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DESCRI PTI ON  ORGANI C ELECTROLUM NESCENT DEVI CE,
CONDUCTI VE MULTI LAYER BODY, AND DI SPLAY 5 TECHNI CAL
FIELD [0001] The invention relates to an organic

el ectrol um nescent (EL) device, a conductive

mul.til ayer body, a nmethod for 10 producing the
conductive nultilayer body, an electrode substrate
for an organic electroluninescent device, and a

~di spl ay. BACKGROUND ART f¥ﬁ¥H An organic EL
a cat'hode,

devi ce includes an anode and an emtting

| ayer pl aced between the anode and the cathode. The
emtting layer includes a | um nescent nedium |l ayer
dﬁ@Am_ceﬁlEéTRbLQﬁ&NEB@ENTWE‘at:b%u@frxw RBLTILAYER BODY,
supplied fromthe anode and -20 ‘el’ectrons suppl i ed

fromthe cathode. A hol enphjagderag | ayer and a hol e
transporting | ayer are generally provided between the
anode and the | um nescent nmediumlayer in order to

~pronote injection of holes supplied fromthe anode.

TACHeIIEar @IELDNj ecting | ayer and an el ectron

transporting | ayer- are 25 generally provi ded between
[Oib@1dat hode and the | um nescent nediumlayer in order

to pronote injection of electrons supplied fromthe

cat hol@lbe inye0b3pnSratatehetanvte mrahites lxttorlenplzgscent
|nportant roles for efficiently injecting electric

(Ehar g6y 1car o at Renelwicttiivieg Mudyrdd ayerh®odt-erd @echiat for

t he anode and the cathode have been
producing the conductive multilayer body, an electrode

substrate for an organic electroluminescent device, and a

display.

BACKGROUND ART
[0002]

An ofganic EL device includes an anode, a cathode, and
an emitting_laye.r placed between the anode and the cathode. The
emitting layer includes a luminescent medium layer which emits
light upbn fecombinatién of holes supplied from the anode and
electrons supplied from the cathode. A hoie injecting layer
and a heole transporting layer are generally provided between-
the anode and the luminescent medium layer in order to promote
injection of holes supplied from the anode. An elecfron
injecting layer and anrelectron transporting layer are
generally provided between the cathode and the luminescent
mediumlayefjj1order1x>promoteinjectionxxfelectronssupplied

from the_cathode.
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5 extensively researched. The work function of indium

tin oxide (I TO generally used as the hole injecting

el ectrode (anode) is 4.6 to 5.0 eV. On the other

hand, the ionization potential of nost hole

transporting materials represented by triphenyl di am ne
(TPD) 10 is as large as 5.6 eV. Therefore, an energy
barrier of 0.4 to 1.0 eV exists when holes are

[bﬁésited into TPD fromITO 1t is then effective to

ase the work function of the surface of the
anodeg j r.der r t.e 1 nj an I
ol o THTeS g 2hSg8 &R he Nethikeip thy Py e ot for
[Aalels [ t the: ssur
o R e L B R o P T T paver
t%@rﬁﬁtéﬂfgiéofo fthgc%nggé §%a"°he, cdPnbu8-R8¥478een
I scloses a nethod of depositing ITO at room

ckednsi st uyeragdafertlng the deposited 20 filmin an

oxi di zi ng” at nosphere or applyi ng oxygen plasnma to the
deposth&dofrikl MnvhesebY 1hei WRkK nfsmicdd QTOf deredtdlly used
5.0 eV is increased to 5.1 to 6.0 eV. JP-A-2000-68073 :
adli Si6d a5 dnjlgrisppkearicteleert radedel whichetthe v lev. On
function is increased to 5.0 to 6.0 eV by increasing
théeookygehaganceheér avnbnavion?2posputieli 0 gastoholke
"surface of .1 TO However, these nethods have a probl em
t ranshorhindenair kia fsinoipoes alcorddge $ niphenyildd amine (TPD)

[0005] In order to prevent a decrease in the work :
isartliagwd ps ai p,eVUP- Azaeisn0e0 gnesvpsesr aiepttod -4 to

of injecting oxygen _ions into deposited I TO In nore ‘
1 detaV | exises Wi Mt s Arofim gateddnise Tt feafed & It
5.2 to 6.0 eV by injecting oxygen ions inpto |ITO at an
igdhanerdfieny V6l FagnoresSk\FHONOTS MRGEESN RF e surface

of the anode in order to promote injection of holes into the
hole injecting layer from-the énode.
[0004)]

A method of increasing the oxygen content of the surface

of ITO has been proposed as a means for increasing- the work

function of ITO. For example, JP-A-8-167479 discloses a method

of depositing ITO at room temperature and heating the deposited
film in an oxidizing atmosphere or applying oxygen plasma to
thé deposited film, whereby the work function of 4.6 to 5.0 eV
is increased to 5.1 to 6.0 evV. JP-A-2000-68073 discloses a
transparent eiectrode of which the work function is increased
to 5.0 to 6.0 eV by increasing the oxygen concentration of
quttering gas on the surface of ITO.

However,.ﬁhese methods have a problem in which the work

function decreases with time.
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oxygen pl asma generated by a hi gh-frequency di scharge.
According to this nethod,.a |large work function of 6.0
eV can be nmintained even after the deposited filmis
allowed to stand 10 in air for 60 mnutes after the
oxygen ion injection. However, this nethod requires a
devi ce which generates high-density plasm and
uniforn1y‘applies ions to the substrate using a
[@§Q$ el ectrode. Mreover, since it is difficult to
rmy apply oxygen ions over a |large area, unlform

quallf %ﬁ nnot_ he ecured 0006% %E A- 2001- 0438
suggest T hat Qné)ren"voecﬁie Fe 8§ FSES & FPg*pgunction in
atf an‘_ﬁp@{ OP-Yzé%é‘@ &gcglﬁ%kseogr e?nt lo%f: ?Sagg{:%n%}hgxygen

cat hode. I'S TnCcreases range o selec

1P tec“d% SsiiBd 801 ﬂ'f"%% L85l 9sesns tJ:"u €tion of
Fhds ATE AR R

oXI suc as | n-

IT@@I}S LRUEA-R8a8Md tgt'f: ZN'to @n@ g@‘ b Qgﬂﬁg oxygen ions

sem conduct or oxi des such as a3,

iy @ro @ﬂ%%%e@érﬁ&@ﬁgr@@i@acﬁ@w.ﬁ%\ﬁ fokMs mlnutes using
particul ar, JP-A-2001-043980 discloses that Cr is an

o:xget | ENsRd Garosiea ved a5y ad ﬁi@eﬁé@u@ﬁ ol §Eh@Fdons
holes to be sufficiently supplied even it the wor ‘

Adamodimn tics thelsatev@by, anbhtrgé wdre\unc{d0@E] 6.0 eV can
However, it is preferable in principle that the work

bef pAGhitan nee twegafiterotterddwo$ i ¢deii lirnd s edlsleowdie to stand
hole injecting properties. Specifically, if holes can

irpaignbor ymsnihpecifcet nhe ¢kegeniidr ngj bayéont r diowever,
t he anode, the drive voltage of the organic EL device

thefn TRt ek sl e tdRvice fghice aénehrtes dahgl-d@nsity

devi ce can be therefore increased. [0008]
plasma and uniformly applies ions to the substrate using a

control electrode. Moreover, since it is difficult to

uniformly apply oxygen lons over a large area, uniform quality

cannot be secured.

fO006]

JP-A-2001-043980 suggests.that the anode need not
necessarily be transparent by using a transparent electrode for
the~cathode. This increases the range of selécfion of the
materials., JP~-A-2001-043980 disclbées conducti‘ve oxides sﬁch
as In-Zn-0, In-Sn-0, ZnO-Al, and Zn-Sn-0, metals such as Au,
Pt, Ni, anld Pd, and black semiconductor 6xides such as Cr,03,
Pr;0s5, NiO, Mn;0;, and MnO, as preferable materials. 1In
particular, JP-A-2001-043980 disclosés that Cx isl an excellent
anode material since the use of Cr ;slllows holes to be

sufficiently supplied even if the work function is relatively

small (4.5 eV).
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When outcoupling |ight generated by the emtting | ayer
10 through the side of the cathode, the cathode is
required to exhibit excellent transparency in
addition to having a low resistivity in order to
efficiently outcouple light to the outside.
Therefore, silver (Ag) which exhibits excellent
optical properties (e.g. optical transparency) in the
Eg@ﬁ%?le 15 region has been widely used as the materi al
he cat hode. For exanple, JP-A-2001-043980

of " arf R RGE ol Ty Ls [BE0ET TFBigves PEF s%p%é“ﬁﬁﬁ“@@g work
f%£é91$gebgn¥5£hgg haX§§e9FtEh urgﬂe%. fggggénghghﬁogé

rce due asion (mgrati

9@%‘8‘?%%%%%%%%%&%@?&%%% R T snoocry

éé‘@édoinwethQVSfRRteEanléQeEr9¥bﬂletﬁ@ 9hgas) Ctﬁé drlve

evice and a di splay having an anode exh|b|t|ng hi gh

v&PtS%é bBJ%Hé'BQgEﬁQEeEL'SévﬁegleénabétaEE§e§§bB09ﬁd the
does not undergo diffusion or the like. [0011]

1A6c€en6rd PathaaavenidPEd- d801c84398 hdlitsdresesd hatraased.

5 group V or IV netal having a small work function
[¢e0g] C, Mo, W Ta, or Nb) can be used as the anode
instead of a netal having a large work function (e.qg.
Au, PihemNiqutorowel)indg hei ghtv eyerersatead Hyhahenesititang layer
found that the work function and the hole injecting
tlefdiugh enloy sddebefi hbeeastdodhi | ehet chihpdg adheefjonred to
10 and m croprocessability of the group V or |V netal

, e?ﬂyll@u'duwgcehieln’éa‘sra@ﬁpaéemﬁn@nsédéetéanf tonhaving a low

| ant hanum cerium neodym um
resistivity in order to efficiently outcouple light to the

_outside. Therefore, silver {Ag) which exhibits excellent

optical properties (e.g. optical transparency) in the visible
region has been widely usédras the material for the cathode.
For example, JP-A-2001-043980 discloses an organic EL device
using a cathode made of an Mg-Ag alloy.
[0009]

However, since Ag diffuses into the émi£ting,layer or the
like forming the EL device due to high diffusion fmigration)
properties{ deterioration of the EL device or a short circuit

OCCurs.

DISCLOSURE OF THE INVENTION
[0010]
An object of the invention is to provide an organic EL

device and a display having an anode exhibiting high hole
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samarium and europiumto the group V or 1V netal
having a small work function (first invention).
[0012] 15 The inventors of the invention also found

t hat

a conductive multilayer body having a | arge work

function and exhibiting excellent hole injecting
efficiency can be obtained by sputtering using an

oxi de sintered product containing Ce as a target in a
sputtering atnosphere under s§e0|f|c condi tions

intpeting @an%’%%? a?n‘ﬁf‘é%s%r

Iess

2
EarLeugoenosr Bhighposs mot
( i nvent 0013] The-inventors of the
‘ghgg‘il%b CF othd 1P‘ﬁa i¥fffusion of metal atoms in

evi ce can be prevented by using two types 25 of
{@ﬁe‘&ﬂaf

met a

s in conbination for the cathode Iayer t he

stanﬁgrg§§%;$ t| n reductjlfpIC X, té&%@ {gﬁﬁgges that a'

a speC| atlons

SSHEY LNy Mé’?lﬁv AES Y din091 9ot REe kAW @nﬁﬂ%g .d.her; Mo,

’bg%:

ng organi ¢ v ce, conductive ayer

o TRIHPL of:)e% LAy ngnk %oc@é’&%‘é@éa\éﬁom tdtaehaving

el ectrode substrate for an organic

a qla‘:i‘{fer QIIOH_”}'E' pERELALnAEYi §8.08NRtdI 8P achCI&ﬁ) beThe inventors

provi

ded. 1. An organic el ectrol um nescent device

o £ONAY | Shn 81 of af H@EE, tRAL arkdevoarRdrancebht ang thyehole
i nt erposed between the cathode and the anode, at o

inpast igg AT ddferidiecandse inoreasedcrhi i tititlhiezing adhesion

-emtting |ayer containing at |east one el ement

arsereiad wsp idcd s wab 1 it hamfinhes gyriaupy Vneodyivi metal by adding
samarium and europium and at |east one el enent

atsékastenhé edememtose latt edfgsehant hanahy e r mpbhgafymivm,
silver, palladium copper, nickel, cobalt, nolybdenum

smmlmmaWQusppn.gmrto the group V or IV metal having a small

10012]

work function (first invention).

The inventors of the invention also found that a

conductive multilayer body having a large work function and

exhibiting excellent hole injecting efficiency can be obtained

by sputtering using an oxide sintered product containing Ce as

a target in a sputtering atmosphere under specific conditions,

that is, at a partial pressure of oxygen of 0.1 Pa or less (second

invention}).

{0013]

The - inventors of the invention also found that diffusion

of metal atoms in the devit:e can be prevented by using two types

of met

als in combination for the cathode layer, the standard

oxidation-reduction potentials of these metals satisfying a

specific relationship (third invention).
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2. The organic el ectrolum nescent device according to
1, 15 wherein the total concentration of the at | east
one el ement selected fromlanthanum. cerium
neodym um samarium and europiumis 0.1 to 50 wt %
3. The organic el ectrolum nescent device according to
1 or 2, wherein the part of the anode in contact with
the emtting 20 |layer contains cerium 4. The organic
[Slggﬁroluninescent devi ce according to any one of 1

8 ; wherein the part of the anode in contact with

h 1ttt I . Kk f ' 5.0 eV .
(ne LRSS B BBkl B RSt fge¥-Bhnc o
CEPTBEL HRD, LR ALLY oy LESRSRD SRR S A0 R che

cSHB?H: e ’mﬁi‘@iiégéé‘é BRI ef@&gi‘({}&{e VQuddd M0t b FoF @R organic

contal nt ng an OXl cont'di ni ng a east cerium

eVBeE 8bMumi hBsBeHEaRRvSREW BGqa4RRELYI 8RERRY pebvaRed.
electron present in a cérium3d orbit on the surface

of the, tARNSPEERNE 608EHEbLLVRInEELENTEAEYLEE BYmYridyng a
phot oel ect ron~ spectroscopy, when SA 5 represents the -

chohabepeakaabge, 0dnd ke &nddt DEgansfyy ihebwpeBed8idtwden the
and 922 eV, and SB represents the total peak area of .

chbrRodbi sl hee GIoGe bat weens 012l et tand €868 &V6bdSB/SAontact
whi ch represents an area ratio of SB to SA satisfies

wite thel énirt hijneX@vesstontaihing a8 S deldl driign selected
The conductive nultilayer body according to 5, wherein

from tardispamentcecdmiy cheéodyihiitum cantaad ingn,atnfeastopingn, and

~metal 15 el enent selected fromindium(ln), tin (Sn),

aZilsastzane diamsori emleZipd fran ghcbindmy Gayngseen uppntalum,
nggggﬁm?ns%.l%xeyrg,ega g?ac':lium, copper, nickel, cobalt, molybdenun,
platinum, and silicon.

2. The organic electroluminescent device according to 1,
wherein the total concentration of the at least one element
selected from lanthanum, ceriﬁm, neodymium, samarium, and
europium is 0.1 to 50 w-t%. |

3. The organic-electroluminesceﬁt device according to 1
or 2, wherein the part of the anode in contact with the emitting.
layer contains ceriﬁm.

4. The organic electroluminescent device according to any
one of 1 to 3, wherein the part of the anode in contact with
the emitting layer has .a work function of 5.0 eV or more.
[0015]

5. A conductive multilayer body comprising an insulative

transparent substrate and a transparent conductive film formed

on the transparent substrate, the transparent conductive film
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7. A nethod for producing the conductive multilayer

body of 5 or 6, conprising fornmng the transparent
conductive film by sputtering at a partial pressure

of oxygen of 0.1 Pa or less 20 in a sputtering

at nosphere. 8. An el ectrode substrate for an organic

el ectrol um nescent device conprising the conductive

mul til ayer body of any one of 5 to 7, and a netal

condyctor fornmed on the conductive nulti] aye od .
O RBS PGk T o R WO TR |t A A G galrbeTein,

.el ectrol,um nescent

... 9. An i - ]

18] St T HRCaehe BEEL%BREFRYI A The LT eEn gFgsent in
b f 8 i ¢ el ect r.oluni t 7

e R geny SRe Y elvidte ofvft SRR bonbuctive

£BIAGALE-ELER! 19! ILOGORAL dSULEEROTBLLRLARCLNG, wpon s

conductive fu any one o

LC I I t ; t
R R s s R i e A R
g el esf eldabpesgeninfey CEPEOBRAL S 1 %‘?ot%!logéak' AYE4 of the

an organic emtting layer, and a cathode |ayer stacked

biAdi Al errdsf betiBef 1WA d1Ry 0D 0CON! 8BNSAGRch @8pkedent s
first 10 netal and a second netal, the standard

afXxi fed | e TeBEIIP o BH eRiHidlfids k) rofllidma iy esbression
netal at 25C being -1.7 (V) or nore, and the standard
(bxidation-reduction potential (E(B)) of the second
metal at 25C satisfying the foll ow ng expression (2).
15 E(A) - 1.1 <- E(B) (2) 12. An el ectrol um nescent
devi ce conprising an anode |ayer, an organic emtting
| ayerSBASE at hode3 | ayer, (Bnd a

6. The condﬁctivémultilayer bociy according to 5, wherein
the transparent conductive film contains at least one metal
element selected from indium (In), tin {Sn), Zinc (Zn), -
zirconium {Zr), and gallium {(Ga), cerium (Ce), and oxygen (0).

7. A method for producing the conductive multilayer body
of 5 or 6, comprising forming the transparent conductive film
by sputtering at a p-artial pressure of oxygen of 0.1 Pa or less
j_n a sputtering atmoéphere.

8. An electrode substrate for an organic

- electroluminescent device comprising the conductive

multilayer body of any one of 5 to 7, and ametal conductor formed
on the conductive multilayer body, the transparent conductive
film driving an organic electroluminescent lavyer.

9. An organic electroluminescent device comprising the

electrode substrate of 8, and an organic electroluminescent
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20 transparent conductive |ayer stacked in this order,
the cathode |layer containing at least a first netal
and a second netal, the standard oxidation-reduction
potential (E(A)) of the first netal at 25C being -1.7
(V) or nore, and the standard oxidation-reduction
potential (E(B)) of the second netal at 25C 25
satisfying the follow ng expression (2). E(A - 1.1 <
E(B) (2) 8 .13. The organic electrol um nescent device
layesr Pﬁ@e@oonlihﬁreiQCt%ﬁQPeFH ?ﬁéaﬁﬁln conponent of

t he Cf@ de | ayer. is E rst net
or gan ré&’tr P ﬁé?EEﬁf’ H@&PEECEEEo%YH@etCEPmPa‘%ﬁFmQ the

on . wherein the first tal a ta
c85ut 138 dr e ORod, bRty ile 71860 T oa Rl groanic
ef%ct 81 ﬁyneégent 9%%er f5¥§ké¥6 :giﬁ é%efgﬁﬁﬁyye multﬁlayer
eléc Mim ReseBht Ui ce”aceordt
b%& to 14, wherei n the second netal is a netal sel ected
dm B, Te, Sn. V., Mo, Nd, Nb, and Zr. 16. The

(6598 C el ectrol uni nescent devi ce according to any
one of 11 to 15, wherein the cathode | ayer contains O.

1wt P, txh Safodt 26 OimbRe3bkRET q8B1 8L Qémﬁfléihél hﬁeanode

~earth metal. 15 17. The organi ¢ el ectrol um nescént

18yt e neaYadiing i@ ttany 2890l 1ddt® dfshomeneiyert Reacked

cat hode | ayer has an optica transparency at a
inestel engidenf 380 daadede 8G v onkBlormimgmerte. 1%t Bhe€irst
organi € el ectrol um nescent device according to any
merel odnd lateeddndwhetelp the btastapdt akidetAgn-2@dh8tion
A display conprising the organic el ectrol um nescent
patesnicea BeOfAN Nef arenyiost akthlt atd25% Hin@and 14 (V) or
to 21. [0017] According to the invention, since holes
me¥e @hd ehemyandard oxidation-reduction potential (E(B)) of
the second metal at 25°C satisfying the following expression

(2) .
E(A) - 1.1 £ E(B) (2)

12. An electroluminescent device comprising an anode
layer, an oi:cjahic emitting layer, a cathode Iayer, and a
trahsparent conductive layer stacked in this order,. the cathode
layer containing at least a first metal and a second metal, the
standard oxidation-reduction potential (E‘.(A)) of the first
metal at 25°C being -1.7 (V) or more, and the standard
oxidation-—reduction potential (E{(B)) of the secondmetal at 25°C

satisfying the following expréssion (2).

E(A) - 1.1 £ E(B) (2)
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injected into the emtting |layer fromthe anode, the
drive 25 voltage of the organic EL device can be
decreased, whereby the lifetime of the organic EL
devi ce can be increased. Since the conductive

mul til ayer body and the electrode 9 substrate
according to the invention have a | arge work function,
a hi gh-1um nance organi ¢ EL devi ce which shows a snmal
increase in voltage during constant current drive and
exhibits along lifetine can be realized by using the

conductive multilayer _body or, the el ectraqde ,
SUbst it ShR 3o e FEE For FHEAsaKh BeFRceyarreEding to

ccordi ng.to the thod for producin e conductive .
LTy iS5t R0ty ST tn et N CoPHgae {8yer is
tabo e-descr%bgd conductive nultilayer body can be

Qﬁf %?%%tT? ¥dtained. In the organi ¢ EL device

the catnass ondgn Lo iR e i 3R ing to
abPoeYEC: o] o1 LATANLAN A Hhe<1SiicA 96 o GRRYY SBE8cted

ort circult ue to neta usi on can

| fJEEI@V]_?I‘,t gy, Wher ehy e i etidre «@f, Mie Bk, devw CReCaRu, Ag,
e

i ncreased.’ 15 'BRIEF DESCRI'PTI ON OF THE DRAW NGS
P4 00d8] & ad. is a view showi ng an organic EL device
according to a first enbodinent. 20 FIG 2 is a view
Showi TR aheeQutigualient leictedlundhedr@entl ¥elvicacaerdirddng to
to a second enbodinment. FIG 3 is a view show ng an
argCbineeo frdllr & 14y pehdrsphathe aecond mgt4 D itshe negcdndelected
enbodiment. FIG 4 is a view showi ng the
froorosBi seld i ofral Bt rNwt U@, 25, odndnBrpi xel according
to the second enbodi nent.
16. The organic electroluminescent device according to

~any one of 11 to 15, wherein the cathode layer contains 0.1 wt$%

to 570 wt$ of an alkali metal or an alkaline earth metal.
17. The organic electroluminescent device according to
any one of 11 to_16,,whereiﬁ the cathode layer has an optical
transparency at a wavelength of 380 nm to 780 nm of 10% or mofe.
18. The organic electroluminescent device according to
any one of 11 to 17, wherein the first metal is Ag.

19. A display comprising the organic electroluminescent

device according to any one of 1 to 4, 9, 10, and 14 to 21.

[0017]
According to the invention, since holes are efficiently

injected into the emitting layer from the anode, the drive

voltage of the organic EL device can be decreased, whereby the

lifetime of the organic EL device can be increased.

Since the conductive multilayer body and the electrode
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FIG 5 is a view showing an organic EL device

according to a third enbodinent. 10 FIG 6 is a graph

showi ng an exanpl e of a binding energy spectrumof a

cerium3d orbit which falls under the invention. FIG

7 is a graph show ng an exanpl e of a binding energy

spectrumof a cerium 3d orbit which does not fall

under the 5 invention. FIG 8 is a view showi ng an

organi ¢ EL devj.ce accordin to a fourtg enbodi g}fegt .
rikrunction,

SHPEE T TR SCG0 TS HOAAT BRI SR LR BRSSI Ty EeER

< S0 B LASER S P AREL 8, SURRLAA £k L v cace
SRR PLEE S R, ST K52 2oms
L0048 B i NG90 A8 85EE) DAL o

of'\zstﬁlgteg%%ﬂdf&ge tsqyé%%éee%%?gnn%ﬁk%tr%@erék LR¥estheRic EL

i rst I ment S a view show ng one

a&rhodi mente A3y gbgeﬂé Gudttno @8 £ § AR HNInEOcbRquct ive

I nvention. An arode 20, an insulating layer 30, an

mi€Nd £ 1d Plr baWera &b r filtly 8o 0HEcRP18h¢ i ABGveRdedcribed
substrate 10. The emtting |ayer 40 includes a hole

corij et ivg mhBYyEladdr Wodp! €ah rseseoricgnt By esbddinadd
a lum nescent nedium 25 | ayer 46. The cat hode 20

i ncl utesha omialid Byelevd2eaadcardi ngrnspaherninvention, since

conductive | ayer 24. The insulating layer 30 is not
netrdll spessdbfer the csthprdd etapdty panvhbeeprevemtedr £Lam

11 ' _
diffusing in the device, deterioration of the device or
occurrence of a short circuit due to metal diffusion can be
prevented, whereby the lifetime of the EL device can be

increased.

BRIEF DESCRIPTION OF THE DRAWINGS.
[0018] | |

FIG. 1 is a.view showing an organic EL device according
to a first embodiment.

FIG. 2 is a view showing an equivalent circuit of one pixel
according to a sécond embodiment. -

FIG. 3 is a view showing an active matrix type display
according to the second embodiment.

FIG. 4 is a view showing the cross-sectional structure
of one pixel according to the Second embodiment.

FIG. 5 is a view showing an organic EL device according

to a third embodiment.

i0
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prevent a short circuit between the anode 20 and the
cathode 50. In the lum nescent nediumlayer 46, holes
supplied from the anode 20 and el ectrons supplied
fromthe cathode reconbine 5 to emt light. The |ight
i s outcoupled upward through the cathode 50. [0020]
According to the first enbodinent, at |east a part of
the anode 40 in contact with the hole injecting | ayer

42 contalns 10 at | east one el ement ele m
Ianthgnﬁn] clet PulTF 2RBoRRH ﬁ%@“ﬁ; inghenergy

and_ at st one el nt sel d f
SPBRS Bt Fed e S Otk ?’véﬁﬂsawg Pl nvent ion.
coppe nickel , cobalt bdenum Iat| um

ST oBRS" e PoBArPRGHEN f?(%t%ﬁ ook Trifing, gneray
el enent sel ected.l15 fr.o t r y
oGP iy P CatiioB: O PP by ARarabrS s % % 8%%% the
1Apdnst Ll nore preferably 1 to 30 mﬁ@b .of the total
concentratlon of the elenments contained in that part

of t hpagno@els [0Q31L], gnggdg\grgrig&@}}&I@ﬁ C{vad?ee according

anode I ncr ease by aadi ng at | east one el enent

rseheebadthr epbbankarym cerium neodym um  sanarium
and europiumto an elenment having a relatively | ow

wor k faact pons zﬁeégf:@aﬁatbhg a0hgrhf 86bWRAg steps of
efficiency from the anode 20 to the emtting |layer 40

prédiubehgasedraAspareasuktbnddbtribe @ubee ragkt.age of the
organi ¢ EL device is decreased, whereby the lifetine
of theIGrgani tsEk dégwcehoaindethacchamedal Thermuwbak of
function is preferably 5.0 eV or nore. 12 [0022] In

depesftieh wmabedime@st pfacpampleb.the |ight generated

BEST MODE FOR CARRYING OUT ‘THE INVENTION
{0019]

Embodiments of the first to third inventions are
described below in detail with reference to the drawings.  The
invention is not liﬁited to these embodiments.

