Yei genakae; fanii2)(chdntiaz I iflonmudyel -8pppastdnaai nl y
of Ag. 26 Now, when the nmultilayer-filmconfiguration is enployed, the

out er nostA¥ayerecoeactheanrfanet 1o wontmdtathed dr ganidd lcamboes eédwms, | apeh nust
be a metal oxiide |l ayer. The reason is that such effects as |ower voltage,
enhanced ?Phifitnesedice IPERASPEFT AhdT APPBREAC BreldP 4 Ting fake haprbothe
neans _descri bed ab?ve can be ggqpte to .make the outernpst |ayer or the

surface td- TRt &t LERBE F YRt uh? Adscdrit SRyt tyred with a styryl group,

and the condensation numbers p, g, r, and s are 0 or 1 each.

The present invention also is a method of fabricating the
organicELdevicedescribedso far, comprising the stepsof: forming
the electrode layer by sputtering; and forming the organic

10  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

FL device having yet uniform luminescence intensity.

15
Third group of invention
To solve 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
20 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
electrode is made of a laminate of the following two layers:
(1) a thin film layer of a metal oxide having a work function

25 above 5.6 eV in value; and

(2) a thin film layer composed mainly of Ag.
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met al oxideé Tayer. Here, ThHe work function is set at 5.6 eV or higher for the
10 reason that such effects as | ower voltage, enhanced | um nescence
intensity, and inproved durability are small unless this condition is
satisfied. 2. Next, the present invention is the electrode substrate for an
organi c EL device, characterized in that the thin filmlayer 15 of the netal
oxi de has a work function of 5.8 eV or higher. As described above, the work
function nust be 5. 6 eV or higher, and is preferably 5.8 eV or higher. Note

that this valugd;s anapas ‘?rﬂﬁlnctiﬂa_q/ér}lefiaiina c%gg@lu&%éq%nfpg | Qe \eﬁleue

HE
before the application of W cleani'ng or the [ pre-cl eéani'ng val ue).

Thi's wor kof titehd O B MRasuheds ik EAce AG Icodte Rkagakun@ckeinbRescektd. |
by using a photoem ssion nethod. The neasurenent sanples were irradiated

with |ightapdr mdsh b®abtndt £Voxaned Bheet I 0mh e irielatsech ficombhes sanpd €8 ¥eke
measured. The work function is determned fronmthe irradiation 25 |ight

ener gy regslilrosc it goémag el eatraonssd 3umNexd 5céheepiresent ityveathddmp sot bé
foregoing el ectrode substrate, characterized in that the thin filmlayer of
t he met aldupsbdeitivs ayonposedlnai nly of indi um oxi de; and contains at |east
one or nore types of netal oxides selected fromthe group 27 consisting of
ni obi um oxi de, W ARBAMSHE T 1RAALRIOTIH &I &€, ad%ﬁﬁeﬁ%%ﬁ@harﬁ}%oﬁﬁﬁémoégi de
4. Furthernore, the foreﬂgén el ectrode substrate is _characterized in that

t

the thin FRYFH | AyerDofSY aP oRPHRCT5CRBNPAPASIGi AEMORFAESHF LRXSOxPde as

a main coq%onfnt tger of _along with indiumoxide. As above, the present
i nvent i on"coht a? AT nof UAT oxi de as a

Here, the work function is set at 5.6 eV or higher for the
10 reason that such effects as lower voltage, enhanced luminescence
intensity, and improved durability are small unless this condition
is satisfied.
2. Next, the present invention is the electrocde substrate for
an organic EL device, characterized in that the thin film layer
15 of the metal oxide has a work functicn of 5.8 eV or higher.
As described above, the work function must be 5.6 eV or higher,
and 1s 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
20 like (pre-cleaning value). This work function was measured with
"AC~1" from Rikagaku Giken Co., Ltd., by using a photoemission
method. 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 from the irradiation
25 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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mai n conponent or the thin f1Imlayer of the netal oxide. It also contains
zinc oxide and/or tin oxide. 10 For exanple, when indium oxide + zinc oxide
are the main conponents, In/ (In + 2Zn) = 0.5%to 0.95% by atomis
desirable. Here, In/ (In + Zn) indicates the ratio of indiumatons to the
total sumof the nunbers of indiumatons and zinc atons in the thin film

| ayer of the netal oxide. 15 The value of the foregoing ratio In/ (In + Zn)
is preferably 0.7 to 0.9, and yet preferably 0.8 to 0.9. The reason is that

if this vabHeiiss ihe} oW Onpeobtie thitudl | Aukaverm aix 1 he, mekalt a DXk dex¢ae ,drop
in conductivity. Above 0.95, on the other hand, the efching property m ght
deterioraited 20 IMugovel dewher,a f asx edanpl e, indiumoxide + tin oxide are the
mai n conponents, In/ (In + Sn) = 0.7%to 0.95% by atomis desirable. Here,
in/ (In + Sn) 4nditatEesethersat ittheof fiomdigorad ornsl dax rdde toftadt rsata ofist he
nunbers of indiumatons and tin atons in the thin filmlayer of the netal
oxi de. 25chrhragbenézefl thethetegbiengtriati dilm AaMer +08n)hies mrtef brabliye 0. 8
to 0.95, and yet preferably 0.85 to 0.95. The reason is that if this value
i s below BO7tei NgbRie»©. @51 dehert BilR FNIHS ay'ra BR1pheomsdieki deeegr fdr op
i n conduct Evi ty. .Now, . the anmount of niobium oxide, hafnium oxide, tantalum
oxi de, 2818RF FYHht RIS &HS oxi de to be added is 0.1%to bel ow 20% by

atom preferably 1%to bel.ow 10% by, at o and yet preferably 1% to bel ow 5%
Dyt om wi £h ¢ eSBetsoTE LHEE TRt A S ot SRt B ot s o unt &

of addi tiﬁ?i{?g%/%&é% s %‘%ﬁgﬁﬁﬁgﬂﬁ aGlyet 8l EH? Addifion w1 | 1%0%1%%6“3“ a

significan sonet 1 mes O I'ncrease the work functio 0 or

above 5. 6.8Vt M s the, ot Ber hand 4 AL appunts Qf addi ti on of 20% and hi gher by

10 For example, when indium oxide + zinc oxide are the main
components, In / (In + Zn) = 0.5% to 0.95% by atom is desirable.
Here, In / (In + Zn) indicates the ratio of indium atoms to
the total sum of the numbers of indium atoms and zinc atoms
in the thin film layer of the metal oxide.

15 The value of the foregoingratioIn/ (In+ Zn) is preferably
0.7 to 0.9, and yet preferably 0.8 to 0.2. The reason is that
if this value is below 0.5, the thin film layer of the metal
oxlde can drop in conductivity. Above 0,95, on the other hand,
the etching property might deteriorate.

20 Moreover, when, for example, indium oxide + tin oxide are the
main components, In/ (In+ S8Sn) =0.7% to 0.95% by atom is desirable.
Here, In / (In + 8Sn) 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.

25 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 reason 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 thHeThrn TTrTmof tThe netal oxide becones an insulative filmwth the
probl em of a drop in conductivity. 10 5. Mreover, the present invention is
the foregoing el ectrode substrate, characterized in that the |anthanide
nmetal oxide is at |east one or nore types of netal oxides selected fromthe
group consi sting of cerium oxide, praseodym um oxide, neodym um oxi de,
samari um oxi de, and terbiumoxide. 15 Incidentally, in the present invention,
this multilayer film consti tuti ng an el ectrode preferabl y has a surface
resi stance £9. Pr er.ab bel ow 6 e refepably 4
Q sq. 6. al% eaovgrntjhtahe pre o1 |Oﬁ(vle4n |tc33nbe a g‘PeBO té é(e,??odgb b¥
substrate, Ii’lat éf&dtpbg% LAaveL 8o £ gwinhy of
Ag cont a| ns rret % unct| on eV or ﬂ@{’ gge %Qa &

Furt her mor pe 1 R 5@r1§§@@bml W@U%%eb% &J‘@B@C’ttoe:ra'lzrﬁéitéﬂatt@%rs thgeBIRLoHavi ng
a work function of O eV or higher contains one type or two or nore types

of metal iselwciedafroampthe sAuf biddiNiion25ePdw andsPby Asdm these f fventions
6 and 7, the addition of netal having a work function of 5.0 eV or higher
enhanées dhetst addiit yoof wtiid nAd lraperh allee gmbfintaot addietli,osdnse0ifdst o 5
wt% or lower, preferably 0.1 to 2 w% and yet preferably 1 to 2 ww% 29 The
reason fofathiggisot hat rata sdum svof kafldhtitawnbéloowr0.adkve thet e ¥ ect Onf t he
addition is small. On the other hand, at anounts of addition above 5 wt o,
the Ag tHike feFhrrayemdmya br 8p i tcortiticd fdity ororo heZdheaagpdrigihrr BY

Mor eover, other petals (such as_Cu, Co and Zr) pmay be added as a third
corrponentaWrPhoE}E’eaH‘é& ifngt 8t abi Fheymetadi & ’2&&% DergmepefedtEitet t1ve

film with the problem of a drop in conductivity.

10 5. Moreover, the present invention is the foregoing electrode
substrate, characterized in that the lanthanide metal oxide is
at least one or more types of metal oxides selected from the
group consisting of ceriumoxide, praseodymium oxide, neodymium
oxlide, samarium oxide, and terbium oxide.

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

6. Moreover, the present invention is the foregoing electrode
substrate, characterized in that the thin film layer composed

20 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
type or two or more types of metal selected from the Au, Ir, Ni,

25 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 amount of addition is 0.01 to 5 wt% or lower,

preferably 0.1 to 2 wt%, and yet preferably 1 to 2 wt%.
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When the present 1nvention 1s used to constitute an organic EL device such
as an organic EL device, it is preferable to enploy 10 thicknesses as
follows: (1) In the case of outputting |ight through the anode In this case,
the "thin filmlayer conposed mainly of Ag" (sonetines referred to sinply as
an Ag thin film is given a thickness of 3 to 15 nm and preferably 5 to 10
nm The reason is that if 15 the Ag thin filmhas a thickness below 3 nm the
anode m ght not be reduced in resistance. On the other hand, when the Ag

thin filmhas addlekaess:abave closad B8 JEANSIL LANGE; £20n Sl dy, Wi bR, 2

drop in the light output efficiency fromthe um nescent Tayer. 20 Moreover,

the thin did mdrayer ceftide dmtalorPxkdsns sOMetd RS e HefeEnethd 0 =3 ARb¥nadg an
oxi de layer) may have a thickness selected fromthe range of 10 to 200 nm so

as to suppfesgitebheticvers it @mthicrey Agih&yem 1 der hhi elngssn ebniilics i0xikge
| ayer is preferably selected fromthe range of 20 and 50 nm and yet

pr ef er ablor 2e2dmanexdédnninve When thi s oxi de | ayer has a thickness bel ow 10
nm the stabilization of the Ag | ayer m ght not be achieved, wth the result
of | ower durabillérsoesri ey asitalEL (deghces Con Theawd Her) mend bewhdrethi s
oxi de | ayer has a thickness above 200 nm the transmttance can fall with a
drop in t¥e q it§hrd gompanput eitherermifeqdng m i lddse & sdwtipmasi ngnFi ght
through the cathode 1In this case, the Ag layer may be a thick filmin order
to refl ettt ¥e ?*ght conming fromthe |uminescent iayer toward the cathode. 5

The Ag | h t.hi ck in.th .of 30 and 300 ferably 50
and 250 nm  and"yek PreFSrabTy 100 RAS200°ri Wb T1'S AT T aJeF Fe dfven a

th'CkneSSEﬁﬁd§$¥%é”9d%h ggegﬁqgrganic EL device, it is preferable to employ

10 thicknesses as follows:
(1) In the case of outputting light through the ancde
In this case, the "thin film layer composed mainly of Ag"
(sometimes referred to simply as anAg thin film) isgiven a thickness
of 3 to 15 nm, and preferably 5 to 10 nm. The reason is that if

15 the Ag thin film has a thickness below 3 nm, the anode might
not 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.

20 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 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.
On 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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it becomes too thick and can cause a |leak current at the electrode end. In
contrast, when the Ag | ayer has a thickness below 30 10 nm the function of
reflecting light toward the cathode may becone weaker. Wth the objective of
exercising the reflecting function of this Ag |laver, the thickness of this
Ag layer is desirably set at 30 nmor greater, and preferably 50 nm or
greater. Invention of an organic EL device 15 The foll owi ng describes the

i nvention of an organic EL device having the same characteristics as those
of the elgetyodessyhstyate, for an organic EL device described above. These
have the sanme functions as those of the el ectrode substrate for an organic
EL device describediabave. c26: Tor asht gyecimg 1 0gegotRgo0Bheehe thenpaesent
invention is an organic EL device having a structure that at |east an anode
| ayer, an organirc tliectaasd unmegeence drayery, band ahdatkhaden ayebrdatreto

| am nat ed, wherein either one or both of the electrodes, i. e. , the anode
| ayer andr¢hescathede dhdyermane f madd hef Lani s et e 125 eoft cvdrhl vh¢ chirhbdyer of
a nmetal oxide having a work function above 5.6 eV and a thin filmlayer
conpoSed We¢ nhy dRYARF haheaprédeingsventi bhei §adlasd ehaslcterd z&H0 i hmi hat
the thin filmlayer of the netal oxide has a work function of 5.8 eV or

hi gher . H‘ﬁ%fBFég’ém Ghvetd i oh0i 8Mal 8§ chErtadter foBabily (e an 4P nnm3l

filmlayer of the E‘al éiofe: i s, conposed inly of i g m oxi de; and

contains at |ed e‘gﬁ l&rg Yty pes 96 eﬁe?aq%&%ee%s é)éjl] hge%f“ Fr §htEhETgr oup

consi st ng. of NLobi um-oxi de, hakniymaxde. jLaptalumoxide, and a Lanthani de

met al oxide. T “fhe present “invention i's al so characterized int at “the fhin

filml ayeénﬁf tﬂ}f @2 01 dGneoNt NS £1 ey X1 (805 LA P HEs 85 1 8MBHN

conmponent thereof along with indi um oxide.

10 nm, the function of reflecting light toward the cathode may

become weaker. With the objective of exercising the reflecting
function of this Ag layer, the thickness of this Ag layer is

desirablysetat 30 nmorgreater, andpreferably 50 nmorgreater.

Invention of an organic EL device

15 The following describes the invention 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.

20 To achieve the foregoing object, the present invention is an
organic EL device having a structure that at least an anode
layer, anorganicelectroluminescence layer, anda cathode layer
are laminated, wherein either one or both of the electrodes,
i.e., the ancde layer and the cathode layer aremade of a laminate

25 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 oxr higher.

The present invention is also characterized in that the thin
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The present 1nvention 1s also characterized in that the | anthanide netal
oxide is at |least one or nore types of netal oxides 10 selected fromthe
group consisting of cerium oxide, praseodym um oxide, neodym um oxi de,
samari um oxi de, and terbium oxide. The present invention is al so
characterized in that the thin filmlayer conposed nmainly of Ag contains
netal having a work function of 5.0 eV or higher. 15 The present invention
is also characterized in that the nmetal having a work function of 5.0 eV or
hi gher contai NsyeRe-t ¥Pe MEtal \Wkidle MPEE-4WPES cf mABhAl Sel Bk edmfsomdy, Ir,
Ni, Pd, and Pt. Invention of a nethod of fabricating an organic EL device

The presenidicoretd 108 @t S@edst amebhodoot £ abekcaf intgr d he x 20 organe €t &R

devi ce descri bed above, conprising the steps of: formng the el ectrode by
sputt eri nigrcrmantdhkorgriangp t heneriganitg elfectiab Lumnescetx,e hayer uoy aatdem
deposition. Fourth group of invention 25 To solve the foregoing problens, the
aspect oftantedpmhogrici, andt Be liantdm i bAcadgptes tdeifiel | owi ng means. 1.
Initially, the present invention is an electrode substrate for an organic EL
devi c@, conpri sififyPaRSENdcLPBRBTLER HF i34 IR CART 36 §&HIZ€ el BCERdT UlichéBéence

| ayer and_a base nmenber, wherein the 32 electrode is a |am nate canprising
an’ anode THih JA4GR oAy 6Pe BECA InBEARCo5PRER havi FG Wor ke (UdLit R aBsvESS, &
eV and a net al thH%%wéég' eoftgfomork.Lant%?Qmigxgﬁt at 5.6 eV or higher

;
mMain Cco h ng, wi in . .
for the % T%ason sud% effect 3-35% Bher vo Ranced | um nescence

L0800 I BUEAET B oY e STRbeE Makesa.d Vs Lppkiion 1
lanthanide metal oxide is at least one or more types of metal oxides
10 selected from the group consisting of cerium oxide, praseodymium
oxide, neodymium oxide, samarium oxide, and terbium oxide.
The present invention is also characterized in that the thin
filmlayer composedmainlyof Agcontainsmetal havingawork function
of 5.0 eV or higher.
15 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
20 organic EL device described above, comprising the steps of: forming
the electrode Dby sputtering; and forming the organic

electroluminescence layer by vacuum deposition.

Fourth group of invention

25 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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el ect rode reststante~andimncrease in work function, possibly 10 [imting the
ef fects such as enhanced | um nescence intensity. 2. Next, the present
invention is characterized in that the anode thin filmlayer of the netal
oxide is one having a work function of 5.8 eV or higher. As described above,
the work function nust be 5. 6 eV or higher, 15 and is preferably 5.8 eV or
hi gher. Incidentally, this value is a value neasured in the air wwth ACG1
from R kagaku G ken, after UV cleaning. 3. Next, the present invention is

character hat _t he ode thin f|In1I er_of _t tal oxide; is
conposed %%?%F (% aﬁ% Q Fﬁ%ﬂ%%%kfom d*&8r'so cont alRs z?%b oxfh%ma%aﬁbr tin

oxi de as gpsj %é:pévp%sme(ﬁaviﬁg ﬁeant s (ﬁ&!{@ﬁr gvé%nﬁ & 18 aﬁ‘e@%l

nmet al oxide. The addition of t can e ectlve y give the thi
filmlayernot, the-d&etal oxi de conposed mainly of indiumoxide, zinc 25
oxi de, and/or tin oxide a work function of 5.6 eV or higher. In the cases of

met al s ot her thaaréhoskementkonedcabonei aSsettedin ToAPONEIH HidHe: aguntheof
addi tion of |anthanides nust be increased in order to set the work function
at or cabovea5¢06 eNateftiebteVEegts A g ilsevam vdie saaymurinheim ceddilturdme shameeer ,
can 33 increase the resistance, decrease the transmttance, and deteriorate
the etchi Agtpnapertyard. iNexpvethdupresdatyi mighti o issiadharactrdriszedlivs t hat
the foregoing |anthanide netal oxide is a single netal oxide or 5 two or
nore net aFOoBRi-8é8NséPeétéd SEA6M/-ceri um oxi de, praseodyni um oxi de, neodymi um
oxi de, samarium.oxi de, and terbium oxide.  For exanple when i ndi um oxi de +

zinc oxide are PRELAESPN WEBH%BEe%?%-“???# iR ¥i¥gy LDE 39p¢8 PPREEBY 1t om

s prefera?ectrode resistance and increase in work function, possibly
10  1limiting the effects such as enhanced luminescence intensity.
2. Next, the present invention is characterized in that the
anode thin film layer of the metal oxide is one having a work function
of 5.8 eV or higher.
As described above, the work function must be 5.6 eV or higher,
15 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
20 indium oxide, and also contains zinc oxide and/or tin oxide
asamaincomponent (s) thereof; and further contains a lanthanide
metal oxide.
The addition of the lanthanide can effectively give the thin
film layer of the metal oxide composed mainly of indium oxide, zinc
25 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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The value of the foregoing ratio In / (In + Zn) is preferably 0.7 10 to 0. 95,
and yet preferably 0.8 to 0.9. The reason is that if this value is bel ow
0.5, the nmetal oxide filmcan drop in conductivity. Above 0.98,
ont heot her hand, the etching property m ght deteriorate. Mreover, when, for
exanpl e, indiumoxide + tin oxide are the main conponents, In/ (In + Sn) =
0.7%to 0.98%by atomis desirable. 15 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
reason .éntcwa%asq?f i s SER R 3R Bel d%@@rt?aéﬁ abbfe BrIBSTERE ATHI P fidTH | ayer
of the mét oxi de can dro |n conduct i vi t% When, for exanple, indium oxide
0

£ tin oxPfé S ANt oxirdE & Y09t REORS T Yonponents, In / (In + Sn + Zn) =

0.5% 0. 98% |
LIt 0. 000 Y REQD L dper%%a@ oG e ShableLaican 18 Ll ulg
The reasgn,,is;d mhtthfyrﬁa/@' HEths Reli 0; S, tggnraqt@'mg%weo&' 48 cap drop

in 25 conductivity. Above 0.98, the etching property m ght deterlorate Now,

the agrount, 0brihed aBkhan deqiBtad 1 OXt da ﬁ&;@@e%qmokideddﬁkéaabﬁ yhilPato
bel ow 20% by atom preferably 1% to bel ow 10% by atom and yet préferably 1%

t o bel owc%dyy, atesuwhtin espedé, S4rmaa e éeiak,melml @&opBumll&ird@ason is
that if this value is below 0.1% by atom the addition m ght not produce any
effect, failinyrt exaupleye whewrikndiumet ovidef +5z6neVoori del gher . thAbovein 20%
by atom the thin filmcan increase in resistance with a 5 drop in

conduct i wiomporgmteovemn, /t henthidnfit M 1Syér edBkablkyahas astiwekeressleof 10
to 500 nm preferably 30 to 300 nm and yet preferably 30 to 200 nm The
reason i Fhehdelive Phi shoaf eee9sing w7 | Ildn + 2Zn) is preferably 0.7

10 to 0.95, and yet preferably 0.8 to 0.9. The reason is that if this
value is below 0.5, the metal oxide film can drop in conductivity.
BAbove 0.98, ontheother hand, theetchingpropertymight deteriorate.

Moreover, when, for example, indium oxide + tin oxide are the
main components, In/ (In+ Sn) =0.7% to 0.98% by atom is desirable.

15 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 reason 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

20 the main components, In / (In + Sn + Zn) = 0.5% to 0.98% by atom
is desirable.

The value of the foregoing ratioIn/ {(In+ Sn+ Zn) ispreferably
0.7 to 0.95, and yet preferably 0.8 to 0.95. The reason is that
if this value 1is below 0.5, the metal oxide film can drop in

25 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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a problem m ght occur in the nmechanical strength of the thin 10 filmlayer.
At or above 500 nm there can occur a problemin etching property and an
increase in the filmformng tine. The oxygen partial pressure at the tine
of filmformation should be set at 0-5% Preferably it is set at 0-2% and
yet preferably at 0-1% The reason is that if this value is 5% or higher,
the 15 resistance can increase. As for crystallinity, the anode |ayer is
desi rably anorphous. The reason is that when the anode | ayer has an

anmor phous., ghystalliinilyq1r egbdues fihéa}x?g%%rorf riogﬂﬁﬁggew tages Al fde gtine

of etching (etching surfaces) and the el ectrodes can be 20 tapered to resolve

such trowdesy as. 0i sopnnest) ahofaepposed mehaet hedeproduckharfy eseict,
invention is the foregoing substrate for an "organic EL device, characterized

in that tthe netaltdhiaohivre aswocknposedima pblify 506 amyoaf hAgheAl., anbw. 25
6. The present invention is the foregoing substrate for an organic EL

devi ce, c¢Her dot extiemd thet haltime‘ijalmhraahngnarmrsle frunceé s bntainde Gvie\h ox

hi gher is added to the netal thin wire. 7. The present invention is the

f or egoi nfubsiracenfwctanvioygani ¢ EL device, characterized in that the
metal having a work 35 function of 5.0 eV or higher contains one type or two
or nore typesSramtedlr sdIcedtéd ﬁfﬂéﬁ’a Agyerr degiirabdy pas anghpeknghe of

addi ti on of th t al haV| func n of 5 or es the
Stabi | ity ot Fd i R AFRATE, n%%@tnms S8 s PO Eag D062 e o
or Iovver, efera 01t02wt re rabI 5t02wt% The
reason i s Qf“ i flﬂk’él eas ue § t e ow 01?%19 §c?o Taddi tslméanllerénal | .

Wth add] tp!roc%%maﬁ%%tf’ o‘Mco{?r ﬂ‘? #We tALRAG ':JBalf‘y&Eré‘HQt%h%f' & thin

10 film layer. At or above 500 nm, there can occur a problem in
etching property and an increase in the film forming time.

The oxygenpartial pressureat thetimeof film formation should
be set at 0-5%. Preferably it is set at 0-2%, and yet preferably
at 0-1%. The reason is that if this value is 5% or higher, the

15 resistance can increase.

As for crystallinity, the anode layer is desirably amorphous.
The reason 1is 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

20 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.

25 6. The present invention is the foregoing substrate for an
organic 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 1is the foregoing substrate for an

organic EL device, characterized in that the metal having a work
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may drop in conductivity or beconme expensive. 10 Mreover, other netals maybe
added as a third conponent without affecting stability and resistance. The
netal thin wire desirably has a thickness of 10 to 500 nm and preferably 20
to 400 nm The reason is that if this value is below 10 nm there may occur
the problemthat the anode 15 resistance will not decrease. Above 500 nm an
increased difference in |evel between el ectrodes can sonetines cause a |eak

current. fyfll%tvg!c% QCI;PIEF];QE‘ {}E&%I agﬁh%frwc[%%lt(é 1nn£ h%%gi Q?f%léSioqe)’;guior %%im?ol ne ¢ Lne"St

be rendered smm he™ Wi t anode in m T ayer

m nor - si @?pféésre&fi@@ia-l e e dih et bheqretal tRhn wWJde g4n Lhg mpnor-side
direction) is 2-40% preferably 3-30% and vyel préferably 4-25%the width of

the anode thinThil Aubayebn o8. thBenpEgSeRhvi A¥EAt 1 OPKI BuhbeibRr880i NG or
el ectrode substrate for an organic EL device, conprising a protective filmon

the anodeiglert bhRahtks tayestadi1hey it aheoxkdel dien neason Thd Aatodthe
provi sion of the protective filminproves the durability of the netal thin
Wi re.5 The fprdddcatiiose i=ayer0l s désiwtdbby itrade rof pretferiabl gapabl o Dfwddel ng
etched in the etchant of the nmetal thin wire, and has 36 conductivity. An
anor phougnd arespareaf ecebductd ve o1 2n whtle offhei ndiagwoxidethazi nd dXiide can
be suitably used as such material . In that case, indiumnmay be used at the
rati o of VEdYye (15 kelzw) 0= @l tBeoedd e ePbr aBry td.a tHs 050951 land Width
preferably ' 5 0.7 to 0.9. 9. The present invention is a nmethod of fabricating
an el ect F5dE" ESUbstt afBOFST “art ot gani€ BB §BvcE,t ‘Cbnpi Y 8T ng thé Nt eps o :
Ianinatin%_an anode thinCIiIn1Ia¥er of .the netal oxide on a
may drop In conductivity or become expensive.
10 Moreover, othermetalsmaybe addedasathirdcomponent without
affecting stability and resistance.
The metal thin wire desirably has a thickness of 10 to 500
nm, and preferably 20 to 400 nm. The reason is that if this value
is below 10 nm, there may occur the problem that the anode
15 resistance will not decrease. Above 500 nm, an increased
difference in level between electrodes can sometimes cause a
leak current.
The width of the metal thinwire (in the minor-side direction)
must be rendered smaller than the width of the anode thin film layer
20 (in the minor-side directicn). The width of the metal thin wire
(in the minor-side direction) is 2-40%, preferably 3-30%, and
yvet 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
25 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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base nmenbér;, —and tnen ramnating a netal thin filmlayer nade 10 of a netal
thin wire thereon; etching the netal thin filmlayer in a m xed acid of
phosphoric acid, nitric acid, and acetic acid; and after the etching,
perform ng additional oxalic-acid etching to pattern the anode thin film
| ayer. 10. Moreover, the present invention is the method of 15 fabricating
an el ectrode substrate for an organic EL device, characterized in that the
base nenber is a glass substrate. Here, the anode thin filn1layer can be
etched in_an, et.chant gitalnln oxal.ic aci The cog entratlo xal i.c
of b

acid is 110 20 Wt o & agleous” trLHSpare” Ferabry 7% 6 61WF 5-0f - 20

he aqueous” sol ut1on

the aque%%dfl?lln"g}!:ga?far}qrycebxﬁr eLabhy &i?aglwg‘}é%C% es&i%k?%ﬁtﬂé U.-? t at

or below1l wt% a icient etching rate cannot or ove 20

W% the ofystak %%s%%a|i&d§§hdma@Bmeeu§é§CbE'&@kﬁdra&ﬂoaQQ'h&PW/ @fhd$ in
no danger of corrodlng metal may al so be added. 25 The netal -etching acids

are not Iam) ted® 88Yy0 paBti pukdre 0Ny obyttm be, any dagieds tongoag they
cause no damage on the anode thin filmlayer. A m xed acid o phosphoric

acid, snitgrit acid,.%nd acetic acid can be used yet effectively. The ratios
of nixture of the respective acids are not particularly restricted. 37
Nevert hel ess, suchhapresee tasi et oiven as sufdtiient fetatiosg irat &n edbctimedret al
thin filmand causes no damage on the anode thin filmlayer is naturally

pr ef er abl b Nor Pl t £l @ reEFaneei 6h JViGmposednbrlshBIcoiEent kel ofs
either. Neverthel ess, such 5 concentrations as allow a sufficient etching
rate of thAMABEARLNG HTh 3P PAFaR® ICauskel ol BdfEge fort-theMahade Q%ﬂcﬁef?ﬁrﬁl ayer

are naturall ferabl e hus,. wat er |Iut|on is also sirapl e eeded.
Lkaseymgmger, and then laminatgng a metal thin Iilm layer mag

10 of a metal thin wire thereon; etching the metal thin film layer
in a mixed acid of phosphoric acid, nitric acid, and acetic
acid; and after the etching, performing additional oxalic-acid
etching to pattern the anode thin film layer.

10. Moreover, the present invention is the method of

15 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 agqueous solution, preferably 2 to 10 wt% of

20 the agueous 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 also be added.

25 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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11. An organic EL device US€s an el ectrode substrate for an 10 organic EL
device, the electrode substrate conprising an electrode for driving an
organi c el ectrol um nescence | ayer and a base nenber, the electrode being a
| am nate conprising an anode thin filmlayer of a netal oxide having a work
function above 5.6 eV and a netal thin wire, the organic EL device
i ncluding: the organic 15 el ectrol um nescence | ayer; and a cat hode | ayer
opposed to the electrode. Here, the organic EL device provides the sane
functions and effects as those of the electrode substrate for an organic EL
&t 3 Elhe

devi ce SETTbRg &iyove 521 Eﬁﬁﬁ?iﬁéﬁba v éntt _H%ﬁ%ﬁ%é?i _a%gpect
of a fifth gr Oé‘Qll-le%I %!L n}Yﬁ?h‘ @1 1 lix:nr%%teafsgé%rhgegamgg'es o %hhel_garnoo“@e V‘Ek'ql%nbe

detail ed mainly f enbo e Seen ter. he presen

i nvention { 5,3 sHbstralg 90 an, engan fagkeqeviﬂgﬁ%)ar_g@c%qw L3NG a4 agi nate

of: an electrode for driving the organic electrolunm nescence |ayer descried
above; a itd angRELAton coNEUCthyent iR ifdrd 1) contpé Al NoNERLIrWROX: e, &, 8Bt al
thin wire; and a thin filmlayer of a netal oxide, the | am nate being forned
in thes adeteotrathase memaar,owheseaiff ithieedt higt £h i gl ayee o388-i0é ridvea bet al
oxi de has a work function above 5. 6 eV and a specific resistance of 10E+4
Ccm or hitghen.fThe aedsoauss hhatarnhgework thigneticate afh 51 Bl BY bryarghee
inmproves the hole injection efficiency to organic materials, enhances 5
| umi nescerteutat ensPry f earmd bxt entisupbi f ea tEHedwdrk ifamdtd en 9% darsiezlabky 5.8
eV or higher, and yet preferably 6.0 eV or higher. Mreover, the thin film
| ayer of then®Rf&d-oxi de has a thickness of 1 to 100 nm preferably 5 to 50
nm and yet preferably 5 to 20 ,
11, An organic EL device uses an electrode substrate for an
10 organic EL device, the electrode substrate comprising an electrode
for driving an organic electroluminescence layer and a base member,
the electrode being a laminate comprising an anode thin film lavyer
of a metal oxide having a work function above 5.6 eV and a metal
thin wire, the organic EL device including: the organic
15 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.

20 Fifth group of invention

Hereinafter, the aspect of a fifth group of invention will
be described. This fifthgroupwill bedetailedmainlyina fifth
embodiment to be seen later.

1. Thepresent inventionisasubstrate foranorganicELdevice,

25 comprising a laminate of: an electrode for driving the organic
electroluminescence layer descried above; a transparent
conductive thin film containing indiumoxide; ametal thinwire;
and a thin film layer of ametal oxide, the laminate being formed

in this order on a base member, wherein the thin film lavyer
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nm |f the ThTCRNESS of "The thin filmlayer is 1 nmor snaller, 10 the thin
filmlayer may not produce any effect . If the thickness of the thin film

| ayer is 100 nmor greater, the inter-anode resistance of the thin film

| ayer decreases, possibly causing crosstalk. The areas of the el ectrode
substrate for the thin filmlayer 15 to cover are a display area and/or a
wWring area. An external electrode outlet may or may not be covered. 2. The
present invention is a substrate for an organic EL device, conprising a

Lani nat e (0f  an, l gety0dg. fof. driykpg:Lhe: obgaNl ¢, ool ectrol yinescence, ) ayer

descri ed abové; a neta ransparent conductive m

containiqggﬂgﬁé?%gﬁ% e o g Qé“ﬂé}iﬁ#gﬁ%gyer of the nmetal oxide, the

| am nat e bel ng in this order ase nmenber, wherein the thin film

layer of the nethalr&xddiei Banaa w8 kokuaidan abeye 5 & eV ranthe rdi BPEETES C
resi stance of 10E+4 Qcmor higher. 25 The present invention is the invention

set forthkhen Hobbouejecthencoaff jutahton tef abgahi¢smahardedsi,n enldetced hat
is, the order of lam nation of the transparent conductive thin film

cont ab ni Agmiinediagmaex ildde carsd thyhe amet ektebhids Wife.i sThaverrédfuBwriom ssich a
configuration, the functions and effects of the invention 39 are the sane as
in 1 abowgeErapeypredent ornvednesn 3 1d oiedr aeedsrAddl v % tthat eh&idigr- film
| ayer of the netal oxide has a work function within the range of 10E+4 Ocm
and 10E+8 Ocm MPrRreySteashn thdnihiath L pyeRe e mete Lrusids Bage FRidpEsas acm

't o sidcit 16 LBG; fanest er0Rla: G dl TGRSR JonE™FASTaPaNeR bhchims so
hi gh tha&mihelqokﬁeiP%?E&%%%s?%&iEk%nEXin film layer is 1 nm or smaller,

10 the thin filmlayermay not produce anyeffect. If the thickness
of the thin film layer is 100 nm or greater, the inter-anode
resistance of the thin film layer decreases, possibly causing
crosstalk.

The areas of the electrode substrate for the thin film layer

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

2. Thepresent inventionisasubstrate foranorganicELdevice,
comprising a laminate of: an electrode for driving the organic
electroluminescence layer descried above; a metal thin wire;

20 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.

25 The present invention is the invention set forth in 1 above,
the configuration of which is changed in order. That is, the order
of lamination of the transparent conductive thin filmcontaining
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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may drop. 1047 Thé present Tnvention is characterized in that a thin film

| ayer of the netal oxide |layer has a work function of 5.8 eV or higher. As
descri bed above, the work function is preferably 5.8 eV or higher, and yet
preferably 6.0 eV or higher. 15 5. The present invention is characterized in
that the nmetal oxide contains at |east either one of zinc oxide and tin
oxide. Wth main conponents of indiumoxide + tin oxide type, In/ (In + Sn)
= 0.6 to0 0.98 at%is preferable Yet preferably 0.75 to 0.95 at% 20 Wth
|nd|un1ox |n +_tin _@xide type In/ (In+ Zn + Sn) = 0.6 to
0.98 at %%‘ngpF% erabl 9%& plrle Z)r ab‘? .75 to 0.95 at% Here, at% neans

percents by atom 6, E}%s@necsq%elnw%@lt '19nch§r8B€é§§tz§B' 2gdchac tial theomet al

oxi de contains at | east one type of |anthani de oxide. 25 The content t he

| ant hani de; met abyexd dg ithd oL 50 ak¥icamdhs R &f &F RbF YN itd 40 @ A whEh
respect to the total netal atonms. Yet preferably 10 to 30 at% The reason is

that if tf@hggnbgnuogﬁ4tﬂgﬂagﬁ@ap@gegmﬁ@ﬁ oxide is below 5 at% the
resistance can fall, with a drop in the work function. Mreover, if the 40

contest of the Tanthanidte ettalatoXifde hexeeeds f50 at % sthacki L. 10804 b@eane

i nsul ative, possibly reducing the work function. Here, at% neans percents by
atom As @abhdweern,t the deserablede hats itsHanvst decogpdesi helamdes cudsatmls .

oxi de, zinc oxide, and/or tin oxide, and contains a |anthanide nmetal oxide.
7. The préseaevienveriti dhd srhat dérerezddtianadat s theE+Baktdrari dé hebar , oxi de

is an oxide selected fromthe grou
theresistance ecomeg Elghthattheholelnjectlonetf1c1ency

may drop.

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

As described above, the work function is preferably 5.8 eV
or higher, and yet preferably 6.0 eV or higher.

15 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%.

20 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
0.85 at%. Here, at% means percents by atom.

6. The present invention is characterized in that the metal
oxlde contains at least one type of lanthanide oxide.

25 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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consi sting of cerium oxide, praseodym um oxi de, neodym unoxi de, 10 samarium
oxi de, and terbium oxide. 8. The present invention is characterized in that
the netal thin wire contains at |east one selected fromhe group consisting
of Ag, Al, and Cu. The netal thin wire is desirably nade of nmetal having a
specific 15 resistance below 10 Gcm The use of Ag, Al, and Cu is
particularly desirable. 9. The present invention is characterized in that
the metal thin vvirggcontal ns nmetal having, a work functlon of 5.0 eV._or

hi gher . C9BTEST Phet 85k &30 Na K § P&t ¢ W%*dﬁg?xﬂfsedac’né catwhi ERCafé ldsed as

the mai n_components. of the .netal thin i.ng a wo unctlon of
5.0 eV or% gpher §st ele:‘;Lrgﬁl y aopd%SSlligﬂy ﬁéngcr%rsl ?Yll n\%"en |o% fc

char act gglr%ed di tnlg%% gh erF'cteaﬂtshBZ' g & work function of 5.0 eV or hi gher

cont ai ns oné type or “two or types of netal selected fromthe group

consisting OfsAhodd, iNis @@Sl?gbl@r\%ﬂ £ hASAPOV & 1A i hE1udks 1%11.{31”[{:1 and

Pt are desirably used as the nmetal having a work function of 5.0 eV

hi gher . oknekdentrad byi deeimd soOtharct e, the oFegohag Dﬁlﬁﬁhaﬁ@d@hﬁe&al
preferably added 41 wi thout adversely affecting the performance of the netal

thin wbhkedeExanpl es thereof include such netals as Mo and Zr. Moreover,
whil e the etchant of these netals is not limted to any particular one, it
is desirable Vo sS#eecpramcetchantertthain $scautsesacioe damage ion thet utider | yi ng
transparent conductive thin film An exanple thereof is a mxed acid of
phosphotip@tagind de geetied ki de- 1hi @ coaefd. sl depdalflnpm sup$ oAk vEc d,

polysulfonic acid, and the |like may be added to this m xed acid.
consistingof ceriumoxide, praseodymiumoxide, neodymiumoxide,

10 samarium oxide, and terbium oxide.

