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

el ectrol um nescent (EL) device, a conductive

mul til ayer body, a nethod for 10 producing the
conductive nultilayer body, an electrode substrate
for an organic el ectrolum nescent device, and a

'.display. BACKGROUND ART CEsdrA®@3onAn organi ¢ EL devi ce

i ncl udes an anode, a cathode, and an emtting |ayer

pl aced between the anode and the cathode. The

emtting layer includes a | um nescent nedium |l ayer

Ohigi#dH CeBLESTROLYMEI NEBAGENT deftiii Fha CONDUGT INGl MSLTILAYER BODY,
supplied fromthe anode and 20 el ectrons supplied from

the cathode.' A hole inj&dtd Af3Pap&r and a hole
transporting | ayer are generally provided between the
anode and the |uninescent nmediumlayer.in order to

T%ﬁ%g% nJectlon of hol es supplied fromthe anode.

g@@rgﬁElinjectlng | ayer and an el ectron

[5 @quortlng | ayer are 25 generally provided between
#¢*dat hode and the | umi nescent medi um | ayer in order

cat hoate §ofBhESph ofabacEhctdimne B & eq HonePgroent
(ETROGEIA Lo, O e%ofn%l'ﬁctqfvfe ﬂuel%'lwe BRI LRI for

charges int o t e emtti ing

p&%@u@ﬁ%@etﬂ%dcb%%u%ﬁ&%%g%mﬁﬁﬁﬁa g. t%%S%M% X rode
resear ched he work function of Tndium’tin OXi
sbbE@%aﬁ%nQ6%|bﬁ ¥$8@nic electroluminescent deV1ce, and a

display.

BACKGROUND ART
[0002]

An organic EL device includes an anode, a cathode, and
anemittinglayérplacedbetweentheanodeandtjmacathode. The
emitting layer includes a luminescent.mediunllayei'which emits
light upon iecombinatidn of holes supplied from the anode and
electrons supplied from the cathode. A hole injecting layer
and a hole transporting layer are generally provided between‘
the anode and the luminescent medium layer in order to promote
injection of holes suppiied from the anode. An electron
injecting layer and an_electron transporting layer are
generally provided between the cathode and the luminescent
mediumlayefjjlorderixJpromoteinjectioncxfelectronssupplied

from thevcathode.
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as the hole injecting electrode (anode) is 4.6 to 5.0

eV. On the other hand, the ionization potential of

nost hole transporting nmaterials represented by

tri phenyldiamne (TPD) 10 is as large as 5.6 eV.

Therefore, an energy barrier of 0.4 to 1.0 eV exists

when holes are injected into TPD fromITO It 1is then

effective to increase the work function of the surface

[@00t3He anode in order to pronote injection of holes

into the hole injecting layer fromthe anode. 15

[ 0004FiAcrethedirafdd aodetbe nop thwdopigeniapotesht ofoles for

the surface of ITO has been proposed as a neans for

eitfdicdgsitdy imieqpikg eflgntriiorclofrgefOinFort hexempt eing layer,

%g—A—8-167479 di scl oses a nethod of depositing | TO at

theoMeteidérist dre &he Ragdengnchéhgepasihode Revii beeinn

an oxi,di zi ng at nosphere or applying oxygen plasna to

CEhENFESE th&SF@Fﬁgeﬂhéreby the work function of 4.6

to 5.0.eV _is_increased.to 5.1 to 6.0 eV.

JP- A- @Bﬁd!%ré‘o%naiﬂéep&feénawwr%w@w 1308 cgereeably used
' work function is increased to 5.0 to 6.0 eV '

<8y 8 S8 T e i et e renadean oy - 5t0 5:0 & on
u LN S t rface of [ TO. ver, these

R RS SReniin s CaAch o RE kB koL et B1C

tgﬁﬁ%§€§%§nédﬁgtékﬂgisfﬁégggg%néﬁdqg?%&fﬂ%é%f?QEgﬁfﬁe (TPD)

~decrease in the wor

- 18PaA- 200 28406Q QV?Cl‘l‘%@lsedﬁ?% iél%deﬂrerég}{jlgz%%%?:grt%% 0.4 to

oxygen 1ons into deposite n nor

1vor kv gREEt ONwRén Shd T Cape ben{ Ak &asEOLd O Z4dh &, 1t
eV by injecting oxygen ions into ITO at an

iacceerrefifong ive tagen6teSs&E M HOR kR FLANE €SN USEt Mhe surface
oxygen plasma generated by a high-frequency discharge.
oActbedangdé oih hbsdeettwdhrandad dajerds Sriat hen <@f 164@ the
eV can be maintained even after the deposited filmis
hgleohederbisgahdyé® fromi théoan68emi nutes after the
[86¥g?n'ion i njection. However,

A method of increasing the oxygen content of the surface

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

’function<IEITO. Forexample,JP-A—8-167479discloseszamethod

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

However, these methods have a problem in which the work

function decreases with time.
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this nmethod requires a device which generates

hi gh-density plasnma and uniformy applies ions to the
substrate using a control electrode. Moreover, since

it isdifficult to uniformy apply oxygen ions over a

| arge area, uniformaquality 15 cannot be secured.

[ 0006] JP-A-2001-043980 suggests that the anode need

not necessarily be transparent by using a transparent
[@10et]r ode for the cathode. This increases the range of
selection of the 20 materials. JP-A-2001-043980

di scl dsesrcdemduot prevexidesdsdebass 1M- iﬁe(ﬁoﬂi1ﬁﬂhé%lon in
ZnO-Al, and Zn-Sn-O, netals such as Au, Pt, N, and

aPd,, At AriPAOR -28H0een distansexsi deseshich @b iﬁi&&tlng oxygen
Pr205, NiQ M205, and M02 as preferable materials.

I0RS pBIEP] SEPasitad-IRP00 Lnougestieliaicl osde whak fundSion of
Ig%lexcellent 25 anode material since the use of Cr

6@8 Rl bcienird toufbr ?ct@n@l@z e%byl iefleovingidxyden ions

i nction is relatlvely 5 eV). 3 [0007]
b 54 phiaces ?@w% ot et i EVtiRe 16 meras using
% %%r be | ar e er t further i ncrease the

g’% S’ “eCH 8§ B |r@éarure§ﬂcy figghasacan

d t th { f
SR B AT ) BTl B o
bQQHapﬁtgfﬁéﬁQﬁﬁ%egg e&f%he de %égg%dp%b%% j %ﬁig%gd§h>stand

devi ce can ore 1 ncr

iaUd CRURIH BE rﬁirgje‘ﬁ%:?%@%%@ﬁlqﬁ%é}d%%?gnggrlpo ]? v H]éwever

t hrough the sid t he cat
thegUink@8 oto rexhiibiels exeghlieat 4k a §%%%Q%¥FS nad l?@%@lty

to having a low resistivity in or e icie
poatmauphd hh@ﬁbrﬁ@ytaﬁplgegsh@%s {BeEﬁgogﬁbs§k %gru31ng a

(Ag) which exhibits excellent optical properti
cpertgoloplecalkobransper ey, | §ihbe ¥t31§|§1fflcult to
uniformly apply oxygen ions over a large area, uniform quality
cannot be secured. |
[0006] |

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 selecfion of the
materials. JP-A-2001-043980 discloees conductiﬁe oxides such
as In-Zn-0, In-Sn-0, Zn0O-Al, and zn-5n-0, metals such as Au,
Pt, Ni, and Pd, and black semiconductor exides such as Cr,0s,,
Pr;0s, Ni0, Mny0s, and MnO, as preferable materials. 1In
particular, JP—A—2001—043980 discloses that Cr ieeulexcellent

anode material since the use of Cr allows holes to be

sufficiently supplied even if the work function is relatively

small (4.5 ev),
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15 regi on has been wdely used as the material for

the. cathode. For exanple, JP-A-2001-043980 discl oses

an organic EL device wusing a cathode nmade of an My- Ag

all oy. [0009] However, since Ag diffuses into the
emtting layer or the 20 like form ng the EL device

due to high diffusion (mgration) properties,
deterioration of the EL device or a short circuit

idddirls. DI SCLOSURE OF THE | NVENTI ON 25 [ 0010] ‘An

object of the invention is to provide an organic EL

devi cécandrex diigplimy prafiergbdr dmoge iexiidliet ithgthit@lk work
hole 4 injecting properties and/or a stable cathode
fMEicHH ddo & Aergaurideraysiedi ftfoudiwrther tihedddse HHROEHle
As, descri bed above, JP-A-2001-043980 discloses that a

B IGBIRNVPEPPEY L AeEal Pt hEl aabhul |1 fvbic efsupetilom smoothly

.%E. . g?h Mo, W Ta, or Nb) can be used as the anode
inetised omts réSaleTHAHIRG 1@ ved d&amorihef wisideon the girive
Al Pt, Ni, Pd) .. The i Nt of the invention

VP ERT o e RGP LR [ i SR BfolPCriaRsaet iRt the

-qeffli ci be.i d_whil tilizi dhesi
i shaner 58 Peapesreatatll il ng aleson

{@bO@qding at | east one el enent selected from
[ ant hanum cerium neodym um sanmarium and europi um

to th 0 - hayi [1_, work, .. '
funct e YoRb1tia TELB "R ed Y end Bl 1aver
afoly kmeentiqan f at L .

CoEoLe SRR 2 S SRS, R BN 3 geautrea e
erkhibhitt kRgeaneal! ertanReke chbieati NG kiiig g‘:%%g%%gb% low

obtained by sputtering using an oxide sintere
rpsadudiricontial birdigrCe cas rrachianggly bhitdoRukt 84igh8 to the
at nosphere under specific conditions,
outside. Therefore, silver (Ag) which exhibits excellent
optical properties (e.g. optical transparency) in the visible
region has been widely used as the material for tﬁe cathode.
For exanple, 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 emitting layer or the
like forming the EL device due to high diffusion (migration)

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



10

15

20

25

20 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 netal
atoms in the device can be prevented by using two
types 25 of metals in conbination for the cathode

| ayer, the standard oxidation-reduction potentials of
these netals satisfying a specific relationship

iRiotd i yerdgeaied A AN Edthdde which does not

invention, the follow ng organic EL device,

wakkducet iddef fuditdrd ayrertHewodykaret hod for producing the

conductive multilayer body, electrode substrate for an

[@¥0gdni ¢ 5 el ectrol um nescent device, and di splay can

be provided. 1. An organic el ectrolum nescent device

conpr Bsi g seribachedeyvean IRdd€00aRA 4398 8@nidtitsicig skeay ehat a

i nt er posed between the cathode and the anode, at ,

Arexgt VacpakY msftalhdagiodeaisnalohtwaotk funchiohe(e.g. Cr, Mo,

em tting | ayer containing at |east one el ement

YigeTact M FRBRS amefantihe anpdm i pebegdiafip metal having
[ at | east one el enent

o SFEUP T E Gt G IR - uhgor B anoal B - bilarientors
o R R e A o e TR e o
i CEBE Ry 0 B R SO bl el B B chesion
e O o A 10 bbb s B TR OL T R faaing
TR L SR AU Pl e ARELR, i omion,

sla@¥@i ugQ NA A NS LT 1 Nt 04 hd B8 oREIRYC TV metal having a small
el ectrol um nescent device according to any one of 91

wo@ k3 funfaerieinn (e sparinvehttib@)anode in contact with
the emtting layer has a work function of 5.0 eV or
[mﬁﬂéj

The inventoré 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).
f0013]

The-inventors of the invention also found that diffusion
of metal atoms in the device can be prevented by using two types
of metals in combination for the cathode layer, the standaid
oxidation-reduction potentials of these metals satisfying a

specific relationship (third invention).



10

15

20

25

[0015] 25 S. A conductive nultilayer body conprising
an insulative transparent substrate and a transparent
conductive filmformed on the transparent substrate,
the transparent conductive filmcontaining an oxide
containing at least cerium (Ce), wherein, 1in a graph
showi ng a binding energy of an electron present in a
cerium3d orbit on the surface of the transparent
[@6Adyctive film neasured by X-ray photoel ectron
spectroscopy, when SA 5 represents the total peak area
of thécbpnding énethy heteeetion87¢heVfando@23ge¥rgaftc EL
SB represents the total peak area of the binging
deNdrgy bBepduenigedmaVtahdyo20b@iy, SBHSAOME®@h producing the
represents an area ratio of SB to SA satisfies the
CPBARGHLING BYbEEsaYeR Pqdl),. e16cEBPSA sul (el Fob. aTheganic
_ onduciive mul til ayer body according to 5, wherein
SLREEPIHEPRRERENE0RGTACEV e 3Kl fiiepARAi Fenabel pastviderd.
metal . 15 el ement ,sel ected fromindium(In), tin (Sn),
Zinc tzr§9 OLPPRAI ﬁi???i‘?,lu%hﬂeﬁﬁﬁmiuﬁ??@?,C@@Prilﬁ‘ing a
and. oxyagen (0O 7. A pethad for  producing the
Céogﬁ Gerin® ¥1%rei'| %%F%S%tg‘fng Yeg lEBﬁﬁPP§P%gbetween the
A0 sparen onductive fil.m by sputtering
e R FERS e P 001 b ioqeadt cpgtact
i b { An el ectrode substrat
o P Y I EORE R e T, FerH BBCGiRRAf R Tectea
fbR canductiye i f . .one_of, 5 to .7
and a met aldﬁé'or?gﬁb%nr’ 1?%(?& %}(g’n%taﬁn%@éggndu%flfiveeumpldm’ and

atuldddtayae dedhent B@lEE@@aW&DEhEBHQHfﬁt B %J%@antalum,

driving an organic el ectrol um nescent éyer.
nboganing lleeidn,0bHN AGSGRANTC £entLRRE! Stfcﬁ:%ltiﬂemolybdenum,

el ectrode substrate of 8, and an organic
pebethum} uahdescentor.| ayer fornmed on the el ectrode
substrate.

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 wf%.

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.Theorganicelectroluminescentdeviceaccordingix: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 conductive1nultilayer'body'comprising'an insulative

transparent substrate and a transparent conductive film formed

on the transparent substrate, the transparent conductive film
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10. An organic el ectrolum nescent device conpri sing

the conductive nultilayer body of any one of 5 to 7,
and-an. organic electrolum nescent |ayer fornmed on the
conductive nultilayer 5 body. [0016] 11. An

el ectrol um nescent devi ce conprising an anode | ayer,

an organic emtting layer, and a cathode |ayer stacked

in this order, the cathode | ayer containing at |east a
chintsti ni®gnehabx adel orsecoiichgetal eabhecst adafet) , wherein,
oxi dation-reduction potential (E (A)) of the first
imetapraph 280wEiqer LHNAiNY) caergfobe, arngh dder &t HYWHht in
oxi dati on-reduction potential (E(B)) of the second
aneealuat3@oChdat bef yhea g uadoblfovhad expmass o cohduct ive
15 E(A) - 1.1 S E(B) (2) 12. An el ectrol um nescent

- tdéu Beasurpdi Hvnd &R yamdes oclager onaspecganiscopy, t theg SA

| ayer, a cathode |ayer, and a 20 transparent
TEBREaENEFe thayEPtat apRel area S Wrldrinding catchuge between

t.aini t | t first t al d d
oS SN Ay Sk a L el and 2 second
g A f the, fi | 25C hei -1.7 .
ST SLEUEN N Y R A -
E d | at 25C 2 tisfyi t he )
SfELPL), B Lo, 2560LD T4 2l 258 B SRS, 12 coion

(Ihe organic el ectrol um nescent device according to 11
or 12, wherein the main conponent of the cathode | ayer
is the first netal. 5 14. The organic

el ectrol um nescent device according to any one of 11
to 13gpnbgreip.ibe firsgpyetal is a metal selected

fromA, C, Ta, Zn, Fe, Ti, In, Co, N, G, Cu, Re,
Ru, Ag, Pd, Pt, and Au.
6.Theconductivenmltilayerbodyaccordingtx>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 f£ilm
by sputtering at a ﬁartial pressure of oxygen of 0.1 Pa or less

in 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 layer.

9. An organic electroluminescent device comprising the

electrode substrate of 8, and an organic electroluminescent
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15. The organic el ectrol um nescent device according to

10 any one of 11 to 14, wherein the second netal is a

netal selected fromSi, Te, Sn, V, M, Nd, Nb, and

Zr. 16. The organic el ectrol um nescent device

according to any one of 11 to 15, wherein the cathode

| ayer contains 0. 1 w % to 5.0 wt% of an al kal

netal or an alkaline earth netal. 15 17. The organic

lelyect rialrticnescefe @Q\Wcte RRCiBbshaat@. any one of 11

to 16, wherein the cathode | ayer has an opti cal

t r anspar. el yofaral el elcerginihes@entnié i d8Ldp©fsing the

10% or nore. 18. The organi c el ectrol um nescent device

cavdoicdilvg noltdbhgyenéoady bE &ny lohe wifeb eid 7t hendliastorganic

metal is Ag. 20 19. A display conprising the organic

cdpettredmiinesseant lagevi Eermedornli e towralyctdve afultilayer

to 4, 9, 10, and 14 to 21. [0017] According to the

bPRYenti on, since holes are efficiently injected into

bgﬁ jnitting | ayer fromthe anode, the drive 25

(981 E ge of the organic EL device can be decreased,

mheregi tRe hifetige of the organlc EL device can be

Ci ncreased® P SPAEETFRENORBEEEN e R ERI BYRPT hEPTIanl anode
he el ectrode 9 substrate according to the invention

L a8a S R IO D 2V eF hRGR- i % oS acked

:EL [ iC h a.snpll increase . in voltage _

EEE SEal, ot S T AP B Rt & first

nLERE D SeBcBergenbized B3 oR e, COPUELEYS ot on

mul tilayer ode "Subs

p%k%%&a@e(ﬁgzﬁ he,praani £ Fly device, ??U%.@ {qde% t-glo.fj'{/‘e(\r) or

nmet hod for produci ng the conductive

ma@@9r&h&dﬂ&h@sﬁ&ﬁdéﬁa%ﬂﬂd&bidﬁ%&ﬁ%ﬁ'&ﬁéﬁﬂeg@%l (E(B}) of

conductive nmultilayer body can be effic
thbt 8bAeHd h8thiea Or gt Gl LHEMILe taCC LYl Y i
i nvention, since 10 netals useé1 r tggqgggﬁ%%eggg§85810n
(2an be prevented from diffusing in the device,
deterioration of the device or occurrence of a short
circuit due to nmetal diffusion can be

E(A) - 1.1 £ E(B) (2)

12. An electroluminescent device comprising an anode
layer, an oiganic emitting layer, a cathode layer,_and a
trahsparent conductive layer stacked in this order, the cathode
layer containing at least a firsf.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 second metal at 25°C

satisfying the following expression (2).

E(A) - 1.1 < E(B) (2)
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prevented, whereby the lifetine of the EL device can

be increased. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS

[0018] FIG 1 is a view showing an organic EL device’
according to a first enbodinent. 20 FIG 2 is a view
showi ng an equivalent circuit of one pixel according

to a second enbodinent. FIG 3 is a view show ng an

active matrix type display according to the second
enbodinent. FIG 4 is a view show ng the

cross-sectional structure 25 of one pixel according

to tha3seTthadoegdoiit neld ct f Gimbnd Scénty i RW iWWb&ing to
organi c EL device according to a third enbodi nent. 10

1El Gr 62j swhegeaphtsbawkhy anmexespt codfttee attidle: layer is
energy spectrumof a cerium3d orbit which falls :
thadér rstemeteént i on. FIG 7 is a graph showi ng an

exanpl e of a binding energy spectrumof a cerium 3d

or bi t 1#hi Ehedeegambt ¢lg¢timbaringrcent idaming @ecdrding to
FIG 8 is_a view showi ng an organic EL device
ARYCOrRiHg L Lt%r & ok eRe R Femet Ml d s g metal selected

ar &Rt EBndftti Vs stibst it 010V Ge164-s Revifew A9,
pghowing the chem cal fornmulas of deposition materials
8 g%anﬁfl sAUBEST MODE FOR CARRYI NG OUT THE | NVENTI ON

0019 1; ' t f ot first to third ,
00191 Lon TGRS SL A SR, e accoratng co
afl. %&?%%%te%it Otess]g' gfr?ge\éfcﬁQ%ZEPéhseecd;{H’%rgtchgnisl % nrllé)tt,al selected
from Bi, Te, Sn, V, Mo, Nd, Nb, and Zr.