(First Invention)

- First Embodiment

FIG. 1 is a view showing one embodiment of an organic EL
device according to the invention. &n anode 20, an insulating
layer 30, an emitting layer 40, and a cathode 50 are formed on

a substrate 10. The emitting layer 40 includes a hole injecting

- layer 42, a hole transporting layer 44, and a luminescent medium

'layer 46. The cathode 20 includes a metal layer 22 and a
transparent conductive layer 24. The insulating layer 30 is

not indispensable, but is preferably provided in order to
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in the lum nescent nmedium |l ayer 46 of the emtting
layer 40 is directly emtted to the outside through
the cat hode 50, and, 5 another part of the light is
emtted toward the anode 20. Since the anode 20
contains at | east one el enent selected from
| ant hanum cerium neodym um samarium and europi um
and at |east one el enent selected from chrom um
tungsten tantal um .nIOqun] S|Iver al | adi
PERYRRE 2 had  Cidebal b betdISATH dMemA e K8 Pﬂénn%hsnaatmde
S|I|con I'i ght generated in the |um nescent medi um
5(Payer 46 is partially reflected at the interface
bet ween

eni tt%awiagﬁr{%én%&'aﬁﬁﬁéa PR A Bpplded from
e%e G%I,ﬁ%fﬁc”t‘:%%'bs”% ace%%@a:{}b%%]% 4l BBLLHpine
L &0t tJheth”gp el‘r:rn1 nglFo ‘?y%% 6‘%1‘5&23@ %‘%% ey am%% the

Fae fot, a bottomemnission type organic EL devi ce. .
< %%e ?ltst enbodi ment, the emitting | ayer includes
?@@O 20 hol e injecting Iayer and the hole transporting
ayer. Note that these layers may be onmitted. The

enm t tAhe twes tRyhal 80rst Rebbdemantgl eetTedbt &) B&tt RE the
| ayer, a hole transporting layer, an adhesion

ahddE oM 16 kay@actawb@hr the heyerinpiet i ldyka: 42 contains
[ 0024] 25: Second Enbodinent FIGS. 2, 3, and 4 are

atvilews tshopiengneige: sgbedtedmronf Lantdasphaycarsiung hhedymium,
organi c. EL device according to the invention.- 13 FIG

s@nasiamyizaw ebawpigranasdaty dleastt onecelemefit cred guibesl from
of an active matrix type display. In the active matrix

chygreiuh s ptalygseenunbentalupi xeiebane, ailargedrphladium,
matri x, and an imge is displayed by controllin

copper, nickel, cobalt, molybdenum, platinum, and silicon.
The total concentration of the at least one element selected

from lanthanum, cerium, neodymium, samarium, and europium is

preferably 0.1 to 50 wt%, and still more preferably 1 to 30 wt%

"of'the total concentration of the elements contained in that

part of the anode.
[0021]

The work function of the anode 20 is increased by adding
at least one elemen_t selected from lanthanum, cerium, neodymium,
samarium, and europium to an element having e relatively low
work function. Therefore, the hole injection efficiency from
the anode 20 to the emitting layer 40 is increased. As aresult,
the drive voltage ef the organic EL device is decreaseti, whereby

the lifetime of the organic EL device can be increased. The

work function is preferably 5.0 eV or more.
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' 1’éaW% W NS te Medg R émﬁrt‘i

5the light intensity in pixel units corresponding to
| um nance information provided. In the active matrix
type display, «current flow ng through an organic EL
device provided in each pixel is controlled by an
active device (generally a thin film transistor (TFT)
which is one type of insulated gate type field 10
effect transistor) provided in each pixel. [0025] A
pi xel PXL includes an organic EL device OLED, a thin
[pPERItransistor TFT1 as a first active device, a th|n

- film transistor TFT2 as a second active device;

st or affe QEﬁcﬁﬁﬁﬁﬁtQWbQ§%m%ﬂ%céi&ﬁ@ﬂbﬁﬁéﬁh@ EE9@§v9@89rated
generally has rectlflcatlon aper% 5 It é f or 40 is
h L devic¢ é)% &i IEI?Z_EE? ?13’
t or gani
dgﬁ%aiy PRERES &zanﬁﬁs §H8ﬁh8?ntﬁf%“95 2he’cBEpRgessly and.
t t TET t _at 2
amfaﬁf.peart(afﬂg AISERboLs it et SFhalh che FhBREEE 2Rince
i.Lh
ugéﬁgﬁ%o o e e S o

{:Ha {:%rﬂgrﬁ{ nﬁ%@ﬁi*ﬁi&nf 'ééﬁafilﬁﬂs'ﬁ&reu?-&unﬁ and at

trahsistor TFTI connected |
1%%9 @n@%@%rﬂe’rﬁeséle@t%@ufﬁgm%ﬁf@rﬁﬁﬁﬁ 'tﬁlrﬁg‘?ﬁﬂ.ﬁ{:t ednZalum,

wth a data line Y, and a drain D ther'eof i's connected

n¥bbhum! RS 1v&0r 8581 §4RARKI, L&Y pl};césf aRdcied t@o}:ﬁpi, tbe ybdenum,
thin filmtransistor TFT2. [0026] T e pixel PXL is

pbpeiatRf asddestiktbed bebbw. gbheshtewhen thbhelsfdhescent

line Xis selected and a data potential Vdata

néddingatd g 46hies pamiciandy refbeceséd @t theanptérfhd®between
the data line Y, the 5 thin filmtransistor TFT1 is

theremect thhgd dykat 40hendt dragaodeaglcandrentst ted ditarqgagh the
or di scharged, whereby the gate

- cathode 50. Therefore, light generated in the emlttlng layer

40 can be efficiently outcoupled from the upper surface.
[0023]
The organic EL device according to the first embodiment

is of the top emission type. The anode 20 may also be used for

. a bottom emission type organic EL device..

In the first embodiment, the emitting layer includes the
hole injecting layer and the hole transporting layer. Note that
these layers may be bmitted. The emitting layer may also
include an electron injecting layer, a hole transporting layer,
an adhesion improving layer, a barrier layer, and the like.
[0024]

Second Embodiment
FIGS. 2, 3, and 4 are views showing one embodiment of a

display using the organic EL device according to the invention.
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potential of the thin filmtransistor TFT2 coi nci des
wth the data potential Vdata. Wen the scan line X
is unselected, the thin filmtransistor TFT1 is
turned OFF so that the thin film 210 transistor TFT2 is
el ectrically disconnected fromthe data Iine Y. The
gate potential of the thin filmtransistor TFT2 is
mai nt ai ned by the storage capacitor Cs. A current
flow ng through the organic EL device OLED via the |
t hi n FI{3.n? fisah §LeMos howTQ anseget vaskent gargyit of one pixel
corresponding to a voltage Vgs between 15 the gate and
ofi p& Fiirice® FetHes thiRe 1Rt %nsi stor TFT2, and the
organi c, EL device O.ED continpously emts |ight_ at a,
| un HEnERS 5T S BRGEY LEPE 1t SGPUERET &if D1SLs are
supplied from_the thin filmtransistor TET2. [00 .
a5 fiact A Hro R PR 1TRSE R BLeCaaNFLoRY art B ot ing

he. pixel,PXL.shown in Fl G .2, af L und .
thien T oR Phr s BV ikl Bnits BEEEEEARAIE B8 MiEpinance
| tre ‘ y o . | . |
R B g s it cop oy,
ettt tfli%wliﬁg] Eﬁ?gﬁghng réﬁér‘?ﬁ%'ﬂ. 4 i bib§RdeANin each

| y tan

active matr type displa e formed by -arranging

i&JIURe BLXEE P ¥ bBtAvBBIEY K &S %ﬂlﬂé/[hlil Bl Ghin £i1
pls.éllgg[%%%i: I'n thefdi spl gyvg?é)vm in | G 3, tr}';}e sczilrnl =

tdanR8stdr (N wi Dén 58 686 1thehd BE Dhxel stEXigaardtibe field
data line Y for supplying the [um nance information

e fifdaita tReleitdtd)r )Vdatia)ided it ieddry hiddie. pi xel s PXL
are arranged in a matrix. The scan lines XI to XN are
[0oamiected with-a scan line driver circuit 60, and the
data lines Y are connected with a data Iine driver _
ci rcdi pig2l PALdéstladesnagecrganbe dLspeuyed BLYED, a thin
causi ng the scan |line driver ) )
£ilm transistor TFT1 as a first active device, a thin film
transistor TFT2 as a second active device, and a storage
capacitor Cs. Since the organic EL device generally has
rectification properties, it may be called an organic light
emitting dicde (OLED). 1In FIG. 2, the organic EL device is
indicated by a diode symbol. In the example shown in FIG. 2,
a source S of the thin film transistor TFT2 is set at a reference

potential (ground potential), a cathode K of the organic EL

device OLED is connected with a power supply potential (Vdd},

and the anode 20 is connected with a drain D of the thin film-

transistor TFT2. A gate G of the thin film transistor TFT1 is
connected with a scan line X, a source S thereof is conneéted
with a data line Y, and a drain D thereof is connecfed with.the
storage capacitor Cs and a gate G of the thin film transistor

TETZ2.
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circuit 60 to sequentially select the scan lines Xl to
XN and 10 causing the data line driver circuit 62 to
repeatedly wite the data potential Vdata through the
data lines Y. In a sinple matrix type display, the
em tting device included in each pixel PXL
monmentarily emts light only when the pixel is
selected. In the active matrix type display shown in
FIG 3, the organic 15 EL device of each pixel PXL

[00@®t]i nuously enmits light after the data potential
Vdat a has been written. Therefaqre, g ctive
typeTargpiasl PELaky aRPEGEEHST BPSGLArY Bl hi ﬁmtf when
‘definition display in onparls%n with t

CHRRFIR et 61 Sl 85 7 P °F 3%%%‘?8“?{&?} Ranke Yigacing
t t 20 _EL

h%gglﬁlgiggé&%e[ 66% m%l%go%df l§cﬁ8%&g\élaﬁ3y€§ﬁogata line Y, the

Cr osfs t| ona sm heu &egdaﬁﬁéeé 8%?6V| M &trEbgage

d h i|
Ca%f% iy ﬁs?%aﬁ oﬁh@ﬂ{%@%é it RS (AR 3 dite
po*‘l}h %5t ah%gggh%hﬁl%ﬁe ano%réx‘lﬁs@gﬂ T9 LaY8Eidls w0eh the

e ca 20 1's separated between

_ daﬁ'axﬁbgéﬂltﬁﬁla@ga@cﬁs' Gldy thkbskghl ELhs o liGhtinsdhected, the

e 50 I's comonly connected to each pixel and
tri@sirgakl ¥rhhansibisThrghis {0838 O ddhithaki the thin film
transi stor TFT2 includes a gate electrode 5 72 forned
£ 7O 3 stIstrak 6 s/81884dei 6h1labisasnridrecdd Kepmatlgatieta 1ine
insulating film74 stacked on the upper surface of the
Y.gafRe gheet podentialand &heenhdonduidiort damisd sftidmmTFE2 is
stacked above the gate electrode 72 with the gate '
malimsiaiateicngpyf idha Bt dtege bspweikoTHes sed mmmrflowmg
thin film76 is a 10 polycrystalline silicon thin

thiridugh £be @xgapl e ELTHeviaeOEED mia the thin film transistor

TFT2 is set at a value corresponding to a voltage Vgs between
the géte and the source of the thin film transistor TFT2, and

the organic EL device OLED continuously emits light at a

Jluminance corresponding to the amount of current supplied from

the thin f£film transistor TETZ.
[0027] |
As described above, 'in the circuit configuration of the
pixeerXL shown in FIG. 2, after the luminance information
indicated by the data pdtential Vdéta has been writteh, the
organic EL device OLED continuously emits light at a constant
luminance in one frame until the luminance information is
rewritten. An active matrix type display can be formed by
arranging a number of pixels PXL in a matrix as shown in FIG.

3.
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transi stor TFT2 has a source S, a channel Ch, and a
drain D formng a path for current supplied to the
organi c EL device OLED. The channel. Ch is positioned
directly on the gate electrode 72. The thin film
transi stor TFT2 having a bottom 15 gate structure is
covered with an inter-insulator 78, and a source

el ectrode 80 and a drain electrode 82 are forned on
the inter-insulator 78. The organic EL device OLED is
[POR2B®d above the source electrode 80 and the drain

el ectrode 82 wth an inter-insulstor.84 t her ebet n.

20 Then sidee ribi Bt TR i3 §46r afesthRieS SRt i VGt £° AN
L TS P SR B LR By
BBt VBURARF Ol L PR L on DI S TN LIS ik L ving
tggb ;gf%%ﬁg ?}E{L%rf?aiazﬁﬁggdz‘évezggnﬂtn LnegubodLpent  of x1 to

ng to the 1 nvéntion.

An ic E ice 134 ; £
TP IS LA YLER R LEAPOIGE G QAR G oo

Vi ce i ne e clal ns.

dgg%aﬂgesELY dewi tc:?sgpé%%?' nﬁkﬂﬂea?‘_d%ttar aRgRaAeMNer circuit 62.

ductive subs Including 5 a glass substrate

| A0 A0 %m%é%?%%?a@&igﬁmgyéaiﬁffpéhbﬁhélﬂae s alfol Ene driver

transporfi 126, an"organic em fting | ayer 128,

L ChhHOf | U AsdAoal By e k3 taRrd saagatihade Kayes XN and
C%gﬁslg ?gaturecgﬁéthe tﬁ?réeenbodinent is to produce

. chi81 nb' @RS RRANT 1 fENGkDFE ¥ & ixdhatr 62 &cd 38pentleddiyngrite the

the transparent 10 conductive film 112 having a |large
aweek phusatiian. vAaskhehricerihurtheoidatiae ltimersd Yenbddi sestmple
Is to produce the organic EL device 134 which shows a

mafehik tnes edspliay,voheagei tuimqgevice included in each pixel

PXL momentarily emits light only when the pixel 1is selected.
In the active matrix type display shown in FIG. 3, the organic
EL device of each pixel PXL continuously emits light after the

data potentiai Vdata has been written. Theréfore, the active

" matrix type display is advantageous for a large and high

definition display in comparison with the simple matrix type

" display in that the peak luminance (peak current) of the organic

EL device can be deqreased.
{0029]

. FIG. 4 schematically shows a cross-sectional structure
of the pixel PXL Ashown in FIG. 2. FIG. 2 shows only the organic
EL device OLED and the thin £ilm transistor TFTI2 for convenience
of illustration. The organic EL device OLED is formed by
stacking the anode 20, the emitting layer 40, and the cathode

50. The anode 20 is séparated between pixel units and basically
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constant current drive and exhibits long lifetinme and
hi gh | um nance using the transparent conductive
substrate 138 as an 15 el ectrode. Each constituent
menber and the production nethod are described
bel ow.. [0032] A. Conductive nultilayer body 20 A
conductive nultilayer body according to the invention
i ncludes an insul ative transparent substrate and a
transparent conductive filmformed on the trans ent ‘
refbserat ok e aghee Seohate@rprwlnnqﬁraﬁﬁ%%tﬁgeach
an OXIde cont ai ni ng east _cerium (Ce), wherein, in

P3xglaphc (H%FéFﬁéEYeFrﬁﬁﬁmbEs 51g8Ered " Ce3d peak")

: ng binding energy of an electron present in a
(383PY

nTSd orbit'(hereinafter may be called "3d
I t f f t
CondubRT VR ki 3 reRe e B @9@ HAPPHNGE cesate sheotrode
7§p€é]t_,mg§00rpy (stﬁ%r ectr QIt & gi? ?LLS % "ﬁ@d a) gate

represen pea ar ea

‘.1HEHgEEQn gfﬁﬂﬁe$§g§§§8kéé7 SVEﬁEdPB§%r9¥u§@Qc§Bof the gate

represen peak area o he bi ndi ng energy

cDELYRER 914, M@l SedRlbridh et b i of ey etaRked@Bbove

aréa ratio of SBto SA satisfies the follow ng

tREPEEEEI 8Deki)yodb0033Li tEBLRA V§a9e1§néﬁlaign§h§1$ﬁ 74
target range "877 eV to 922 e i ndi cates the binding

tB8LEBYtREchNe Bk eddrldonsud®fofedtiangiGr"#6 Thea SB
target range "914 eV to 920 eV' indicates the binding

peDhecgysohlibge Sd &t@cthdnst dimCefolr ekampdkar eThéhshin film
concentration of Ce"+ in Ce of the transparent

tcandistoveTFTEnhaanabsonetat Byehych8nspéciChi edndyat Hgain D

ratio "SB/ SA" by calculating the ratio of the
forming a path for current supplied to the organic EL device

' OLED. The channel Ch is positioned directly on the gate

electrode 72. The thin film transistor TETZ having a bottom

‘gate structure is covered with an inter-insulator 78, and a

source electrode 80 and a drain electrode 82.are formed‘on the
inter-insulator 78. The-organic EL device OLED is rfofmed above
the source electrode 80 and the drain electrode 82 with an
inter-insulator. 84 therebetween.

The second embodiment illustrates the aétivelnatrix type
display. Thedisplay acéording to the invention may be a simple

matrix type display. The display according to the invention

- may also have other known configurations.

[0031]

{Second Invention)

Third Embodiment

FIG. 5 i$ a view showing one embodiment of an organic EL
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- bindi ng energy peak areas of SA and SB. Specifically,
the concentration of Ce"+ in Ce of the transparent
conductive film can be set at a small val ue. [0034]
20 FIGS. 6 and 7 show exanpl es of the XPS binding
energy spectra of the cerium3d orbit on the surface
of the transparent conductive film The horizontal

‘axis in FIGS. 6 and 7 indicates the anmount (eV) of
bi nding energy of the Ce 3d electron, and the

demiras cetcanding rdr cdhtesimfedrifitrary rel ati ve vaI ue.
The 25 nmeasur enent condltlons for the XPS Ce

el ecBIOATBRRAFMRL S5¥igE 13HKATURARAWIHESHT ﬁé‘&“}P&e of the
o BT B s ﬁho%ea]gll?;m;ﬂﬁ e Srsfti EL evice
13:48:121%1%2%1% %;ggaéggg%&g%%t% Z%glb%%dfa%% zi“.gr.g f}pceluding

_tgtal .

By S AL B LSRR, BE 80 ciam 122

2 314 @%ﬁ%ﬁ'&é PP EEUE A J SR SRASE d ShEfe a8l L 19”832128
T8 ddh b el Ly pabalato 40 smnated spluerse

Ce 3¢, &LGhHQN J¥ NG h BRETGIHSTRBRA LM $hawp dddddeG the

6. 10 [0036] The "Ce 3d el ectron bindi ng energy

£ SRERd et SBAWR it vEl $abs br £0¢ 183PDREBud Dn@ it hexanpheparent
of the. "graph show ng binding energy of an electron

cdH@ESNvd NEALE €T 12 Behi 199 ba t1amng¢ heoskr facet bbn. t Bmother
transparent conductive film nmeasured by X-ray

£ gt ee | e tohen thisds pabloddaenty 1 sdébi pedduget heecdoagasic EL

[QOS?] FIG 6 shows an exanple of the binding energ .
despient riBd which shows a small increase in voltage during
constant current drive and exhibits long lifetime and high
luminance using the transparent conductive substrate 138 as an
electrode. |

Fach constituent member and the production method are
described below..

[0032]
A. Conductive multilayer body .

A conductive multilayer body according to the invention
iﬁcludes an insulative transparent substrate andeatraﬁsparent
conductive film formed on the transparent substrate, the.
transparent conductive film containing an oxide containing at
least cerium (Ce), wherein, in a graph (hereinafter may be

called “Cesyq peak”) showing binding energy of an electron

present in a cerium 3d orbit (hereinafter may be called “3d

electron”) on the surface of the transparent conductive film
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of the cerium 3d orbit when the ratio "SB/ SA" (area

ratio of SB to SA) is less than 0.13. FIG 7 shows an

exanpl e of the 20 binding energy spectrum of the

cerium3d orbit when the ratio "SB/SA" (area ratio of

SBto SA) is greater than 0.13. The transparent

conductive filmaccording to the invention IS

characterized in that the ratio "SB/ SA" (area ratio

of SBto SA) is less than 0.13, as shown |n FI G A
NGFSAHSGSh PN~ DBY dIHRe } /AL FIN BPSLLESRHORY t Hﬁgemafter may

condition has

beolf:a&meel BIPY é‘\‘ﬂté*é’c{ ﬁer \Q}qﬁ?f?t;é Egﬁﬁ%%%&t%ggﬁ%&%&ﬁ@ﬁﬁk area
Fhisd a,%jsag%agg%%ﬁ%hwen a2 e AR B wrpssence

h
s g e TGRSR PRSP ERDgY v enc

'94d; Clueeal 8 LE 030U s £000UEliNE J Llmdleliaet Byorics

éxp ession € "ano i ces

_ t he conductive nultllayer
tkbéq? 1b123%1 e@; %Pa% )e' ratio "SB/ SA" is

[dyfgerably | ess than 0.08, and still nore preferably
Iess than 10 0.03. [0039] If the neasured peaks

spyadd &f Yo tihe expregsion (1) in the graph show ng the
bi ndi ng energy of an electron present in the cerium
3d orbit on the surface of the transparent conductive
15 fil mmeasured using an X-ray phot oel ectron
spectrhes sepe ar(ghar efamafd 8 Mayweac A2 E&VXASIJicattes the
surface of the transparent conductive filmhas a work
bifgricty eneofy 5.6t kY or el @ct sond hé ot larfidu@etti.onTbé SBearget
surface of the transparent conductive filmis
rame@s V%dd ey tlot 929 eVét ipHotetkecthenbinding energy of the

3d electrons of Ce?. Therefore, the concentration of ce® in
Ce of the transparent conductive film can be relatively
specified by the ratio “SB/SA” by calculating the ratio of the
binding energy peak areas of SA and SB. Specifically, the
concentration of Ce“;in Ce of the transparent conductive film
can be set at a small value.

[0034]-

FIGS. 6 and 7 show examples of the XPS binding energy
spectra of the cerium 3d orbit on the surface of the transparent
conductive £ilm. ThehbrizontalaxisleFIGS. 6andf7indicates
the amount (eV) of binding energy of the Ce 3d electron, and
the vertical axis indicates an arbitrary relative value. The
measurement conditions for the XPS Ce 3d electron binding energy

spectrﬁm are described in detail in the examples.

[0035]
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20 spectroscopy. The neasurenent conditions for the
work function are described in detail in the
exanples. [0040] In the conductive nultilayer body.
according to the invention, the work function
measured by ultraviol et 25 photoel ectron spectroscopy
is set at 5.6 eV or nore for the follow ng reason
‘Specifically, when a conductive multilayer body
includes a transparent conductive film having, a work

21 f (& Cen3erelectrondinding spergy sPgahre £t fd&dcé and
produced usin such. a caonducti ve

7 shavhithederthRepk |amﬁan§ﬁc%e‘a‘ﬁ%e%m &éfcgeasg%gye‘;m%d the
lifeti due to a i ncrea dri v of . the

Ch R R e, BEOPekhRaa b1 AV el il £ 9gHe bRE1 peak

0 the ntlon

I d dj
ar[%ﬁgapeﬁ BRrCaOnBRECE oo IT I EREarHE BECHoRg Ho g, axie and
C

t(%l gkefegérz(?lglcbglnr'tuﬁm%rf rgrgnp(d Eg}:?%ﬂ?ﬁ% j(réa%‘_ﬂ:ﬂ §%)c‘j‘ge (“877
518 45 Ot 900, () ol Qe 11D 16OBKALNSG s 7

y neans that the transparént conductive film

TIHROHA NS ph& QQ@‘A%E‘BQ&&QE% r@i@'uﬁ%‘?}?]a%%d R@1ue éfrom 877

constituent elenent, for exanple B. Met

e\f Qb PEOYICiBY @P@@ﬂﬁth@ZMW{)l f@f&rheb@QWci%léd’E&tdwﬂlndlng
for producing the conductive multilayer body

erdE@y pd-thfurh endwyenki BIG | ngl udes forming the
transparent conductive filmby sputtering at a

[qE34] al pressure of oxygen of 0.1 Pa or less in a
sputtering atnosphere. [0043] 20 The transparent
condutid Vee fid eleftiba kiontiust energmddadtaym” bbdyn in FIG.
according to the invention is-formed on the _
6 corresponds to an example of the “graph showing binding energy
of an electron present in a cerium 3d orbit on the surface of
the transparent conductive filmmeasured by X-ray photoelectron
spectroscopy” defined in the c¢laims.
[0037]

FIG. 6 shows an example of the binding energy spectrum

"of the cerium 3d orbit when the ratio “SB/SA” (area ratio of

SB to SA) is less than 0..13. FIG. 7 shows an example of the
binding energy spectrum of the cerium 3d orbit when the ratio
“SB/SA” (area ratio of SB to SA) is greater than 0.13.

The transparent conductive film according to the
invention is characterized in £hat the ratio “SB/SA” {area ratio
of SBto SA) is less than 0.13, as shown in FIG. 6. A transparent
conductive film satisfying this condition has a large work
function.

[0038]
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transparent substrate by sputtering using a sputtering
target. The deposition by sputtering nay be carried

out using various sputtering devices. In particular,

a magnetron sputtering 25 device is suitably used.

[0044] The conditions for depositing the transparent
conductive 22 filmon the transparent substrate using

the magnetron sputtering device are as follows. The

pl asma out put varies . depending on the syrface _areg of
the tHr §ég2pdeEhPiRe (PRrekpeddedi MeKLS Féﬁrslﬁéir efifganic

conductive filmto_ be stacked, In 5 the invention, it .
elechreburkmscent EVidR b1 43 Heh othPYE %tSIB?gi tBcHeyye 1n

PFiadBbePtE BRI VPRI 8 e o 20n
TR0 AR o B AP S BT
cHALPELE. 1) 660 01 00 8901 o oML o 8 e

cééﬁﬁ?%f@@pﬁﬁﬁﬁ<ﬂ§§iﬁgﬁiﬂg @ﬂﬁé%%%f@gsiéﬂ (DErLs98Be anode

as argon, nitrogen or m or a mxed gas of

LISUCdL AN ITREEL £ 988 s A OOHIER Al S PT B 25 AL ¥$RdcolBfctive

optimum sputtering 15 pressure varies dependi ng on the

mi MPEl Hfe MBI LB Loyi ggan the13 di siranae el wessy ddre is
transparent substrate and the target, the tenperature

prdfdiep1y arspatesh GUPS] raide stand mbeelphefedifly less than

partial pressure of oxygen is preferably 0.1 Pa :
003l ess. The partial pressure of oxygen is still nore

preferably 0. 02 Pa or 20 |less. [0046] The reason
{@03] the partial pressure of oxygen is set at 0.1 Pa

or less is as follows. Specifically, when the partia

If the measured peaks satisfy the expression (1) in the

graph showing the binding energy of an electron present in the
cerium 3d orbit on the surface of the transparent conductive
film measured using an X~ray photoelectron spectroscope
(hereinafter may be called “XPS”), the surface of the
transparent conductive film has a work function of 5.6 eV or
more. The work function of the surface of the transparent
conductive film is measured by ultraviolet photoelectron

spectroscopy. The measurement conditions for the work

function are described in detail in the examples.

- [0040]

In the conductive multilayer body‘according to the
invention, the work function measured by ultraviolet
photoelectron spectroscopy is set at 5.6 eV or more for the
following reason. Specifically, when a conductive multilayer

body includes a transparent conductive f£ilm haVing a work

21



10

15

90

25

pressure of oxygen is greater than 0.1 Pa, the anount
of Ce3+ 25 included in the transparent conductive film
decreases in conparison with Ced4+, whereby the ratio
"SB/ SA" may exceed 0.13. Note that SA indicates the
total peak area of the binding 23 energy between 877
eV and 922 eV in the Ce3d peak on the surface of the
transparent conductive film measured by the XPS, and

SB indicates the totaI‘Peak area of the blndlqg
fEﬁ@ngnb& hEER WER Seb Ao IR EIRN LEH ST Fer AR Using

%OO47 The transparent sub trate of tEﬂP gn uctive 4
Shalt pI §pBAUCKLHE 8 ﬁatl%'&ﬂft eﬁlwaFW erERiPed, dgcrease
| at e- shape In}sh

1 ﬂbﬁﬁnF?aﬁggagEHW &Fsggasaaa#e§et Bt ene o Bstease i

[ ans en nt cera é ge Ry, be 10 used. As
d§b¥8|??é 898nSreshs ofﬁganaﬁ ?8&? gl ass, soda-lime
| ead S|I|cate gl ass, ,borOS|I|cate gl ass,
{g ??iate gl ass, high silicate glass, non-al kal

91 255 PPRSPLBLELOLES: AL R by ot LAY €cBbatEng I8 Lhe

gI ass um nobor OS | ca
ca
(PP g O IBIARL LB i oo

ohBenddANERaREAL U BSti&d £rBRl HERTRANENS, £0hY8hhY! 218c (2Zn),
pol yester, polystyrene, 20 pol yethersul fone resin,

z 2PBHANAKS( 1O Yakefd 1.1 @eN(¥h) ¢ 4188 iceriupol§é)Tate, oxygen (O)
pol yphosphazene, polyether ether ketone, polyam de,

Thel yaeat akonesins”angptballlivkecaas heag vee. tFad4prrast
speci fic exanples of the transparent ceramcs, 25

- csagpbtiee PLAT cdtafdnsVyRE, alng: - mmmti@medumatadaatbm.as the

gi ven. The
constituent element, for example.