8. The present invention is characterized in that the metal
thinwirecontains at least oneselected fromthe groupconsisting
of Ag, Al, and Cu.

Themetal thinwireisdesirablymade of metal havinga specific

15 resistance below 10 pfdcm. 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.

20 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

25 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
the metal having a work functionocf 5.0 eVor higher. Incidentally,

metals other than the foregoing ones are also preferably added
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The metal |ayer nmade of this netal thin wire need not be a 10 single |ayer.
The netal |ayer may be sandwi ched between different netals. Exanples of the
different nmetals include such netals as Ti, C, M, In, and Zn. Concrete
exanpl es of the nmetal thin wire sandwi ched between different netals include
Ti/A/Ti, C/A/C, M/A /M, In/fAI/Tn, 15 Zn/A/Zn, and Ti/Ag/Ti. 11. The
present invention is an organic EL device conprising: the electrode

substrate for an r%aniﬁ EL %evi ce set forth_ in any of 1 to 10 above; a
cat hode "4yt ARV ahS 6l gafifd S8t 9 ot Ui hiesEepRE MSaydy FhFo Ml Giheh

organi c_EL device. provid t he sape functions and ffects,as_those of the
el ect ro&'talrseu'bstér:%?rgp?gfs %r%]leorr%%ﬁi %nEtLLu eeviscueChdrélggraﬁbseda Saé\g)?/e‘.’ngr iszévT'

Descri pti on oho&%%.v@rewiw@gﬁeﬂéh@ 8rchah 8rdiagcam,shown sansa@birfmiﬂ%qhto

shows the conpositions sputtering targets In practical exanples

1-9 and(conpar akirte cue%amBhes 1t1lit0ads3rabig- 4 Ls1a-di agramishowi ng.a table
whi ch shows the characteristics of conductive thin filnms fabricated by using

the 542 spildseh b RGniaafedeh $ neNut der Dy 86§ itGaln spsaplesodddct ovd thiangi the
conparative exanples 1-1 to 1-3; Fig. 3 is a sectional view of an organic EL
devi ce iam axamgboditentéo?- 1s & il ged4at$daoseshbepalo niiew cifd an aaregaind ¢ EL
device in an enbodinent 2-2; Fig. 5 is a sectional view of an organic EL
devi ce iatiah- ehbodicneat d2- 3 Inkigledt 4§15, seel fondlc acew, of oan serldanmi icc EL
device in an
acid, and the like may be added to this mixed acid.
The metal layer made of this metal thin wire need not be a
10 single layer. The metal layer may be sandwiched between different
metals. Examples of the different metals include such metals
as Ti, Cr, Mo, In, and Zn.
Concrete examples of the metal thin wire sandwiched between
different metals include Ti/Al/Ti, Cr/Al/Cr, Mo/Al/Mo, In/Al/In,
15 Zn/Al/Zn, and Ti/Ag/Ti.
11. The present invention is an crganic EL device comprising:
the electrode substrate for an organic EL device set forth in any
of 1to 10 above; a cathode layer; and an organic electrocluminescence
layer.
20 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
25 Fig. lisadiagramshowinga table which shows the compositicns
of sputtering targets inpractical examples 1-1to1-9andcomparative
examples 1-1 to 1-3;
Fig. 2 1s a diagram showing a table which shows the

characteristics of conductive thin films fabricated by using the
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10 enbodi nent 2-4; Fig. 7 is a perspective view of a vacuum evaporator in an
enbodi nent 2-5; Fig. Bis a sectional view of the vacuum evaporator in the
enbodi ment 2-5; 15 Fig. 9 is a diagramfor use in explaining nmeasuring points
on a substrate; Fig. 10 is a sectional view of an el ectrode substrate in the
present enbodinent; Fig. 11 is a sectional view of an organic EL device in
the 20 present enbodinent; Fig. 12 is a series of sectional views of the
process for fabricatiqg the el ectrode substrate |n tTe present engodknent;
Fig. 13 SR ST Iritf 99T 2w of TN RY2Ct ottt SXv8Prafel Th tHel prégenthe
enbodinent; 25 Fig. 14 is sectional yiew of an organic EL device in the
present%ﬁﬁﬁﬁﬁ%ﬁﬁﬁ% ?ﬁ%ﬂpﬁééig %.%%rieg’of sectional views of the process for

fabricating t | ectyod - i,n .t he pres Hodj -+ Fi is a
secti onal vie&ﬁ" é% %?e%t?gggaéﬁ gt&&?& %g fﬁé%ﬂkgﬁggggggﬁgéﬁ%%gi%%n%? Fi g.
17 is a sgeddenade view of another type of electrode substrate in the present

enbodi nent; Fig. 18 is a sectional view of an organic EL device in the 5
presgnt enbodiment ;4 and ki gectlohsiavdeagamashandhiheechesicat far gl ae of

vari ous substances. Best Mdde for Carrying Qut the Invention 10 Hereinafter,
enbodi mentsodifmdrite present invention wll be
Fig. 5 is a sectional view of an organic EL device in an
embodiment 2-3;
Fig. 6 1s a sectional view of an organic EL device in an
10 embodiment 2-4;
Fig. 7 is a perspective view of a vacuum evaporator in an
embodiment 2-5;
Fig. 8 is a sectional view of the vacuum evaporator in the
embodiment 2-5;
15 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
20 present embodiment;
Fig. 12 is a series of sectional 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;
25 Fig. 14 is a secticnal 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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described in the concrete wwth reference to the drawings. Incidentally, the
reference drawi ngs schematically show the sizes, shapes, and arrangenents of
t he individual conponents to an extent that this invention beconmes apparent,
the ratios 15 anong the individual parts being different fromin actual
devices and the like. Hence, this invention is not limted to the shown
exanpl es alone. In the drawi ngs, hatching for showi ng a section nay

soneti mes be mttq?)d . G qup of enbodinments 1 20 Hereinafter, a group of
embodi M o oS EHE % ent i nvention will be described with reference to
the draw ngs. J.n t resen i - indi ide,..zl.nc. pxi tin
oxi de powders Elvxlglreq?‘l glesg ?ngﬁgggggéﬁg%g %(r}oléomfag&?loe%s.tylzﬂn@a%%i %?%%Fggge

pr edet ergfingd- AUY Qe Gord LM 0X 48,4 SR | um oxi de, europi um 25 oxi de,
terbi um oxi de, or bisnuth oxide powder was neasured and m xed therein as a
third conponenti.q Thigs i %t WeetWasadr Que¢d of anWwekgaghtnder 4Eor c48ihours, and
then dry granul ated and press nolded before it was sintered at 1380-1480C

i ntosa irdserad aimdddimeent ;Thasdsi ntered article corresponds to an exanpl e of
the sputtering 44 target in clainms. Mreover, when the mxture is of indium
oxi de and zi nd'igxi d8,1is ia dtegtanrsfeohiexagbreathénayes éd conpoam e fcoapi ©ss ng

i ndi um oxi de and zinc oxide (1 n203 (ZnO m where mis an integer of 2 to
20) . Forulsstamsteghce, in practical exanples 1-1 to 1-6 to be described |ater,
the inclusion of such a hexagonal |ayered conpound conprising indium oxide
and zinc oxide (1n2G3(ZnOm where mis an integer of 2 to 20) seens to
achieve a further reduction in resistance. Thjs sintered article was cut into

a 4-i ncP¥s: fRYY Har@ M ch Wes HoRRY %Y metal indiumto a backing

p'aHS of Oxyg%ﬂégéfﬁéfter, embodiments of the present invention will be
described in the concrete with reference to the drawings.
Incidentally, the reference drawings schematically show the
sizes, shapes, and arrangements of the individual compcnents
to an extent that this inventicn becomes apparent, the ratios
15 among the individual partsbeingdifferent frominactual devices
and the 1like. Hence, this invention is not limited to the shown
examples alone. Inthedrawings, hatching for showinga section

may sometimes be omitted.

Group of embodiments 1

20 Hereinafter, a group of embodiments 1 of the present invention
will be described with reference to the drawings.

In the present embodiment, indium oxide, zinc oxide, and tin

oxide powdersweremixedinpredeterminedproportions. Inaddition,

a predetermined amount of cerium oxide, samarium oxide, europium

25 oxide, terbiumoxide, 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.

Thissinteredarticle corresponds toanexamplecf the sputtering
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copper to constitute a sputtering target. In the present patent, the
sputtering target, such as a sintered article, bonded to a backing plate
will also be referred to as a "sputtering target."” in the present enbodi nent,
a plurality of types of sputtering 15 targets having different conpositions
were made. The table of Fig. 1 shows the conpositions of the respective
sputtering targets of the plurality of types. [Practical exanples 1-1 to
1-5] As shown in the table of Fig. 1, practical exanples 1-1 to 20 1-5 are
exanpl est#h8FE tith ©k#&BSi's 0 in ratio. The practical exanples 1-1 to 1-5
are, then, sputtering targets having indium_ of approximately 93% by atom and
zi nc of approx¥%?%?’§r17‘%%’y%h§t18h¥g%?elst ﬁét“ilﬂ“tuﬁé)xt @ngfzwﬂ?ﬁ.o’)]g,det'he
composi 11 on ratlos JOf Ladhimy ZL0ey AndLin,. a8 s evident; firom the,shown
expressi ons. 257 are oned W th-res§pectt 6 the “t ot &~ Edm of 3 Adium” ZIME'S and
tin, not . W T £S tt z o erl t ar . In
t he prac??§§$”§§§%ﬁﬁg gﬁ%?lgqgggghtgﬁﬁkﬁggqgﬁgﬂn%n%gg%g?#i%1E%E?Hé pgggir IS

further added {Q the compesichiionhayiag i ndiwymak £ 4% LRR50X; MRIEL) ¥ 83% by
atom and zinc of approximately 17% nenti oned above. As a result, the

sputteripget ahgetusaford her pract iLale x £xanRle1 3yE reentdinso &8l | &b €8 i@ly 3% by
atom In the practical exanple 1-2, a predeterm ned anount of cerium oxi de
powder i snHuttthek iaddacid e iinndbwhdef (apprexzmat)el y o dyn iat am andegienc of
approximately 17% nmenti oned above. As a result, the sputtering target of the
practi cabfexanplld )1s2egonttal ashicere umf@Ceohexf 694 byt avoninlmes hetpnaet.i cal
exanple 1-3, a predeterm ned anount of 10 samari um oxi de powder is further
added to indi uRhbf apprexe¢deeticle was cut into a 4-inch ¢5-mm(t) plate,

10 which was bonded by metal indium to a backing plate of oxygen-free
copper to constitute a sputtering target. In the present patent,
the sputtering target, such as a sintered article, bonded to
abackingplatewillalsobereferredtoasa "sputteringtarget."”

In the present embodiment, a plurality of types of sputtering

15 targets havingdifferent compositions weremade. The tableof 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

20 1-5 are examples where tin oxide is 0 in ratic. 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 shown expressions,

25 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 compcsition having indium of
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93% by atom and zinc of approximately 17% nenti oned above. As a result, the
sputtering target of the practical exanple 1-3 contains samarium (Sn) of 5%
by atom In the practical exanple 1-4, a predeterm ned amount of 15 europium
oxi de powder is further added to indium of approximtely 93% by atom and
zinc of approximately 17% nenti oned above. As a result, the sputtering
target of the practical exanple 1-4 contains europium (Eu) of 10% by atom

As ab oAt ol ; ' ' o i
Shoxe AR o I 58] SRR, L SAELAT, PR UL

shown 20 exanpl es say, ant han

al so be yged;e | natdhe; practigal ﬁﬁé”Eb%t%é%iﬁbpEQQ%%@“Eﬁth@mﬂﬁgcfﬁc§iS"Uth
oxi de powder i's further added to indium of approxirmately 93% by atom and

zinc of appymxiaatehy kit aenti ered BPoVEe ) Asra el tatdm.the sputtering
target of the practical exanple 1-5 contains bismuth (Bi) of 6% by atom
[Practical exanpl ese bradto dax19éxA8p3baw? i 8 pdileldtaiine rofd Ehgunt, o Acpraaii cal
exanple 1-6 is an exanple where indiumoxide, zinc oxide, and tin oxide
powdebs ob6ldr ep@atdenr xedf ufihee praddedat o ekediplre 4f 6apsraxspateeyi Ag3t Ayget
havi ng i ndium of approximtely 89% by atom zinc of approximtely 6% by
atom aratan @nof zApproXianR PGV by di igneAtpooget ebpivaed Asoume il s,

haf ni um oxi de powder is added further. As a result, the _sputtering target of
t he practfi@l SeRAkpIre NI 6~ 2bALEI RS HdfThi RARCEHER lofe S9aBycatorh Rpratifcal
exanple 1-7 is an exagﬁée where zinc oxide is O in ratio. Then, the exanple
is a mxtWFerOP ih&lufifox?8ePEnd@ M tin oxide. The practical exanple 1-7 is

a sputtering tgﬂget

the practical example 1-3, a predetermined amount of
10 samarium 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 1-3
contains samarium (Sm) of 5% by atom.
In the practical example 1-4, a predetermined amount of
15 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
contains europium (Eu) of 10% by atom. As above, 1n these
practical examples, cerium, samarium, and europium are shown
20 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,
25 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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havi ng i ndi um of approxi mately 91% by atom and tin of approximtely 9% by
atom A predeterm ned anount of tantalum oxide powder is added further. As a
result, the sputtering target of the practical exanple 1-7 contains tantal um
(Ta) of 15 5% by atom A practical exanple 1-8 is a sputtering target having
i ndium of approximately 91% by atomand tin of approximtely 9% by atom A
predet erm ned anmount of terbium oxide powder is added further. As a result,

t he sputterigg i?rget of the practical exanple 20 1-8 contains terbium (Th)
of 5% by aFBnflA Priefical exanple 1-9 is a sputtering target of 100% i ndi um
oxi de. A predetgerm ned anmount_ of ceriuym oxide powder is added further. As a
result, the spuf@%ﬁrﬁg(:ttlé:raée%a%?f? &e%%@t? Léftejékré%ﬁaersg#@a‘ééeﬂ 1616{}{% n
cerium ( 9 5 e ttering tar t;hus: o) sed in
an RF maoat: RR e e PR e LB B B T Y R ENE ¥ 056
from Cor 0h A0y i hNGr )a @b & Rl y8f W ene kerePhihgl-alie dd 4im SUaskhale «f am

Toray Industries, Inc.” The table of Fi'g. 2 shows neasurenents on the physical
47 prapertbesiin t BRibkI npéibee fabrkeated thushethe tabl esshewyuin, khe 2
is one showi ng the values of the transparency and work functions of

conduct i veplitltrs, i ndne acoyetuetfi veefprastheiznge xhabricatéd-byt asinmghaieium
sputtering targets of the foregoing 5 practical exanples 1-1 to 1-9 and
conpar ati v8fexarpl®s Uylatem.1-3. This table al so shows the physical
properties of the sputtering targets thenselves in the foregoing practical
exanpl es 1-1 toAIPDaghice heexdnphe ati Ve eranpkesrisivhere-3inendxide1is Gas
shown in this table, the sguttering target of 10 the practjical exanple 1-1
has a denéptyaBFOG.Gﬁh%mcc BRdexapiR ke 1s a mixture of indium oxide and

10 tin oxide. The practical example 1-7 is a sputtering target
having indium of approximately 91% by atom and tin of
approximately 9% by atom. A predetermined amount c¢f tantalum
oxide powder is added further. As a result, the sputtering
target of the practical example 1-7 contains tantalum (Ta) of

15 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.
A predetermined amount of terbium ocxide powder is added further.
As a result, the sputtering target of the practical example

20 1-8 contains terbium {(Th) of 5% by atom.

A practical example 1-9 is a sputtering target of 100% indium
oxide. A predetermined amcount of cerium oxide powder i1s added
further. As a result, the sputtering targets of the practical
examples 1-9 each contain cerium (Ce) of 6% by atom.

25 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
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resistivity of 2.3 mbcm The thin filmfornmed on the glass substrate by
using the sputtering target of this practical exanple 1-1 exhibited a
resistivity of 960 2 cmand a transparency of 89% Besides, the work
function was 5.72 eV. 15 As for the etching characteristic, residues were not
observed at all. Moreover, the thin filmfornmed on the filmsubstrate by
using the sputtering target of this practical exanple 1 exhibited a

i sti Vit f > _ : . 870 Besi .
Funct i on s 8 S bE e M SRR PR BR R S ille PR RRITRT 8 were
measur ed piby. the § e Robei ABt bad (harest & ¢ fipm M 4 suBishi, Retypehesd cal

Co., Ltd.).” Moreover, the transparencies were transmttances "at a wavel ength

of 550 nmurnlhei ¥@Ek SUnebnans twere meRasWy,edthby Andubt 9meR KemmKeiddi K®.
Ltd. For the etching 25 characteristics, the mark "double circle” in the

tabl e mearnoated dye wtiad | thehepmmrde ' thg ct et gleittd | @f r esedde,r drel mar k
"triangle" a slight anount of residues, and the mark "cross" a |arge anount
of reSi dpexmnorithatertubileg Wasl itmpdssi Bred chimepasane val sexarg dss forl the
followi ng descriptions. 48 In the practical exanple 1-2, the sputtering
target hds h dBR&Pt y Tl ®. 7isg chrandl AhBulbdh ¥es¢atli wnopoft 087 ofodhe The
thin filmformed, on the glass substrate by using the sputtering target_ of
this practREateekafpl e2192texnibrPeg ld Gesist i 9%?y 5oprIrasy 4PFaGh Y a

t 90% _Besi th k__functi 5.62 eV. As for t

el ahi hg ATABELBF1 LTRot Hasl AL Yt AP aBLar/od AT BLFS orsdvorl” { ne
thin film f the fil trate. i tering. target . of
hi & practi cal RY4npe . 2%eRhAN A 4 ot IV (3 o PRS80" 1050 BV ARG S

transpar engy s 89%;: Besidgsie the wrk Justd o, of 6.62 g/cc and a bulk

resistivity of 2.3 mQ-cm. The thin film formed on the glass
substrate by using the sputtering target of this practical
example 1-1 exhibited a resistivity of 960 pQ2-cm and a
transparency of 89%. Besides, the work function was 5.72 eV.

15 As for the etching characteristic, residues were not observed
at all. Moreover, the thin film formed cn the film substrate
by using the sputtering target of this practical example 1
exhibited a resistivity of 980 pQd-cm and a transparency of 87%.
Besides, the work function was 5.55 eV.

20 Incidentally, theresistivitiesofthethinfilmsweremeasured
by the four probe method (Loresta: from Mitsubishi Petrochemical
Co., Ltd.}. Morecver, 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

25 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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was 5.93 eV. In the practical exanple 1-3, the sputtering target has a
density of 6.76 g/cc and a bulk resistivity of 1.03 nOcm The thin film
formed on the glass substrate by using the sputtering 15 target of this
practical exanple 1-3 exhibited a resistivity of 750 4Qcmand 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 op the filmsubstrate hy using the sputtering target 20 of
this practical éRahpPePI2stéshilpiStddPa S dsist iVt ysPdetT%megOctrﬁ%ﬁ?ot g“as a
transparency of 87% Besides, the work function, was 5.9 . ln the

practi cal Eﬁér’rﬁlyeof- E,‘gﬁhé’/é:ﬁulaflé]r ien g dr §& lﬁ&slv&tyd&fsi%[&\éof“ggi A g/'AE and
a bulk resistjvyit . T [ filmfo 0 h -
substr at e%%l;%ugllrl\él ?%g%se;auftq%?}jﬁgg%%ge u%%irﬁitsemﬁwagtg?ggl QB%aﬁB?Lé%%-s%“g

exhi bi teda sl 4 WH Vs Oé/ré@Qic%lch act fanspangney: Of $9% sBesiides,y the
work function was 5.78 eV. As for the etching characteristic, residues were

not obserwed jafs @l Lo . Mar 6Q¥eTa thenthiardidn beroed onghe dibm +42 suhstrate
by using the sputtering target of this practical exanple 1-4 exhibited a

resi stivi ttyinaft 60 @aem And2a etr angaparfency take 88%h Basgi desgrabeewdrsk ic,
function was 5.73 eV. In the practical exanple 1-5, the sputtering target has
a b5 densirepiagfuds 98egbcacandlasbulkdr edi st1Vit yMofeOv8Z ,nCcime Then tthilmfilm
formed on the glass substrate by using the sputtering target of this
practi cal fexamsl eorl- Bhexiildinm exilas Eegitst vy tysing 886 GIH GRer angr 4agEE@tency
of 87% Besides, the work _functign was 5.63 eV. As for the etchin
char act er Pdt t8 151 @536 Hees FEPBPASt los&XfeP htedl # . rabt 86v e t it H’gf RSP fi1m

10 uQ-cm and a transparency of 88%. Besides, the work function

was 5.93 eV.

In the practical example 1-3, the sputtering target has a
density of 6.76 g/cc and a bulk resistivity of 1.03 mQ:-cm. The
thin film formed on the glass substrate by using the sputtering

15 target of this practical example 1-3 exhibited a resistivity
of 750 pQ-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

20 of this practical example 1-3 exhibited a resistivity of 810
p€2-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 mQ2-cm. The thin

25 filmformedonthe glass substratebyusing the sputtering target
of this practical example 1-4 exhibited a resistivity of 460
uQ-cm and a transparency of 839%. Besides, the work function

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

not observed at all. Moreover, the thin £film formed on the £ilm
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formed on the filmsubstrate by using the sputtering target of this
practical exanple 1-5 exhibited a resistivity of 960 COcm and a transparency
of 87% Besides, the work function was 5.61 eV. 15 In the practical exanple
1-6, the sputtering target has a density of 6.95 g/cc and a bulk resistivity
of 0.96 ncm The thin filmformed on the glass substrate by using the
sputtering target of this practical exanple 1-6 exhibited a resistivity of
670 Ccm and a transparency of 88% Besides, the work 20 function was 5.62 eV.

As for thRIREERPNS chir HEt&S sthe, SPHRELSHEsI whre IFdt obsé&Pvéd Raafical
Moreover, the thin.film fo d on the fil m,substrat usi the sputterin
Vo oot e PRPe S T car eI £ AT e R e e B, AT 5o e ang
a transp f 9 j dles, - war.k ct] ) ey. -hn e
practi ca?{gggﬁﬁggeﬁ?ﬁ ﬁ? é;bbttée??ﬁggtsér E:]tgl% ﬁ“’é’gﬂ‘a g@é%@??g ‘8256. 93 39;5572 and

a bulk resistivifyrQf fr42¢FERM eIQﬁﬁlEthSf,i Lef %@%qeg@n%h%a@g%%s meubstrate

by using the sputtering target of this practical exanple 7 exhibited a

resi sty vi &¥HS§Q%OBf5éQ9@?Véeda§dt Lapspar easysef v89% oBesi desmci-hgy Worrk e
function was 6.20 eV. As for the etching characteriStic, residues were not
observed ahial filibfeoner, ohhehéhiedslanbsoraed on dhengit e siubst £ ate nlay
using the sputtering target 5 of this practical exanple 1-7 exhibited a
resistivityrgketh4d t@cim andaat tcanspareencye of - 888&xhBesitdes ,a triwes it kviituyct i on
was 6.17 eV. In the practical exanple 1-8, the sputtering target has a
density off688D gilccancirad bal kreesipstriantcy off B06. nBasifkes, 1tth¢ hhiworfki | m
formed on the glass substrate by using the sputtering )

function was 5.63 eV. As for the etching characteristic,

10 residues were not observed at all. Moreover, the thin film
formed on the film substrate by using the sputtering target
of this practical example 1-5 exhibited a resistivity of 960
u€d-cm and a transparency of 87%. Besides, the work function
was 5.61 eV.

15 In the practical example 1-6, the sputtering target has a
density of 6.95 g/cc and a bulk resistivity of 0.%6 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 ufd-cm and a transparency of 88%. Besides, the work

20 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
pu€l-cm and a transparency of 88%. Besides, the work function

25 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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target of this practical exanple 1-8 exhibited a resistivity of 840 Ocm and
a transparency of 89% Besides, the work function was 6.20 eV. At the tine
of etching, residues were not observed at all. The thin filmfornmed on the
filmsubstrate 15 by using the sputtering target of this practical exanple
1-8 exhibited a resistivity of 860 Ocm and a transparency of 88% Besi des,
the work function was 5.61 eV. In the practical exanple 1-9, the sputtering

target has nsity of 6.78 g/cc and a bul k resistance of 2.8 m Th
L 20 TP EmPAor A 6R ene’ gt SsE BaBSERISY by Fudiy | Hee SpAcer I (4PE& of
this practicalcexamles1ed Axhivitehd Fesi Sty Exc@lfir;l%5@ha%“e@@fii§tic,
transparency of 89% Besides, the work function was 5.68 eV. As for the

et ching cha¢actigeissticre r@stdues arered Aot aghser ved-advakl, . thhe dhin Eilm
formed on the filmsubstrate 25 by using the sputtering target of this

practical exampHe oh Xhexhibint edbas trestst byi iy iofg 1458 Spmtard iandg ransparency
of 88% Besides, the work function was 5.66 eV. \Wen eval uated for

crystabl i nnfythhsopgh cdni o ¥ agxampllysils,’ exfteilt hi adf Rl mesdfsttheseyppactral
exanples 1-1 to 1-9 showed no 51 peak, confirmng that all were anorphous.
As descri he@ - abowed s&cdordi sgatrenicclyesd rfdct i ¢ s egampl éhe wWark sfpossibhe to
obtain a conductive filmof high work function while maintaining high

t ranspar entys 5-NxteVthe three types of conparative exanples were al so

sputtered into thin filns as,in_the foregoipg actical exanples. Then, the
physi cal properti2stdf Pﬁ%c?b?ﬁ%defﬁWﬁi?lﬁﬁg'aE SaPEBTTERGRA TATERE 0ABI @ of

S 2, foatheth B Beo ol ol B g 7 LlE SRULLLLng. ar et B e 10
10 thin film formed on the glass substrate by using the sputtering
target of this practical example 1-8 exhibited a resistivity

of 840 pQ-cm and a transparency of 89%. Besides, the work

function was 6.20 eV. At the time of etching, residues were

not observed at all. The thin film formed on the film substrate

15 by using the sputtering target of this practical example 1-8

exhibited a resistivity of 860 pQl-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 ¢f 2.8 mQ-cm. The thin
20 filmformedon theglass substratebyusing the sputtering target
of this practical example 1-9 exhibited a resistivity of 1250
pQ-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
25 by using the sputtering target of this practical example 1-9
exhibited a resistivity of 1450 pfd-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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resistivity of2.5nm0cm The sputtering target of this conparative exanple 1-1
was used to forma thin filmon the glass substrate as in the foregoing
practical exanples. This thin filmwas 380 Ccm in resistivity and 89%in
transparency. The work function was 5.22 15 eV. As for the etching
characteristic, residues were not observed at all. Mreover, the sputtering
target of this conparative exanple 1 was used to forma thin filmon the
filmsubstrate as in the foregoin practical exanples. This thin filmwas
420 [M cm PRaKesFSRfYIrTyNIahba88ed ilnWEr&nSPRrENSYS -Besi des, the work function

was 5.18 eV. 20 Then, the sputtering target of the conparative exanple 1-2
has a density ofA%.%%S%%’%egr%P%V%ul%%lg 59 vig ﬁtﬁs%.ﬁf@c&é&ﬂl SHgples,
sputtering,£ar§et of.tfis conmparative_ ex

gt T

le 1-2 d, to f t.hi
PPl on fhit ot d5eodriel s A 13 e e AR R e i el
t hi fil 70_¢ M. i Lat Lvi 90% i t . Th k
fuhgtiLnn;ﬁ§§héang@Fggg&H?gﬁigﬁeké?gﬁpégeg% factel?st{g?sga[gpgg annﬁnrngf

residues were OﬁéQEYGQH@“ﬂHEége€§H9§dth%dﬁﬂgﬂéﬂlvéﬁ%ﬁﬁﬂﬁlestQ%r%p%ﬂéﬂing
target of this conparative exanple 1-2 was used to forma thin filnon the

film substgatetaselnthes ff BYG NGRS act i aat h@xewd @5ing & A iscd higk Sdd1manas
680 Ccmin resistivity and 89%in transparency. Besides, the work function
was 4. 88 eYheblhr eheeph yshe adpptriogrd ngi ¢ arget- haf fiohenexbmparatfiivenexarphé sol- 3
had a density of 6.90 g/cc and a bulk resistivity over Mxm 5 The

sputteri ngshamwgetiroftlidi sabdmparfative. eXanple 1-2 was used to forma thin
filmon the glass substrate by the rf magnetron sputtering nethod as in the
f oregoi ng practi&alslhexgnplresheThalle (i Hifi.| n vidte cwerttDicw tarpesi st ithay
and 8906 in transparency. The work function was 5.58 eV. As for the etching
char acttri §9WE§I@81§€C FAgPdSul a0 hota e dofes ithe ot chihy BEFRgaNAPEsSTWIke.

resistivityof2.5mQ-cm. The sputteringtarget of this comparative
example 1-1 was used to form a thin film on the glass substrate
as in the foregoing practical examples. Thisthinfilmwas 380puQ2-cm
in resistivity and 89% in transparency. The work function was 5.22
15 eV. As for the etching characteristic, residues were not observed
at all. Moreover, the sputtering target of this comparative example
1l wasused to formathinfilmonthe filmsubstrate as in the foregoing
practical examples. This thin film was 420 pQ-+cm in resistivity
and 88% in transparency. Besides, the work function was 5.18 eV.
20 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. Thisthinfilmwas1l70puQ-cminresistivity
25 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

filmonthefilmsubstrateasinthe foregoingpractical examples,
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Mor eover, the sputtering target of this conparative exanple 1-3 was used to
forma thin filmon the filmsubstrate in the sanme manner. This thin film
was over Mxmin resistivity and 88% in transparency. Besides, the work
function was 5.55 eV. 15 Thus, as can be seen fromthe contrast between the
practical exanples and the conparative exanples, any of the sputtering
targets of the practical exanples have a work function of 5.50 eV or greater
in value while maintaining a transparency of 87% or higher. Consequently,
when or gaht €S ELEeRi delslBr "5rafite pHOsphbr édcert 120 ey | iagii @?%’\%ttilﬁg
devices are fa? i_cat ed byngéggssuqh1thin fi-l ns..as. _shown hnB%p%i racti cal

r
exanpl es of 't 35%&§¥ﬂu ctrddes‘?H@?%%ff%ﬁ?%%?%ogg?blé to obtain

devi ces of inpr | e 4 0j i f 0
enbodi nents 1 Zbgcy%mé%s)’cﬁ%ée]d%ﬁ)ﬂo%%{a gtcsjarr ng toxth%ecggggg{a%g&et fﬁgafaprlgt
group of-t I i gngnt J j .al I .hani des
and hafnihﬁ?ﬁﬁ e§§?ghgégﬁfgkegfgop gs?g%hg%{?2%3%5?%%?#%%&%@??35 4 |H%kﬁ

hi ghers wor ke faingt ter 1wy ke rgpd i RiNG Lodshad €N6¥. e ASmpa o €5l {asaggendi ng
to the present invention, it becones possible 53 to obtain organic EL

devi ces and H¢gana ctiphnsphomesaenhe ypes buphit rené th ng tevt £esa @fie t BPRHOVeEd
hol e injection efficiencies. Goup of enbodinents 2 5 [ Enbodi nent 2-1]
Initiallyspwtthrriefenented asAy thd fdesgaiptd pmawitdiche egiargml enf afihis
enbodi ment 2-1 according to the organic EL device of the present invention.
Fig. 3 isthiseCtinnas vivew B2 arm omgaasé sEL vdew ead 806.1As reltewe ranthi.s
diagram the organic EL device 100 has 10 the structure that an anode | ayer
10, an or §RRICTRAPRESSHT WaSaYer 8 B, - arftP 4°Cat ho G ARy Che i T $ahPhated on

a suqﬁraégching could not be done, the etching being impossible.

Moreover, the sputtering target of this comparative example

1-3 was used to form a thin film on the film substrate in the

same manner., This thin film was over MQ:cm in resistivity and
88% in transparency. Besides, the work function was 5.55 eV.
15 Thus, as can be seen from the contrast between the practical

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

20 type light emitting devices are fabricated by using such thin
films as shown 1in the practical examples for transparent
electrodes thereof, it is possible to obtain devices of improved
hole injection rates.

Summary of the group of embodiments 1

25 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 to thepresent invention, it becomes possible
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(not shown) in succession. Hereinafter, description wll concentrate on the
anode |l ayer 10 and the organic |lum nescent |ayer 14 which are the
characteristic 15 parts of the enbodi ment 2-1. The configuration and form ng
met hod of the rest of the conponents, such as the cathode |ayer 16, wll he
described in the briefest form As for parts that are not nentioned, various
configurations and form ng nethods generally known in the field of organic

EL devi ces naé be 20 enployed. Incidentally, in the enbodinent 2-1, the
anode | ay&f 2Btpen ﬁ%ﬁ??ﬁcdﬁhﬁﬁﬂﬁﬁgeﬁfa@?oﬂﬁgﬂpfCbPW&%PQ%ﬁ?EHQqu type

her ei nafter. referred to.collectively a roup A) and group.B-1 or, B-2
Con e WP P BT e dBS Faruh e ret e bF et b S aith by L 5 e e
descri bed bel ow. Neverthel ess, the cathode | ayer 16 may be made of the
foregoi ng i norgani c conpounds when the work functions of the foregoing

i norgani ¢ conpogpdg,ape LRpdeiRdqREl ow 4.0 eV in value. (1) Constituent
mat eri al s of theanodetayer—10—54 The anode | ayer 10 of the present

embodigrent 2-1 adppbyigkhken-ithe constitution of containing an inorganic
conpound of the following group A-1 and a conpound of the group B-i in
conbi nation or thetieonstidikh esfefcaesttad RiBY HNdeBOFGpALGnGANPOYAdyBfert he

followng 5 group A-2 and a conpound of the group B-2 in conbination. Note

that theodarbenatdomsnof24necgandtnganpbdinds gahitthel geotperefl tard rassmpounds

of the group B-1 and the conbi nations of inorganic conpounds of the group

A-2 and conpeohdsnef Fhe.gPolp B-2ehivenaslonst @werf appi nygeoipobhdde vIGeG oup

A-1: chal cogeni des, oxynitrides, or nitrides of Si, G, Sn, Pb, Ga, In, Zn,

cd, and M3OU. As shown in this diagram, the organic EL device 100 has

10 the structure that an anode layer 10, an organic luminescent

layer 14, and a cathode layer 16 are laminated on a substrate
{not shown) 1in succession.

Hereinafter, descripticon will concentrate on the anode layer

10 and the organic luminescent layer 14 which are the characteristic
15 partsof the embodiment 2-1. The configuration and formingmethod

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

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
20 employed.

Incidentally, in the embodiment 2-1, the anode layer 10 is
made of compounds of group A-1l 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

25 described below. Nevertheless, the cathode layer 16 may be made
of the foregoing inorganic compounds when the work functions
of the foregoing inorganic compounds are rendered below 4.0

eV in wvalue.

(1) Constituent materials of the anode layer 10
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G oup A-2: chal cogeni des, oxynitrides, or nitrides of Ge, Sn, Pb, Ga, In
Zn, Cd, and My; Goup B-1: chal cogeni des, oxynitrides, or nitrides of 15

| ant hani des; and Group B-2: chal cogeni des of |anthani des. The conpounds of
two types, the group A and the group B, are thus conbined because it is
difficult, as described above, for either one (group A or group B) of
conpounds (organi c conpound or inorganic 20 conpound) alone to increase the
val ue of ionization potential effectively. Specifically, it is difficult to
i ncrease the iBhezatidmlpgeent( alf thoe pakses tatrolved 5m8ne\2-1Cadspgaearttihgr t he
i norgani ¢ conpounds of the group A-1 and the conpounds of the group B-1, or
t he i nor gghEcxmHiduds ot £ Cratalb igocupl Ao rdand crasamreomsbahds eofo t e igrdup
B-2, can be conbined to constitute the anode |ayer. 10 so that the ionization
pot enti al IREEP AnleRrfFeeFPTPRNGE vdI ol I5l® &7 lorl e i nRdal ¢e il tthaan

organic EL device.can be obtajned which has excellentgggr bilit nd

Cr anspar efED S ta thewot: Poi TP Vot T Ha® 1 oNSERa 1 COFESPeranaeyne BBl dHEH gh
tra | | EopestEtance) .
oo e BEPubL e Shis SRS, o (hE SOIRAUNCS S ATTILAG 10F, | IR

conmpounds . yeonRIH N19. £ NEHNO0aN £ £OPOURdS %gntd‘be &f?x‘:‘ﬂeﬁ%?o PdAUiea d
exce

conpounds of the group B-2, are characteri ze y havi ng ent etching

propertieso@pAGidls sHChhasghydpoghliorf achd apflbexaldioei dr 1 SpeglafHical 1y,
the interface between an acid-treated part and an untreated part exhibits a
snoot h seebn@buwds chif adHOwWr ®hear-2 disd i ashpennke! weer nehg rafgas -of Hahes

acid-treated part and the 10 untreated part. Electrode | ayers nade of such
i nor gani ¢ sooenpowtmdsaphuschavenebentisode patterns of excell ent etching
10 Group A-1: chalcogenides, oxynitrides, or nitrides of Si, Ge,
Sn, Pb, Ga, In, Zn, Cd, and Mg;

Group A-2: chalcogenides, oxynitrides, or nitrides of Ge, Sn,
Pb, Ga, In, Zn, Cd, and Mg:;

Group B-1: chalcogenides, oxynitrides, or nitrides of

15 1lanthanides; and

Group B-2: chalcogenides of lanthanides.

The compounds of two types, the group A and the group B, are
thus combinedbecause it isdifficult, as described above, for either
one (group A or group B) of compounds (organic compound or inorganic

20 compound) alone to increase the value of ionization potential
effectively. Specifically, it is difficult to increase the
ionization potential to values above 5.8 eV.