- _explanat ory di agram showi ng steps of  producing a
£ Pl

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, wherein 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 electreoluminescent

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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(First Invention) First Enbodinment 20 FIG 1 is a

vi ew show ng one enbodi nrent of an organic EL device
according to the invention. An anode 20, an insulating

| ayer 30, an emtting |ayer 40, and a cathode 50 are
formed on a substrate 10. The emtting | ayer 40

includes a hole injecting layer 42, a hole

transporting | ayer 44, and a | um nescent nedi um 25
shdperate adbergandedec 29 ihnvehddes avehaladq@ygbriZuvad ion,
a transparent conductive |ayer 24. The insul ating

al lay/gh - BOmi sanoeto gt ikPENSBBtice bt chssipswd arabdyl increase
provided in order to 11 prevent a short circuit

- ibetvweéagehduanodec2fsandtt bercathodei o). aﬂdléihiblts a long

| um nescent nmedi um | ayer 46, holes supplied from .the
ladeddrzocam deaf et Imbyumﬂln%tlhémnmmﬂmﬂ‘91layer body

reconbine 5 to emt light. The light is outcoupled - ,
ofpBedeLREsEgASt RubsEsaRBdRS 5aN ffb@czmw@ctoﬁ dihgy anganic EL

the first enbodi nent, at | east part of the. anode 40
el 16nt aBECREERNE HE Hdt%e MedPest ifﬁ§ PEQEVC DI ddir siopsiuctive

g & Iea ne elegent sel ected from | ant hanum
MHat ther’f YPEGRPTILRAS GRE VW Bhi it aheyeadescribed

9%35’ §|t3%% Ty E Foes” o Egg. E{aﬁ%‘%‘e@a}&:‘% Yo

T
Conaoin TR $RgERYMey 81 BRI id S 3 s%‘i“é‘%%hoﬁs
nbEams! anthapyp fer 'cg%oga%og%?g% IR ;&gk,s ?th%d

europiumis pre erably

d@E%ﬁ%ﬁ%@lﬁnlt%% MY, @%t%&goE%Eﬁbn %@C%%ErQEQQ%e or

the el ements contained in that he "ano
okb@021kncd0 o e wolk+f WnGi-hqr @hetQ% aede %QfE551gn can be

i ncreased by adding at |east one el enent selecte
plreeant-aat, hamenebgekheml iFe@dwd WA 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 eﬁuivalent 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 éecond_embodiment.

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

to a third embodiment.
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samarium and europiumto an el enent having a
relatively low work function. Therefore, the hole
injection efficiency from the anode 20 to the
emtting layer 40 is increased. As a result, 25 the
drive voltage of the organic EL device is decreased,
whereby the lifetinme of the organic EL device can be
i ncreased. The work function is preferably 5.0 eV or

nore. p}2.[ 8022]a b abheshbl Sho e diamnts o2 Qaﬂfncﬁf 6(5 ré?lergy

light generated "in the |um hescent mediumlayer 4

sieeteftint bifng deayiaim 4@ bsbi€ivieidt ¥aamist hRdetotHd8 nvention.
out si de through the cathode 50, and. 5 another part of

the | Fglst. 7siem graght shewtng hen aneee 120 o £ShNetndite energy
anode. 20 contains at |east one el enent selected from
spartthrarmumt eerdeumum Sad b wdhdrdr idems ard edndpiumdler the
and at |east one elenent selected from chrom um
inyegdtiom- tantal um niobium silver, palladium

copper, nickel, cobalt, nolybdenum 10 pl ati num and
silicBAG. | Bgh® yeHawmtsbewing he duakneschtde st @mcording
Iayer 46 is partially reflected at the interface

tRe PO r thh embyadifiend -| ayer 40 and the anode 20 and
en1tt§% throu h the cathode 50. Therefore, |ight

gener at&d Pnl hQneﬁﬁpﬁﬁﬁ@tpéyeﬁlaﬂga@aﬁhBHlﬁﬁfﬁ@ﬁ@ﬁtPﬁ

t | ed f th f 23] Th
PEPATEoEE dereEes pZ%wéﬂkg%%%esp%piwagﬁLod.ﬁent

f
used FABS ABDaR an et SRR ipgn End SRR el HebToasy pt
d%g%51k iSh ﬁgﬁ%@lgglabft%%aggpgglng | ayer includes the

l'e i njecting er an he "hol e transporting
| ayer. Note that these | ayers may be omtted. The
emtting layer may also include an electron injecting

BEAYEMODR rojre s ey g T'H@y Q'NVEN%EOW hesi on
i nproving |layer, a barrier l|ayer the |ike.

[[00G24] 25 Second Enbodi nent

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

(First Invention)
First Embodiment

FIG. 1ris a view showing one embodiment of an organic EL
device according to the invention. An 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 inj ecting
layer42,eaholetransportinglayer44,enmialuminescentn@dium
1ayer 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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FIGS. 2, 3, and 4 are views show ng one enbodi nent of

a display using the organic EL device according to

the invention. 13 FIG 2 is a view show ng an

equi valent circuit of one pixel of an active matrix

type display. In the active matrix type display, a

nunber of pixels are arranged in a matrix, and an

image is displayed by controlling 5 the |ight

pirekensi by shBrPi ¥ekcURtt BeERELLSPOOANYIL 2 d WHDANEE cathode
i nformation provided. In the active matrix type

sg@i.splay, current flow ng through an organic EL device
provided in each pixel is controlled by an active

devi cen(graecrahl yescéit mddilum layamrsi sl oioldE Hupdliicdd from
is one type of insulated gate type field 10 effect

theaasbde 0 amdowl detirbns esughp i o If r rOOBRS] cat b dee lreXimbine

i ncludes an organic EL device OLED, a thin film
tor giditstldohTRTI The aightsisacuteeupdedcepwardhthrbugim the
transi stor TFT2 as a second active device, and a -
cstdrsgge o5 capacitor Cs. Since the organic EL device
enerally has rectification properties, it may be
[ggﬁpéd an organic light enitting diode (OLED). In
F

symboRCCPROLRE ER AT €1 ERbVIRIHIRE 2ot LoaBhrtBastdtt the
BP0 (A SRl Pk EfheRloR LVh Y iasns
i i D.i t ith ) y
B HEILE oF s PRSP (SRR EORIRAAD SePBYR sopgymsn,
. 2 dr ai "t hi . . =

S 200 B R0n ) ST ol QL A0 B OheRE Ter fyegp erom
Hrlohhi ArS C AU ld e, e Aitpangof éi?Lv_%‘}rJngJ%tﬁ.%d% m,
Wwth a data Iine Y, and a drain Dthéreof is’'connecte

c\éﬁlﬁ@é-r t hg ckehior %ﬂ@a%dl%dgiﬁpdgﬁa%tn%ﬁ Ahd R&1icon.
thin filmtransistor TET2. 14 [0026]

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 element selected from lanthanum, cerium, neodymium,

- samarium, and europilum to an element having a relatively low

work function. Therefore, the hole injection efficiency from
the anode 20 to the emitting layer 40 is increased. As a result,
the drive voltage of the organic EL device is decreased, 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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The pixel PXL is operated as described below First,
when the scan line X is selected and a data potentia
Vdata indicating the lum nance information is applied
to the data line Y, the 5 thin filmtransistor TFT1l is
turned ON so that the storage capacitor Cs is charged
or di scharged, whereby the gate potential of the thin
filmtransistor TFT2 coincides with the data
[pebenti al Vdata. Wien the scan line X is unselected,

~the thin filmtransistor TFT1 is turned OFF so that

the thhnthel m 20ct Empsdshont TRI%d s eleatdd aaldht generated
di sconnected fromthe data line Y. The gate potentia

- ief thbel vt dddmt iMaanisins takeTFI8 45 themkbnt atnag Daﬁébeao is
e

storage capacitor Cs. A current flowng through t

darganily EBhideeidcecOtER wuastide thirpubhl mhier @ashsider 50, and .
TFT2 is set at a value corresponding to a voltage Vgs
abethweerpdst tifet lyatle gtdi s keniddecceowhrtihehd bnpndkizn  Since
transistor TFT2, and the organic EL device OLED
tggnenedeusly comited nisi gitt lepss oheneneneatcsrlespeddifmgm

to the anmount of current supplied from the thin film
lepsRengfor CTETRM, [ DO2AYMIDD, ASRHREEMR betn AlVROP iyl feard at
circuit configuration of the pixel PXL shown in FIG

152551 PRP THE TSR ShFEPRath B Whd it et 9y ftRetalum,

data potential Vdata has been witten, .the  organic EL
nGE bRl G Son PP GGaIT cORRET ] BHEKeL soekmbPafo L ybdenum,
Lum.nance _in one.frame.until the | um.nance,i nfornation

ot g 5B U enAREy S L LR e g0 PR A o 10 ChEny SR esEent

oS8 TR e 3 PO0LI & REE LA SrEXn By betwen
(SEPR ARy oo W12 BEPOL MRS e 4nifbg Bpg enroush ene
caUPBLY 5O . tﬂeewf@f@,nﬁﬁg}ﬂﬁ glreﬁe&iaeed( dat e, Lt ey ﬂiq{galayer

Vdata) for driving 5 the pixéls PXL are arranged in

4UBEENX beTBE FSCARNIRED WP led 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 §mitted. The emitting layer may also
includeenlelectroninjectinglaYer,eaholetransportinglayer,
an adhesion imprqving 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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XN are connected with a scan line driver circuit 60,
and the data |lines Y are connected with a data line
driver circuit 62. A desired inage can be displ ayed
by causing the scan |ine driver <circuit 60 to
sequentially select the scan lines X1 to XN and 10
causing the data line driver circuit 62 to repeatedly
wite the data potential Vdata through the data |ines
Y. I npagsionpl @ vIBksiouliYRead sl a%l chifec £ {14 BE one pixel
device included in each pixel 'PXL nonentarily emts
offi ght aeBliyewWhelriRetppxetisplaglected. In the active
matri x type display shown in FIG 3, the organic 15 EL
devi cendfhecach ipiexedt PXk toget dheplsyy ®muidelr ghtpixels are
after the data potential Vdata has been witten.
aThengkdrin & hetadi, vendrmt dimageype di splayed vy controlling
advantageous for a large and high definition display
tha towparisomsith irtheigedphel batedxrespendidis flay viinance
.that the peak |um nance (peak current) of the organic '
1ppoEmageenceredAded - dekh ebiedaciooRglaRrix dype display,
schematically shows a cross-sectional structure of
CHRESBFx B OBXET SHYNRI G a1 @rIaniF B geehenliniidegdn each

[ EL devi OLED and, the thin filmtransistaor, ]
P83 B SR 58 ST Gl Bhbee T in eitn
EL devi is.f db t I, h d 0, .
CERROGHEDEI i Taylr FolSHitP ENBE ok HoGEL o660 Thee drfps Field

' 1 Jpixel [ d,basi cal | 6
<F RS LR GHE O T b B ABL o UPEh R ARy connett ed

[bgzg?ch pi xel and basically transmts light. [0030]
The thin filmtransistor TFT2 includes a gate

el eCtAC’ﬁgfxeﬁ P21, f oE Bg o8 4 i%ﬁ%%r{iaé &1/ Gmie gfLE@,?%zthin

or the Tike, a gate insulat film74 stacked on

fupRee rsueh aeerofrrrhe sgate riekechredee’devaRd, 83 thin film
sem conductor thin film 76 stacked above the gate

tehastisede TETY BB bheegaha hbsukat hagitkl MAd a storage

t her ebet ween. The sem conductor thin film76 is a
capacitor Cs. Since the organic EL device generally has
rectification properties, it may be called an organic light
emitting diode (OLED). In FIG. 2, the organic EL device is
indicated by a diode symbol. In the example shown in FIG. 2,

a scource 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 ¥, 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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10 polycrystalline silicon thin film for exanple. The
thin film transistor TFT2 has a source S, a channe

Ch, and a drain D formng a path for current supplied

to the organic EL device OLED. The channel Ch is

positioned directly on the gate electrode 72. The

thin filmtransistor TFT2 having a bottom 15 gate
structure is covered with an inter-insulator 78, and a
[60PE¢e el ectrode 80 and a drain electrode 82 are

formed on the inter-insulator 78. The organic EL

devi Ceh &pklell SPAIOE BRSpAROMR] ab R RQUNER BEBER [ 008 8, when

and the drain electrode 82 with an inter-insul ator 84
thbevcehel veer i 26 cThe teecond aefdndpoeshtiihil usidat e8diBeting

active matrix type display. The display according to

- thhelumieatcenimbyriet bosi hgplapplnpdd ibo thhee dditapllaye Y, the

The di splay according to the invention may al so have
thinefiknownapshétgur @FTonss £008¢Yl OR5s¢Sebandthe storage
I nvention) Third Enbodiment FIG 5 is a view show ng

capeciéhbbdifehs ohasmedr ganiésehangedevierabrotdengate

the invention. Anlor%anlc EL device 134 corresponds to
PaReRkARp| of e K inpFdaRi BrEns Heles d'Hles igeddiGislash@ith the

clainms. The organic EL device 134 _includes a
d?Far%%%?fé“r&aJcaf%@&@t i vEhERpLhe awnlésnﬁn%m.uﬁ&eéegted the

U PRI (AP SRS, 08 LR e
cEbALD bRt e AU G e

' substrz:lqaam 3@ I NC agg“&? e t%lg%lgg%%te{gafbsocon%cfﬁze is
mbihihIA2aNBYT e ast8EdEeBY awes&é AL € 1 ng

of the t dlnen uce "t he organic

| tgﬁéﬂléﬁ t]}?tﬁo%'aﬁﬁcsﬁ‘ﬁ\ﬁﬁeﬂc%mhhwm %‘ﬁ%e%l ts\ﬁ%qlltrrﬁg?an31stor

duri hg constant current drive and exh
Thrpetd reand Bi ghlue corresponding to a voltage Vgs between

the gate and the source of the thin film transistor TFT2, and
the organic EL device OLED continuously emits light at a
luminance corresponding to the amount of current supplied from
the thin film transistor TFT2.

[0027]

As described above, 'in the circuit configuration of the
pixel PXL shown in FIG. 2, after the luminance information
indicated by the data potential Vdata has been written, 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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| um nance using the transparent conductive substrate

138 as an 15 el ectrode. Each constituent nenber and

the production nethod are described below . [00321

A. Conductive multilayer body 20 A conductive

mul til ayer body according to the invention includes

an insul ative transparent substrate and a transparent
conductive filmformed on the transparent substrate,
(bbegjtransparent conductive film containing an oxide
containing at |east cerium (Ce), wherein, in a graph

(her efnatheraiyl e Swialired16Cedd praksdas MOMLW X1 to XN
bi ndi ng energy of an electron present in a cerium3d -
forbsél ébei ey naid ¢ri s PELCahd athe ddtaelleabrotor edpplying
the surface of the transparent conductive film 18
theatumédabygeXinfyrphot ol cddtapepact tascaata) for driving
(hereinafter may be called "XPS nethod") , when SA
theppesehs sPXhetobalrapgakl anea madfritthe Fhedsognehergy X1 to
bet ween 877 eV and 922 eV and SB represents the total

XPeakeareansftedewbthdd ngcamel gye bbtitessn giitu\t £fd &nd the

920 eV, SB/SA which represents an area ratio of SB to
dghashingfi e ra RENPECLERE gt xptedsi dane1griyepagjrcuit 62.

SB/ SA <. 0.13 (1) 10 The SA target range "877 eV to 922
RARSIERA AHEFS TRR PHAREPhEYBALNGFABF 1 PA s SEpBct ivmsiriver

Qe R e Bt B THSY Tl 1 SOy COF ERER SUMGPGLE Ghall and

f Ce 4k . t h ion of Ce 4+ in .
- cBhobior Nae P pAP BT ST GGt U8 Y Ff b ARPBEEeA LY Write the

[ : ifi ) iLQ “SBLSAL b .
dég%mggulo\é%!n)é éL;lﬁ REE! 't%%fo%th#e tE%s:Ir %(%\Ilt%g l§%e§A§}' yIr& a simple

["fati’ng the ratio energy ‘pea

m%?:?@% @{(pé’%llgﬁoa?e}t EI’?‘Qeé}ﬁ:ﬂcﬂt%ﬂgl Mev&ggdlurg%}&?&; Irlﬁﬁé&%‘éﬁlxel

Ce 4% 7n e transparent. con ve
PRE BBheRta?i3PBLhi¥8l ¥€ght only when the pixel is selected.

In.the active matrix type display shown in FIG. 3, the organic
EL device of each pixel PXL continuocusly emits light after the
data potential Vdata has been written. Therefore, the actiﬁe
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 dévice can be decreased.
[0029]

FIG. 4 schematically shows a cross—séctional structure

of the pixel PXL shown in FIG. 2. FIG. 2 shows only the organic

EL device OLED and the thin film transistor TFT2 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 separated between pixel units and basically
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- 1peekeging dvlig dosteg

[0034] 20 FIGS. 6 and 7 show exanpl es of the XPS

bi ndi ng energy spectra of the cerium3d orbit on the
surface of the transparent conductive film The

hori zontal axis in FIGS. 6 and 7 indicates the anount
(eV) of binding energy of the Ce 3d electron, and the
vertical axis indicates an arbitrary relative val ue.
The 25 neasurenent conditions for the XPS Ce 3d
relfeettenlbiyndi ngrieaetgiho &P SOt ﬁgnt@mﬁoﬂﬁ%géé&@c&éu to each
detail in the exanples. [ 0 0351 19 The 3d el ectron
phixedi agdebearsgyadfgcttransmiklkGhightand 7 show the
total peak area SA between 877 eV and 922 eV and the

 [06B8I] peak area ‘SB between 914 eV and 920 eV. The

t ot al geak ,area used herein refers to the area _
encl o%ed biyip hel M dxiansdimd o THE2Cen8dudbect rgate electrode
i ndi ng energy spectrumin each range ("877 eV to 922

- b
Tgviogpedoen \sulstopate ) mekewati alEpecrethmdike, a gate

.The total peak area is eggal to the integrated val ue
kesr c912hevupgegruafpceoprtt kae gate
d el ectron hinding, ener spectrum shown in FlIG
<G8 §ofGoder THE & CROTHoSQetran B il oty @ Acked above
i n.El G

o bk TR )
OB R s 1
PP ECER RSB SRR IR, ST Bl oL FL B o1

"SB/ SA" (area ratio of to SA) Is less than

fbkfaing shpwehanocexaaptenOf sl 24 i nding ARRLEY: EL device
spectrum of the cerium 3d orbit when the ratio

| tehRGH LWl Q%T@hﬁa%e%iggh%%eoépig whep Eﬁechatggg fsdrain D

- O1.8B/. SAth& acle@nfi@l i Oh of s SPot Ot S el SAUFLat §¥ &F ﬁBhQ- e
(0] e

The transparent conductive film according
electrode 72. The thin film transistor TFT2 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
inte_r—insulator 78. The organic EL device OLED is fofmed above
the source electrode 80 and the drain electrode 82 with an
inter-insulator. 84 therebetween.