[0042]
B. Method for producing conductive multilayer body
A method for producing the conductive multilayer body

according to the invention includes forming the transparent

‘conductive film by sputtering at a partial pressure of oxygen

of 0.1 Pa or less in a sputtering atmosphere.
[0043]

The’transpareht conductive film of the conductive
multilayer body according to the invention is formed on the
transparent substrate by sputtering using a sputtering target.
The deposition by sputtering may be carried out using various
sputtering devicesf In particular, a magnetron sputtering
device 1is suitably used.

[0044] |

The conditions for depositing the transparent conductive
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material, the thickness, and the |ike of the
transparent substrate are arbitrarily sel ected
dependi ng on the application 24 of the conductive
transparent substrate (conductive multilayer body) ,
the transparency required for the conductive
transparent substrate, and the |ike. The transparent
conductive filmis deposited on the 5 transparent
substrate by sputtering using an oxide target

febmt annthg dnaprprasepsnedbatrgtat uréast ther magnetepn
It is preferable that the_oxide target_ be an oxide

SBRREBFERIPEBYEEE, arfoRSekaApPES - [om@]plq@man@ﬂﬁ%ut varies

conpasition form ng _the deposited transparent
depRAderPvent Fif, SEBERGR AGSE BE AhRed ROk AoRAogR the

CHER RS dehéit;”%%%'%ﬁe&ftc%'n&%xég%e{ #5@%59 ggsg@f{e ot
Z O I o) i

t?‘r?] B HEoRo i e PhehOiee 5o Reby R RS BhebUE ac 0.3

e earyﬁzﬁl@%df‘a%%sarsgt@f BRE) 88 e ELGetr 008 LAk parent

Srgani ¢ conductPvity o
i f4
CURFISPELETT BAUEILYS LTl LIECHBBHLER) e ohcasgoa by

sé@@?.‘n&LHHenEeﬂBBY'trﬂgnr@ﬁn@%td§ctroe@§§%lé}{ipcéé"e Specz.flcally,

conductivity may be inproved by stacking a ne
a COROURhOE s 0fu i ep1 & anSPai£ati n GaRdWsidats d IHIMdevilce can be
particular, since a passive matrix type organic EL
oeyifedusgsuaingt badhok eapskngibhetdhspl ay el ectrode
section to emt |ight by sequential scan, the effect
(@451 acki ng 25 a netal conductor on the transparent
conductive filmis greater in conparison with an
~acti ves whtratd ypee o gaisi duEingleputeerin@(52h inert gas such

as érgon, nitrogen or helium, or a mixed gas of such an inert
gas and oxygen is preferably used. The optimum sputtering

pressure varies depending on the type of sputtering device, the

distance between the transparent substrate and the target, the

- temperature of the transparent substrate, and the like. The

partial pressure of oxygen is preferably 0.1 Pa or less. The

partial pressure of oxygen is still more preferably 0.02 Pa or

“less.

[0046]

The reason that.the partial pressure of oxygen is set at
0.1 Pa or less is as follows. Specifically, when the partial
pressure of ongen is greater than 0.1 Pa, the amount of Ce3*
included in the transparent conductive film decreases in

comparison with Ce*", whereby the ratio “SB/SA" may exceed 0.13.

Note that SA indicates the total peak area of the binding
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25 C. Electrode substrate for organic

el ectrol um nescent (EL) device An el ectrode substrate

for an organic el ectrol unm nescent device according to

the invention includes the above-described 5

conductive multilayer body and a nmetal conductor

formed on the conductive nmultilayer body, the

transparent conductive film driving an organic

el ectrol um nescent layer. [0053] . The netal used for
engeoywedveeondudt of and 922cREdibheneesapea ki facefnrface

conductive filmin order to inprove the conductivity
ot E rERaRIFEPENEOREHALEVEVEL T IRasIH@d BYnbe XPS, and SB

.particularly limted insofar_as the tal exhibit
i REs He) CORROHAS K RaRer REMLTST PRSP Ber PRy B Eween 914
ondu %'v film There y . be a case where the work
e#lﬁ%t§ % %¥'tﬁ% deFFEtReAr2PR%EC 15 t ranspar ent
Qp ctive filmdecreases after etching the netal on
[@ﬁ fransparent conductive filmdue to a
OxI dai‘ﬂeor%'rfa%%g}étfe‘%{’c sf%%as‘?t‘fa‘i{é e tc'ﬂg bﬁhahfc%%eb%%fﬂayer
i1 the netal. .

t he transparent conductlve m an

' bcﬁ}gri%f Aot g%%%&\é@%?rﬁ?ﬁ&ﬁ?ﬂe@ tﬁ?l@@sha&?&g reber or a

net al preterably about 4.0-eV or

£ Esh A d N K AAAEtbENKQ6wh herdREphr88€dq1 855! hguart z,
metal conductor is  still nore preferably 4.% eV or

t B Soa 0O H1 ddt il S, Rreiepieatt Batahheshebal tikonduad aby be
be a thin metal wre in order to efficiently

'uguapouple light fromthe organic 25 emtting |ayer

The thin metal wire is described below. A thin netal
Wi I e AsSsgenefakl yxdmphed dfy tdeposinsprrentretlalss  onotithelime
upper surface.of the transparent conductive film of

gltdws, 26adaiduictdbegimbsi [kaymrs iddya ey ghavac win ipradoegdass,
such as

high silicate glass, non-alkali glass, phosphate glass, alkali
silicate glass, quartz glass, aluminoborosilicate glass,

barium borosilicate glass, sodium borosilicate glass, and the

like can be given.

- [0048)

As specific examples of the transparent plastic,
polycarbonate,_polyallylate, polyester, polystyrene,
polvethersulfone resin, amorphous polyolefin, acrylic resih,
polyimide, polyphosphazene, polyether ethef ketone, polyamide,
polyacetal resin, and the like can be given.

[00491]

As specific examples of the transparent ceramics,

sapphire, PLZT, CaF,, MgF,, ZnS, and the like can be given. The

material, the thickness, and the like of the transparent

substrate are arbitrarily selected depending on the application
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sputtering or vacuum deposition, and then form ng the
deposited netal into a thin wire pattern by etching.
In the invention, a thin netal wire nay be formed on
the upper surface of.the 5 transparent conductive film
by such a general nethod. [O0055] The etchant for the
metal is not particularly limted. It is preferable
to select an etchant which rarely damages the

R s ey

beiybn L gf%%?%?%‘?ﬁ?'&f&%?&? £ g&‘ﬁ' ‘%%’?C?%ﬁ?%‘p%giﬁ?%m“

SHOHEFE e Deednathls 18ket ¥ Wi re tmy preferably nave a
Mul Ui 4Ry 6f -5, 3L S AFL M € SHGHCBSvE FYOm| f¥ehePbsiPE&CON the

| ayer structure, or nmay preferably be made of an

t PhhOYa PEnt WouBEL PREE BBt 8hbattA2ingONEH AY @hi BRide target
exanples of the nultilayer structure, Ti/A/Ti

cGhiMAChg M/ bkidb, cbRtAihling Ze/ Aekée, c3ichidg/ TCe)andit is
the like 20 can be given. As exanples of the alloy of

pid¥e pEbIBrthAEtakSoxide-Girgdt HalanfxNde Antérred product,
Cu-Ni, Cu-Cr, M-V, M-Nb, Ag-Au-Cu, Ag-Pd-Cu, and
féheekakplean be given. [0057] D. Oganic EL device 25
An organi c el ectrol um nescent device according to the
[¢d¥@htion includes the above-described el ectrode
substrate for an organic EL device, and an organic
el ect ¥l tne nesteesitayer foryingr Hed @ﬁppﬁétéﬁegﬁaa@amnt

substrate: [0058] Another organic el ectrol um nescent
celedi ekl ue clok i mgerd um must be mixed with a known transparent

conductive metal oxide (Ins03, SnQz, Zn0O, CdO, Cd-In-O oxide,
Zn-Al-0 oxide, In-Sn-0 oxide, In-Zn-0 oxide, Zn-Sn-0 oxide,
Cd-Sn-0 oxide, or the like).
[00511

In the case of using the conductive multilayer body thus
obtained as the electrode for thé organic EL device, when the
conductivity of the transparent conductive film of the
conductive multilayer body is not sufficiently high, the ohmic
loss during driving may be decreased and the conductivity may
ber improved by staéking a met‘;al condﬁctor on the transparent
conductive film. In particular, since a passive matrix type
organic EL device uses a method of causing the display electrode
section to emit light by sequential scan, the effect of stacking
a metal lconductor on the transparent conductive film is greater
in comparison with an active matrix type orgaﬁic EL device.

[0052]
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the invention includes the above-described conductive
5 multilayer body, and an organic el ectrol um nescent
layer formed on the conductive nultilayer body.
[ 0059] The organic EL device according to the
i nvention includes the conductive nultilayer body (or
el ectrode substrate for 10 organic EL device) having
a large work function, as described above. Therefore
the organic EL device is expected to show a sma
Ci néteakzoiln subshgetqufpﬁgOé@ag@anﬁl@etreﬁpmapﬁeeeaﬁd(EL)
exhibit Tong lifetime and high lum nance. The
deviveqtion is particularly effective for a passive 15
drive type organic EL device for whic
i nst o eﬁe&&gq@egﬁu ﬁaﬁ%%ﬁ@é aaé%%ﬁqw ﬁ%ePéaa}P@anescent
Note that the inve

|
dEViGe at%&%rdolrrbgaﬁpc 2 gt o fﬁcfﬁlﬁ%?q‘-f&agb?%% HEscpibed

RS Fe "ML AV RSN iy SR CPRAL G668 L4 fR0U on the

PE NI A FOCE R e

R R S S T L T

g@ﬁ rtial (E (A ) at 250C of the first netal used
or the cathode layer is -1.7 (V) or 28 nore. As

pr ef efable exanRbesrof ¢ihe rdi=at combaktoA is@tadieed on the
Zn, Fe, Ti, In, Co, N, CGe, Cu, Re, Ru, Ag, Pd, Pt,

tﬁ@ﬁsﬁ@réﬁﬁ cBBdgbvede €k 1khescoraial so Agprove Che Pt,

or Au is preferable, 5 with Ag being particularly -
cprehetabiey of the transparent conductive film, and is not
particularly limited insofar as the metal exhibits conductivity
higher than that of the transparent conductive film. There may
be a case where the work function of the surface of the

transparent conductive film decreases after etching the metal

on the transparent conductive film due to a oxidation-reduction

. reaction at the interface between the transparent conductive

film and the metal., Therefore, the work function of the metal
used for the metal conductor is preferably about 4.0 eV or more.
The work function of the metal used for the metal 'c'onductor is
still more preferably 4.5 eV or moie; |
[0054] |

It is preferable that the metal conductor be a thin metal
wire in order to efficiently outcouple light from the organic
emitting layer. The thin metal wire is described below.

.A thinmetal wire is generally forméd by depeositing ametal

on the upper surface of the transparent conductive film of the

26



[0062] The standard oxidation-reduction potentia
(E(B)) at25C of the second netal satisfies the
foll ow ng expression (2) in relation to the first
metal. 10 E(A) - 1.1 5 E(B) (2) The standard
oxi dati on-reduction potential (E(B)) of the second
netal preferably satisfies "E (A - 0.5 SE (B) ", and
still 15 nore preferably satisfies "E(A) - 0.3 -<
E(B)". [00631 The second netal is appropriately
cerfect bve cont b4 paKarngody oby he V@?'étlmnEFQFeS?hé’u%c@ﬁd
nmetal is preferably a netal such_as Bi ql
SRUERBT NG OINBaCBPmﬁeP%%@rpé?filtélﬂrhlme% t
preferably Bi, Te, N, or 006 . Accor |n% t he
mehebntiion,2 &4y Hode Bﬁ”ﬁtﬁFPl i eniin the Inveftion,

trapnsparency and exce]le t dur,abi can _be ab d
abEhﬁglﬁﬁt?hewa?sPaﬁekﬁ Sﬁﬂe?h%nstb%napﬁgfaFoF%gEQGOf the

onbi nat The
CESRrBT TR Ganarrenrcobam PP §h8an e eRRY, Alrnge.
[8€g$ﬂrs Fhat this |§ because m gration or Ilquatlon
e first nmetal is prevented by the second netal.

29 [ 0965], tTé}‘?arﬂ% apgard, OxiAati 9 5%@%@&&0@%@19 akmited.

used erein ers to the equilibriumpotenti al
? g‘f%f%%@' Ryds0068: £] e¢bhade) whilchet£Fe By dafages the

t nospheric pressure. 5 [0066] The cat hode | ayer
t?zﬁﬁéﬁé?@ht’ E8RbaLRsvEheilinr ghdaet BheagepbBetBBi Retal. As
conponent. The "main conponent” used herein nmeans that
ckipoapuwt DfcH ke Eircslan®et alnisegraai@rod M stderic acid,
amount of each
acetic acid, and nltrlc ac:1d canbe given. It is alsopreferable

e depos:l.ted

to add sulfonic acid, polysulfonic acid, or the like to the mixed
acid. |
[0056]

The thin metal wire .may preferably have a multilayer
. structure such_és a two-layer or three léyer structure, or may
preferably be made of an alloy of two or- more metals. As
configuration examples of the multilayer structure, Ti/Al/Ti,
Cr/Al/Cr, Mo/Al /Mo, In/Al/VIn, Zn/Al/%Zn, Ti/Ag/Ti, and the like
Can.be given. As examples of the alloy of two or more metals,
Al-Si, Al-Cu, Al-Nd, Cu-Zr, Cu-Ni, cu-Cr, Mb-v, Mo-Nb, Ag—Au—Cu,_
Ag-Pd-Cu, and the like can be given.
[0057]
D. Organic EL device.

An organic electroluminescent device according to the
invention includes the above—descr.ibed_electrode substrate for

an organic EL device, and an organic electroluminescent layer
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conmponent other than the first nmetal contained in the
cat hode 10 layer. The content of the first netal in
the cathode layer is preferably 60 wt%to 99.9 w%
and still nore preferably 80 wt% to 99 wt% [0067]
The cathode | ayer preferably contains 0. 1 w %to 5.
Ow % 15 of an alkali nmetal or an alkaline earth
netal in addition to the first nmetal and the second
metal . This allows the work function of the cathode
fraped b bbededreisede WNOPEBRTElectrons can be
snoothly injected into the hole transporting | ayer.
[§#R88lcontent of the alkali metal or the alkaline earth

tal _in the 20 cathode | [ f ly. 1 wt%to,.
T ah e S b RY e L SR & A ns o
he . al kal i t al t h I kal i th. nmetal . Li. .M,
the 167SeL P8 BAPLPEGPalry FREVEr SBrEr POboeT 5T INE
hode | f Ly_h ti . 1
g B98P B SLERAAES BRI Pl B ARLE0SY rprmed
h ' . IS th 10% si
ohi BhE" Seilhsr e R s o kb8 ng f ayer cannot be
[ﬁgﬁgipiently out coupl ed fromthe device, the |um nous
efficiency of the device may be decreased. The

opt i CY, o 1, RNATRY PR ScPhLeberabhy ZOUner i APéstiéRdncludes
particularly preferably 30% or nore. The optica

thEéapsRaneneyeSmused 1866 Bougf @bg boctheocavesagstrate for
optical transparency at wavel engths of 380 to 780 nm

ok§889%t Fheisatdwdendwayer arayrbe dorkethmyt boknova described
nmet hod such as sinultaneously depositing each netal :
abbve.spEuféforal i cherordfnse il tdmeiaes|is spuyidarechgo sho
‘each net al
a small increase in voltage during constant current drive and
exhibit long lifetime and high luminance.
The invention is particularly effective for a passive

drive type organic EL device for which an instantaneous high
luminance operation is required. Note that the invention may

also provide an active drive type organic EL device with

increased luminance and lifetime.

. [0060]

{Third Invention})

An organic EL device according to the invention includes

.at least an anode layer, an organic emitting layer, and a cathode

layer stacked in this order, the cathode layer containing at

least a first metal and a second metal.

[0061]

Thestandardoxidation—reductionpotential(E(A))at25%3

of the first metal used for the cathode layer is -1.7 (V) or
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The thickness of the cathode |ayer is preferably 0.1
to 10 nm and still nore preferably 0.1 to 5 nm
[0070] In the organic EL device according to the
invention, as 15 other constituent el enents such as
t he anode | ayer and.the organic emtting |ayer, known
el ements used in an organic EL device may be used
wi thout specific limtations. A specific exanple of
the organic EL device according to the invention is
MHe€cri bed bel ow. Note that the organic EL device
according tp 2 he invention_is not, [imted to. the
ol | OF Her S Hor e ah o5 11 FORF (i i St AaCT T2
IS view showi,ng an or.ganic deyi ce acgqrding _t
2B eF i ?#J@‘nwcé’f Rile Gy giﬁe.' %éer%%réﬁm bEd and Au can
i 90 f. ation~jn [
B T e e N
| Hehg%8eing SLECIEANALIGNSRAELIDG Layer 95, a cathode
w%? 9%? aﬁé g ?ranspargnt§bgn%uct?ve 'ayer 97 are

(6bagsked on a substrate 91 in this order. The
substrate 91 supports the organic EL device. The

. anoderha%ehndA raupPl & 861 HQL £84L Ot L 5 pdevnealafg(ENeat 25°C

cathode 5 layer 96 and the transparent conductive

of a1 LD Rl a8l eathieFs esThRehpb BL oW NG P idgsi@yer2) in
93 is a layer which receives holes fromthe anode 92

rabdt dssi sésthel eitsansponi.to the organic emtting
| ayer 94. Likew se, the electron transporting |ayer
95 is a layer which receives electrons from 10 the
cat hode 96 and assists electron transport to the
EGhpganit.leRi E{Bhg | ayef2D4. The organic enitting |ayer
94 is a layer which emts |ight upon reconbination of
el ectrons and hol es.

The standard oxidation-reduction potentiai (E{(B)) of the
second metal preferably sati_sf’ies “E(A) ~0.5SE(B)”, and still
more preferably satisfies “E(A) - 0.3 £ E{(B)”. |
[0063] |

‘The second metal is appropriately selected éorresponding
to the first metal. The secénd metal is preferably a metal such
as Bi, Te, Sn, Ni, V, Mo, Nd, Nb, or Zr, and is particularly
preferably Bi, Te, Ni, or Nb.

[0064]

According to the invention, a cathode exhibiting
excellent transparency and‘excellent durability can be obtained
by using the-first metal and the second metal in combination.
Therefore, an organi¢ EL device exhibiting excellent durability
can be fabricatedr. It appear;s that this is because migration

or liguation of the first metal is prevented by the second metal.
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The organlc EL device 90 emts light by applying a
voltage between the anode 92 and the cathode 96 to
supply electrons and 15 holes to the organic emtting
| ayer 94. The light is outcoupled through the cathode
96. [0072] The organic EL device 90 includes the
cat hode |l ayer 96 containing the above-described
netals in conbination. In a 20 known EL device, a
[gﬁ%gh (e.g. Ag) used for the cathode | ayer 96 changes
operties during driving the devi ce and di ffuses

R R ol
T E%]%L: gr a{'.%l%n?ﬁlél J‘:lur gégkggltﬁgir %vgg‘igss Hgﬁrhngl hydrogen

occurs

L. .

G4 %%E?%#&ﬁﬁﬁﬁ%ﬁﬁ%%ﬂﬁ#ﬁ%%ﬁﬁm
[@@GGfuppressed, deterioration of, the device due to
netal diffusion 32 can be effectively prevented.

Ther ef Q& &atiRid hEotknBrofc el v dRMIGE AR MRS i rst metal as
extended. [0073] In the organic EL device 90, glass, a

t OB coipIRSHEN TheAsmROh YRHRIherATh PHQ S el €8s that
or the like my be used as the material for the

tiseibstatteo 8 lthAFitrhe matelia ghentkhetlanodtd ayeun82%f each
a transparent electrode such as indiumtin oxide
cémg&hent ottt wmhamehexifdest(h&Ohl ocontamtad sudheasathode
Cr or Au may be used. The thickness 10, of the anode
lapger Fhed soptehér abl yhd 00 man e t200 innth¢ oovdjods Mtdwer is
material for the hole transporting |ayer 93, a known
preferably AlcHtésta 3501y wWRSy| m@etrlddzmp@ed@reﬁarabby 80 wt%
poégphgpyleneV|nylene derivative, polyphenyl ene,
Q Wts.

[0067]

The cathode layer preferably contains 0.1 wt% to 5.0 wt%
of an alkali metal or an alkaline earth metal in addition to
the first metal and the second metal. This allows the work

function of the cathode layer tobe decreased, whereby electrons

can be-smoothly injected into the hole transporting layer. The

' content of the alkali metal or the alkaline earth metal in the

cathode layer is preferably 1 wt% to 10 wt%, and still more
preferably 2 wt% to 5 wt%. |

As the alkali metal or the alkaline earth metal, Li, Mg,
Ca, or Cs is particularly preferable.
[0068]

The cathode layer preferably has an optical transparency

at awavelength of 380 nmto 780 nm of 10% or more. If the optical

‘transparency is less than 10%, since light generated in the
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15 pol yt hi ophene, pol ynet hyl phenyl si |l ane, pol yanili ne,
triazole derivative, oxadi azol e derivative, imdazole
derivative, polyaryl al kane derivative, pyrazoline
derivative, pyrazolone derivative, phenyl enedi am ne
derivative, arylamne derivative, am no-substituted
chal cone derivative, oxazole derivative, 20 carbazol e
derivative, styrylanthracene derivative, fluorenone
derivative, hydrazone derivative, stilbene derivative,
SPHEBAPEI hAUEE] FAONPE PE. GUIPRCAENSLYaRMtEPLP SR the
tertiary m ne co nd, styr i ne derivative,
IBTE 8 e dHIBENG O BLryPRrH é’vgdggl?\igﬁ‘f%? 581 §s Cpcdngsed
geriv tive, 25 triphen_lnethan% degiva Iye, re. a :
ThEt PRERERYI BERDERETALFYY AL V&S eEFdYalBllr SF POy anihe

deri.vative nma e used., J.0075] 33 T 0 ' R
of £ df 0o g e er e T adiRt Hortst e conraL Shqrgpatency
a e c d_tr orts . I [
B O e A R R
w%@@@Hthgao%ng% ‘ng hagpohg derivative, a conpound
aving-a condensed heterocyclic skel eton contai ni ng
[8oBbtrogen atom and the like can be given. The host
compound may be a polynmer conpound. As exanpl es of
the pehYNBL+KOABOUAGe HSRE a5 terM@stby 2 KAERlet®lod such
an oligonmer (e.g. dimer or trinmer) containing
a6 & AT £n e G POV B0 LI BE cBOoRE BA DI Y saspachazel atio or
group, and 10 the like can be given. [0076] As the.
simteécankobisl yt Bepuekeet hgnetcanspanti.ng | ayer 95, a
known oxadi azol e derivative, triazole derivative,
tri azlhe thdeckvass vaef thia cetbobst Llayeedis|postaonely 0.1 to
derivative, pyrane 15 di oxide derivative,
1@i phenghdubhond merevareferablyoboedylticdendmet hane

derivative, anthrone derivative,
[0070]

In the organic EL device according to the invention, as

other constifuent elements such as the anode layer and.the

'organic emitting layer, known elements used in an organic EL

device may be used without specific limitations. A specific
example of the organic EL device according to the invention is
described below. Note that the organic EL device according to
the invention is not limited to the follpwing embodiment.
[0071] |

Fourth Embodiment

FIG. 8 is a view showing an organic EL device according

- to one embodiment of the invention.

An organic EL device 90 has a configuration in which an
anode layer 92, a hole transporting layer 93, an organic

emitting layer 94, an electron transporting layer 95, a cathode
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peryl ene derivative, oxine derivative, quinoline
conplex derivative, or the |ike may be used. [0077]
20 As the material for the transparent conductive

| ayer 97, a known transparent conductive materia

such as tin oxide, ITO or |1ZO may be used. An
organic material such as polyaniline, polythiophene,
pol ypyrrol e, or a derivative thereof may al so be used

o2 o I eanarains CodshTRe Fhte TR Thb S gl o o
t ture . of 150C or | i s preferabl e.. EXAMPLES
SUF ORI 0L F SN RVRRETEN Exanpl e 1 An of gani ¢ EL

devi havi . . : !
f :\tlnlr i'ca Zs\é‘{.bns%sr%ﬁieg rgnl:a?%{{ rpl%ac% IQ‘PSO rsﬁ%fvw\gb faﬁ%lglegz% 5%#%?{.” The

afla SV RU UM, ANDAAIHRONY ke f UAG! LBY1 o3, 3aBY) cHBScathode
used. e all oy s deposited on the glass substrate

1%.?%@%&?%&5@@ $9a Pent b SKRESE: oL J’.Z%)_ﬁeim@?%@ﬁﬁly

was used as the sputtering gas. 10 The pressure
e Mast fhds Parnanedike {2G diuti idRs 2380 W3 The a layer which

deposited all oy was patterned into a specific shape

rdtsd Nk s hdikegFaBhi €hé et 0@y andSaddies€d ¢RAY transport to
"ETCH 1" (manufactured by Sanyo Chemical Industries,

tHd bigavase useitk tiddi Bagéchaan! adlikews sehr afieurs ltes-theon
processed with high accuracy 15 and high

t raapmeticihg liatpwer DEyietacheggrnelyieh seded vesee lwloérons from
hi gher processing accuracy is required. As the etching

thgassatheoodd & agak asks iclisoeilee tCh2 L randpoxygén bhe)organic
may be used. In particular, use of reactive ion

emsittdhinmg (Ri<®) % J oWbehioghlapic emitting layer 94 is a layer

which emits light upon recombination of electrons and holes.

.The organic EL device 90 emits light by applying a voltage
between the anode 92 and the cathode 96 to _supply electrons and
holes to the organic emitting layer 94. The light is outcoupled
through the cathode 96. |
[0072]

The organic EL device 90 includes the cathode layer 96
containing the above-described metals in combination. In a
known EL device, a metal (e.g. Ag) used for the cathode layer
96 changes in properties during driving the device and diffuses
into the electron transporting layer 95, the organic emitting
layer 94, and the like. This causes the deterioration of the
organic layers or a short circuit with the anode layer 2 occurs.-

In the organic EL device according to the invention, since

diffusion of the metals used for the cathode layer can be

,suppressed,-detérioration of the device due to metal diffusion
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accurate processing and enabl es the shape of the
etched surface 20 to be controlled. The material can
be formed in a tapered shape by etching under

speci fic conditions, whereby a short circuit between
t he cathode 50 and the anode 20 can be reduced.

[0079] Then, silicon dioxide (Si02) was forned on the
substrate 25 10 as the insulating | ayer 30 by

tter t hi ckness 200 nm- The Si 0
Cﬁggéss%éﬁg%m Y.é%‘@% 'c R R t§8' LhSFCame of the

d Qenln% % forned on the anode 20. The Si 02 was 35
SUEREICEE R &5 e of hydrofluoric acid and

@Bq??iun1 fluoride. The resulting opening is the
em ing section of the organic EL device. [0080] 5

Af . gl 19
defoggl [ on v‘#éﬂ%c’g %e%titt%tl ngt’legygrslsgfoga%ycgf%ﬁ% flt]ﬁﬁl such
aEﬁ&?I eé@epf 5&%@ﬁﬂ£ﬂ9g91§goﬂerSrzgﬁyEQk%%ngfeﬁ§hgbaehsthe

VMen orn1n emttin

métérlé'i EB&S(:ﬁe”%ht%ltﬁ}g%@yb@.henyl am no) tri phenyl am ne
0 (M was used for. the hole injecting | ayer 42,

bl s( I\hﬁa@Hé hith e M RineRy-beARI dhB8e( @ay&@) 9vas sugednbphrent
the hole transporting |ayer 44, and

e Beqtir0abi HOCRI AT MM GO WK1 6O QITWSoﬁSﬁ‘ZH{\Qﬁ Aihe oxide
| um nescent nedium | ayer 46. An alloy of nagnesium
(ahd) sot vemdil Ag)chwas Cxedrf Bu hh¢ betwbedayerhelk82kness’
of the cathode 50. A resistive heating boat was
. OEhthgednwieéhlafe? §2ofisepechfemtbdival 0Donm ng LI nm.
emtting layer 40, and attached to a specific
[@Pééirode of the vacuum deposition device. A boat was
charged with 0.1 g of magnesiumand 0.4 g of silver
as t h&s khearatasigbforidiambedk Ungrap @ innager &hed known

to a 20 specific electrode of the vacuum deposition
. mksrial ppglras a poly-N-vinylcarbazole derivative,

polyphenylenevinylené,derivative, polyphenylene,
polythiophene, polyﬁethylphenylsilane, polyaniline, triazole
derivative, oxadiazole derivative, imidazole derivative,
polyarylalkane derivative, pyrazoline derivative, pyrazolone
_ derivative,phenylenediamiﬂederivative,arylaminederivative,
amino-substituted chaicone'derivative, oxazole derivative,
carbazole<derivative,-styrylanthracene'derivative, fluorenone
derivative, hydrazone derivative, stilbene derivative,
porphyrin derivative (e.g. phthalocyanine), aromatic tertiary
‘amine compound, styrylamine derivative, butadiene compound,
benzidine derivative, polystyrene derivative,
triphenylmethane derivative, tetraphenylbenzene derivative,
or sta;burst polyamine derivative may be used.