Consequently, the inorganic compounds of the group A-1 and
the compounds of the group B-~1l, or the inorganic compounds of the

25 group A-2 and the compounds of the group B-2, can be combined to
constitute the anode layer 10 so that the ionization potential has
an extremely large value of 5.8 eVor above. As aresult, anorganic
EL device can be obtalned which has excellent durability and

transparency, a low driving voltage (low specific resistance),
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precision, with the effect that even mcroel ectrodes and el ectrodes of
conplicated shapes are | ess prone to di sconnection, deformation, increased
resi stance, and so on. 15 G oup A inorganic conpounds Moire specifically, the
i norgani ¢ conpounds of group A-1l include SIiOx (1 5x S2), GOx (15 «x <
2), Sn®2, PbO 1n233, ZnO GO, CdO, ZnS, ZnCe, CdSe, InxzZnyO (0.2 5 x / (X
+y) <0.95, ZnCs, CdzZnO  CdZnS, MyZnO, CdInO MZnO, &N, In&N, and
MyZnSSe. 20 Moreover, the inorganic conpounds of the groupA-2 specifically

i ncl ude t Aedf brl@dblhgﬂiﬁ@ﬁg&mc@ compenAds Yof group A-1 excluding SiOx (1 <_
x 5 2) etc. Naturally, ZnO here neans oxides of Zn, and ZnS sul fides of_ Zn.
In particular, YATeRESHr dd¥h £ OBRESACTeRPTO 1 NG A D 1 ngHE 274 CaFRiBP uBdE Afot

al ways |n thelr respective regular 25 co ions o i.n ratio.
Conpounds =BaLHT R %@%Fﬁﬁoﬁgmpavada ob it BRGRE. Phy cBb e paCE |y
ref er abl terial nor n onpounds _o. he up. A- t he
0 CaBLAE R Egen el 0r SIEARMEGR TR Tt (el B ARl o

group A-2 are e €es

reason, 58¢fofet l':éu ]E?at aEQe%%a%%TE%'fEQ%d o B%%'né %%%rl'l%?& ahoyg g have

smal | est a sorpt icrents or smallest quenchin properties in

particul a{)r@ Bglégetbn%rcﬁ@%l G L HPOMNESy pEcher 1 8T QURdAzhgardine graup A-2
with excellent transparency so 5 that nore anmounts of |ight can betaken out.

O the chgbeegenidesl ypf te, ibhe rdncanse GdesBnknoned rboveat ERepaxitdasnd
thereof are yet preferable in particular. Goup B conpounds Now, the
conpoundsaafutheecgteuppBrit spedifiitcakbl ymonchusec €203, whi@hCaO2 ow 608k, r
Nd203, Sn(3, Eu203, Gd2C3, Th40O7, Dy203, Ho2(3, Er203, TnROG3, VYb2O3, Lu2CB,
CeN, PrN, dNgN1inSrN, o t'@ddin Thix, aDghs $ON h&rad; idnNreated part and the

10 untreated part. Electrode layers made of such i1norganic
compounds thus have electrode patterns of excellent etching
precision, with the effect that even microelectrodes and
electrodes of complicated shapes are less prone todisconnection,
deformation, increased resistance, and so on.

15 Group A inorganic compounds

Morespecifically, theinorganiccompounds of groupA-1include
Si0x (1 £ x £ 2), GeOx (L £ x <2}, Sn0O,, PO, In,03, Zn0, GaQ, CdO,
ZnS, ZnCe, CdSe, InxZny0O (0.2 £ x / (x + y) £ 0.95), Zn0S, Cdzno,
CdZnS, MgInO, CdInO, MgZnO, GaN, InGaN, and MgZnSSe.

20 Moreover, the inorganic compoundsof thegroupA-2specifically
include the foregoing inorganic compounds of group A-1 excluding
Siox (1 £ x £ 2) etc. Naturally, ZnO here means oxides of Zn,
and ZnSsulfidesofZn. Inparticular, inthepresent embodiment,
Zn and O, and Zn and S, are not always in their respective regular

25 compositionsofl:1inratio. Compounds outof the proportions
are also included.

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

chalcogenides of Sn, In, and Zn or nitrides of the same. The reason
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YbN, and LuN. They can be used al one or conbi nations of two or nore types of
t hese. Moreover, the conpounds of the group B-2 specifically include 15 ones
or conbi nations of two or nore types selected fromthe group consisting of
Ce203, Ce®2, Pr6011, Nd203, SnkC3, Eu2C3, Gd203, Th407, Dy203, Ho203, Er 203,
Tnm2G8, Yb2(G3, and Lu203. O these conpounds of the group B-1 and the group
B-2, oxides of Ce, Nd, Sm Eu, Th, and Ho, i.e., CeOx, Nd2QG3, Sn2C3, Eu2C3,
Tb40O7, 20 and HO2C3 are yet preferable. The reason for this is also that, as
partly descri abqve, t o] j hor I nds. . .c i ase
£ f’ﬁ%. bo ‘%htaé‘ecr%’é e {;o%p%ﬁﬁlc{% agsggﬁd%r\??gggr%%le @C%QS(;

the val ue of € i oni zati1 on poténiia ively.

Cont ent -; - :
nten q{a%Q.eFﬂ'éqli%éBc(QEQPEtpﬁl%rprccgé?f'Ecge%)tsCCHEpoé’HQl(lgr%ngg:MB%nchln

description w be given o e content of the group B 1 or group

B-2 will bespetentad itd o5l yu s r 95 AUR gBL heCORBAYNGh i Thes£98L AL of sHeh a
group B conpound preferably has a value within the range of 0.5 and 30 at.%

with the §pbap nramoutdofththgrangdetayenitd akdll @bt eraHwdeason &er
this 57 is that if the content of the group B compound falls below 0.5

at . % St hethatde tayeoul( detfdrightates ba tiakdrzatton pdteneichlal adjesidbisl ity.
Specifically, it mght be difficult to adjust the ionization potential into
t he rangecbfGs, 65nandne. 40.0e¢d Biedi it dt Aepvhand heween de donrenf atet he
group B conpound exceeds 30 at. % there m ght occur a conductivity drop,
col ori ng, Yebr Paefediidpat ehBy PALTgHt U t# Bnsni t t ance) drop. Consequently, in
view of better bal ance between the adjustability of the value of the

i oni zation pote i 10 layer 10 and the transparency etc.

the content of the 9roup..GomPouRd prgLera y 088, 2-¥akye, Wil hd be g anoe
10 Ce0y, Pr¢0i1, Nd20s, Smp0s, Euy05, Gdy0s3, TbhbaO4, Dys03, Ho2053, Ery03, Tmy03,
Yb,05, Luz0;3, CeN, PrN, NdN, SmN, EuN, GdN, TbN, DyN, HoN, ErN, TmN,
YbN, and LuN. They can be used alone or combinations of two or more
types of these.
Moreover, the compounds of the group B-2 specifically include
15 ones or combinations ¢of two or more types selected from the group
consisting of Cep0;, Celz, Prg0ii, Ndz03, Smy0;, Eu;03, Gd;03, Tb40-,
Dy;03, H0203, Erz0;, Tmy03, Yb:03, and Lu;0s.
Of these compounds of the group B-1 and the group B-2, oxides
of Ce, Nd, 8m, Eu, Tb, and Ho, i.e., CeOx, Nd;03, Smy03, Eup,03, Tbs0r,
20 and Ho,03 are yvet 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

25 Next, description will be given of the content of the group
B (group B-1 or group B-Z2 will be referred to simply as group 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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yet preferably a value wthin the range of 1 and 10 at.% wth the total
anount of the anode |ayer as 100 at.% Content of the group A (group A-1 or
group A-2) conpound 15 Incidentally, the content of the group A (group A-1
or group A-2 will be referred to sinply as group A) inorganic conpound has

a value that is obtained by subtracting the content of the group B conpound
fromthe total anmount of 100 at. % when the anode | ayer 10 is conposed of the
conpounds of the group A (group A-1 or group 20 A-2) and the group B (group

B-1 or group B-2).. Thus, when th ntent of_ the grou npound in the
onode | ayor 165 Fad al 08 MR RE PR PR of BT aNaE 00 B LeMe Oc gt ent
of the group.A iLnar i i l.ayer. 10 j.s:a Vv i.t.hi N
Che. rangea5r * /76 and 665 130 5% 25 NEver { RolSs, “Ahar THE SHoReT BBt L0
contains ggy campotngd: y (hkpdoamponend) of fhefohhage A oxps £.30d01 GUR 3. the
content o the group A inorganic conpound is preferably determned in

consi der at han joh it LONt gRt <ot itae 14 & deigenpaneRt .o fTHH cknessqand 49t uct ure
of the anode |layer 58 The anode layer 10 is not limted to any particul ar

t hi ckriesson htite icsctps ef raakl,y Wdiarentevabueerith €dnehet gricarpsR wbipomntche
range of 0.5 and 1000 nm The reason for this is that if the anode |ayer 10
has a thi ekoessihélevt & 5thmrepnhghtlescernr ooodncto VA ttadsepa ¢eakrdnmr,ent
in along-termuse. On the other hand, when the anode |ayer 10 has a

t hi cknessoadbevd rEooge anenche (leol @itk rodensmdrispmencydeap fall with a drop in
| um nescence intensity. Consequently, in view of better bal ance between the

durability and FRBSEARGNAGYvol tBgeViaVueCkt detide dntaydretreem the

preferably has a thickness within the range of 1,0 and 800, nm and yet
br of or abl §940ERRERACSY 9 (T VERBerHnGE ot on paihan potential In The dnode

10 layerlOandthetransparencyetc., thecontent of the group B compound
preferably has a value within the range of 0.8 and 20 at.%, and
yet preferably a value within the range of 1 and 10 at.%, with the
total amount of the anode layer as 100 at.%.

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

15 Incidentally, the content of the group A (group A-1 or group
A-2 will be referred to simply as group B) 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

20 A-2) andthegroupB (groupB~lorgroupB-2). Thus, when the content
of the group B compound in the anode layer 10 has a value within
the range of 0.5 and 30 at.%, the content of the group &2 inorganic
compound in the anode layer 10 is a value within the range of
70 and 99.5 at.%.

25 Nevertheless, when the anode layer 10 contains any compound
(third component) 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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300 nm The anode layer 10 is not |limted to any particular structure,
either. Both a single-layer structure and a nultilayer structure having two
or nore |layers are applicable. 15 Consequently, when yet higher transparency
(light transmttance) or yet higher conductivity is desired, a double-Iayer
structure may be formed through |lam nation on a conductive el ectrode |ayer
of higher transparency or a conductive el ectrode |ayer of higher
conductivity, such as ITO 20 and In203-Zn0O. Specific resistance of the anode
| ayer Next, desThepinode \Malylerbe0 disveot dfintieedspedrfy paresicafancenioifndde,
anode | ayer 10. This specific resistance is not limted to any particular
val ue, bubuitsi prefedeasiol wileana value beh ownzs 1@ tarmd orwidXaimprée Mrege
reason for this is that if the specific resistance has a value of 1 Gcm or
hi gher, tRér&-8aRn6cddrfo @ﬁbveﬁh?uﬁﬁe@&%n%@rmfbﬁiSnlﬁ Xerat asfwehe asoge

increase in the driving vol|tage of t organi c EL devjces fabricated.
Consequentllayyeﬁ n ot 4 o %{:‘ﬁ?%@és bIe (ga? Vithg Kbt Bges St RED 5’@%&% C

t f th | ferably h | f 40
T e ”C%ﬁﬁlsyeet L oFETbr SHEY R VAU of CASROER 6 Sl ar P nF B AV t he

val ue of the sneglfig fesiStancey oofhagge a@%qecgr@eyseg 10640 figy get.gr mdjed by

measur i ng the SUI’ ace I’eSI ance W a resi stance neter our pI’O

method and ) JBAsUAL NG LA iy EkoesS asenarat el y. n VBt ot Pf gigﬁegetgno é?a{'ayer

| ayer Next, description will be given of a nethod of formn
10. This lelrtrarrhgl@?t hodohge@ierlwy;q% 49 ANy £ Kk PAF td L1 B¢ e BRI NPEe nRO{e

exanple, it is possible to adopt such nethods as sputtering, vapor
deposi ti ogursyi Nl Loatang,tlee driving voltage value etc., the anode layer
10 10 preferably has a thickness within the range of 1.0 and 800
nm, and yet preferably a thickness within the range of 2.0 and
300 nm. The anode layer 10 is not limited to any particular
structure, either. Both a single-layer structure and a
multilayer structure having two or more layers are applicable.
15 Conseqguently, when yet higher transparency (light
transmittance) or yet higher conductivity 1is 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

20 and In,0sz-Zno0.

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

25 1Q-cm, for example. The reason for thisis 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 voltage of the organic EL devices fabricated.

Consequently, in order to achieve a lower driving voltage, the
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casting-based sol -gel nmethod, spray pyrolysis, and ion plating.

| nparticul ar, high frequencymagnetron sputtering is preferably adopted. In
concrete terns, the sputtering is preferably 15 perforned under the condition
of 1 x 10"7 to 1 X 10-3 Pa in vacuum 0.01 to 50 nnisec in the rate of film
formation, and -50 to 300C in substrate tenperature. (2) Oganic |um nescent
| ayer Now, description will be given of the organic |um nescent 20 |ayer.
Constituent material of the organic |um nescent |ayer Oganic |um nescent
materi al topbeitisedrasisharconstti tbemnodatleryat 16f pirled corajahy dd umi nescent

| ayer preferably conmbines the followi ng three functions: 25 (a) Charge

i njecting dGnkt indd: ca Punetriadnl of , enmad| Yoy hokéeirpjbect icorva fuom £ he ifAoda

| ayer or a hole injection | ayer and enabling electron injection fromthe

cat hode | 8BS #r el e€PFS eiqﬁaejc%fi’oﬁheay‘iégu%ﬁéé?h? & Sfppf + €419 DhS bR &R

electric field; (b) Transporting functjon: a.function of noving injected
ol 65 and © 80 SN ST QL eag1 T e o BBLPFE. Y QTRr > BhANEey TE U RESCEnce
functign: a function of. providin ékfield for electrons an?myglqg?ég and

IS ho

P r 13 nce With 4 e S dallice me r o ur ro
reconbi’ne, " TAUE “EONTT i 'bu ing i nescence. - -Nevert het essP i al way's

necessary o.caubine @l the A {ue90lpg, Luagtj ons (2) to (). For examle,

suitable organic” I'um nescent materi a areal “so found in ones that have hole

injection and tm@@§@@r5§tf9@m§§$a@5éigﬁggenyg¥e§uperior to their electron
injection and transport capabifities. , ials can be suitably used
as long as they p&onpt@e£t£LHE DON NPVE divdrhef1Q afgaid diuFcIaseeNthleayer
14 to all ow reconbi nation of holes and electrons in the organic | um nescent

| ayer 14 neasdé heagemtan.. This forming method is not limited to any

10 particular method. For example, it is possible to adopt such
methods as sputtering, vapor deposition, spin ceocating, a
casting-based scl-gel method, spraypyrolysis, and icnplating.
Inparticular, high frequencymagnetronsputteringispreferably
adopted. In concrete terms, the sputtering is preferably

15 performed under the conditionof 1 x 1077 to 1 x 107* 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
20 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
following three functions:

25 (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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Here, for the sake of inproved reconbinability of the organic |um nescent

| ayer 14, the organic |lum nescent material preferably has an electron
mobility of 1 x 10-7 cn2/V s or greater. The reason 15 for this is that

val ues below 1 x 10-7 cnR/Vs can make qui ck response of the organic EL device
difficult and reduce the |um nescence intensity. Consequently, the electron
nmobility of the organic |lum nescent material preferably has a value within
the range of 1.1 x 10-7 and 2 x 10-3 cnR/Vs, and yet preferably 20 a val ue
wi thin theleahgensfby. 2oxce0oéndhg. @1rcl0i8 EAELVs. anNbreover, the organic

| um nescent material of the organic |um nescent |ayer 14 preferably has an
el ectron f®bi Lptnyngﬁﬁﬁrléﬁ fmart lions ol fanbian t9f i Aroui déngThRe fedsor azs
that if this relation is inverse, orgqylc | um nescent materials 25

avaiIabIee%%FtFHBSd?&é%Q}Q%ﬁﬁ%E§E8WPlP§y Y3 oA e ST A e REESSi vel y
and the | um nesgence he electro fﬁ? lity

of the organi ¢ ﬁﬁ%ﬁ&éﬁ%ﬁ?g"%’feﬁgaé-e@%%&%%%&mé?e%ma%fzﬁ
1/ 1000 of chbeqahye c AL LBGNOLS MR i1y, The LEasgne! S Lhelii0 spl, an

electric can nmake it icult S én electrons

reco”mf“ﬂEH@nQEQ@Ht%éﬂHFﬂE§§§Pé @®6¥oéﬁdﬁﬁ%hé§€h8%mé¥eHB?eJkﬂ%ctlon
| um nescence intensitym ght drop again. Consequently, the hole nmobility (h)

and el ect spn EBRhkbbytbeioaf chpanenganee hukhnmsngseentr wat ehicdlr @fiddi@on
organi c lum nescent layer 14 preferably satisfy the relationship of h / 2 >

e > h / 500jecandnyandprehersghint satp=afiy itthes.el atHuonshinptefrikls 3cznebz h
/100. Moreover, in the present enbodi nent 2-1, the organic 10 | um nescent
| ayer 14 pneftertdbt yseohtead A ray amattihe y iprgpmong cungst rhavinng esteyrty [ rgtoueps
expressed by the foregoing general fornmulae
organic luminescent layer 14 to allow recombination of holes
andelectronsintheorganicluminescent layer 14 near the center.
Here, for the sake of improved recombinability of the organic
luminescent layer 14, the organic luminescent material preferably
has an electron mobility of 1 x 107" ¢cm®/V-s or greater. The reason
15 for this is that values below 1 x 1077 cm?/V+s can make quick
response of the organic EL device difficult and reduce the
luminescence intensity. Consequently, the electron mobility
of theorganicluminescentmaterial preferablyhasawvaluewithin
the range of 1.1 x 107" and 2 x 107> ¢cm?/V-s, and yet preferably
20 a value within the range of 1.2 x 10™7 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 wvalue. The reason is that if this
relationship 1is inverse, organic luminescent materials
25 availlable 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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(2-1) to (2-3) The aromatic ring conmpounds having such styryl groups can be
used to facilitate satisfying the condition on the electron nobility and
hole mobility of the organic 15 | um nescent naterial of the organic

| um nescent |ayer 14 described above. Anbng the aromatic groups having 6 to
40 carbon atoms in the general fornmulae (2-1) to (2-3), the preferred 5-to
40- nucl eus aryl groups include phenyl, naphthyl, anthranyl, pyrenyl,

|, biph |, t h |, .pi [, f |, 2Q thi ,
ool i BRIy EETETETY e i ROREE rni RO rodam) SR st ppye, to
pyri dyl, gnd benzoquinol yl ., Bes| des, Lhe o eferred 57, Lo 40-nucleus, aryf ene
groups i ncliude ™~ phenylene, @ Hapht hyl en&> “ant hranmyl ene, phenanthryl ene,

renyl eneg, I I ; ; I - r ~ol.yl a ne,
pyreny ‘Ehe1 f%?ﬂ)és%%%%é)hﬁf%%’%le{;f%b%&p ‘Epénaggﬁ“laf?y E%rﬁ%ae%n&'?,’%ee

25 t hi ophenyl ene, benzophenyl ene, i"azoly i pheny anyt ene,

I ndol yl eng, 1GaRRAZO] i’k?ﬂ?shgy;agﬁ’i%@ct 254 m@%ﬁéCi?réaﬂb”glé(! ene. th@Cioqg}a_tr?:‘L'é Y

the aromati c groups havin carbon atons urther be substituted
wi th szibstividients @& 0Upsnat dheapr ef er etk substdrtent wgrioupsceénel udeydr ti
6- carbon al kyl groups 62 (ethyl group, nethyl group, i-propyl group,

n-propyl grefsrssbutyhtigrquphd rieutap i @i obpp pENLyl /groripue hexpH /grsaup,
cycl opentyl group, cyclohexyl group, etc.), 1-to 6-carbon al koxyl groups

(et hoxy gmowp,yetmgthokyrgbduyp,sdtijs Dpokiiegredmt inmps bpoxy fgubup, 33->byteoxy
group, 5 t-butoxy group, pentoxy group, hexyloxy group, cycropentoxy group,
cycl ohexyldxy lgidup, etc.), 5- to 40-nucleus aryl groups, amino groups
substituted with 5- to 40-nucl eus aryl groups, ester groups having 5- to 4
0-nucl eus aryl YPEEPYETest & grldtipL IRy PMAE 161¢dr bn 1-al kPP drioipisic
cyeno, §1 R B2, QU521 Dalogen,aom 10, 1L o glepprelsrable, o the
benZOthia%%k%n%yg%yryl groups expressed by the foregoing general formulae
(2-1) to (2-3). The aromatic ring compounds having such styryl
groups can be used to facilitate satisfying the condition on
the electron mobility and hole mobility of the organic
15 luminescent material of the organic luminescent layer 14
described above. Amongthe aromaticgroups havingé6tod40carbon
atoms in the general formulae (2-1) to (2-3), the preferred
5-tod40-nucleus aryl groups include phenyl, naphthyl, anthranyl,
pyrenyl, coronyl, biphenyl, terphenyl, pirrolyl, furanyl,
20 thiophenyl, benzothiophenyl, oxadiazolyl, diphenylanthranyl,
indolyl, carbazolyl, pyridyl, and benzogquinolyl.

Besides, thepreferred 5- to 40-nucleus arylene groups include
phenylene, naphthylene, anthranylene, phenanthrylene, pyrenylene,
coronylene, biphenylene, terphenylene, pyrrolylene, furanylene,

25 thiophenylene, benzophenylene, oxadiazolylene,
diphenylanthranylene, indolylene, carbazolylene, pyridylene, and
benzoquinolylene. 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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benzi m dazol e type, benzoxazole type and the |ike, conpounds of

styryl benzene type, and netal conplexes having 8-quinolinol derivatives as a
| i gand. Moreover, one having a host of 15 distyrylaryl ene-skel eton organic

| um nescent material, such as4,4'-bis(2,2-diphenylvinyl)biphenyl, doped with
blue to red strong fluorochones, such as fluorochrones of cumarin type or
ones simlar to the host, is also suitably used. Method of formng the

organi ¢ | um nescent | ayer Next, description wll en of a nethod of
f ormi ng tﬁ% k‘)f&&r?ué’ lﬁégc%iﬂuﬁ'aﬂzéPriB%ﬂﬁ%JH'oPnPﬁagﬁfét%‘HJE’s ggfltlyﬂrrited

to any partlcul od. For ex ssi bl ch net hods
as vacuurr?d‘%‘ﬁ%smlnPt rou%bé%rﬂ: PPh )E Ih8 ﬁo Y o sp%¥f§FP%8 For

exanpl e, &Pcf&?e)gffgrgfu Qrymty on_ 2t% é héé;%@&'? é?%gggﬂ 8@§ '(er:-'hoﬁ& gr%up,

preferable to sat condltlon of position

tenper at Uf &y hdx ¥ g;LlOch, t0 dr XpdQy 3R N VAo 399%1};9 20 YA SEL Irlautphe

rate of film formation, and -50C to 300C in substrate t enperature.

or ganisc |Unb@ﬂ§£§i@rd1@j’,ef)eﬂaéo&§rngﬁdn$@, b «fQloIEdg by up 6 I i 1556 A dgy @rbluﬁder
and an organic |lum nescent material in a predetermned solvent, and t

maki ng i tcyaiohaxyhoxryfgbkoubpy spcn) céattng40anbéebskaryﬂnqmdepbalbw;nbhe
form ng nethod and form ng condition are preferably selected as appropriate
so that thecBpergardtcliwmatesdént-| ayeil-1hidlews avlyécataupdeposianr gmofuplsm
which is a thin filmformed through deposition froma material conpound in a
vapor phal3@vbrg&-ftid 44 fonerbeu s ﬁﬁ@gw%mﬁ,d@ﬂ%agr@npsmdmw Imtefi-garéempound
in a solution_or liquid phase. Typically, this nolecular deposition filmcan
be fully @bk H?s@Fﬂ@BFsh%ﬁaFPoﬁFQUPhlHlFFPnﬁFSFﬁedaBQ EBlﬁﬁﬁﬁoétPWolecular
accuq%latlon fI{ﬂ) based on d% §bfgc {hcohe5|on %Fructu

is also pre e organic lumlhescent layer 14
to contain fluorescent brighteners of benzothiazole type,
benzimidazole type, benzoxazole type and the like, compounds of
styrylbenzene type, and metal complexes having 8-guinclinol
derivatives as a 1ligand. Moreover, one having a host of

15 distyrylarylene-skeleton organic luminescent material, such
as 4,4'-bis(2,2-diphenylvinyl)biphenyl, dopedwith blue to red
strong fluorochomes, such as fluorochromes of cumarin type or
ones similar to the host, 1is also suitably used.

Method of forming the organic luminescent layer

20 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
method, and sputtering. For example, in the case of formation

25 through vacuum deposition, it is preferable to satisfy the
condition of 50°C to 450°C in deposition temperature, 1 x 107’
to 1 x 10™° 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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and hi gh-order structure as well as resulting functional differences.

Thi ckness of the organic |um nescent |ayer 15 The organic | um nescent | ayer
14 is not limted to any particular thickness, but may select an appropriate
t hi ckness as needed depending on the circunstances. In reality, values
within the range of 5 nmand 5 pmare often preferable. The reason for this
is that if the thickness of the organic |um nescent |ayer 20 falls below 5
nm the |um nescence intensity and the durability mght drop. On the other
hand, whehi d4deltingknessirofert hendr ganiar gdruimt nésoénéstayer mb4 eexicdedsn5apm
the value of the voltage to be applied often becones higher. Consequently,
in view afredrtewnined avcler sttt h atnige tham hekteace iimtensi tyinthelwawepdh 25
the applied voltage, etc., the organic_|um nescent |ayer 14 preferably has a
t hi cknessC9R &t HiROEAd S bl of. MO i AAd 13 phite Taidt et metdrest abyE arthit@kness

ithin the range of 20 nm and m (.3) Cathode | ayer 64 The cat hode | ayer
16 15 or G b abPs s b aer e aP 1Y et o O P EOBRAGC S doPSBhAE
naving'a srm | vork funct Lon, ({or. examle. below 0.0 or mxtpres o
these- Spet?fieal M Ghe ©oF nagﬁgsiuﬁy A Fri T © Fhat ufe Pl U Sodafam
cesium Si , s i e I . or. 1
Choraor Synrehs2 Bh NS TR HOBH Rt SBBo Ot {4, ALN Sid YOFPa1

parti cul 8 hALoKRESS o GLEBS o HADETRAS 111 h F RRILEARIY I ¥BN 5 A #ak4ie; Wht hin
the range of 10 and 1000 nm and yet preferably a value within the range of

10 and 200r&m & Omad)e M sceldaeousdAlthodghs sottshewnokn Flguid, phaks.al so
preferable that a
Typically, this molecular deposition film can be fully
10 distinguished from a thin film formed by LB method (molecular
accumulation film) based cn differences in cohesion structure
and high-order structure as well as resulting functional

differences.

Thickness of the organic luminescent layer

15 The organic luminescent layer 14 is not limited to any
particular thickness, but may select an appropriate thickness as
needed depending on the circumstances. In reality, values within
the range ¢of 5 nm and 5 um are often preferable. The reason for
this is that if the thickness of the organic luminescent layer

20 falls below 5 nm, the luminescence intensity and the durability
might drop. Onthe other hand, when the thickness of the ocrganic
luminescent layer 14 exceeds 5 pm, the value of the voltage
to be applied often becomes higher. Consequently, in view of
better balance with the luminescence intensity, the value of

25 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 um.

(3) Cathode layer
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sealing layer for preventing noisture and oxygen fromgetting into the
organic EL device 100 is arranged so as to cover the entire organic EL
device 100. Preferred materials of the sealing |ayer 15 include: copol yners
obt ai ned by copol ynerizing tetrafluoroethyl ene and nononer m xtures
including at | east one type of conononer; fluorine-containing copolyners
having a ring structure in their copolynmer main chain; and copol yners of
pol yet hyl ene, pol ypropyl ene, pol ynet hyl net hacryl ate, 20 pol yi mi de, pol yuri a,
pol yt et r af | uor dBtehydadriende dalwaahllsr disr prlederadtllyy madge, of metals, alloys,

pol ydi chl or of | uoroet hyl ene, or chrolotrifl uoroethylene with

di chl or o ¥ |Wqﬁﬂwtl%e¢%¢%@%@wr& i%aS§egft fﬂﬁéksé&npﬁ@orlayéprm so

i ncl ude: wat er - absar bi tances havi n bsorpt|V|t f 19% or her ;
25 moi stu?r)éar?ﬁjoeo‘f o av?ﬁdmafﬁt%%% ﬁ IREY of SBST9bore3 b ; et al &

h I Pb, Al A ; d h. O
%:J(C:) gfoﬂnf égaesl\lrlgluééﬁm@a%\ é(lgl mngggh crln'rlirgég d%%:%lyﬁﬂgrld‘zswguch
as MyE2, Lif, tﬁ!s':§ak q}%"i?e hd Yl %1%%” Cxar &SOISHBQea%ﬁ%J' ! pal, kane,
perfluoroanlne uoropo yet conposition ose liquid

f'UrocarbpﬁscbﬂbWﬂ%Qﬂmﬁbsorﬁﬁet%atﬁ&ﬁk@bﬁngkng6”Qh§t#6€ ARG PO LRy
di spersed. To formthe sealing layer, it is possible to enploy vacuum

deposi ti Ofar PEA1€AQAHHIG k$OYET Bl REe 1CASIH e a MBE: ( Bl geulfarr Aepyn gbven
epi taxy), cluster ion beam deposition, ion plating, plasnma polynerization
(hi gh frequentyeextthahi ohel oangleabifng)), aneladtDiOve nis putride ety p rd Bsnab CYD,
| aser CVD, thermal CVD, gas-source CVD, and the |ike as appropriate.
[ Enbodi nemt v2i2p 30 tNekt , thet amefeerehcelt enBi ¢.0M, nmescription will be given
of an enbodinent 2-2 of this invention. Fig. 4 is a sectional view
10 (4) Miscellaneous
Although not shown in Fig. 3, it is also preferable that a
sealing layer for preventing moisture and oxygen from getting into
the organic EL device 100 is arranged so as to cover the entire
organic EL device 100. Preferred materials of the sealing layer
15 include: copolymers obtained by copolymerizing
tetrafluoroethylene and monomer mixtures including at least
one type of comonomer; fluorine-containing copolymers having
a ring structure in their copolymer main chain; and copolymers
of polyethylene, polypropylene, polymethylmethacrylate,
20 polyimide, polyuria, polytetrafluoroethylene,
polychlorotrifluoroethylene, polydichlorofluoroethylene, or
chrolotrifluoroethylene with dichlorodifluoroethylene.
The preferred materials of the sealing layer also include:
water-absorbing substances having an absorptivity of 1% or higher;
25 moisture-proof 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 Mg0O, $i0, Si0,2, GeQ, NiO, Ca0O, BaO, Fe;0, Y,0;3, and TiO;;

metal fluorides suchasMgfk,, LiF, A1F;, andCaF;; liquid fluorocarbons

such as perfluoroalkane, perfluorocamine, and perfluoropolyether;
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of an organic EL device 102 according to the enbodi ment 2-2, show ng the
devi ce having the structure that an anode layer 10, an inorganic thin film

| ayer 12, an organic |lum nescent 15 layer 14, and a cathode |ayer 16 are

| am nated on a substrate (not shown) in succession. Wen the inorganic thin
filmlayer 12 is provided thus, injected holes can be transported
effectively. Consequently, the provision of the inorganic thin filmlayer 12
allows | owvoltage driving and inproves the 20 durability of the organic EL
devi ce 10Rd [oeFiP@erttdlang ofhehefgahi quEl et xe mom pfin Hél@ﬁbébﬁﬁﬁh?nizSZ is
characterized in that the inor ganig thin filmlayer 12 is interposed between
t he anode ayds P HH THeS Iran e | ofy Aol ceht 755877999 In other respects,

it has th truct that of th ic 25 FL device.100 of th
erbod ment. 2. 11 TEHEE, e OIS HGURSe LR oR R P BekD RAPARY KACH'Fne

inorganicthin.-f.i I r ch i s.,the char eristic.part, of .t

enbodi menc%e%q .t]‘éerg’1 %é%d%é%ﬁ\{\%%losrﬁ%te[rlﬁlen%nﬁggi&rlrgﬁt’ %&1 grlect%learrgg?mof
the cempopents,,suchiastdie Gahhoge.havel db;« sbace ; H6 have Lhe same
confi gurati ona&ays) inthe Tirst errbogfrrent_.p&%ow, the norgg%?écl ?drrp%una@g _
avai | abl e;d o eonstdd ude thegi r&@fﬁé&& ki sfddtmdray en ﬁzawﬁgwereamewatl ons
of the conpounds of the group A (group A-1 or group A-2) and the group B
(group B-dputhtriggouplBs2) awhbchlgeast VD) ethbemaboden| ayes-i6udescrivbed
above. Thus, as in the anode |ayer 10, the content of such a group B
conpound arsd prief et atd yagi seprapvahue. wthin the range of 0.5 and 50 at. %
yet preferably a value within the range of 1.0 and 40 at. % and even nore
preferably a valBmebadingmt tdredt ange 10 of 5.0 and 30 at. % with the total

amount of the inorganic thin filmlayer as 100 at. % It is_also preferable
t hat 1fhe t hi ckresst, with reference to Fig. 4, description will be given of

an empbodiment 2-2 of this invention. Fig. 4 is a sectional view
of an organic EL device 102 according to the embodiment 2-2,
showing the device having the structure that an anode layer
10, an inorganic thin film layer 12, an organic luminescent
15 layer 14, and a cathode layer 16 are laminated on a substrate
(not shown} in succession. When the inorganic thin film layer
12 is provided thus, injected holes can be transported
effectively. Consequently, theprovisionof theinorganicthin
film layer 12 allows low-voltage driving and improves the
20 durability of the organic EL device 102.

Incidentally, the organic EL device 102 of the embodiment 2-2
ischaracterizedinthat the inorganicthinfilmlayerl2isinterposed
between the anode layer 10 and the organic luminescent layer 14.
In other respects, it has the same structure as that of the organic

25 EL device 100 of 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
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and form ng nethod thereof are the same as those of the anode |ayer 10.
Nevert hel ess, when the inorganic thin filmlayer 12 is arranged 15 between

t he anode | ayer 10 and the organic |um nescent |ayer 14, the anode |ayer 10
and the inorganic thin filmlayer 14 nust be given different conpositions.
Specifically, the anode |layer 10 is preferably nmade of the conpounds of
group A (group A-1 or group A-2) /group B (group B-1 or group B-2) =70 to
90 at. %40.5 20 to 10 at. % while the inorganic thin filmlayer 12 the

i nor gani ¢hedoFotids DfSHroupP A ¥ eript AR 12Driyrohp ALp§t/grbagiBegroup B-1
or group B-2) = 50 to below 90 at.% above 10 at”%%%SfFO at.% The reason for
this is that i %e uhtCbPaRhE GPBEBUPES( Gredd 3B F dor° grouptBE25 < cbRfound

falls outside this.range, .25 there.can occur _a drop in tr arency and_an
| nor ease 0§ 1L PR LIS r He2haY Pl R dht dn Y ERE. PG ERES

7o S 1 0T S0 S S 3 o

an enbodi nent 2- entr1 on. 'S a secti Vi ew n

organic El. dewigepl04 ok didikd o dthe cerbedbaem 5 s 3,10 sReWNglhgrdeui ce
having the structure that an anode layer 10, an inorganic thin filmlayer

12, a holmnis angporiti nthd ayebdelda @t or@antBel Wimescens £l ayen . gandpa
cathode layer 16 5 are |am nated on a substrate (not shown) in succession.
In the preesenipeumbddi semte2edaktihe girven s e lafe twhiec hoh et héraamsger £ ng. bayer
13 in addition to the enbodinents 2-1 and 2-2 allows efficient

t ranspor taid omOok ti.ff,ected pokésraCinsegueatl by, witthel prokvesiremgsf dahel hol e
transporting layer 13 allows 10 | owvoltage driving and i nproves the

dur abi | i tan@f4 § et of gamii@ eBeENde9F€er164erably a value within the range

10 of 5.0 and 30 at.% with the total amount of the inorganic thin
filmlayer asl00at.%. Itisalsopreferable that the thickness
and forming method thereof are the same as those of the anode
layer 10.

Nevertheless, when the inorganicthinfilmlayer 12 is arranged

15 Dbetween the anode layer 10 and the organic luminescent 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

20 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 90 at.%/above 10 at.% to 50

at.

ol

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,

25 therecanoccuradropintransparency andanincrease inspecific
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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I ncidentally, the organic EL device 104 of the present enbodi ment 2-3 has
the sanme structure as that of the organic EL device 102 of the enbodi nent
2-2 except that the hole transporting 15 layer 13 is interposed between the
inorganic thin filmlayer 12 and the organic |um nescent |ayer 14. Hence,
the followng description will deal mainly with the hole transporting |ayer
13 which is the characteristic part of the enbodi nent 2-3. See the
description of the foregoing enbodinents 2-1 and 2-2 for 20 the rest of the
conponentss, auchr @gnthekéatkodecd ayed décosinee tcheyhemymbeddowfritguted t he
sane as in the enbodinents 2-1 and 2-2. (1) Constituent material of the hole
transpor tShRy 1agek N3 deThechoh @VE PANSPGT 13 MEGUFRYEr £33 pReRBrAlS ylanrke of
an organic. 25 conpound, or |norg§$lc co ﬁnd Such organic materials

o]

i ncl ude, ¥%r aékéﬁﬂrégalbh?h%hbﬁy Rel ey Ads2 P afi h aeéll?ﬁdﬁr?d%g layer

di am ne- t | d thigph t P d
material & Of a%rh”'e”?ﬁ%ﬂd EELRBRET Lo Uo7 of "ex T S P By JOUL of §1 con
((X_S)’ f& ? 8rQ£{y%ta%ng%f% éCQQﬁ( §E%M'g SH%_ Ebé@ §¥g$y
COITpOUﬂdS a\r}\lf oun noncr yst aq I he car Ccr ySt | ne

car bon, and " q@@r@he ﬁy@é@e&é h@rﬁb&apﬁénef oLhe tmorf%vl%lw %f alpar g, oxi des,
fluorides, and nitrides. To be 5 nore specific, B, SIC, SIX (1 <x <2,

GaN, | NNt Gl rt @R dyler 93X 1% adMi thidh t8F OneCafboBaRenMsF2-1Cakd, 2 UgF2,

SiN (1 -<x54/3), and the like can be used alone, or two or nore types
t her eof a1 lcadenat coant Besirdgsor tdtel ©oastid yefted ABLeki.al Cos sprefearab) y

sel ected so that the hole nobility has 10 a value of 1 x 106 cn®/Vs or
greater (&@pplirebwdéiage of lthkxe 1dleo drxnP6r¥/icm ,lanert he3 i arililzats on
potential has a val ue
10 low-voltage driving and improves the durability of the organic
EL device 104.