The second embodiment illustrates the activelnatrig type
display. The display 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 is a view showing one embodiment of an organic EL
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invention is characterized in that the ratio "SB/SA"

(area ratio of SBto SA) is less than 0.13, as shown

in FIG 6. A transparent 25 conductive filmsatisfying
this condition has a large work function. [0038] 20

An organic EL device (hereinafter may be called

"organic electrolum nescent device") which shows a

small increase in voltage during constant current
ddriive apdoedink t® @&nkoR@vehikfighi.me and high | um nance

can be provided by using the 5 conductive nmultilayer

body Ancdughmi Eledévaos pBenbrrespotaki ve ahl Efhmple of the
defined by the expression (1) as the anode thereof.
okgasuftfikesviltat dehénedtin th8B:SA'mof (e cegdudtiBredevice
mul tilayer body be less than 0.13. The ratio "SB/SA"

134 ipebideabl ydamspaieat O0c08uchhdessulbstnpre 138 including
preferably |l ess than 10 0.03. [0039] If the neasured
apgaR§ssabPsEyatfel R predsi dir qr9pdnentheonguaph whdilmg 112,
the_bi nding energy of an electron present in the

AckP Bt B R OFELRS kaue s debacanoProdel ¢ reishukmtlayer 128,
conductive 15 .fil m measured_using an X-ra
3Bh& 88F§8?r6ﬁ3§ﬁgépﬁo§€8ﬁé 1?ﬂergpﬁaﬁt€@tﬁﬁﬁebéa¥§Fléézr
"XPS"), -th f f th t. ducti :
(i1 m habeACueFkoFLRRE: bhior SPEOIURGAL 45, B0 Bradigpktne

[ f f t t ] 1t ti
PS8R S UL 2SSl e R0 RR B2h SRRV e

aeT ' dj t.i .

cPRSEEEEIE0RL 1y AT TRARMESTET g60RTL RIS AL LA Bhbires

f%ggﬂ% be the erpddci iy dﬁ%ﬁé | ayer, éngeg;&fh(é W LQic EL

i nvention, the wor ncti on neasur

deliEavighelhianphabes! aCkhan1SRRELEASEORY, ¥31%88heHuring
5.6 eV or nore for the follow ng reason
copeebhtcabryentharigdecanduekihyBifyl 1 bhayY8h fetime and high
luminance using the transparent cohductive substrate 138 as an
electrode.

Each constituent member and the production method are
described below..
[0032]
A. Conductive multilayer body

A conductive multilayer body according to the invention
includes an insulative transparent substrate andeatrahsparent
conductive film formed on the transparent substrate, the
tLransparent conductive film_containihg an oxide containihg at
least cerium (Ce), wherein, in a graph (hereinafter may be
called “Cesq 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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body i ncludes a transparent conductive filmhaving a
work 21 function of less than 5. 6 eV, an organic EL
devi ce produced using such.a conductive multilayer
body may exhi bit decreased |um nance and show
decreased lifetine due to an increase in drive
vol tage of the organic EL device. 5 [0041] In the
conductive multilayer body according to the
méagepbddry X-heyt panspanent reansbedt ¥es Ebhy GRIUAINS @&ir nmay
| east one netal elenent selected fromindium(ln) ,
beigr{1Sn] “XPEimetida)) , wimn sANtepBdsAnt anthegbbtaUPeak areca
(&) , and cerium (Ce) and oxygen (0) 10 The term
of ddre bindingypiccal ¥ petwars 8 HaeVidel PLARSPanddB represents
conductive filmcontains the above-nenti oned net al
theohvhaltheakconetieficthe digwhintg efnmrox dmtveer G042kV and
Met hod for producing conductive nmultilayer body 15

B
9280 Bt R $D MR CHIIRD PRS ¢S ebrifa Foelmelft 5B &peiA botysfies

according. to the invention includes formng the
theahepaPEARY 8¥REGEELGR i) m by sputtering at a
[§ g%%al pressure of oxygen of 0.1 Pa or less in a
@ eri ng atnosphere. [0043] 20 The transparent

'Sg9§gugtby§ filmof.the conductive nultilayer body

accordi ng go t he #% ention is fornmed on the
transparent substrate by sputtering using a sputtering
target. The deposition by sputtering may be carried
out uplggNagl P ek § vVices,, | n.particul ar

a nagnetronagiugégrfgg&éZSQﬂgvgﬁe{§s§%%i?%bl%ﬁﬁé% fes the

bi RQ444 em%g;pé‘g :Lt:hieoﬁ@ eﬁ%ﬁtggﬁg%f £09 L Qe cLranspar ey target

conductive 22 filmon the transparent substraté using

rhRge RGNt EPNc o SIY tedF NG LRGSR AR 83 kA OWerlieor the
pl asma out put varies

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 enerqgy
spectra of the cerium 3d orbit on the surface of the traﬁsparent

conductive £ilm. ThehofizontalaxisjleIGS.€5and'7indicates

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

spectrum are described in detail in the examples.

[0035]
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dependi ng on the surface area of the target used and
the thickness of the transparent conductive filmto
be stacked. In 5 the invention, it is preferable to
set the plasma output at 0.3 to 4 Wper unit surface
area (1 cnR) of the target. A transparent conductive
filmhaving a desired thickness can be obtai ned by
setting the deposition tine at 5 to 120 m nutes.

Speci fheatd Bd edethireknessd s tald By f @bekse al mntrhﬁ;s 6 and
organic EL device can be 10 obtained by using such a

7deiposithonctianepehR045¢a AR bhewabADSPNENE agasodDréNtind the

sputtering, an inert gas such as argon, nitrogen or
thekbiluppabrarea @b gacaf Hdckvaandng?2d egas Tanrd total peak
oxygen is preferably used. The optinmum sputtering 15
apeasesee hendigs ridpermditngtion ates teypd coledspyt teeihigixis and
device, the distance between the transparent
tBahse ritt e1arEroRebindyRe eneRgy SPRFETANULD dch mnge (V877
transparent substrate, and the |ike. The partia
e¥r ESstite BY” oY genlf sShrid et%b19V 0. BrPaTodn €3S Theand 7.
artlal pressure of ox@gen is stil] nore preferab

€0%oral greab@usad s FOHAS) t?h%h? el E R t"f?elule rom 877
P
ko e B RSy RLIED A8 B B A S Binatng

y s.gr er .than 0.1 Pa, the anount
eH%§§%B§E§§£F§§I%§ethngtﬁzbfrghsparent conductive film
[ ggfzases in conparison with Ce4+, whereby the ratio -

! may exceed 0.13. Note that SA indicates the

t ot al & f
L7 SRS R LA BRI R SRR

6td@ws3;&ms €@W§kb%ﬁ91&'éﬁ\:ﬂ€aﬁﬂé‘&1 onwﬁgjyﬁdﬁ@enemy

i ndi cates the total peak area of the bi

o€nef gyl et veem HdenteMd @ 8201 8N, 3@%]@??@rdrb%é‘k%%\£fface of
5 [0047] The transparent substrate of the conductive

thulttddraypeirent conductive filmmeasured by X-ray photoelectron

spectroscopy” defined in the claims.

[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 that 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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body is not particularly linited. A plate-shaped

menber or a filmshaped nenber made of known

transparent glass, quartz, transparent plastic,
transparent ceramcs, or the Iike may be 10 used. As

speci fic exanples of the transparent gl ass, soda-Iline
glass, lead.silicate glass, borosilicate gl ass,

silicate glass, high silicate glass, non-alkal

gl assanphospiiad @rghasscealkatdinsftd Calbe BbasH 1 M¥hGanic
gl ass, al um noborosilicate glass, 15 barium
eberasblucdhesgkass desadietm Roresi kheakeagkassa andrtlee in
i ke can be given. [0048]: As specific exanples of the
vblangpadentingl astist antpohyecanbodates pallyakhybate, a long
pol yester, polystyrene, 20 pol yethersul fone resin,
Lafstphsusngohigheflitninaccgl canr bei provpdeyi biydesing the
pol yphosphazene, pol yether ether ketone, polyan de,
CRBPVGE eV El MudsihayaRdboRy nkéudangbshgi teansped4at As
speci fi.c exanpl es of the transparent ceramics, 25
CQEBBHF%E? bi¥m defipedvigie thensxpaggsine |(ilkeasathse anode

iven.. Th erial, the thickness, and the |ike of

tg s%%ﬁ%ﬁﬁ

RESPran ticabiPrit BRardEdi tPAPA yoSdihg cepductive
d ' th i [ 24 _of th d i ,
AP enPogbn ey JPa°( ChRGudc 9 nATITapEy BhOSA, Lo
hned_ f t. duct i
PEES oL ISP S PO AR RRRAS St e
oceRductive filmis deposited on the 5 transparent |
substrate by sputtering using an oxi de target

[608bai -ning an oxide containing at |east cerium (Ce)
It is preferable that the oxide target be an oxide

si nt er ede i (i red PeaABBEE s r0PROl cxdPed 814081y in the
conposition form ng the deposited transparent :
graph showing the binding energy of an electroﬁ-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 5XPS4), the surface of the
transparent conductive film has a work fﬁnction 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 feason. Specifically, when a éonductive multilayer

body includes a trénsparent conductive film haVing a work

21



10

15

20

25

conductive film ceriumnust be m xed with a known
transparent conductive netal oxide (1n203, Sn02, ZnGQ
CdO, Cd-1n-O oxide, Zn-Al-0O oxide, In-Sn-0 oxide,
I n-Zn- O oxi de, Zn-Sn-O oxide, Cd-Sn-0O oxide, or the
l'ike). 15 [0051] In the case of using the conductive
mul tilayer body thus obtained as the el ectrode for
the organic EL device, when the conductivity of the
fhhagsparenlesondust 6ve i | ah ofrgahe Condest cé&roduced using
mul tilayer body is not. suff|C|entIy hi gh, the ohmc
sd0hl assodducagver muilnglagyrbecdechaegsedhapitt Hecreased
conductivity may be inproved by stacking a netal
lonndenter aod thewt danspasedt 1i€endmet due tol an ncrease in
particul ar, since a passive matrix type organic EL
dgéveceodsegeachiethedoofiavausEhgdemécdi. spl ay el ectrode
section to emt |ight by sequential scan, the effect
[8f44dacking 25 a nmetal conductor on the transparent
conductive filmis greater in conparison with an
acti venmbbei RoRgpet evgannét ELageyi bedy foespling tp the
El ectrode substrate for organic el ectrol um nescent

IPEERt1AByi ERe ARr P SRR F Bl SRMAIGRT ¥ figrlnycomtgdmsc at least
o Tl ST RSB et FECH LT8: BNABEL Ve ThiPY F sdie (2m)
gais il Ml i a‘iﬂd““ Teahr s cBRabRrt G FRRggen (0
! ¥b0Q RBcALgsLe eLestoot ymhaeaeenlLavRL, oL %Sgﬁ%ﬁent

cEH@uc%QvErPffrﬁ’%r ‘?ﬁtaﬁ'x%ngHgté di rﬁéﬂﬂﬂ)r%&jﬁ%ttag atom as the

I nprove the conductivity of the transparent conduc

cBhthtﬁBﬁt'él@ﬂéntpaEBkCBkQﬁbXel'”1ted insofar as the
nmetal exhibits conduct|V|ty hi gher than that of the

[boapsparent conductive film There may be a case
where the work function of the surface of the

B. Methed 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 devices. In particular, a magnetron sputtering
device is suitably used.

[0044]

The conditions for depositing the transparent conductive
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15 transparent conductive filmdecreases after etching
the nmetal  on the transparent conductive filmdue to a
oxi dation-reduction reaction at the interface between
the transparent conductive filmand the netal.
Therefore, the work function of the netal used for
the nmetal conductor is preferably about 4. 0 eV or
nore. 20 The work function of the nmetal used for the
fﬂEhaanQﬁ@U%E@hspireﬁk'Ehng&ﬁtBr%E@h@bkﬁe4m§gﬁ¥595n
nore. [0054] It is preferable that thé netal conductor
spataetring metake wWreeaknrendeist o ehéigleohd Youtput varies
outcouple light fromthe organic 25 emtting | ayer.
d&hentihhg oet ahewsie fagedaseri bedthel awrgAtt hsBdmeha the
wire is generally fornmed by depositing a netal on the
thppsnesgrdcbeot raepa rans ganenictdvedfitlhvwe belsnafked. 1In
the 26 conductive multilayer body by a vacuum process
thgchnagnt sput tidr Lagr o f sratulentdepositioplaand dheput at 0.3
formng the deposited netal jnto a thin wre pattern
tey BiRS HBLtI9HniRCe aveat (loAn”) aftHintasoat . Wik sramgparent
be forned on_the upper surface of the 5 transparent
CEBAHGEL VGl # PN ch S8 sderer BhinknRaa. cap dosStRiged by
etchant_for the netal js not_particularly limted. It
SF@%ngfé?%ﬁiﬁgotgatéspeam%ﬁte? Bibe S AT S efpecifically,

d s the transparent conductive fil munder the
2 EHbe R Ed nBIAF SRS 10F RERpIESRS QRAF L ekt e gan be
] (o] £ .phosphpric acid, .acetic acid, and

Oﬁ%%?ﬁ%gaégd885§8b§88ﬁv8ngeP98F§lSPs BFeferable to
(ggddssul fonic acid, polysulfonic acid, or the like to

the mxed acid. [0056] 15 The thin netal wire may

pref exaline Heyssgn ot Aﬂ&fin?%&l&%ttlérrq_ﬁigqc& 3t gas such
~two-layer or three layer structure, or y preFeré%ﬁy
abea fER, ofi@Fogdh Wr HelliWen, 06BN &1 MBHALSs M such an inert
configuration exanples of the multilayer structure,
gdk/ AhliToxygen 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 1s set at
0.1 Pa or less is as follows. Specifically, when the partial
pressure -of oxygen is greater than 0.1 Pa, the amount of Ce’*
included in the transparent conductive film decreases inl
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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C/A/C, M/A /M, InfA/ln, Zn/A/Zn, Ti/Ag/Ti, and

the like 20 can be given. As exanples of the alloy of

two or nore netals, A -Si, A-Cu, A-Nd, Cu-Zr,

Cu-Ni, Cu-Cr, M-V, M-Nb, Ag-Au-Cu, Ag-Pd-Cu, and

the like can be given. [0057] D. Oganic EL device 25

An organic el ectrolum nescent device according to the

i nvention includes the above-described el ectrode
caubsiriatewéon 8EN <1 gaai w2 Eevdeyi s g (RRKOBAXNE surface
el ectrol um nescent |ayer 27 fornmed on the el ectrode

osubls¢ ratan sgH058] cAmetueri ver galincmeh €6tEQIBNtRESEEY} and SB
devi ce according to the invention includes the
iabdvetdesthé¢ hed adopdaktanesa binthe idiayEmdedyg rganskaeen 914
organi c el ectrolum ne scent [ayer forned on the
e¥ohBulElveVruksi Heperibedy abp®@59] The organi ¢ EL

device according to the invention includes the
[@8Addictive nul tilayer body (or electrode substrate for

10 organic EL device) - having a |arge work function, as
descr TBEdCTaBsRATr e Thet Wpdr AL ol o?gfgfram%l@@tdé«ﬁé@litglayer

_beéﬁected to show a small, increase in voltage durin
¢

stAMCCRFTEMCHAY didd techi bﬁtpi%@-m%ﬂiwr@g@ or a

y

ai gh | uni The i tion i ticularl
P bst BERneaberte Ot sy P el dr Ganbtore, auartz,

<SSR B, EODEDL O AT LR LA LU DR o ey no

u@kgo provide an active drive type organic EL device
wWwth increased |lum nance and |lifetine. [0060] 20

(Thi r A I dpeet 4 Q0L ARG & Hel+ deMk Sr%ﬁeo%ﬂ&g, L3da-1ime
at | node |ayer,” an

the i nvention includes east an 0

gQéQ@WIééd@ilEBth@W%ésﬁ@grésfﬁieggsglass,silicateglass,
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,
polyethersulfoné resin, amorphous polyolefin, acrylic resin;
polyimide, polyphoéphazene, polyether ethef ketone, polyamide,
polyacetal resin, and the like can be given.

[0049]

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

substratearearbitrarilyselecteddependingontheapplication
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| ayer stacked in this order, the cathode |ayer

containing at least a first netal and a second netal.

25 [0061] The standard oxi dation-reduction potentia

(E(A)) at 25C of the first netal used for the cathode
layer is -1.7 (V) or 28 nore. As preferable exanples

of the first nmetal, A, G, Ta, Zn, Fe, Ti, In, Co,

Ni, Ge, Cu, Re, Ru, Ag, Pd, Pt, and Au can be given.
oEftlidesadmetahe, tAGnsdiredtl suBTstr@FceA(»k:éﬁd@é@f\?é ableilayer
5 with Ag being particularly preferable. [0062] The
betigndarite oxadaphepncedigidioredtd entheatofdid) jvat rabSparent
of the second netal satisfies the foll ow ng expression
spRptiraterekadi ghet dikke first netal. 10 E(A) - 1.1 <

E(B) (2) The standard oxi dation-reduction potentia
(E(B)%hgftFﬁéSPéééﬁﬁdCﬁEdaCtpVéfélémlyssdepsﬁlésd"én the
(A) - 0. 5SE((B ", and still 15 nore preferably
tsanreprest: sURP rage3by<sppBferipgogsinghensegsde target
nmetal i s appropriately selected corresponding to the _
CPPFELnABPapD ?ﬁéd§e€8ﬁéaﬁ€ﬂ§9 253 é@éﬁérgsmyu@ fBeal- It is

g or Zr, and is

Pﬁ%%?ff&ﬁﬁsrﬁat ztd“epPéF- feaBWG%’? ,beré,n wm%rswer[e@bmpduct
fA%cgrgin to the invention, a cathode exhlbltlng

excelFe et'ransparency and excellent durability can be
[@@ Fned by using the first nmetal and the second

nmetal in conbination. 25 Therefore, an organic EL

deV'C?ne¥ﬂébbgh§83§§§85|Egimgﬂ?aphgi & ogﬁgeQEtra?sgﬁrent

fabricated ppears t S 1S betause mgra

cBhdlLibqYaLi P.ﬂl@f de18i rl MB6tBE i ds REEUCAUED MY 1 B8 sparent
second net al ‘
conductive metal oxide (Iny0s, SnO;, Zn0, CdO, Cd~In-0 oxide,
Zn-Al-0 oxide, In-Sn-0 oxide, In-Zn-0 oxide, Zn-5Sn-0 oxide,
Cd-Sn-0 oxide, or the like).

[0051]

In the case of using the conductive multiiayer body thus

obtained as the electrbde for the 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
be improved by stacking a mefal conductor 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 conductor on the transparent conductive film is greater

in comparison with an active matrix type organic EL device.

[0052]
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29 [0065] The standard oxi dation-reduction potentia

used herein refers to the equilibriumpotentia

(versus normal hydrogen electrode) in water at 25C

and at nospheric pressure. 5 [0066] The cathode | ayer
preferably contains the first metal as the main

conponent. The "mai n conponent” used herein neans that

the amount of the first netal is greater than the
campuettebdeaghbseeaRenedlr Qk-hahikhan «thehihiheMekadlk (1)
contained in the cathode 10 I"ayer. The content of the
deivige netal in the cathode |ayer is preferably 60 wt%

to 99.9 wt% and still nore preferably 80 wt% to 99

wt % pOCGHEctiheie atbedeakay®sr pnedefabl ¢ cqertraicdl sm@ntscent
w %to 5.0 % 15 of an alkali metal or an al kaline
dexitk aetatding dddtbedmitenttime fincitdestdhe abdviehelescribed
second netal. This allows the work function . of the
ceathedé veapet tibaver denteasdda meterlebpnduetbrofisrmedron the
be snmoothly injected into the hole transporting |ayer.