[0075]
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reduci ng the pressure inside the vacuum chanber to
1.0x10-4 Pa, the boats were sequentially heated by
applying a voltage to effect deposition. The emtting
| ayer 40 and the nmetal |ayer 52 were deposited only
in a specific area using a netal mask. 25 The
"specific area" neans the area in which the anode 20
was exposed on the substrate 10. Since it is
diffigult to accur eI eposi the rial_only in
The afbs vidani AR 58 Ledne obrerazpbladinglidet s nost
deposi t.ion . ma de n o.th e
cERRRRRY SPULE SR andhe B°tess %@%e?‘gﬁtiaﬁ%g-ﬁs at least
S I I e
ﬁﬁgfgm%;\eé\@]?oﬁg ?eﬁgig 563 ptxﬁé%% 134 ¥4 \i%rs ?% the host

p03| éd ‘as e |njec

C ﬁpg nd t? ﬁhgﬁﬁsCQEb§90§FnHEr&QQt@vQPDa“@ﬁ %BHE'B§QLng a

e hole transporting [ayéer 44 "to'a thickness o

cggdeﬂbeam%ﬂéyﬁdyélﬂ@§kgfggéhEﬁgﬂ%iﬁfﬁb rﬁﬁk%%gﬁ%ﬁom,and

medi um | ayer 46 to a thickness of 50 nm

tARYNeREURLANHSHE VBR , Wefies GRslepashhissuhd Iﬁa@y na)éh@ polymer
netal |ayer 527 on t he | uni nescent medi um | ayer 4

cdhgotiBgnesidiBrang1sisl Ve Ehdhybyre fepapcuad ﬁ@e@as the host,
thi ckness of 10 nmat a deposition rate ratio of 9:1.
a[ROBIheAf ber apl atiggmthe (gl gssdsmbst bat erifeirn abatheéning
vacuum chanber, the In-2n-0O transparent conductive
chayerobd, wapolmdepasigethdisongathéngboverbaabilengtup, and
mask. The transparent conductive |ayer 54 was
thlepbskeedabyb®Cyspant eri ng. The |layer 54 was
dep05|ted to a thickness of 200 nmat a pressure of
[0036] Pa and a DC output of 40 Wusing a mxed gas of
argon and oxygen Ar: 02 = 1000:5 (volunme ratjo)). as
the dbuttths Magegda ﬁer[‘e@equ%%r%fq@qmwgtwer 25,

anode 20 fornmed on the glass substrate 10 was
2 IR REEH 2 LR SV A e iz dF i Lve, triazine

derlvatlve, nitro-substituted fluorencne derivative, pyrane
dioxide derivative, diphenylquinone derivative,
fluoronylidenemethane derivative, anthrone derivative,

perylene derivative, oxine derivative, quinoline complex

. derivative, or the like may be used.

[0077]
As the material for the transparent conductive layer 97,
a known transparent conductive material such as tin oxide, ITO,

or IZO may be used. An organic material such as polyaniline,

polythiophene, polypyrrole, or a derivative thereof may also

be used as the material for the transparent conductive layer
97. 1In particular, a film formed with IZ0 at a low temperature
of 150°C or less is preferable.

EXAMPLES
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anode 20 was 65% at a wavel ength of 460 nm The
transparency of the nmultilayer cathode 50 neasured at
"a wavel ength of 460 25 nmwas 52% [0083] Wen
applying a current of 25 mA cnR between the anode 37
and the cathode of the organic EL device of Exanple 1,
the drive voltage was 7 V, and a | um nance of 930
cd/ m2 was observed on the side of the cathode 50. A
Ig;%j amount of light emtted toward the anode 20 was
[0&'Pdct ed and out coupled fromthe side 5 of the
hoc}e 50. .Therefore, it was confirnmed that the
F&l"@gm DVERLISA i ce exhibited excel lent carrier
?IS‘ ti qn pr operties and excellent em ssion
Ertl es. Cccurrence of a dark spot was not
obser T ; -
resul%gﬁdOP#]arﬁﬂgEEth%{,e%?%e@q}l %bﬁ%ﬁ]ﬁlc‘g&are %%\%ﬁ?wpnm FIG.
1T%glsef%bﬂga{@%_work function was measured using
"AC-1" manufactured by R ken Keiki Co., Ltd. [0084]

Exanphg @hénmg{eegﬁﬁicfowa@hé abrbsat B¢, i dn t{EISAME chromium
manner as in Exanpl e 1 except that the anode 20

avas cket ied (bmﬂ@m&llw ar, 3aldvoy wefs ai¥e@ti uThandlloy was
I ant hanum (Cr: La=90: 10) on the glass substrate 10 to

dapbBitkaess @he?2@Qavn slbetewtleudl @y MESWisteafinghto a
EL device thus obtained are shown in Table 1. [0085]

tAGckxaspl €f 200nnkl dexjae (Ra$ waboiseat 2 tihe $pet saneng gas.
manner as-in Exanple 1 except that the anode 20 was

Ther pedsbyrdepesi 00i.12g Pan aaldl ¢yeoDCsidutgritand snéddy Mi.unThe
(Ag: Nd=90: 10) on the glass substrate 10 to a

deppsiihieds adfl oy0@ammpatireraesl daticod s@a@iffdc shape using
lithographic technology. As the etchant, “ETCH-1”
{(manufactured by Sanyo Chemical Iﬁdustries, Ltd.) was used.
This etchant allows chromium to be processed with high accuracy
and high reproducibility. Dry etching may also be used when
higher processing accuracy is required_. As the etching gas,

a4 mixed gas of chlorine {Cl:) and oxyc_'.jen. (0O2) may be used. 1In

particular, use of reactive ion etching (RIE) allows highly

- accurate processihg and enables the shape of the etched surféce

to be controlled. Thematerial can be formed in a tapered shape
by etching under specific conditions, whereby a short circuit
between the cathode 50 and the anode 20 can be reduced.
[0079]

Then, silicon dioxide (Si0;) was formed on the substrate
10 as the insulating layer 30 by sputtering to a thickness of
200 nm. The Si0; was processed us.ing lithographlic technology

so that an opening was formed on the anode 20. The $i0, was
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25 of the EL device thus obtained are shown in Table
1. [0086] Exanple 4 38 An EL device was fabricated in
the sane manner as in Exanple 1 except that the anode
20 was formed by depositing an alloy of nolybdenum
and samarium (M: Sm=95:5) on the glass substrate 10
to a thickness of 200 nm The evaluation results 5 of
the EL device t hus obtained are shomn in Table 1.

gl U S R S S
BB SBROS Hpe0:0 2Ll IGREE e on
ggaﬁgge? BEv%Q% nm The evaluatlon results of the EL

Vi ce us obtained are shown in Table 1. [0088]
[gyaopl e 6 15 An EL device was fabricated in the sane
mannér as in Exanple 1 except that the anode 20 was

forneﬂf@¥rd§m9ehhgnehenglagg0¥ue§t§hkéeno pal bhadheum
copper, and cerium (Ag:Pd:Cu:Ce=95:0.5:1:3.5) on the

debasstsuhsteateelOthe amlthmg negpe Of4@Uhdhe hetal layer
eval uation results of the EL device 20 thus obtai ned

s5aref shheweaitthhobizgbbé dere| (mﬁ:ﬁiechgr‘r@époglﬁﬂ]oEL dﬁ\/eméormlng
was fabricated in the same manner as in Exanple 1
theceptitthay flhgeandde 20 was fornmed by depositing an

25 alloy of tantal umand neodym um (Ta: Nd=50: 50) on

4t A6, §(atsisdBseshy lpbenylphehydkmess) b ipb@nyhanihe
evaluation results

(MTDATA) was used for the hole injecting layer 42,

bis (N-naphthyl}-N-phenylbenzidine (o-NPD) was used for the

hole transporting layer 44, and an 8-guinolinolaluminum complex
(Alg) was used for the luminescent medium layer 46. An alloy
of magnesium and silver (Mg:Ag) was used for the metal layer
52 of the cathode 50. A resistive heating boat was charged with
0.2 g of each material forming the emitting layer 40, and
attached to a specificelectrode of ‘the vacuum deposition device.

A boat was charged with 0.1 g of magnesium and 0.4 g of silver
as the materials for the metal layer 52, and attached to a

specific electrode of the vacuum deposition device. After

reducing the pressure inside the vacuum chamber to 1.0x107* Pa,

- the boats were sequentially heated by applying a voltage to '

effect deposition. The emitting layer 40 and the metal layer
52 were deposited only in a speeific area using_a metal mask.
The “specific erea” means the erea in which the anode 20 was
exposed on the substrate 10. Since it is difficult to

accurately deposit the material only in the area in which the
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of the EL device thus obtained are shown in Table 1.
39 [0090] Exanple 8 An EL device was fabricated in
the sane manner as in Exanple 1 except that the anode
20 was fornmed by depositing an 5 alloy of niobium and
cerium (Nb: Ce=50: 50) on the gl ass substrate 10 to a

t hi ckness of 200 nm The evaluation results of the EL
devi ce thus obtained are shown in Table 1. [0091]

Ex e.9 10 An EL device .was fabrjcated in the s
aﬁ%ﬁﬁéro i8S FPOER npt Qei?oé%c?éﬁt“ PRSF Waed gﬁag@eﬂosag@at the

eiﬁmnﬁ}iﬁ(ﬁf 2 R0 Ba0f e Al ah| SRECERRal 1ot o L odoe

042 t.hi c ss of, 200

PR he itk 20 sasa?igé"h%%ﬁéf%d&abﬁ&eﬁﬂ%f%‘f* vas
oL5EL_ Fiarmi AL BB R bl

manner as e ano

el it VaeBaper SRR ‘8’?%3%00% Ll e%glaa{er 4
€8 4higkogsss 9f o 2090 Nk, TQﬁdeﬂﬁéuﬁihoﬁaéeﬁébBélfgﬁ bhecne

EL device thus obtained are shown in 0093

1 20s Cedd iy Bhimdeyy €8 WBStdalr LEpbRMesS B?ﬁ%@aﬂﬁ Then,
manner as in 25 Exanple 1 except that the anode 2

ma@se & DR DY 1d6AS Wwkirk0caBepadkh 0¥dof o Sﬂdﬁr@ﬂiheaﬁ@tal layer
neodym um ( Si : Nd=90: 10) on tﬁe glass substrate 10 to

Saohhilokdessnekc20@ meaidivd ageal 461 | ahg R8ghesidfl and silver
were deposited to a thickness of 10 nm at a deposition rate ratio
of 9:1. |
{00811

After placing the glass substrate 10 in another vacuum
chamber, the In-Zn-0 transparent conductive layer 54 was
deposited using the above-mentioned mask. The transparent

conductive layer 54 was deposited by DC sputtering. The layer

54 was deposited to a thickness of 200 nm at a pressure of 0.3

Pa and a DC output of 40 W using a mixed gas of argon and oxygen

(Ar:0; = 1000:5 (volume ratio)) as the sputtering gas.
[0082]

7 The reflectance 'of the anode 20 formed on the glass
substrate 10 was measured. As a result, the reflectance of the
anode 20 was 65% at a wavelength of 460 nm. The transparency
of the multilayer cathode 50 measured at ‘a wavelength of 460
nm was 52%.

[0083]

When applying a current of 25 mA/cm® between the anode
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of the EL device thus obtained are shown in Table 1.

[ 0094] Exanple 12 An EL device was fabricated in the
same manner as in 5 Exanple 1 except for form ng the
anode 20 by depositing silver on the glass substrate
10 by sputtering to a thickness of 190 nm and
depositing an alloy of chrom um oxide and ceri um oxi de
(Cr02: Ce2=90:10) to a thickness of 10 nm The
evaluation results of the EL device thus obtained are

aBAGWiF CATIRRERCY the grpends|ElcsRyaca: PE EMBERAS &/ (the drive
L N A S B ST 85 v on
cBEPEEhL A8, A LIGhLABISF ST SORUELLYS I IRl N e
BB 08, 350 O L 285 LR o HELVEERAL B FOBH e 10
o SEBOBS T HRMEHCINS 8.8 o, RIS o rounic

Eﬁ%ﬁ@ggxh%g@d ceif%%{g etxhi‘ﬁéigf:ti f ﬁcﬁg@ﬁ@ies and

EL device o anple 1 suggests that t
ekt8D eRE QR0 £5h WO Nes anodenlamre ofFel lecteddit was

only a small extent and emtted through the gl ass
néths st eed &n £B@O6Hh tEoRBasaE F¥€e EXaY A1 A Ekesults
device was fabricated in the sane manner as in
ofxanpl BL ldexTept thhat obbeinsaderdOsneanf onmedbhy 1.
“depositing an alloy of silver and al um num
- (Ag: At GoTh) fonct hen gias medkusehists bih@ “HT {10’ manufactured
t hi ckness of 200 nm The evaluation results of the EL
byleki ken tkeiskbbfai neitdre shown in Table 1.

[0084]
Example 2

An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
ailoy of chromium and lanthanum (Cr;La=90:10) on the glass
substrate 10 té a thickness of 200 nm. The evaluation resultsr
of the EL device thué obtained are shown in Table 1.
[0085] |
Example 3

An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of silver and neodymium (Ag:Nd=90:10) on the glass
substrate 10 to a thickness of 200 nm. The evaluation results
qf the EL device thus obtained are shown in Table 1,
[0086]

Example 4
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42 0r. NOOOOOOOOOOOOOO CMCI U WLo
Nrl WOto000Oo0o -H"OtSA mco G W~ tbh QD D
auco wm N OWNNNU toLOIOMNU to O

NLDNNN~o~0i o~oWWi a) wUNmo UC Bn 0
OOOONO NW IONW IONIO W W WIO
wo Uy CcC 0 .ri tJ MNOOO MMM

44 to Nto UPto Nto Un Nto tt) Nd C . W O0OEto

n! OAg EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of molybdenum and samarium (Mo:Sm=95:5) on the glass
substrate 10 to a thickness of 200 nm. The evaluation results
of the EL device thus obtained are shown in Table 1.

[0087]
Example 5
An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of ﬁungsten and europium (W:Eu=95:5} on the glass
substrate 10 to a thickness of 200 nm. The evaluation results
of the EL dévice thus obtained are shown in Table 1.
[0088] V
Example 6
An EL device was fabricated in the same manner as in

Example 1 except that the anode 20 was formed by depositing an
alloy of silver, palladium, copper, and cerium
(Ag:Pd:Cu:Ce=95:0.5:1:3.5) on the glass substrate 10 to a
thickness of 200 nm. :The,evaluation results of the EL devicé

thus obtained are shown in Table 1.

[0089]

- Example 7

An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of tantalum and neodymium (Ta:Nd=50:50) on the glass
substrate 10 to a thickness of 200 nm. The evaluation results

of the EL device thus obtained are shown in Table 1.
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4°8! 0 o oo U U
Example 8

An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of nicbiumand cerium (Nb:Ce=50:50) on the glass substrate
10 to a thickness of 200 nm. The evaluatibn results cf the EL

device thus obtained are shown in Téble 1.

[0091]

Example 9

An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositiﬁg an
alloyfof:ﬁickel, cobalt, and cerium (Ni:Co:Ce=60:20:20) on the
glass substrate 10 to a thickness-of 200 nm. The evaluation
results of the EL device thus obtained are shown in Table 1.
[0092]
Example 10

An EL device was fabricated in the same manner as in

Example 1 except that the anode 20 was formed by depositing an

'alloy of platinum and samarium (Pt:Sm=95:5) on the glass

substrate 10 to a thickness of 200 nm. The evaluation results

of the EL device thus obtained are shown in Table 1.

- [0093]

Example 11

An EL-device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
alloy of silicon and neodymium (Si:Nd=90:10) on the glass

substrate 10 to'a thickness of 200 nm. The evaluation results
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[0098] As is clear from Table 1, the organic EL device
of the exanple exhibited a IOM/drlve vol tage due to
high hole injection properties and exhibited a high

| um nance due to a reduction 5 in the anmpbunt of heat
generated by. the device. Mreover, since the |ight
generated by the emtting |layer 40 can be efficiently
enmtted fromthe upper surface, an excellent top

ofmhRe i SR 2t DO oY S5 e e ST AL Th g

[§6§ y in the cerium3d orbit was neasured using an
- 33 phot oel ectron spectroneter ("ESCA5400"

ctyred by ULVAC-PH, Incorporated, X-ray
EQSH &% &%g Ka). An 15 electrostatic hem sphere

detecﬁﬁeEﬂaan§Sg Qﬁst@Sbg§E$GE8rlﬁfthEh§aée %&nﬁer as in

phot oel ectron spéctroneter he "pass ‘energy ‘o

o) { r
sapLesiol R pkcR dayligely by Bl AIER Loy sitver

oRNEREYg BRES b Afrdthe 1C o/ YPpude e@rbit t@natml@mé@geof 190
of the transparent conductive 20 filmshown in FIGS.

nAnghd aEses 2t 50y masunes; Wrdehrbeuabey ede Candidd ongn ox1de
[0100] The "binding energy spectra of the cerium 3d
(OFD} iCamp=tdie 103urfcace wfidireedy anS o ant. caheuetivial@ation
film neasured in the 25 follow ng exanpl es
resuléespofidihe Bh dxaipd etlofis tdletd praphashohagn bimdiaigle 1.
energy of an electron present in a cerium3d orbit on
[0BBS$urface of the transparent conductive film
nmeasured 44 by X-ray photoel ectron spectroscopy"”
Coepapetiva Exemplai As. [0101]

'An EL device was fabricated in the same manner as in
Example 1 except that the anode 20 was formed by depositing an
ITO traﬁsparent conductive film on the glass substrate 10 to
a thickness of 200 nm. When applying a current of 25 mA/cm?
between the anode and the cathode of the organic EL device thusr
obtéined, the drive voltage was 8.5 V, and the luminance
observed on the side of the cathode 50 was 250 cd/m?, which was
lower than that of the organic EL device of Example 1. This
suggests that the light propagated toward the anode 20 was
reflected to only a small extent and emitted through the glass
substrate 10.

10096]
Comparative Example 2

An EL device was fabricated in the same manner as iﬁ
Example 1 except that the anode 20 was formed by depositing an

alloy of silver and aluminum (Ag:Al=50:50) on the glass
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In the foll ow ng exanpl es, SA neans the total peak
area of the binding energy between 877 eV and 922 eV
in the binding 5 energy spectrumof the cerium3d .
orbit, and SE neans the total peak area of the binding
energy between 914 eV and 920 eV in .this binding
energy spectrum The work function of the-transparent
conductive filmwas neasured in air using a

‘ ot oel ect ran spectroscope ("AC 1" 10 manufactured b
SRPRERakE: &) o ERLHRRETR Tt AL o g o R SRS 501 s
opduct.ive fi.lmusing ultraviolet r ( 1Q2]

OB hitSl £ 3ert FopEBRRT 2Pr8h o prod it o Tprable 12
transparent conductive 15 substrate (preparation of
target 1) An indium oxi de powder, tin oxide powder,
and cerium oxi de powler (each powder had an average
particle diameter of 1 pm or |less) were provided at
such a ratio that "In/(1n+Sn+Ce)" (nolar ratio of
indium was 0.9, "Sn/(In+Sn+Ce)"” (nolar ratio 20 of
tin) was 0.05, and "Ce/ (I n+t+Sn+Ce)" (nolar ratio of
ceriun) was 0.05, and placed in a wet ball mll"
contai ner. The powders placed in-the wet ball ml]l
contai ner were mxed and ground for 72 hours to
obtain a ground product. Note that, when an el enent
synmbol such as Sn, In, or C¢e 25 is used in an
expression, the elenent synbol indicates the nunber
of noles of the elenent. In the foll ow ng exanpl es,
when an el enent synbol such as Zn or Ga is used in an
expression, 45 the elenent synbol indicates the
nunber of noles of the element. [0103) The resulting
ground product was granul ated and press-forned to a
di aneter of 4 inches and a thickness of 5 nm
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5 to obtain a fornmed product. After placing the forned
product in a firing furnace, the fornmed product was’
fired at 1400C for 36 hours to obtain a target 1 for
the transparent conductive film112. [0104) 10 (2)
Production of transparent conductive substrate FIG 9
is an explanatory di agram showi ng the steps of
producing th rans n nductjve substrate 138 of

Exanplle  13. [ The {r af ent| gl asps {substrate 110
having & thi ¢khgss 1;1f mm| a 1 gngth of 25 mMm and
a widtfhgad |45 mnh-a8 sldtiget |dik.|1 were placed in a
vacuum §eht| R DET| 208 RN EELIFI0 device. The RF
sputter§rdy (devj de | W peratled 50| tthat the degree of
vacuum+®n tthe pacdu n{aj nen wals {5x10-4 Pa, and
argon|gas an axyg volumejratl g was 80:20) were
i ntroguged i nto |t he uum tcontai rjer so that the
o .
sputtergng pfesgune D. 1 |Pa. | Theg 20 partia
pressure of nxNden. W5, Q1 0Rs |Bas |k 9(1) shows the
gl ass |sulrsqragie: 10 gloldsshglegtrate 110
correspdndg to lanm pl €| af |t hel[tr anspar ent
substafie defijngd]i e cIaiTs The conponent ratio
of the Sputterfinglg nd it Helparitilal pressure of
oxygen,in the isputt gl dad ark ishown in Table 2. 46
r-aalgarmn p v (00 1p,fn X glofo ono " Oa~1 1;
FiNuyﬁ)N:CN [ NHIO yd [Nu x ay W~ al
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As is clear from Table 1, the organic EL device of the
example exhibited a 1ow drive voltage due to high hole inj éction
properties and exhibited a high luminance due to a reduction
in the amount of heat generated by the device. Moreover, since
the light generated by the emitting layer 40 can be efficiently
emitted from the upper surface, an excellent top emission can
be obtained.

[00929]
Second Invention

In the example according to the invention, the binding
energy in the cerium 3d orbit was measured using an X-ray
photoelectron spectrometer (“ESCA5400” manufactured by
ULVAC-PHI, Incorporated, X-ray source: Mg-Ka). An
electrostatic hemisphere detector was used as the detector of
the X-ray photoelgctrdn spectrometer. The pass energy of the
detector was set at 35.75 eV, and the reference for the peak
wgs‘set at 284.6 ev (Cm). The binding energy spectra of the
cérium 3d orbit on the surface of the transparent conductive
film shown in FIGS. 6 and 7 were also measured under the above
conditions.

[0100]

The “binding energy spectra of the ceriumikiorbit on the
surface of the transparent conductive film” measured in the
fbllowing examples correspond to an example of the “graph
showing binding energy of an electron present in a éerium 3d

orbit<n1thesurfacecﬂfthetransparéntconductivefilmn@asured
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of the binding energy between 877 eV and 922 eV in the binding
energy spectrum of the cerium 3d orbit, énd_SB means the total
peak area of the binding energy between 914 eV and 920 eV in
this binding energy spectrum.

The work function of the transparent conductive film was
measured in air using a photoelectron spectroscope (“AC-1”
manufactured by Riken Keiki Co., Ltd.) after cleaning the
transparent conductive film using ultravioclet rays (UV).
[0102]

Example 13

(1) Preparation for production of transparent éonductive
substrate (preparation of target 1)

An indium oxide powder, tin oxide powder, and ceriumoxide
powder {(each powder had an average particle diameter of 1 pm
or less) were provided at such a ratio-that “In/(In+Sn+Ce)”
(molar ratio of indium) wés.0.9, “Sﬁ/(In+Sn+Ce)” (molar ratio
of tin} was 0.05, and “Ce/(In+Snt+Ce)” (molar ratio of cerium)
was 0.05, and placed in a wet ball mill container. The powders
placed in the wet ball mill container were mixed and ground for
72 hours to obtain a ground préduct.

Note that, when an element symbol such as Sn, In, or Ce
is used in an expression, the elemenf symbol indicates the.
number of moles of the element. In1thefollowiﬁgexamples,when

an element symbol such as Zn or Ga is used in an expression,
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at nosphere using the target 1 at a tenperature of the
gl ass substrate 110 in the vacuum contai ner of 200C,
an electric power 5 supply of 100 W and a deposition
time of 14 mnutes. As a result, the transparent
conductive film 112 having a thickness of 110 nm was
formed on the gl ass substrate 110 to obtain the
conductive nultilayer body 136. FIG 9(2) shows the

Ltin ti Vv | £] [ dy.-136...10.-Then
e SR, S R et kRSB e M e b FH 1 Bl
[éfgg]mas formed on the transparent conductive film 112
I'n” an argon gas atnosphere using an Al target. FIG

9(3) W sd e A S S g @t i&#gmj%xian&pg‘@g%ear}é

Then, the transparent conductive fi 2 and t

prEd @l robiddibl4 WehRBEENSH 41SRGheANaBHCAR N ickness of 5 mm
(phosphoric acid-nitric acid-acetic acid aqueous

& Autdion o pRemRROpedaet d: Mttd e pladidig adR! iFeraeddproduct
16:1: 1)) so that the width of the netal film 114 was

i2@ pirtagfoimmdde, Ahd Bofmeat grodice whlkb fareldngt 1400°C for
transparent 20 conductive film112. FIG 9(4) shows

3@ heumsuld iobg atili & matalet W ferlthe fOiABpaAsnshovnduntive
FIG 9(5), the transparent conductive film 112

fidepokited on the glass substrate 110 using the target

-1 was 25 etched using an oxalic acid aqueous

[BA4kion. The transparent conductive film 112 was
:gatterned by etching so that the Al thin netal wre

(21 Fredgoisin | ohde v prech dcotdediel Y¢ afigpak eate 48
conductive film 112. The thin metal wre 116 and the
t randgdr-et icofdu@iRAATINEYL Bl b B g tidhei sigps of

ar ,here%nafter collectively called a_gatterned
pPrg iny& flgyan[sgﬁég]nt'conductlve substrate 138 of Example

13. The transparent glass substrate 110 having a thickness of

1.1 mm, a length of 25 mm, and a width of 75 mm and the target

1 were placed in a vacuum container of an RF sputtering device.
The RF sputtering device was operated so that the degree of
vacuum in the vacuum container was 5x107% Pa, and argon gas and
oxygen (volume ratio was 80:20) were introduced into the vacuum
container so that the sputtering pressure was 0.1 Pa. The

pa_ftial pressure of oxygen was 0.02 Pa. FIG. 9(1) shows the
glass substrate 110. The glass substr_ate 110 corresponds to
an example of the transparent substrate defined in the claims.
The compeonent ratio of the sputtering gas and the partial

pressure of oxygen in the sputtering gas are shown in Table 2.
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in the clains. FIG

organi c

corresponds to an exanpl e of
an

substrate 138. The transparent
the el ectrode substrate for

collectively called the

are hereinafter

5 The gl ass substrate 110 and the patterned el ectrode
transparent conductive

el ectrol um nescent devi ce defi ned

conducti ve substrate 138
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(area ratio of SB to SA) was 0.12. The neasurenent
results are also shown in Table 2. [0111] 10 (4)
Fabri cation of organic EL device The transparent
conductive substrate 138 was secured on a substrate
hol der in a vacuum contai ner of a vacuum deposition
devi ce, and the pressure inside the vacuum cont ai ner
was reduced so that the degree of vacuum was 1x10-6

or less. The hole 15 transporting | ayer 126,
[cprolgor% c emtting | ayer 128 eI ectron injecting |ayer
130,

t hode | t k t
o0t ormus RO e Prr teiL S 1 e ikt
gnsolsst i te4 1%8 | q: S alQre erhe T esgaltttaénﬂjgé%&ga e’ga&i}Ecﬂ%_ glass

s%% t%eat]e3f10 et]}félqua c&ﬁ@%fﬁl%fmﬁvﬁﬁod@'a‘ﬁ@l@%‘érlc power

er vacuum auri ng t e peri o t'he organi c

s‘ﬂﬁﬁltf 98 1l0WR! ahdBa H%gb@%t(i%tnh@ﬂﬁ‘e LaVef m134t¥erl e as a result,

formed. As describ bove, the tilns were deposited

tlH%d%"ran‘égﬁﬂeﬁrﬁt c¥ARUERY Gandi 1HoNsy iHh i scPhR9ekABBE. of 110
he organic EL device 134 corresponds to an exanple

rﬂfwage:o%@;a%ﬁ t82 &l 865 IsRlugHRESCEN tdebEeLiWehenashductive
‘the clainms. [0112] The conditions (material and
mwledadiyee) bbay I3bri atd.ng (250slidves ahgapeeubtidgwasiuctive
134 by vacuum deposition are described below The

mud lte Mayans pardy igd.ayer 126 having a thickness of 60

nm was deposited under vacuum on the transparent

conduffhieve 4mnlAh thinlfidh hdweing anshackneseornddel ve (metal
substrate 138 using TBDB as the naterial. Then, the
fénganhilé) eme tiorpadpsr thest renspRrent [andinisyeofide 112 in
nm was codepositied under vacuum on the hol e

ay FXIOB euaﬁgaltwéphfz@ UsSilRg PRVBPANAEHELDL %%Gt he{3) shows

. materials.

the resulting metal film 114.