Incidentally, the organic EL device 104 of the present
embodiment 2-3 has the same structure as that of the organic EL
device 102 of the embodiment 2-2 except that the hole transporting

15 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

20 the rest of the components, such as the cathode layer 16, since
they may be configured 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 preferably made of an organic

25 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 inorganic compound

include, for example, amorphous silicon (a-Si), «-SicC,
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of 5.5 eV or lower. (2) Structure and form ng nethod of the hole transporting
| ayer 13 15 The hole transporting layer 13 is not limted to the
single-layer structure, but may have a doubl e-layer structure or a
triple-layer structure, for exanple. The hole transporting layer 13 is not
limted to any particular thickness, either, whereas a value wthin the
range of 0.5 nmand 5 mis preferable. The hole 20 transporting layer 13 is
not limted to any particular formng nethod, either. A variety of nethods
can be adaptedcdysteality, Ovevesn (LC-Siprefenabbecto atbpvIt heasdns,

met hod as the nmethod of formng the hole injection |ayer. [Enbodinment 2-4]
25 Next, @ptﬂ@w%‘ienéélt-oVFﬁgmlely deSERI PGP wildndey gheén igfe  aarbon,
embodi ment 2-4 of. this i nvention. Fig. 6 is a sectional view of an _organic
EL deV|cecfdﬁﬁﬁﬁﬁﬁ%ﬁnﬁaﬁ@qqme%ﬂﬁo&%ﬁﬂﬂn@ 4, A@ﬂ%ﬁu%bhﬁﬁeﬁﬂﬁﬁ%eoﬁaﬁ t he
structure,that an an

thin fil hol
transpor t i-R§ 1%er® 6 e%%lggralb?(ﬁ?ﬁ e'FEﬁ’fﬁ@@%iﬁ S: 298:d %Lnﬁt%éﬁ{eeﬁ ectf% e
t | 15, | 16 bst t
shown)® | neaEecRs ot The BBE0e TR0t RESBbad: ot S0P Y esERl:  Secerbn 4.
th f t | h t
i et gt S Rt on"rs‘e’éfeﬁ%me ) %}‘b"zr%@? SIS ofsM?Eéw?ath?o?%?ﬁ, oStk

| ayer 15 thug faei hi/kat, e%nmgglfk@cgggngetgs%e Or gani Cokuwge%qfemoﬂeayer
14, with an i nprovenent to the responsivity of the orgahic EL device 106

| nci dent akkye d he herrgant ¢ ikl devilcend06oafl t heseadbads penthe- 4codOthisuent
characterized in that the electron injection layer 15 is interposed between
t he or ganmetlaumiaiesicentird fyeabld ard ddie=datdadeat aylee H6le mobility has
10 a value of 1 x 10° cm?/V:s or greater (applied voltage of 1 x
10* to 1 x 10° Vv/cm), and the ionization potential has a value
of 5.5 eV or lower.
(2) Structure and formingmethodof the hole transporting layer
13
15 The hole transporting layer 13 is not 1limited 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 ym is preferable. The hole
20 transportinglayer 1l3isnot limited toanyparticular 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]

25 Next, with reference to Fig. 6, description will be given of
an embodiment 2-4 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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Except this, the organic EL device 106 of the enbodi ment 2-4 has the sane
structure as that of the organic EL device 104 of the enbodi nent 2-3. Hence,
the followi ng description will 15 deal nmainly with the electron injection

| ayer 15 which is the characteristic part of the enbodi nent 2-4. The rest of
the conponents nmay adopt the sane configurations as in the enbodinents 2-1
to 2-3 described above, or typical publicly-known configurations in the
field of organic EL 20 devices. (1) Constituent material of the electron

i nj ectionl3ayerorTheig domioredesgrer 1By 4% lgreteralt gt radel vicahionghayer
conpound _or inargani c_conpound. In particular, organic conpounds can be
used to const?bdte ﬁﬁﬁﬁﬂﬂﬁﬂ%aEErdé@iééQJ%%m%&%t%gc@PIén?@??%ﬂ%%?réﬂOt

injectabilit romthe cathode a |l as.an excellent durability. Here,
T o e dmh B s On TR Sl & 4 S e e A ka6 L 5s S end
deri vatives_t hereogf ch t.al_ chel inQid co n ontainin
8-h;gro;¥a%?%6Ppngf %§53Wﬁgﬁv hé%b ec rgﬁgi%Fé@%%gﬁlIggggc%giﬁgn%%%%kog5an

i norgani ¢, £oyrpound. fhmc%i89@9@{-}3&%@%@%@@@&539' ng%g:]?ciaxg%i sul ?Bgr or

sem conductor. The electron injecti ayer en na nsul ator or

sem condugt 9y i sGam eftf eqld \églée@y@ﬁdi&yé&eﬁbnwa?@s and tihy Qve- €l echten
injectability. For such an insulator, " it is preferable to use at |east one

nmetal corpeundgsehecitatbnd o dhe @F Qupieonshnshictg:oft al kpbikneseyakh an
chal cogeni des (oxides, sulfides, selenides, tellurides) ,alkaline earth
metal chahoogermgtes, thalttdesreadpahkaliing ot ahse canthrhad ikliesdeotid® abkal i ne
earth netals. Wen the electron injection layer 15 is nade of these al kaline
met al chalcogenhdengmt@hby}ﬁK@;org@nicEﬂJdevice 106 of the embodiment 2-4

10 ischaracterizedinthattheelectroninjectionlayer1l5isinterposed
between the organic luminescent layer 14 and the cathode layer 16.
Except this, the organic EL device 106 of the embodiment 2-4
has the same structure as that of the organic EL device 104
of the embodiment 2-3. Hence, the following description will

15 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

20 devices.

(1) Constituent material of the electron injection layer

The electron layer 15 ispreferably made of anorganic compound
or inorganic compound. In particular, organic compounds can be
used to constitute an organic EL device that has excellent

25 electron injectability from the cathode as well as an excellent
durability. Here, preferred organic compounds include
8-hydroxyquinoline and oxadiazol, and derivatives thereof such
as metal chelate oxinoid compounds containing

8-hydroxyquinoline.
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el ectron injectability is preferably inproved further. Specifically, the
preferred al kaline netal chal cogenides include Li20 LiO Na2S, Na2Se, and
NaO for exanple. The preferred 15 alkaline earth netal chal cogeni des
include CaO, BaO, SrO BeO BaS, and CaSe, for exanple. In addition, the
preferred halides of alkaline netals include LiF, NaF, KF, Lid, KCl, and
NaCl, for exanple. The preferred halides of alkaline earth netals include,
for exanple, fluorides such as CaF2, BaF2, SrF2, MgF2, 20 and BeF2, and

hal i des ot her tHh fhGoPilBES L ONoW) ) MREHOR 2 ¥t edt™r 6A Tafel om LAPEFaNSES| s
made of a senicongﬁftot, preferred senicond%étors i ncl ude oxi des, nitrides,

or nitri CYRYEE conitia Aitg 980 Ue5STPEHB AP ERERT 2BLY ¥ BAD cRSHIGLONVRT Al |
Ga, In, Li, Na ., Si, Ta, S and _Zn. .The an_25.he used al one, aor two
ormore’ 1y S EartTh ot ohotNoragr oY [2Dg  arer it HRAE Dhe

| nor gani ¢, £0pOUNd g GONYAL LA G he SAEI AL LRL 6EE ORI AR dD L B

m crocrystalTine or "noncrystalline insulative thinfilm e el ectron

i nj ecti om o} RYGMY dpp rWRHeN MRAeroh ihesechpayliaty ve fhinddyd gB.icamfoem 71 a
nore honogenous thin filmto reduce defective pixels such as dark spots.

I nci dent &l § yi s syeh fierangani €o COMPOLRds bRl UG ridea 8l kahbRenetsadlected
chal cogeni des, the alkaline earth netal chal cogenides, the halides of

al kal i ne fietal $heandrvhe hebhdest imofoal kalkaiei ear tde el aks adessdébedeabove.
(2) Electron affinity Now, the electron injection |layer 15 according to the
enbodi nento2idepy, ef el AbHy shase danéHecst,r val abfriinietsy) waflkiad it erarndgencbbll. 8
and 3.6 eV. Wen the electron affinity falls below 1.8 10 eV in value, the

el ectron ¢ngéepabinidss dr bgd Mah Phe akhabhny mowatd, higgher hadidam 96l t age

and |ower |um nescent efficiency. o .
10 alkaline earth metals. When the electron injection layer 15

is made of these alkaline metal chalcogenides or the like, the
electron injectability is preferably improved further.

Specifically, the preferred alkaline metal chalcogenides
include Li;0, Li0, Na,;S, Na,Se, and NaO, for example. The preferred

15 alkaline earth metal chalccgenides include Ca0O, Ba0O, Sr0, BeO,
BaS, and CaSe, for example. 1In addition, the preferred halides
of alkaline metals include LiF, NaF, KF, LiCl, KC1l, and NacCl,
for example. The preferred halides of alkaline earth metals
include, for example, fluorides such as CaF,, Baf;, SrF;, MgF;,

20 and BeF;, and halides other than fluorides.

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

25 beusedalone, ortwoormoretypestherecf incombination. Morecver,
it is preferable that the inorganic compound for constituting
the electron injection layer 15 1s a microcrystalline or
noncrystalline insulative thin film. The electron injection

layer 15, when made of these insulative thin films, can form

71



When the electron affinity exceeds 3.6 eV in value, on the other hand, the
probability of occurrence of conplexes having |ower |um nescent efficiency
increases while it becones possible to 15 suppress the occurrence of bl ocking
junction effectively. Thus, the electron affinity of the electron injection
| ayer is preferably given a value within the range of 1.9 and 3.0 eV, and
yet nore preferably a value wwthin the range of 2.0 and 2.5 eV. Moreover,
the difference in electron affinity between 20 the electron injection |ayer

15 and t fe "R HanPemPIRNRsTehf 17| dydim 14° pF e ABFSDIAR ARfEt AV GaPd& Sofs 1S¥CRY or
[ , t f 2 I f 0. \ al | . TIh al | t hi
Tt erence BRvdt SRBFa arriod 95 el Titio=Bad SRoBHaTE bEOMRT s GRtd BHAFf om

the el ect L njeGt.| i Lyni_ne | 4
boconee. T s hkRad T HELER, kb4 L 0QEnZHaRY S il MR EE b gt i toh o

| npr oved é}%P@QéEWi@é ., e Fr%qride 93 The Ll 6ed nen d 1 ?%ﬁ&%%%gﬁi&ﬂes

according to the enbodi nent -4 preferably has an energy gap gap

energy) off 2a¥x8YiQk o2k eatehl ankyetipeeaf i)y, a value of 3.0 eV or
greater. Wien the energy gap is thus set at or above a predeterm ned val ue,

e.g., a value @ Heaitasn Hralome, 2.7 eV, it is possible to reduce the
chance that holes reach the electron injection |layer 15 5 beyond the organic
| um nescent | ayeyw,14rhéhisl @arnrompiavectien effyvetrendy atcdhaingcandbi nati on
bet ween hol es and el ectrons, enhancing the |um nescence intensity of the
organi ¢ EnkeVirent 266.ptr¢fésakl sdigsossidlact mopréient tiyhel ehéstutenréngect i on
layer 15 itself fromemtting light. 10 (4) Structure Now, description wll
be gi ven ®f l-He aid dettuPd -of "EAE EhEcelGstron affinity falls below 1.8

10 eV in value, the electron injectability drops with the tendency
toward higher driving voltage and lower luminescent efficiency.
When the electron affinity exceeds 3.6 eV in value, on the other
hand, the probability of occurrence of complexes having lower
luminescent efficiency increases while it becomes possible to

15 suppress the occurrenceofblocking junctioneffectively. Thus,
the electron affinity of the electron injection layer 1is
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
2.5 eV. Moreover, the difference in electron affinity between

20 the electron injection layer 15 and the organic luminescent
layer 14 preferably has a value cf 1.2 eV or smaller, and yet
preferably a value of 0.5 eV or smaller. The smaller this
difference in electron affinity is, the easier the election
injection from the electron injection layer 15 to the organic

25 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 (band gap energy) of 2.7 eV or
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injection layer 15 that is made of an inorganic conpound. This electron
injection layer 15 is not limted to any particular structure, but may have
a single-layer structure, double-layer 15 structure, or triple-Ilayer
structure, for exanple. Mdireover, the electron injection |ayer 15 is not
limted to any particular thickness, either. Various thicknesses may be
enpl oyed depending on the circunstances. In reality, values within the
range of, e.g., 0.1 nm and 00 nmare preferable. The reason 20 for this is
ot wihelT T i e O RIS TGH Iohgera T ada- B1eV &t PRERESRT o Wompoum
falls bel I i I.ck S, .ther y_Qc op. 1 h _electran inj
ectabiIif%ﬂ%gg%fgﬁ%ﬁﬂikm%g%ﬁgﬁi€§Ig%sngggt%fpﬁﬁé?ﬁgq%Fﬁg?yﬁgﬁH?éMﬁ%ﬁgthe

el ectron jnj i I d i anj nmin
Chi cknood WEe O S¥Ehc I8, BB AD NUGAN € £OTPAURI pke TelT S0

responsi Wily ©hahbhe @mganiito Fbsdewlses 106 &1 8c+ FRKI NG QUELEKkn NESRONSES
difficult, or requiring tine for filmformation. Consequently, the electron

i nj ecti onbd pyed tlhbe radea9f canumii Res@a € 1comgound, pref s abdy hasravehigkness
within the range 73 of 0.5 and 100 nm and yet nore preferably a thickness
within téefrahgecef of amnéd 5@ cumbi(58) ibor mieng avet hodl dlextpnddederdptdon, wi l |
be given of a nethod of formng the 5 electron injection |ayer 15. The

el ectron dmj@ction thyetubSniescerotel| intenditty adytpar biradrarc fRr Matgl aet hod
as long as it can be forned as a thin filmlayer of uniformthickness.
Various kB8pes bt imet hetPosuthlas vpEguRdepbsialiont repiimtoatiag, lagesting,
LB net hod, and sEuttering, are appl.icable. 10 [Enbodi nent 2-5] Now,

descri pti'oh WFelbe [giderfBi taaEndodient 2-5 of the

10 (4) Structure
Now, descriptionwill be given of the structure of theelectron
injection layer 15 that is made of an incrganic compound. This
electron injection layer 15 is net limited to any particular
structure, but may have a single-layer structure, double-layer
15 structure, or triple-layer structure, for example. Moreover,
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
20 for this is that when the electron injection layer 15 made of
an inorganic compound falls below 0.1 nm in thickness, there
may occuradropinelectron injectabilityor adrop inmechanical
strength. On the other hand, when the electron injection layer
15 made of an inorganic compound exceeds 1000 nm in thickness,
25 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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present invention. In the enbodinent 2-5, a plurality of inorganic conpounds
can be used to achieve an anode | ayer 16 of excellent etching property and
transparency in which the 15 constituent naterials are in uniform conposition
ratios. As a result, a fabrication nmethod is provided by which an organic

EL device of |low driving voltage, excellent |um nescence intensity, and
excellent durability can be obtained with efficiency. That is, a first
characteristic of the enbodinment 20 2-5 lies in that the anode |layer 16 is
formed byfusiny xedtaP A nrar gards vard mopis trerd gr aktliod. thBcdovess Whthhe
enbodi nent. 2-5, for exanple, a plurality of organic |um nescent materials
can be U ¥6”§€hﬁ€@élaﬁn6ré§nm€‘Iunlnescent | ayer 14 in which the
constituent nate %s are |n forn1conp05|t|on ratios. 25 Asa result, a
fabrication nethod %FT&Q%W%% ¥ which an organic EL device of Iom/driving
vol tage, high Hy qnesgence, |nten5|t and excell ent

obtained with ¥ ehcy: - Fhat " Wlfﬁ't)eégﬁﬁe gcpgg%r %%f ngnggﬁlnent
2-5 i r%éé?%nd%@%xﬁﬁgﬁphg E?”l@esﬁﬁﬂgeﬁ%6¥r&ﬁ'i§ QBQ?o%flﬁg%E“F%lhgy of

organlc 4 conpo y uUsing a certain vacuum deposition net n order

to Obta'ﬂqé@elR&QQBBCtELaH9VbS§tE@ﬂﬂHktﬂ&kﬁ&@@%ﬁé&hoh“é& iB%gCQBSEttHQHt
materials are in uniform conposition ratios, | east the anode | ayer 10 and

the organbe teBaseent tayer £i4nd 1ane Ppreef efr&bfdrﬁ%mdm_@&r. a \epnsbekent
i dentical vacuum condition w thout being exposed to the air. Athird

characterigpee off tthethedboedismertt 2s5 vldcasum ndébe sshardmg epia wagauimghanber
for exercising sputtering and a vacuum chanber f or exercising vacuum

deposi ti orasThegreddomé shod, oltral rerant beganigc Elraevppéilkavwileg 10 the
property that the constituent materials are in uniform conposition ratios.

Thenl0in the entfgthegiment 52-3a] singl e

Now, description will be given of an embodiment 2-5 of the
present invention. In the embodiment 2-5, a plurality of
inorganic compounds can be used to achieve an anode layer 16
0of excellent etching property and transparency in which the

15 constituent materials 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 o¢btained with
efficiency. That is, a first characteristic of the embodiment
20 2-5 lies in that the anode layer 16 is formed by using certain
targetsandsputteringmethod. 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.
25 As aresult, a fabricationmethod is provided by which an organic
EL device of low driving voltage, high luminescence intensity,
and excellent durability canbe obtainedwithefficiency. That
15, a second characteristic of the embodiment 2-5 lies in that

the organic luminescent layer 14 ismade of apluralityof organic
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vacuum chanber is provided not only with a heating unit and substrate
hol di ng means necessary for exercising sputtering but also with a heating
unit, evaporation sources, and the like 15 for exercising vacuum deposition.
This allows the sharing of the vacuumtube for exercising sputtering and the
vacuum chanber for exercising vacuum deposition. Incidentally, as a nodified
exanpl e of the enbodi nent 2-5, it is possible to enploy the configuration
that the vacuum chanber for sputtering and the 20 vacuum chanber for vacuum
deposi t i opcapre uartangedusapar &t etyrtand ase\wohnéepred ittd wachebhhdr in
advance. According to such _a nodification, a _substrate given vacuum
deposition can BB ¥FE 4T SREpAFt BRSi PR He BradGihcenaabarIf ohe JFiReettishg by
a predetegnined tranggﬁrtation unit, with the sape result as jn 25 the case

t
of shari ngPehe VRCUU Thater NGt dse 26F ~Undet 52 BRdTHE T het OF gt '@ EL

device to gelggsgr%ﬁed in thfa refgq%uf odi ment 2-§_shall have the sang

configura?lon as %ta%?d?hg %%%odlnen -%ioagﬁQﬁ%hrﬁ?%??%?ﬁp?eﬁﬁ¥%%lion
met hod; emplayed. dd e, eahadimete « 15:2121 s be: Lakens Shoya:hehouyer c{rgrm?d

by the respective corresponding fabrication netho node [ayer h

frequencyregnakren; spULEIdddico kRArgani ¢ A hiry £d1md ayer <1d's thi gh, £ reguency
magnetron 5 sputtering; Hole transporting |layer 13: vacuum deposition;

Organi ¢ | epibReseesntit | ayer 11ids s vagumedeposi t hgniof B echeomn njleghber Irayer
15: vacuum deposition; and Cathode |ayer 16: vacuum deposition. 10 (1)
For mat i oneafe ridhies ampde utayer i agcride vamungarinanide n fidd axelrayering vacuum
deposition. The reason is toobtain anorganic EL device having
10 the property that the constituent materials are in uniform
composition ratios. Then, in the embodiment 2-5, a single
vacuum chamber is provided not only with a heating unit and
substrate holding means necessary for exercising sputtering
but also with a heating unit, evapcration sources, and the like
15 for exercising vacuum deposition. This allows the sharing of
the vacuum tube for exercising sputtering and the vacuum chamber
for exercising vacuum deposition. TIncidentally, as amodified
example of the embodiment 2-5, it is possible to employ the
configuration that the vacuum chamber for sputtering and the
20 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 vacuum chamber for sputtering by a
predetermined transportation unit, with the same result as in
25 the <case 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 of the embodiment 2-5.

Accordingto the fabricationmethod employed in the embodiment
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In form ng the anode |layer 10 and the inorganic thin filmlayer 12 by high
frequency magnetron sputtering, it is preferable to use a target that is
made of conpounds of the group A (group A-1 or 15 group A-2) and the group B
(group B-1 or group B-2) . Specifically, the target nust contain at | east
the group A (group A-1 or group A-2) and the group B (group B-1 or group
B-2) in predeterm ned proportions. Mreover, the target (1 mor less in
average _particle dianeter), or raw nmaterial, is preferabl éPObt ai ned 20 by

bei ng ni ¥6@ runFP8r m3YHYS usiifg ™ S6HGH ofiehet HRFMYL opiYecF PPt at § DRt FBd)
(concentration: 0.01 t O.nol/liter; . solvent: polyhydric al cohol or the

li ke; pr5&r§ietsz§ﬁrﬁgm§g%ﬁ]§rlcﬁ&lao&i%}h oxide or the |ike) and a physi cal

m xi ng net hod 1]l I 1L, he i r e Jike: mxing period: 1 to
25 200 hours) aA%l dtehér?%ljntlem}'eéu(}aﬁ afte l‘leérﬁa Bﬁrmeés(ﬂ'o%élll%oséq%é °'C, for a
period of 10 tQngggﬁgFﬁ QEiﬂr%EQE@bi?{%? ﬁ%:48hD8Hr%%qu§%%?19ﬁ§ oy gp! di ng

(press nolding, H ding, or the | Here, "the ra erature

rise duriggtRe i, ding preferably falls within the range of 1 and

50C minute in value. The target 76 obtained by these nethods is
characterized ylkawimgdhe tirepardyer tad ddcugonsdpdsentommterial s are in
uni form conposition ratios. Incidentally, since the conposition ratios and
the li ke can o gadjiustleshime tdentspldtear i Iy condium cte@boineiont is also 5
preferable that the conpounds of the group A (group A-1 or group A-2) and
the group B (grd@stBoh omigaduerb-1Ayer el sputaerad deeparat@ly. afftde
sputtering condition is not Iimted to any partjicular one, whereas it is
preferabl e to &ireEa HeYeondiGi o Bfum iGPRAGON @t- 10 other inert gas; 0.3
to 4 Win plasma out put per a_l-cm surf?ce area of the target; 1 x 10-7 to 1

x 10%8 Pa in Vdédugp BagsopgeEg-he anode layer and the inorganic thin film

layer
In forming the anode layer 10 and the inorganic thin film layer
12 by high frequency magnetron sputtering, it is preferahle to use
a target that is made of compounds of the group A (group A-1 or
15 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 pum or less in average
particle diameter), or raw material, is preferably obtained
20 by being mixed uniformly by using a solution method
(coprecipitation method) (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
25 200 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 the molding preferably

falls within the range of 1 and 50°C/minute invalue. The target

76



nm sec in the rate of filmformation; 5 to 120 mnutes in the period of film
formation; and -50C to 300C in substrate tenperature. The reason is that
such a sputtering condition is cost-effective 15 and capable of form ng a
dense anode layer 16 and inorganic thin filmlayer 12 having uniformfilm

t hi cknesses. (2) Formation of the organic |um nescent |ayer 14 Wth reference
to Figs. 7 and 8, description will be given of the nmethod of formng the

: | . 0 i na di i
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mat eri al s™at ne Yy, rotation-axis
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vacuum evaporator 201. Next, evaporation sources 212A to 212F are arranged

at posi tirenRs fachs angy fgigied henkotatisds i 602230123 ofnd hensubstyaate; 203,
and the substrate 203 is rotated about itself. At the sane tine, various

evapor at iben st estkaks @y ethevapotated isignutdbaneeusly 41emet hei pl uesaldtyo of
evaporation sources 212A to 212F which are arranged opposite to the
subst¥ at @reXi3; alb herethyt exiesr ccsipguolépaost ttitengrbhge ar ganbapl Afil nes certup 77
| ayer 14 can be obtained in this way. Here, the vacuum evaporator 201 shown
in Figs. &FZan8d cbhpricgesip B Vacouwm dhanber 210upaBsubstaneesholtderreil for
fixing the substrate 203 to the inner top part of this vacuum chanber 210;
and the plEmal3%§18-(six) of evaporation sources 212A to 212F to be filled
with evaporation materials, opposed to and arranged bel ow this substrate
hol der 211. THFS SRACHUFY LRAMGEAIZECT 55 SO+ YUt 68 CQDY 351 LrdilRta?™F ng
its interioré n a ptedete%gin%q dg ress;rizgg statg.Ex usigg .exhaust neans
(not shoWtF X éAvcitdentaPry, WA sPx “BVapér at'Fofi®10 506G cBs "at® SheWh 7h the
diiagram fhe nypher gas%"%p.%r P Py $AUBEEILLS NRbuk! PLted yhepeto, byl fay be
five or l'ess, or seven
area of the target; 1 x 107’ to 1 x 107° Pa in vacuum; 0.01 to 50
nm/sec in the rate of film formation; 5 to 120 minutes in the periocd
of film formation; and -50°C to 300°C in substrate temperature. The
reason is that such a sputtering condition is cost-effective
15 and capable of forming a dense anode layer 16 and inorganic
thin film layer 12 having uniform 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
20 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 rotaticon axis 213A
25 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 212Fwhich are arranged opposite to the substrate

203, thereby exercising deposition. The organic luminescent
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or nore. Now, the substrate holder 211 has a holding part 212 for hol ding

the periphery of the substrate 203, and is configured to hold the 15
substrate 203 horizontally in the vacuum chanmber 210. A rotating shaft part
213 for making 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 notor 214, rotating and agitating

neans. %ﬁa eghf%rg%gt%%$3%?9%§éggiqg(gh1$e¥%?tor 214, the substrate 203

hel d by the substra _ makes se ation about the rotating
shaft portion 213, alngs Wt LA -Substraiesholden riZl. 7 Thats Smpt Nees

vertical rotation axis 213A is established at the center of the substrate

203 by neaRsc@imithenbetrati0ga 29shedte ponteem 2Z13orNextin§@ME StSstrate
description will be given of the nethod of formng the organic |um nescent

| ayer 12 2008 thehsubsigmat ep 203 tovf thok tawmudry pesmbé r rlggnasd loid pesceni ty
materials (host material and dopant material) by using the vacuum evapor at or
201 cbnfilgurad f huspordBipnistivaldes, 2 tdfet sdbgtriatiee 203 Lofl Wiltdt e sgpar &t strape as
shown in Fig. 7 is prepared. This substrate 203 is |ocked to the hol ding
part 212 mgftatie lsubsppasedtst aaf Pnnanged bediowz bht alsurdtreate heldgirs? bspect ,
the substrate 203 shown in Fig.. 7 being held 5 in a horizontal state neans
that the TSUbst¥aEeuB03hpENede ¥D G hgRdEsg a2 212 of PRASEHISRIT e

ol der S g forizontal, SLaG HeLe, L 0LONg {he organ Ly ncsoen
) 03 e 28R Sy UL, W 0 Dos) Tk etk 0d e dopant
10 sources are shown in the diagram, the number of evaporation
sources is not limited thereto but may be five or less, or seven
or more.
Now, Lhe substrate holder 211 has a heldingpart 212 for holding
the periphery of the substrate 203, and is configured to hold the
15 substrate 203 horizontally in the vacuum chamber 210. A rotating
shaft part 213 for making 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 1is
connected with a motor 214, rotating and agitating means. By
20 the rotational operation of the motor 214, the substrate 203
held by the substrate holder 211 makes self rotation about the
rotating shaft portion 213, alcong 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
25 shaft portion 213.
Next, concrete description will be given of the method of
forming the crganic luminescent layer 12 on the substrate 203 out
of two types of organic luminescent materials (host material and

dopant material) by using the vacuum evaporator 201 configured thus.
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depressuri zed inside by the exhaust neans to a predeterm ned vacuum such as
1.0 x 10-4 Torr. Then, the evaporation sources 212B and 212C are heated so
that the host material and the dopant 15 naterial evaporate fromthe
respective evaporation sources 212B and 212C simultaneously. In the
meantime, the notor 214 is rotated for agitation, whereby the substrate 203
is rotated at a predeterm ned speed, such as 1 to 100 rpm about the
rotation axis 213A. In this way, the substrate 203 nmakes self rotation 20
whi | e t hénhigsita iy ertlak and stthre tdogdht cmét%kaalsauereoswa{@oraaﬂ ediowo frorm

t he organic | um nescent |ayer 12. Here, as shown in Fig t he evaporation
sources 712B é’m?dS M%F%darr5ﬁ@§dsaf35tﬁ@s‘i6t Q(Qr?’sléf]fo‘t?hédr%‘?atth%ﬁoé 9 P13A
of the substr te 20 redetermn d dli% nce Mn _horjzontal directions.
Thus, th&32% rotatPon éﬁ %%Bgtt?ath ﬂlcﬁan@e fHe" angFad 6 a%fei dent

of the eyap ratlon mat e JC @ﬁsthrraterlalg and he do by
mat eri al , (rl‘ihtlhse SUbSTY te 583 regu ar O8N biks T tHe evaﬁ&lné;u og
material §.{q %‘U}E‘-Ifoﬁf?atlhé%‘t%s%@éﬁ %tu@hf OrsfH&’st§9t&h%aalgh'l%cf}!é&“

| ayer havi | ng evaporation materi a uni form conposition ratios can be

surely feiyede h‘Mltd‘iﬂﬂgb%%'J2&@‘&9&&%%19&&3%&%@?&&9%1 Ahefhben anel 15.
For exanple, it is poSsible to forma thin | m | ayer having concentration

vari ati org L0fe 10% (on a nol e basis). I\/breover 5 when the evaporation is
performed thus, no revolution is required of the substrate 203. This
el im nates theHeeed fior fbrinengedhespagenandl eguhpresht ahlew Dg, ecloaome film
formation in a mninum space. Here, the revolution of the substrate 203
refers tvapotattiion abouteanyl?btatd Ad2axkdjothengtdramrt hatgohatheclicle
substrate. It requires space wider than in the case of self rotation.
221 are filled with the host material and the dopant material,
respectively. After the filling, the wvacuum chamber 210 is
depressurized inside by the exhaust means to a predetermined
vacuum such as 1.0 x 107% Torr. Then, the evaporation sources
212B and 212C are heated so that the host material and the dopant
15 material evaporate fromthe respective evaporation sources 212B
and 212C simultaneously. In the meantime, the motor 214 is
rotated for agitation, whereby the substrate 203 is rotated
at a predetermined speed, suchas 1l to 100 rpm, about the rotation
axlis 213A. 1In this way, the substrate 203 makes self rotation
20 whilethehostmaterial andthe dopant material 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 M in horizontal directicons. Thus, the
25 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, so that a thin film layer having evaporation
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Now, in exercising the sinultaneous evaporation, the substrate 203 is not
limted to any particul ar shape. Take, for exanple, the case shown in Fig. 7
where the substrate 203 has the shape 15 of a short plate and all the sides
of the substrate 203 are identical in length. Here, the plurality of
evaporation sources 212A to 212F are arranged along the circunference 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, 20 where Mis the
radi us ofmeherimag el yirci fers 22hpard 1ids rhelobengrh bl st e DPrihe
substrate 203. On the other hand, when the sides of the substrate 203 are
not i dent¥&ahiBut NEi ffflérf@rﬁurfﬁcleeﬁét fheL skt trpdet RBIRSHgh I ok2YRE [Léngest

side. In such configuratiopns, the Ies t whi ch evaparati.on naterlals are
25 i nci deh? L of¥EA® 1bst T at & E@gsflrb %W{f?a‘?lﬂ}lfif dhorai§bn2¥dh ces
212A to 212F can be rendered identic hat th corrp05|t| on ratios of

t he evapo‘FaPFSHtr?ﬂte]r‘?%lvsa@a?ltE)@“%B%t#o@?e WE‘O &sPPY.1 Besi de’T€QlUE o
such conf g ?Eactﬂé)g tﬁ%fﬁﬁ‘ﬁ%ﬁ%&k?%r%ﬁéh@% e%‘éel%f ﬁ"_jLsafeg ¢epkai n
00 e he a §

angle” 8 i NCI on t strat Sence of vertic

i nci denceo‘EaEher%UB%rtfe[@é oyg3t herynis Qrnid yn of e heneOoRRS] t# 0P 1ﬁ@éh8%d
within the filmsurface. Mreover, in exercising the fabrication nmethod of

the 5 enbpdieenrin?-8Squapmawn hﬂ]lEMgng7,e<E<|9ﬁoﬂ|1wéﬂllirb{ obrevaidat iAna
sources 212A to 212F are pref erably arranged on the circunference of the

i magi nar ymeht eluen 223 car.oume tdhethet aévonuaxios: 2i3A ok utlse: r st A3t €203, t he
i ndi vi dual evaporation sources 212A to 212F being arranged at angles of 360
/' n about tbheoterttieyn obbohe igmgi natytliticizgie 22hemhenenn tilstt hef nutdeer of
evaporation sources 212A to 212E to be arranged. For exanple, when six
evapdidat i BRbstades. It requires space wider than in the case of self

rotation.

Now, inexercisingthe simultaneousevaporation, the substrate

203 is not limited to any particular shape. Take, for example,

the case shown in Fig. 7 where the substrate 203 has the shape

15 of a short plate and all the sides of the substrate 203 are
identicalinlength. Here, thepluralityof evaporationsources
212Ato212F are arrangedalongthecircumferenceof the imaginary
circle 221 around the rotation axis 213a of this substrate 203.

The short-plate shape preferably satisfies M > (1 / 2) x L,

20 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
configurations, the angles at which evapocration materials are

25 incident on the substrate 203 from the plurality of evaporation
sources 21232 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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212 are to bearranged, THey are suitably arranged at angles of 60 about the
center of the imaginary circle 221. In such arrangenent, the plurality of

evaporation materials can be 15 formed in | ayers successively on each portion
of the substrate 203. It is therefore possible to forma thin filmlayer
whose conposition ratios vary regularly in the direction of the film

t hi ckness. Next, description will be given in nore detail of the 20
conposition uniformty of the organic |um nescent |layer 14 that is formed by
t he sinultaneous evaporati on nethod descri bed above. By way of exanple, A q
was used @5 iREIRGHCHERRr FAE AWPUsraks £AS -dofdt .2 THeN§EbstTr AR B33adhown
in Fig. 9 was rotated at 5 rpmwhile a thin filmlayer having a thjckness of
25 approx%%%%@??cfbﬁena%©§¥PSEBITEEPPFnbye%ﬁkl%?ﬁﬂFFéh%BJ§V§CC&@ﬁb%%Féﬁnunder

t he follomjgg condi ti.on: Dep%sition rgte of Alg: 0.1 to 0.3 nnmis; Deposition
rate of Cs*6°% 0 %0 nhi'S; Tadd' StHitkhGss of Alg/Cs: 1000 angstroms

(setting). 81 '@fﬁgﬁéﬂ' | Yon tQ%}%P?Q‘iS@' d ugtyral f.qrpul H%%S?él fch S (gaown

in Fig. 19. Ne e thin fi ayer “obt ai ned was neasure i cknesses

at nmeasuring, RoLALS 1440 tos ANopD {Deiq) ass sRSHNALE 1493 showapa bR iBhg. 9
by using a contact type filmthickness nmeter. It was al so neasured for Cs/Al

(Al in Alggueeaposidi ad rabirog reap pETEra8L | O raMyedIIMN@ n@N cXrk@hference
phot oel ectron spectroscope (XPS) . Incidentally, ~the neasuring points (4Ato

4M) on t hef gltas simahisid sy e 2031 s PN andurd Ghed rate tarddi tasdrsy 2a@anelrrs tq:3
poi nts) of 16 equal sections 10 having a square shape with each side of 50 mm
i n | engt hsipsindoe 213, chh¢ hadidunidacd efapdiea sides sratrec203125 tdi ¥1 deteiing
advance.

arranged at angles of 360° / n about the center of the imaginary

10 circle 221, where n is the number of evaporation sources 212A to
212F to be arranged. For example, when six evaporation sources
212 are to be arranged, they are suitably arranged at angles
of 60° about the center of the imaginary circle 221. 1In such
arrangement, the plurality of evaporation materials can be
15 formed in layers successively on each portion of the substrate
203. It is therefore possible to form a thin film layer whose
composition ratios vary regularly in the direction of the film
thickness.
Next, description will be given in more detail of the
20 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
25 approximately 1000 angstroms (setting) was simultaneously
deposited under the follecwing conditicon:
Deposition rate of Alg: 0.1 to 0.3 nm/s;
Deposition rate of Cs: 0.1 to 0.3 nm/s; and

Thickness of Alg/Cs: 1000 angstroms (setting).
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Tabl e 2-1 shows the results obtained. 15 "Table 2-1" 82 Table 2-1 Measuring
poi nt Thi ckness (A) Cs/Al  4A 1053 1.0 4B 1 035 1. 0 4C 1047 1.0 4D 1 088
1.1 410911. 0 4F 10931. 1 4610821 . 1 4H 1075 1.0 41 1082
1.1 43 10651. 1 4K 1010 1.0 4L 10081 . 0 4M1 0251 . 0 Meanwhile, a
thin filmlayer having a thickness of approximtely 1000 angstronms (setting)
was fornmed under the sanme evaporation condition as in the foregoing

si mul t aneous evaporation 5 nethod except that the glass substrate 203 was not

r ot at ed. th ny il y gbt ai n neasyr ed kness S and Cs/ Al
conpositi gﬂcra |%s EL t’g]Cng gl[l?rln%)g ia?gfmgé%%guf?ﬁﬁupm n hAJ(C%Al? o% “fabl e
2-2 showngLQ(_a hgsults. 83 "Table 2-2" Table 2- 2 Measuring point Th| ckness

(A GCs/A
Next, thethinfilmlayer obtainedwas measured for thicknesses

at measuring points (4A to 4M) on the glass substrate 203 shown
5 in FPig. 9 by using a contact type film thickness meter. It was also
measured for Cs/Al (Al in Alqg) composition ratios (atomic ratios)
by using an X-ray photoelectron spectroscope (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
10 having a square shape with each side of 50 mm in length P, into
which the surface of the substrate 203 is divided in advance.

Table 2-1 shows the results obtained.