" CPREUCEdNEe AL 1GE lenerabralyi rBealk rensphaealtk gbndacsareh film

netal in the 20 cathode |layer is preferably 1 ww%to
16 VPG ABNGTIRPRE RIFPELIFLERANGEIPNE WEYFEE 5 W % As
Egg | kali metal or the al kaline earth netal, Li, M,
[ ,3 r Cs is particularly preferable. [0068] 25 The

o O ufEL M ER0 Yt B o PR cro g By A ed jom the
i ; i I th 10% in
tFRfRBRELAR cohbARTROLER Tn! BRRsh i?ms%ﬁ%'s} the
Lck en h i ) um nous
“BHFELPERILYY oo KERUBLE LA B gpfBLL ey Figp, THEOHS noe.

pQ@EE’L@@h.aEfL?rH?:iH@ir@é‘lfingéfQE%fse{ﬁQ%t%q(y&%imgCoﬁﬁﬁctivity
ﬁigher 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 conductor is
still more preferably 4.5 eV or more; |

[0054]

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

Athinmetal wire is generally formed by depositing ametal

on the upper surface of the transparent conductive film of the
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particularly preferably 30% or nore. The optica
transparency 5 used herein refers to the average

opti cal transparency at wavel engths of 380 to 780 nm

[ 0069] The cat hode | ayer may be formed by a known

met hod such as sinultaneously depositing each netal

at a specific ratio or 10 sinultaneously sputtering

each netal. The thickness of the cathode |ayer is
cphetetabkymdltilayek0 vy 8)dastviablufPbe cRealkekabhy as

0.1 to 5 nm [0070] In the organic EL device according
spattheinguwentraenunadepdSi ol he) aganstidn ¥erniglematisposited
such as the anode | ayer and the organic emtting
meayér inkooatlelreneites pased riinbgnedciganyc Hn weviie&ention,
may be used without specific limtations. A specific
aexaipl medhlt We rer gani beElfodmeldcenatber dppgrt gutrliace of the
invention is described below. Note that the organic

tEpngedregtacedadicsd veo £2dm by snebnei genesafotmelthoit ed

to the follow ng enbodiment. [0071] Fourth Enbodi nent
[§8é§]8 is a view showi ng an organi ¢ EL device
accor?'ng to one_enbodi nent of the invention. 25 An
of gant BOLRESRIRECESD HaR T iy oMt Pt i WiREdlY dAmited.
node | ayer ,92, a hole fransportin ayer 93, _an
TR TN 4G PajertoR ShenardorPotn FanshodaTRges the
3, . a hode_31 9 and a ansparen
t%%ﬁ%é%??%% é@échivgrglgpaEE SIO%BS %§88§P&§9em§fa#n As
j der. .. T t 9 rts. the. agrganic EL .
e%é{/&?%%& %esu%ﬁo e%%fgllr%?&%%slﬁ%%%ge%c%%loefsPth SHeric acid,

a9§¥EE%cfHWaBQ%f%?ﬂpgg?%ggkﬂ%gﬁiggnandI%W%alsépr$§grable

transparent conductive _ Suppl'y erectrons.”
tBA Rl EhRRSAPEIING | BYE sgﬁfbﬁi@_alcﬁ%ﬁ,ro%“{'h%hliﬁg%%' S mixed
hol es fromthe anode 92 and assists hole transport to
acid.

f0056]

The thin metal wire‘may preferably have a multilayer

- structure such as a two-layer or three layer Structure; or may

preferably be made of an alloy of two or more metals. As
configuration examples of the multilayer structure; Ti/Al/Ti,
Cf/Al/Cr, Mo/Al/Mo, In/Al/In, 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,Mﬁ—V,Mo~Nb;Ag~Au—Cu,
Ag-Pd-Cu, and the like can be given.
[0057] o
D. Organic EL device

An organic electroluminescent device according to the

inventionincludestheabove—describedelectrodesubstratefor

an organic EL device, and an organic electroluminescent layer
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the organic emtting |layer 94. Likew se, the el ectron
transporting layer 95 is a | ayer which receives

el ectrons from 10 the cathode 96 and assists el ectron
transport to the organic emtting |layer 94. The
organic emtting layer 94 is a layer which emts

I i ght upon reconbi nati on of electrons and holes. . The
organic EL device 90 enmits |ight by applying a voltage
feetagennt kacavodetIdq@ndubRergathode 96 to supply

el ectrons and 15 holes to the organic emtting |ayer

[9458The |light is outcoupled through the cathode 96.

[0072] The organic EL device 90 includes the cathode
| ayer AB6theondaganing ¢heciaboMenilesordbediaeial sddbrding to
conbination. In a 20 known EL device, a netal (e.g.
thg) invedtfion tiheloakelodbel apore-86schabges conductive
properties during driving the device and diffuses
mAté layerdradst r sndtaranspani ¢ g elcyerl ugl netsivendr fayé c formed
emtting |ayer 94, and the like. This causes the
OBetBEi 6PRAINEHR1ZE fHetidpyani boHdyers or a short
ircuit with the anode |ayer 2 occurs. 25 In the
[gpagﬁic EL device according to the invention, since
| s used for the cathode | ayer can

di ffusj on of the_peta g )
be sﬁ'ﬂ.ﬁroéﬁé%aé&c E@t‘i@‘ﬂﬁ%ﬁ?&ﬁr%??r@ §B¢i Fevehfel 91 includes
BB, Sl B T2 a0 el T Bl R E L S race sox
. 7 I J ic E ' 90 I , .
o8P IEr o ah T D X PRReE o AT i R i ped
h i b ial. t ‘
wBEE D AU PP G0, AL ] B o ono
adshé aNSPHH M se %11?%1‘%%%(251:1&?13% EQGE UL E | &f% drive and
I 2O al such as

(I TO or indium zinc oxide or a net

eChiBh tAloRBY 1REckSRd. ahRehtiBhCKRR$Sandd, Of the anode

layer 92 is preferably 100 nmto 200 nm [0074]
The invention is particularly effective for a passive

drive type organic EL device for which an instantaneous high
luminanée operation is requiréd. 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 cathdde layer containing at

least a first metal and a second metal.

[0061]

Thestandardoxidation—reductionpotential(E(A))at25°C

of the first metal used for the cathode layer is -1.7 (V) or
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As the material for the hole transporting |layer 93, a
known material such as a poly-Nvinylcarbazol e
derivative, pol yphenyl enevi nyl ene derivative,

pol yphenyl ene, 15 pol yt hi ophene,

pol ynet hyl phenyl si | ane, polyaniline, triazole

derivative, oxadi azole derivative, imdazole

derivative, polyaryl al kane derivative, pyrazoline
mdeei.vative, pyrazol one derivative, phenyl enedi am ne
derivative, arylamne derivative, am no-substituted

chal canepdefévabl¥ecxaxprot coflethy afines mtL8r azole, Ta,
derivative, styrylanthracene derivative, fluorenone

Zger FeatTve, Irhydicazdiie Gepi@af iRes, Rf,i Bheneddert yadnd &u can
por phyrin derivative (e.g. phthal ocyanine), aromatic
beegivery Odntheseompouksl, AgtyCyl &, nBt ders Rativpreferable,
but adi ene conpound, benzidine derivative, polystyrene
wdéhi {gt peéngopartipghdayllyerhaderdbievati ve,
tetraphenyl benzene derivative, or starburst polyam ne
[Hgﬁ?aative may be used. [0075] 33 The organic emtting

- layer_94 preferaply, includes a host conpound and a R
dopantie e ChH LRt T SRS OLeR PAESPEASE (bt 25°C

I rons or hqles. As pr.eferabl anpl es of the host .
oF R TR BN SATBATGRS HORi Lt VIS Somoen (2) in
Lng.a den erocyclic skel eton contai ni ng
rgﬁékﬁggggg gﬁgnsgggg Rg%sﬁl'ike can be given. The host
conmpound may be a polynmer conpound. As exanpl es of
t he pol yner conpound used as the host, a nonomer or

ER)OLi gofek E?B?- di meg,0r trimer) containing
carbazol e, a polynmer conpound containing a carbazole

group, and 10 the like can be given. [0076] As the
material for the electron transporting |ayer 95, a

knownTe ati-azlrel 681 Y8 bMereliib8Z8h & A M4BT (B/(B)} of the
triazine derivative, nitro-substituted fluorenone

sdevhdatdtedl, ppyranabl ¥4 0xf des derhayat DV8,< £ (B) ~, and still
di phenyl qui none derivati ve,
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
excellenttransparencyandexcellentdurabilitycankxaobtained
by using the first metal and the second metal in combination.
Therefore,anorganL;ELdeviceexhibitingexcellentdurability

can be fabricated. It appears that this is because migration

orliquatiqnofthefirstmetalispreventajbythesecondmetal.
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fl-.uoronyl i denenet hane derivative, anthrone derivative,
peryl ene derivative, oxine derivative, quinoline

conpl ex derivative, or the Iike may be used. [, 0077)

20 As the material for the transparent conductive

| ayer 97, a known transparent conductive materia

such as tin oxide, ITQO or 1ZO nmay be used. An

organic material such as polyaniline, polythiophene,
[pokgpyrrole, or a derivative thereof may also be used

as the material for the transparent conductive |ayer

25 97Thé nstpatida edil @i deee fon - ddideicbipgdt dndQaat w@elOWerein
tenperature of 150C or less is preferable. EXAMPLES
r8fefkB6078] thEi eguilmbentimopotExatdple ( ie@@usrgaﬂmalEhydrogen
devi ce having a configuration shown in FIG 5 1 was
elabtrededdinAwathe at 867@l afdratmhespinodec 20reasueat | oy

of chrom um and cerium (work function: 5.3 eV) was

[(§Q66H! The alloy was deposited on the glass substrate

10 by DC sputtering to a _thickness of 200 nm Argon

(Ar) Wa PP lﬁﬁ@fs@ﬁ?f%m%yg:agltapmsrﬁéepfze}sgw@tal as

Pa, and the DC output was 300 W The

t%&?&r’t %‘am%?lil%s&tms’-”b%t par é@n}ﬂﬂn@n& ﬁb%%@heéeslmb%ans that

eHE bt bR AR G 0RY s Ratnth F%Q%@?msof each

cprggégﬁgzoﬁﬁgﬁ-$ I? accura%&tTgkégdc%?grfwgg t 2 cathode
l%?QEOdufﬂé)édﬂﬁéntD5¥ €B8hf{¥éénmét%1$98b€gg c&ﬂg](j%qﬁfr is

processi ng accuracy 1s require

pgéﬁeraﬁlm 6‘@9&@5@0059 Cchh@ri n§n&g@%llaﬁgrgx%ggfe£%iy 80 wt$

may be uSed. In partlcular use reacti
t8t gbi g (RIE) all ows highly accurate processing and
enabl es the shape of the etched surface

[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
functioncxfthecathodelayer1x>bedecreased,wherebYelectrons

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 a wavelength of 380 nm to 780 nmof 10% oxrmore. If the optical

transparency is‘less than 10%, since light generated in the
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20 to be controlled. The material can be forned in a

t apered shape by etching under specific conditions,
whereby a short circuit between the cathode 50 and

t he anode 20 can be reduced. [0079] Then, silicon

di oxi de (Si 02) was fornmed on the substrate 25 10 as

the insulating layer 30 by sputtering to a thickness

of 200 nm The Si @2 was processed using |ithographic
elgehnalog ys%0 chihabtapbcoReFrng 1 Wag 15,0 eﬁ%@o% ke raagdene
20. The Si 02 was 35 etched using a m xture of
deydeef, | tios ilGndeicthsasd s asMeAEYMf thildHitse B be decreased.
resulting opening is the emtting section of "the
Taegapitd cBll dewneparehe98@k praffkeabplaciorg otrhmogleasgmd
substrate 10 in a vacuum deposition device, the
remitticiudg rllayere A0rainty t30¢ oetmlrd .ay®he G2t 0fal k&ansparency
cat hode 50 were fornmed by deposition. Wen formng

upkd @ﬁﬁpﬁpngeﬁgygrt¢othe average optical transparency at
4,4' /4" -tris(3-nethyl phenyl phenyl am no) tri phenyl am ne
vwagelRmpAnA) ofas8Usée@ /80 nHe hol e injecting | ayer 42,
bis%N—naphthyI) N- phenyl benzi di ne (a- NPD) was used for
[PR&3Ihol e transportlng Iayer 44, and an 8 qUIno 1

i nol ﬁguninua%%onﬁ$ g) was used for th

I um' n EehttRRAF Y%\]fle‘Paﬂ e APHEIedypyY G W@eﬁe@ﬁWd such
a S i %N%l 82 used fo t he tal |ayer 15 52
55Tl E2RROUR I EGICER T PAENTESTA hGhBaFbRBsEIC Tatio or

f; h I f h
T PR by, Y6 aRar o FAsibR e o SLL“CP%E ’
I d
Char oo v % b R RSP EReaal B U] A B v

1@snhheagatg&hqhsmggg F o g o?hylgygrtQZ gﬁd attached

to a 20 specific elec he vacuum deposition
[devbge. After reducing the pressure inside the vacuum
chanmber to 1.0x10-4 Pa, the boats were sequentially

heat etnbyh@pptgd it &1vakiage hécoﬁﬁ‘iﬁﬁtt@%' {ktion, as
The emtting layer 40 and the netal |ayer
other constituent elements such as the ancde 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 following 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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52 were deposited only in a specific area using a
metal mask. 25 The "specific area" neans the area in
whi ch 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 36 anode 20 is
exposed, a deposition mask was designed so that the
entire exposed area of the anode 20 was covered (i.e.
otheagdga tehnkparkAsubahbingtharen a3 Was ake0s¢a¥ge8dbn a
. The MIDATA was deposited as the hole injecting
slibyetra42 ©Q dant Rheknesseef. 30 5 nm the a- NPD was
deposited as the hole transporting |layer 44 to a
t hi ckfibsssobs20ane 9andupperAbqthasodgpnsct EU asviba. The
| um nescent nedium |l ayer 46 to a thickness of 50 nm
aThdr, lagagnesi supphiesi hokes vier eclondlpasia,edrido ther mathode
the netal layer 52 on the |um nescent nedium | ayer
lagerTREé Aagnéseumrangpsicknsr cooduete véepeyetred7t supply
thickness of 10 nmat a deposition rate ratio of 9:1.
SLOOBIPARt eFp| Belagt FaespPrEEng UbaYeat @3 105i & bavehevhich
vacyum chanber, the In-Zn-O transparent conductive
TPEGeV54NqasS 15 58S #RAESI hgchesabshe- ke itgiapport to
sk. The transparen condyctive | ayer 54 was
R TR EBa o TREaBd: ¥ FRg S dThel ThgBl ¢ 54t Hpcs Lectron
[ 0,a thigkness of 200 . nm at a pressure of
B R R R B8eS drvaF WraShngede DTSR Isgns £rom
g 0¥¥9g : = -1000:5 (volune ratio as .
ttﬁ%eegﬁg?tggr?ﬁgglg%é%josol[z%o%]ﬁc Ik rtel?a}rlescﬁoéwtcé:oogt%ﬁwé’rganlc
3 0 40N . . .
=RILE IR0 P Bdihg NNIALS S 15,0 1aver

wﬂ?cﬁaém§§§6§§gﬁtW§&ﬁh%%ﬁéhﬂﬁné%%bﬁg%fg%ﬁgﬂ%ggéf%ﬁgpﬁ%les.

of the nmultilayer cathode 50 neasur engt

8; ggﬁﬁ%g%ﬁbié‘?ﬁégﬁeﬁihié)gﬁ?&mmi@ﬁ@'*W B8p2yEHE £9b1tage
between the anode 92 and the cathode 96 to supply electrons and
holes to the organic emitting layer 94. The 1i_ght.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'ele.ctron 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,- deterioration of the device due to metal diffusion
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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

| arge anount of light emtted toward the anode 20 was
reflected and outcoupled fromthe side 5 of the

cat hode 50. Therefore, it was confirned that the
organic EL device exhibited excellent carrier

cbﬂ]B@téﬁibéﬁﬁﬁ§i§'ﬁ%%v%ﬁﬁxx?chhE§€Eo§@‘S%hinlfetlme of the
properties. Qccurrence of a dark spot was not

debseevednobet Batemdtiii.ng surface. The eval uation
results of the EL device thus obtained are shown in

[TakBé 1. 10 The work function was neasured using
"AC-1" manufactured by R ken Keiki Co., Ltd. [0084]
Exanple 2hdroigamayifie devd ckabi cgl eds| na tdel 8&E film such
manner as in 15 Exanple 1 except that the anode 20
a g ¥ v sieel byardedsius sglanonal doyhef 1tkeam wiveanded as the
| ant hanum (Cr: La=90: 10) on the glass substrate 10 to
ngtepRieknéss Ghe2@0bsimrathe %dval uation results of the
EL devi ce thus obtai ned are shown in Table 1. [0085]
20 ExafprRe3maheeiadefreetiasaradei taved PRt Aetsaneparent
er .as in 1 except, that t he anode 20 was
e?ra Fﬁéadsysaaﬁo%%ﬁ%% L1y P&&de STPVePT i b dyimicuexide
Nd=90: 10 Ss bstrate 10 to a
(FRPLIRESS 12D e toga) L3 ToR bedtted: 28h6r thigkness
L.devi h ned are_sho able 1. 0086]
OExtHS'58§d%8E§HgEL e&.cgrﬁésrﬁggﬁuggﬁea i O tﬁg saffe

Aper as in Exanple 1 except that the anode 20 was
forned by depositing an "alloy of nolybdenum and

samar A 4y (M SPEID FB) Qi Bgfeggraashssporting layer 93, a known

material such as a poly-N-vinylcarbazole derivative,
polyphenylenevinylené_derivative, polyphenylene,
polythiophéne, polymethylphenylsilane, polyaniliné, triazole
derivative, oxadiazole derivative, imidazole derivative,
polyarylalkane derivative, pyrazoline derivative, pyrazolone
derivative,phenylenediaminederivative,arylaminederivative,
amino-substituted chaicone'derivative, oxazole derivativé,
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 starburst polyamine derivative may be used.

[0075]
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substrate 10 to a thickness of 200 nm The eval uation

results 5 of the EL device thus obtained are shown in

Table 1. [00871 Exanple 5 An EL device was fabricated

in the sane manner as in Exanple 1 except that the

anode 20 was fornmed by depositing an 10 all oy of

tungsten and europi-.um (W Eu=95:5) on the gl ass

substrate 10 to a thickness of 200 nm The eval uation

resul tee ®fgdiec %%i%Wr@lh?é% @@E@@f@%@q@ $HEMIdES a host

Table 1. (0088] Exanple 6 15 An EL device was

cbabbuadt efdi & ddiearstre THRNABE t aSompPoufd aid BspoBXE & least

that the anode 20 was forned by depositing an all oy

edtheirl ¥bect pahs ast bl eaoppRs prgfbraslai@xzanples of the host

(Ag: Pd: Cu: Ce=95:0.5:1:3.5) on the glass substrate 10

coopaunthi ekhessnofcaz®a zohe Theiswdlivat i en coepoltisl ahving a

the EL device 20 thus obtained are shown in Table 1.

CPog89F et w0 Ty AL EB kddet or agast Fiabiricatred riagerhatom, and

sanme manner as in Exanple 1 except that the anode 20

thas LigenEdnbped SpaSIt:i %h@nhogg aPhpyund Mant e um padymer

neodym um ( Ta: Nd=50: 50) on the glass substrate 10 to a

CORPEKAESS BF SFOTHAS Tha TGVRP LWIF biF FEANCsUS of aeHghERost,

devi ce thus obtained are shown in Table 1. 39 [0090] , .

SERFME LS Okn 281 OdeFCBE e - FabiBsTe @i & iiAETdafentaining

CnaEnerlas i n Exaqple 1 qégept t hat, the anode 20 was

POPRER DY UYESGIIEINTTHRC U SONGF 1511 DEAGMPERd Scet PRy and
No; Ce=50:_50) on. | ass substrate 10 to a thickness

toF %g%en%F%Tkg g&&%ﬁa?ion results of the EL device

(bayg0bt ai ned are shown in Table 1.

As the material for the electron transporting layer 95,
a known oxadiazole derivative, triazole derivative, triazine
derivétive, nitro-substituted fluorenone derivative, pyrane
dioxide derivative, diphenylquinone derivative,
flucronylidenemethane derivative, anthrone derivative,

perylene derivative, oxine derivative, quinoline complex

- derivative, oxr 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 IZ0 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. In particular, a film formed with IZ0 at a low temperature
of 150°C or less is preferable.