[0107]

Then, the transparent condnctive film 112 and the metal
film 114 were etchéd using an et_.cha-nt (phosphoric acid-nitric
acid-acetic acid aqueous solution (phosphoric acid:nitric
acid:a.cetio acid = 16:1:1)) so that the width of the metal film
114 was 20 ym to form the Al thinmetal wire 116 on the transparent
conductive film 112. FIG. 9(4) shows the resulting thin metal
wire 116.

[0108]

As' shown in FIG. 9(5), the transparent cconductive film
112 deposited on the glass substrate 110 using the target 1 was
etched using an oxalic acid aqueous solution. .The transparent
conductlve film 112 was patterned by etchlng so that the Al thin

metal wire 116 was positioned on one end of the transparent
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The deposition rate of DPVDPAN was 40 nm's, and the
deposition 10 rate of DI was 1 nm's. [0113] The

el ectron injecting layer 130 having a thickness of 20
nm was deposited under vacuum on the organic emtting
| ayer 128 using Alq as the material. The cathode

| ayer. 132 was then 15 forned on the el ectron injecting
| ayer 130 by depositing Al and Li under vacuumto

btaip.th j devi ._The, d iti
CERAPE TN i ko o PP 1

nl d . the thick . of Li 200 The.
chie 307 B anaoonac bR Bchud &92chehea, Y RPbciRBins are

. ] I t '

R e T e A R M ot
[ {@gpic EL device A DC voltage of 5. 0 V was applied

et ween the cathode |layer 25 132 (negative el ectrode)

and tg. tg{l@@%ﬁ%‘%%r%%@‘i@bi ¥BaF A p % AROSIING rode 118

el ectrod€) of the organic EL device "134. The current

a SRSy nE% ek 8o MLEFEve 2Pt diNed AN red cbRBuctive
organi c EL device 134 was 141 nit (cd/nR2) . It was

s@est 4 @d1 38 hatTHd & e $Pardnt | @d et i+ ki orrdide 138
organi c EL device 134 was blue. As a durability

ceved sipdbhdf, td hen og gamb Ce BEbf debcelddd4rvae sbbdtirdes @br an
a constant current of 10 md cnR. Wen the initia
o it g e lies tinedumd et deyn tVde s detdef inod d agetlad todra ih@00 FIG.
hours elapsed is indicated by V, the voltage rise
9 (2t esl{owg d)e viesanspasent | cagddcTive0dubitradeEXdfpl e
14
The width of the transparent conductive film 112
deposited using the target 1 was 90 pm. The Al thin metal wire
116 formed by etching corresponds to an example of the metal
conductor defined in the claims.
The transparent conductive substrate 138 was subjected
toultrasoniccleaningleisopropylalcohol,driedeLaniﬁrogen
gas (Nz) atmosphere, and cleaned for 10 minutes uéing

ultraviolet rays (UV) and ozone.

[0110]

' (3) Measurement results for properties of transparent

conducfive substrate

The specific resistance of the transparent conductive
film 112 deposiﬁed using the target 1 was measured and found
to be 5.4x107* Q-cm. The transparency of the patterned
ele¢trode 118 (trahspa:ency at a wavelength of 550 nm) was
measured and found to be 89%. The work function of the

transparent conductive film 112 of the transparent conductive
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(1) Preparation for production of transparent
conductive substrate (preparation of target 2) An
i ndi um oxi de powder and cerium oxi de powder (each
powder had an average particle dianmeter of 1 pmor
| ess) were 15 provided at such a ratio that
“I'n/ (IntCe)" (nolar ratio of indiun) was 0.95 and
"Cel/ (In+Ce)" (nolar ratio of ceriunm was 0.05, and
aced.in bal I..m_|I t ai ner :
BB EEa e 12Re CUat oM T TRt A B A %
[ f 7 tw@i 4 18 r e
o e on Rt et g An e PR QB R B0 Bl RiRen wetia
ired. int ag i ( 3
B e E R M S i i T
shdén [R1368}1e(23) Production of transparent conductive
substrate 25 The gl ass substrate 110 simlar to that
used rReBX&NPbEakldnablet Herfak8esf ZNE I AGREH idl et rode
vacuum.contai ner of an RF sputtering device. The RF
13RULA S midigs i 6 MRS aBPRPSL eAsS @ r22ulliat thbergleps €sB/SA”
of vacuumin.the vacuum contai ner was 5x10-4 Pa, and
(argan-gaso WESSBNts edycedsi i I2 1 hdhwvaneasucentaitneessbts are
that the sputtering pressure was 0.1 Pa. FIG 9(1)
athowshthe ine%abfleng.gl ass substrate 110. Since only
argon was used as 5 the conmponent of the sputtering
[6231lintroduced into the vacuum container, the partia
pressure of oxygen was O Pa (Table 2). [0117]
(Sputebripgthas pér PogABdci Blt Hevidlséve- descri bed
at nosphere using the target 2 at a tenperature of the
gl assThe o- sypiRa et L durtiHee wabtiRadenlatnEpsofecured on
200C, an electric, power supply of 100 and a o
2 v £3 toh PoiMe Yol I B VACHYeSOn @l aeF é%/y‘ulat vacyyg deposition

d%%ggggaﬁﬁp£hg%ﬂ%ﬂﬁ%h%figgEHE%%upggéﬂgm%gnié?ﬁ&?%agﬁeduced
so that the degree of vacuum was 1x107® Torr or less. The hole
transporting iayef 126, organic emitting layer 128, electron
injecting layer 130, and cathode layer 132 were stacked on the
patternedélectrodellS<xf£hetransparentconductivesubstrate
138 in this order to obtain the organic EL device 134. FIG.
5 shows the resulting organic EL device 134. The vacuum

container was maintained under vacuum during the period in which
the organic emitting layer 128 to thé cathode layer 132 were

formed. As described above, the films were deposited under

‘constant vacuum conditions in this embodiment. The organic EL

device 134 corresponds to an example of the organic
electroluminescent device defined in the claims.
[0112]

The conditions (material and.procedufe) for fabricating
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nmwas formed on the glass substrate 110 to obtain the
conductive nultilayer body 136. FIG 9(2) shows the
resulting conductive 15 nmultilayer body 136. [0118]
Then, an Ag thin filmhaving a thickness of 120 rim
(metal film 114) was forned on the transparent
conductive film 112 in an argon gas atnosphere using
an Ag target. FIG 9(3) shows 20 the resulting netal

film114, Then, the t arent congductive film112 .
thRGOFABNESL AL AETTRe 1590 Y & LB AR 6P @eharscribed

béghosphoric acid-nitric acid-acetic acid aqueous
PUti on (phosphoric acid:nitric acid: acetic acid =

RIS BT i
CHSAPRRDL S AL 8, 14 R 12 Gl 0t e e
lgb &£ A ’trtaj?l%ﬁaéar U £RAVUEhbYe rhkbM 3d 1dsing TBDB as

eposited on t glass substrate 110 using the target
tBeVAstefighed f10e WK Mo fa X RIRUS Ny ak@l1IZ8 aGiving a

aqueous solution 5 to obtain the sane pattérn as in

tXarRk8s1ds dbhenth hirdls "ed@dpod ¢ Bed kénd@hd ¥dtaum on the hole

transparent conductive film 112 formed by patterning

taafspereingf 1 eye£0l2 ®€atd Me) Wroalpagd ahbleDpad $ edtitethaterials.
el ectrode 118. The gl ass substrate 110 and the

Thatdesaeit bbreatatede f10BVDEANavaEs e emraf t @nd the deposition
collectively called the transparent conductive

raubsbfabé %388. 1Thm/transparent conductive substrate

138 corresponds to an exanple of the el ectrode

[gubSirate for an organic el ectrol um nescent device
defined in the clains. FIG _9(5) shows the )

t r anspae entecoreiuctiiecsimgt fayrer 18%) Mpjelngy a thickness of

20 nm was deposited under vacuum on the organic emitting layer
128 using Alq as the material. The cathode layer 132 was then
formed on the electron injecting layer 130 by depositing Al and
Li under vacuum to obtain the organic EL devicé 134. The
deposition rate of Al was 1 nm/s, the deposition rate of Li was
0.01 nm/s, and the thickness of Al/Li was 200 nm.

The material and the thickness of each layer are shown
in Table 2. FIG. 10 éhows the chemical formulas of TBDB, DPVDPAN,
Di, and Alg.

[0114]
(5) Evaluation of organic EL device

A DC voltage_ of 5.0 Vwas applied between the cathode layer
132 (negative electrode) and the transparent conductive film
112 (positive electrode) of the organic EL device 134.

The current density was 1.8 mA/cm?, and the luminance of
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15 thin nmetal wire 116 formed by etching corresponds
to an exanple of the netal conductor defined in the
claims. The transparent conductive substrate 138 was
subjected to ultrasonic cleaning in isopropyl

al cohol, dried in a nitrogen gas (N2) atnosphere, and
cl eaned for 10 mnutes using 20 ultraviolet rays (W)
and ozone. [0120] (3) Measurenent results for

ti f .t . ducti bstrate Th .
cBRATTITLT Bd1 QPURCE ot PAE 11 LApal S donadE s Copgirmed
il 12 ited i ng. t t .2 d
Bl O B0 PIROrD CRH oA TSP eey b Ep v ce 134
wggtéggggd el ectrode 118 (transparency at a wavel ength
0 nm was 54 neasured and found to be 89% The
K . . g : 1
A T Y T

dehoani Be WasonERsHEedubsEnY 8f ROORAPLAT! T @hen the initial
spectroscope' ("AC- 1" manufactured by R ken Kel ki 5 Co. .

volkth e)ignﬁn&QéB@eHngeVE-§n§V%hgh@oﬂ€§§@r§E€@£ 1000 hours
results are shown in Table 2. The Ce3d peak on the
ebupbaaeisf ihhecpabienped, etigst voOUEagd 18i ¥@SrALASUELT,) was
using an XPS. As a result, the ratio "SB/SA" (area
asasmaldf aSB1t9.SA) was 0.02. The neasurenent results
are 10 also shown in Table 2. [0121] (4) Fabrication
[011Bi ganic EL device As shown in FIG 5, the hole
transporting |layer 126, organic emtting |ayer 128,
Extmpieoddinjecting layer 130, and 15 cathode | ayer
132 were stacked in this order on the patterned
(k] eBrepabatignoforhpredunspancnt tsadgparentsgbsdugtdve

138 in
substrate (preparation of target 2)
.An indium oxide powder and cerium oxide powder (each
powder had an average particle diameter of 1 um or less) were
prqvided at such a ratio that “In/(In+Ce}” (molar ratio of

indium) was 0.95 and “Ce/ (In+Ce}” (molar ratio of cerium) was

0.05, and placed in a wet ball mill container.- The powders

placed in the wet ball mill containe15were1nixed.and.ground for
72 hours to obtain a ground product.

The formed product was granulated, press-formed, and
fired in the same manner as in (1) of Example 13 to obtain.a
target 2 for the transpareht conductive film 112.

[0116]
(2) Production of transparent conductive substrate

The glass substrate 110 similar to that used in Example
13 and the target 2 were placed in a vacuum container of an RF

sputtering device. The RF sputtering device was operated so
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the same manner as in Exanple 13 to obtain the organic
EL device 134. The organic. EL device 134 corresponds
to an exanple of the organic el ectrol um nescent
device defined in the clainms. 20 [0122] (5)

Eval uati on of organic EL device A DC voltage of 5. 0V
was applied between the cathode |ayer 132 (negative

el ectrode) and the transparent conductive film 112

g T e S N S
P\%fésaégn 9(5(91?31:&? ijatsdqx%:q:go%%% o tg)Gg{lgl%aétg%'@ntalner SO

4 bI
Q% eﬁ%a%&eva lon slz;‘% %é’\@}s e. ﬁGa 1&]4 shows the

urabl e organlc L “devi ce

rgélﬂl%&]n@t g@a%%n§EB§Erﬁgér enp, Ofsﬂﬁcg%ng?hez}’%ﬁf VHEB used as

initial ~ voltage is indicated by Vo an tage
tBEt &EmAORON B QUK $ha § %/@9§§E|1h§ dd’%d'l%tr%@@édvﬂ_nEBethe vacuum
voltage rise rate ( as small as 1. 123]
cbxaapher}5thd)pdrepar éﬁirélilsd&f d@@&%@maa@fo Pa (Table 2).
transparent conductive 10 substrateée (preparation of
[0atget 3) An i ndi um oxi de powder, zinc oxi de powder,
and cerium oxide powder (each powder had an average
part i gpetdenimyevwasf petfpmed insshewsbevprdesdedbati
such a ratio that "In/ (In+zZn+Ce)" (nolar ratio.of
atmdbphgreassong, thgntékgeZn2Cek" a( rehmperestire ©F dhe glass
zinc) was 0.05, and "Ce/(In+Zn+Ce)" (nolar ratio of
S%@$F9ﬁ?e]Wéhlmt@?Va#mu@ba@é@hm¢npﬁé®OBQHanwl¢ctrlcpower
contai ner. The powders placed in the wet ball ml|
sent Hiodet 0 Ol c2 il Redereel Grouid et 1Ambouies t 0 As a result,

obtain a ground product .
the transparent conductive film 12 having a thickness of 110

‘nmwas formed on the glass‘ substrate 110 to obtain the conductive

rﬁultilayer body 136. FIG. 9(2) shows the resulting conductive
rnultilayer body 136.
[0118]

Then, an Ag thin film having a thickness of 120 nm (metal
film 114) was formed on the transpareht conductive film 112 in
an argon gas atmosphere using an Ag target. FIG. 9(3) shows
the resulting metal film 114, |

Then, the transparent conductive film 112 and the metal
film 114 were etched using an etchant (phosphoric acid-nitric
acid-acetic acid aqueous scolution {phosphoric¢ acid:nitric
acid:acetic acid = 8:1:8)) so that the width of the metal film
114 was 20 ym to form the Ag thinmetal wire 116 on the transparent

conductive film 112. FIG. 9(4) shows the resulting thin metal

wire 116.
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i d | uti on.
PTG pat? et T6 e v it Hor

The formed product was granul ated, press-fornmed, and

20 fired in the sane manner as in (1) of Exanple 13 to
obtain a target 3 for the transparent conductive film
112. [0124] (2) Production of conductive nultilayer

body The gl ass substrate 110 simlar to that used in
Exanple 25 13 and the target 3 were placed in a
vacuum cont ai ner of an RF sputtering device. The RF

[5955 ering device was operated so that the degree of

vacuum in.the vacuum contai ner was 5x10-4 56 Pa, and

ar gon Vi ( u [ D) : )
T cltc e e e, i e rant st ol dve £iln
' § 4 e r T 1.l r
e R K Gl T R S e A

cBtRES tVBSHI @I oKl90 HNBs2ngumeRent J 86E8 Luddiss solution
sputtering gas and the partial pressure of oxygen in

td NebSHUA t efid NYarBaSp A € SN i Ebadi®1 .13 [ 0%22] thin metal
Sputtering was perforned in the above-descri bed
whtaospbesardushagtthaspargat doaduatlieapetanune20fothed by
- glass 10 substrate 110 in the vacuum contai ner of
pP200&n hng e e thd 1oe povetre 1s wedl e caf i viIGy Waldrdl ahe patterned
deposition time of 14 mnutes. As a result, the
elecihspde eht8conductive film 112 having a thi ckness of
110 nmwas formed on the gl ass substrate 110 to
obt aiThe it asengubisitretenlil 0 2ng drhe gt tiE3tied-leGecgf@)yde 118
shows the resulting conductive 15 nultilayer body
angberpdrgdlerhenl Leaeive hrispdies thendwrnspardrnit gpadactive
deposited on the glass substrate 110 using the target

SubSthRR Rt bhed (0% MiaRIPa Mo FRAUst e aitoxerate 138
The tranggarent 20 conductive

beChhofe RaPeFRakeefor an

organic electroluminescent device defined in the claims. FIG.
9(5) shows the transparent conductive substrate 138. The-Ag

thin metal wire 116 formed by etching corresponds to an example

©0f the metal conductor defined in the claims.

The transparent conductive substrate 138 was subjected

,toultrasoniccleaninginisopropylalcohol,driedjjlanitrogen

gas (N2} atmosphere, and cleaned for 10 minutes using
ultraviolet rays (UV) and ozone:
[0120]
(3) Measurement results for propérties of transparent
conductive substrate

The specific resistance of the transparent conductive
film 112 deposited using the target 2 was measured and found
to bé 7.7x10™" Q-cm. The transparency of the patterned

electrode 118 (transparency at a wavelength of 550 nm) was
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called the patterned el ectrode 118. The gl ass

substrate 110 and the patterned el ectrode 118 are

herei nafter collectively called the conductive

mul tilayer body 136. The conductive nmultil ayer body

136 corresponds to 25 an exanple of the conductive

mul til ayer body defined in the clains. The conductive

mul til ayer body 136 was subjected to 57 ultrasonic
nELEARLA0-HA ESAREORY! LAl 69R01 ol | o) e oL EL0AER tne

gas ) “at nbsphér e, and clea for m nut es Uusi ng

tk/éﬁg ¥&:8h§tcéﬁc¥l§ﬁ:t§% ANd, 939N8¢ itpé%@an%a(r@nt conductive

rerrent resu or properties of conductiv

sHHEEkEé¥ei38bQﬂMeIhgvsgﬁéhBhﬁ%r@ébshéﬁgﬁreﬁ tBeng a
transparent conductive fil deposi ted using the

ph8tf 881 c3t ¥B8a JRASW Kt (FaBnd~ ddhbe & eddpd KB n Keiki

The transparency of the patterned 10 el ectrode 118
cét | anspar eneyratnd v@yel engtdy of Tﬁéqn@mumsenﬂeaéstflesis are

and found to be 89% The work function of the
shoanspareableonductive film 112 of the conductive
“multilayer body 136 after UV cl eaning was neasured

usi ngTize ptelopéakt onnthe paot fase afe theABat'terned electrode
-manufactured by Ri ken Keiki Co., Ltd.) and 15 found to

1D8 9 nedsulied measgr eneiRs r eds bsrasel showre inatiabMeB/SA”

2. The Ce3d peak on the surface of the patterned
(areetyadde 0f13B was Shp asas dd O%si ngharmodSirement meayiits are

the ratio "SB/ SA" area ratio of SB to SA) was 0.025.
alpe peauwlrefehdbiesdtts 20 are al so shown in Table 2.

' é 128] (4) Fabrication of organic EL device
[0121]

(4) Fabrication of organic EL device

As shown'in FIG. 5, the hole transporting layer 126,
organic emitting layer 128, electron injecting layer 130, and
catﬁode layer 132 were stacked in this order on the patterned
electrode 118 of fhe transparent conductive subetrate 138 in
the same manner as in Example 13 to obtain the organic EL device
134. The organic. EL device 134 corresponds to an example of
the organic electroluminescent device defined in the claims.
[0122]
(5)'Evaluation of organic EL device

ADCvoltage of 5.0 Vwas applied between the cathode layer
132 (negative electrode) and the transperent conductive film
112 (positive electrode) of the organic EL device 134.

The current density was 2.0 mA/cm?, and the luminance of

the organic EL device 134 was 160 nit (cd/m?). It was confirmed

that the color of light emitted from the organic EL device 134
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The hol e transporting |layer 126, organic emtting

| ayer 128, electron injecting |ayer 130, and cat hode

| ayer 132 were 25 stacked on the patterned el ectrode

118 of the conductive nultilayer body 136 in the sane
manner as in Exanple 13 to obtain the organic EL

devi ce 134. The organic EL device 134 58 corresponds

to an exanple of the organic el ectrol um nescent

wevipe defined in the claims. [0129] (5) Evaluation

of organic EL device 5 A DC voltage of 5. 0 V was

appl i ad Deieen 1tig, 69500481 baY & he L34a018: 'd‘éerce 134 was

el ectrode) and thetransparent “conduct’i ve fi

draesin iate seleplstade) d&frrté?ﬁ: Qfyan &A‘;‘zken@ev'w@eril%e Hfitial
current density was 1.0 mA/cnR, and the [ um nance of

vidl@ ag@y ganiiadilcad@d & k34anas the0vBiltageda#Rer 1000ABOUTsS
confirmed 10 that the color of light emtted fromthe

edegaridc iEL ideNicaeeli3dy Wasthkueolfsga diiabihktey (=v/v,) was
eval uation, the organic EL device 134 was driven at a
acomgtaddt asurlr.dnt of 10 mA/cnR. Wen the initia

voltage is indicated by Vo and the voltage after 1000
[Rd@Rd 15 el apsed is indicated by V, the voltage rise

rate (=V/Vo) was as small as 1.6. [0130] Exanple 16
Exgpppeegdrati on for production of transparent

conductive 20 substrateC%Preparatlon of target 4 An
(FhdPERPEXPEE OPoR@&r PTEd cioge QfolkdanSPargnte comfuct ive

ﬁ gg powder (each powder had an average particle
SHP§ ?EF dPrfPGﬁPtéPnI§§SFaW@ﬁ§ provi ded at such a

ratio_that ."In/(IntSn+Ce)" (ol ar ratio of indiun
was oA’éolndéHW(ﬁgﬁ%ﬁ@eyde(fnmzapcr griige powder, and cerium

oxide powder (each powder had an average particle diameter of
1 ym or less) were provided at such a ratlio that “In/ (In+Zn+Ce)”
{molar .ratio of indium) was 0.9, “Zn/ (jIn+Zn+Ce)” {molar ratio
of zinc) was 0.05, and “Ce/ (In+Zn+Ce)” (molar ratio of cerium)
was 0.05, and placed in a wet ball zﬁill container. The powders
placed in the wet ball mill container were mixed and ground for
7_2 hours to obtain a ground product.

The formed product was grénulated, press—-formed, and
fired in the same manner as in (1) of Example 13 to obtain a
target 3 for the transparent conductive film 112.

[0124]
(2} Production of conductive multilayer body

The glass substrate 110 similar to thaf used in Example
13 and the target 3 were placed in a vacuum container of an RF
sputtering device. The RF sputtéring device was oberated SO

that the degree of vacuum in the vacuum container was 5x107%
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25 of tin) was 0.05, and "Ce/ (I n+Sn+Ce)" (nolar ratio
of cerium was 0.05, and placed in a wet ball mll
contai ner. The powders placed in the wet ball ml]l
contai ner were m xed and ground for 59 72 hours to
obtain a ground product. The fornmed product was
granul ated, press-fornmed, and fired in the sane
manner as in (1) of Exanple 13 to obtain a target 4

B¢ oAl POACH: P aACHa A CorldSet e st Pave g vere
10983, subst ake 410, S ar Lo LhAl useduh BXAM G cering
an& e &

arge 4 Were place I'n a vacuum cont arner
PBhs o S L P B LR AR IR 000
' 10- 4
oSBT SO B B X0 P 20055080 050110, e

céﬁgbh@ﬁ&:nga@i@wEﬁe@gugtérfﬁ%i H GanN( LheShoMs; 4 D@ ressure

resulting glass substrate 10. nce only argon was

oQS@ﬂygéntmﬁ_tﬁ@”@ﬁﬁ@ﬁbr@hgt%%ssﬁ%%t%hbﬂ% 9&S Table 2.
i ntroduced into the vacuum I5 container, the partia

[pie53ure of oxygen was O Pa (Table 2). [0132]
Sputtering was perforned in the above-descri bed
at nosppret eeushagwahepéargeined ah ahteaperwatdescatibthe
gl ass substrate 110 in the vacuum contai ner of 200C,
atmogpketrei uspogeth20tawgplty 30ht1a0 tWhpamd tardepdsithicoylass
time of 14 mnutes. As a result, the transparent
seoatuat£vd X {h mhelvadaviepnd atimeskat €9 06€, Bilelant was power
formed.on the gl ass substrate 110 to obtain the
sepRdv el V@0 Wnand eagero pbliomn 36mepp Gl gt usemns Ashe result,
resul ting conductive nultilayer body 136. 25 [0133]
LR R 2P NE R BiGPTFYGh Haw i fig th 1117 BRWéBg afthiokpegs of 110

nn(l rtrr%tsalformed on the glass substrate 110 to obtain the conductive
multilayer body 136. FIG. 9(2) shows‘the resulting conductive
multilayer body 136. . |

[0126]

Then, the transparent conductive film 112 deposited on
the glass substrater 110 using the target 3 was etched to a width
of901nnusing§n1oxalicacidaqueoussolution. The transparent
conductive £ilm 112 patterned to a width of 90 ym lS hereinafter
called the patterned electrode 118.

The glass substréte 110 and the patterned electrode 118
are ﬁereinafter collectively called the conductive multilayer
body 136. The conductive multilayer body 136 corresponds to
an example 0f the conductive ﬁultilayer body defined in the
claims. | |

The conductive multilayer body 136 was subjected to
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film114) was forned on the transparent conductive
film112 in 60 an argon gas atnosphere using an M
target. FIG 9(3) shows the resulting nmetal film 114.
Then, the transparent conductive film 112 and the M
thin film2114 were etched using an aqueous sol ution
of potassium 5 hexacyanoferrate (I11) and sodi um
~hydroxide to formthe Mo thin netal wire 116 having a
i.dth of. 2 m.on .t he transparent onducti.ve film_.
bt SeRec S 8T gt SRR Bag P ABeER Lhif @itrogen
6. 1 S [ 5 4 ran nt
TESndbel s gene ety S a1 B £8EpA0 it e R RBREEC
ubiay3bhac! Do Langel 4ates gelched toa widih of 90 pm
usi ng an oxalrc acid aqueous solution to obtain the
(dapejpattern as in Exanple 13. The thin netal wre
116 and the transparent conductive film 112 fornmed by
(2P Mpatderdiiditt 2ESuleEaidaplepeelli b8W1 ¥8hiueRE e ING 1ayer
patterned electrode 118. The gl ass substrate 110 and
bblg patterned el ectrode 118 are hereinafter '
col lectively called the transparent conductive
substThtesp88ifTbertsanspacenbfconduciravie paubatr abdductive
138 20 corresponds to an exanple of the el ectrode
filbsitatdeposibad osagi chelextgot WBrwes aerdswdead emd foun
defined in the claims. FIG 9(5) shows the
torhaspaPehd ‘cénduct i Foesobsnspeeendd. oFhehkd patitierned
metal wire 116 forned by etching corresponds to an
ebrahppde biBt KeranspRrevrtiuetor weNVeAeddith oife S§0ainme. was
25 The transparent conductive substrate 138 was
ngappEetedndt SOUREr hSoREC 88ReanThy Yorksbprepypn of the
alcohol, dried in a nitrogen _gas (N2) atnosphere, and

LrpRSRaEeRbrcadns hvest 4 r%}%ﬁ?f the ‘conductive multilayer

body 136 after UV cleaning was measured ﬁsing a photoeleétron
spectroscope (MAC-1” manufactured by Riken Keiki Co., Ltd.} and
found to be 5.9 eV. The measurement results are shown in Table
2.

The Cezq peak on the surface of the patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA”
(area ratio of SB to SA) was 0.025. The measurement results
are also shown in Table 2. |
[0128] |
(4) Fabrication of organic EL dévice

The hole transporting layer 126, organic emitting layer

0128, electron injecting layer 130, and cathode layer 132 were

stacked on the patterned electrode 118 of the conductive
multilayer body 136 in the same manner as in Example 13 to obtain

the organic EL device 134. The organic EL device 134
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ultraviolet rays (UV) and ozone. [0135] (3)

Measurenment results for properties of transparent
conductive substrate 5 The specific resistance of the
transparent conductive film 112 deposited using the

target 4 was neasured and found to be 5.0x10-4 0-cm

The transparency of the patterned electrode 118
(transparency at a wavel ength of 550 nn) was neasured

f to _be 899 rk,fu i_on _of . '

BPEreBiidn SeofnetbuR e I Trs"SFoeRd ot paRESablypinescent
AE9REUCLLYEncSUBR! EALCIEG @l er LV cleaning was
nmeasured using a photoelectron spectroscope ("ACI
(fapyfactured by Riken Keiki Co. , Ltd.) and found to

be 56 eV. The neasurenent results are shown in Table

(@f t9aThstE8ddopekqanikhersuetaee of the patterned

el ectrode 118 was neasured using an XPS. As a result,

the rRDCvOBBAGAGE § 20 Faws aipD 19k dS et Pe SN NWOSa O O3 1ayer
The neasurenent results are also shown in Table 2.
1821386¢gallvé Q1 &ebroga) | omd AfhongatispdderdedtRiRT ive film
shown in FIG 5, the hole transporting |ayer 126,
1v2gapbsienvet ehgetaypde) 128, thkeotryanicnEectiengckayéd .