15

“Table 2-17
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4A 895 0.6 4B 941 1 . 1 4C884 1. 1 4D 911 0.7 4E 922 1.1 4F 1 022 0.8
4G 919 1.2 4H 1015 1.3 41 1067 0. 7 4J 908 1 . 2 4K 895 0.5 4L 9201 . O
AM 950 1 . 1 As is evident fromthese results, it was confirmed that
according to the sinultaneous evaporation nmethod descri bed above, 5 the thin
filmlayer was obtained with extrenmely uniformfilmthicknesses within the
range of 1008 and 1093 angstrons and extrenely uniform Cs/Al conposition
ratios (atomc ratios) within the range of 1.0 and 1.10 over the neasuring
points (4A to 4M on the substrate 203. On the other hand, in the case of
using the fabrication 10 nethod different fromthe foregoing sinultaneous
evaporatio agﬁeng%hoq, it was confirnmed that the nmeasuring points (4A to 4M
on the substrate 3 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] (1) Preparation for fabrication
of an organic EL device (fabrication of a target)

Measuring point | Thickness (A) Cs,” Al
4A 10563 1.0
48 1055 1.0
4C 1047 1.0
4D 1088 1.1
4E 10821 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
41 1008 1.0
4N 1025 1.0

Meanwhile, a thin film layer having a thickness of
approximately 1000 angstroms (setting) was formed under the same
evaporation condition as in the foregoing simultaneous evaporation

5 method except that the glass substrate 203 was not rotated. The
thin film layer obtained was measured for thicknesses and Cs/Al
composition ratios (atomic ratios) at the measuring points (4A to

4M). Table 2-2 shows the results,.
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Powder s of indium oxide and cerium oxide (no greater than 1 10 pmin average
particle dianmeter) were acconmmodated in a wet ball mIll 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, followed by press
nol ding to dinensions of 4 inches in diameter and 5 mmin thickness. The
resul tant 15 was acconmobdated in a baking furnace, and then heated and baked
at a tenperature of 1400' C for 36 hours to fabricate a target 2-1 for the
anode | ayer ﬁ%%For tion of the anode |ayer 10 Then, a transparent glass
substrate of 1 1 |ckness 20 25 mMmin w dth, and 75 nmin | engt h and
the obtained target 2-1 were placed in the comon vacuun1chanber of the high
frequency sputtering system and the vacuum evaporator. The high frequency
sputtering @r?va.szperated to forma transparent electrode film of 75 nm
in thickness as ‘the anode |ayer 10, thereby obtaining a 25 substrate. Here, a
m xed gas of argon gas and oxygen gas was filled in a state depressurized
down to 3 x 10-1 Pa in vacuum In that atnosphere, the sputtering was

per f ormed under the an ultinmate vacuumof 5 x 10 _Pa: a
substrate tenperat , a fi form ng
BS tinme of 14 m nut ds—ie ; FH-S5—¢ b --de | ayer
10 will be referred this
substrate was subj et and
then dried in a N2 gni r e 10-anqte cl eapi ng by
using W (ultraviole 3 “#r 10 of
the substrate was mg i on pqtemtlal by usi ng
AC-1 (from R ken KeiHe - - Fre—+ }

4D 911 0.7

4 922 1.1

4F 1022 0. 8

4G 815 1.2

4H 1015 1.5

4] 1067 Q. 7

4. 208 1.2

4K 895 0.5

41 G20 1.0

40 950 1.1

As 1is evident from these results, it was confirmed that
according to the simultaneous evaporation method described above,

5 the thin film layer was obtained with extremely uniform film
thicknesseswithin the range of 1008 and 1093 angstroms and extremely
uniform Cs/Al composition ratios (atomic ratios) within the range

of 1.0and 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 foregoing simultaneous evaporation
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to be 6.20 eV. Mreover, the substrate provided with the anode 10 | ayer 10
was neasured for light transmttance (wavel ength of 550 nm and found to be
89% (3) Treatnent in vacuum evaporator The substrate was | oaded on the
substrate hol der of the vacuum chanber. Then, the vacuum chanber was
depressurized inside to a 15 vacuumof 1 x 10-6 Torr or |ower before the
hol e transporting |ayer 13, the organic |um nescent |ayer 14, the el ectron
injection layer 15, and the cathode |ayer 16 were |anm nated in succession on
t he anode I and the ingrgan th|n filmlayer 12 of th ubstr

obtain an SFglanl ‘'c J%L "device. - He ?ﬂg% |?11 thé:heermlec?ds%g onYt hié 56 fgrll?r)‘as:loor?%@f th

organi ¢ | ygi pescent, layer (14050 e, dors taﬁoehleﬁmte@es&étmd@hgax% Gothe

vacuum was not broken even once so t e sane vacuum condi tion

mei nt ai nedeg 4l i 4iBd 6 Y .arfps HebRsIL RASROIAT '&bn(f%@ft abn F@P@B%nih%ﬁgr%

was vacuum evaporated to 60 nm Next, as the |um nescent |ayer, 25 DPVDPAN
and D wepe ¢o-evaporated to 40 nmin the vacuum Here, the deposition rate
of the DPVDPAN was 40 nnis and the deposition rate of DI was 1 nnis.

I ncidental ly, theachéphtakxsatpuetsural fornula of TBDB is shown in Fig. 19.
The chem cal structural fornmula of DPVDPAN is also 86 shown in Fig. 19. The
chem cal structPabctormll exefipDe Ps1dl so shown in Fig. 19. Then, as the

el ectron injection layer, Alg was vacuumevaporated to 20 nm 5 FlnaIIy, Al
and Li were vacudm é\r@mr@ttéd)rt of¢or fimbheceathodel |Ayepranodn tHhe @i on
injection |layer 15, fabricating the organic EL device. Here, the deposition
rate of AlIlf ﬁé§lfaﬁ%P§ °dnd the€9eddposition rate of Li was 0.01 nm's. The

t hi ckness of the Al/Li
Powders of indium oxide and cerium oxide (no greater than 1

10 upm in average particle diameter) were accommodated in a wet ball
mill container so that the mole ratio Ce / (In + Ce) was 0.05, and
then mixed and ground for 72 hours. Next, the resulting ground
article was granulated, followed by press molding to dimensions
of 4 inches in diameter and 5 mm in thickness. The resultant

15 was accommodated in a baking furnace, and then heated and baked
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,

20 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 frequency
sputtering system and the vacuum evaporator. The high freguency
sputtering system was operated to form a transparent electrode film
of 75 nm in thickness as the anode layer 10, thereby obtaining a

25 substrate. Here, a mixed gas of argon gas and oxygen gas was
filled in a state depressurized down to 3 x 10! Pa in vacuum.
In that atmosphere, the sputtering was performed under the
condition of: an ultimate vacuum of 5 x 10°% Pa; a substrate
temperature of 25°C; an input voltage of 100 W; and a film forming
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filmwas 200 nm 10 (4) Evaluation on the organic EL device A direct-current
voltage of 4.8 V was applied to across electrodes with the cathode | ayer 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 mMVcn2 15 and the |lum nescence intensity was 164 nit (cd /M2). The

| um nescent color was confirmed to be blue. Furthernore, for the sake of
durability evaluation constant-current driving was conducted at 10 nﬁVcnﬂ.

.. a f d | h
\oPart SR Leaky LRt vas i, pren ALLEC 741,38°8 L1000, hobr 3.
erbod mrent - Bract pal, enhogi oot Py ﬁ&;gglts@yﬂg@@a 5,%/ aéa 2ads i

e.
Mat eri al arode n oxi de n oxide/ Tn oxi I"ayer OXI&e Sn

oxi de/ S“SQB%Q@ﬁuﬁWtP i defn i dn Oxb el aZa oyhde/ s dps axicdef tBH QX1 dgk o8iin:
oxi de/ Eu oxide/ |P(e 6.20 5.85 5. 95 5.80 Thlc%nesa(n 75 75 75 75

Li ght trapseiitiance B9 s8P85 B8 a (¢Shopl entirandpadt i ag TBDBNIBDBi TBBR <HBDB
mat enal Thi ckness(nm) 60 60 60 60 Material of DPVDPAN DPVDPAN DPJDPAN
DPVDPAN gas) atmosphere before 10-minute cleaning by using UV
{ultraviolet rays) and ozone. In this state, the anode layer
10 of the substrate was measured for the value of icnization
potential by using AC-1 (from Riken Keiki Co., Ltd.) and found
tobe 6.20 eV. Moreover, the substrate provided with the anode
10 layer 10 was measured for light transmittance (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
15 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
20 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, TBDBmentionedabove
was vacuum-evaporated to 60 nm. Next, as the luminescent layer,
25 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 TBDB is shown

in Fig. 19. The chemical structural formula of DPVDPAN is also
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| um nescent aver Thlckness(nn) 40 40 40 40 Material of electron Alqg Alg Alq
Alg injection layer Thickness(rn 20 20 20 20 WMaterial of cathode Al/Li
Al/Li A/Li A/Li layer Thickness(nm 200 200 200 200 Voltage(V) 4.8 5.3
5.0 5.1 Lum nescence 164 1 58 1158 155 ntensity(cd/n2) Half [ife 1 000
hours or nore 1000 hours or nore 1000 hours or nore 1000 hours or nore
:Grass reference 5 10 "Table 2-4" 88 Table 2-4 Practical enbodi nent
Practical enbodi nment Practical enbodinent Conparative 2-52-6 2-7 exia nple
2-1 Mat er aiRofN dibdé 9-nldxi ddlg Ah6RKIFR Y strusd eeat Gardxiaeef Pl Ayer 1 &h
oxi de / Snlgxide./ oxipg [ Sir oxide / Zn oxide / Zn oxide / Zn oxide /
Zn oxi de /°"9H" ox{'dé /9 *Ho dxide / Smoxide / IP(eV) 5. 84 5. 82 5.98 5.23

TIekeSS(n) TS TS T8, L FRLLT SRSLPeeBR.Re R SShafBL ot i
vacuum-evaporated to 20 nm.
5 Finally, Al and Li were vacuum-evaporated to form the cathode
layer 16 on the electron injection layer 15, fabricating the organic
EL device. Here, the deposition rate of Al was 1 nm/s, and the
deposition rate of Liwas 0.01 nm/s. The thickness of the A1/Li1
film was 200 nm.
10 {4) Evaluation on the organic 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?
15 and the luminescence intensity was 164 nit (cd/m?) . 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.

20

25

“Table 2-3"
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Thi ckness (nm Material of DPVDPAN DPVDPAN DPVDPAN DPVDPAN | um nescent | ayer
D /D1 /DL /D1 Thickness(rn) 40 40 40 40 WMaterial of electron Ala Alq Alqg
Alq infection |layer 20 20 20 20 Thickness(rim Material of cathode Al/Li
Al/L AIl/Li A/Li layer 200 200 200 200 Thiclmess(nrn) Voltage (V) 5. 1 5. 1
4.9 6.0 Lumnescence 1 65 166 1 64 166 intensity(cd/n2) Half life 1 000
hours or nore 1 000 hours or nore 1 000 hours or nore 1000 hours or mare
Grass reference [Practical exanple 2-2] Instead of the target 2-1 of the
practical exanmple 2-1, a target 2-3 nmade of indiumoxide, tin oxide, zinc
oxi de, and n@gp%gl moxide 5 was used with indiumof 0.8 in the mole ratio
(In/ (In + +2Zn)) , tinof 0.1 in the nole ratio (Sn/ (In + Sn + Zn)),

and zi nc of in the mole rati (Zn / (In + Sn + 7n) ) An organic EL
devi ce wag fabrlcated Ricti eptiadimerte d Praifel qmprdimdni ) Peciat smesiimeb 1) B ioambiet |same
as in the practical exafiple 2-1 |néidentally |Fhe anade 1Q02F4yer 10 had an
i oni zat i on |petentsat ofn5i85 eV. Allndiidedct - cur lemtidexol t age |BF5B/3 V was
applied to |&Foss the %@M@Iectrode§”@ﬂﬁfhe obt| & trédt” or gani| €~ Eieedevi ce |as in
the practidal exanple|l, with the F@%ﬂit t hat [Eh&%Ur r ent a%ﬁg?ty was [2. 0
mV cm in valus and the Iuninescenﬂ@dPﬂTen5|ty @%%“§é8 nit. ETW@ | uni neéscent
col or was cqpfknessr(req to ?)5 bl ue. 75 75 75

Light transmittance | 89 89 88 88

%) x

Hole transporting TBDB TBDB TBDB TBDB

matenal

Thickness (nm) 60 60 60 60

Material of DPVDPAN DPVDPAN DPVDPAN DRPVDPAN

luminescent layver

Thickness (nm) 40 40 40 40

Matenal of electron Alg Alq Alg Alg

inection layer

Thickness {nm) 20 20 20 20

Material of cathode  { A7 Li AlL/L Al /L Al

layer

Thickness (nm) 200 200 200 200

Voltags (V) 4.8 5.3 5.0 5.1

Luminescence 164 158 168 165

intensity (cd,”m?)

Half life 1000 hours or more 1000 hours or more | 1000 hours or more | 1000 hours or more

X :Grass reference

10

“Table 2-4"
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5 [Practical exanple 2-3]
2-1, a target 2-4 made of indium oxide,
oxi de

mole ratio (Zn / (In +
wWth respect to the tot

Sn + Zn)),
al et al

device was fabricated with the rest

in the practical exanpl
i oni zation potenti al

e 1.

I nci dental |y,
15 of 5.95 eV. A direct-current voltage of 5.0 V was

tin ox

t he

Instead of the target 2-1 of the practi cal

ide, zinc ox

Zn + Sm)

anode | ayer

i de,

the nole rat

exanpl e
and samarium
was used with indiumof 0.8 in the nole ratio (In/ (In + Sn + Zn) ) ,
tinof 0.1 inthe nmole ratio (Sn/ (In + Sn + Zn)), zinc of 0.1 10 in the
and samariumof 0.04 in

(Sm/ (In + Sn +

io

. An organic EL
of the fabrication condition the sane as

10 had an

scent
he

Xi de,
in the
(In +

[ (In
of

0 eV.
of
he

applied to &¥%454he el ectrodes of the obtained organic EL device as in
the practical exanple 1, with the result that the current density was 2.0
mAV cn? in val ue and t hgrhdf AGSEN Q=LA 2bSink) WaStcd 68ocdindhtt | Coflaatidk UM neg
color was cpnfirmed to |kesbl ue. 20 [2Peactical epatpl e 2-4] |sbead of t
target 2-1 pf the practfical exanplg 2-1, a target 2-5 made|@f1 indiumd
tin oxide, pRe dxbde, |[anddeUr opi umMi-oxibde was Psad i th i ndihom af 0.8
nole ratio E@ﬂ'/ (I'n +{SAxde Zn) ) ,|Srbida.Of 0. 1|drpxdehe nol el $rakide0” (Sn /
Sn + Zn)), kinc of 0.1 |25/t he nolZectdati o (Znjarhofkr + Sn [Zrédk); and
europiumof|[0.04 in theébpote ratigHaictda. T espectSrtedtfie totpl netal (EU
+Sn + zZn {PEW) ) . AnBo¥gani c EL |§e¥2 ce was fbPFcated wi[h2Bhe rest
the fabricali"8t¥Ondi ti|6R the sane |46 in the prgétical exanple 2-1
Incidentallﬁﬁggﬁﬁmﬁﬁﬁd685ayer 10 hadBan ionizat|8n 90 potepd al of 5.8
A direct - cuprent—volta f—5—1—V—v appted geross—th tect+odes
the obtai nef{Bf G € ELZ?%%vice as EED?he practéggﬁ exanpleji?%, with t
result that|y,phe.cUyrent density was 2 . 0 mA/c in value gnd the
| um nescencg o DPVDPAN DPVDPAN DPVDPAN DPVDPAN

luminescent layer D1 D /D1 /D1

Thickness{nm) 40 40 40 40

Matenal of electron  [Alg Alg Alg Alg

injection layer 20 20 20 20

Thickness (rrm)

Materal of cathode | AlL/Li Al L AL/L AL/

layer 200 200 200 200

Thickness (pm)

Voltage (V) 5.1 5. 1 4.9 6. 0

Luminescence 165 166 164 166

intensity (ed M)

Half life 1000 hours or more | 100Q hours or more | 1000 hours or more | 1000 hours or more

X : Grass reference

[Practical example 2-2]

Instead of the target 2-1 of thepractical example 2-1, a target

2~3 made of indium oxide, tin oxide, zinc oxide, and neodymium oxide

(In + Sn + Zn)),

and zinc

(In + Sn + Zn}),

of

An organic EL device

was fabricated with the rest of the fabrication condition the

5 was used with indium of 0.8 in the mole ratio (In /
tin of 0.1 in the mole ratio (Sn /
0.1 in theé mole ratio (Zn / (In + Sn + Zn)).
same as in the practical example 2-1.

10 layer 10 had an ionization

potential

Incidentally, the anode

of

5.85

eV,

A

direct-current voltage of 5.3 V was applied to across the
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5 intensity was 165 nit. The |um nescent color was confirned to be blue.

[ Practical exanple 2-5] Instead of the target 2-1 of the practical exanple
2-1, atarget 2-6 made of indiumoxide, tin oxide, zinc oxide, and terbium
oxide 10 was used with indiumof 0. 8 in the nole ratio (In/ (In + Sn + Zn)
) , tinof 0.1 in the nole ratio (Sn/ (In + Sn + Zn)), zinc of 0.1 in the
nole ratio (Zn/ (In + Sn + Zn)) and terbiumof O. 06 in the nole ratio with
respect to the total nmetal (Tb / (Iln + Sn + Zn An organic EL deV|ce

was fabri catedtwresstpé tr}é%to}:ltsajo?eflﬁér@f%ﬂ:c% Id(;ﬁ] )&lstFBn A& el G810 n
th t | | dent h de | had a
o e or B SR e oSN et e Pen Y el e Wp sz 0

| d | i h
oo 150 (s oo e oo g L g ce g 1o

mA/ cng in y&hygege@ntthecéyakn%%e%fwﬁ@asw PiaS, B9 nit. The |uminescent
color was confirnmed to be blue. [Practical exanple 2-61 Instead of the

target 52-1 of theppHactdLnl cgxmppbez23l, a target 25 2-7 nade of indium

oxi de, tin oxide,zinc oxide, and holnium oxide was used with indiumof 0. 8
in the nmol e ratimm{ddad ofluhett SAget 271 f Lhetgrnaafi dhllekamphe 27l ea tatget( Sn
[ (In+ Sn + 2Zn)), zinc of 0.1 inthe nole ratio (Zn/ (In + Sn + Zn)), and
hol ni um of 204 T&ddenoft fred hwrh @ xiatd ,0 tunt bk T@spexiindg oxtite, t atadls ametralunf Baibe( | n
+Sn + 91 Zn + Ho) ) . An organic EL device was fabricated with the rest of
t he fabri céa$ odesbindichi ondine shrve Sadni Phe e s getiical Texangine+ 2r 1+ Zn) ),
Incidental ly, the anode Iayer 10 had an ionization potential of 5. 82 eV. A
di rect - curfBato% of t hgh oFhg moyeygstio (Sn/ {In + Sn + 2Zn)), zinc of 0.1

10 in the mole ratio (Zn / {(In + Sn + Zn)), and samarium of 0.04 in

the mole ratio with respect to the total metal (Sm / (In + Sn +
Zn + Sm)). An organic EL device was fabricated with the rest
of the fabrication condition the same as in the practical example
1. Incidentally, the anode layer 10 had an ionizaticn potential

15 of 5.95 eV. A direct-current 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 color was confirmed to be blue.

20 [Practical example 2-4]

Insteadof the target 2-1 of the practical example 2-1, a target

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 ratic (Sn / (In + Sn + Zn)), zinc of 0.1

25 in the mole ratioc (Zn / (In + Sn + Zn)), and europium of 0.04 in
the mole ratic with respect to the total metal (Eu / {(In + Sn +

Zn + Eu)). An organic EL device was fabricated with the rest

of the fabricaticn condition the same as in the practical example

2-1. Incidentally, the anode layer 10 had an ionization
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5 applied to across the el ectrodes of the obtained organic EL devices as in
the practical exanple 2-1, with the result that the current density was 2. O
mdV cm in value and the |um nescence intensity was 166 nit. The | um nescent
color was confirned to be blue. 10 [Practical exanple 2-7] Instead of the
target 2-1 of the practical exanple 2-1, a target 2-8a nade of indium oxide,
tin oxide, zinc oxide, and ceriun1oxide was used with indiumof 0.8 in the
nole ratio (In / (ILn + Sn 4- Zn) ) tin of 0.1 in the nole ratio (Sn /[ (In
+ Sn + Zn)9QteRhéads o6, P 1850|'?1VtheArr6FéeF§t i (P%tﬁgﬁwqu%)} Vangs
cerium of

| 1 1 t t he t ot al |
SO Pl R A e T RO e S SRS bt Rl ot Fhefh et Tet Bng
fabri ti t t |
oo oot e ved B0l eh'l%éey??al%éh QUL RGARIAT] 22 HRIR ErE Tpanlt.bRehy. A
direct- Cur{k‘?@tcd’ﬂéﬁg%&{s t? wa¥as apRl st 189 ve?‘qusaSné he, £hegtipdes. QEt he

obt ai ned organi c EL deV|ce as I1n the practical exanple 2-1, wwth the result
that the cikfentitdensistyevasi2.0 meCnBriimosddier ansh thesd yridescenea to
intensity was 164 nit. The |um nescent color was confirned to be blue. 25

[ Practi calbexammke 2-81 Instead of the target 2-1 of the practical exanple
2-1, a target 2-8b made of indiumoxide, tin oxide, and cerium oxide with
indium of 0.9 ipPthetimde ¢dmol€|n-%3](In + Sn)) and tin of 0.1 in the nole
ratio (Sn / (In + Sn)) was used to forma 75-nmthick film 92 on a
substrate, on whinstea@0imhe hicgetid-hwashapde diy asl agampl eargeota tempesed
mai nly of zinc oxide with ceriumof 0.05 in the nole ratio with respect to
the total #etaladecel ipghun @eyge, tigh ooigeni E1EE eeviiee aRd HedhiuwnreEd o t h

the rest of the
10 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 + Zn)), zinc of 0.1
in the mole ratio (Zn / (In + Sn + Zn)), and terbium of 0.06 in
the mole ratio with respect to the total metal (Tb / (In + Sn +
Zn + Tb)). An organic EL device was fabricated with the rest

15 of the fabricationcondition the same as in the practical example
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

20 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]

Instead of the target 2-1 of the practical example 2-1, a target

25 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 + 2Zn)), zinc of 0.1

in the mole ratio (Zn / {(In + Sn + 2n)), and holnium of 0.12 in

the mole ratio with respect to the total metal (Ho / (In + Sn +
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5 fabrication condition the same as in the practical exanple 2-1.
Incidentally, the anode | ayer 10 had an ionization potential of 6.18 eV and
a transmttance of 79% Moreover, a direct-current voltage of 4.8 V was
applied to across the electrodes of the obtained organic EL device as in the
practical 10 exanple 2-1. Here, the current density was 2.0 mA& cnR and the

| um nescence intensity was 162 nit (cd/nR). The | um nescent col or was

Const ant - cif rer{odr vi'h e~ RoRaRE B8 T0° T SBL CR Bhrty ol ST EARY
current vase f.und: RS AL ek oA o | 305,06, 1000 hout 591 oL ¢ orBAEaL ve

exanpl e 2- I nstea e target e practical ‘exa

target 2-9,mpde of,ERdiwPLoxide. thd 9xbae, BAdezi Nty OXide awaslwfgla%bn
indiumof 0.6 in the nole ratio (In/ (In + Sn"20 + Zn)), tin of 0.3 in the

nol e ratiop$Bant iGN off SN. 82 Z8Y), aand raidic- @hirPedti B ie q®! @rratiov(Zas/
(In + Sn + Zn)). In other respects, the organic EL device was fabricated in
the sdane sppheedasd mdehespractld cale exaspke 2fl.tHaicodentalddy, o tdenianade

| ayer 10 had an ionization potential of 5.23 eV. A 25 direct-current voltage
of 6.0 V wasvapplsi ed tio adrogs adieicel eexandés @f-thevioth aimedr©sgani Chit
device as in the practical exanple 2-1, mnth the result that the current
density wathg @urapnenPenaival vesahdo tffH’e/CFfElmlﬁeEééﬁ@eanﬁt@h%|]{L3ml/@%5@660|¢| t.
The | um nescent color was confirnmed to be blue. 93 Summary of the group of
embodi ment $NPCAS 1as VEden bdefditl-ed T&ﬁox}élmldeﬁ:%%nﬁgc@éOFh\éaér@aﬁiférELeddé\?u ce
of the presenh i nvention, it has becone possible to provide an organic EL
devi ce whi BR Rd¥Sexcel I ent transparency and durability and

10 [Practical example 2-7]

Insteadof the target 2-1of thepractical example 2-1, a target
2-8a made of indium oxide, tin oxide, zinc oxide, and cerium oxide
was used with indium of 0.8 in the mole ratio (In/ (In + Sn + 2n)),
tin of 0.1 in the mole ratio (Sn / {(In + Sn + Zn)), zinc of 0.1

15 in the mole ratic {(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

20 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.

25 [Practical example 2-8]

Instead of the target 2-1 of 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 + 3Sn)) 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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5 exhibits high [um nescence intensity even under a | ow driving voltage,
conprising the anode | ayer and the |i ke nmade of certain organic conpounds.

It was also confirmed that the anode | ayer and the |ike nade of certain

i norgani ¢ conpounds had excellent etching properties. 10 Mreover, according
to the substrate for an organic EL device of the present invention, an
organi c EL device exhibiting such preferable performance can be fabricated

easily. Besides, .according to the nethod of fabricating an organic EL device
of "t he pr Gibrt SHBTEC, it S BeCong- BUSSIOH Y (ot BRoUFderotE &Y ditkmfe B

device effectively ubieh as wexcel ) ent 11ansparancy.and durabhidtyo and 5
exhibits hig 1Um nescence |H&en5|¥y even under = a low riving vol tage. ?}oup
of enbodi r el i ri-aini t e i up of
“nvent fon By I Be deber bed w th Fer erenca s o e ravnge? ThENet il
exampl e 3-d4 GihaRrieparat i {ee thes f abhirGald 1dy of,i& SUPREN ates f O ANt he
organic EL device (fabrication of a target) 25 Initially, a sputtering target
to be pseddwrfonfing ebaectiradas thef sameohgaih & Hel pdeMitCc DY Spahpeei Ng1is
fabricated. Initially, powders of indium oxide and cerium oxide (no greater
than 1 miInavéeagelpartitdtie ahadet éryewerld accOmrodatedzeniametotdratiaim ||
container, and m xed and ground for 72 hours. Here, the 94 m xing and
grinding are peridrned senthae cdériammrokidencse 0005 7i%% + he Moleowgio with
respect to the total anmpbunt (this nole ratio wll be expressed as Ce / (In +
Ce)). NexdireRe-FESHHIthgVHréa a?fi é-& wasWgrampat éad fio? | 8RE@sS BYye

press nolding to di nensions of 4 inches in dianeter and 5 nm ,
electrodes of the obtained organic EL device as in the practical

2 and the

10 example 2-1. Here, the current density was 2.0 mA/cm
luminescence intensity was 162 nit (cd/m?). 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

15 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 ratio (In / (In + Sn

200 + Zn)), tin of 0.3 in the mole ratio (Sn / (In + Sn + Zn)),
and zinc of 0.1 in the mole ratio {(Zn / (In + Sn + Zn)}. In
other respects, the organic EL device was fabricated in the
same manner as in the practical example 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 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 166 nit. The

luminescent color was confirmed to be blue.
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i nt hi ckness. The resultant was accommodated in a baking furnace, and then
heat ed and baked at a tenperature of 1400C for 36 hours to fabricate a
target 3-1 for an anode layer. Incidentally, the present enbodinent 3 will
deal with an 10 organic EL device. This organic EL device corresponds to an
exanple of the organic el ectrolum nescence apparatus in clains. (2)
Formati on of the anode | ayer Then, a transparent glass substrate 310 of 1. |
mmin thickness, 25 nmmin width, and 75 mmin |length, the foregoing target
3-1 fabricated, SUE in ¢ tH A In 5 Pd: 0.5wt% Cu: 1.0 wt%
are placed in the common vacuum chanber of the hi%h frgguenc% sguttgring
system and t he APaRBBMSErapsF at 6F9 B BRECRAGRIFTRGHENTISHL 8T FRYL ST st em
was operated to forma 35-nmthick netal oxide |ayer 312a, a 5-nmthick Ag
Ehn T30 0 R reaRT e B £k M BF o SF B abeP S Bn0sA B G assie
substrate 310 hj s.way,. _an tr 8 Vi d ayer
316 conpoggﬂ %ﬁé?%%sgﬁfﬁgega%af%%ggaggqgb?g?ﬁ%éSEg?ﬁ%saﬁ?’s oﬁﬁaﬁ%ﬂgfgsng.

Her e, bhe dlifiss SURShE Al ALA ales i {00 30 AT €181, o2 {1Py o PBSEe,
menber™ in clains. Ile this practical exanple uses the glass substrate
310, it i sRgssidlfy tthdShAP| BSid £ SAPSEHAL B kOMmSUEN-R sHbsLiAt 8rdsndc
silicon wafer, depending on the applications. Besides, the step of formng
an anode |@aygrounds sudh spu adrdngof I espantdsatotar exayd € ofet fofdi tige an
95 el ectrode by sputtering” in clains. That is, the anode | ayer 316

corr espondsi k® rerdexanples taf 1 11 Hended@et codetpbnnclsahesl elerd,l entmieteth gag  of
argon gas and oxygen gas was filled in a state depressurized downto 5 x 10-4
Pai n vacuumop@rhaeat-nosphere, 5 the sputtering was performed under the

condition of: an ultimte _ , .
10 Morecver, according to the substrate for an organic EL device

of the 'present invention, an organic EL device exhibiting such
preferable performance can be fabricated easily.

Besides, according to the method of fabricating an organic

EL device of the present invention, it has become possible to provide

15 an organic EL device effectively which has excellent transparency

and durability and exhibits high luminescence intensity even under

a low driving voltage.

Group of embodiments 3

20 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)

25 Initially, asputteringtarget tobeusedin formingelectrodes
of an organic EL device by sputtering is fabricated.

Initially, powders of indiumoxide and ceriumoxide (nogreater

than 1 pm 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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vacuum of 3 x 10-1 Pa; a substrate tenperature of 25C, an input voltage of
100 W and a filmformng time of 14 mnutes. Hereinafter, the el ectrode
substrate 318 conbining this glass substrate 310 and the anode | ayer 316
will be referred to sinply 10 as substrate 318. This substrate 318
corresponds to an exanple of the el ectrode substrate for an organic

el ectrol um nescence apparatus in clains. Subsequently, this substrate 318
was subjected to ultrasonic cleaning in isopropyl alcohol, and then dried in
a N2 (nitmogemgas)d dhbi adimgpheeepbefforendd-gad nitear cdeeanimgobydasi agd VS
(ultraviolet rays) and ozone. (3) Measurenents Before and after the UV

cl eani ng dfn ttree subke riag el ot Ké tangds pd @y ero 3ite wast adasmoeah f ot the wal @e of
its work function by using 20 AC-1 (fromRi ken Kei ki Co., Ltd.), and found
to be 5.8%abd ¢ befdlebs earphgysand a6 e eX (aht eér &@lelani ng). Mreover, the
substrate provided with the anode |ayer 316 was neasured for I|ight
transnittance (W&l eh§ENTBFLEEBRANYT QWY fHUnE 1% W5 ga9nutRéedsyf pataved

resi stance was neasured by the. four probe hod and ., 25 found to b . 6
s B8 BT T 1 AT Lo Rad b el NXTRCT nbar &1 SHBF b 2803 Pt e

was | oaded on the substrate _hol.der in_the vacuu hapber. .of . t he vacuum
evapor at or:” %%%}?n?%sé' vlgrg:euﬁ%sghlgcr?nne? Ras %%%r(rﬁrélg? &r%iez&;gn ian%ai1 ‘a%a”? o‘f Y9 Vacuum of
1 x 10-6 To 9 r_l.ower 0 iLng.| 0320, or iC
| um nescen r{é Itf%}eglr Rgfie aﬁnte?jleégg(r%gﬁa?n% g:&tnl{pg??g%%? %Ei%y@é?gogaﬁﬁoh elg?gyer
326 were | patedcinesuccesshor on it he, angde Jhayes ﬁ@e@; the substrate 318

to obtain an organic EL device. This is showmn in 5 Fig.
Incidentally, the present embodiment 3 will deal with an
10 organic EL device. This organic EL device corresponds to an example

of the organic electroluminescence apparatus in claims.

(2) Formation of the anode layer

Then, a transparent glass substrate 310 of 1.1 mm in thickness,
25mminwidth, and75mmin length, the foregoingtarget 3-1 fabricated,
15 and an Ag 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 5-nm-thick Ag thin
20 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 ancde 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
25 the "base member” in claims. While this practical example uses
the glass substrate 310, it ispossible touseaplasticsubstrate
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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Here, in the period fromthe formation of the hole transporting Ilayer 320 to
the formati on of the cathode | ayer 326, the vacuum was not broken even once
so that the sane vacuum condition was maintained. 10 The step of form ng the
organi ¢ lum nescent |ayer 322 by such vacuum deposition corresponds to an
exanple of "formng an organic el ectrolum nescence |ayer by vacuum
deposition” in clains. That 1is, the organic |lum nescent |ayer 322

corresponds_to an exanple of t he "organic el ectrol um nescence | ayer
cl ai ns. 1591?1F*€F8Idleybya§9tuﬁet%+%gtrhﬁs‘ﬁb@ﬁmﬁg et e dlseztdlemmfyl%%ayer

vacuum evaporated to 60 nm Next, t c l,um nesce er. 322,
DPVDPAN antt B CGFE <0 apbP ard W%le% At TELECh PR o rhks S
deposi tion rate}gf the DPVDP N _was 40 m and éhe d%%?SIHQQEH;%Hﬁled Dl was
1 nm's. 20 Then,~&s" The e ec 25 |n13c9|ong?ay%?

vacuum evapor gl g 0.20,0m. i gl v, A mm%ahmxwg(g&umva%mgggre%%tg dite

formthe ca eéctron “injection’|ayer

fabricating,d %m@@ﬂ Eba 616Vd €8 rmd4 dr&réldecwladﬁdltﬂ%rﬂ%@omaw gntrlfahta%eof
Al here was nms, 25 and the deposition rate of Li was 0.01 nnis.

t hi ckness @écumgfﬁé L Lio-f pbMB§H 3002 PEL cflRR rGeALEE ofsot Malaenof ¥6Ii>%a e
DPVDPAN, DI, and Alq are shown in Fig. 19. (5) Evaluation on the organlc EL

devi ce fabmfcam@dw 9dnd 4di fétin- Curnénty vohtéagé off AiBuYewas applied to across
el ectrodes with the cathode | ayer 326 of the obtained organic EL device 330
as the negative ejeshetteondehandl ¢ heradedeblsdyert 3168 casbting ngosh 1 $ gé aGs)

el ectrode. Here, the current density was 2. 0 5 md/cnR and the | um nescence
intensity swlest16dtai11¢ candihe arhede layer 316 will be referred to simply

10 as substrate 318. This substrate 318 corresponds to an example
of the electrode substrate for an organic electroluminescence
apparatus in claims.

Subsequently, this substrate 318 was subjected to ultrasonic
cleaning in isopropyl alcohol, and then dried in a N; (nitrogen gas)

15 atmosphere before 10-minute cleaning by using UV (ultraviolet rays)
and ozone.

(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
20 AC-1 (from Riken Keikil 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 1light
transmittance (wavelength of 550 nm) and found to be 84%. The
surface resistance was measured by the four probe method and

25 found to be 4.6 Q/sqg.

(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 107° Torr
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| um nescent color was confirmed to be blue. Furthernore, for the sake of
durability evaluation, constant-current driving was conducted at 10 m& cnR.
No particular |leak current was found even after a | apse of 1000 hours or
nore. 10 The results of the practical exanple 3-1 are shown in Table 3-1. 15
20 25 "Table 3-1" 98 Table 3-1 Practical Practical Practical Practical
enbodi nent enbodi nent enbodi nent enbodi nent 3-4 3-1 3-2 3-3 Material of
anode layer In oxide/ In oxide / In oxide/ In oxide/ Ce oxide / Sn oxide /
Sn oxi de/ Shlexeddiefie aicde FrZmsSBXE BENT 2R YoXi ) aNd 18 HeC L uBsRe6KraE/ Pr
oxi de/ Work function(eV) #before cleaningé 5. 85 5.?1 5. 84 5. 80 rk
function (BAJe{atter ¥ eanfhyjos. 120°RT188 Eaves &2 85an?hPcEﬁ§§§d€xﬁfyer

oxi de/ Ag/ oxi de 35/5/ 35, 35 5/3§n3%ﬁ5é3%33%/5/35 k%iqyt J smitt e t%%b 85
54 84 Sur (e 1ESF ot ARLACHRD) 171 2UacH o3 B 4% Pes e [T ARG pat £1 R
o1 TR TB06 206 TR T KRS St 0 el Bong 3y
Mat eri al e¢§§§rgn injection layer Ala Alqg Alg Alg
Here, inthe period from the formation of the hole transporting
layer 320 to the formation of the cathode layer 326, the vacuum
was not broken even once so that the same vacuum condition was
maintained.

10 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.

15 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.

20 Then, as the electron injection layer 324, Alg 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,

25 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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Thi ckness(nm) 20 20 20 20 Material of cathode layer AI/Li A/Li A/Li Al/Li
Thi ckness(nn) 200 200 200 200 Voltage (V) 4. 3 4. 8 4. 5 4. 6 Lum nescence
intenslty(cd/m2 ) 1 60 156 164 161 Half life 1000 hours or 1 000 hours or
1 000 hours or 1 000 hours or nore nore nore nore * :Class reference

[ Practical exanple 3-2] A target 3-3 shown bel ow was used instead of the
target 3-1 of the practical exanple 3-1. This target 3-3 is one nade of
indium 5 oxide, tin oxide, zinc oxide, and neodyn um oxide,, having the

oLl ow ng Speci it CHLBHBDSTRT BFC HIPe  SoRaTm b 20, o A TS aha 2PAESSxi de
will be referred .to as in netal co nents, . | nitiall : e _rati g of
indiumin ?Jﬁ%crr%ri%crir% a‘?ltckgﬁtp}genecna{tgmc%onj%g/xeprr gzzseeg@aéhlen O)g ’t(a1 Itl%%gn%ﬁr%f " r?) )%Li S
0.8. The gl g@tm ofs WiHE_Addy A& dT8iN mBlal: copanent s eXRueS$6¢e2S 398 /
(I'n + Sn + Zn Is 0. 1. The nmole ratio of zinc 1n the main netal “conponents
(expressedss %efPobiflPe t(+SNetedlohel.S Berd, tReadditban, qthe il gakapi o of
neodymum 99 in the total netal (expressed as Nd / (In + Sn + Zn + Nd)) is
0. 06. sThenmygahiagElk hdeviuee mdcansef abt baatied assi Debheitoregoinhy. prasti cal
exanple 3-1 except that the target 3-3 was used instead of the target 3-1. 5
| nci dent al lymiatstleat iael of ¥abr&caffiiomed heo arodel hayer F3tGheshowed Work
functions of 5.81 eV (before cleaning) and 5.85 eV (after <cleaning) . The
surface resistamce of dweakhbiey| ayetudisonascods8adtsqurkbnéodaryiag was

direct-current voltage of 4.8 Y was applied to
conducted at 10 mA/cm®. No particular leak current was found even

after a lapse of 1000 hours or more.