EXAMPLES
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[0091] Exanple 9 10 An EL device was fabricated in

the sane manner as in Exanple 1 except that the anode

20 was forned by depositing an alloy of nickel,

cobalt, and cerium (N : Co: Ce=60: 20: 20) on the gl ass
substrate 10 to a thickness of 200 nm The eval uation
results of the EL device thus obtained are shown in

Table 1. 15 [0092] Exanple 10 An EL device was
(babgijcated in the same manner as in Exanple 1 except

that the anode 20 was fornmed by depositing an all oy

Fafrspl ahivewmiamd samari um (Pt: Sme95:5) on the glass 20
substrate 10 to a thickness of 200 nm The eval uation
Exesplles 1l of the EL device thus obtained are shown in

Table 1. [0093] Exanple 11 An EL device was

f abri dateydmic B8 davkecadenvemaas ¢anf 2Zfufada@ingl ehdwn in FIG.
except that the anode 20 was forned by depositing an
lamigy fabrdickitedn and neodyni um (Si: Nd=90: 10) on the

gl ass_ substrate 10_to a thickness of 200 nm The

‘eval uBfi bRerestierialofer the MoHevite athud lohit sifnefromium
are shogwn in Table 1. [ 0 094 1 Exanple 12 An EL
3JEVCEE s Bk CANEFioR it Re 3s&e WaSnasess | Rhesalloy was

ESRTBke ol SRR oS L LRg e anode 20 By oring o s
CHBES S5 Ao TS G % RS PSS 0980 e
o1 2R 0aloh 10 | SRR TE! LD T sg0 i, e
debewd bl Tabls as 12ckQO%Rk 9%%8353%5%%1%&%”%h%p£ using
lithographic technology. As the etchant, “ETCH—l”
{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,

a mixed gas of'chlorine (Cls) and oxygen_(oz)'may be used. 1In

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

accurate processing and enables the shape of the etched surface

to be controlled. Thematerial can be formed in a ta_peréd shape
by etching under specific conditions, whereby a short éircuit
between the cathode 50 and the anode 2orcan_be reduced.
[0079]

Then, silicon dioxide (SiQ0,) was formed on the substrate
10 as the insulating layer 30 by sputtering to a thickness of
2007nm. The 5i0; was processed using lithographic technology

so that an opening was formed on the anode 20. The SiO, was
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An EL device was fabricated in the same manner as in
Exanpl e 1 except that the anode 20 was forned by
depositing an | TO transparent conductive filmon the
gl ass substrate 10 to 15 a thickness of 200 nm Wen
applying a current of 25 m& CVM2 between the anode
and the cat hode of the organic EL device thus
obt ai ned, the drive voltage was 8.5 V, and the

etuﬂbﬂaﬁéengobsﬁhﬁ%@re06fth@d&b@@ugﬁlbhﬁcﬁatEﬁ@ﬁa&%oﬂ@%m
250 cd/ M2, which was |ower than that of the organic

fEhodédece Dhe Dealteny opbhsndQ ssupgestiscdhag skh€ion of the
| i ght propagated toward the anode 20 was reflected to
cogkyia 8fmdeveéxeent and enitted through the gl ass
substrate 10. 10 0 9 61 Conparative Exanple 2 25 An EL
[889¥0de was fabricated in the same manner as in

Exanpl e 1 except that the anode.20 was formed by
deposhffay mhacanpoyhef gépbsepubatiratanilfuim a vacuum

A Al =50:50) on the glass 41 substrate 10 to a

HPéRﬁé% gEV266 . nhhe TRl VAN Gata vor réd And tdfe miedagl layer

ev t hus obta ed are shomn in Table 1. 42 a
52 %68’% 8o"tvs SPTRES) PY) AeRes boren 0)it)or erming

tggwgml ing ﬁayer 40,
4,4’,4”—tris(3—methylphenylphenylamino)triphenyiamine
{MTDATA) was used for the hole injecting layer 42,

bis (N-naphthyl)-N-phenylbenzidine (a—NPD)-was used for the
hole transporting layer 44, and an 8—quinolinolaluminum complex
(Alg) was used for the luminescent medium layer 46. An alloy
of magnesium and silvef (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 materiai forming the emitting layer 40, ahd
attachedtoeaspecificelectrmﬁaoffhevacuumdepositiondevice.
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 specific area using a metal mask.
The “specific érea” means the érea 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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anode 20 is exposed, a deposition mask was designed.SO-that the
entire exposed area of the anode 20 was covered (i.e. the edge
of the insulating layer 30 was also covered). The MTDATA was
deposited as the hole injecting layer 42 to a thickness of 30
i, the o-NPD was deposited as the hole transporting layer 44
to a thickness of 20 nm, and the Alg was deposited as the

luminescent medium layer 46 to a thickness of 50 nm. Then,
magnesium and silﬁer were codeposited to form the metal layer
52 on the luminescent medium layer 46. The magnesium and silver

were deposited to a thickness of 10 nm at a deposition rate ratio

of 9:1.

[0081]

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 é DC output of 40 W using a mixed gas of argon and oxygen
(Ar:0, = 1000:5 (volume ratio)) as the sputtering gas.
[0082]

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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and the cathode of the organic:EI.device of Example 1, the drive
voltage was 7 V, and a luminaﬁce of 930 cd/m*® was observed on
the side of the cathode 50. A large amount of light emitted
toward the anode 20 was reflected and outcoupled from the side
of the cathode 50. Therefore, it was confirmed that the organic
EL device exhibited excellent carrier injection properties and
excellent emission properties. Occurrence of a dark spot was
not observed on the emitting surface. The evaluation results
Qf the EL device thus obtained are shown in Table 1.

.The work function was measured using “AC-1” manufactured
by Riken Keiki Co., Ltd. |
[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 fCr;La=90:lO) on the glass
substrate 10 tb a thickneés of 200 nm. The evaluation results‘
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
of the EL device thus obtained are shown in Table 1.

[0086]

Example 4
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An EL device was fabricated in the same manner as in
Examplé 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 fungsten and europium (W:Eu=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.

{0088] |
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:Cque=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.

[0088].

- Example 7

An EL device was fabricated in the same manner as -in

Exampie 1-except that the anode 20 was formed by debositing aﬁ

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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[ O0 98 1 As is clear from T Table 1, the organic EL

device of the exanple exhibited a |ow drive voltage

due to high hole injection properties and exhibited a
hi gh | um nance due to a reduction 5 in the anount of

heat generated by the device. Mreover, since the

Iight generated by the emtting layer 4 0 can be ef f
iciently emtted fromthe upper surface, an excellent
[popoem ssion can be obtained. [0099] 10 Second

Invention In the exanple according to the invention,
Exbhephiendi ng energy in the cerium 3d orbit was

nmeasured using an X-ray photoel ectron spectroneter

(" ESCAB4DD" damnotavksr Edbbycatk¥ACnPthe bamnerpenatedas in
X-ray source: Myg-Ka) . An 15 electrostatic hem sphere
Egampdeot swcerisddizas thheanedect®mwast forhed)ey alepositing an

hot oel ectron spectroneter. The pass energy of the
agépm%ﬂl@ﬁéuﬁétnoh@e%umsﬂ\wcw 1906 eeftbeepbass$ substrate
the peak was set at 284. 6 eV (C,,) . The binding

18nkP ¢y WPectes Pt BR0 weri Fh3@varbRtion rpsustsfagdhe EL
of .the ransBarent conductive 20 filmshown in FIGS. 6
dEK4C7 WBPE aP551REdsared shRHEr iPhdaRbBvd - conditi ons.
[58%93 ] The "binding energy spectra of the cerium 3d

orbit on the surface of the transparent conductive

Ll nk mgasured in the 25 foll owi ng exanpl es correspond

E%éhgﬁegganple of the "graph show ng binding energy of

an elgﬁtﬁ ngRLEsEN] Enfg ' 3? ?i on the .
surface o? tﬁe tran%pareﬁ%fééﬁgﬁc flvg}(1 i%ﬁ?ﬁeﬁ%ﬁpga 47 1o
EQXmﬁléaYeﬁhﬂ%ﬁ?kﬁ%&rEHeSQES&éQﬁf%ﬁ% fgg&éaﬁgﬂdéﬁggitiﬁg an

clarnms. [0101]
alloy of nickel, 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,

- [0083]

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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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 spectrum of the cerium 3d
orbit, and.SB neans the total peak area of the

bi ndi ng energy between 914 eV and 920 eV in this

bi ndi ng energy spectrum The work function of the
transparent conductive filmwas neasured in air using

" o@ phet eel gekhies’ %Bﬁ%t 69%%98%d( é@ ghowillolﬁa@%@%t yr ed

by Ri ken Kei ki Co., d.) after cleaning t
[bpaagpar ent conductlve filmusing uItraV|oIet rays
(UW). [0102] Exanple 13 (1) Preparation for
Epgaoglet ian of transparent conductive 15 substrate
(preparation of target 1) An indium oxide powder, tin
oxi deApoiiledevand wesi fiaboxcdeedpbmdehe (gant pamder as in
had an average particle dianmeter of 1 pm or |ess)
Exenp lpr bvitiaptatfoguthrainatiliee wrade’ RA/BY nePoeta)ing silver
(molar ratio of indium was 0.9, "Sn/(In+Sn+Ce)"
opnbhargtass custrate M0 WasSDUbserand tosd (Uhi+Smecs) 'of 190
nDIar ratio of cerium) was 0.05, and placed in a wet
afFlP n#?PO%WéﬁI fet 2 ey ﬁémﬂ%if@ml]éllﬂa@é@dﬁf rart%@aﬁ;étum oxide
ﬁ (En¢52 alner wer e m xed and round for
(hotr s©¢

ki & Yol PrEdeor NGt ag- ha{fhemﬁéfﬁl&ﬁtlon
_ y uch_as or, Ce, 25 is used in an
rs%?’égsf% ’?R?h%feﬁ?%m? Qb ofohihct® e gbdeble 1.
{§P les of the elenent. In the foll ow ng exanpl es,
an el enment synbol such as Zn or Ga is used in an

| ement synbol indicates the nunber
Csﬁﬁéﬁﬁﬁhgngéﬁmbﬁ %ent [0103] The resulting ground

produgt wASqgyany! ghed §Eglc9¥8§31£ogﬂgds£@?Zm%hﬁg?tSE in

‘of 4 inches and a thlc ness o
ekenped pr t thiketnBl a6 AN al0EBRH R d.giéﬂ‘lg an

firing furnace, the formed product was fired at 14
Ifortransparent 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 thus
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 eﬁtent and emitted through the glass
substrate 10. |
10096]

Comparative 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

alloy of silver and aluminum (Ag:Al=50:50) on the glass
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36 hours to obtain a target 1 for the transparent
conductive film112. [0104] 10 (2) Production of
transparent conductive substrate FIG 9 is an
expl anat ory di agram showi ng the steps of producing
the transparent conductive substrate 138 of Exanple
13. The transparent glass substrate 110 having a
thickness of 1.1 mm a length of 25 mm and a width

s0bstoae 800k d RethaegfbsdSod 2By ampRl aged dvh AMAGH I Pesults
contai ner of an RF sputtering device. The RF

- ofpuhkeELNgetdvieC & hids obpeaiakead age hatvnt he dagnee 1of
vacuum in the vacuum contai ner was 5x10-4 Pa, and
argon gas and - oxygen (volune ratio was 80:20) were
i ntroduced into the vacuum container so that the
sputtering pressure was 0.1 Pa. The 20 partia
pressure of oxygen was 0.02 Pa. FIG 9(1) shows the
gl ass substrate 110. The gl ass substrate 110
corresponds to an exanple of the transparent
substrate defined in the clains. The conponent ratio
of the sputtering gas and the partial pressure of
oxygen -in the sputtering gas are shown in Table 2. 46
HowNOOOHNblI CI 0ZO0-H OOOC -U .-{Nr-1Cli-70
~oUON- OAFCNINNIT H N Urrr ro
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UoOONr oCQX O4FCNHNH_HO xu> w ~ ¢ HO-HW U >0 ro oo H
0

[0098]

| As is clear from Table 1, the organic EL device of the
example exhibited a low drive voltage dué to high hole injéction
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.

[0099]

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-Ko). An
electrostatic hemisphere detector was used as the detector of
the X-ray photoelgctron spectrometer. The pass energy of the
detector was set at 35.75 eV, and the reference for the peak
was set at 284.6 ev (Cu). 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 enerqgy spectra of the ceriun13d:orbit on the
surface of the transparent conductive film” measured in the
following examples correspond to an example of the “graph
showing binding energy of an electron present in a cerium 3d

orbitcnlthesurfacecﬁfthetransparéntconductivefilmn@asured
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UUIl bC- +C. m NHNONamb w .1. -WO0 A-PN
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by ¥X-ray photoelectron spectroscopy” defined in the claims.
[0101]
In the follbwing examples, SA means the total peak area

of the binding energy between 877 eV and 922 eV in the binding

'energy spectrum of the cerium 3d orbit, and 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 alr using a photoelectron spectroscope (“AC-1”7

- manufactured by Rikén Keiki Co., Ltd.) after cleaning the

transparent conductive film uéing ultraviolet rays (UV).
[0102]

Example 13

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

An indium oxide powder, tin oxide powder, and cerium oxide
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.indiﬁm) wés 0.9, “Sn/(In+Sn+Ce)” (molar ratio
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
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 element symbol indicates the

number of moles of the element. In the following examples, when

an element symbol such as Zn or Ga is used in an expression,
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the element symbol indicates the number of moles of the element.
[0103]

The resulting ground product was granulated and
press-formed to a diameter of 4 inches and a thickness of 5 mm

to obtain a formed product. After placing the formed product

in a firing furnace, the formed product was fired at 1400°C for

36 hours to obtain a target 1 for the transparent conductive
film 112.
[0104]
(2) Production of transparent conductive substrate

:'FIG. 9 is an explanatory diagram showing the steps of
producing the transparent conductive substrate 138 of Examplé

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

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

pressure of oxygen in the sputtering gas are shown in Table 2.
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48 conductive film112. The thin netal wire 116 and

the transparent conductive film 112 formed by

patterning are hereinafter collectively called a
patterned el ectrode 118. [0109] 5 The gl ass substrate

110 and the patterned el ectrode 118 are hereinafter
collectively called the transparent conductive

substrate 138. The transparent conductive substrate
[D386]icorresponds to an exanple of the el ectrode-

substrate for an organic el ectrolum nescent deviceé

def i n8dutherbrgcwasnperFbEmnedOif( BheshbwsetBescribed
transparent conductive substrate 138. The wi dth of
athesphamspaseny thedietrigee fli kM dl2emgepasiutred ofSithg glass
the target 1 was 90 pm The Al thin nmetal wire 116
stipeivgd tihyl Et thitiye varvesmonds ine rant @040} enoélederic power
metal conductor defined in the clainms. 15 The '

SHPRAY P AP Yoonld@ #9rOo8 bR Atl@e1dB Iasi nutg ect é¢ atresult,

ﬁltrasonic cleaniqg in_is%%;opyl al cohol, dried in a
CAft F bgeAP2§ast (F@dut rb¥pHerat ldddharéaded flvkckmess of 110

nm nutes usin ultraviolet rays - and ozone. [0110]
N7 ORRSE L hBRE AP EESE BA Lprid ki e PEs A the conductive

o B IREREQ oY e 11 BHCoad bk “HHALEREY es%;i?@glf@;ductive
caite” % CARALALY
e ea LAy ED YUl R 1 anspar oncy of Che palierned 25

el ectinds, hBal! EANRRAT ANEK.Ah A0 Mael GRALD 011 2 .Orghg]rﬂnetal.

was ‘neasured an 0 bé e "Wwor uncti

£t D4y ty2N$R t ti i 1 : o .
Sl D) LI 9BRRN oMUl YR ML Bl LG £i1n 112 5o

a6l 828bAYg¥BSa RASYHEHe Usk Ng3an PADLOSIREL F 01 . o
spec?rosgope (" 6?1" ﬁanufa%t%?ed by ken Kei Ki (Sg.Shows

theltdshlandgf pupdit gibe 916.eV. The measurement
results are
[0107]

Then, the transpafent condﬁctive film 112 and the metal
fiilm 114 were etched using an etchant {phosphoric acid-nitric
acid-acetic acid agueous solution (phosphoric acid:nitric
acid:acetic acid = 16:1:1)) so that the width of the metal f£ilm
114was201nntofonntheAlthinn@talwire116kn1thetransparent
conductive film 112. FIG. 9(4) shows the resulting thin metal
wire 116.

[0108]

As shown in FIG. 9(5), the transparent conductive film
112 deposited on the glass substrate 110 using the target 1 was
etched using an oxalic acid aqueous solution. The transparent

conductive film 112 was patterned by etching so that the Al thin

metal wire 116 was positioned on one end of the transparent
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shown in Table 2. 5 The Ce3d peak on the surface of

the patterned el ectrode 118 was neasured using an

XPS. As a result, the ratio "SB/SA" (area ratio of SB

to SA) was 0.12. The neasurenent results are also

shown in Table 2. [0111] 10 (4) Fabrication of

organi c EL device The transparent conductive substrate

138 was secured on a substrate holder in a vacuum
condliaitnee @fild YACUUNTHEPESi L B8tatleyi£8, 1880a88€the
pressure inside the vacuum contai ner was reduced so
trbatptirtendegoaduet ivac fudmiag 21 xt8med Tk pakrkessnglhge
hol e 15 transporting |ayer 126, organic emtting |ayer
hezginelfsetr onllenjtéseilngchayed 23patardnedt badetlkavier 118.
132 were stacked on the patterned electrode 118 of

[PR8%r ansparent conductive substrate 138 in this

order to obtain the organic EL device 134. FIG 5
showsThAed tas% | aubff 1oigadild® Epddebe detizanethe heatinade 118
20 cont ai ner was_nmai ntai ned under vacuum during the
SREMYEINE W cROLLRE LV AN ca kiR d thed 1anmpares: conduetive

C tgod |§ r 132 were fornmed. As described above,
SHRECPRERs ibr o TpOSTARIPETRAT CORMRERHTS ashERFate 138

e e T S
BB S S A e P e e d ot f Phims . P16
¢ : ! 0 . !

2o entnd e il PrRahty PhatelLEs, ks BYakEo o ng

| ayerrd26, havih ngrac hBi £kRgS aPén@ocoﬁg%ﬁﬁfvgsfﬁiétgg%

under vacuum on the transparent conductive

depobheetirashaneRt +§08EYCt MG 8Ybgh I atg 138 ﬂ?ir?%e%%@?wire

as the material. Then, the organic emtting [ayer

1baviogmed b ekitessy Mol SPBNES LPIRPRUAIAL Wdehe metal
vacuum on the hole :
conductor defined in the claims.
The transparent conductive substrate 138 was subjected
toultrasoniccleaninginisopropylalcohol,driedjj1ahi£rogen
gas (Nz) atmosphere, and cleaned for 10 minutes uéing

ultraviolet rays (UV) and ozone.

[0110]

' (3) Measurement results for properties of transparent

conductive substrate

The specific resistance of the transparent conductive
film 112 deposifed using the target 1 was measured and found
to be 5.4x107° Q-cm. The transparency of the patterned'
ele;trode 118 (transpa: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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transporting |ayer 126 usi ng DPVDPAN and DI as the
materials. The deposition rate of DPVDPAN was 40

nms, and the deposition 10 rate of D was 1 nms.

[01131 The electron injecting layer 130 having a

t hi ckness of 20 nm was deposited under vacuumon the
organic emtting layer 128 using Alg as the material.