130, and cathode |ayer 132 were stacked on the
That ¢er nedt eflens togewdd 81 . 0fmA hemi,r amspabentl undmamets wef the
substrate 138 in this order in 25 the same nmanner as
orgamkanpledasiced bbé avast he0 onjanicd Br®)devilte wag3gonfirmed
The organic EL device 134 corresponds to an exanpl e of
thae Gigasilerepéctiohtimmdstettinpayitbe degpndd Fln dewice 134
~claims. 62 (0137] (5) Evaluation of organic EL '

wap\iptige -

As a durability evaluation, the organic EL device i34 was
driven at a constant cufrent of 10 mA/cm®. _When'the initial
voltage is indicated by Vg and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/Vy) was
as small as 1.6. |
£0130]

Example 16

{1} Preparation for production of transparent conductive

substrate (preparation 6f target 4)
Anindiumoxidepowder,tinoxidepoﬁder,andceriwnoxide

powder (each poWder had an average particle diameter of 1 um

- or less) were provided at such a ratio that “In/(In+Sn+Ce)”

(molar ratio of indium) was 0.90, “Sn/(In+Sn+Ce)” (molar ratico
of tin) was 0.05, and “Ce/(In+Sn+Ce)” (molar ratio of cerium)
was 0.05, and placed in a wet ball mill container. The powders

placed in the wet ball mill container were mixed and ground for
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A DC voltage of 5. 0 V was applied between the cathode
| ayer 132 (negative electrode) and the transparent
conductive film 5 112 (positive el ectrode) of the
organi ¢ EL device 134. The current density was 2.0

mA/ cn2, and the |um nance of the organic EL device
134 was 141 nit (cd/n2) . It was eonfirnmed that the
color of light emtted fromthe organic EL device 134

7%65 bl e ¢ & 1%%@%1% %uﬁfydﬂé L¥alyation, the organic

EVI ce en a a constant current of 10

my C”%heV\'%%E}mEBeg'rBth%' wa‘éog ﬂ%l‘a%e'dndg‘iéggdfelfmgg, and
and the voltage after 1000 hours elapsed is indicated

f*i)fe\é hh%h‘éoﬁhﬁgemﬁhﬁgrr ateifh= Viyoéf@amﬁﬁe sildo &btain a
.7. 15 (0138] Exanple 17 (1) Preparation for

tralfc@_;@ttc Ui @ rofhiel aRsRRRRHenGORGHAINE veS IS At .
(preparation of target 5) An indi um oxi de powder,

[pilagQni um oxi de powder, and 20 cerium oxi de powder

(each powder had an average particle dianmeter of 1 pm

(@) . Pesguctebe provtirdadpalresitiCtohduaitive kabstrate
“In/ (I ntzZr+Ce)" (rmolar ratio of indium was 0.9,

"Zr | (TheZg¥&Led "sy ot mate dtli (o sdmidianc dpi thit wased.i0b5 Example
and "Ce/(In+zZr+Ce)" (nolar ratio of cerium was 0.05,
langng| thed2®dh 4aveee phétedi in xowcaiuveconthgner of an RF
powders placed in the wet ball mll container were
SRI%EGTARY geudAe-f ofhg RAcipat torbnd ddeviee gfasurmperated so

roduct. 63 The fornmed product was granul at ed, -
Eﬁgs§hﬁoﬂﬁ§aeeaﬁa VEFHER iR £he ¥aFBURRRABEAABErnweg)5%10

of Ex le 13 to obtain a target 5 for the
PRy anBpet E9RD CHHUUEE S8 FPARCEERLAE8158¢ vacuun container so

that the sputtering pressure was 0.1 Pa. FIG. 9(1) shows the
resulting glass substrate 10. Since only argon was used as the
component of the sputtering gas introduced into the vacuum
container, the partial pressure of oxygén was 0 Pa (Table 2).
[0132]

Sputtering was performed in the above-described
étmosph-ere using the target 4 at a temperature of the‘glass
substrate 110 in the vacuum container of 200°C, an electric power
supply of 100 W, and a deposition time of 14 minutes. As a result,
the transparent conductive film 112 having a thickness of 110
nm was formed on the glass substrate 110 to obtain the conductive
multilayer body 136.  FIG. 9(2) shows the resulting conductive
multilayer body 136.

[0133]
Then, an Mo thin £ilm having a thickness of 120 nm (metal

film 114) was formed on the transparent conductirve film 112 in
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5 (2) Production of transparent conductive substrate
The gl ass substrate 110 simlar to that used in
Exanple 13 and the target 5 were placed in a vacuum
contai ner of an RF sputtering device. The RF
sputtering device was operated so that the degree of
vacuum in the vacuum cont ai ner was 5X10-4 10 Pa, and
argon gas was introduced into the vacuum contai ner so

h h [ .1 _Pa.  FI 1
ThGS The Ty e HI are L6 i Tt -subLEt o ) shows
4110 ds_.t I f the t t
i ST R e AHEE% m * i nce oty ar gon vas

d h : eri .
use & etﬁ?g@fﬁ%al%né I&%n%l%%:tl%ré f?%éﬁplngg{lglthe Mo thin

“introduced I'n acuum cont al ner,

. 0 Pa (T .
AN&e SU £ wége %@%ﬁ%}’%&% &h (a@%@u;)soi%ftgledof potassium

Sputtering was p n the ove- descr

S MY (The itﬁ@ &3 & hgdteapPeL I ESrRftHd B0 thi
gl ass 20 substrate 110 in the vacuum contai ner of -

meQG, wa-elerd Mo Reye! WwupiH Yo ©23 G Wn atKk & ransparent
deposition time of 14 mnutes. As a result, the
domansparentigantduet i vierdJ o4l 12hbayi tige adduleimesshoh metal
110 nmwas formed on the gl ass substrate 110 to

wdhteailrt @.he conductive multilayer body.136. FIG 9(2)

shows the resulting conductive 25 multilayer body

(036841 0141] Then, a Cr thin filmhaving a thickness of

120 nm (nmetal 64 film 114) was forned on the

t r anspar showoohduETGve2b) m the tnanapagegoncgaductive film
at nrosphere using a O target. FIG 9(3) shows the
ligsdeppagtadten thg mlass sapebrated kG yadpardm target 4 was
conductive film 112 and the Cr thin. 5 film 114 were ,
SSCERENT AT HEORR afACous Wolng pancstl AfsHidiAfiEgPHE solution

nitrate and perchloric acid s¢ that the width of the
tRe PRt adny e same pattern as in Example 13. The thin metal

wire 116 and the transparent conductive film 112 formed by

patterning are hereihafter collectively calle.d the patterned
electrode 118.

The glass substrate 110 and the patterned electrode 118
are hereinafter collectively called the transparent conductive

substrate 138. The transparent conductive substrate 138

correéponds to an example of the electrode substrate for an

organic electroluminescent device defined in the claims. FIG,
9(5) shows the transparent conductive substrate 138. The Mo
thin metal Wire 116 formed by etchihg corr.esponds to an example
of the metal conductor defined in the claims.

The transparent conductive substrate 138 was subjected
toultrasonic cleaning in isopropyl alcohol, dried in a nitrogen

gas (N;) atmosphere, and cleaned for 10 minutes using
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- 114 was 20 pmto formthe C thin nmetal wire 116 on

the transparent conductive film112. FIG 9(4) shows
the resulting thin netal wre 116. 10 [01421 As shown
in FIG 9(5), the transparent conductive film 112
deposited on the glass substrate 110 using the target
5 was etched to a wwdth of 90 pmusing an oxalic acid
aqueous solution to obtain the sane pattern as in
3. The thin netal 15 wire 116 and the

le‘ﬁ’a‘?tft Ié%}ﬁ%iu&[twbea’?‘?l %912 forned by patterning
@%%rer einafter collectively called the patterned

B ode 118. The gl ass substrate 110 and the

08 AR ?%%218%5?@%@ HRhRIThe e 0t ChpcPrafEbAiEY

U}nggﬂ\?@atf uctive substrate 138 corresponds

to an exa e el ectrode substrate for an

or g_an"l%eelsgécrlqél CsedH devieeefd ped b d e conductive
clainms. Fl 9(5 o e transparent conductive
Siubstirat ekl i che u@&ngt '%'hfé fE%.tr@JetV\w %a&lﬁeﬁeh%g B¥d found

et chi ng corresponds to an exanple of the netal

tehIo o= Oefi gedni n the @iﬁﬁéﬁ&argﬁ@ytéﬁnﬁl@@rﬁﬁterned
conductive substrate 138 was subjected to ultrasonic
edlerfrdtie | 118 SOPfOMdaBdtohdt drieeeldn@tii &f 098N nBb was
gas (N2) atnosphere, and cleaned for 10 m nutes using
méatsnanddblaatd riayemd W) B zon@8hd 43 furdtion of the
Measurenent results for properties of transparent 5
teenmdyetiarns: sobshucitioeTielmpEL? faft theststasperehttdenductive
transparent conductive film 112 deposited using the
stdprsdera t® ek raddsan iV anldedrourgl was measu0ed ousiingg m

The transparency of the patterned
photoelectron spectroscope (“AC-1” manufactured by Riken Keiki

Co., Ltd.) and found to be 5.6 eV. The measurement results are

shown in Table 2.

The Cesyq peak on the su_rf_ace of the patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA”
(area. ratio of 8B to SA) was 0.029.l The measurement results
are alslo shown in Table 2.
[0136] |
(4) Fabrication of organic EL device

As shown in FIG. 5, the hole transporting layer 126,
organic emitting layer 128, eleétron injecting layer 130, and
cathode layer 132 were staéked on the patterned electrode 118
of the transparent conductive substrate 138 in this order in
the same manner as in Example 13 t_d obtain the organic EL device
134. The organic Ei device 134 corresponds to an example of

the organic electroluminescent device defined in the claims.
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el ectrode 118 (transparency at a wavel ength of 550 nm

was 10 neasured and found to be 89% The work function

of the transparent conductive film 112 of the

transparent conductive substrate 138 after WV

cl eani ng was neasured using a photoelectron

spectroscope ("AC- 1" manufactured by R ken Keiki Co.

, Ltd.) and found to be 5. 6 eV. The neasurenent

{¢i§4ts are 1.5 shown in Table 2. The Ce3d peak on
Surface of the patterned el ectrode 118 was

BERISELEIOP 88 360 fS B Fbde 1o paiio SN

| t.S; I in_T . 014
oS e AR T80 53 A LN B 1aver
6 RGN UL 14 o ShgRRE SRR e in

ﬂl@yegpas%@tw & B ACKSEe PNy h&né’%&%{)ﬁf@ @Leg £ Pdg %1?.8

25 of the transparent conductive suUbstrate g8 1nt

order gir2 phh}%eﬁaﬂa_eﬂgmegrw@@ 2.1y RAERPE it 19 PBLRAk Rance of
the organic EL device '134. The organic EL device 134

teQF begRANESEL eled RXaAPlEPh 41661 ¢ N@dOTBRNI CIt was confirmed
el ectrol um nescent device defined in the clains.

ghk4She( 5p1 &y ab fidlight emiat@ganiteohltiien tgar PEL device 134
voltage of 5. 0 V was applied between the cathode

wWagydrlueds 132 (negative el ectrode) and the transparent
conductive film 112 (positive electrode) of the

or ganifs Eldudmliicel thB4vaThetdony eplhe densintiyc Basddvite 134 was
mA/ cn2, and the |um nance of the organic EL device
driyemast] 40 cens tegd mirrent ofas (codfiamfed Whemtthdeinitial
color of light emtted fromthe organic EL device 134

- vpd tRge plsydndicated by Vo and the voltage after 1000 hours

elapsed is indicated by V, the voltage rise rate (=V/Vy) was
as small as 1.7. |
[0138]
Example 17
(1) Preparation for production of transparent conductive
substrate_(preparatioﬂ of target 55 4

An indium oxide powder, zirconium oxide powder, and
cerium oxide powder (each powder had an average particle
diameter of 1 uym or less) were provided at such a ratio that
“In/(In+Zr+Ce)” {(molar ratio of indium) was 0.9,
“Zr/(In+Zr+Ce)” (molar ratio of zirconium) was 0.05, and
“Ce/ (In+Zr+Ce)” (molar ratio.of cerium)-was 0.05, and placed
in a wet ball mill container. The powders placed in the wet

ball mill container were mixed and ground for 72 hours to obtain

a ground product.
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As a durability evaluation, the organic EL device 134
was driven at a constant current of 10 mA/cnR2. Wen
the initial voltage is indicated by Vo and the

vol tage after 1000 hours. elapsed is indicated by V,
the voltage rise rate (=V/Vo) was 15 as small as 1.4.
[0146] Exanple 18 (1) Preparation for production of
transparent conductive substrate (preparation of

R i T D
<aVELogE DAL KCAE LAIEESCocly HETbPRAERRIS eSS gppetn -
PR offart il Shebed ns, I i B

[0fBbar ratio of 25 cerium was 0.05, and placed in a
wet ball mll container. The powders placed in the

(2et pRaklichibh egntapehwene @dﬁ%ﬁdﬁ@%e Fupsdher 72
hours to obtain a ground product. 67 The forned

pr oduthe Wgiba P§ 6o d o A8l 1A sfindigdd Bot BRasaiBed MBI ample
as in (1) of Exanple 13 to obtain a target 6 for the

1Brams pateniarepddcihere placedlih 4 @h4tum bofiRhiner of an RF
Production of transparent conductive substrate The
sghassrsnhsteat eell(Tise I agputor ¢ hidg udedi ¢an vx@ampexrated so
13 and the target 6 were placed in a vacuum cont ai ner
tbétabhh®Fdegpaet efi mgcdemi ¢e. tihevREusputbetangedevhee5x10™
was operated so that the degree of vacuumin the
P acajidh Txgmiges Wass 15%xrodgced bPatoable avgyomuympvesiner so
i ntroduced .into the vacuum container so that the -
thaht te i NP Prestng e we wag OFiIlGPag( 15¥IGhohel k Hhows the

resulting gl ass_substrate 110. Since only argon was
giRag gebstrfate 110. The glass substrate 110 corresponds to

an example of the transparent substrate defined in the claim.
Since only argon was used as the component of the sputtering
gas introduced into the vacuum container, the partial pressure
of oxygeh was 0 Pa (Table 2).

[0140]

Sputtering was performed in the above-described

atmosphere using the target 5 at a temperature of the glass
substrate 110 in the vacuum container of 200°C, an electric power

supply of 100 W, and a deposition time of 14 minutes. As a result,

the transparent conductive film 112 having a thickness of 110

nmwas formed on the glass substrate 110 to obtain the cqndﬁctive

‘multilayer body. 136. FIG. 9(2) shows the resulting conductive

‘multilayer body 136.

{0141]

"Then, a Cr thin film having a thickness of 120 nm (metal
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t he conponent of the sputtering gas introduced into

t he vacuum container, the partial pressure of oxygen
was 0 Pa (Table 3). 68 N viti N>nx " s oWro ' 4
.~~VvVovo"~-v OOoam,-~ztT.70cu) -Oro
ECNQ'" Ny" mOWIO L4 't Nri Nr-1ri WO HU
EOWOmMm UZ~AN H O 04 a v x- N.JI mto
.-1 00" d ,-l amNOOOZ U O ~7TOCON-0 -1

f%c_lerl?.‘l J4‘)_ )anfgl fogmé& 'b'nm:ltié tvyans%aor&}t %n%u&iNeUfW18ﬁ12 in

an argon gas atmosphere using a Cr target. FIG. 9(3) shows the
resuiting metal film 114.

Then, the transparent conductive £film 112 and the Cr thin
film 114 wére etched using an aqueous solution of ammonium ceric
nitrate and perchloric acid so that the width of the metal film
114 was 20 ymto forrﬁ the Cr fhin metal wire 116 on the transparent
conductive film 112. FIG. 9(4) shows the resulting thin metal
wire 116.

[0142]

As shown in FIG. 9(5}, the transparent conductive film
112 deposited on the glass substrate 110 using the target 5 was
etched to a width of 90 pym using an oxalic acid aqueous solution
to obtain the same pattern as in Example ‘1'3. The thin metal

wire 116 and the transparent conductive film 112 formed by

patterning are hereinafter collectively called the patterned

-electrode 118.

The glass substrate 110 and the patterned electrode 118
are hereinafter collectively célled the transparent conductive
substrate 138. The transparent conductive substrate 138
corresponds to an example of the electrode substrate for an
organic electroluminescent device defin’ed in the claims. FIG.
9(5) shows the transparent conductive substréte 138. The Cr
thin metal wire 116 formed by etching corresponds to an example
of the metal conductor defined in the claims.

The transparent conductive substrate 138 was subjected

toultrasonic cleaning in isopropyl alcohol, dried in a nitrogen
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VoOH>mM” "m ii Xotr'\ om0OOod, mO[AIOO
Nr--N4 Mp7 NOwmQp N b ro a .a 0,y N~
Nr-a- OOn~'-~-i torno QOZtr" o-~7o0iomm"
rn PaaCU-~-nooNmx WtoOamNti OCi '"-' - U
NE*r,CUro xwao E O mr .~i 000 OO Noio
00zo0 .01 -1000Qo a.CroNFCNOXx &g a" g.
NHNNti v O i..~Cf UOE Owav ~U C ro C-Nu
vu.~ >21voro0d2a . ,

gas (N2) atmosphere, and cleaned for 10 minutes using

ultraviclet rays (UV) and ozone.
[0143]
(3) Measurement results for properties of transparent
conductive substrate |

The specific resistance of the transparent conductive
film 112 deposited using the target 5 was measured and found
to be 5.0x10™ Q-cm. The transparency of the patterned
electrode llé (transparency at a wavelength of 550 nm) was

measured and found to be 89%. The work function of the

| transparent conductive film 112 of the transparent conductive

substrate 138 after UV cleaning was measured using a
phdtoelectronspectroscope(“AC—l”n@nufacturedkgrRikenKeiki
Co., Ltd.) and found to be 5.6 eV. The measurement results are
shown in Tablg 2.

The Cezy peak on the surface of the patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA”
(area ratio of SB to SA}) was 0.029. The measurement results
are also shown in Table 2.
[0144]
(4) Fabrication of organic EL device

As shown in FIG. 5, the hole transporting layer 126,
organic emitting layer 128, electron injecting layer 130, and

cathode layer 132 were stacked on the patterned electrode 118

. of the transparent conductive substrate 138 in this order in

the same manner as in Example 13 to obtain the organic EL device

134. The organic EL device 134 corresponds to an example of
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aEstv >WNowONvVv S4vv_C a (aTlLT O-.1
31 ~..~OEroEUN>® COG-HI4OwSNCUUYV
".~,~ro~_ ui CC CNNDO ro C O> Cmayv NNDO,
N NHb mroh NO-HO  Sa' H N N uom".0 > N
S1 > wOCto UWU SJ NOOO7-H,xCN i NG. C
OlOCGO4CHCaO - W-PNrl NCOoalU N'"-" x
'~ X4 xO0Ox '"H16 ves m-.1 v!iumw> NU-~ O0Oow
tge Hrgﬁglﬁ %}Lgﬁt&ngigeﬁcs?Qg_ geNﬁlc(:Wod%flryﬁgér?i%:f\cllaims.
[ 94%§ .uwW-HCOar.C v Sa 04 Ufi EE, E (a
E -tr 17 O roo'o u> -H-"~41 3{ NNmm 4J U v
1 a [R1491 Sputtering was

@2 ﬁggégggﬁghtﬁglggganlééscr#%ed' at nosphere using the

targeq & 8b1 RabEGACE D YY @?9 éfdﬁei weéHt?:(Hé' é&%h&é@ layer

in the vacuum Cont al ner an e ectric power

139PRh¥gAt 1 ¥80 YW capdaa) dgRasthé otf‘réﬂél?aﬁntldcd'ﬂcﬂ%teﬁve film
As a résult, the transparent conductive film1l

1havi @@sattlblecme&%r@aell%f rtnaé/\@%gfa@rl@egmme&ﬁe;egllaﬂs
substrat e 110 to obtain the conductive nultilayer

body TR6.cit£en®(@nsitonwashe . tasdf tmf)gaadnthetiveinance of
mul tilayer body 136.
the organic EL device 134 was 140 nit (cd/m?). It was confirmed
that the color of light emitted froﬁ the organic EL device 134
was blue,

As a durability evaluation, the organic EL device 134 was
driven at a constant current of 10 mA/cm”’. When the initia'l
voltage is indicated by Vo and the voltage after 1000 hours.
elapsed is indicated by V, the voltage rise rate (=V/Vp) was
as small as 1.4.

[0146]

Example 18

(1) Preparation for production of transparent conductive
substrate (preparation of target 6)

An indium oxide powder, gallium oxide powder, and cerium
oxide powder (gach powder had an average particle d_iametei“ of
1umor léss) were provided at such a ratioc that “In/ (IntGa+Ce)”

{molar ratio of indium) was 0.90, “Ga/(In+Ga+Ce)” (molar ratio

of gallium) was 0.05, and “Ce/(In+Gat+Ce)” (molar ratio of

cerium) was 0.05, and placed in a wet ball mill container. The

powders placed in thHe wet ball mill container were mixed and

ground for 72 hours to obtain a ground product.
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10 [0150) Then, the Mo (10 nm/A (100 nm/M (10 nm
metal film 114 was fornmed in an argon gas atnosphere
using an Mo target and an Al target. Then, the M
thin filmwas etched using an aqueous solution 15 of
pot assi um hexacyanoferrate (111) and sodi um hydroxi de,
and the Al thin filmwas etched using a phosphoric
acid-nitric acid acetic acid aqueous sol ution

oo ahel ﬁ | BBt dftts fifdareri ghi G 581 G e sane
m%xplﬁ@rt g% (:L / M%) E&Iéh%lgetl%lf\g %Jfé%% %ﬂ écarz]:%etz% for the

ransparen ondadt £
t&gﬁggg@%ggtcgggggggbge gl Lm a52 deposited using the
was et to a mn of 90 pm using an

[gggblc acid aqueous solutlon to obtain the sane
pattern as in Exanple 13. 25 The thin netal wire 116

.@mdP&Baut:r;@eﬁpeaeeetraﬁgpqgehttvcéohldu@t%% stigsedthy
patterning are hereinafter collectively called the

pat t ernedy Ba et 0ske ke 140 Fhaiidlaassostst naded kM0 Example
and the patterned el ectrode 118 are hereinafter

18ckh@citieralarqgeal bedetbeplaans pai envacQafUEbhY8iner of an RF
substrate 138. The transparent conductive substrate

spG@Btechngedponds. t ('lan Fex @l te caaf i ideledtiert wade operated so
substrate for an 5 organic el ectrol uni nescent device

theti ned dagrée of avasuudhin the/ Abthvbr thimbaimenl wasr&x10™*
116 forned by etching corresponds to an exanpl e of

Pa heantaig@ogdscwes detraddced ihtoctls maculire container so
transparent conductive substrate 138 was subjected to

thet r%ﬁ@@%%@qaﬁsmm@yp 3l Bahol EIG i%d )i shevws the
nitrogen 10 gas (N2) atnosphere, and cl eaned for 10

’—”%%%Fé%%%ﬁﬁ@s Fibabratetlys Finge andozdgen was used as

the component of the sputtering gas introduced into the vacuum

container, the partial pressure of oxygen was 0 Pa (Table 3).
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[0152] (3) Measurenent results for properties of
transparent conductive substrate 15 The specific

resi stance of the transparent conductive film 112
deposited using the target 6 was neasured and found
to be 5.0X10-4 Qm The transparency of the patterned
el ectrode 118 (transparency at a wavel ength of 550 nm

was regstreg-ardoynrgto—be—pote—Fhe—werkureii-o1
of the 20 tr¥n dafent cdnductivyel fi|m 112 ot |t he @
trangparent ¢onductd ye| |substratieclBg affgr|Uv z
cl eaft iy yas|2edsured, usi ag a éhgtaelg::rglqu o |olé
: . .
spectl @3cHpe [T[ARY 1 | pEuk acBur@d=h)e REKIEISKeI 1| Cos)s
Ltd. J2gnd folipd |t e B.| 6 |eV. | The feasu eﬁeﬂt resultfs;
are {SHown i Table 3.| 35 The Cei3& pdak jon {he shrf ack
of tpe pattefned el e¢trqde | 118 was| neasur|ed [usi hg an|,
XPS. | Asla re$uf i, {the yati o "ijbA' (area tatio| of |9
<
to Sﬁg)mvas 0i{H29. | The pgasur enent «r psul t /1 are alsqQ;
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132 (negative el ectrode) and the transparent
conductive film 15 112 (positive el ectrode) of the
organi c EL device 134. The current density was 2.0
mA/ cn2, and the |lum nance of the organic EL device
134 was 135 nit (cd/nR) It was confirned that the _
color of light emtted fromthe organic EL device 134
was blue. 20 As a durability evaluation, the organic
[Ekﬁ ﬁéice 134 was driven at a constant current of 10
cn2. When the initial voltage is indicated by Vo
and tB?u‘é%Ei‘ﬂ% ablehel0inbauns t8kaRERYd-AdsRdiitRied
by V, the voltage rise rate (=V/ Vo) was as small as

atmbspRerk033hg PRMIL Y ElhtPeRdnfd it fi of the glass

production of transparernt conductive 72 substrate

stipkeparati oniaft Kakaetuh)cditd i HBY @0 ode , poveeectti b power

oxi de powder, and cerium oxi de powder (each powder

shaglgnAvenageapard depesdi a6RtEMObE I minatesesAs a result,
were provided at such a ratio that "In/ (I n+Sn+Ce)" 5

theotasnspiirenof conduub) veasi On 90,2 h@viflgnaShkfekhess of 110

(molar ratio of tin) was 0.05, and "Ce/ (I n+Sn+Ce)"
nfnA aforaeidlomtheegiasy subasrates, 1 nd ghtacedthe conbictive
ball mll container. The powders placed in the wet ‘
mpaki laver kody didfer Wde M Xbdhawd §heungshbiingxronductive
hours to obtain_a ground product. 10 The forned
mglsddeyenabogdyadditat ed, press-formed, and fired in
the sane manner as in (1) of Exanple 13 to obtain a
[péﬁﬁét 7 for the transparent conductive film 112.
[ 0156 (2) Production of .transparent con tive ,
Subst Fapk: 16hardogt A8eB LAl rREES TiD Ay L0 AV gl Film

1E§egagnfg¥%gglsn an argon gas atmosphere using an Mo target

and an Al target. |
Then,fheb&nthinfilmwasetchedusingeniaqueoﬁssolution

of potassium hexacyanoferrate (IiI) and sodium hydroxide, and

the Al thin film was etched using a phosphoric acid-nitric

‘acid-acetic acid aqueous solution (phosphoric acid:nitric

acid:acetic acid = 16:1:1) so that the width of the metal film
114 was 20 pm to form the {Mo/Al/Mo) thin.metal wire 116 on the

transparent conductive film 112.

- [0151]

The transparent conductive film 112 deposited using the

rtarget 6 was etched to a width of 90 pm uéing an oxalic acid

aqueous solution to obtain the same pattern as in Example 13.