10 The results of the practical example 3-1 are shown in Table
3-1
15
20
25
“Table 3-1"
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10 across the 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

mAd cn? in value and the |um nescence intensity was 156 nit. The | um nescent
color was confirned to be blue. Furthernore, for the sake of durability
eval uation, constant -current driving 15 was conducted at 10mA/ cn2. No
particul ar |eak current was found even after a |l apse of 1000 hours or nore.
Incidentally, the results of the practical exanple 3-2 are also shown in
Tabl e 3-1. [Practical exanple 3-3] 20 Atarget 3-4 shown bel ow was used
instead of the targef 3-1 of the practical exanple 3-1. This target 3-4 is
one nade of |ng)un1 oxi de, tin oxide, Z|nc oxi de, and samari um oxi de, having

the specifig¢Tonmposttionm as fodOys TheIPLEe ra ,j,ra g ”%m%ﬂe%o&ng mai n

metal conponeénts (In / 25 (1IN fa®Bmsht ZN)ldniddBerd. 8 lemiaRel @;rat10 of gin in
the main nmetal conponents (Sn fz{id n + Srz+27Zn)) i§_@. 1. The nole ratijo of

zinc in the[WBkdorIREAderCOMPONERt s4dt.ZN [ Iohfse SN #odd) ) HiSodde 1. I'N
addition, the nole ratio of safmrimin |thaidd ot allsiebat  (1dH syl e rahti 0

will be expressed as Sm/ (In t Sn + Zn |88 ) i $2-0.@4. 108 Jhe organic EL
device 330 was fabricated as infthe foredad&g prastibeal exanpe 3-1 ¢xcept
that the tar (b’ﬁtk f3cdn(MBSesedninp$t @ad of [the targes s3-1. | meisdental ly| the
anode | ayer 36 sshowet) wer kesfignd. izons of |8.555. 84eVs.(Gbef or e |[xlseani ng) 4nd 5. 95
eV(after cledmicong)--) The surfac resi stgnce of the anode lfayer 316 ts 3. 9
Q sqg. Adireciiguazenid voltage @5 4, 35V \drm/ea«pm i éma/ta)/caacr(&m/m el e¢tr odes
of the obtained-ergaadi(® €L devigse 330 ags3 n the pssactical [exanpl e 3- J}, wth
the result t lsathot hestowt® M dendi .ty was 43. 0 mA/ cri®@dn val (o

Hole transporting material TEDB TBDB TBDB TBDOB

Thickness (nm) 60 60 60 80

Material of luminescent laver DPVDPAN DPVDPAN DPVDPAN DPVDPAN

Thickness{nm) 40 40 40 40

Material electron inection layer Ala Alg Alg Alg

Thickness (mm) 20 20 20 20

Material of cathods layer AL A1/ AL L Al Li

Thickness (rm) 200 200 200 200

Voltage (V) 4.3 4.8 4.5 4. 6

Luminescence intensity(cd,”m? ) |160 156 164 161

Half life 1000 hours or |1 000 hours or |1 000 hours or |1000 hours or

more more more more

¥ :Glass reference

[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 onemade of indium
5 oxide, tin oxide, zinc oxide, and necdymium cxide, having the
following specific composition.
Here, indium coxide, tin oxide, and zinc oxide will be referred
to as main metal components.
Initially, themoleratioof indiumin themainmetal components
10 (expressed as In / (In + Sn + Zn)) is 0.8. The mole ratio of tin
in the main metal components (expressed as Sn / (In + Sn + Zn))
1is0.1. Themoleratioofzincinthemainmetal components (expressed

asZzn/ (In+3Sn+Zn)) is0.1. Inaddition, themoleratioof neodymium
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10 and the | um nescence intensity was 164 nit. The | um nescent color was
confirnmed to be blue. Furthernore, for the sake of durability evaluation,
constant-current driving was conducted at 10 md¥cm . No particular |eak
current was found even after a |apse of 1000 hours or nore. 15 Incidentally,
the results of the practical exanple 3-3 are also shown in Table 3-1.
[ Practical exanple 3-4] A target 3-5 shown bel ow was used instead of the
target 3-1 of the practical exangle 3-1. This_target 3-5 is one made o

g Sy 4 o

f
i ndi um 280 B CtEinEkRde (e3PRESBRAdRS Nhd prAsk e Virf¢- the
i fi Ny f .. Th I tio.of _indi in.th in.met
spect 1, CoMPosLi o, 25, LoVoysy TS IBLe L gLi, B AL U 1, G iy o)
recel  COMBOEIL S (Sl L koA ho ety TR LS AR B G D I

the nole gatiQ.of ,prasegdymumin the total netal (Pr / (In + Sn + Zn + Pr))
is 0.04. The organit EL device 330 was fabricated as in the foregoing

practiscal exanpigcidnexcep] dthahettiend ar0Lin Bt Satesn USed bAstearhydPB1ef the
target 3-1. Incidentally, the anode | ayer 316 showed work functions of 5.80

eV (bef or ehclheamiory) fandt boBs o\s (& eer (bef @anicngrnihe ) samd ac e o €8i(stfaree of
the anode | ayer 316 was 4.0 S2/sq. 5 A direct-current voltage of 4.6 V was
appl i ed toleznossg) t helhel £t fedes refs itdien obé ab ietther ganide Bla vevi 8@638@sas i n
the practical exanmple 3-1, with the result that the current density was 2. O
mdcm ié.9allfes@nd the |umi nescence intensity was 161 nit. Thel um nescent
color was confirmed to be blue. Furthernore, for the sake of
Moreover, a direct-current voltage of 4.8 V was applied to
10 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 156 nit.
The luminescent color was confirmed to be blue. Furthermore,
for the sake of durability evaluation, constant-current driving
15 was conducted 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]

20 A target 3-4 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-4 is one made 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 /

25 (In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1l. The mole ratio of zinc
inthemainmetal components (Zn/ (In+Sn+2Zn)) is0.1. 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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10 durability evaluation, constant-current driving was conducted at 10

mA/ cn2. No particular |leak current was found even after a |apse of 1000
hours or nore. Incidentally, the results of the practical exanple 3-4 are

al so shown in Table 3-1. 15 [Practical exanple 3-5] A target 3-6 shown bel ow
was used instead of the target 3-1 of the practical exanple 3-1. This target
3-6 is one made of indium oxide, tin oxide, zinc oxide, and tantalun1oxide

havi ng t he peci fic conposition,as O.Th nol e ratio

the main netaIT@b dﬁ@ﬁ?§:%h d?Vlf?ﬁiﬁlgﬁs f?ﬁffca 6. 8° The %o Oregg H
tinin the t ne I s T

rati o of z?%%tl?ﬁt%amﬁ%i%@n& e %rrpgﬁg(ﬁtgh?zﬁgig?%ng ! Vf]a& %ed @ﬁlsggo 1.
In additigp, éh@ap%é@ gajio of tantalumin the total netal (Ta /[ (In + Sn +
Zn 25 + Ta) 'S 6. The organic EL device 330 was fabricated as in the

foregoing practi€eahe®XamDy e Bhd Sxseptidhat Ie hage! Wk Wasdtsed s Bst ead
of the target 3-1. Incidentally, the anode |ayer 316 showed work functions

of 5.60 e¥.§beforetdeaninghiand mdb4. ey efafseter HQ2aclieani.nglheTher Sackace
resi stance of the anode |ayer 316 was 4.8 Qsq. A direct-current voltage of
5.1 V wasrappkicethdeoo Aartasanbhie 1 &) ect¥icdessdf. ¢ e/ bt ai med rerganter Eendevi ce
330 as in the practical 5 exanple 3-1, with the result that the current
density waslieZenwicrp: S i'h was uePBAdechdd WA Teseehbe ertarisiege nasf62hEi t .
The | um nescent color was confirnmed to be blue. Furthernore, for the sake of
dur abi | | t§PEPANES PER2TESHEAAEYAGE R0 @Fi VIl gl s TOREE L e aBP 1203 mbvicnp.

No artlcu a Ieak current., was .found even after
P l E he result that the current égn81ty was 2.0 mA/cm® in value

10 and the luminescence intensity was 164 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.

15 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 3-51s onemade of indium
20 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
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
25 1nthemainmetal components (Zn/ (In+Sn+2Zn)) 1s0.1. Inaddition,
the mole ratio of praseodymium in the total metal (Pr / {(In + Sn
+ Zn + Pr)) 1is 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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10 a | apse of 1000 hours or nore. Incidentally, the results of the practi cal
exanple 3-5 are shown in Table 3-2. 15 20 25 "Table 3-2" 103 Table 3-2
Practical Pra cdol Precti(r)l Prectim enbodi nent enbodi nent enbodi nent
enbodi nent 3-5 3-6 3-7 3-8 Material of anode layer in oxide/ In oxide/ In
oxide/ In oxide/ Sn oxide/ Sn oxide/ Sri oxide/ Sri oxide/ Zr, oxidel Zn
oxi de/ Zn oxide/ Zn oxide/ Ta oxi de/ Nb oxi de/ Hf oxide/ Sm oxide/ Wrm
functlon(e\/%h(before cleanln% . 64 5. 61 5. 72 k function (eV)
afLer cPeating 8o ter b bl 068081 95 il LRASRSLMAS Tokl e O e

S g g, S S ST

rasi st an

EEEVBDPI\ED%&&BB{A%ES( PAN"D 7B 1D TBL  Thr kResSCAn 4040 40 40 ﬁ%&%’ a

el ectrony |r@|e§§ph§n | ayer Ale Alqg Ale Ale Thickness(rinm 20 20 20 20
Mat eri al ‘of cathode layer Al/Li Al/Li A/Li M/ Ag

5 A direct-current voltage of 4.6 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?
invalueandtheluminescence intensitywas16lnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of

10 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
also shown in Table 3-1.

15 [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:

20 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
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
25 + 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.¢4 eV (after
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I n oxi de/ Zn oxide Thlckness(nm 200 200 200 5 75 (Total thickness: 80)
Voltage(V) 4. 8 4. 7 4. 3 4. 4 Lum nescence intensity(cd/n2 1 62 1 65 1 63 .
66 Half life | 1000 hours or 1000 hours or 1000 hours or 1000 hours or nore
nore nore nore * :Transmittance -d ass reference [Practical exanple 3-6] A
target 3-7 shown bel ow was used instead of the target 3-1 of the practica
exanple 3-1. This target 3-7 is one made of indium 5 oxide, tin oxide zinc
oxi de, and n|ob|un1OX| e, having the .specific 05|t|8n s fol Ei

mol e rati®! 8F“Fﬁ@|um| ¢ el P enEF5P556ﬁﬁﬁﬁéﬁf q?.?vo T1n*¥e8n Hff |s
0.8. The jole tioof tinin the main netal conponents (Sn / (In + Sn +
Zn)) is 0?1 é“ﬁnle ratlo of zinc 10 in the main netal conmponents (Zn / (In

+ Sn + Zn) ) 'SAOdasljec% ﬂt ?erJbSe}Hbe d@'Se r@fl_ 95 ofp/i POL UM cffbwcf‘sf‘s tQfeAl

metal (Nb / (In + e organi c EL ce 330 was

fabricated; as¢ {83t 8& A @h@g&b@@m@a %Q%;'a%@lc gzml%e% joexsept thdbalddie dar get
3-7 was used instead of the target 1. 5 1Incidentally, the anode | ayer 316

showed V\Dékarftﬁﬂét}oln,s w@th Shé4aMitbehated eaniregr @ads bt ¥ eVl 6afhercm?

cl eani ng) e surface resistance of the anode |ayer 316 was 4.8 O'sq. A
di r ect - cut nentl vecdri@geedfunblrle Mtavase appenedtywaacédas tt. heThellaott ndeseoft t he
obt ai ned organic EL device 330 as in the practical 10 exanple 3-1, with the
result thatlphewesr comt densiit yovas R10emA/ Ep2thermore, for the sake of

durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after

10 a lapse of 1000 hours or more,.
Incidentally, the results of the practical example 3-5 are

shown in Table 3-2.

15

20

25

“Table 3-2"
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in value and the | um nescence intensity was 166 nit. Thel um nescent col or
was confirmed to be blue. Furthernore, for the sake of durability
eval uation, constant-current driving was conducted at 10 mA/cnR. No
particular | eak current was found even after 15 a |apse of 1000 hours or
nore. Incidentally, the results of the practical exanple 3-6 are also shown
in Table 3-2. [Practical exanple 3-7] A target 3-8 shown bel ow was used
instead of the target 3-1 20 of the practical exanple 3-1. This target 3-8
is one made of indium oxide, tin oxide, zinc oxide, and hafni um oxi de,
having the spa&id+e conposition as follows: The nole ratio of indiumin the
mai n netal conponents (In/ (In + Sn + Zn)) is 0.8. The nole ratio of tin in
the main metRl 25 conponents (&@Rud (I N|fedB + ZMppciks 0. l|re=kle nole ratio of
zinc in the ymin netal conpone 0N/ (| $heEBers-Zn) [prpdgne®, 1. |ehdieeetdi tion|  t he
nole ratio of hafniumin the t¢?ad nmetall3(8f / (1J3 ¥ Sn + Ars + H)) i 0.06.
The organi ¢ Bltetheiirces330 was flabib.cat edinagder’n t higo &igregoi fgexdd05 practi cal
exanpl e 3-1 except that the tafgetidd" 8 wasoxgsed il¥sted ofSrtcke t ar get | 3- 1.
I ncidental ly| the anode |ayer 3a6>d¥HowedZwoik” fudceidens of?r3x81 eV (before
cl eaning) anf 5. 65 eV after ¢Teeafti’ng) .|NTheEeSur f @i€eicsresi stanedsof the|anode
| ayer 316 wap‘ergngeng cegginglil &€t - cur f&rft* vol ta@ee‘of 4.8|%’f%as applied to
L

across the 5’Y°@é“t”?%j§é (a({')‘TrC‘FEHé@ obt°di ned qPgEni ¢ EL{"d®Vi ce 3§0°8s in the
practical e 1, with th It |th t he fcurrent dens was 230
mycn2  in x/iéize Aig;’: Lhe Ium rig“}/ n%’e i @g%én/s‘?giy B$°163 n %‘V?%/e%m’ neéscent
10 col or was 5(":;%oa resxstannce ? y,pe bltye, Furtherpore, fQr.the sakeof
Hole transperting matenal TBDEB TBDB TBDB 8DB
Thickness (rm) 80 50 60 B0
Matertal of luminescent laver DPVDPAN DPVDPAN DPVDPAN DPVDRPAN
D1 /D1 /D1 /D1
Thickness(nm) 40 40 40 40
Material electron inkection layer Alg Alg Ala Alg
Thickress (nm) 20 20 20 20
Material of cathode layer AL L Al Al Mg,/ Ag
In oxide,” Zn oxide
Thickness (nm) 200 200 200 5
75
(Total thickress: 80)
Voltage (V) 4. 8 4, 7 4. 8 4, 4
Luminescence intensity(cd,/m? ) |162 165 163 186
Half 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. This target 3-7 is one made of indium

5 oxide, tin oxide, zinc oxide, and niobium 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

components (Sn / (In + Sn + Zn}) is 0.1. The mole ratic of zinc

10 in themainmetal components (Zn/ (In+Sn+2n})) is0.1. Inaddition,

the mole ratio of niobium in the total metal (Nb / (In + Sn + Zn
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durability evaluation, constant-current driving was conducted at 10 n& cn?.
No particular |eak current was found even after a |apse of 1000 hours or
nore. Incidentally, the results of the practical exanple 3-7 are 15 also
shown in Table 3-2. [Practical exanple 3-8] The target 3-4 of the practical
exanple 3-3 was used to form the anode |ayer 316 with thicknesses of an
oxide layer: 35 nm a netallayer: 100nm and an oxide |ayer: 35nm Moreover,
the cathode 20 | ayer was given the conposition of an My/Ag thickness: 5 nm
and a trahsparentscbnddetive fil mmade of indium oxide and zinc oxide (In/
(In + 2Zn)) =0.85): 75 nm Here, In [_(In + Zn) represents the nole ratio of
indiumwith respRetoiFiHe Etlofjﬁl"lcénééﬁtw%? Lokt iR Tt 32 AR Ehe fHIRaeing
respects, the organic EL 25 device 33 s . tabricated,ip the same .manner. as
in the pr BE?FEéFgTeﬁ’éﬁlﬁPé‘a(g 1f eﬁhceepa%gc&g%l &r téfgeghgmzdw%r%’?r%ﬁﬁﬁ st of
5.72 eV (g%f gg}gt ﬁ(:l eani gg)l_and 5.95 eV (after cleaning). The surface

resi st ance erdnode "'ayer 316 was 0.2 S2/sq. 106 A direct-current

| t f 4.4 Fed t '
volitage o .i/n@’ggsﬁgghhg,t Redgh838 i%‘?ereﬁfg ék%'ﬁédqe‘;o:{ eﬁ‘%g"t?iesu LA

organi ¢ EL device as | e practical” exanple 3-1, w

t he CUVreBE6@QﬂﬁRE¥f$@§d@é%ﬂﬁMﬁ”gndEQ?ﬁ%@?aﬁﬂéﬂéﬁééﬁﬁﬂ scaneeshptransi ty
was 166 nit. Thel um nescent 5 color was confirmed to be blue. Furthernore,

for the sakei@ft o cliik abl ity emplyat i afe OIS At s CUr BERD / gl Vi ng was
conducted at 10 mAcnR. No particular |leak current was found even after a
| apse of 1000 haudsrectronerehhcvdenigdlyf T.He vr easl bppbfetiheopracdéscalhe
exanple 3-8 are 10 also shown in Table 3-2.
electrodes of the obtained organic EL device 330 as in the practical
10 example 3-1, with the result that the current density was 2.0 mA/cm?
invalueandthe luminescence intensitywas166nit. Theluminescent
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
15 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
20 of thepractical example 3-1. This target 3-8 is onemade of indium
oxide, tin oxide, zinc oxide, and hafnium oxide, having the
specific composition as follows:
The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.B. The mole ratio of tin in the main metal
25 components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
in themainmetal components (Zn/ (In+Sn+72n)) 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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[ Conpar ati ve exanpl e-3-11, A target 3-9 nade of indium oxide, tin oxide, and
zinc oxide was used instead of the target 3-1 of the practical exanple 3-1.
The specific conposition of the target 3-9 is as follows: 15 In the target

3-9, the nole ratio of indiumin the main nmetal components (In/ (In + Sn +
Zn)) is 0.6. The nole ratio of tinin the main netal conponents (Sn / (In +
Sn + Zn)) is 0.3. The nole ratio of zinc in the nmain nmetal conponents (Zn /

(I + S0 eqm)cal Scfudon The POANIG B ooyl goc 330 vas. 4 abrd Caleg sty same

20 nmanner-as In I cal  exa -1 except at this target 3-9 was
used. |ncjgdentallyget he anode d;awats 316y 5honed moak 1funct izans sabweh 65 eV

(before cleaning) and 5.23 eV (after cleaning). A direct-current voltage of
6.0 V wasrappkiiethd opacrioss1 t By 25 ef ecér edesarofnghe sebkt af ned argank€tElr
device 330 as in the practical exanple 3-1, with the result that the current
density wasa2i®gp crnhénsvakeecand stitser d e nesceneeanotiendbtyy w84 6166Gs nit.
The | um nescent color was confirned to be blue. Incidentally, the results of
t he canpabati ¥/ exanple 3-1 are 107 shown in Table 3-3. "Table 3-3"

Tabl e3-3 Conparative Conparative exanple exanple 3-1 3-2 Material of anode
| ayer | n oxi de/AChlox¢Hefur SANbXY detaTn Oxkidddel VWBRR FRPELfnt@\BAC DT die

cleaning) 4. 65 5. 25 , , , . .
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®
invalueandthe luminescence intensitywas lé3nit. The luminescent
10 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 3-7 are
15 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 ancde layer 316 with thicknesses of an oxide layer: 35 nm, a
metal layer: 100 nm, andanoxidelayer: 35nm. Moreover, thecathode
20 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 + 7Zn)
represents the mole ratio of indium with respect to the total
amount of indium and zinc. In other respects, the organic EL
25 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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Wrk function (eV) (after cleaning) 5. 23 5. 46 Thickness(nm 75

oxi de/ Ag/ oxi de 35/5/35 Light transmttance(%* 89 Surface resistance (Q") 1
5. 8 NA Hole transporting material TBDB TBDB Thi ckness(r)m 60 60

Material of |um nescent |ayer DPVDPAN DPVDPAN /D1 /D1 Thickness(nm 40 40
Material electron injection |ayer Alg Al Thickness(nm) 20 20 Material of
cat hode layer Al/Li A/Li Thickness(nm) 200 200 Voltage(V) 6.0

Lum nescence intensity(cd/n2 ) 1 66 Half |life * : Transmttance d ass

reference 5 [ ChrpbFettveiekainplehaae ofod-A Varget2ofl 1989 G DXiGe was
ospect o SERECFPRAR 4hF et MEs SUROmT (95 i qafer rfinth® BT g
Punct i onse8F B Bs n sl e TSR host Ad DO gL Eon F Lty R A ¢ o
coul d not B TR EEE ) W18 ReE MR S A1 B e e uRrb LRE
3-2 are  101alsQshowhd rdabll €038 - bilue. 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 3-8 are
10 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:
15 In the target 3-2, 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 + Zn)) 1s 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
20 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
25 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 color was confirmed to be blue.

Incidentally, the results of the comparative example 3-1 are
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Summary of the group of enbodinents 3 As has been detail ed above, according
to the organic organic EL device of the present invention, it has becone
possi ble to provide an organic EL device which has excellent transparency
and durability 15 and exhibits high | um nescence intensity even under a | ow
driving voltage, conprising electrodes (such as the anode |ayer) nmade of
certain inorganic conpounds. It was also confirmed that the anode |ayer and
the like gggg of & iglg knorgani c conpounds described in the present

i nvention cause eterioration in etching property. Besides, according
to the organic EL device of the present invention, it has becone p055|ble to
provi de an organic EL device effectively which has excel l ent transparency
and durability angpiexBibirts high | um nescence intensity even under a | ow
driving 25 voltage. Mreover, according to the el ectrode substrate of the
present invention, it is possible to fabricate an organic EL device which
provi des the foregoing effects. Furthernore, accordingto the fabrication

nmet hod of the present 109 invention, it is possible to fabricate an organic
EL devi ce which qﬂﬁa'dé% the foregoing effects. Goup of enbodinents 4 5
Hereinafter, a group of preferred enbodinents 4 of the present invention

W ll be described with reference to the drawings. [Practical exanple 4-1]

(B cpration 1o (o FABFTCATON o 3 biamtad loshagaa ¢ L, s
cerium oxi de arp accommpdated in a wet baI Ff con{&FAEF so that the nole
ratio 3—2
Material of anode layer In o><|de/ Ce oxide,”
Sn oxide,”
Zn oxide/
Work function(eV) (before cleaning) | 4. 65 5. 25
Work function (eV) (after cleaning) 5. 23 5. 46
Thickness {(nm) 75
oxide / Ag / oxide 35,/5,/35
Light transmittance (36) * 89
Surface resistance () 1) 15. 8 N/A
Hole transporting matenal TBDB TBDB
Thickness (nm) 60 60
Material of luminescent layer DPVDPAN DPVDPAN
/D1 /D1
Thickness (nrm) 40 40
Material electron inpction layer Alg Alg
Thickness(nm) 20 20
Material of cathode laver Al L Al L
Thickness (nm) 200 200
Voltage (V) 6. O
Luminescenos intensity(cd,/m2 ) |166
Half life

X : Transmittance ‘Glass reference

5 [Comparative example 3-2]
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of indium(In/ (In + Sn)) is 0.9, the nole ratio of tin (Sn/ (In + Sn)) is
0.1, and the nole ratio of ceriumto the total netal (Ce / (In + Sn + Ce))
is 0.05 followed by mxing and grinding for 72 15 hours. Then, the
resulting ground article was granul ated, and press nolded to dinensions of 4
inches in dianmeter and 5 mmin thickness. The resultant was acconmodated in
a baking furnace, and then heated and baked at a tenperature of 1400C for 36

hours to 20 fabricate a % et 4-1 for a th|n fil Iayer (L nEtaI oxi de.
'n_addi i on, pAWIEF§E5r° ik 08 a5 HES G TR TRF St é%eF e haR99  prm i n

aver age rt| di anet r) re _acco at t bal | ner so
t hat thel%a EPFOPZ lfFﬁF %_”ﬂpg» ?n Pg%l d3%9eﬁFX|n& ang¥3%|nd|ng
for 72 h I ;00 + QL0 arti r I press
ol ded t%%rm‘%ii?%ﬁiga 5%?.15 %%ﬁ%é ¥ ?an%t@&e gt 19 e Regde AL
resul tantg pecomodat ed i n a baking furnace, and then heated and baked at
a tenperature of 1400C for 36 hours to fabricate an [ZO target for the anode
| ayers 110 Nexts & rmfidlt ! ahgein®ie Agyirt B] addidueanab rur @i c Oi dnac¥ angls Au
of 0.8 wt% was fabricated. This will be referred to as an Ag target.

Besi des, e métedlortearqgiefarofndiu awmd hS addi ¢vonaktdr ofiedningh% AsaddrColog 1.3
wt % was fabricated. This will be referred to as a Cu target. Mreover, a
netal targetfate pesd Mantel tee rebeler badyetrd lashad a4 inangett i (@ udlrdeat i on
of the substrate for an organic EL device Next, description will be given of
the forma@nidreeotléhactidsubsdratéd-or an organic EL device. This is shown in

Fig. 12. A transparent %!ass substrate 410 of 1.1 mmin thickness, 25
Incidentally, the results of the comparative example 3-2 are

10 also shown in Table 3-3.

Summary of the group of embodiments 3

As has been detailed above, according to the organic organic
EL device of the present invention, it has become possible to provide
an organic EL device which has excellent transparency and durability

15 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

20 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

25 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, accordingtothe fabricationmethodof thepresent
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mmin width, and 75 mmin length, and the fabricated target 4-1, 1ZO target,
and Al target are placed in the vacuum chanber of the high frequency
sputtering system The high frequency sputtering 15 systemis operated to
depressurize down to an ultimate vacuumof 5 x 10-4 Pa, in which state argon
gas alone is filled. Fig. 12 (1) shows the glass substrate 410, which
corresponds to an exanple of the "base nenber" in clains. In that

at nosphere, sputtering was perfornmed under the 20 condition of: a vacuum of
3 x 10-1 Paveatdgbst i-ht &strmpeiaterte dfabrigehe erperdtlt 6sEl ate Y hputWiigth age
of 100 W and a filmfaormng,k tine of 14 mnutes, so that a 110-nmthick thin
filmlayePr8Y296F tRendCdriniinde SidE€S Srned by using the target 4-1 in the
argon gas. This is shown in Fig. 12(2). 25 Subsequently, the A target was
used to forma 120-nmthick A thin film414 in the argon gas. This is shown

in Fig. 12(3). -Myreoyer,  the.lZ0.target was used to forma 20-nmthick |ZO
thin film416 in——f—hfg—_argﬁﬁ—gas—m—xed—with oxygen gas. This is shown in Figs.
12(4) @and 13. 131 kngigentald Y othes + £0trhiR ki dib ddfine B PUA LEHVEr S4 40

L

need not necessarily be forméd on the foregoing Al thin filmd414,” but is
pref er abl ¥ nfenwadn QUbsequentdabriide JiidH aterdphosphate-aeetdt 8y agueous 5
solution, the 1ZOthin filmA thin filmwere etched to form|zQ thin
W res 418 of 20 [praict iwadt kxafipils i4s-1ghown in Fig. 12(5). Thereafter, the
thin filmlayer of the metal oxide forned from the target 4-1 on this
substrat e was et{dhed repaartdixal iforadgheodssbrsiglatiioon dfo  crubstuchta Hat temn
that one 1ZO Al thin wire 418 falls 10 on the side of a thin filmelectrode

made fromotrig@ntiay dét deviiceThe akgliaatriode Ffafrdxtedd t hr ough such patterning

will be referred o _ , _ , ,
10 Initially, powders of indiumoxide, tinocxide, and ceriumoxide

are accommodated in a wet ball mill container so that the mole ratio
of indium {(In / (In + Sn)) is 0.9, the mole ratio of tin (Sn / (In
+ 38n)) i1s 0.1, and the mole ratio of cerium to the total metal (Ce
/ {In + Sn + Ce)) 1is 0.05, followed by mixing and grinding for 72
15 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
20 fabricate a target 4-1 for a thin film layer of a metal oxide.
In addition, powders of indiumoxide and zinc oxide (no greater
than 1 um in average particle diameter) were accommodated 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.
25 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 an

IZ0 target for the anode layer.
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to as a patterning electrode. This is shown in Fig. 12(6). Incidentally, the
thin filmlayer of the netal oxide fornmed fromthe target 4-1 preferably has
a wdth of 90 m Mreover, 15 the Al thin wires 414 obtained through the
foregoing etching correspond to an exanple of the netal thin wire. Besides,
the 1ZO A thin wire 418 corresponds to an exanple where a protective film
is arranged on a netal thin wire. This substrate was subjected to ultrasonic

cleaning in 20 isopropyl alcohol, and then dried ipn a N2 (nltro en ga
at rmsphere bef JPET102 %R & (@M g BY GSFhPIRA EiPreavi ot 0 gy@ ga?'n%d

ozone. agure pts _Th atterni e | ectro el ect rode :

el ect rode gﬁ @h ”g gégE%Fﬁ%ﬁ abo %l?Nanﬂg éﬁrﬁ% ?oFe?V\%l s‘?%n b% the
25 two prgtg‘;e[ t hod, andfoundto be 2.5 kO, The netal -oxide thin filmlayer
412 forne om'the target 4-1 alone was 3 x 10E-3 COcmin specific

resi stance. Mor 8QY e, he ﬁ@&gerew eel@ftd@%thw@ed%qwaqdﬁl%fl nghtwto
transnittance (wavel ength of 550 and found to be 89% After the UV

cl eani g ehd be sybstraies w&%thabeleae@e.l ayei s 4121 Wase neasyredaf o6 Lbea
value of its work function by using AC-1 (from R ken Kei ki Co., Ltd.), and
found to e t6r§6teV.Mdnebdentahlyet hhet aEgsur €Ml se K e wshowWbd refaldeed- 1.
5 (4) Formation of the organic EL device The foregoing "substrate" was | oaded
on t he sulist rasd eahoRdetarget he vacuum chanber of the vacuum evaporator.

Then, the vacuum charrber was depressurl zed II’ISI de to a vacuumof 1 x 10-6
Torr or |ower Ueforfe 3 ‘ hre %

10 | ayer 428, an eIectron |nject|on Iayer 430 and a cathode | ayer 432 wer e
laninated in subE&Ssi G iel Ghote L aPsr ULErHfof hehe formation of the

10 substrate for an organic EL device. This is shown in Fig. 12.

A transparent glass substrate 410 of 1.1 mm in thickness, 25
mm in width, and 75 mm in length, and the fabricated target 4-1,
IZ0 target, and Al target are placed in the vacuum chamber of the
high frequency sputtering system. The high frequency sputtering
15 system is operated to depreesurize down to an ultimate vacuum of
5 x 107" Pa, in which state argon gas alone 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
20 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).
25 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 170
thin film 416 in the argon gas mixed with oxygen gas. This is shown

in Figs. 12(4) and 13.
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substrate to obtain an organic EL device 434. This is shown in Fig. 14.
Here, in the period fromthe formation of the organic 15 |um nescent |ayer
428 to the formation of the cathode |ayer 432, the vacuum was not broken
even once so that the sanme vacuum condition was maintained. Here, the
organi c EL device 434 corresponds to the organic el ectrolum nescence device
inclains. 20 Initially, as the hole transporting material, TBDB was

vacuum evapor at oflct 0 80,0y NexL. 126 e 21 gAN) 06! WTBeseeRt vd 2yen 42a

DPVDPAN and DI were co-evaporated to 40 nmin t cuum Here,

deposi ti opoiathecekskhe 1DPYEPANwas 48 Bﬁésfo_a@@olhg depesitipmmaies pfpld was
1 nmis. 25 Then, as the electron injection |ayer 430, Al g was

vacuum evapopated ra®120 fiyvrmeld.nal Iy, Al and Li were vacuumevaporated to
formthe cathode | ayer 430 on the electron injection |ayer 432, thereby
fabricating thesabgaguenEl ydeviice 434nitt3atleptostheatdepasitaten rafesois Al
was 1 nms, and the deposition rate of Li was 0.01 nm's. The thickness of
the AlZLi sbillimiwas 206 I#nthinéidenpaltilyin tthésevware stwved it Tabiel Z0AAL
Moreover, the 5 chemcal formulae of TBDB, DPVDPAN, DI, and Alq are shown in
Fig. 19. (tBjinEvalreatitdf of EhetoriganicdiBL. dédViice FfalbslicanednAFdigr.edtZ-(cur r ent
vol tage of 4.4 V. was applied to_across _electrodes with_the cathode | ayer 432

of the obtained [HPGERIESEL Tho eI EoLAARVES PR MTeBAERYET L9e EPEREFOTaN

i N
the anOdet%%Y%grg%% 4§i %getggglgh%gtga%eeaggtégggéd in an oxalic agqueous

solution to form such a pattern that one IZ0/A1 thin wire 418 falls

10 on the side of a thin film electrode made from the target 4-1. The

electrode fabricated through such patterning will be referred

to as a patterning electrode. This is shown in Fig. 12(6).

Incidentally, the thin film layer of the metal oxide formed

from the target 4-1 preferably has a width of 90 um. Moreover,

15 the Al thin wires 414 obtained through the foregoing etching

correspond to an example of the metal thin wire. Besides, the

I1Z0/Al thinwire 418 corresponds to an example where a protective
film is arranged on a metal thin wire.

This substrate was subjected to ultrasconic cleaning in

20 1isopropyl alcohol, 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 pum, electrode

length: 100 mm) described above was measured for resistance by the
25 two probe method, and found to be 2.5 k). 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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Here, the current density was 2.0 mA/cn2 and the | um nescence intensity was
161 nit (cd/nR) . The lum nescent color was confirmed to be blue. 15
Furthernore, f or the sake of durability eval uation, constant-current
driving was conducted at 10 mA cn2. No particular |eak current was found
even after a | apse of 1000 hours or nore. Incidentally, the results of the
practi cal exanple 4-1 are shown in Table 4-1. 20 25 "Table 4-1" 114 Table

4-1 Practi ctlcal C

enbodi nen E;‘erratl) %Ig atyeﬁ4 %&ég%l gt?j%k/é%h%?%‘%%?e \?ayer ﬁﬂom

oxi de/ I ny X'u%%/ nAexndglfm'?m ©oxidg/ Kérikqx'cd@/ Sﬂtexnde/ar@ pxiLde/ to%@m de
Ce oxide oxl e Smoxide (AuxiTiary wiring) Al Ag Protective |ayer
of metal gxiggde dZO 1ZC - - [P(eV) (after cleanlng) 6. 05 5. 85 5. 05 5. 90
Light trarsmttance(% El ectrode resistance(k0) 89 89 89 89 Specific
resistance of anededkayani?., $hd mkadurémdntd a(4CBhod O JrHxkOE4 Ox | CE-4

7x1CE-4 Hole transporting material TBDB 8DB 1BDB TBDB Thi ckness(rxn) 60 60
60 60 5 (4) Formation of the organic EL device

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 107® Torr or
lower before a hole transporting layer 426, an organic luminescent

10 layer 428, an electron injection layer 430, and a cathode layer
432 were laminated in succession on the anode layer 412 of the
substrate to obtain an organic EL device 434. This is shown in
Fig. 1l4.

Here, 1in the period from the formation of the organic

15 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 to the organic
electroluminescence device in claims.

20 Initially, as the hole transporting material, TBDB was
vacuum-evaporated to 60 nm. Next, as the organic luminescent
layer 428, DPVDPAN and Dl 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.

25 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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Material of |um nescent |ayer DPVDPAN DPVDPAN DPVDPAN DPVDPAN Thi ckness(nm
40 40 40 40 Material electron injection layer Iq Ala Alg Alq Thickness(nn)
20 20 20 20 Material of cathode layer Al/Li Al/Li A/Li A /L Thickress(nm
200 200 200 200 Voltage(V) 4. 4 4. 3 4. 4 4. 4 Lum nescence intensity(cd/ n2
) 161164 1(53 156 Half [ife 1 000 hours or 1 000 hours or 1 000 hours or
1 000 hours or nore nore nore nore (]ass i nference [Practical exanple 4-2]
A target 4-2 shﬁmm be|OleﬁS use! |ns§ RR the tar et 4(}tP%ﬂj 16, Pl £ ﬁical
ice

exanple 4-1. The S?Qaﬁy%dﬁfoﬁev 5'% abrlca?edan ane nmanner

as in the prachkcal Lxamld dibs. eXf@@ttﬁb@tnét@ dALIE At 2vas 1useds Jpe
target 4-2 s conpos I um oxi t1n oxide, cerium oxi de

nol e ratlg of |nd|un1(ln / (In + Sn)) is 0.9, the nDIe ratio of tin (Sn /
(In +Sn)) is 0.1, and the nole 10 ratio of ceriumto the total netal (Ce /
(In + Sn + Ce)) Ih&ldéiaiaql% thaekdent ad hywn tie Ta@k funct i @B refode, anoge

| ayer was 5.85 eV in value. The el ectrode resistance was 2.4 kQ A

di r ect5 cuchenti &l t Agemafl a4 DV MEIE appPi7edANg adr,ossnd hel gSaekesthroodesi rof
the organic EL device 434 obtained by the foregoing neans as in the
practicaIEéxanpﬂ% 4-1, with the result that the current density was 2. 0
mA/ cn2 in val ue and the | um nescence |ntenS|ty was 164 nit. The | um nescent
col or was confi diedEve Uya thioge on flet weamirie, i fcafigdbility

eval uation, constant-current
A direct-current voltage of 4.4 V was applied to across

electrodes with the cathode layer 432 of the obtained organic EL

10 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 161lnit (cd/m?). Theluminescent color was confirmed
to be blue.