The cathode | ayer 132 was then 15 fornmed on the

sebgtiraae ilnjsealfitag Uy en k3@ nby wdepashkuredAlisand aLi

under vacuumto obtain the organic EL device 134. The
ptieposileicaronatme of rddcows (ALY, mdher sleposed bgRT Bée Keiki
of Li was 0.01 nm's, and the thickness of Al/Li was

C200 hod. Treewdribendat o dred 5t Bes¥ hi dhrensastremeht | my€ilts are
are shown 20 in Table 2. FIG 10 shows the chem ca

 shewaulias Tobl¥BPB, DPVDPAN, DI, and Al g. [01141 (5)

Eval uation of organic EL device A DC voltage of 5. 0 V

was aﬁb?iﬁﬂxbéﬁﬂ%eﬁnthbec%Wh%@@eHa@éﬂmfZ@tﬁgzned electrode
%neﬁgtive el ectrode) and the transparent conductive ,
1EP| HRS MR FYRS S %ePEckPBde)RoR FREUSEgdHIe T@tio “SB/SA!

device ‘134. The current depsjty was 1. 8 nA/ CM2, and
(ERE ﬁ%?h%r?cfeséft%fﬂsh‘éasrgaiﬁc ENSYBORE BT §BAN he 4t s are

aﬁg% %%%QQQ.D.TI% ma? confirmed that the col or of
irghtemtrted f &ﬁ] he organic EL device 134 was
[ghgg. As a durability evaluation, the organic EL

evice 134 was b5 driven at a constant current of 10

(AN & ri@g%QOBh%fiBEEE%ESOE%LHQQECES i ndi cated by Vo

and the voltage aft urs €l apsed is indicated

D, P LA UL R 157 B o dfured on
aPs Qe 4 ©8 k@ldéﬁﬂﬁ&ﬁﬁf%&huﬁ?@%@éﬂ(@r of a vacuum deposition
device, and the pressure inside the vacuum container was reduced
so that the degree of vacuum was 1x10°°® Torr or less. The hole
transporting iayef 126, organic emitting layer 128, electron
injecting layer 130, and cathode layer 132 were stacked on the
patternedelectrode118cxffhetransparentconductivesubstrate
138 in this order to obtain the organic EL device 134. FIG.
5 shows the resulting organié EL device 134. The vacuum

container was maintained under vacuum during the period in which

the organic emitting layer 128 to the 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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substrate (preparation of target 2) An indium oxide
powder and ceri um oxi de powder (each powder had an
average particle dianeter of 1 pmor less) were 15
provi ded at such a ratio that "In/(I1n+Ce)" (nolar
ratio of indium was 0.95 and "Ce/ (I n+t+Ce)" (nolar
ratio of cerium was 0.05, and placed in a wet ball
mll container. The powders placed in the wet ball
tAk! br i REer I r :
obta|%angr%ﬁﬁ%@ﬁ%%%U%%@qaﬁq%ﬁgﬁgg?%%%gﬁﬁbggégg%agegerlbed
bgranul ated, press-forned, and fired in the sane
manner as in (1) of Exanple 13 to obtain a target 2
for theethanspaterporeiductbyerfidennbldnd Q1d8)ckidds of 60
Production of transparent conductive substrate 25 The
nglvessdepbsitatants) saouharrn thé hatnepadenn dxedpd€ive £ilm
13 and the target 2 were placed in a vacuum cont ai ner
16 ah R tsputsperieny deviduetiTeesBEstpateel 3hgqideng ABDB as
was operated so 52 that the degree of vacuumin the
tbﬁc@égﬁﬁéﬁﬂ-al naremast 15x | a@ghn iRy erdid iargdr ygas 18&s having a
i ntroduced into the vacuumcontainer so that the
thpgkiesrngtpt @ st rea uezode o Fat 1 99 @ndiz vashiows orhghe hole
resultin | ass substrate 110. Since only argon was
tagaapagtgngh%az%ﬁp%msw DRYDEB 7efi BY aag he materials.
oduced into the vacuum cont |ner the parti al o
ST b +O%ffgteenov@a§5%5f% (b0 DY/ 5f GIdjthe deposition
utt ri.ng. wa perforned in the above-descri bed
nogphEE Wﬁ?l%g“? g target 2 at a tenperature of the
[g%ggé 10 substrate 110 in the vacuum contai ner of
an electric power supply of 100 W and a

A
2830 0 VSBLREERL 0 1y o B MR g faves
1%28&@11&@3&]!@%@ Eh@%&@é‘ﬂi’&l! Va:heléa-%bﬁiel BYEEr POSY was then
fdrméd on the electron injecting layer 130 by depositing Al and
Li under vacuum .to obtain the organic EL device 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 2.00 nm.

The material and the thickness of each layer are shown
in Table 2. FIG. 10 shows the chemical formulas of TBDB, DPVDPAN,
D1, and Alqg.

[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/c_:mz, ‘and the luminance of
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[01181 Then, an Ag thin filmhaving a thickness of 120
nm (nmetal film114) was fornmed on the transparent
conductive film 112 in an argon gas atnosphere using
an Ag target. FIG 9 (3) shows 20 the resulting neta
film114. Then, the transparent conductive film 112
and the netal film 114 were etched using an etchant
(phosphoric acid-nitric acid-acetic acid aqueous

thel kg ani & Phogehoes o ACLEAsM 4T het )aceE G Rckdne
8. 1. %) ) so that the wdth of theﬁ%%?gl film's5 114 +rmed

thas 20e prdlcr fod miyhe &githéd fmimlcnw bﬁgéﬂ:@coﬂ‘l’tcf@rlce 134
transparent conductive film112. FIG 97(4) shows the
weesblluieng thin netal wre 116. 53 [0119] As shown in
FIG 9(5), the transparent conductive film 112
deposhéetdonabhd iglyesea butstomt €hklOrgsnig Hihdetrargel34 was
2 was etched to a width of 90 pmusing an oxalic acid
daaM@au§tsél gphehaBtt susbent nof hel smhrécpat t @henashien initial
npl e 13. The thin netal wre 116 and the
VPﬂaﬁgsaﬁ-émmééﬁé@@ﬁi. by Vol and 10he orekdady abeer ek®dhghours
re hereinafter collectively called the patterned
eiﬁ@@?ﬁo&é iﬁ@lcﬁﬁédgpésgfs@%%t?%&%aqqor%ﬁﬁiE%ﬁ? (=V/Vo) was
atterned ectrode 118 10 are hereinafter
@ OFP%EE 98I all ed the transparent conductive
[égggﬁrate 138. The transparent conductive substrate
corresponds to an exanple of the el ectrode
ate for an organic el ectrol um nescent device
Egggé%%d&?n the clains. FIG 9(5) shows the

1539§Q§5§QE159n? ngSgﬁabﬁbﬁ?B% %%ghséggeﬁg %gngﬂhgive

metal wre 116 ing corre
s@%3tPhee QbrbperARtah ggngggggg defined in the clains.

The transparent conductive sdbstrate 138 was subjected
to U|Aﬁaﬁﬁﬁiﬁmcbﬁﬂﬂénﬂohﬂef59ﬁ80@¥£1§$09§9&e géwﬁgﬁ'?each

a nitrogen gas (N2) atnosphere, and eaned
pﬁwﬁuteﬁa@&nﬂ®verage particle dlameter of 1 ym or less) were
provided 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 container were mixed 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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20 ultraviolet rays (UV) ‘and ozone. [0120] (93)

Measur-enment results for properties of transparent
conductive substrate The specific resistance of the
transparent conductive 25 film 112 deposited using

the target 2 was neasured and found to be 7.7X10-4

Qxm The transparency of the patterned electrode 118
(transparency at a wavel ength of 550 nm) was 54

thas thed dage kowFd vheuba 83% hEheawail EBAEhEAROfatkhex1074
.transparent conductive film 112 of the transparent

Pegndudt avgonsydstwaat d ntIBdaldeer ibYoctBBNWVAGUWRASCONtainer so
nmeasured using a photoel ectron spectroscope ("AC 1"
thatuthet spetdtbyiRy keaseirkiwds Ca.l Palt dFIcang(fpwibws the
to be 5. 8 eV. The neasurenent results are shown in
regbllé 1ng PRe@sCGeSubptaktenlife stiice ety thwypatees nekd as
el ectrode 118 was neasured using an XPS. As a result, :
thiecemppRentp SAhe gpubherdngwad 188 roglusar waso (L2 vacuum
The neasurenent results are 10 also shown in Table 2.
CPat2ineT( 4 hrabR T EAR ] PrRISWIgRT exmgstevReel ABa stitaimle 2) .
[ 1%IG. 5, the hole transporting |ayer 126, organic

[gﬁi ting layer 128, electron injecting |layer 130, and

15 caghogg | ayer 132 were stacked |n tpis order on the
pat t eFhe 8Fé§9r888 ET§f8Fm?aelPr5h§pﬁ Qﬁ?‘QSﬁSE&P?Qe

[ h in Ex 13t
PR bl e R8T 2 sk B tsrh tee OfL the glass
s4BYLES L3 CONGRPQOAS.E O AN XAIPLE Dfgoct he Q1GRNLE. ooy

el ectrol um nescent devi ce inthe €l
a (] ; is VJ
wLFRL ShomvabRd anaol RN R ML, o g apute,

th32t (BAgPhIrLateLBANNLE Sy e APk NE LHANEPAT LM i ckness of 110
conductive film

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

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

Then, an Ag thin film having a thickness of 120 nm (metal
film 114) was formed on the transparent 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 f£ilm 112 and the metal
film 114 were etched using an etchant (phosphoric acid-nitric
aclid-acetic acid aqueous solution (phosphoric acid:nitric
acid:acetig acid = 8:1:8)) so that the width of the metal film
1l4was201nntofomntheAgthinmetalwiré116onthetransparent

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

rwire 116.
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112 (positive electrode) of the organic EL device 134.
25 The current density was 2.0 mA/cn2, and the

| um nance of the organic EL device 134 was 160 nit
(cd/nmz) . It was confirmed that the color of I|ight
emtted fromthe organic EL device 134 55 was blue. As
a durability evaluation, the organic EL device 134 was
driven at a constant current of 10 MY CM2. When the
[ionilgilal voltage is indicated by VO and the vol t age
after 1000 hours 5 el apsed is indicated by V, the
vol t age sheenr aher(6V/ ¥Q) washe asfmpdrat bohddddlidal £fi1m
Exanpl e 15 (1) Preparation for production of

liPatispas ebedcondhet gvass Miibsuthstteal & 0(ps Bpartald oargét 2 was

target 3) An indium oxi de powder, zinc oxide powder,
cRrBeEet ¢ emivigihdef F6vereusiegchn povwdere haddanqeserage lution
particle dianmeter of 1 -pmor |ess) were provided at
tgueﬁtalﬂa{ché Fﬁﬁif—‘ PRALSENnagniTelxamplepl 3r Mtd dhdfn metal
"Zn/ (In+zZn+Ce) " (nolar ratio 15 of
W7ol ThadTg. Chs, CARASPESENE! foORANEELT (dnnd 1aEcaTer by
laced in a wet ball mll
PR L EaPhee rehponuaibtep GEble i Toly el iad Ithe PRt terned
ggg&§ rowere m xed and ground for 72 hours to obtain
© oun% product. The forned product was granul at ed,

E’rl)esg?’ﬂgngn%?s atgl]%) {De% &ﬁg) gndt glizaegfa%t?rrlgl':\]er$ﬁelectrode 118
abbaNSRA 80 P'&gli c\E?vae'lh{E%%fﬂ[zea% %?1%%%.%—%/ %ﬁ;}%r%n% gonductive

Production of conductive

sGHBstrate 1330 STH&'@£aﬁgp£PéﬁtUé@ﬁdu@tﬁ%é”@u stggt&3%38

and the target 3 were placed In vacuum cont ar ner
cabrBEpospst ter khg eslawbge. ofh%hBFeig%EE%angugg% rG8eN@#3r an
operated so that the degree of vacuumin the vacuum
ocgahakneleawso bunklifedecent 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

of the metal conductor defined in the claims.

The tranSparent conductive substrate 138 was subjected

.toultrasoniccleaninginisopropylalcohol,driedjjlanitrogen

gas (Nz) 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 be 7.7x107% Q-ecm. The transparency of the patterned

electrode 118 (transparency at a wavelength of 550 nm) was
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56 Pa, and argon gas and oxygen (volune ratio was
95:5) were introduced into the vacuum container so
that the sputtering pressure was 0.1 Pa. The partia
pressure of oxygen was 0.005 Pa. FIG 9(1) shows the
resulting glass substrate 110. The 5 conponent ratio
of the sputtering gas and the partial pressure of
oxygen in the sputtering gas are shown in Table 2.
mEB42bkd Sprtit é6iing vwasbpesber merhd nwdie abaversesst i bed
at nosphere using the target 3 at a tenperature of the
tghaspaténsubstdateidd Eiilm the vActhsnteensaigientotonductive
200C, an electric power supply of 100 W and a
sdepbsihteoh3Bi aEtetr UY pilpahésyg Wesameesuked ushag a
transparent conductive film 112 having a thickness of
Pﬁqgoegﬁmgnfﬁﬂﬁﬁwqm (gRass” uamtfrataireidbyRiken Keiki
obtai n the conductive nultilayer body 136. FIG 9(2)
%hov&stCMe angstPepAE e hrdect iale Themgasprgeenbgppults are
é £0126% Thg_ the transparent conductive film 112
. 8BBS Ped2Bh® fhe gl ass substrate 110 using the tar get

hed t 90
voi O o EbRbPbrtha i fahR o g%e”%ﬁ@e%%& Fgotrode
0 B DB o Ll B L 20 S
t O t de 118
g?éf%ﬁ¥ e#%co Iecﬁlve %&éﬁ{ éd hgg%%ﬂdﬁ%?m%Qﬁz¥é%ults are

aMubt 5Layer i nbegdy1436. The conductive nultilayer body
136 corresponds to 25 an exanple of the conductive

[ouptilayer body defined in the clains. The conductive
mul ti |l ayer body 136 was subjected to 57 ultrasonic

(¢) eRAbAPchPibBOPEOPYLank 60R0l gedited in a nitrogen

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

ul t r avs obledwri ais K1) 8NdtBEAMEle transporting layer 126,
organic emitting layer 128, electron injecting layer 130, and

cathode layer 132 were stacked in this order on the patterned

electrode 118 of the transparent conductive substrate 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 défined in the claims.
[0122] |
(5) Evaluation of organic EL device

ADCvoltage of 5.0 Vwas applied between the cathede layer
132 (negative electrode) and the transpérent 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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[0127] 5 (3) Measurenent results for properties of

conductive nultilayer body The specific resistance of

the transparent conductive film 112 deposited using

the target 3 was neasured and found to be 4.9X10-4

Q@m The transparency of the patterned 10 el ectrode

118 (transparency at a wavel ength of 550 nm was

nmeasured and found to be 89% The work function of the

wasatrdp@r.ent conductive film 112 of the conductive

mul tilayer body 136 after UV cl eaning was neasured

usi ngha phioresliddttyoavaspeci onsadrReofyARLI 3" "EL device 134 was

manuf actured by Ri ken Keiki Co., Ltd.) and 15 found to

dyd vengagva Thasheasucameentr eSullOsmayemShownam tFablieitial

2. The Ce3d peak on the surface of the patterned

velléggrodé inggopaednbasioedndsthg wolt®S: AStarr 2800t hours
he ratio "SB/SA" (area ratio of SB to SA) was 0. 025.

STRESREaddr dREAFAERGUPYSY, 2Dhar eo bt &% shibvw TatTabhe/t) was
0128% %4) ngrication of organic EL device The hol e

afr SREpdr 6°nd - Payer 126, organic emitting |ayer 128,

{8h§%ﬁron i njecting layer 130, and cathode | ayer 132

Weré- 25 stacked on the patterned el ectrode 118 of the

eGopdyct h¥e multilayer body 136 in the sane manner as
In %%%n%pe 13 to obtain the organic EL device 134.

ic. ' 58 d l,
(gPePQQBQPEElEh g§¥'%?8ﬁ§ét§§n08%r%%gggpgggggfgﬁg %gﬁlge

the organic elec um nescent e

shbgtgh@gnzPE%EgggLiOQSLFEEaEgg%i§Zsof organi c EL

device 5 vol tage o appl i ed between

:?an@ﬁhﬁﬂ@itﬁy§£idé3§o&889?t£¥§ce$§£&é9€§%d§99 £H§ erium
parent conductive film 112 (positive electro ef
orl deheowdgani«adil p&lﬁq\d&ehltadfan average particle diameter of
1 ym or less) were provided at such a ratrio that “In/ (In+Zn+Ce)”
(molar‘ratio of indium) was 0.9, “Zn/(In+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.ﬁill container. The powders
placed in the wet ball mill cohtainer'were.mixed.andAground 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 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 operated so

that the degree of vacuum in the vacuum container was 5x107*
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The c
of th
was ¢
the o
eval u
const
vol ta

urrent density was 1.0 m& cn®, and the | um nance
e organic EL device 134 was 160 nit (cd/nR2). It
onfirmed 10 that the color of light emtted from
rganic EL device 134 was blue. As a durability
ation, the organic EL device 134 was driven at a
ant current of 10 mA/cnR. When the initia

ge is indicated by Vo and the voltage after 1000

pPAQUEBAdlarebaPsad bﬁd‘BQyQQBGQVQXuMe EQ%1¥0%5§995r5§ewere

rate

(=V/I Vo) was as small as 1. Exanpl e

1bikoﬂﬁeaar&ht@ntﬁ@rvﬁbgdmcbbﬁﬂaQﬁekfQﬂsﬁﬁéﬁnthe syutterlng

condu

ctive 20 substrate (preparation of target 4

pradsumeoxasle Jowder , The npaw tel powdefureant s£ydetinwas 0.005

oxi de

powder (each powder had an average particle

Pdi.anei@r »fl) gmwarthess)swerm@rohddedadststede d10. The

ratio

that "In/(1n+Sn+Ce)" (nolar ratio of indium

CRARODE90, ratshy (dheBr+elt t¢nbhargasatind 25 gfadtiigl passsure

0. 05,

and "Ce/ (In+Sn+Ce) " (nolar ratio of cerium

ofae*xy9es, ianthpl aPEEtRHiAOWERShakE shbWncant Erhde. 2The

owde
zad
produ
press

rs placed in the wet ball m |l container were
and ground for 59 72 hours to obtain a ground
The, fornmed product was granul at ed,

g?BFﬁ%Hln%nYﬂasf FEgormehinshie ARfverdascribed)

13 4 f
P ar ent  BHALBE! B PREnP1Es. 55 PBRSERCREp OF the glass

ass

h
Sl R R oo

sagpﬁgqﬁémsO%@r 0 oL PLASRYR L A YRR CON BLSE o

S dt ering device

tH@StPé’ﬁélé\éﬁgné%&Pddé‘@{gégfy‘i‘rﬁgg%eh%ﬂ?c dumi nothe. o919

vacuum cont al ner was

and a gas was

nhRidDEaYeREAIIH Ont RA MACYURLEPRE 81N S Bbta;n the conductive

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

[01Z6]

- multilayer body 136.

Then, the transparent conductive film 112 deposited on

the glass substrate 110 using the target 3 was etched to a width

of 90 ym using an oxalic acid agueous solution. The transparent

conductive £ilm 112 patterned to a width of 90 um is hereinafter

called the patterned electrode 118.

The glass substrate 110 and the patterned electrode 118

are hereinafter collectively called the conductive multilayer

body 1

36. The conductive multilayer body 136 corresponds to

an example of the conductive multilayer body defined in the

claims.

The conductive multilayer body 136 was subjected to
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that the sputtering pressure was 0. 1 Pa. FIG 9 (1)
shows the resulting glass substrate 10. Since only
argon was used as the conponent of the sputtering gas
i ntroduced into the vacuum 15 container, the partial.
pressure of oxygen was 0 Pa (Table 2). [01321
Sputtering was perforned in the above-descri bed

~atnosphére using the target 4 at a tenperature of the

ugkaasoniubsl eahend 1hn iisddrprac suBckheNt, abpeeq0fn 2000@ rogen
an electric power 20 supply of 100 W and a deposition
ghisnENof ddmobphiées, Asdaclesnbd, fotheOthanspPasenting
conductive film 112 having a thickness of 110 nm was
uflsrawd odett raygl 499 ) salost patbeell0 to obtain the

conductive multilayer body 136. FIG 9 (2) shows the
[Pd&dllti ng conductive nultilayer body 136. 25 [01331

Then, an Mo thin film having a thickness of 120 nm
(Crdfeasurenenty rapuhis Fur predrentine aff epspacehve multilayer
conductive film 112 in 60 an argon gas atnosphere
bﬁgﬁng an Mo target. FIG 9(3) shows the resulting

met al Birn1114.ﬁ Then, the transparent conductive film
112 ah etﬁBGEﬁfFﬁiﬁeSF?FﬁP§?4°ﬁe£€eeFEﬁ€§Pé§?H5 gAnductive
anoferrate

O P13 3%bhH DRy aPSs Bae L rgrmd M VB b found

LS H1S;08 20,8, dh SLapOcLimat Lhe eensoaren,

eEEE?rBBEah18“”E§aﬁ§§argg£ 4Lt.£OWA§F§E8%%Ei§gE§§PtQE) was

9(5), the transparent conductive Ti

enstireqghass raubat £at 8eli@susi pget a 4
metghed to a m?ggﬁ g? gg 321usi?geaﬁggﬁafgﬁé%ﬁ?%ﬂéf the

t28uepUsene! UbhalctiPeobl BN 116 SATR: RAIRIE 8% hiti
Exangle 13. The thin netal wre 116 and tﬁgl%% miltilayer

bbugnsparente € WwWdalavg rig Wk lhda §QF 8B L PN S photoeleétron
patterning are hereinafter collectively called the
spatteosedpe (“AC-1” manufactured by Riken Keiki Co., Ltd.) and
found to be 5.9 eV. The measurement results are shown in Table
2.