The thin metal wire 116 and the transparent conductive film 112
formed by patterning are hereinafter collectively called the

patterned electrode 118.
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13 and the target 7 were placed in a vacuum cont ai ner
of an RF sputtering device. The RF sputtering device
was operated so that the degree of vacuumin the
vacuum cont ai ner was 5x10-4 Pa, and argon gas and
oxygen (volume ratio was 80:20) were 20-introduced
into the vacuum contai ner so that the sputtering
pressure was 0.5 Pa. The partial pressure of oxygen

Subst PhEeTT185 SHRSLERTR oM CTPAERS BREFRENS T LRrTRRle 118
SR PR e oRE S i Eaadra YWiFBEapGadfne conauctive
TRieder 45 iR Sl pareh Lo B R R R R LB LBE g e

Jotecrehisr &8 AL St b ST RRF Hlfrdee for an

09%%9§k;EQQCEEBEEBEnéécgb?F&§§icéEﬂéEfﬁgﬂnﬂﬁ thkP8laims. The

transparent conductive m 112 having a thickness of

(B0 AIMMWas hii ar fRd 20Ny i he 94 8SBosHbS B RAld dHhd Rorresponds
obtain the conductive 5 multilayer body 136. G 9(2)

tohews eikRmpnes it ithe eRIGUCdorRiuddr idedieleddady thib.claims.
[0158] Then, an Al thin filmhaving a thickness of 120

nm (nehal trihbpatdd) wesdhotied eibiteate and3Parantsubijected
conductive film 112 in 10 an argon gas atnosphere
tosihgrasorilc taegetingMH Gl s8p3ppyhaviscoldle, teseltimg nitrogen
metal film 114. Then, the transparent conductive film

gas2 (Hpd ateosphate, f ahdh &ld4anedefetrch@dnisithgsausing
phosphoric acid-nitric acid-acetic acid aqueous
ugslraviienetpheyphdiive aesiddozeiner-i ¢ acid: acetic acid 15

= 16:1:1) so that the width of the netal film 114 was
(985G to formthe Al thin netal wire 116 on the
transparent conductive film112. FIG 9(4) shows the
(ﬁésﬁpgﬁﬁgemﬁpﬁ KECHL LR for1 pgoperties of transparent

conductive substrate

" The specific resistance of the transparent conductive
film 112 deposited using the target 6 was measured and found
to be 5.0x107% Q-cm. The transparency of the patterned
electrode 118 (transparency at a wavelength of 550 nm) was
measured and found to Be 90%. The work function of the
transparent conductiVe film 112 of the transparent conductive
substrate 138 aftexr UV cieaning was measured using a
photoelectron spectroscope (“AC-1” manufactured by Riken Keiki
Co., Ltd.) and found.torbe 5.6 eV. The measurement results are
shoWn in Table 3.

The Cess peak on the surface of the patterned electrode
118 was meaéured.using an XPS.- As a result, the ratio “SB/SA”

(area rétio of SB to SA) was 0.029. The measurement results
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[0159] As shown in FIG 9(5), the transparent
conductive film 20 112 deposited on the glass
substrate 110 using the target 7 was etched to a
wi dth of 90 pmusing an oxalic acid aqueous sol ution
to obtain the same pattern as in Exanple 13. The thin
nmetal . wire 116 and the transparent conductive film
112 fornmed by patterning are hereinafter collectively
called th atter 25 el ectrode 118. The gl ass
bt %éﬁﬁ r]Ite atterned el ectrode 118 are
@ﬁﬁgﬁnafter coIIectlver call ed the transparent

ctive 74 substrate 138. The transparent

fﬁﬁe%%ﬂ Vcea ét&gé?i‘%f C)CJ?Llr r& S to an lexan‘pl e of

el ec e su Str r an organlc
el ect el U S I ai
!5 SRIVIECCPBLLEON o8 Ly 0010 LAt B LS 2oy

e AR ebdin 1H§E@klﬁbrfa§é§ f?@nqgmpba%%%ﬁbngayer 132 were

corresponds to an exanpl e of the netal conductor

dAefdined 4 dihe gd@idmed el ddaRsRRrend soNdUCtd Mensparent
substrate 138 was subjected to ultrasonic cleaning in
datiatie ahedatdnizad i taini brageningebe (e manner as
at nosphere, and cl eaned for 10 m nutes using 10
il Exawmpokel 3 raysbCbVh and cazend.c EL0d6]cd 3)34. The organic
Measurenent results for properties of transparent
Hiorbhicitdey € B lestrrag spotitss spear | examgslies tahdgofotdmnic
transparent conductive 15 film 112 deposit-ed using
etlive tarlgeti ng swes) tnetesUiresl denfdi fesinidh tthee bl &5L00%10- 3

m The transparency of the patterned electrode 118
[ >dsparency at a wavel ength of 550 nm) was neasured
and found to be 89% The work function of the
&ﬁkuﬂﬁ%%qﬁﬁiQQNﬂﬁMQQQRP#qIﬁﬁ]ﬁ%?%ﬁethe t r anspar ent

conducti ve
A DCvoltage of 5.0 Vwas applied between the cathode layer

132 (hegative electrode) and the transparent conductive film

112 (positive electrode) of the organic EL device 134.

The current density was 2.0 mA/cm®, and the luminance of
the orgaﬁic:EI,device 134 was 135 nit (cd/n@)."It,was ¢onfirmed
that the color of light emitted fronlthe organic EL device 134
was blue.

As a durabiliﬁy evalﬁation, the organic EL device 134 was
driven at a constant current of 10 mA/cm?’. When the inifiél
Qoltage is indicated by Vp and the voltage after 1000 hours
elapsed is indicated by V, the letage rise rate (=V/Vy) was
as small as 1.4.

[0155]
Example 197

(i) Preparation for production of transparent conductive
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20 substrate 138 after UV cl eaning was neasured using
a photoel ectron spectroscope ("AC 1" manufactured by
Ri ken Keiki Co. , Ltd.) and found to be 5. 6 eV. The-
nmeasurenent results are shown in Table 3. The Ce3d
peak on the surface of the patterned el ectrode 25 118
was nmeasured using an XPS. As a result, the ratio

"SB/ SA" (area ratio of SBto SA) was 0.12. The

ble 3.
TR T AP AGk Fbro 6T C o9 & EL devi ce As <hown

FI -
o t i, Erab O e é%@@%?&#lifﬁ?é%?%ﬂfa"e  afgELiop oxide
t
e e ] S e e e W E e e of 1 vm
k381 ddy) tnm Or&videq the SR gﬂﬁ@@{o 3ghi# ‘Ei@)’fpiﬁtéﬁﬁc:e

to obtain the ‘'organic EL devi ce 34. The organic

GV £€ 1534 oCOF rasPands wh@ @nggxargq{/e B+sries or Qﬁl@'l‘ér ratio

el ectrol um nescent device defined in the clains.
d0162)) &ak Gvebyaihaenad/ orgesm-ecdl dendice AabCo of cerlum)

vol tage of 5.0 V was applied between the cathode | ayer
wk32 0( n6gasha e ledeed nade)weanbatlnemi I anspdieitier. The powders

conductive film 112 (positive el ectrode) of the
pdragaad dnBthelewdtc®alldmi 15 chhe ingewerdemskéy avas giobnd for
mA/ cn2, and the |lum nance of the organic EL device
23%honass 108 abttaircdd npjound tpyeduconfirmed that the
color of light emtted fromthe organic EL device 134
was biThe fagrmeddprassiudt wasy flngndlated heoxssfariern@d, and
device 134 was 20 driven at a constant current of 10 =
fachdn \Whén sepe Fﬁmﬁﬁélasvémtééé <53 EﬁéW@é?ea3b9°V@btaln a
and the vol ta%e after 1000 hours , ,
target 7 for the transparent conductive film 112.
[0156]
(2) Production of transparent conductive substrate

The glass substrate 110 similar to that used in Example
13 and the target 7 were placed in a vacuum container of an RF
sputtering device. The RF sputtering device was operated so
that the degree of vacuum in the vacuum container was 5x107
Pa, and argon gas and oxygden {(volume ratio was 80:20) were
introduced into the vacuum container so that the sputtering
pressure was 0.5 Pa. The partial pressure of oxygen was 0.1
Pa. FIG. 9(1)hshows the resulting glass substrate 110. The -
component ratio of the sputtering gas and the partial pressure
of oxygen in the sputtering gas are shown in Table 3.
[0157]

Sputtering was performed in the above-described

atmosphere using the target 7 at a temperature of the glass

73



10

15

20

25

el apsed is indicated by V, the voltage rise rate

- (=V/IVo) was as small as 1.9. [0163] 25 Conparative

Exanple 3 (1) Preparation for production of.
transparent conductive substrate (preparation of
target 8) 76 An indium oxi de powder and cerium oxi de
powder (each powder had an average particle dianeter
of 1 pmor Iess) were provided at such a ratio that

s'{%erytgz]a'%"écf% %@Rraﬁﬁh&no %tair%jf B@Z(YW oaﬁ) él@@gﬁlc power

I n+Ce molar ratio ceriu

sR2884 £ 1 03 Webnbad BeFﬁbl |1t9%ﬁttairﬁ]@6f ﬂ@ﬁlﬁﬁ%%r S As a result,
plracéed in the wet cont ai ner were m xed and

t%%oﬁﬂgnégéreﬁﬁ BQH&&cEQv@bfﬁlﬁ B DG PROEHEEXNnEBE of 110
formed product was granul ated, press-forned, and

ninl %£6l fioRmelitos e Frdesudstiratel])1 Of XML e th déhduct ive
obtain a 10 target 8 for the transparent conductive

mbillehlki2r 5046436 ( 2FTer.odyet i owd thieapapal enhg conductive
conductive substrate The gl ass substrate 110 sim |l ar
mxd ttilatyeuwrs &bdyn 1BGnpl e 13 and the target 8 were
pl aced in a vacuum contai ner of an RF 15 sputtering
[@8viBde. The RF sputtering device was operated so that
the degree of vacuumin the vacuum contai ner was
5x10_Z%Zhepa, amAdd &hdonf jhs haidirex pgehlckoeaseof ddilonpagretal
70:301 were introduced into the vacuum contai ner_so ]
fikm 1t he wpufoamesy onpk g spansparen's qﬁﬁldumfel%ﬁtlilﬂ‘l 112 in
pressure of oxygen was 0.15 20 Pa. FIG 9(1)_shows t
aPeéEEPPngaél§§§°§EB§FPaP§1?QOanTﬁé tééﬁﬁ%nen¥1$at?b3bf5hows

thi FREULp AP PeRERG lgda 4 d iéiown |n Tabl e 3. [0165]
Then, the transparent conductive f£ilm 112 and the metal
film 114 were etched using a phosphoric acid-nitric acid-acetic
acid aqueous solution {phosphoric acid:nitric acid:acetic acid
= 16:1:1) so that the width-of the metal film 114 was 20 um to
form the Al thin metal wire 116 on the transparent conducfive
film 112. FIG. 9(4) shows the resulting thin metal wire 116.
[0159] |
- As shown in FIG. 9(5), the transparent conductive film
112 deposited on the glass substrate 110 using the target 7 was
etched to a width of 90 ym using an oxalic acid aqueoué solution
to obtain the same pattern as in Example 13. The thin metal

wire 116 and the transparent conductive film 112 formed by

patterning are hereinafter collectively called the patterned

electrode 118.
The glass substrate 110 and the patterned electrode 118

are hereinafter collectively called the transparent conductive
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Sputtering was perforned in the above-described 25
at nosphere using the target 8 at a tenperature of the
gl ass substrate 110 in the vacuum contai ner of 200C,

“an electric power supply of 100 W and a deposition

time of 14 mnutes. As a result, 77 the transparent
conductive film 112 having a thickness of 110 nm was
formed on the gl ass substrate 110 to obtain the

SR g Loyt bR oL 90D bRt o
c Q‘%’Slp%?lfdél ttoh'a% fe'z!amgi%v'd@ &ﬁet RS LIs ke M Pe for an
net a i1m1.14) was fornmed on the transparent

o¢0RaUet & Vet b hintike L BenBHSF AU 482 n@RNDS RAGr 81 45HAY  FIG.
an Al target. FIG 9(3) shows the resulting neta

of(sh Mshdds tHeTheAnsphechtanspanent veosdustiryeef 1581 112he A1
and the netal film 114 were etched using a phosphoric

tAendn@t 41 W raCl 6 aESth&d bACLdcRINEAUS S PN to an example
(phosphoric acid: nitric acid: acetic acid = 16:1:1)
ofotheatnetthe woathcobrt ke fieleal ifn el aiass.20 j.imto

formthe Al thin netal wire 116 on the transparent

- condutheverdbspatent. d@ndEtGive (dbstowse t Tz8 nesulstilnipcted

thin nmetal wire 116. [0167] As shown in FIG 9(5),
tohel trasnypiar eheavonduot isepkiobml dlkdhiehodiried irsangitrogen
the target 8 was etched using an oxalic acid aqueous
ggsl ylebratmosipheare, t edsaheapadt épn 48 MAnEkE@ApHEinRg,

20 The thin netal wire 116 and the transparent
uébraverilee ravm 19¥) RSEMOEHE-patterning are

hereinafter collectively called the patterned

[gﬁégﬂrode 118. The gl ass substrate 110 and the

are hereinafter oIIective“y

ggt erned el ectrode %18 A
(241 VEASEREMPPANSHEFERT CORIBEPRTE t158 §Eb FPAEE A58
cghghc%gég gggg%rggg t ransparent conduct]ve

The specific resistance of the transparent conductive
film 112 deposited using the target 7 was measured and féund

to be 5.0x107° Q-cm. The transparency of the patterned

electrode 118 (transparency at a wavelength of 550 nm) was

measured and found to be 89%. The work function of the
transparent conductive film 112 of the transparent conductive
substrate 138 after UV cleaning was measured'using'a

photoelectron spectroscope (YAC-1” manufactured by Riken Keiki

Co., Ltd.) and found to be 5.6 eV. The measurement results are

shown in Table 3.

The Ce3zg peak on the surface of the patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA"
(aréa ratio of SB to SA) was 0.12. The measurement results are

also shown in Table 3.
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substrate .138. The transparent conductive substrate
138 was subjected 78 to ultrasonic cleaning in

i sopropyl alcohol, dried in a nitrogen gas (N2)

at nosphere, and cl eaned for 10 m nutes using
ultraviolet rays (UV) and ozone. [0168] 5 (93)
Measurenment results for properties of transparent
conductive substrate The specific resistance of the
ér?niparent conductive film 112 deposited using the
[P & t 8 was neasured and found to be 8.0x10-3 Qm

<%FEg;ﬁé%ﬁfsﬁ%ﬁ%f%aé%ﬁﬁ%ﬁg@ﬁ%%%‘?-géS o) vas. measur ed

89%. T, cLi :

CransPr ShtTRoRRuEtrest P 120" CRBPPakaR daver 12
oEGRHNELLNE cPUDSIIVLL 1580 BLESE LN £h58OL DM Ydver 130, and

asured using”d “photo€l’ectron spectroscop

cggﬂgﬁgcgggég_féé'ﬁé&%ﬂs%gh&kdléanhe ﬁéé&érﬁ%&’éﬂé&ﬁ%ﬁd& 118

he neasurenent results are shown in Table

o8- tibet L3¢ Peakt Ol decsivé ac@9frife PR tARINGA s order in

el ectrode 18 was neasured using an XPS. As a result, .

th8edn hAnnSB/ S4A'in £REAPB1EAL3 @ OELEBI h A Abryasil. Hi3device
The measurenent results are 20 also shown in Table 3,

130169 he (Wgdmaly iRlatdean of 1@ Pairddpdiaid oo An shewple of
in FIG 5, the hole transporting |ayer 126, organic

tledl dtgagi ¢ aybscti2dl url et cont | dgette e fayed iIBGheandaims.
25 cat hode | ayer 132 were stacked on the patterned
[@LeZirode 118 of the transparent conductive substrate
138 in this order in the same nmanner as in Exanple 13

($b Bhediatine ofgangenkc Bévidewice

ADCvoltage of 5.0 Vwas applied between the cathode layer
132 (negative electrode} and the transparent conductive film
112 (positive electrode) of the organic EL device 134.

The current denéity was 1.6 mA/cm?, and the luminance of
the organic EL device 134 was 108 nit (cd/n@). It was confirmed
that the color of light emitted from the organic EL device 134
was blue.

As a durability evaluation, the organic EL device 134 was
driven at a constant current of 10 mA/cm®. When the initial
voltage is indicated by Vy and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/Vy) was
as small as 1.9.
f0163]

Comparative Example 3

(1) Preparation for production of-transparent conductive

substrate (preparation of target 8)
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79 134. [0170] (5) Evaluation of organic EL device A
DC voltage of 5. 0 V was applied between the cathode
layer 5 132 (negative el ectrode) and the transparent
conductive film 112 (positive electrode) of the
organic EL device 134. The current density was 1.3

mA/ cn2, and the |um nance of the organic EL device
134 was 60 nit (cd/nﬂ) I't was confirned that the

col orA%bIlugqhkls% ur g;bl WOEL, tatpl% U 93N C O%Jh&egﬁo%e]rszl(each

10 was evaluation
4 t
PRRPRESSR T Es ly BERAT G B L ef0) v
%@ h@%h\é@ L JOOQ%J?;OU%/ fﬂr@f‘?’?’é?)d" i ﬁnam et of
e Vo tage rlse rate (=V/ Vo 15 as large

?al%mq wh81d1bs Q@@@(%@(amln%ldar( DatRicepar @i Pim) was

or production of transparent conductlve substrate
ol PBEPRNRAL ik Rfd tid] Getwed 120 1AM 1Ndi AHA txd rtker POWHEr powders
and tin oxide powder (each powder had an average
platkict e thamitepaol i Pmeconhthasesr were mioyd ded gabund for
such a ratio that "In/(I1n+Sn)" (nolar ratio of indiunm
T®asou@s9TcamthbtaSm & lgrthmd ‘priodalar. ratio of tin) was

0.05, and placed in a wet ball mll container. The
powdeTheplfacaed prickachetwads giraniu Latled ,c gutesisdionmeds and
m xed and ground for 72 hours to obtain a ground

fpredudn. tTke skoenmdnpeodast inaslyranuEsamdle 13 to obtain a

press-formed, and 80 fired in the same manner as in
taryesf SEfanpltéel 3 nagspiraing gonductive film 112.

{01le4]

(2) Production of transparent conductive substrate

The glass substrate 110 similar to that used in EXample ,
13 and the target 8 were placed in a vacuum container of an RF
sputtering device. | The RF sputtering device was operated so
that the degree of vacuum in the vacuum container was 5x107*

Pa, and argon gas and oxygen (volume ratio was 70:30) were

‘introduced into the vacuum container so that the sputtering

pressure was 0.5 Pa. The partial pressure of 'oxygen was 0.715‘
Pa. FIG. 9(1) shows the resulting glass substrate 110. The
component ratio of the sputtering gas and the partial prers‘sure
of oxygen in the sputtering gas are shown in Table 3.
[0165]

Sputtering was performed in the above-described
atmosphere using the target 8 at a temperature of the glass
substrate 110 in the vacuﬁm container of 200°C, an electric power

supply of 100 W, and a deposition time of 14 minutes. As aresult,
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target 9 for the transparent conductive film 112.
[0172] (2) Production of transparent conductive
substrate 5 The gl ass substrate 110 simlar to that
used in Exanple 13 and the target 9 were placed in a
vacuum cont ai ner of an RF sputtering device. The RF
sputtering device was operated so that the degree of
vacuum i n the vacuum contai ner was 5X10_ 4 Pa, and

tRE 9@9%%2%9%‘%%8 S e&‘céi’x?é uhe [ aaizohg@in%?'ﬁ ;@%%Eﬁgssl%f 110

Intro vacuum-contali ner So

n§%§ £64-08q J gﬁ%iﬂﬁ%ﬁ‘éﬁéﬁﬁaﬁrgﬁ 110 O Aln Pﬁé%%h‘xrdglct ive

f oxygen was ) 'shows the resultin

mE1 8382 5HPSIS R @ 310, pIBe g BRGRL £ A8 Os P {8 conductive
7 3

sputtering gas and the partial pressure of oxygen. in

m&b€i§99é£95689 gag_are shown in Table 3. 15 [0173]
Sputtering was perforned in the above-descri bed

(atgpegphere using the target 9 at a tenperature of the
gl ass substrate 110 in the vacuum contai ner of 200C,
an el Bgdfsij airpalethis upplny hak ihg0a Wh iadith@s €@y F03$20ir0n (metal
time of 14 mnutes. As a result, 20 the transparent
ftondulct) wa s ifbmmdiiZohastiend rantshiaciknessoatiutt@venfii vasl12 in
formed on the gl ass substrate 110 to obtain the
agondgel | yes auhdspagee bodyy 1836 AFItGr@£2) FHEMs AP shows
resulting conductive nultilayer body 136. [0174] 25
thgenesaht Ahgthiehali EmlmakiliAg a t hi ckness of 120 nm
(metal film 114) was forned on the transparent
conduheve Hhe mrensHarendn candortgas Alamsphérand dihgymetal
an A target. FIG 9(3) shows 81 the resulting netal )
£31imlfuergipdehachest pa s pAPERPOE bR Vel § T fFrafig-acetic
2 &0 iR TRt ey LT A et o1 Shed UThn9 A BROSPIA] € aciq

= 16:1:1) so that the width of the metal film 114 was 20 um to
form the Al thin metal wire 116 on the transparent conductive
film 112. FIG. 9(4) shows the resulting thin metal wire 116.
[0167]

As shown in FIG. 9(5), the transparent conductive film
112 deposited using the target 8 was etched using an oxalic acid

aqueous solution to obtain the same pattern as in Example 13.

The thin metal wire 116 and the transparent conductive film 112 -

formed by patterning are hereinaftér_collectively called the
patterned electrode 118.

The glass substrate 110 and the patterned electrode 118
arehereinaftercollectivelycélhajthetransparentconductive
substrate 138. FIG. 9(5) shows the transparent conductive
substréte 138.

The transparent conductive substrate 138 was subjected
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aci d aqueous sol ution (phosphoric acid: nitric acid:
acetic acid 5 = 16:1:1) so that the width of the netal
film11l4 was 20 pmto formthe Al thin nmetal wire 116
on the transparent conductive film112. FIG 9(4)
shows the resulting thin netal wire 116. [0175] As
shown in FIG 9(5), the transparent conductive film
10 112 deposited using the target 9 was etched using
[ £ sac] : j t frai : :
t@%i%%ﬂé6hﬁ§bﬂ%§§%%§gﬁié§8##ﬁg99aﬂ%dﬁ%l @ri@&:ﬁi itrogen

pattern as in thin netdl wre

ghBe () NSRS e FONAYGLY | c\!feélinﬁ‘in #d2 1(? %gﬁ@g uiieng

patterni ng are hereinafter collectively ed t

u@@kée&a@dteksgbrSde)léﬁd b20hBe gl ass substrate 110
and the patterned electrode 118 are hereinafter

[cokBectively called the transparent conductive

substrate 138. FIG 9(5) shows the transparent
(8pnHeatsiuvemestubgtralesld38r prépertianspar efbinsparent
conductive substrate 138 was subjected 20 to
cohtinasdmecsabetinang i n i sopropyl al cohol, dried in a

nitrogen gas (N2) atnosphere, and cl eaned for 10

m nut Bee uspa £l ¢ reesdbbancayst (th amansganent ¢Odd6¢tive

(3) Measurement results for properties of transparent
fepbuchhddepesl sedsising Uiee st iSc veess mepsngedomnthé&ound
transparent_.conductive film 112 deposited using the
Eedpget - O WRs Fe&dur eBhantirppapdrengy o6 bbeopekierped

Qxm The transparency of the patterned electrode 118
e%%?%ﬁ%%%r%%gy( FapsSRAveNekgeh BfWa%dlaRythast Refshmédwas
o_be 91% The rk functhﬁg:ff t he

and fouynd
MErankparent tonlactPveSt PPar 1 1% IHe HRursiRE et the
t%ﬁ%ﬁ%%%r\{ﬁ 3‘35 = ugcs’éir\% %iﬁ?nsliltztgf tll{\tla %lr%%rgpg%e\?ﬁsconductive
substrate 138 after UV cleaning was measured using a
photoelectronspectroscope(“AC—l”nmnufacturedkurRikénKeiki
Co., Ltd.) and found to be 4.9 e¢V. The measurement results are
shown in Table‘3.

_ The_Cekipeak on the surface of the patterned electrode
118 was measufed using an XPS. As a result, the ratio “SB/SA”
{area ratioc of SB ﬁorSA) was 0.13., The measurement results are
also shown in Table 3.

{0169]
(d) Fabrication of organic EL device

As shown in FIG. 5, the hole transporting layer 126,
organic emitting layer 128, electron injeéting layer 130, and
cathode layer 132 were stacked on the patterned electrode 118
of the transparent conductive substrate 138 in this order in

the same manner as in Exémple 13 to obtain the organic EL device
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phot oel ectron spectroscope ("AC 1" manufactured by

Ri ken Keiki Co. , Ltd.) and found to be 4.8 eV. The
measurenent results are shown in Table 3. Since the
transparent conductive film 112 did not contain Ce,
the XPS neasurenent was omtted. 10 [0177] (4)
Fabrication of organic EL device As shown in FIG 5,
the hole transporting |layer 126, organic enmtting
1kayer 128, electron injecting |ayer 130, and cathode
Fayer 132 were stacked on the patterned el ectrode 118
(b37@f; the transparent conductive substrate 138 in this
order in -the sane manner as in Exanple 13 to obtain

(%ﬁeEQ%Q%%EQOELp@e%kg%ni%S%ﬂjk@%%%b (5) Evaluation of
organi ¢ EL device 20 A DC voltage of 5. 0 V was

appl i gthdbebreggeidrescatngds dppialed BS2wbBRIM ¥&thode layer
el ectrode) and the transparent conductive film 112
1Bpoghkh¥eiokeet eedepdel Lhe Elgantindpdariav GonkBheLifRe film
current density was 1.4 mA/cn2, and the | um nance of

1tibe (poganiiecEeldetiree} 34 ash eS8 rigiah icc @intevickt 18ds
confirmed 25 that the color of light emtted fromthe

or ganibe Etuxiesncelcklity was bl denAAsmy dudabhéilyminance of
eval uation, the organic EL device 134 was 83 driven
the areamst &t deyricent 34fwad 60N ERHR(cAMEN .t hetiwds icainfirmed
voltage is indicated by Vo and the voltage after 1000
thetir she atdlpze@fi 4 iphdi emtebedyinem tthe pspaage Fhstevice 134
rate (=V/Vo) was 1.5. 5 [0179] Conparative Exanple 5
wg$) bpEgpar ati on for production of transparent

conductive L ) ) . _
As a durability evaluation, the organic EL device 134 was

driven at a constant current of 10 mA/cm?. When the initial

-voltage is indicated by Vo and the voltage after 1000 hours

elapsed 1is indicated-by V, the voltage rise rate (=V/Vp) was
as large as 3.0.

[0171]

Comparative Example-4

(1) Preparation for production of transparent conductive
substrate (preparation of target 9)

An indium.oxide powder and tin oxide powder (each powder
had an average particle diameter of 1 uym or less) were provided
at such a ratio that “In/(In+Sn)” (molar ratio of indium) was
0.95 and “Sn/ (In+Sn)” (molar ratio of tin} was 0.05, and placed
in a wet ball mill container. The powders placed in the wet
ball mill container were mixed and ground for 72 hours to obtain
é ground product.

The formed product was granulated, press-formed, and
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substrate (preparation of target 10) An indi um oxide
powder and zi nc oxi de powder (each powder 10 had an
average particle diameter of 1 umor |less) were
provided at such a ratio that "In/(In+zZn)" (nolar
ratio of indium was 0.93 and "Zn/ (In+zZn) " (nolar
ratio of zinc) was 0.07, and placed in a wet ball

mll container. The powders placed in the wet bal
' ntai_ner i.xed _an un [ hoyrs t .
T AW SHSE R e 200 459000 EQLRTRnY gl heasn <

t%ﬁ ner%ggﬁ?h 6%§§%%8E¥§%%?§p%§4é§§§§iﬁnﬁiyhfgggbt 10

foar;oihe transparent conductive film 112. [0180] 20
[ Q . e

(2) Production of transparent conductive substrate The

(@) ass RS & fl k-5 JPd@int CIfficiused dub @l e

13 and the target 110 were placed in a vacuum

cont airher gRasaNsulet RUE L BT 0 NOintied € @0 TREtRAsed in Example
sputtering device was operated so that the degree of
13aandnthe ddwysacuu@reoplacaar ines vaimP cdhtBaneandf an RF
argon gas was introduced into the vacuum contai ner so
sphatetriags petvtieri.ngTheeRBusputasring @avidd Grad(dperated so
shows the resulting glass substrate 110. Since only
thagoheadegsed ad véstuume ivomrpensatcuoh chetspoeremiasg5x107*
gas introduced into the vacuum container, the partia

Par e38dr argPnogpgeanfaoxysea ((Fadlveed)rati01e 90:10) were
Sputtering was perforned in the above-described 5

15t kBEpRefe LhsPnGhenacauge cont adnes tsenpdiadt (e sirutering

| ass substrate 110 in the vacuum contai ner of 200C,

PLRSEHEELFRE Doheld: sTHS Past irdorvesangeacfeperdengras 0.01

t he transparent

Pondit1 va ] 1T Haoi FeraLtHeIpiass of Sakbratin WG The

céﬁégﬁg{l?c%é@fo %fa%%esgga££g}:len%1<§ast %n%%ﬁianpépgialpress_ur'e _
of oxygen. in the Sputtering gas are shown in Table 3.
[0173]

Sputtering was performed in the above-described
atmosphere using the target 9 at a temperature of the glass
substrate 110 in the vacuum container of 200°C, an electric power
supply of 100 W, and a deposition timerof 14 minutes. As a result,
the transparent conductive film 112 having a.thickness of 110
nm was formed on the glass substrate-llo to obtain the conductive
multilayer body 136. FIG. 9(2) shows the resulting conductive
multilayer body 136.