15 Furthermore, forthesakeofdurabilityevaluation, 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.

20

25

“Table 4-1"
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10 driving was conducted at 10 mA/ cnR. No particular |eak current was found
even after a | apse of 1000 hours or nore. Incidentally, the results of the
practical exanple 4-2 are also shown in Table 4-1. [Practical exanple 4-31
15 The organic EL device 434 was fabricated in the same nmanner as in the
practical exanple 4-2 except that the protective film made of the |ZO target
in the practical exanple 4-2 was not used. Incidentally, the work function of
the anode |ayer was 5.85 eV in value. The el ectrode resistance was 2.4 kO
20 A direct-current voltage of 4.4 V was applied to across the el ectrodes,
with the resuki,thatqthe current density was 2. 0 m¥cn2 in value and the

| um nescence intensity was 163 nit. Thel um nescent color was confirnmed to be
blue. Furthernore, for the sake of durability eval uation, constant-current

driving was qonducted 25 at 10 nAtceaP. mpaﬂticu¥ﬁmmheak cufresdt was |f ound
even after 3 |apse of 1000 hour{grteimentor umbdinet delfrrbddingnt t helemeedodt s gf t he
practical exgnple 4-3 are also |[$hown in|dable 4-14-FPracticfd-%exanpl ¢ 4-4]
116 A target |[dadhaishovi el ow wasi-used | ngtead of thedd-ar get i~ dxice2f tHe
practical exdnple 4-1. As for the.pebal fargel, afsfgidd.arget [z was used
instead of the Al tar get. Inciddntaldy, the. kO Lobective 144 P16 ils not
used. The ordakie~Gingdevi ce 434 wps 5 faly)i cat ed ot her wi se i jht he sang manner
as in the prdgtiGad uee%aml.8q4- UzcThe tangst 4-4 ils conposed{of indiurp oxide,
tin oxide, ang.samBrdmoxide. IThe noleratio of jindium(In}/ (In + 4n)) is
0.9, the nolg ratio of tin (Sn /lg(dH + S )gsis 0.1 @and the |5 44

Light transmittance (%46 X

Electrode resistance (k{2) 89 89 89 89

Specific resistance of anode laver |2. 5 2.4 2,4 2.4

(Qem)

3x10E~-3 [BX10E—4 |[8x10E-4 7x10E—4

Hole transporting meterial TEDB TBDB TBDE TBDB

Thickness (nm) 60 60 60 60

Material of luminescent layer DPVDPAN DPVDPAN DRPVDPAN DPVDPAN

Thickness{nm) 40 40 40 40

Material electron inpction laver Alg Al Alg Alg

Thickness{(nm) 20 20 20 20

Material of cathode faver Al L AL Li A7 L Al L

Thickness(nm) 200 200 200 200

Voltage (V) 4.4 4. 3 4.4 4. 4

Luminescence intensity(cd/m? ) |1 61 164 163 156

Half life 1000 hours or|{t OO0 hours or (1000 hours or 1000 hours or

more more more more

X :Glass reference

[Practical example 4-2]
A target 4-2 shown below was used instead of the target 4-1
of the practical example 4-1. The organic EL device 434 was
5 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 ratioc of indium (In / (In + Sn)) is 0.9,
the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole

10 ratio of cerium to the total metal (Ce / (In + Sn + Ce)) 1is
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10 nole ratio of samariumto the total nmetal (Sm/ (In + Zn + Sm) is 0.03.
Incidentally, the work function of the anode |ayer 412 was 5.90 eV in val ue.
The el ectrode resistance was 2.4 kQ A direct-current voltage of 4.4 V was
applied to across the 15 electrodes of the organic EL device 434 obtained by
the foregoing neans as in the practical exanple 4-1, with the result that
the current density was 2 . 0 mAd/cnR in value and the | um nescence intensity
was 156 njt. _The | um nescent color was confirned to be blue. Furthernore,
for the s k83of durability eval uation,constant -current 20 driving was

conduct ed at loIHg‘éSggtaMgPafﬂg%ﬁ% aﬁ“ﬁ@é%]{:#{ %@Ehﬁ?éngpggggygy%&%te&rii a

| apse of 1000 hours or nor nci e resu e practica

exanpl e 4:4 ane..alao spoun iy clable. 4:.:LpLactd ool sexanplay 4 5] 25 A tar get

4-5 was used instea target the practical  exanple 4-1. As for

the netal targef,daRedg-targeht Wws1tsed dnst.ead ok Lpe1ALqt 86 troddh& he
organi c EL device 434 was fabricated otherw se under the sanme condition as

in thes pratttecabdexanpl €he bdgarlily Flheletvakget 34- Sbtainedapesgethoffdmdjdimg

oxi de, zinc oxide, and praseodym um oxide. The nole ratio of indium((In /
(I'n + Zn)kheans Bs9int heenplrecrtdttad eikampie( 8rl/, Minht tZrg) regwlt0.thatanthd he
nole ratio of praseodymumto the t%tal metal (Pr / (In + Sn 5 + Pr)) is

0. 04. | ncrdeneakldgnsite wos R - Ouwetdronirovai he aadodes Lapénesteneasint®Rrgi eV in
val ue. The el ectrode resistance was 2.5 kQ A direct-current voltage of 4.5V
was appl i B85t 564chdss thee bPBENESHE bfCeheroBRai FET for yadf ct ELPBebilee -434

as in the Bractical o ,
Furthermore, for the sakeof durabilityevaluation, constant-current

10 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 4-2 are
also shown in Table 4-1.
(Practical example 4-3]

15 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 TZ0 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.

20 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 luminescence intensitywas163nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted

25 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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10 exanple 4-1, with the result that the current density was 2. 0 md¥cm in
val ue and the | um nescence intensity was 161 nit. Thel um nescent col or was
confirmed to be blue. Furthernore, for the sake of durability evaluation,
constant-current driving was conducted at 10 mA cnR. No particul ar |eak
current was found even after 15 a |apse of 1000 hours or nore. Incidentally,
the results of the practical exanple 4-5 are shown in Table 4-2. 20 25

"Tabl e 4-2" 118, Tabl 6de 2, P agtd faly AACLAcal s Bracht cak g QORPALAL Yo

enbodi nent enbodi nen odi nent exanp 6 4-7 4 teria anode

| ayer In gxitge/p i oxtdelxbmpax dey |'?\soi(bga./he 28 toXi €8k gen ,0xhdef SR gd de/
Sn oxide/ Pr oxide Nd ox; de}p Tbh oxide (Auxiliary wring) Ag Cu Ag Ag

Prot ecti veakaygye®f 1mi%ttéﬂa@Xb@et17@AZOﬂaZL@e‘t P(eV)ndiadéet acliegni tige F2B1 5.
80 5. 90 5. 25 Light trarumttanc2 O Electrode resistance(k4) 89 87 67 90
Speci fi ¢ pesitstcanices dfi landdet liayept2usbd2. Ghx o ghn dc HISZ2eon)c@XIDEWG S
7x10E-3 4x10E-2 4x10E-4 hole trarsportins nmaterial TBDB T6DB TBDB TBDB
Thi ckriessfrbn)i G609 60hegwise in the same manner as in the practical
example 4-1.
The target 4-4 1s composed of indium oxide, tin oxide, and
samarium oxide. The mole ratic of indium (In / (In + Zn)) 1is
0.9, the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the

10 mole ratio of samarium to the total metal (Sm / (In + Zn + Sm))
is 0.03.

Incidentally, the work function of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.4 k).
A direct-current voltage ¢f 4.4 V was applied to across the

15 electrodes of the organic EL device 434 obtained by the foregoing
means as in the practical example 4-1, with the result that the
current densitywas 2.0mA/cm® in value and the luminescence intensity
was 156 nit. The luminescent color was confirmed to be blue.
Furthermore, for thesakeocofdurabilityevaluation, constant-current

20 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]

25 Atarget 4-5was used instead of the target 4-1 of the practical
exampled4-1. As forthemetal 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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Mat erial of |um nescent |ayer DPVDPAN DPVDPAN DPVDPAN DPVDPAN D1 /D1 /D1 /D1
Thi ckness(rim 40 40 40 40 Material electron iniection layer Air Alg Alq Alg
Thi ckness(nm 20 20 20 20 Material of cathode layer Al/Li Al/Li A/Li A/Li
Thi ckness(nm 200 200 200 200 Voltage(V) 4. 5 4. 5 4. 6 5. 3 Lum nescence
intensity(cd/n2 ) 161 158 166 1 62 Half life 1 000 hours 1 000 hours or 1
000 hours or or nore nore nore Transmttance: d ass reference [Practica

exanpl e 4-6] A %s%g@%ﬂ€é€é¥§fj%?%%nk&%kﬁﬁgfognggﬁmt8&98& 42%n9toﬁgﬁageggfica

exanple 4-1. As arget, a Cu'target was uséd 1nstea t he

A targetpré@e@&?ﬁ&uﬁeéﬁﬁaé$, the RLgani-6 Bl davices At (was /fabri gaedas in
the practical exanple 4-1. The target 4-6 is conposed of indiumoxide, tin

oxi de, ands peodyRhummeXideathe spleinatsn of (PAdiuph(hnik 6l.n,+a8R) thd S
0.9, the nole ratio of tin (Sn/ (In + Sn)) is 0.1, and the 119 nole ratio
of neodynindmet @ dthieo tof ap r getald (Ndit b ntHeSpotalNd)dtdés QrP06/ I(ei derstral |y,
the work function of the anode | ayer 412 was 5.80 eV in value. The el ectrode
resi stance was )2.16s kQ. 045 A direct-current voltage of 4.5 V was applied to
across the electrodes of the obtained organic EL device 434 as in the
practical exanpheidentahilyh the westl funpaionhef cuhe emrodenby§r whk? 2ag
mA/cn2 in value and the |um nescence intensity was 158 nit. Thel um nescent
col or wasSe8af eVmed velbe.bl The RlEdierene erepdrstanecsakesol -5 kQ.

A direct-current voltage of 4.5 V was applied to across the
electrodes of the obtained organic EL device 434 as in the practical
10 example 4-1, with the result that the current density was 2.0 mA/cm®
invalueandthe luminescenceintensitywasl6lnit. 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

15 a lapse of 1000 hours or more.
Incidentally, the results of the practical example 4-5 are

shown in Table 4-2.

20

25

“Table 4-27
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10 durability evaluation, constant-current driving was conducted at 10

mA/ cn2. No particular |leak current was found even after a |apse of 1000
hours or nore. Incidentally, the results of the practical exanple 4-6 are
al so shown in Table 4-2. 15 [Practical exanple 4-7] A target 4-7 was used
instead of the target 4-1 of the practical exanple 4-1. As for the netal
target, an Ag target was used instead of the A target. In other respects,

the organic EL device 434 was fabricated as in the practical exanple 4-1. 20

The target 4-7 is conposed of indiumoxide, tin oxide, and terbium oxide.
The nol e rati gagdg+dium (In / (In + Sn)) is 0.9, the nole ratio of tin (Sn
/ (In 4 Sn)) is 0.1, and the nole ratio of terbiumto the total netal (Tb /
(In + Sn + b)) 1s 0.06. 25 | npagdent al [[pacithe wibkaidinct | phmaizilne] anode
| ayer 412 wap 5.90 eV in val ue.[erth@reg] eGbitament! eSletldRte Whsmded KQ A
direct-currept voltage of 4.6 Viwas applijedsto acriess the ehegtrodes of the
obt ai ned or gaRL G B JEYLEE 437 A5, Ll NE |Pr3Git Ccall, SXanPT €[8ode W th the
result that the current density|was.2.. O gﬁéﬁggf 120 i /val%guﬁgg/the
| um nescencefintensity was 166 ngkkdlﬁelug%gﬁgpenthggeor wais confirped to be
bl ue. Furthe'@QLgWngg t he sake gf durahb Ity eval,uation, @Qnstant-current
. . 1l 2 oo, =
driving was ¢ond &ngiﬁagilo mA/fcn2. No ﬁ ticular ak curfent was found
even after ﬁz Cf@gse 671606 hgurs or mgre. Incidentally, e resulfks of the
. atter leamng . . .
practlca! exan%?e_ TTear al§o hown in gqﬁge 4-25 ggbnparﬁéuze exahpl e 4-1]
An organic E_Lig evice va %)f*abrl cated as in the pr acti ¢al exa hpl €
Electrode resistance (k) 89 87 87 (=9]
Specific resistance of anode layer {2. B 2.8 2.5 2.4
(Qem)
2Xx10E~3 |7%x10E-3 |4x10E-2 |4x10E-4
Hole transporting matenal TBDB TBDB TBDB TBDB
Thickness (nm) B0 60 5]0] 60
Material of luminescent layer DPVDPAN |DPVDPAN DPVDPAN DPVDPAN
D1 D1 /D1 /D1
Thickness{nm} 40 40 40 40
Matenal electron ingction layer Alg Alg Alg Alg
Thickress{nm) 20 20 20 20
Material of cathode layer AL/ L Al L AL Al
Thickness{nm) 200 200 200 200
Voltage (V) 4.5 4.5 4.6 5.3
Luminescence mntensity{cd/m? ) | 161 158 166 162
Half life 1000 hours 13000 hours or | 1000 hours or
or more more more

example 4-1.

of the Al target.

X : Transmittence: Glass referance

[Practical example 4-6]

Atarget 4-6 was used insteadof the target 4-1 of the practical

was fabricated as in the practical example 4-1.

neodymium oxide.

0.9

The target 4-6 is composed of indium oxide, tin oxide, and

!

the mole ratioc of tin

(Sn /

The mole ratio of indium

(In +

119

(In /

Sn)) is

As for themetal target, aCutarget was used instead

In other respects, the organic EL device 434

(In + Sn))

0.1,

and the



10 4-1 except that an I TO target was used instead of the target 4-1 of the
practical exanple 4-1 and an Ag target was used as the netal target.

I ncidentally, the work function of the anode |ayer 412 was 5.25 eV in val ue.
A direct-current voltage of 5.3 V was applied 15 to across the el ectrodes of
t he obtained organic EL device as in the practical exanple 4-1, with the
result that the current density was 2.0 md/cnR in value and the | um nescence
intensity was 162 nit. The |um nescent color was confirmed to be bl ue.

| nci dent &Py, nael ¢ edfil oSy HE chApahat itnt ek arprela-Nare (20D &l §8 shown
in Table 4-2. Su 6 of the group of enbodiments 4 As has been detail ed
above, a@ééﬁdﬂﬁbqyg %he organic EL device which is characterized in that an

el ectrode for driviyng,t or gani c | ect rol um nescence | of t present
Cvent ton ot PELdeEEIEvanthR Farf FIPrEtaertorte el Tafte PR
work funetion gboye, $..0 eypand.alampate of jgetale thip wires.gor an

el ectrodd"SubStrat'e Or "an organi ¢ l1'um nescent device, it “becones possible

to prpvide anpofgaRke-ELrdeNt ceonbish hay exeelbenipbianapas encyo#dne
durability and exhibits high | um neScent intensity even under a |ow driving

121 vol t agec+€6AREi sf Gt bt aDREe Jdrayeri ARd ddieidd keanasa rothegrdaidical
i norgani ¢ conpounds. It was also confirnmed that the anode | ayer and the |ike

made of egempaknd+ horgam cheamgoundshhad: lexceldrent: éenbing yyopeoth®sem® 5
Mor eover, according to the el ectrode substrate of the present invention, it
i s possi bheatloefai L tatleramesrgamiec ntedrect b asil héscidenc e Tagphwai us swieindh
provi des the foregoing effects. Mdrreover, according to the fabrication
met hod ofotlleg magygqnfirmed to be blue. Furthermore, for the sake of

10 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 4-6 are
also shown in Table 4-2.

15 [Practical example 4-7]

A target 4-7 was used instead of the target 4-1 of the practical
example4~1. Asforthemetal target, anAgtargetwasusedinstead
of the Al target. In other respects, the organic EL device 434
was fabricated as in the practical example 4-1.

20 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 ratioc of tin (Sn / (In + Sn)) 1is 0.1, and the mole
ratio of terbium to the total metal (Tb / (In + Sn + Tb)) is
0.06.

25 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 applied 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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10 invention, it is possible to fabricate an organic el ectrol um nescence
appar atus which provides the foregoing effects. Goup of enbodinents 5 15
Hereinafter, a group of preferred enbodinents 5 of the present invention
will be described with reference to the drawings. [Practical exanple 5-1]
(1) Preparation for the fabrication of a substrate for an organic EL device
(fabrication of targets) 20 Powders of indium oxide and tin oxide (no greater
than 1 m in average particle dianeter) were acconmpdated in a wet ball ml|
cont ai ner S0v3 Wa® 2P A& hieol Wi d § RS ;Ln%%ﬁr%w)aswe@é piY; 01 eWEd RERCHR Xi ng
and grinding for 72 hours. Then, %he around article obtai 6d1§¥ t he
f or egoi ng s RS GrRAUFIESdFCaRE priess ndl Yedh 95MOS i i 91%a ?hches

in dianeter and.5.mmin_thickness. The resultant s .accompdated in a
bkt o B 2 L o e A LA e e T TR B B

hour's o Jalirg gate. Langel, f0r, Lheaanodeyd ayero i, 4 aRta Wi, becc o

k ;
referred to as an I TO targe 122 Powders of i um oxi de and zi nc oxide (no

greateg tham1-p8 oirn 1aMRT agey par birclh, A anmeter) were accommodated in a wet
ball mll coh%ainer so that the nole ratio zZn / (In + Zn) was 0.15, followed

by m xing and griduiduhtf20rl 2 theunsesuliftenoft Reegpedndiakhi ekamplebtaingdeby
the foregoi ng neans was granul ated, and press nolded to dinensions of 4
i nches i n aissredleywranich Srabie ndthi ckness.  The resultant was accommodated in
a baking furnace, and then heated and baked at a tenperature of 1400C for 36
hours to fabricdienmtariget §xample anode | ayer. This target will be 10
referred to as an | ZO target.
AnorganicEL devicewas fabricatedas in the practical example
10 4-1 except that an ITO target was used instead of the target 4-1
of the practical example 4-1 and an Ag target was used as the metal
target.
Incidentally, the work function of the anode layer 412 was
5.25 eV in value. A direct-current voltage of 5.3 V was applied
15 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

20 also 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

25 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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Powder s of indium oxide and cerium oxide (no greater than 1 min average
particle dianmeter) were acconmmodated in a wet ball mIll container so that
the nole ratio Ce / (In + Ce) was 0.18, followed by mxing and grinding for
72 hours. Then, the ground article 15 obtained by the foregoi ng neans was
granul ated, and press nolded to dinensions of 4 inches in dianmeter and 5 mm
in thickness. The resultant was acconmobdat ed in a baki ng furnace and t hen
heat ed and baked at a tenperat re of 400C for fgqurs to brlcate a
target for'ehe Enode®TRyet 1 NThie® T WRITE 5 eréflé?er&f 0 °ds CRAfGer
5-1. Next,.a nmetal tar et of Ag W|th additional Cu of 0.7 wt% and Au of 0.8
wt % was falbl??%%?nldc TA 1tlarget will be referred to as an ACA target.
Besi des, a meta T Agehaah Aok Hh-AdELEanal Rl 108 WAl 20 andChaat 10

wt%vvasfabrlcated This target w ere an AEC target.

Besi des, a;feialt 8L G6lofarNc WddpAaddid irenale e 1afe 3 %t\Mh"{%g\"@%oE@:QFcll%%t ed.
This target will be referred to as an Al target. (2) Fabrication of the
substrate for anergand €, Blecdediery 123 Mexl eclesati i Hiranid b thengivvrer<ak t he
formation of the substrate for an organic EL device. This is shown in Fig.
15. A transpaseniog) assisubsisat epobsiblemm itn t hifekresste25 am | oryadtil,
and 75 mmin length, as well as the obtained I TOtarget 5 for the anode

| ayer, targktcberdlfiminehecnnodeaprpypentuend Wwilidhar getoviwkisch tihe afweegloing
target, are placed in the vacuum chanber of the high frequency sputtering
system ThefkeghSfrequency sputtering system is operated to depressurize
down to an ultimte vacuum of 5x10 Pa n which state a m xed gas of
argon gas and 4% IKGYBRL LG GRE GG o BRS fFfikgr B9 ERGNS A 1“g]'l‘%@?esent

substrat e, . whi ch. .
% nventlon it is possible to fabricate an organic

electroluminescence apparatus which provides the foregoing

effects.

Group of embodiments 5

15 Hereinafter, a group of preferred embodiments 5 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)

20 Powders of indium oxide and tin oxide (no greater than 1 pm
in average particle diameter) were accommodated in a wet ball mill
container so that the mole ratio Sn / (In + Sn) was 0.1, followed
by mixing and grinding for 72 hours. Then, the ground article
obtained by the foregoing means was granulated, and press molded

25 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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corresponds to an exanple of the "base nenber” in clains. Incidentally, the
base nmenber on which an el ectrode(s) is/are arranged will be referred to as
"el ectrode substrate.” In that atnosphere, sputtering was performed by using
the 15 ITO target under the condition of: a vacuumof 3 x 10-1 Pa; a
substrate tenperature at roomtenperatures; an input voltage of 100 W and a
filmformng tinme of 14 m nutes. This forms a 110-nmthick ITOfilmin the
argon gas. This is shown in Fig C(i 20 Then, the Al target was used to
forma 120- nm t HicEess o ﬁ“dePI“rﬁJi“h ?@%rzg}@r? @éédel hEPo‘éﬁ?%‘W&? thafel pm

Substrate te ratur 0 shown in_Fi bsequen , in
a nitrate- prhgpf%hatge §8£%§Féga§h%ouggrLoweﬁe accotmtlzune O%lt ]qﬁg Lnﬁ\?\)/aglie %pe{d to
form AL dh o fgs Ao 20, t2§hm91¥v'1|d§ o BN 9 | gaShomn wasFlogwl%élhowQase
Al thin wires correspond to an exa tﬂ w're of metfal

auxiliary bgﬂrnnh%&'mgﬁ & Rl g8 nd{1eS e@éf €12 ﬁchserg TOTfHeer of hi hg%%bﬁtar@éfci@r med
fromthe target was etched in an oxalic aqueous solution so that at

| east 51241001 Abdtdy R WM Eerkald i Phetbhes shdegPinanaktQ ehaets pdesmasieaéaom
the I TOtarget. This is showm in Fig. 15(5). The el ectrode fabricated

t hrough such pahetestiong wif |4 bencleéer teddiamestar padit Br ninng neleedtdlatkes s 5
Incidentally, the 'TOfilmforned fromthe ITOtarget preferably has a width
of 90 m N&x¢,r¢hidtsulistwad e2a @ndmacsalistd dtre shava hgngof hirhmoser eapaitt héack
into the vacuum chanber, and a 20-nmthin filmof a netal oxide was forned
by using theatadgendsaledaasubstiraates tehperatofr el 01D 2OBC36vdrouhe eatire

surface excluding an el ectrode outlet. This _ ,
fabricate a target for the anode layer. This target will be

10 referred toc as an IZ0 target.

Powders of indium oxide and cerium oxide (no greater than 1
um in average particle diameter) were accommodated in a wet ball
mill container so that themole ratioCe / (In+Ce) was 0.18, followed
by mixing and grinding for 72 hours. Then, the ground article

15 obtainedby the foregoingmeans 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 for the ancde layer. This target will be
20 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 additiocnal 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 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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is shown in Fig. 15 (6) . This substrate for an organic EL device
corresponds to an exanple of the electrode substrate for an organic

el ectrol um nescence device in clains. Next, this substrate was subjected to
ultrasonic cleaning in 15 isopropyl alcohol, and then dried in a N2
(nitrogen gas) atnosphere before 10-m nute cleaning by using U (ultraviol et
rays) and ozone. (3) Measurenents After the UV cleaning of the substrate,

t he anode | ayer was neasured for the value of its work function by using
AC-1 (from 20 Ri®eh KEPRFrERLiopt ¥HLl Hil gouAd ©5 Bd. Agreariant ef the

cl eanin Mor eover, _the substrate ovided with the, ano e |layer was
oaour gt ol DFEERESt Faneat: DEhen. CuBh ot BRECR of b0 Aoy Sier™ Tounb o BE -88%

The patterning e} ectrode (e rode w,dth | ectrode | engt h |ﬂﬁ
descri bed above ééggans aéeé é%h?or%ﬁgﬁgﬁﬁgﬁhgfby ?he tmoq%}éﬁgg%fﬁho "&hd

found to be;2,5,ck0, &%g@né@; hELLEKer of L e Ll ot dh J01 G, hromahe

target 5-1 al one was I'n §pecific resistance

measur enent sy afie showa ﬂ_ngﬁbl’@angé-t 5—(14foEOE}‘i@ta'rfUBé)fla§/|%?c OLgani £ t%'rg‘éecV' ce
125 The foregoing "substrate’ was |oaded on the substrate holder in the

vacuum chapbeeh of s t henyvasuuia Byaporat Orpl alhen, i e e/ aciiim Grafiesr W3S the
depressurized inside to a vacuumof 1 x 10-6 Torr or |ower before a hole

t ransport i hgghayesqobacy asp ot gani og | $ys nescermh b hiayerf re2@ieraly elpactkeaning
injection layer 524, and a cathode |ayer 526 were |am nated in succession on
the anode bmyeemofstdeesabed rat edepeshial 7e atowr gamian El tdend toe vERMUMThifs | s
shown in Fig. 18. Here, in the period fromthe formation of the organic

| uni nescend * ay&r R, tire Worghitstet ok theedaghedef| ayern ghe arat WEmoxlYemas

not broken even once so that the same vacuum condition was ,
10 gas is filled. Fig. 15(1) shows the glass substrate, which

corresponds to an example of the "base member" in claims.
Incidentally, the base member on which an electrode(s) is/are
arranged will be referred to as "electrode substrate.™
In that atmosphere, sputtering was performed by using the
15 ITO target 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. This forms
a 110-nm-thick ITO film in the argon gas. This is shown in Fig.
15(2).
20 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 agueous
solution, the Al thin film was etched to form Al thin wires of 20
25 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 agqueous solution so that at least

124



mai nt ai ned. Here, the organic EL device corresponds to the organic EL |ight
emtting apparatus in clains. Initially, as the hole transporting material,
TBDB was 15 vacuum evaporated to 60 nm Next, as the |um nescent |ayer
DPVDPAN and DI were co-evaporated to 40 nmin the vacuum Here, the
deposition rate of the DPVDPAN was 40 nnis and the deposition rate of Dl was
1 nms. Then, as the electron injection layer, Alqg was 20 vacuum evapor at ed
to 20 nm Finally, Al and Li were vacuumevaporated to formthe cathode

| ayer on tdree @llecitrion wiinyg ecdlilon drayere, sfialer iofatainng TOhe lerxganide kkddeviroe.
Here, the deposition rate of Al was 1 nm's, and the deposition rate of Li
was 0. 01 npis. IThetahgeknesBhos fike sMlgvn £nl Miwas POOS) 25 Aime |lenkg eentdkl y,
these are shown in Table 5-1. Mreover, the chem cal formulae of TBDB,
DPVDPAN, labangaieq drierenehnsiveh mattapnipg) vBdal uati 6/ f6F natk P gafi @ EL
device 126 A direct-current voltage of 4.3 V was applied to across

el ect r odesP tRTPAE L &R 1oTETPEFer of the obtained organic EL device as the

ti - | ect th d th iti + trode. 5
oo, the clrrent HeHEr g b 20 mRFemE A {RETPam HeStohbe 1Tt enerty s
163 nit (cdén%% ...The Iungnefgggt foéﬁr was confirmed to be blue. o
Furt her nor®. © ?a?%% %%ie of *dut abr | y”%VaIuatlon, constant-current driving

was conducted atyd0. MVGIE o, « BRIt ERHI ATs iRk HW HERt ndedof pLT Rven L3kt er
a | apse of 1000 10 hours or nore.

back into the vacuum chamber, and a 20-nm thin film of a metal oxide

was formed by using the target 5-1 at a substrate temperature of

10 200°C over the entire surface excluding an electrode outlet. This

is shown in Fig. 15(6). This substrate for an organic EL device

corresponds to an example of the electrode substrate for an
organic electroluminescence device in claims.

Next, this substrate was subjected to ultrasonic cleaning in

15 isopropyl alcohol, and then dried in a N; (nitrogen gas) atmosphere

before 10-minute cleaning by using UV (ultravioclet 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
20 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 B8%. The patterning electrode (electrode width:
90 pm, electrode length: 100 mm) described above was measured
25 for resistance by the two probe method, and found to be 2.5
kQ. 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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Incidentally, the results of the practical exanple 5-1 are shown in Table
5-1. 15 20 25 "Table 5-1" 127 Table 5-1 Practical Practical Practical
Practim enbodi ment enbodi nent enbodi ment enbodiment 5-1 5-2 5-3 5-4
Material of anode layer ITO+ | TO+ | ZO+ I TO+ (Auxiliary wing) Al Al Al APO
Protective |ayer of netal oxide In oxide/ In oxide/ In oxide/ In oxide/ Ce
oxi de Sn oxide/ Zr oxide/ Zn oxide/ Ce oxide Ce oxide Sm oxide Work
function(eV)(after cleaning) 6. 18 6. 05 5. 95 5. 90 Light transmttance
(94) t Electroddheespsraréeg kepbsBraseByxsloggesl on c-resibeaned cohohdenl
oxide thin 2. 5 2. 4 2+6 2-9 filmlayer(GCcnm) 10E+5 1CE+5 10E+7 1CE+6 Hol e
t r anspor t iy {gt ¥ACHPTTRDRTEEE TR TBOE U hi AR - 60160 556160V RRYRY | al
of lum nescent |ayer DPVDPAN DPVDPAN DPVDPAN DPVDPAN 40 40 40 40,

Thi ckness G &I RITHRL 591 et T e | Y et e wy Af al Af al0 ThiekReSE(r m

20 20 20 Zoowel\rf:El %rflo%le thocfé ht(}ansp@/recln'%l /lléyierpééb'l z':\pr‘lI /olflganlcl‘iumlnescent

5 layer 522, an electron injection layer 524, and a cathode layer
526 were laminated in succession on the anode layer of the substrate
to obtain an organic EL device 530. This is shown in Fig. 18.
Here, in the period from the formation of the organic
luminescent layer to the formation of the cathode layer, the vacuum
10 was not broken even once 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
15 wvacuum~evaporated tc 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
20 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 A1 was 1 nm/s, and the deposition
rate of Li was 0.01 nm/s. The thickness of the Al/Li film was 200
25  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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Thi ckness(nmm 200 200 200 200 Voltage(V) 4. 3 4. 2 4. 6 4. 4 Lum nescence
intensity(cd/nme ) 1 63 156 163 '58 Half life 1 000 hours or 1 000 hours or
1 000 hours or 1 000 hours or nore nore nore nore :QAd ass reference Wile
the gl ass substrate was used in the present practical exanple 5-1, the "base
menber” may al so be a glass substrate, a plastic substrate, a silicon wafer,
a color-filtered color 5 conversion substrate, or the like. "Practi cal
exanmpl e 5-1 #2" For a nodified exanple of the practical exanple 5-1, the
order of |anindti®hraay Berraver t"ggtéﬂet e t"f-a%s]éai”éﬁt HHdiRs i Ve BRFASSi | m
thin filmas 10 an aUX|I|ar

conposed mainly of indi oxi de and the rret

Wi re. Ever?]r‘?f:g‘i&c??%éi’ﬁ‘f %QE?%tqa&{‘ocf%éaﬁfﬁﬁc? dh€ °5ha1BPFeT %2Rt C tFifed ?Pﬁ@ﬁtl on
are the sane as |nthefore oi practi.cal_ ex ci dent

Fig. 17 smﬁf SBEETaS O BaSar TR R R A e SnE e Hap Lo e

| ami nati on, i id&/‘?fc%(ﬁ [ Practical exanple 5-2] 5 Atarget 5-2 shown bel ow
was used i ste e target 5-1 of the practical exanple 5-1. The

organi gELdevi ce yasi abri.cal foni Md e SANR sTRNIGR A2l Ihd %eomﬁ&h@@l:eﬁé@npl e
5-1 except that the target 5-2 was used. The target 5-2 is conposed of

i ndi um oXideserdd N P¥hda.c3attk (48/68r | UMHXi A1 nERe dH eolatd Wa 8fcdei e gl n /
(In +Sn) ) is 0. 9, the noleratio of tin (Sn/ (In + Sn)) is 0.1, and the

nol e ratito ble sEaeum Fartthe trod 8é, MeimkheGea ke (dMdhrSmif iGey e viasl uft dén,
constant-current driving was conducted at 10 mA/cm®. No
particular leak current was found even after a lapse of 1000

10 hours or more.

Incidentally, the results of the practical example 5-1 are

shown in Table 5-1.

15

20

25

“Table 5-17"
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I nci dental ly,

the work function of the anode |ayer was 6.05 15 eV in val ue.

The el ectrode resistance was 2.4 kQ A direct-current voltage of 4.2 V was

applied to across the

practi cal

nor e.

| eak current was f

[ Practi cal

ound

1the results of the practical

Furt her

nore, for

The 20

t he sake

25 al

el ectrodes of the obtained organic EL device as in the
exanple 5-1, with the result that the current density was 2.0

mV cn? in value and the | um nescence intensity was 158 nit.
| um nescent color was confirmed to be bl ue.
durability eval uation
No particul ar
| nci dertal ls)y.,

shown in Table 5-1.

of

constant-current driving was conducted at 10 mA/ cn®.
even after a |apse of 1000 hours or

exanple 5-2 are
exanple 5-3] A target 5-3 shown bel ow was used

SO

i nstead of trhe—target—51—of—t1 ctica npte Fhre- nic—Etdevi ce
was fabricatled in the sane nan{ﬁﬁ%%;tln Eﬁ%ﬁﬁ&actlgéﬁmgxanpl 1. excelpt
that 129 the target 5-3 was usegl, The takget 5-3 ils- §onposed5oﬁ i ndiu
oxi de, zi Nnc [|@Xd6anadieer CErT UM Qxd:de.  Thelmghl € T at 1o 07 I nal Ugpd T n 7 (TN +
Zn)) is 0.9|auhbewiml e ratio of |[ginc (Zn |y (In + Zny) is 0.1, @nd the Ekle 5
rati o of cenbumke.d-beetti@ nmetallce / flRey Zn 1.CeL) is 0.8
I nci dental |y, the work function |[@f.dche angdg.d ayer masd.>: 95 |8Vxkdy val ue. The
el ectrode resistance was 2.6 kO| A direcks Gl r ent voltage oflsdefe V Was
appl i ed to aGhoSShbEADehST T gslas of the ebtai nedsassgani c Bk glevice as in
the practicalgwexamlgwdx1l, wWith the result that the current |density was 2.0
mA/ cn? i n vahdie.caRghRexhunm nesdence intepsity was [463 nit. The | um nescent
col or was caufdie redantorf hQa bl @in [Fur t her nopes for 2.6 2.3
film layer( Qcm)
10E+5 10E+5 10E+7 10E+6
Hole transporting matenal TBDB T80B TBDB TBDB
Thickness(rrm) 80 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
40 40 40 40
Thickness {nrm)
Material electron injection layer Alg Alg Alg aye
Thickness {(rnm) 20 20 20 20
Material of cathode layer AL/ L Al L AL/ L AL
Thickress (nrm) 200 200 200 200
Voltage (V) 4.3 4,2 4.6 4.4
Luminescence intensity(cd/m?2 ) 163 158 163 158
Half life 1000 hours or | 1000 hours or | 1000 hours or 1000 hours or
more more more more

example 5-1,

pl

X :Glass reference

While the glass substrate was used in the present practical

astic substrate, a

conversion substrate,

silicon

or the 1i

wafer, a

ke.

"Practical example 5-1 #2"

the "base member" may also be a glass substrate,

a

color-filtered color

For amcdified 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

10

an auxiliary wire.

Even in such configuration,

the functions

and effects of the invention are the same as in the foregoing

1

28



t he sake of durability evaluation, constant-current driving 15 was conducted
at 10mA cn2. No particular |leak current was found even after a | apse of 1000
hours or nore. Incidentally, the results of the practical exanple 5-3 are

al so shown in Table 5-1. [Practical exanple 5-4] 20 A target 5-4 shown bel ow
was used instead of the target 5-1 of the practical exanple 5-1. As for the
netal target, the APC target was used instead of the Al target. In other
respects, the organic EL device was fabricated in the sane manner as in the
practical gxasplea3-dxardblEhe-targehG-dernSatipposed. af7 shdiveThoxd deiohihn

oxi de, and samariumoxide. The nole ratio of indium(ln / (In + Zn) ) is
0.9, the nolevratfi clof tbnfiSmyafian+wBe)re i sh@. dro@md ¢ helamdlreatradm oief
samariumto the total netal (Sm/ (In + Zn + Sm ) is 0.18. 130

| nci dent aligyverRédwor k function of the anode | ayer was 5.90 eV in value. The
el ectrode resistance was 2.3 kO A direct-current voltage of 4.4 V was
appl i ed to acroskP¥3etletect ¥Rt oP £he obtained organic EL device as in the

practical 5 exanple 5-1, with the result that the. current density was 2.

P ompoin val ve it R 151 HECHEN DB L0 BRS T3S Uns A6Eem T - Thie CATARn G5 ent
color was cpnfirnmed t.o be blue, Furthe re, for he sake of r.abi |

eval uat i on?rgggﬁ raanctt-lccua?tr%ﬁ?ma%?\?f&q \%vaﬂg Oc%%%ﬁ%f:eé&“ §va§en%?8qrﬁ%b]f\bca£¥d

part i oul ar | eal: clifent s ! gundy 10ceuencaliien o lapoe. of - 1000-bar sngt

nmore. Incidentally, the results o ractical” exa I'so shown
in Tabl e 5:de 13rget 5-2 was used.

The target 5-2 is composed of indium oxide, tin oxide, and

10 cerium c¢xide. The mole ratio of indium (In / (In + Sn)) is 0.9,

the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mcle
ratio of cerium to the total metal (Ce / (In + Sn + Ce)) 1is
0.16.

Incidentally, the work function of the anode layer was 6.05
15 eV in value. The electrode resistance was 2.4 kQ. A
direct-current voltage of 4.2 V was applied toc 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 158 nit. The
20 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 5-2 are
25 also shown in Table 5-1.
[Practical example 5-3]
A target 5-3 shown below was used instead of the target 5-1
of thepractical example 5-1. TheorganicELdevicewas fabricated

in the same manner as in the practical example 5-1 except that
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20 25 "Table 5-2" 131 Table 5-2 Practical Practical Practical Conparative
enbodi nent enbodi nent enbodi nent exanple 5-5 5-6 5-7 5-1 Material of anode

| ayer 120+ | ZO+ ] TO+ 1 ZO+ (Auxiliary wiring) ACA APC ACA Al Protective

| ayer of nmeta! oxide In oxide/ In oxide/ in oxide/ In oxide/ Sn oxide/ Sn

oxi de/ Sn oxide/ Sn oxide/ Pr oxide Nd oxide/ Th oxide 5. 84 5. 82 5. 95 5.
25 Work function (eV) (after cleaning 88 88 87 89 Light transmttan(r)(%z
2. 6 2. 72. 6 2. 8 Ele diode ies'istanca ( k f2 ) Specific resistance of
met al oxi dh e OE3698tOB+63 1WES7useCE-4 thin filmlayer(4cm Fble transporting
material TBDB TBDB TBDB TBDB_ Thi ckness(nm) 60 60 60 60 WMaterial  of

| uni nescent | ayerDOIOAY BPVDPANS ERROPAN DPVIEENTDPHiSE / Binopgxide, and

Thi ckness(nm), 40 4Q 40 4 Material el ectron inaction |layer A q A q g.Al g
Thi cknessg L3 S35 0 26N SNBPAFT AP toP O4t RBAG Whddd Al ALD Al BT )AFf’ﬁ#'%\r/Li

Thi ckness(nm 200,209,200 200, ; Vol tage(V) 4 S AP s 8.3, %nd the mole
5 ratio of cerium toc the total metal (Ce / (In + Zn + Ce)) 1is

0.15.
Incidentally, the work function of the anode layer was 5.65
eV 1in value. The electrode resistance was 2.6 k. A
direct-current voltage of 4.6 V was applied toc across the

10 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

15 was conductedat 10mA/cm?. Noparticular 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.
[Practical example 5-4]

20 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.

25 The target 5-4 is composed of indium oxide, tin oxide, and
samarium oxide. The mole ratio of indium (In / (In + Zn)) 1is
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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Lum nescence intensity(cd/n2 ) lee 1615 1 61 Half Iife 1 000 hours or 1 000
hours or 1 000 hours or nore nore nore * :Transmttarce: d ass reference

[ Practical exanple 5-5] A target 5-5 shown bel ow was used instead of the
target 5-1 of the practical exanple 5-1. As for the netal target, the ACA 5
target was used instead of the Al target. In other respects, the organic EL
device was fabricated in the sanme manner as in the practical exanple 5-1.
The target 5-5 is conposed of indiumoxide, tin oxide, and praseodym um
oxi de. The nol e ratidefalidi dmq Merk fpactisp) 9f tlmeian@lde Lawsxr welseor 8P o
of tin (Sn/ (In + Sn)) is 0.1, and the 132 nole ratio of praseodymumto
the total §etann (PRlpe(ln Fhsn elepnode opistapicgentald y2-thekibrk A
function of. the anode | ayer s 5.84 i n_val ue. Thi.electrode resi st ance

eVv |
was 2.6 kGTRECE-GUFEA Ul PeE ol Rhgé (S 4. BAF WARP LIPS Pt A& s st PRie

el ectrodes_of the obtained organi L. devi ce i n_.the practical _ exanpl
530 i th EhecteSaPE Thars Rl el EHal Ey s 5 OF hid G PV Ler AR

o ! ot ey . : t | and
e lu lﬂg&gﬂgg ig %r)swlxhw@%elt@%egu%keéfﬁggt { Ha PASGRNM: CRLOLs S.59nbi pne

to be ernore, for S durabrlity evaluatio

const ant - Gy y et iGf LN NG aMas: goONduct edsabnl@ MM enRi Nowhartseul aF | | epke
current was found even after a | apse of 1000 hours or 'nore. Incidentally,

the resul tsumintbeeprtacidlcal wexarqyer brheadr eo shownuen TahleteZnodd, for
[ Practical exanple 5-6) A target 5-6 shown bel ow was used instead of the
target 5-1lthe sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. No particular leak current was found
10 even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-4 are

also shown in Table 5-1.