The Ce3q peak on the surface of the patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA”
(area ratib of SB to SA) was 0.025. The measurement results
are also shown in Table 2.
[0128]
(4) Fabrication of organic EL device

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 conductive

_multilayerbodyl36jjlthesamen@nneras:U1Example13'Uaobtain

the organic EL device 134, The orgaﬁic EL device 134
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el ectrode 118. The gl ass substrate 110 and the

patterned el ectrode 118 are hereinafter collectively
called the transparent conductive substrate 138. The
transparent conductive substrate 138 20 corresponds to

an exanpl e of the electrode substrate for an organic

el ectrol um nescent device defined in-the clains. FIG

9(5) shows the transparent conductive substrate 138.
ctheeMponiddi & omehalexeimd 116 fomd oY@t €hielkd roluminescent
corresponds to an exanple of the retal conductor
deeficeedeifintie iel ahes c123mEhe transparent conductive
substrate 138 was subjected to ultrasonic cleaning in
[04@pdopyl al cohol, dried in a nitrogen gas (N2)

at nosphere, and cl eaned for 10 m nutes using 61

(@)t Faeilokétionaps ECUYRnArd Edzdeeice] 01351 (3)

nmeasurenent results for properties of transparent
condudtiQEostipgeradt 8- 8 Vtes gpadiificcbepse st daheecathodte layer
transparent conductive film 112 deposited using the

184r eeIaTINE mPastredehnand diirl tran sra BIAXIEtdme £ilm

11?e transparency of the patterned electrode 118
r ARSFAFENEy SALChTREGE| SkgtheoPTIsDiREInds vineaddled
d_f d.tq be,89% Th k f ti f the 10
TR EB AP et EBRALY FRIeLr DI ot drdgarare of the
ti t 138_aft I [ .
o GAEL L e hE e 300! L U808 cpne rnea

Ri. i Ki d, nd d
C[RRLEREILERS R TLASD K5l Keq Byt b B SOUA A 130

waable 2. 15 The Ce3d peak on the surface of the
patterned el ectrode 118 was neasured using an XPS. As

el S5 UL SR ol 28R LR e
drabka 2t 6£0&8Bitant current of 10 mA/cm?. When the initial
voltage is indicated by Vy and the voltage after 1006 hours
elapsed is indicated by V, the voltage rise rate (=V/Vp) was
as small as 1.6.

[0130]

Example 16

(1) Preparation for production of transparent conductive
substrate (preparation of target 4)

Anindiumoxidepowder,tinoxidepowder,andCerimncxide

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) was 0.90} “3n/{In+Sn+Ce)” (molar ratio

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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20 (4) Fabrication of organic EL device As shown in
FIG 5, the hole transporting |ayer 126, organic
emtting layer 128, electron injecting |layer 130, and
cat hode | ayer 132 were stacked on the patterned

el ectrode 118 of the transparent conductive substrate
138 in this order in 25 the sane nmanner as in Exanple
13 to obtain the organic EL device 134. The organic

7ELhdeyksceoldBteonr espendsdt gpraguexanpl e of the
organic e lectrolum nes cent device defined in the

cl ai nBhe 620fm@d13Fodud) whky afyvahi DAt 6f, opgass ef&Ekmed, and
device A DC voltage of 5. 0 V was applied between the
ftaeHoille thyesamd3Raimegads vien el Bctofodedamari@ ti¥e to obtain a
transparent conductive film 5 112 (positive
targetr 8déprothehérengpaicenElLcdedizce1¥84fiTheltdrr ent
density was 2.0 mA/cm 2 r and the |um nance of the
[BEg&hi c EL device 134 was 141 nit (cd/M2) . It was
confirmed that the color of light emtted fromthe
(6! gBRPEUEL1igBY PEc tT8RSPRESNB| GENdEgtA¥easHRFEbRERL y
eval uati on the'orqgnic EL device 134 was driven at a

const An¢ SIATeURFCrRF e AAGVeimjhan ERcthdk tysad in Example
% SR PR B e Rt e %P an e
<68t o Tk 8 e B gt i A AL o
O 3B ga S5 PR R 90 Bla B0PL: Rl g 520

PSETA AN OxiLle RGeS ?ﬁ??gdﬁe@ge{ngéqjﬂgiﬂ%ﬁﬁﬂggggtgﬁner S0

particle ~didanmeter o m or | ess) were provi

CpAST R e o SlalAsto) D i@ ohnon cho
résntonhyg1awes s rad@d10. Since only argon was used as the
compeonent of the sputtering gas introduced into the wvacuum
container, the partial pressure of oxygén was 0 Pa (Table 2).
[0132] |

Sputtering was performed in the above-described
atmosphere 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 deposi.tion time of 14 minutes. As a result,
the transparent conductive film 112 having é thickness of 110
mnwasformédcnltheglasssubstrate110tocmmaintheconductive
multilayer body 136.  FIG. 9(2) shows the resulting conductive
multilayer kedy 136.
[0133]

Then, an Mo thin film having a thickness of i20 nm {metal

film 114) was formed on the transparent conductive film 112 in
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"Cel (In+Zr+Ce) " (rmolar ratio of cerium was 0. 05,

and placed 25 in a wet ball mll container. The

powders placed in the wet ball mll container were

m xed and ground for 72 hours to obtain a ground

product. 63 The formed product was granul at ed,
press-forned, and fired in the sanme manner as in (1)

of Exanple 13 to obtain a target 5 for the

drr anspar epls conduphiere tislifmglid. MbOEd8detd (PG, 9(3) shows
Production of transparent conductive substrate The

Jleasse ssuibsitratmes 10 &ilm [1ar4.t o that used in Exanpl e

13 and the target 5 were placed in a vacuum cont ai ner

~of anTREn,sphe tterdrrgpadmritceondhet Rreshilr enbngnd@teCBo thin

was operated so that the degree of vacuumin the
fideudrhdc ormts redrcheab B0+ EonuRsusarsd lartgam ges pesassium
i ntroduced into the vacuum container so that the o
heFRPEIAE Piodss (EETheand sogipm hrhi@x 03¢ tp Showghehlo thin
| ass substrate 110. The gl ass substrate 110
"}%&aﬁegﬁoﬁ%dsllt% hagid ngk anplicitdy athel G rah partds transparent
substrate defin in the claim_ Since only_argon was
T BnbRenE T PHE) pRRY IRy PEsURRERG Ehin metal
d.ntrqq%ged into the vacuum contai ner, the partia
ﬁfgésuré of oxygen was 0 Pa (Table 2). [01401
[§g%ﬁtering was perfornmed in the above-descri bed
atnosphere using the target 5 at a tenperature o; t he
| ass 220 teAat 1051 8, t v um cont ai ner . .
200 2 oanneract i £ S5us ) U ?%%ﬂ%aor? %O@%ctlve filn
1depgshb ! i ' 1€ +H
ooy 0o I B, P e e g 0T e e Sagog 4 v
thedntd waG i Hehr®d sonuh e iGlass Subsid ate g1, 8, ti
eobt aei n the (l:onduct [ vep mul t i%aayer body 136.;(%116 %S(Of)u ron

tehows atihe thesykinenga€eBUHChEV En @§aﬁyiéii?yeﬁHQPQ%infmetal
136. [0141] Then, a C thin filmhaving a thickness o

wize nmé( meidalthe transparent conductive f£ilm 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
substrate 138. The transparent conductive éubstrate 138
corresponds to an example of the electrode substrate for an
organié:electroluminescent device defined in the claims. FIG.
9(5) shows the transparent conductive substréte 138. The Mo
thinlnetal wire 116 formed by etching corresponds to an example
of the metal conductor defined in the claims.

The transparent conductive substrate 138 was subjected
toultiasoniccleaninginisopropylalcdhol,driedjjlanitrogen

gas (Nz) atmosphere, and cleaned for 10 minutes using
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B

64 film114) was forned on the transparent conductive

film112 in an argon gas atnosphere using a Cr
target. FIG 9(3) shows the resulting netal film 114.
Then, the transparent conductive film 112 and the C
thin 5 film 114 were etched using an agueous sol ution
of ammoniumceric nitrate and perchloric acid so that
the width of the netal film 114 was 20 pmto formthe
Qe tdn To et aba r eUWL6ad dAénd r ansparent conductive
film112. FIG 9(4) shows the resulting thin netal
MAY®57116. 10 [0142] As shown in FIG 9(5), the
transparent conductive film 112 deposited on the
gl lagéesulpsemante AdOuliss nfpot herdpegeied GBSt r&ighetei®
a wdth of 90 pmusing an oxalic acid aqueous sol ution
eendibtal ve thebsametpattern as in Exanple 13. The thin
netal 15 wire 116 and the transparent conductive film
112 f ditffedsRRel et tea i Hgprare dertdigdftarspeotdrdctdaralyctive
called the patterned el ectrode 118. The gl ass
thled e e usd nshtther faggeltedt vademeasguradeand found

C&/g{ Gollectively called the transparent

0202 6Bst rii® UaE SEEERFARRparmtpat terned

SR PR LA 0 S8 F G 0T SRS S e
] devi fi [ i,ms. FE
B R R e Eondaet MPe's GEGEraeE piotne
T ' R, , b tchi .
tfgi aréﬁ%'&dﬂaﬁ@tf@er%ﬁ%&6%£93ﬂ?gﬁgyﬁg?§ﬁbggﬁaﬁd?%ﬁductlve

~corresponds to an exanple

, L . ; ve
Sgﬁ{aést r atéénllji%ég ea\/\gés@% m e%ftlé;ad‘{ 1%%’% ﬁ%%sﬁ%éj% ﬁjeéalnrll% ga in

PHSORYd £ A0 ekt rdbbeel M M4 1672091988 KN ken Keiki
at nosphere, and cleaned for 10 m nutes using
ad tr aviaQlyebnd asuddVh 886 azane. TRd43lasurement results are _
shown in Table 2.

The Cesq peak on the surface 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.- The measurement results
are alsQ shown in Table 2.
[0136] |
(4) Fabrication of organic EL device

As shown in FIG. 5, the hole traﬁsporting 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 tcﬁ obtain the organic EL device

134. The organic EL device 134 corresponds to an example of

the organic electroluminescent device defined in the claims.
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(3) Measurenent results for properties of transparent
5 conductive substrate The specific resistance of the
transparent conductive film 112 deposited using the
target 5 was neasured and found to be 5.0x10_4 Qm
The transparency of the patterned electrode 118
(transparency at a wavel ength of 550 nm was 10
nmeasured and found to be 89% The work function of the
toiagspar ent conductive film 112 of the transparent
-conductive substrate 138 after UV cl eani ng was
Bafrdhatsicly &f Phpiost eat rduyispect roscope ("AC 1"
manuf act ured by Ri ken Keiki Co. , Ltd.) and found to
be 5. A6D@VolthegeneASuewsnals 4gsld és bat@ecehtishewRhble layer
Table 2. The Ce3d peak on the surface of the patterned
lai%e diregde 1 vEL 8 lwas noeladured thengransp@®PenAscand@stite £film
the ratio "SB/SA" (area ratio of SB to SA) was 0.029.
e messivisiemlecsidde) of ¢le sorgaovn BIn dkahlae 21320
[0144] (4) Fabrication of organic EL device As shown
i n FI @hescurkenkofienst bvisirsr &-fgmPdgef, 1268 ther amicance of
gﬂgtting_la er 128, electron injecting Layer 130, and

REdBNE Sy de¥3 CRet 84 stasckédl ot e/ pat t erlfedas confirmed

| ectrode 118 25 .of .the transparent conductive o
Re P81 £0138 G LI BRASESPner oRe- Ras SRPLadeThce 134
a 5% 13 to obtain the organic EL device -134. The
organi ¢ 'EL device 134 corresponds to an exanple of 66
t he onrgani t.r m.nescent devi ce def.i j n . the
ol ai med BTy BUaRGRETOR O P amnd ot dstrics A was
G o tag:g% %fo %tga%tvcvtﬁsre%&plolfeqob%g%ﬁﬁét Bﬁ'ﬁ?{gg oegﬁ]'tnitial

layer 132 (negative éelectrode) an

_ #6%%3@3iﬂéeﬂﬂ&ﬂaat¥%?kgpQ%iBhﬁetﬁEeQEEQgg%yg%éége}BOO hours

organic EL device 134." The current dens 2
JDAPFEY iand nidheatwd range ehe voltage rise rate (=V/Vy) was

as small as 1.7,
[0138]
Example 17
(1) Preparation for production of tranéparent conductive
substrate (preparatioﬁ of target 5) (
An indium oxide powder, zirconium oxide powder, and

cerium oxide powder (each powder had an average particle

‘diameter of 1 pym 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)rwas_0.0S, and placed
in a wet bali 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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the organic EL device 134 was 140 nit (cd/nR2) . It was
confirmed that the color of light emtted fromthe
organic EL device 134 10 was blue. As a durability

eval uation, the organic EL device 134 was driven at a
constant current of 10 mANcnR. Wien the initia

voltage is indicated by Vo and the voltage after 1000
hours elapsed is indicated by V, the voltage rise

rate hY Yormars pribrs sl lgrasulated, 0 A€lss- BAMRIEL and
18 (1) Preparation for production of transparent
fdordudn the subhet maheepaepanatipnoof ekanget 63 20 HMrain a
i ndi um oxi de powder, gallium oxi de powder, and cerium
teigge Poviber treadir poaptarertiack camuasteiag ef idad tliid e
dianeter of 1 pmor |ess) were provided at such a

Wdt3%d that "In/ (In+Ga+Ce) " (nolar ratio of indium

-~ was 0.90, "Ga/(In+Ga+Ce)" (nolar ratio of gallium

\es By comictadmn "ae/tansGames)t qonsivat irvest jsiloft 128 e

ceriunm) was 0.05, and placed in a wet ball mll

cont afRér 9168 SpBaBBASS pl He edmid amEonehabarpedi 11 Example
1 ont ai Qer were m xed and grou,nd for 72 hours to

%*098 n-8€ JrHEIRC pt $GFE: PLEFCFhE fo Mgt 6Q0EA LRGeS of an RF

ress-f. ornmed .and fired_in the sape nanper as in (1) _
Sg)f’lec CAMPIe ]Tcg'ob#éFnRE PRIGEEIE Y feTHes was operated so

' fil, 2. [01471 5 (2 "
U SRR MRl ST O el bfbepnaas seic

| i .hat d_in. Ex le .
LSRG PELN 48 e S LBt VSRS LIRS e oo
0k taRnBFsp8PHEL R n}9r9§%ﬂ1f§'we;r§]%ﬁf pRPUt BRE! ”Q{ﬂf"éﬁ&s the
was operated so hat the degree of vacuumin”the

glacsurugemrt-aitRen 1vas dXe 101 4sd O \Bas ¢ AN a{%g{l:(%ﬁie%ds to

i ntroduced into the vacuum container so
aspakbRplBgo PrEss W reanisa fbntl sBdstih®e QeflheanoMSHdI€141im.

Since only argon was used as the component of the sputtering

gas introduced into the vacuum container, the partial pressure

- of oxygen was 0 Pa (Table 2).

[0140]

Sputtering was performed in the above-described
atmosphere using the target 5 at a temperature of the glass
substratellOletheVacuumcontainerof200°C,anelectricpower
éupply of 100 W, and a deposition time of 14 minutes. Asa 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.

[0141]

‘Then, a Cr thin film having a thickness of 120 nm (metal
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resul ting glass substrate 110. Since only argon was
used as . the conponent of the sputtering gas .

i ntroduced into the vacuum container, the partial
pressure of oxygen was 0 Pa (Table 3). 68 D N----
------ ---roa-Hwroa A) NO 0O Ha' 61g00 aocONTS

Sro4 00 4 WVAFCNri Nril 0.1 "N CL ro~HUEl FCr O WOrn04 a
0zQNoO -.rd4 >~tild a

film 114) was formed on the transparent conductive film 112 in
an argon gas atmosphere using a Cr target. FIG. 9(3) shows the
resulting metal film 114.

Then, the transparent conductive film 112 and the Cr thin
film 114 were etched using an aqueous solution of ammonium ceric
nitrate and perchloric acid so that the width of the metal film
114 was 20 ym to forrh the Cr fhin metal wire 116 on the transparent
conductive film 112. FIG. 2(4) shows the resulting thih: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 um 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 hereinafter collectively called the patterned
electrode 118.

The glass substrate 110 and the patterned electrode 118
arehereinaftercollectivelycélledthetransparentconductive
substrate 138. The transparent conductive substrate 138
corresponds to an example of the electrode substrate for an
organic electroluminescent device;defined.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

toultrasoniccleaninginisopropylalcohol,driedj11anitrogen
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Qas (Nz) atmosphere, and cleaned for 10 minutes using
ultraviolet rays (UV) and oczone.
[0143]
(3) Measurement results for properties of transparent
conductive substrate o

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 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
photoelectronspectroscope(“AC—l”H@nufacturedknrRikenKeiki
Co., Ltd.) and found to be 5.6 aV. The measurement results are
shown in Tablg 2. |

The Cesy 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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the organic electroluminescent device defined in the claims.
[0145] |
(5) Evaluation of organic Eerevice

ADCvoltage of 5.0V was applied between the cathode layer
132 (negative electrode) and the fransparent'conductive film
112 (pbsitive electrode) of the organic EL device 134.

The current density was’2.0,mA/an, énd the luminance of
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, thé organic:El.device 134 was
driven at a constant current of 10 mA/cm®. When the initiél
voltage is indicated by Vy and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/V,) was
as small as 1.4,

[0146]

Exémple 18

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

An indiunloxide powder, gallium oxide powder, and cerium
oxide powder (each powder had an average particle diameter of
1 um or léss) were provid.ed at such a ratio that “In/(In+Ga+Ce)”
(molar ratio of indium) was 0.90, “Ga/(In+Ga+Ce)” (molar ratio

of gallium) was 0.05, and “Ce/(In+Ga+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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The formed product was press-formed and fired in the same
manner as in (1) of Example 13 to obtain a target 6 for the
transparent conductive film 112.