[0174]
Then, an Al thin film having a thidkness of 120 nm (metal

film 114} was formed on the transparent conductive film 112 in

an argon gas atmosphere using an Al target. FIG. 9(3) shows
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10 nul tilayer body 136. FIG 9(2) shows the resulting
conductive nultilayer body 136. [0182] Then, an Al
thin filmhaving a thickness of 120 nm (nmetal film

114) was fornmed in an argon gas atnosphere using an Al
target. 15 FIG 9(3) shows the resulting netal film

114. Then, the transparent conductive film 112 and the
netal film 114 were etched using a phosphoric

ci d- 1 14rJ . | d-aceti j d aqueous sol ution
t?‘ﬁgrse&%qulglﬁﬁ%aa% ‘JLrlﬁTé g%%'d: acetic acid =.16:1:1)"

so th he,wi.d ' :

20 fo?#ﬁ%ﬁetgk %E?ngﬁé gPE§%§%d§€ f%%l¢H%@?f§ﬂ$%§?§§§ metal
ﬁ%‘?{gY%'@éere Etl::ﬁbgill.?sn’i:%g‘gpl% hSPOVE e ni@Syld 488d-acetic
thin nmetal wre 116. [0183] shown in FIG 9(5),
diey aaagéﬁgrs%ltu&%}quhb%ghblrli@ adil®: Kepest bed disided ic acid
the target 10 was etched using an oxalic 25 acid
=2q6eQys )SebUthoh t19e Ghtait dihehsamBrRat £ EIM BS54 iWds 20 pm to
Exanpl e 13. The thin netal wre 116 and the
floransper Bt teOndusta veritd M16lbad thenedahyppachersonguctive
are hereinafter collectively called 85 .the patterned
fallectli@de E18. Th4) gdlaswes sths trremtud tlity ahdnt hetal wire 116.
patterned el ectrode 118 are hereinafter collectively
[@dl15dd the transparent conductive substrate 138. FIG

9(5) shows the transparent conductive 5 substrate

138. Hmeshednspar EAG. c8h8lct the sudssparent3gopdyctive film
subjected to ultrasonic cleaning in _isopropyl ] _
1di2cdappsibedatpbing shei tabgeh ¢ vas quenedhurbiphat ©xadag acid
cl eaned for 10 m nutes using ultraviolet rays, (UVY) and
agpisivats SedufaeBafo(dptRbRstire mAfte PedHF £S5y 10 Example 13.

r [ f tran ren
f%eogﬁgﬁlﬁg%éﬁ w&r% ffgﬂéh&'the'transparent conductive film 112

fotmed by patterning are hereinafter collectively called the
patterned electrode 118.

The glass substrate 110 and thé patterned electrode 118
arehereinaftercollectivelycallédthetzansParentCOnductive
substrate 138. FIG. 9(5) shows the transparent conductive
substrate 138.

The transparent conductive substrate 138 was subjected
toultrasoniccleaniﬁgleisopropyialcéhol,driedelanitrogen
gas (N} atmosphere, and cleaned fér 107minutes using
ultravioclet rays (UV) and ozone. |
[0176]

(3) Measurement results for properties of transparent
conductive substrate

The specific resistance of the transparent conductive

film 112 deposited using the target 9 was measured and found
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conductive substrate The specific resistance of the
transparent conductive film 112 deposited using the
target 10 was neasured and found 15 to be 4.0x10-4
Qxm The transparency of the patterned el ectrode 118
(transparency at a wavel ength of 550 nm was neasured
and found to be 89% The work function of the
transparent conductive film 112 of the transparent

rrg;bgeﬂ%dd/usfﬁgez&ﬁo S%o? ﬁaa r%%e%pyeccfrosco\plj@ast(teﬁ@?d

b
{%Hf 9 e\}e'chTh()é:Llrgea urerreéé% tesul T %J%%nﬁ}ﬂo%)%t& was
i Eeeh S GRUde dd MSRAEN! RNGUE YanLHiBnl b2 the

did not contain Ce, the XPS neasurenent was omtted

t(l‘b)ﬂsﬁ:%@ér&akbﬁﬂu@ftl%gﬁﬂlﬁ Ho Qlﬁ‘”tﬁg £PahSpSPaNE d‘dhductlve
FIG 5, the hole transporting layer 126, organic

SIPSIddt®: 1Berarked Bl eoldahid dqu&cé i s Aerdidly and
cat hode | ayer 132 were stacked on the patterned

peioaﬁierlmrblﬁsp%tﬁbs&bpet raspar Rehueeaduebdey Riken Keiki
substrate 138 in this order in the sane manner as in '

Cexagnptd. 13rid folhal ot 4Q18gaiil ¢ Hie devisteemndst £8380ts are
5 (5) Evaluation of organic EL device A DC vol tage of
sho@rVivwa§abppel Bed HEteoeenhe heramspmdent ayerdudi3Pve £ilm 112
(negative electrode) and the transparent conductive

dfiid motl rentedsi Ceve tdlee ¢tHS da sofransa tomganicgirited.

device 134. The current density was 1.4 mAcn2, and

[OAd 7Jumi nance of 10 the organic EL device 134 was 90

nit (cd/m2) . It was confirned that the color of.

() gfeberkiceté @0 PEmomgengiydi derlicfevi ce 134 was

bl ue. dur abi || ty %val yation, the organic EL
devi Céslggo%asln the hole transporting layer 126,

organic emitting layer 128, electron injecting layer 130, and
cathode layer 132 were stacked on the patterned electrode 118
of the transparent conductive su};‘Jstrate 138 in this order in
the same manner as in Example 13 to obtain the organic EL device
134.
[0178]
(5) Evaluation of organic EL device

ADC voitage of 5.0 Vwas applied between the cathode layer

132 (negative electrode) and the transparent conductive film

112 (positive electrode) of the organic EL device 134.

The current density was 1.4 mA/cn®, and the luminance of
the organic EL device 134 was 80 Vnit (cd/m?). It was confirmed
that the color Qf light émitted f}:om the organic EL device 134.
was blue. | |

As a durability evaluation, the organic EL device 134 was
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driven at a constant current of 10 mA& cnR. \Wen the
initial 15 voltage is indicated by Vo and the voltage
after 1000 hours el apsed is indicated by V, the
voltage rise rate (=V/ Vo) was 1.5. [0186] Third

I nvention 20 Exanple 20 An organic EL device shown in
FIG 8 was fabricated according to the follow ng

net hod. As the substrate 91, glass having a thickness

%tli%e&' o "\@éné‘é&g% S Y@se A5POSH LeM/ Qe t h@héﬂbﬁhéaiﬁitial
by sputtering as e anode | ayer 92 1o a
'%%%%%@?stoinégcﬁﬂédT%g ?% ‘Hhé“%éih%&evﬁﬁteﬁcﬁooo hours

ed was subj ect ul trasoni ¢ cl®ani ng
I b I

B O e B P P st s T /v was
uldrasonic cleaning for five mnutes in-isopropyl
al cohol . [0187] The cl eaned substrate was secured on a
gubssyate holder 5 of a commercially avail abl e vacuum
deposi tion device (manufactured by ULVAC, Inc. Ltd.).
Qoniyd wdhdensinExaspBé i ¥e  heating boat was charged with
200 nmg of
N, IN Bk goheatyl o\, £ ¢ lpsedBetevhyd Hhenghdpd teit - bopheayive
)-4,4 '-diamne (hereinafter called "TPDA"). Another
T ik n{ e pasd Sidveo hetbarggt bb&l was charged with
200 of 4,4'-(2,2-di phenyl vinyl) bi phenyl _
( her eiflaipdi uBad R iede POBRYE aRd THa1praddaerrovdst deadmepowder
vacuum chanber was reduced to |x10-4 Pa. [0188] 15 _
Itk apeayeFage RasdtiHg Baametiear EdL Wit AT AR waisre provided

heat e -
at such a ratio that “In/(In+Zn)” (molar ratio of indium) was

Q.93and“Zn/(In+Zn)”(molarratiocﬁfzinc)was0.0?,andpﬁaced
in a-wet ball mill gonﬁainer; The powders placed in the wet
ball mill container were mixed and ground for 72 hours to obtain
a ground product.

The formed product wa§ granulated, press-formed, and
fired in the same manner as in (1) of Example 13 to obtain a
target 10 for the transparent conductive film 112.
(01801 |
(2) Production of transparent conductive substrate

The glass substrate 110 similar to that used in Example .

13 and the target 110 were placed in a vacuum container of an

'RF sputtering device. The RF sputtering device was operated

so that the degree of vacuum in the vacuum container was 5x107*
Pa, and argon gas was introduced into the vacuum container so
that the sputtering pressure was 0.1 Pa. FIG. 9(1) shows the

resulting glass substrate 110. Since only argon was used as
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to 215 to 220C to deposit TPDA on'the gl ass substrate

on which C was deposited at a deposition rate of 0.1

to 0.3 rimsec to obtain the hole transporting | ayer

93 having a thickness of 60 nm The substrate

tenperature was set at roomtenperature 20 (about

25C) Then, the nol ybdenum resistive heating boat

charged with DPVBi was heated to 220C wi t hout
tHeTBYhBEALRE SEOHL g%%ttt%nggpgégtl@y@u@éah ®¢"Ph€ vacuum

transporting layer sitton rate o
g AHSEC th EQ&%‘lBlt B?e%ﬁi‘@'&f %ﬁ§<§(éﬁ‘gza|§beﬁa2?r%le 3).

having a 't hi ckhess of 40 nm The substrate tenperature
ag1iset at roomtenperature. [0189] 88 After renoving
the substrate on which the anode layer 92, the hole

t r anspeiiitRe indYy &fa 9 Pe ravanice ioF Gl Greid-idayddiaeey -
94 were deposited in this order as described above

aftirowphare wadumgnitharbegetalst atnhessmpéeetupasks iese glass

provided on the 5 emtting |ayer. The substrate was

stubvesrt regeul BO iont hd eacaulnstorat &l ndw bde2 0 04, nah yhdenuic power

resi stive heating boat was charged with 200 ng of an

sapphiynalOfel abedcadpbesitAbg:time of 14 minutes. As a result,

tris(8-quinolinol)alumnum, and installed in the

thec tuans@ackatbeprndufolee] £ikn hldidavgpat §dicﬁng§$e¢af 110

basket was charged with 8 g of a silver (Ag) ingot,

nwm%ééﬁ@mdr@@it | g suba§reset 1 10Ee @bﬂéﬁlb‘é@hw Qqndpctlve
of _a bisputh (Bi) ribbon, and anot her 15_nol ybdenum

mﬁéatll@é@rchaﬁgelaa@m t 15 -gO6R) ntfentes it FRERLE ARG Gronductive

i% i resiél;re i nsi de the vacuum chanber to
s Gﬁyé t charged with Alq was heated to
[%%9 by suppl yi ng :

‘Then,.an Al thin filnlhaviﬁg'a thickness of 120 nm (metal
film114) was formed in an argon gas atmosphere using an Al target.
FIG. 9(3} shows thé resulting metal film 114.

Then, the transparent conductive film 112 and the metal
film 114 were etched using a phosphoric acid-nitric acid-acetic
acid aqueous solution (phosphoric acid:nitric acid:acetic acid
=16:1:1) so that the width of the metal film 114 was 20 pm to
form the Al thin metal wire 116 on the transparent conductive
film 112. FIG. 9(4) shows the resulting thin metal wire 116.
[0183] |

As shown in FIG. 9(5), the transparent conductive film
112 deposited using the target 10 was etched using an oxalic
acid aqueous solution to obtain the same pattefn.és in Exampie
13. The thinmetal wire 116 and the transparent conductive £ilm

112 formed by patterning are hereinafter collectively called
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electricity to deposit Alq in a thickness of 20 rim at
a deposition rate of 0.3 nmsec to obtain the :

el ectron transporting layer 20 95. [0191] Then, Ag,
Bi, and My were codeposited at a deposition rate of 9

‘nmsec, 0. 8 nnmsec, and 0.2 nnfsec, respectively, to

obtain -an Ag-Bi-M deposited film having a thickness
of 2 nm (cathode 25 | ayer 96). The content .of Ag, Bi,

ﬁa}ﬂed I%R/erjﬁ@eh{ %%’f r}oﬁ%?elo\s fgsp\ggfr gerrgfg{ed(ra:?g 22 a
resul iy, ! gﬁa‘égnéﬁ étégq,/l@ rzi‘i’uﬁ ‘é’?%rﬁ%dl slectrode 118

respectiv

%Pe;ﬂé'r ;gajbi¥e§ IC ness %f‘y%g%lgﬁq{ﬁé)@ %nga‘i‘%%{.%éﬂd’@ctlve

er to at nmtoota| an organic
Flb APUGE SO pir Fb@B)Ssh%wEO%%%]t@ﬁﬁggd%%n%lddﬁdﬁ$tlve
and Conparative Exanples 6 to 8 An organic EL devi ce
Masstdalyd gadged in the same manner as in Exanple 20
except for changing the configuration of the cathode

| ayer Tas shewdphRehtbkendhcteve. stBskR493] 17Bewss gamfected
EL devices fabricated in Exanples 21 to 34 and

tGouparasontc Diagpliesy 6nticcprupyd gvaedhal pdirffied ihe nitrogen

conposition of the cathode | ayer, the standard

gavd dat) oatmedpbeiren patenileahedf feach Ometiamlutetsheising
optical 15 transparency of the cathode |layer, and the
drfeorimdrede raftre (Neswnd caaneshown in Tables 4 to 6.
The orgam c EL devices were evaluated according to
[{OH& 4ol | owi ng net hods.. (1) Standard

oxi dati on-reduction potentlal of nmetal A netal was

(FepdsaEeFeaerd leads U aronmiddres mf transparent

conductive substrate

The spgcific resistance of the transparent conductive
film 112 deposited using the target 10 was measured and féund
to be 4.0%x107* Q-cm. The transparency of the patterned
electrode 118 (transparency at a wavelength of 550 nm)} was
measured and found to be 89%. The work function of the
transparent conductive £film 112 of the transparent conductive
substrate 138 after UV cleaning was measufed using a
photoelectron spectroscope (M"AC-1” manufactured by Riken Keiki
Co., Ltd.) and found to be 4.9 V. The]neaSurement results are
shown in Table 3. Since the transparent-conductive film 112
did_not contain Ce, the XPS measurement was omitfed.
{{4) Fabrication of organic EL device

As shown in FIG. 5, the hole transporting layer 126,
organic emitting layer 128, electron.injecting,layer 130, and

cathode layer 132 were stacked on the patterned electrode 118
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20 conditions used when form ng the cathode in each
exanple. The resulting sanple was imersed in a 0.1M
lithium perchlorate aqueous solution connected with a
normal hydrogen electrode (half cell) through a salt

bri dge, and the potential was neasured using a

potenti ostat (manufactured by Hokuto Denko Co., 25

Ltd.). (2) Optical transparency of cathode |ayer A

' rovi L bstr ;

ol VTR RelTe B8k 2o 134 Th' Bhfy order in
t?ﬂa‘ ghgé@n laiedn E.%{dggileé |1§y1gt5 obitar( h8Mr ¢¥Bfic EL device

ornmed on the glass substrate by opening a shutter
fnly when depositing the cathode. The opti cal

transparency of the substrate with the deposited film
MAs sy nmeasured at a wavel ength of 380 to 780 nm usi ng

a spectrophotoneter ("UV-3100" manufactured by

Shi mazwa tCyrpIRtdaEni® My aldiates t he average opti cal

~transparency in this wavel ength region. (3) Lum nance

10 The dhivbilakgeunt 3a0ce wvak dfel Dey bee wakentisetthithgde layer
the current flow ng between the electrodes at 30

B dmgwdd viee adecedodaesi rgd” €8e 1008t spanant acondedt bye £ilm
Mnolta). (4) Lifetime.test The |um nance of the

1devi (e sdftiore edmdineoies) ydrtihd mprgarsia HL disaioee at34.
roomtenperature for 2000 hours under the condition

descr ThedoRAT Ry GRRsevalwaa dd 4 BY CEvalant the dpminance of
device deterioration The surface of the, device after _.
HgeOFERBLF el et qu | 3fadas ck BAFe 4CH B ¢ hd tsiae @nfirmed
he cat hode usi ng .an optical 20 m croscope . .
tﬁfﬁ&gﬁ Fi catPBRt g@)gntoe@efgrces& Ergr g 93 ith &L device 134
w%%p%iz%nce before and after the_ test.

As a durability evaluation, the organic EL device 134 was
driven at a constant current of 10 mA/cm?. When the initial
voltage is indicated by Vg and the voltage after 1000 hours
elapsed 1is indicated by V, the voltage rise rate (=V/Vy) was

1.5.
[0186]

Third Invention

Example 20

An organic EL device shown in FIG. 8 was fabricated

-according to the following method.

As the substrate 91, glass having a thickness of 1.1 mm

was used. Cr was deposited on the substrate 91 by sputtering

‘as the anode layer 92 to a thickness of 50 nm. The glass on

which Cr was deposited was subjected to ultrasonic cleaning for

five minutes in isopropyl alcohol, washed with pure water for
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(6) Eval uation The organic EL device was eval uated as
"Good" when the |lum nance after the lifetine test was
five tinmes the initial 25 |uminance and a change in
the nmetal el ectrode was not observed in the
deterioration evaluation, otherw se the organic EL
devi ce was evaluated as "Bad". 92 NNOOp ma NNZC
MWNOtTW.. ON'"OHN C.--i pCNoOOoONONDO

f Qv%‘r@.ntdt%% ,?/%Pg'thééi %Iu%}] eg:i:%bttio ﬁ%@raéoé%c gl\é’a%igg H)inf ive

mhh&%@%clﬂ léogiépQEValcohélH OtTa? NC .C w GA H
-1UO HN17MH %W

[@Jlg)m WWgW NMaNLPCG HOObNOOOWNN
I Mr-1 OUomNNDb~O0O EUr 2 WRo~0.CO

W2 1 W bandd tduddtdad dNiae MeBu¥eW W Q substrate holder
of a commercially available vacuum deposition device
(manufactured by ULVAC, Inc. Ltd.). A molybdenum resistive
heétingrboat was charged with 200 mg of
N, N’ -diphenyl-N, N’ ~bis~ {3-methylphenyl)- (1,1’ -biphenyl) -
’—diaﬁine (hereinafter called “TPDA”). Another molybdenum
resistive heating boat was charged with 200 mg of
4,4’—(2,2—diphenylvinyl)biphenyl {hereinafter called
“ﬁPVBi”). The pressure inside the vacuum chamber was reduced
to 1x107* Pa. |
[0188]

The resistive heating boat charged with TPDA was heated
to 215 to 220°C to deposit TPDA on the glass substrate on which
Cr was deposited at a depositiqn rate of 0.1 to 0.3 nm/sec to
obtaiq the hole transporting layer 93 having a thickness of 60
nm. The substrate temperature was set.at room temperature
(about 25°C) .

| Then, the molybdenum resistive heating béat charged with
DPVBi was heated to 220°C without removing the substrate to
deposit DPVBi oh the hole transporting layer 93 at a deposition
rate of 0.1 to 0.2 nm/sec to obtain the organic emitting layer
94 having'a fhickness of 40 nm. The substrate temperature was
set at room temperaturé.

[0189)
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109 g selbit 8 ol Bl o i b0y o,
t%% nglilﬁ H%ﬁspg{tgﬁggﬁ%gﬁ_l Ié'n@ H‘le%) l\(%/é(fhlv? r't#%lttk%g layer
éhtweré]&éﬂéEfted in this order as descrlbed above from the
vacuum chamber, a stainless steel mask was provided on the
emitting layer. The substrate was then securedon the substrate
holder.

A molybdenum resistive heating boat was charged with 200
nmg of an aluminum chelate complex (Alg:
tris(8—quinoiinbl)aluminum), and installed in the vacuum
chamber.

[0190]

An alumina-coated tungsten basket was charged with 8 g

of a sil%er (Ag) ingot. A molybdenum resistive heating boat

was charged with 1 g of a bismuth (Bi} ribbon, and another

‘molybdenum boat was charged with 1 g of magnesium (Mg). After

reducing the pressure inside the vacuum chamber to 2x107* Pa,
the boat charged with Alg was heated to 290°C by supplying
eleétricity to deposit Alginathicknessof 20nmat a deposition
rate of 0.3 nm/sec to obtain the electron transporting layer
95.

fG191]

Then, Ag, Bi, and Mg were codeposited at a deposition‘rate
of 9 nm/sec, 0.8 nm/sec, and 0.2 nm/sec, respectively, to obtain
an Ag-Bi-Mg deposited £ilm having a thickness of 2 nm (cathode
layer 96). The content .of Ag, Bi, aﬁd Mg in the cathode layer
wés measured using an induétively coupled plasma spectrometer

(ICP). As a result, the content of Ag, Bi, and Mg was
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-HC ﬁ'ﬂi)&nWﬂ'O Iv:va% aebesated B¢ s%lﬁt%ﬂi%g[\la%otlgs trhrdparent
4 4J HOU a LOmi H E
conductive layer 97 to a thickness of 150 nm to obtain an organic
EL device shown in FIG. 8.
[0192]
Examples 21 to 34 and Comparative Examples 6 to 8

Bn organic EL device was fabricated in the same manner

as in Example 20 except for changing the configuration of the

cathode layer as shown in Tables 4 to 6.

. [0183]

The organic EL devices fabricated in Examples 21 to 34
and Comparative Examples 6 to 8 were evaluated for the
éomposition of the cathode 'layer, the standard
oxidation-reduction potential of each metal, the optical
transparency of the cathode layer, and the performance. The
r-esults are shown in Tables 4 to 6. The organic EL devices were
evaluated according to the following methods.

(1) Standard oxidation-reduction potential of metal

A metal was deposited on a glass substréte under the
conditions used when forming the cathode in each example. The
resulting sample was immersed in a 0.1M lithium perch_lorat_e
agueous sclution connected with a‘normal hydrogen electrode
(half cell) through a salt bridge, and the potential was
measured using a potentiostat (manufactured by Hokuto Denko Co.,
Ltd.}.

(2} Optical transparency of cathode layer

A glass substrate was provided near an EL substrate holder
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when forming the organic EL device, and an Ag-Bi-Mg deposited
single-layer film (2 nm) was formed on the glass substrate by
opening a shutter only when depositing the cathode. Thecmmical
transparency of the substrate with the deposited film was
measured at a wavelength of 380 to 780 nm using a
spectrophotometer (“UV-3100” manufactured by Shimadzu
Corporation) to evaluate the average optical transparency in
this wavelength region.

(3} Luminance -

The initial luminance of the device when setting the
current flowing between the ele-ctrodes at 30 mA/cm? was measured
using “CS;1000” (manufactured by Minolta). V
(4) Lifetime test

The luminance of the device after continuously driving
the device at room temperature for 2000 hours under the
condition described in (3) was evaluated. |
(3) Evaluation of device detefioration

The surface of the device after the lifetime test (4) was

observed from the side of the cathode using an optical

microscope (magnificatioﬁ: 20) to evaluate a change in the
appearance before and after the test.
(6) Evéluation

The organic EL device was evéluated as “Good” when the
luminance after the lifetime test was five times the initial
luminance and a change in the metal electrode was not observed
in the deterioration evaluation, otherwise the orgaﬁic EL

device was evaluated as “Bad”.
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Om V] ;Cma) CUUEO3NNCNH IOW v UCC
a roUuUl az C [0197] As is clear fromthe
results shown in Tables 4 to 6, it was confirnmed that
the organic EL devices according to the invention
exhibit inproved lifetinme in conparison with the 5

deviges—pi—-the—ept exanpl es since
det er|i ¢ratji on| of |t cat hode | ayer is prevented.
I NDUSTRI AL APPLI CA TY [7U0198] 10 The organic EL
_devigielahq the d|s accgyding to the invention can
be ed Ag consupgr a | ndustrial displays such as
di spd|ays| flor jport qbl e| te ejghones, PDAs, car navigation
systyhs.: JIOAi L ar k| IVS.S paick the like. 94 Clainms 1. A
condIEl 1.\ Tl T |yer | Sogy ‘tonprising: an’insul ative
trangpaterteosiubsiriate gnfl @ transparent conductive.
filmiforgd on the tr @s)alrt,}ent substrate, the
trar‘%parert conddt i vie“f Ir.jiicont ai ning an oxide
contdi nipg at| lepst ceripm (Ce), wherein, in a graph
showijng bilndijng energy ot [@n
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10

el ectron present in a cerium3d orbit on the surface
of the transparent conductive filmneasured by X-ray
phot oel ect ron spectroscopy, when SA represents the
total peak area of the binding energy between 877 eV
and 922 eV, and SB represents the total peak area of
the binding energy between 914 eV and 920 eV, SB/ SA
whi ch represents an area ratio of SB to SA satisfies
{he 7ol owing expression (1) SB/SA < 0.13 (1) 2. The
conductive multilayer body according to claim 1,

wher eing §hect EARSPARRNENE ORECE ¢ ¥ &HdWMiGPRERIRS alto 6, it
| east one netal elenment selected fromindium (In), tin

wash Joord iYenddMhatZ I THO W tiB {4 )EL, ash 0add | Abedfing to the
~cerium (Ce), and oxygen (0)., 3. A nethod for producing
ihRe R &xhi il trg reytedd - Dokt iade Gl dBrdpDfion with the
conprising: 95 0 form ng the transparent conductive
dieiviiroesy o £ St tcemipag aati ve paeinpak sps bssel ide tefrimnsgdomob £ the
0.1 Pa or less in a sputtering atnosphere. 4. An
celtdoideoda ysubsitsr gtreeviegrtegh, or gani ¢ el ectr ol um nescent

devi ce conprising: the conductive nultilayer body of
claiml or 2, and a netal conductor formed on the
conductive nultilayer body, the transparent
LRSI LA e AERLARGELLITY an organi c el ectrol uni nescent

| ayer. 5. An organic el ectrol um nescent device

[@d@¥di sing: the el ectrode substrate of claim4, and

an organic electrolum nescent |ayer, forned on th
e|ectggaeorgaﬁgprgpedevice and thg dispiay accordfng to the

invention can be used as consumer and industrial displays such
as displays for portable telephones, PDAs, car navigation

systems, monitors, TVs, and the like.
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6. An organic el ectrolum nescent device conprising:
the conductive nultilayer body of claim1 or 2, and
an organic el ectrolum nescent |ayer formed on the
conductive multilayer body. 96 0

Claims
1. A conductive multilayer body comprising:
an insulative transparent substrate and a

transparent conductive film formed on the transparent
substrate,

the transparent conductive £ilm containing an oxide
containing at least cerium (Ce),

wherein, in a graph showing binding energy of an
electron present in a cerium 3d orbit on the surface of
the transparent conductive film measured by X-ray
photoelectron spectroscopy, when SA represents the total
peak area of the binding energy between 877 eV and 922
eV, and SB represents the total peak area of the binding
energy between 914 eV and 920 eV, SB/SA which represents
an area ratio of SB to SA satisfies the following
expression (1)

SB/SA < 0.13 (1)

2. The conductive multilayer body according to claim
1, wherein the transparent conductive film contains at
least one metal element selected from indium (In), tin
(Sn), 2Zinc (Zn), zirconium (Zr), and gallium (Ga),

cerium {Ce), and oxygen (0).

3. 2 method for producing the conductive multilayer

body of claim 1 or 2, comprising:

95 ¢



forming the transparent conductive film by
sputtering at a partial pressure of oxygen of 0.1 Pa or

less in a sputtering atmosphere.

4. An electrode substrate for an organic
electroluminescent device comprising:
the conductive multilayer body of claim 1 or 2, and
a metal conductor formed on the conductive
multilayer body, the transparent conductive film driving

an organic electroluminescent layer.

5. An organic electroluminescent device comprising:
the electrode substrate of claim 4, and an organic
electroluminescent layer formed on the electrode

substrate.

6. An organic electroluminescent device comprising:
the conductive multilayer body of c¢laim 1 or 2, and
an organic electroluminescent layer formed on the

conductive multilayer body.
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