15

20

25

“Table 5-27
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target was

the organic EL device was

The

exanple 5-1. The target

nol e

of the practical exanple 5-1. As for the netal target, the APC

used instead of the Al target. In other respects,

fabricated in the same manner as in 20 the practi cal

5-6 is conposed of indiumoxide, tin oxide, and neodym um oxi de.

ratio of indium(ln/ (In + Sn) ) is 0.9, the nole ratio of tin (Sn/ (In +
Sn)) is 0.1, and the nole ratio of neodymumto the total netal

Sn +
5.82

25 Nd)) is 0.15.
eV in val ue.

| nci dent al

vol t age of 4. Sradlevs 2applied to across the

ly,

(Nd / (In +
the work function of the anode |ayer was
The el ectrode resistance was 2.7 kOO A direct-current

el ectrodes of the obtained

organic EL device as in the practical 133 exanple 5-1, with the result that
the current JenmsTty Was 2.0~ MW ORZ L Val@g and s NeSoeNGEddtensi ty
was 165 nit. (The [um nescent collehcdi@s COBfdmmd t nBembl ue. | Enid herjpore,
for the sakg of durability eval Uatizon, cqastant-cufgent drivlisng 5 was
conducted at SN CIE N0 par tTOHAr T ear iy 7 ent LTound [ RVEM arfer a
| apse of 100(¢ ux,paww'% nmore. Inci gﬂt al | y, Abhe results, of theApractl cal
exanpl e 5-6 a&%tect.ve 29 ShALn Tahl €.5- [ Frackicaly, %_?Xaéﬁp' e B4l 10 A target
7 shown bel ow was used 1 nstead of Smgde/ar del, .»3.1 of {sthe pr actsln%grge/exarrpl e
5-1. As for tlhe netal target, thep%tar Rl oxidhas UﬁQXIante d of thel Al
target. In otjher respects, the origagic E dg%l ce was gkabricaftedsin the sanme
nmanner as in h@&m@a&%d cal exanple 5-1. e target 7 is corrposednjof
i ndi um oxi de, [ t1 N, OXI and terrq%gm oxi dgg The nolg, ratio ofggi ndium (In /
(In + Sn)) is ngﬁtgransr; j%a%oe(‘V)* 2.6 2.7 2. 6 2. 8
Electrode resistance ( k§2)
Specific resistance of metal oxide 10E+6 10E+6 10E+7 10E-4
thin film layer(Qcm)
Hole transporting matenal TBDB T™8DB T8DB T8DB
Thickness (rm) 80 60 60 60
Material of luminescent layer DPVDPAN  |DPVDPAN DPVDPAN DPVDPAN
D1 /D1 /O /D1
Thickness (nm) 40 40 40 40
Materal electron inpction layer Alg Alg Alg Alg
Thickness (nm) 20 20 20 20
Material of cathode laver AL/ L AL/ L Al L AL/
Thickress(nrm) 200 200 200 200
Voltage (V) 4.5 4.5 4.6 5 2
Luminescence intensity(cd/m?2 ) 166 165 161
Half life 1000 hours or | 1000 hours or {1000 hours or
more more more
¥ [ Transmittance: Glass reference
[Practical example 5-5]
A target 5-5 shown below was used instead cf the target 5-1
of the practical example 5-1. As for the metal target, the ACA
5 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
praseocdymium coxide. The mole ratio of indium (In / (In + Sn})
10 is 0.9, the mole ratioc of tin (Sn / (In + 3Sn)) is 0.1, and the
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mole ratio of tin (Sn/ (In + Sn)) is 0.1, and the nole ratio of terbiumto
the total nmetal (Tb / (In + Sn + Tbh)) is 0.16. Incidentally, the work
function of the anode layer was 5.95 20 eV in value. The el ectrode
resistance was 2.6 kO A direct-current voltage of 4.6 V was applied to
across the electrodes of the obtained organic EL device as in the practical
exanple 5-1, with the result that the current density was 2.0 mA&/cnR in

val ue and | umi_nescence. | it nj h | und, pesc ol.Qr
was confirﬁggetgg%gibfﬁg.p£%$%§§§h3¥b, or ?hggggéeﬁg%éahrgiglft$?g 2059
eval uation, gopstant-gusgent driving was conducted at 10 mAcnR. No

particul ar |eak current was found even after a |lapse of 1000 hours or nore.

I ncidental ly, then¢esshtslof, tige piaet icalctaxanplrethe7adb8e Idfe Al Shaun in
Tabl e 5-2. [Conparative exanple 5-1] An organic EL device was fabricated as

in the pragyical exanpl.e Srrlk excepitibat apebZOtlarget was ysed ivast ead pof
the target 5-1 5 of the practical exanple 5-1 and an Al target was used as

t he met;al diaegét-cumcédentval lygae he fwot k5 f iinctd Dnapb ltiked ahodedayes was
5.25 eV in value. A direct-current voltage of 5.2 V was applied to across
t he el ect redestafoddare odbt hendt ot gadi ergrndevibeleisi ¢a a9 ithehprrcastacal
exanple 5-1, wth the result that the_ current density was 2.0 mA/cnR in

val ue. TheSKaRfPAEscent: ¢oloh Wag redRtir hBa Tt &hise M N ERENVEeYSS dud to

2 current fhanpe belueen, ool ol scliodes, singloplxel, Lugpescence. yas
results of ) the cumaratl ve, o3l 351, 3% & 82 81 1 ARl 8 R%e, for
10 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 5-5 are
shown in Table 5-2.

15 [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. 1In other respects,
the organic EL device was fabricated in the same manner as in

20 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 +

25 Nd)) is 0.15.

Incidentally, the work function of the anocde layer was 5.82
eV in wvalue. The electrode resistance was 2.7 kQ. A
direct-current voltage of 4.5 V was applied to across the

electrodes of the obtained crganic EL device as in the practical
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Summary of the group of enbodinments 5 As has been detail ed above, by using
the el ectrode substrate for an organic el ectrol um nescence device of the
present invention 20 to constitute an organic EL light emtting apparatus,

it has beconme possible to provide an organic EL light emtting apparatus

whi ch has excellent transparency and durability and exhibits high

| um nescence intensity even under a |ow driving voltage, conprising the
anode |l ayer and the |ike nade of certain inorganic conmpounds. 25 It was al so
confirmed ¢hatptlise Sanodev il @yerhante shét| the tmade cofr mart aienbadyganisc 2 - 0
conpounds had excel | ent etching properties. Besides, according to the

organi ¢ ELMHégnce niatlie prsseRe 1 wWieRep6srnGe 1h&S elcormy podSibnétto PpRGVi de

an organi c_EL device effectively which has excel|ent transparency and
dur abi | i t yL ARG CESE X Hi B PE W YHC P ﬁ@?%eﬁé’e%fan{)il’f?i'ty Févgﬁh%ﬁﬁ&rea Fow

driving v bta e. 136 S&AI -1, A sputtering target, containin ne_or .nore
types of ng Slgfﬁf%é%% ?F%ﬁ%%ﬁl%ﬁﬁ %#%%?15 d 15 %%gggcgﬁﬁﬁﬁ%h ?ﬁéyég,

the sput t%é%%ﬁ@ﬁ&%&@@ﬁ@ PANG®. atN%}ﬁ{z}]‘cPEglgrﬁ 0L € édxpféanwéEe%ébéld The

selected fromthe group consisting of ani de netal except cerium

sputteringet,angetraccos diBg st £ ai . hWhglLidy Sgbde third conponent netal
is 1%to 20% by atomin conposition ratio 10 with respect to the tota

amount of the spuhteabngataygetne3reIher Spoit taid NG 4 9el1 aseorsti KB L@ alai m
1 or 2, wherein said |anthanide netal conprises at |east one or nore types

of netal sekecthdwhram rhelgréup.consisting of samarium europium and
terbi um
[Practical example 5-7]

10 A target 7 shown below was used instead of the target 5-1 of
the practical example 5-1. As for themetal target, the ACA target
was usedinsteadcf theAl target. Inotherrespects, theorganic
EL device was fabricated in the same manner as in the practical
example 5-1.

15 The target 7 is composed of indiumoxide, tinoxide, and terbium
oxide. The mole ratio of indium (In / (In + 8n)) is 0.9, the
mole ratioc of tin (8Sn / {(In + 8Sn)) 1is 0.1, and the mole ratio
of terbium toc the total metal (Tbh / (In + Sn + Th)) 1is 0.16.

Incidentally, the work function of the anode layer was 5.95

20 eV in wvalue. The electrode resistance was 2.6 kQ. 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

25 luminescent color was confirmed to be blue. Furthermore, 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.

Incidentally, the results of the practical example 5-7 are
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15 4. A sintered article containing one or nore types of netal selected from
i ndi um oxi de, zinc oxide, and tin oxide as a conponent thereof, the sintered
article containing at | east one or nore types of netal oxides selected from
the group consisting of hafnium oxide, tantalum oxide, bisnuth oxide, 20 or
a lanthanide netal oxide as a third conponent thereof. 5. The sintered
article according to. claim4, wherein said third conponent netal oxide is
1% to 20% hy atamin co sjtion, ratio with respect to the total anount of

t he sint er%%r%%ﬁ%.l%@%ﬁte s?‘n% ered article according to claim4 or 5,

wherein 25 said%fqygﬂgqﬁgﬂggﬁg% fgigg%fonprises at | east one or nore types
of netal selecte rfom 1 he group onst s ng of cerium oxide, samarium oxide,

eur opi um oxi de, i i ) i t rl.si ag;
Ity wor ked pi'onar 87 TR rat or sl o fr el Socora n T P13T any oRa"Bt°

claims 4 tf 6@ daeking mate ofe tiial Rerded st@ddhe rsicnkeradqakt kche.

8. A sputtering target conprising an indiumoxide alloy containing a
hexagopal dmyeregraoipoedndeRimp Ddi s @xiddenamD tzirie: tO waxi deefll a2 @he( ABOLM
where mis an integer of 2 to 20) , the sputtering target containing at

| east one wargwre types of netal oxides selected fromthe group consisting
of cerium oxide, samarium oxide, europium oxide, terbiunoxide, or bismuth

oxi de as a t hirdlcomporent LY herleofvonkhéneich 100 eii dhe hinade drepmrewea snét 2P
oxide is 1%to 20% by atomin conposition ratio with respect to the total
anount of $helspEltE-i n§ LarGe-COrrThe ¥phtesrd if target etk -h§etotel ai m

8, wherein an exggession In / éln + Zn) whi ¢ch neans a ponteqﬁ of said indium
oxi de acCross e electrodes of the’obtalned organic EL device as in

10 the practical example 5-1, with the result that the current
density was 2.0 mA/cm® in value. The luminescent color was
confirmed to be blue. Nevertheless, due to a current flowing
between anode electrodes, single-pixel 1luminescence was
impossible which precluded simple matrix driving.

15 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

20 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.

25 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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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
terms 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 claiml, conprising an indiumoxide alloy
contal ni ng_Lidl um ot d angbin e of. 0,050 LooQ 6By AUOMI 0L ing
conp03|t|on ra spu ering target con aynlng atnleast one” or ‘Aoré
types of rggfqa§ques sel ected fron1the 25 group consisting of cerium oxide,
samari um oxl de,” europi um oxi de, terbiunoxide, or bisnuth oxide as a third
conponent thereof, wherein said third conponent netal oxide is 1%to 20% by
atomin conposition ratio with respect to the total anmount of the sputtering
target. 138 12. A sputtering target conprising an indium oxide alloy
contai ni ng a hexagonal | ayered conpound of indium oxide and zinc oxide
(In2@8 (ZnO) m where mis an integer of 2 to 20) , the sputtering target
containing 5 at | east one or nore types of netal oxides selected fromthe
group consisting of cerium oxide, samarium oxide, europium oxide, terbium
oxi de, or bismuth oxide as a third conponent thereof, wherein: said third
conponent netal oxide is 1%to 20% by atomin 10 conposition ratio with
respect to the total anmpunt of the sputtering target; and ratios of said
respective conponents fall within the ranges of In/ (In+ Zn + Sn) = 0.5 to
0.95, Zn/ (In + 2Zn + Sn) = 0.03 to 0.2, and Sn / (In + Zn + Sn) = 0.02 to
0.3 in terns of percents
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15 by atom where in said expressions, Inis a conposition ratio of indium
in the sputtering target in terns of percents by atom Zn is a conposition
ratio of zinc in the sputtering target in ternms of percents by atom and Sn
is a conposition ratio of tin in the sguttering 20 target in terns of
percents by atom 13. A transparent $ive filmnmade fromthe sputtering
target or siniered article according to anXEone of clains 1 to 12. _ 14. The

transparent conduciiWet #FLRPf bRTIRCoFGRRF EPERIJRDPCRE RCHR AT W B 0P E1MF i 13,
havi ng a ﬁorg fugction q{.S.G eV or hi%hgn. 25 15. A subs rﬁée for.an

or gani c>BLSGeGRcE It st Ry At FeadP™ &dTelfdctd CRTPRPEN tatd oF Falve Wafiber
wher ei n saLﬁ el ectraode H@yer contains at |east one conpound selected from
the fol TBW ar Pguﬁaﬁﬁgl a5t 1889t one conmpound sel ected fromthe group

5.5 I oUP A ELaLeogepl 865y onyl s ot LEes 1 oy G 8,50

Pb, "Ga, In, _ gro cogeni de oxXynitrid
Nt Ao o il ! de3endfiqe Adban' aheder ragani c FL deyi ce,

conpri sing atlleast an e ode Tayer and a base nenber, wherein said
el ectrode | ayer contains at |east one conpound selected fromthe foll ow ng
group A-2 and at |east one conpound selected fromthe group B-2: group A-2:
chal cogeni desz , oxy8i §plhdesridly Rhihicdescebré@nsSto Abik, lWhe Zin Ghkiand
My; and 10 group B-2: chal cogeni des of | anthanides. 17. The substrate for an
or gani ctiE rdevorpoaetar digtgnl oi €l Ak mcol308r bl6,a vdter ehncseaipd seltacin adet 1 ayer
is an anode |l ayer. 18. The substrate for an organic EL device according to
cl &Pm wbtbrraspevherts rtisaitiovkbcamodot] ayferthes speathodedl apeget.

3. The sputtering target according to claim 1 or 2, wherein

said lanthanide metal comprises at least one or more types of metal

selected from the group consisting of samarium, europium,

and terbium.

15 4. A sintered article containing one or Aore types of metal
selected from indium oxide, zinc oxide, and tin oxide as a component
thereof, 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,

20 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

25 said lanthanide metal oxide comprises at least one or more types
of metal selected fromthe groupconsisting of ceriumoxide, samarium
oxide, europium oxide, and terbium oxide.

7. A sputtering target comprising:

a flatly-worked piece of the sintered article according to
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15 19. The substrate fora device for an organic EL device according to claim
15 or 16, wherein said electrode | ayer has a specific resistance |ower than
1 Gm 20. The substrate for an organic EL device according to any one of
clainms 15 to 19, wherein said conpound of the group A-1 or 20 A-2 is any of

chal cogei desnor o pi Erlbdes of .6l Nap@nd Zn. 21. The substrate for an organic
EL device "according to any one of clains 15 to 20, wherein said conpound of

the group B-1 9rpaBx2nigs At Ofo PXhEEs10bcERIedNt o She E¥intBreanth HoicP2. The
substrate for an organic EL device according to any 25 one of claims 15 to
21, wherein the cantghiteérsahd wonpoundodipritdien@r eup ivdi @ Bxd daal dBloy
within the range of 0.5 and 30 at. %with the total anount of said el ectrode
| ayer as-diX btiflyg 23heXbegosdistiatierédrcanpouganbd Ehddeni aexiadeoadd ngiho
any one of clainms 15 to 22, wherein said electrode |ayer has a thickness
140 i t bnidde IrggeZad) h:andet@Omnm a24infrgergafix tEl2 deyittiee kaviigeaing
structure that at |east an anode |ayer, an organic |um nescent |ayer, and a
cat hode Hawyast acenthamimgt ed i n succession, wherein said anode | ayer and
cat hode layer 5 or either one of said electrode |ayers contains at |east one
compound sel ezt b &3 brentect A9 P g cup meth amk kde s eseleohedcbnpBunde
sel ected fromthe fol[omﬁng group B-1: group A-1: chal cogeni des, oxynitrides,
or nitriHEMRCESIgRINgSAE PRIiBA CKRAdEZN S A0@ T LA A & ¢ WP Ryk B pox1ide,
B- 1: chal cogeni des,. oxides,. or nitri.des of |apthanides. 25. An organic EL
devi ce ﬁa%g%gwa oAt BF%%%‘E%P"P&HS A" N HhdGeMRRRSD T é'tﬁ’e&rej’af:ﬂ wherein
| um nescent | ayer d a cathode |ayer .are _|am nated ., n suggession,, wherein
sain%(?anode I ay%ar'l%ngp%art%ocaoem?%varr}% §1° T8t n2t - Qe L8 q‘sﬁai%oegé(?t Pode T4y et 8
contai “%&@&f‘ébﬂ%@%@ respect to the total amount of the sputtering
target.
9. The sputtering target according to claim 8, wherein an
expression In / (In + 2Zn) which means a content of said indium oxide
15 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 ratio
of zinc in the sputtering target in terms of percents by atom.
10. The sputtering target according to claim 8 or 9, further
20 containing tin oxide.
11. The sputtering target according to claim 1, comprising
an indium oxide alloy containing indiumoxide and tin oxide of 0.03%
to0.3%byatomincompositionratio, thesputteringtarget containing
at least one or more types of metal oxides selected from the
25 group consisting of cerium oxide, samarium oxide, europium oxide,
terbiumoxide, orbismuthoxideas athirdcomponent thereof, wherein
said third component metal oxide is 1% to 20% by atom in
composition ratiowith respect to the total amount of the sputtering

target.
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15 selected fromthe follow ng group A-2 and at | east one conpound selected
fromthe follow ng group B-2: group A-2: chal cogeni des, oxynitrides, or
nitrides of Ge, Sn, Pb, Ga, In, Zn, Cd, and My; and group B-2:

chal cogeni des of | anthani des. 20 26. The organic EL device according to claim
24 or 25, wherenn. sai dpasede ilhayefaBget cabhede siayeranr ieidiher onedefashod
el ectrode |ayers has a specific resistance lower than 1 Gcm 27. The organic
EL devi cecancahdiing tz0 Iaawagmea df 1syares 24mplourizb,o fvhigt @l oms aikd deorpduniinof
the group A-1 or A-2 is any of 25 chal cogenides or nitrides of Sn, In, and
Zn. 28. TheidegahngOHLZ deMm cevremonmdi agant angisdear ofl aite 26 Jor t2%, spuhéeeing
sai d conpound of the group B-1 or B-2 is an oxide of any substance out of
Ce, Nd, Smprgef HwmntandhnHog 29. The organic EL device according to any one of
claims 24 141 to 28, wherein a content of said conpound of the group B-1 or
B-2 balls withiet dRestange of DobeahiPr8s af.mehkihokhdesosgll epmshtf ronf tha&i d
el ectrode |layer as 100 at.% _30. The organic EL device according to any ane
of clai ne9PRUP5CPHSAGE e Fedaid Qreida ode Iy BiN sl der hFekREISMWPERPR -

the range of /1 and 100 nm 31, The organjc EL device according to a one of
cl ai s g4tef{313‘6‘, WKher er noafngki‘h%%%i @g"tlrden nd i I%HSCSW PFTYy* ag%ggg?

one corrpoqu selected fromthe group A-1 and at | east one conpound 10
sel ected ¥ 8rﬁet3h]3'group s-1 or an inorganic thin filmlayer containing at

east one Como%gqgrsgéu}gfés ZCOR%@nteQS: gr%é)'ygl Ao%ﬁ%re]a 1astt#]§a%t<3 189”89§19ar1,gde

selected fromt s arrang in bo or “el r ~“between”’ sai

| ayen gggdgggggisgrtgﬁa%{ %ggcqrean{wl%g;gérs_ﬂ;é%%rt@eﬁ/e0£ot9§té(xﬁ8anéaéf' G Bpdeckayay
target; and
ratios of said respective components fall within the ranges
of In / (In + Z2n + 8Sn) = 0.5 to 0.95, Z2n / (In + Zn + Sn) = 0.03
to 0.2, and Sn / (In + Zn + Sn) = 0.02 to 0.3 in terms of percents
15 by atom,
where in saidiexpressions, In is a composition ratio of indium
in the sputtering target in terms of percents by atom, 2Zn i§ a
compositionratioof zincinthesputteringtargetintermsof percents
by atom, and Sn is a composition ratioc of tin in the sputtering
20 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 for an organic EL device

according to claim 13, having a work function of 5.6 eV or higher.

25 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 3i, Ge,
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15 32. The organic EL device according to any one of clains 24 to 31,
wherein said organic | um nescent |ayer contains at |east one aronmatic
conmpound having a styryl group whose structural formula is given by any of
the follow ng general formulae (chemcal forrmula 2-1) to (chemcal formula
2-3): 20snChem,caa,f ormul 2n 2- ¢4, 3an® MY; G€d4 (Chemical fornula2-1) Ar Art
n where in the general fornmula (chemcal fornmula 2-1), Arl is an aronatic
group having 6gtrewd Garthoncatdmmgeaacdeof AvxZniAridlesand cAr 4niis riyidisogen
or a an aromatic group having 6 to 40 carbon atons, at |east one 25 of Are,
Are, Ar BanghdnAdksds.s an aromatic group, and the condensation 142 nunber n
is an integer of 1 to 6; "Chemcal formula 2-2" 6 Ar F Ar N7 ( Chenical
formul a2- 2 ) 1A. Mmsuwibeteatn fde gemergdnfolbe vicdeencealpfiging at2ieast
Ar5 is an aromatic 5 _group having 6 to 40 carbon atons, each of Ar6 and Ar7
i s hpdr ogere bechnodeodarees gheup TRYEMETBOEs,  40hearbonsaiensleat rioggsi apae of
Ar5, Ar6, and Ar7 is substituted with a styryl dgroup, and the _

contains at least one compound selected from the following group

A-2 and at least one compound selected from the group B-2:

group A-2: chalcogenides, oxynitrides, or nitrides of Ge, Sn,

Pb, Ga, In, Zn, Cd, and Mg; and

10 group B-2: chalcogenides of lanthanides.

17. The substrate for an organic EL device according to claim
15 or 16, wherein said electrode layer is an anode layer.

18. The substrate for an organic EL device according to claim
15 or 16, wherein said electrode layer is a cathode layer.

15 19. The substrate foradevice foranorganicEL device according
to claim 15 or 16, wherein sald electrode layer has a specific
resistance lower than 1 Q-cm.

20. The substrate for an organic EL device according to any
one of claims 15 to 19, wherein said compound of the group A-1 or

20 A-2 i1s 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

25 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
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condensati on nunber mis an integer of 1 to 6; and "Chem cal formula 2-3" Ar+
i 9Ar10 ,-N Arl12 JN Arl14 Chemcal formula2-3) Ar Ar Ar 10 where in the
general formula (chemcal formula 2-3), Are and Arl4 are each an aronatic
group having 6 to 40 carbon atonms, each of Ar9 to Arl3 is hydrogen or an
aromat i cvprlolp bhei ngrigd @ 401 canbod O0atens, at | east one of Ar 8 to Arld is
substituted with a styryl group, 15 and the condensati on nunbers p, q, r, and
s are 0 or 1 ea¢h.An33rgéniret Abddefitabracahigng $hevotgari chet dévieest an
according to any one of clains 24 to 32, conprising the steps of: formng
sai d el evnodelel dyger by spIALefi hyriandckotnilayesai dndr gapathobenilagscente

| ayer by vacuum deposition. 20 34. An el ectrode substrate for an organic EL
devi ce, kumnd SpAGLN @V EteTt tole oL 8N A d amasteydeive reRact et hrdresterte

| ayer and a base nmenber, wherein 143 said electrode is made of a | am nate of
a thtn o1 ﬁ]lltﬁ';?e‘r olile O%S@é{daﬁlsferca@qfa%/weré oo k2 £ G5 T 1% 309B S5¢ FRAL AT d
thin film os d 1 of 35. The el ectrode substrate for an

or gani ¢ ! "d“e’g?ée &€ g‘ﬁ E %Bl’aga FOSE, Aiheratd 25 dSeRith NG e PERRID O

the netal oxide h a work_function of 5.8 eV or higher. 36. The el ectrode
subst r at®® f St af 3;5 |t316ELf%Ig€%énac@5PdﬁpngB ]to claim 34 or 35, wherein said

thin filml aye(gF t]Qe haallgééégr?id i So(%:}%Frefc') dré’le nI sejl% %elagnc}gél fltf?]%r and

10 contains at §t”one ~6xXi-des rom’
group ¢ | sty ngGgf glno'blzurm O@ageangah@;urgrpél de, tantal um oxide, and a
e.

| ant hani met al ~oxi
10 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
laminated in succession, wherein said anode layer and cathode layer
or either one of said electrode layers contains at least one compound

15 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.

20 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

25 chalcogenides or 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
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37. The organic EL device el ectrode substrate according to claim36, wherein
said thin filmlayer of the nmetal oxide contains 15 zinc oxide and/or tin
oxi de as a mai n conponent thereof along with said indiumoxide. 38. The

el ectrode substrate for an organic EL device according to claim36 or 37,

wher ei n tgai2d | adrani fles il e 9Xi 68 §5iat cbRBSUNORE Ah TRy ¥ty FeS] ofr metal
oxi des selected fromthe group consisting 20 of cerium oxide, praseodym um

oxi de, rfeddymwimxidethsamanhigexd de, 5 and Ber hiturs axi¢e. t 88. +the lelaaetunade
substrate for an organic EL device according to any one of clains 34 to 38,
wher ei n csaisthitchi el éct robayée yeonposedOOmat nky of Ag contains netal having a
work function of 5.0 or higher. 25 40. The el ectrode substrate for an organic
EL devi ce accor@i rithe targdmaio BD, deherei acsairdimet dlo leny ngne afordd &iumrec Ridon
of 5.0 or higher contains one type or two or nore types of netal selected
from Autd 22, NNhepeinapei e lemt roge draget e addvi csnh&vi ngthist thetranget hat
at least an 144 anode | ayer, an organic el ectrolum nescence |ayer, and a

cat hode ©f dy@ndrE0P afitnat ed, wherein either one or both of the el ectrodes,
i.e., said anode | ayer and said cathode |ayer are nade of a |lam nate of a
thin filmlayerl ST AT EF BkidevVhasi AGCRTRGNE &b h&fe BLE ™y 24nd a
thin film]ayer conposed mainly of Ag..42._,The_organic EL devi ce according
Lo ol ai oA BOMREIEr FLBart LDREFAA G Fayar oM Ha R 1OBLRABLRGS 4 ABPRT

(et 90 st e LGRS 20 Ghe I L0R) S f) Sowcrpocr diiailfe
mainy y Qfe 1M HNQ%h08h e 833 up B-1 or an inorganic thin film layer containing
at least one compound selected from the group A-2 and at least one
compound selected from the group B-2 is arranged in both or either
between sald anode layer and said organic luminescent layer and/or
between said cathode layer and said organic luminescent layer.
15 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 feollowing general formulae (chemical formula
2-1) to (chemical formula 2-3):
20 “Chemical formula 2Z2-1"
Ar8
‘ c=cCc_ |
4 {Ghemical formula2—1)
5 Ar
Ar

where in the general formula (chemical formulaz2-1}, Arlisanaromatic
group having 6 to 40 carbon atoms, each of Ar?, Ar’, andAr® is hydrogen
or a an aromatic group having 6 to 40 carbon atoms, at least one

25 of Ar?, Arz, Ar3, and Ar® is an aromatic group, and the condensation
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contains at | east one or nore types of netal oxides selected fromthe group
consi sting of niobiumoxide, hafniumoxide, tantalum 15 oxide, and a

| ant hani de netal oxide. 44. The organic EL device according to claim43,
wherein said thin filmlayer of the netal oxide contains zinc oxide or tin
oxi de asianbat m cospanehhtiherreaff hlooagéwi th said i ndi um oxide. 20 45. The
organi c EL device according to claim43 or 44, wherein said | anthanide netal
oxi de i s'Gitenliasl Doemoian@r¢€’t ypes of netal oxides selected fromthe group
consi sting of cerium oxide, praseodym um oxide, neodym um oxi de, samarium
oxi de, and terbium oxide. 25 46. The rganic EL device according to any one
of clains 41 to 45, wherein said tp\ | ayer conposed nainly of Ag
contains netgl having a morKﬂLuactlon of .0 or higher. 47. The organic EL
devi ce accopdin mpJ6, wherein said] netal having a work function of
5.0 or higher contgins one type._ 145 t or o hYReSalForARiiab sel Bct ed
fromAu, Ir, N, Pd, and Pt. 48. A hodjof fabricating the organic EL

devi ce accordi ng any one of cla 4 47, conprising the steps of:
formng 5 said electrode by sputtering; an orning said organic

el ectrol um nescence Iayer by vacuum deposition. 49. An electrode substrate
for an ordanl e, b dexl ce.; SOML o100, AN 8l eeLEads Toro risng, an organic.
el ect r ol'UM nescence® a er Bas : erél $di d ?ec e’is a

I f Kk
amdnat %%;ﬂ%%ﬁ%? @6‘% éé‘}ﬂ?y‘% %m%m?ﬁfg%cﬂ 0% HBbalngxife 1@‘4{31&0%&Pr

functio and a
or an aromatic group having 6 to 40 carbon atoms, at least cne 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"

Ar'Z N h ( Chemical formula2— 3)
aw;

10

where in the general formula (chemical formula 2-3), Ar® and art
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,
15 and the condensation numbers p, g, 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
said electrode layer by sputtering; and forming said organic
luminescent layer by vacuum deposition.
20 34. Anelectrode substrate foranorganicEL device, comprising

an electrode for driving an organic electroluminescence layer and

a base member, wherein
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50. The el ectrode substrate for an organic EL device according to claim1l,
wherein said anode thin filmlayer of the netal oxide 15 has a work function
of 5.8 eV or higher. 51. The el ectrode substrate for an organic EL device
according to claim49 or 50, wherein said anode thin film/layer of the tal
oxi de: is conpeséd maesityoste iifdmadsoifde, 1amndnartso odoat AlNAE 2iAd 12B6xPHe
and/or tin oxide as a main conponent thereof; and further contains. a _.
| ant hani ¥e"#Ee &l C¥xPGe ay2 NI VO e B QUbA7AYR PoP 8K dPgafi ERED HedPce
accor di n?@ to claim51 wherg%{nggai d | ant hani de netal oxide is a single netal
d

oxi de or*¥ W5 of R HLLAT 1D &8-ected 25 from cerium oxi de,

The ol eotr ode Sl Para JOrt He SHaH S e, [hT B8 etbt ity 7er 8 Ay BRES bFS
or more Bt ath g RS thehor Sbr sad Eon it TR Lot gana
oV o T oher i & e T o sar 4 meral T KoM T e, 5. The el ectrode substrate.

for an organi c3fEL figYiLe ACLORLIND s Or e Elodl gh b g INEE @iINgsahd NBEAL r RaMLNT
the work function of 5.0 eV or higher contains one type or two or nore types

of metal rsetpgindi4fgPBAUNHEreiM sa6 thdn @a1dnPlay’b: oEhehel metradexide:
substrate for an organic EL device according to claim49 or 50, conprising

10 a protectivesfidompersedida andge otfthiimdfiidnmdsaly@e ; otintche nmetal oxide. 57. A
met hod of fabricating the el ectrode substrate for an
10 contains at least one or more types of metal oxides selected
fromthe group>cbnsisting'of niobium oxide, hafnium oxide, tantalum
oxide, and a lanthanide metal oxide.

37. The organic EL device electrode substrate according to
claim 36, wherein said thin film layer of the metal oxide contains

15 zinc oxide and/or tin oxide as a main component thereof 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
cne or more types of metal oxides selected from the group consisting

20 of ceriumoxide, praseocdymiumoxide, neodymiumoxide, samariumoxide,
and terbium oxide.

39. The electrode substrate for anorganic 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.

25 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

from Au, Ir, Ni, Pd, and Pt.

41. An organic EL device having a structure that at least an
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organi c EL device according to any one of clainms 49 to 56, conprising the
steps of: 15 lam nating an anode thin filmlayer of a netal oxide on said
base nenber, and then |am nating a netal thin filmlayer made of a netal
thin wire thereon etching said netal thin filmlayer in a m xed acid of
phosphoBinedsdial e ki t 8N cORBAH 1 CaRd e&¢ &G [ HEn @S CAREE20 axfter ATHE Bt RAe
perform_ng additional oxalic-acid etching to pattern said anode thin film

| ayer. @@Yeﬁmﬁﬁ%tﬁé@léﬁqﬁﬂnl%ﬁﬁﬁ%b“the electrode substrate for an organic
EL devi ce accordi n%ﬁto claim 57, \ég;EI‘EI n_said se nenber is,

I
substrate. 25 gD %?‘E;a‘?ﬁcpcﬁh 0 G ee?ec‘t'r%de b t€?%$§ Y &hn
i EL d trod bst ris t
G {vi g 257 GRgShi SHELE o Crf st dites {Zeaﬁa%{vﬁf' asef i ?mifnrﬂiwa"%r
oo Rt R S B R
organlcfﬁangqng grle§h¥%;5a| %3 Of gagLc electrolunlnescence | ayer; and a

cat hode 1"ayer pose r ode. 60. An el ectrode substrate for an

organi c EL deV4;[ce THOBY a%f@ﬁ%@m%@ 9ake ofin AR LLeqh Foge fv%e?[aii%ig‘&i@”

organic el ectrol um nescence ayer; a transparent” conductive fhin

cont ai Nty A Nchi Pé;ﬂ% o fa iRt e tili Wi d@; ha8da awbbikn hidopiayessof . @ st al
oxide, 10 the lam nafe being forned in this order on a base nenber, wherein

sai d thigxr fHigméayer of the netal oxide has a work function above 5.6 eV and
a specific resistance of 10CE+4 Ocm

10 43. The organic EL device according to claim 41 or 42, wherein

said 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 consisting of niobium oxide, hafnium oxide, tantalum

15 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.

20 45. The organic EL device according to 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 oxide,
praseodymium oxide, neodymium oxide, samarium oxide, and terbium
oxide.

25 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 organic 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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or higher. 61. An el ectrode substrate for an organic EL device, conprising
15 a lamnate of: an electrode for driving an organi c el ectrol um nescence

| ayer; a metal thin wire; a transparent conductive thin film containing

i ndium oxide; and 20 a thin filmlayer of netal oxide, the |am nate bein
formed ior thve erdewren wifssechrehbee]l ARdested siemthin £l mNiayefd.ofaidhe
nmetal oxide has a work function above 5.6 eV and a specific resistance of
10E+4 Ot or higher. 62. The el ectrode substrate for an organic EL device
according 25 to claim60 or 61, wherein said thin film./layer of the netal

oxide has a wePk PuURRENSH ©f ABEEACELATEotREEREIGLHC 63 e & REFORRENT
substrate for an or ic EL deyjce according .to any one of clai 0 to 62,
wher ei n S Y hPR®f %%Pn%aﬂé?s oL he ot 5P ilféﬁ%z%?ehaéegsmﬁrﬁsf&ﬂ%% of
5.8 gV or_hi gher.. %ﬁg %4. The eleqérode substrate f.or _an organL% EL device
accat di i to AN OPTE cPai B0t 185 6397 whélBi n 8FE A& al S9xFde Yot hs

at | easteleeiépggéﬁpngngs einné:e oi%fl%@agg gggugéli %%. Og itj‘rl'gg_ el ectrode substrate

for an organic evi'ce accor to an ctaifms 60 to 64, wherein

said metal oxigg GONLILRs rofle 4 @ISt 0BE dotPen ofy J AN NN S, XL Iom Pl < HIE

el ectrode substra or an organic EL device according to any one

60 to 6%, Wheret podai ol alt panhgea el aha AXEAL o £ 8 ran uirdes 5ok st edyéF omd he
group consi sting of cerium oxidé, 10 praseodym um oxi de, neodym um oxi de,

samari um ox €€, mansdelrer hinkme Dxi de. 67. The el ectrode substrate for an
organi ¢ EL devi ce according
10 said electrode is a laminate comprising an ancde thin film
layer of a metal oxide having a work function above 5.6 eV and a
metal thin wire.

50. The electrode substrate for an organic EL device according

to claim 1, wherein said anode thin film layer of the metal oxide
15 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

20 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

25 from cerium oxide, praseodymium oxide, neodymium oxide, samarium
oxide, and terbium oxide.

53. The electrode substrate for an organic EL device according

toany one 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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to any one of clains 60 to 66, wherein said netal thin wire contains 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 clains
60 to 67, wherein said netal thin wire contains netal having a work function

of 5.0 eV or higherhe @9.echito®d eatysade tsBshr &h & fin BO BIY ganiieEhcdeyvdtng
according to claim68, wherein said netal having a work function of 5.0 eV

20 or highet] gant 8i3ns wore dipen ofiet D P&V IAGeat ywpek dfuret abnselfeét édevioom
the group consisting of Au, Ir, Ni, Co, Pd, and Pt. 70. An organic EL device
conpri simgyhéhe iel ecidatiet subsidametaflottam ovrgaai ¢ EL devi ce according to
any one of clains 60 to 69; a cathode |layer; and an organic
el ectrol um nesténckh¢ @lect X5dd 4@bstrate for an organic EL device according
5 to claim 54, wherein said metal having the work function of 5.0
eV of higher contains one type or two or more types of metal selected
from Au, Ir, Ni, Co, Pd, and Pt.

56. The electrode substrate for an organic EL device according
to claim 49 or 50, comprising

10 a protective film on said anode thin film layer of the metal
oxide.

57. A method of fabricating the electrode substrate for an
organic EL device according to any one of claims 49 to 56, comprising
the steps of:

15 laminating an ancde 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 inamixedacidof phosphoric

acid, nitric acid, and acetic acid; and
20 after the etching, performing additicnal oxalic-acid etching
to pattern said anode thin film layer.

58. The method of fabricating the electrode substrate for an
organic EIL device according to claim 57, wherein

sald base member is a glass substrate.

25 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 & metal oxide having a work functicon above 5.6 eV and a metal
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thin wire, the organic EL device including:

said organic electroluminescence layer; and

a cathode layer opposed to sald electrode.

60. Anelectrode substrate foranorganicELdevice, comprising
a laminate of:

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.

61. Anelectrode substrate foranorganicELdevice, 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.

62. The electrode substrate for anorganic 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 crganic 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 ocrganic 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.

67. The electrode substrate for an organic EL device according
to 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 cne of claims 60 to 67, wherein said metal thin wire contains
metal having a work function of 5.0 eV or higher.

69. 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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