(0147}
(2) Production of transparent conductive substrate

The glass substrate 110 similar to that used in Example
13 and the target 6 were placed in a vacuum container of an RF
sputtering device. The RF sputteriﬁg device was operated so
that the degree of vacuum in the vacuum container was 5x107*
?a; and argon'gas was introduced intd the vacuﬁm 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

‘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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20 transparent conductive film 112. [0151] The
transparent conductive film 112 deposited using the
target 6 was etched to a width of 90 pm using an
oxal ic acid aqueous solution to obtain the sane
pattern as in Exanple 13. 25 The thin netal wire 116
and the transparent conductive film 112 fornmed by
-patterning are hereinafter collectively called the
[paudr ned el ectrode 118. 70 The gl ass substrate 110
and the patterned el ectrode 118 are hereinafter
col | e6piuvekyingl Wed pkeforanspanenhecabduetdeecribed
substrate 138. The transparent conductive substrate
atge@spbereesisénds the dmrgedmsl etok theperettredef the glass
substrate for an 5 organic el ectrol um nescent device
syepitiedei hlQ he travasuummen t@nyea o 006 mmelattwicwower
116 forned by etching corresponds to an exanple of
stre Lt all 08dhdaetcr daePFhBdon f ifeeo £ 14 msnutipe.  As a result,
brans arent conductive, substrate 138 was subéected to

Ft F& BﬁPEr‘EPEa‘ﬁ‘PP@u‘FFlV%ofrJ]r]d‘b)JtlzaPéBHBIg adeheeknesg of 110

d cleaned for 10

n tro ( here, .an N
7 25 psfiny? EhetelA e SIBR LSt eIV Bna s Zoet " prsyive
r t sul f ert £sS of t arent
m%?nc SR SEER IS o B R L sl £ R w LD S et ive
f n tive f|In1112 deposited using the
mha?ge %% angggﬁﬁred and found to be 5.0x10 4 Qcm
(Hhegfransparency of the patterned electrode 118
(transparency at a wavel ength of 550 nm was neasured

and foxad,t enben80% o Thg) )’Mk foncldomof qu%naometal film

transparent conducti ve f| m 112 of the transparen

1¢anduet F¥emeguUbSt sAt £rd38 @id %[tﬂééﬁl@:?@'d&ﬂ@%n Mo, target
nmeasured using a photoel ectron spectroscope |

anﬂnaﬁaaﬂutedgby Ri ken Kei ki Co. , Ltd. ) and found to
be 5.6-eV. The nmeasurenent results are

Then, the Mo thin filmwas etched using an aqueous solutlon
of potassium hexacyanoferrate (III) and sodium hydroxide, and
the Al thin film was etched using a phosphoric acid-nitric
acid-acetic acid agqueous 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
target 6 was etched to a width of 90 pm using an oxalic acid
aqueous solution to obtain the same pattern as in Example 13.
The thin metal wire 1i6 and the tﬁansparent conductive film 112
formed by patterning are hereinafter collectively called the

patterned electrode 118.
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shown in Table 3. 25 The Ce3d peak on the surface of
the patterned el ectrode 118 was neasured using an
XPS. As a result, the ratio "SB/SA" (area ratio of SB
to SA) was 0.029. The nmeasurenent results 71 are also
shown in Table 3. [01531 (4) Fabrication of organic
EL device The hole transporting | ayer 126, organic
emtting layer 5 128, electron injecting |ayer 130,

and cahRogeakayenndB2averelo stackad 9RctbenPatd fLOe qe 118

el ectrode 118 of the transparent conductive substirate

ak38né e L ik 5t OF @RJ1 IdttliRR 12881 IBANSle B8ankPa RXAFRIGdlRt ive
to obtain the organic EL device 134. The organic EL

sthivaitaa tB34 38ar r BapoBdankpaaBnexashbigcol vehgupsgante 19s

el ectrol um nescent device defined in the clains.
deIe4jpofsls Evalamtexamudfe arfgamieC efflectervidee sAddErate for an
voltage of 5. 0 V was applied between the cat hode

drappevic ¢32ctmedainesekeatt dodede atuf it tinabspackiims. The
conductive film 15 112 (positive electrode) of the
(Hegari/MogL thdn metadqwiThel tarfermeddnsistchiasy 2:dr ma¥ponds
CM2 , and the | um nance of the organic EL device 134
tRaén sxemel o &ff e meta lwgenewetiornslg fimest imhdheoladmims.
of Ii%gt emtted fromthe organic EL device 134 was

bl ue. 726 BE2HSHAFEREI FPYIBGRI VAt T WSt ¥aes ok Yaias Eubjected

devy 134, dr,i t tant current of 10 mA
CENGL R HELPATETSI D G3PPEGEYR @ hrRlitat 48285} S9CR st rogen

e volt after 1000 . hours | apsed_is.indicated by
3928 P fageFrae Parecrgnos) ERbe O dRiGRAFF SR04,
u %rbgﬁgﬁét Eé?%pu%g%gagépo@%%%gratlon for prOdUCtlon
of transpar ent conauctli ve
[0152]
{3) Measurement results for properties of transparent
conductive substrate

The specific resistance of the transparent conductive

film 112 deposited using the target 6 was measured and found
to be 5.0x10™ Q-cm. The Lransparency 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 after UV cleaning was measured using a

photoelectronspectroscope(“AC~1”HmnufacturedknrRikenKeiki

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

shown in Table 3.
The Cesq 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
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72 substrate (preparation of target 7) An indium oxide
powder, tin oxide powder, and cerium oxi de powder
(each powder had an average particle dianeter of 1 pm
or less) were provided at such a ratio that
"In/(IntSn+Ce)" 5 (rmolar ratio of indium was 0. 90,
"Sn/ (In+Sn+Ce) " (nolar ratio of tin) was 0. 05, and
"Cel (In+tSn+Ce) " (nolar ratio of cerium was 0. 05,

a@@da@g@cgqohﬂ @nmgng@lb mll container. The powders
pllaced in the wet ball mll container were mixed and

(gnegnd for 72 hours to obtain a ground product. 10

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

(B) r edbirichhecsane owpBencagli de¢lpeof Exanple 13 to

obtain a target 7 for the transparent conductive film
112. TbhéStdle (DarfRpeductriooi agert LaAs pargant i € eaductinke layer
substrate 15 The gl ass substrate 110 simlar to that
ld8SedelacExanplel edBimpd avee tl@0geand ortleopé aomeet 13 were -
vacuum cont ai ner of an RF sputtering device. The RF :
sépakeer pngtievbeétrasedpedarsdods lﬂgapft kbedégrespafrent
vacuum in the vacuumcontai ner was 5XI0-4 Pa, and
CapguRtdds aHBSEX9EENL B0l unEDE atekeR s IR0 S amer @az@er as
i nt roduced |nto t he, vacuum cont ai ner. so that the

1&&%%@1%91 EPe%‘%‘EﬁJe“M’se prgapic Bihdeydce hpd pr ddwiogganic
f 0.1 Pa. 1) sho e resultin
2 8§§’ D3t TararEeaPOFAE ConBonEHARPLEI O Pof PengZoanlc
gas and .t he parti.al- Bress f .oxygen in
eIREts EPF%P R5ehis S5 d EnaRt MROTABI 6hS, 281761571
[§@ ering was perfornmed in the above- descrlbed
nngphere using the target 7 at a tenperature of the

a t pat h um cont ai ner of
6 E%?Z§a%HB§cF?I§r é%ér E%uggysegf 100 W and a

deposAticopoi t 85 ¥t 3401 @é‘g %%fl%d%é@@é’éﬁ thel ggthod? layer

transparent conductive fil having a thickness
1320 (negative electrode) and the transparent conductive film

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

The current denéity was 2.0 mA/cm’, and the luminance of
the organic EL device 134 was 135 nit (cd/m?). 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 inifiél
voltage is indicated by Vy and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/V,) was
as small as 1.4.

[0155]
Example 19

(1) Preparation for production of tramsparent conductive
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nmwas formed on the glass substrate 110 to obtain the
conductive 5 nultilayer body 136. FIG 9 (2) shows the
resulting conductive nultilayer body 136. [01581
Then, an Al thin f ilmhaving a thickness of 120 nm
(metal film 114) was forned on the transparent
conductive film 112 in 10 an argon gas atnosphere
using an Al target. FIG 9 (3) shows the resulting

gmiad rdid mpldebartheion tde ddapspanent conductive film

- 112 and the nmetal f ilm 114 were etched using a
" phosplagr 1 ed ferh dxiider powaet Jtdaedt Lde povdeaualserium oxide

sol ution (phosphoric acid: nitric acid: acetic acid 15
rk6rdien] ) (esaht patvdehe haiddeh efferhgenpiatitiémiiddeves @0 1 ym
pmto formthe Al thin nmetal wire 116 on the '
QY a1 r etre aaucitdack aff idunhl k2. rafiG. t9(@) ‘S]hUV\SIIt-H’Ea1+Ce) "
resulting thin metal wire 116. [01591 As shown in
W%ameaglot% inddnepareat 0 cHhd IEn/MEnfHiSirmCe2d 1dhdlar ratio
dep03|ted on the glass substrate 110 using the target

Oof Wda)etVaRed- ¢ o aaW dtGe of I rgEmhEalsi Kgoaaroxatie afickrium)

sol t|on to obtain the same pattern as in
Wf%%aﬁpﬁg el anrrtigt Al dniilie candadher. The powders

ﬁal:a:ceﬁaz?@.eﬂa? RS LS
A §etfde 118 Theéglass ‘#bStgﬁﬁﬁhllo and t he

patterne CelectTdd after coIIectiver

cel | odyhe S mBepaR ML BT e Al ana

The transparent St Ve s

ﬁﬁ%éﬁ“l%%%%@lga%g hgﬁngleﬁgrgﬂe %Fbéfré§§%ﬁ$% fﬂ to obtain a

~organic electrolumnescent device defl
teyets.7 e ch¥ Drshgs-ddie dJRzRareNt: Gendyct i ve
sur?strate 138. Ther 5 thin msta Wre fiig(pf (Laifztrred by

[@tlgdding corresponds to an exanple of the netal
conductor defined in the clainms. The transparent

(@nduciduce: iswbsiff atrenkFh et SHRIRCIEde 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 degfee 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 0.5 Pa. The partial pressure of oxygen was 0.1

Pa. FIG. 9(1)'shows 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
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to ultrasonic cleaning in isopropyl alcohol, dried in

~a nitrogen gas (N2) atnosphere, and cleaned for 10

m nutes using 10 ultraviolet rays (UV) and ozone.

[0160] (3) Measurenent results for properties of
transparent conductive substrate The specific

resi stance of the transparent conductive 15 film 112
deposited using the target 7 was neasured and found :
studp stirer 8.0k 1043 floenvathem canspaiency afo°cherpal éetped power
el ectrode 118 (transparency at a wavel ength of 550 nm
swee 1 nebddildd, and 4 depdstioibe 8i9% oTHel mbnktésinctAon result,
of the transparent conductive film 112 of the ,
theaispaseareasndondiotive ELbstlld davdBgahtehidkhess of 110
cl eani ng was neasured using a photoelectron
n§heet fedEssect the- Atasmpubasrated By tRidem ket ke caaluctive
, Ltd. ) and found to be 5. 6 eV. The neasurenent

Muddiileyesdr Bod¥nbir | FTfabP 623 shows chgdreeakt brg asanductive
syrf.ace of the tterned el ectrode 25 118 was

”ng & uANY g‘%é(PS. As a result, the ratio "SB/SA"
[%ﬁ%%ﬁ ratio of SB to SA) was 0.12. The neasurenent

resul’ts are also shown in Table 3. 75 [0161] (4)

Fabri gat.ion, of i 6. Bl ,devi h 5
the ha 8" ARegoFEeRet + B HREsEr = Bh faEobibe 1PRgth (metar
|_ | > . t ‘ ) .
e P Y o B ot B Bhneef gl £1m 112 4

| d 1 t j t
a%sgcfbb?l §al gtiggsb?%rtetr %giggf EALAE 0{‘9};‘%&{; ve %(tg?rp% @)igshows

i'n this order me manner Sin

the eRisalRk ke meiganis 16 dqvi ce 134. The organic EL
devi ce 134 corresponds to an exanple of the organic

el ect rakuni Bs cerdn sevi-&ee defined ive thench 8bMBng &k metal
[0162] (5) Evaluation of organic EL device

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 ym to
form the Al thin metal wire 116 on the transparent conductive
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 pm 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 hereinafter collectively called the patterned
electrode 118.

The glass substrate 110 and the patterned electrode 118

are rhereinafter collectively called the transparent conductive
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A DC voltage of 5. 0 V was applied between the cat hode
| ayer 132 (negative electrode) and the transparent

. conductive film 112 (positive electrode) of the

organi ¢ EL device 134. 15 The current density was 1.6

mA/ cn2, and the |um nance of the organic EL device

134 was 108 nit (cd/n2) . It was confirnmed that the

color of light emitted fromthe organic EL device 134
swasthhtte. 188 .a Uheabrhhbiyaevat Usbh@ictihe onManistEL1 38
device 134 was 20 driven at a constant current of 10
cotlresponvbenct he kexiahipdlk il tage eilecitrdideatetshyra¥e for an
and the voltage after 1000 hours elapsed is indicated
obgavictékeviot o hgeinéseenatde vicy Yofinad irashemaldims. FIG.
1.9. [0163] 25 Conparative Exanple 3 (1) Preparation

9@ phedacthentbvinspanephrepndeohiivet swestsatbsti3 e The Al
é preparation of target 8) 76 An indi um oxi de powder

tahe B hiniida 4é6 pridesd pyaghch posuhor nestcasisateramexamnple

%hlcle diianeter of 1 pmor less) were provided at

amﬁﬁﬁﬁoCPHQPCtPﬁ/Qﬁﬁiééﬁ"lpnﬁhﬁrcﬂéﬂmé of

i ndi " Ce/ (1 n+Ce) " t
'chE e EEeBo BT BN i St |7 WAL A 15 A9 subected

R DI S A e

tg d duct
BT LR PR USR5 SR B e 10

[ ) to obtain a 10 target
uﬂgggsa?ﬁgtt?ggépa?gnféggﬁ gg#?ve film112. [0164] (2)

[Predyction of transparent conductive substrate The
gl ass substrate 110 simlar to that used in Exanple

(38 M@dshb@mbﬂtg@bsﬁlﬁérgo@|@Q@ﬁekﬁl@svéguH@hﬁgpg§EH%r
of an RF 15 sputtering device. The RF sputtering

cdeubceivwassopetahed so

The specific resistance of the transparent conductive
film 112 deposited using the target 7 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 89%. The work function of the
transparent ¢onductive film 112 of the Lransparent conductive
substrate 138 after UV cieaning was measuredrusing a
photoelectronspectroscope(“AC—l”HmnufacturedknzRikenKeiki
Co., Ltd.) and found to be 5.6 eV. The measurement results are
shown in Table 3.

The Ceigq 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, Thelneasurement results are

also shown in Table 3.
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that the degree of vacuumin the vacuum contai ner was
5x10-4 Pa, and argon gas and oxygen (volune rati o was
70:30) were introduced into the vacuum contai ner so
that the sputtering pressure was 0.5 Pa. The partia
pressure of oxygen was 0.15 20 Pa. FIG 9(1) shows the
resulting glass substrate 110. The conponent rati o of
the sputtering gas and the partial pressure of oxygen
ion dihe sputtering gas are shown in Table 3. [0165]
Sputtering was perforned in the above-described 25
al e SNG4 herdarigeteid &lviad enperature of the
gl ass substrate 110 1 n the vacuum contai ner of 200C,
an el eat rhowpovder FISUPE,y tofe HAQ WM ramGrdrdapesilbver 126,
time of 14 mnutes. As a result, 77 the transparent
cograduict iewe titiinm lagehal? g e ddtiknass eaft ihf0lapewasio, and
f ormedont he gl ass substrate 110 to obtainthe
qedrichelst ileeemiiBRi vayerstrooked 361 theGadté2hedhoivsct hede 118
resultlng conductive nultilayer body 136. [01661
othdhe &ranspefiientt condiatiing gubhtckbhes$38fid2¢hhsnorder in
t&gﬁtal film114) was fornmed on the transparent
aa@ﬁuwrﬁ# AS1iD Hxamede éBd@OQé@l@t‘?ﬂ@%M@rﬂ@mEhgﬂemce
ﬁg& % FIG._9 (3) shows the resulting netal
‘m T @aﬁﬁgnELtﬁ%V%Fﬁn%ﬁér%ﬁ¥r%%ﬁﬂ%@¥|Q% 1 |§apyple of
¢ nd the netal L lm 114 merg gtched 55|ng )
oSPIFEHE 5&9& ﬁPﬁPW&ngéFﬁn cHEViCeafRilaghetusthe claims.
%@k%hlon (phosphoric acid: nitric acid: acetic acid =
1) so that the width of the netal film 114 was 20

al h
Fggasparent condfitliﬁﬁ%éyaﬁlq%%éé% 1%?G?n9t(i) shows -
the rasyt tiAg LRI P BBHA 4 t‘ﬁ”sgagar%lu]l%cll s[eeggagfgk @ﬁﬁgggﬂ@deqayer

FIG 9(5), the transparen
1620 Qsiclyad i EQeEH%oﬁéﬁgghdstM@stO% Q?%réﬁ%rgbﬁﬁhctlve film

oxal i c acid aqueous solution to e sarne
1Nt t@dsias v LelRich3.0f the organic EL device 134.

The current density was 1.6 mA/cm?, and the luminance of
the organic EL device 134 was 108 nit (cd/m?). It was confirmed
that the color of lighf 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 gndicated by Vo and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/Vy) was

as small as 1.9.

| [0163]

Comparative Example 3

(1) Preparation for production of transparent conductive

substrate (preparation of target 8)
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20 The thin netal wire 116 and the transparent

conductive film112 fornmed by patterning are

herei nafter collectively called the patterned

el ectrode 118. The gl ass substrate 110 and the

patterned el ectrode 118 are hereinafter collectively

call ed the transparent conductive 25 substrate 138.

FIG 9(5) shows the transparent conductive substrate
138. Hie ilfcdEnspd>Eiie GG iRl SehstinaleilE8 pMsler (each
subjected 78 to ultrasonic cleaning in isopropyl

iwiEhohaddenedvenagenparopehe dficindiNg ot mogphereleadd were

cl eaned for 10 m nutes using ultraviolet rays (WY

ra olkgheat [0168]a (i) tVedas Wrlankfiin#@EsUl t Sndlir ratio of
properties of transparent conductive substrate The
igyHain)i wasedi- §baane Yief hntQealfs pardmtr candocbfveerium) was

- film 112 deposited using the target 8 was neasured and

G-Giihd antch Ml @ DXr0-38 WEmbafHe mirldnspurterinyenf The powders
atterned 10 el ectrode 118 (transparency at a
®hft e efshahmivks comtadmesdwane Motad apg geound for
9% The morh function of the transparent conductive

| R W 1 fh SR ARt ve  substrate 138
after eani easured _usi_ng phot oel ect r on
Spect P g E e BRI SeY ShAB 0 R B o s, and

s de' S B BreTs (] SEBARRlR B Tebtatn a

SWSAC eclr 118 was ured
us ing ?n %?ths%,&eg agaga?{e%aq‘}eﬂi:t %mr a%ltol.]‘gesﬁ,&]‘ .nﬁ(azzi'r ea
fatgaq of SB to SA) was 0.13. The neasurenent results
are 20 also shown in Table 3. [0169] (4) Fabrication

@) engRnick iBn d8YViaa i shown dhdd@Eir dedide

“transporting |layer 126,

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 0.15
Pa. FIG. 9(1) shows 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.

[0165]

Sputtering was performed in the above-described
atmosphere using the target 8 at a temperature of the glass
substrate]JI)inthevacuumcontainerof200°c,anelectriépower

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

77



5

10

15

20

25

organic emtting layer 128, electron injecting |ayer
130, and 25 cathode |ayer 132 were stacked on the
patterned el ectrode 118 of the transparent conductive
substrate 138 in this order in the sane manner as in
Exanple 13 to obtain the organic EL device 79 134. |

0 17 0 (5) Evaluation of organic EL device A DC

voltage of 5. 0 V was applied between the cat hode :

Yrey éransph32ntnegatiuce igkeei EAME)2 angdy #e ot EAASRAEEBLoF 110

conductive film 112 (positive electrode) of the

ror ganifomEedienitde §B4dss Hubstinatent 1 dlersolbyai@shé Gonductive

md/ CM2 , and the |um nance of the organic EL device

T84 ey G0 baidy 126/ mEXDG.. 9(2) velsowsrifter redulthal d¢deductive

color of light emtted fromthe organic EL device 134
fdeyaudods B@urability eval uation, the organic

my-
ﬁib vice 134 was driven at a constant current of 10

When the initial voltage is indicated by VO

dt : [t aft.er _1000 hours el apsed is indicated
oy v et ot il st TR TG vorhfBEness ok 108 go (metal

3.0.,.[0171 Comparative Exanple 4 (1) Preparation .

T B SAEF O P Eh, CHiT SRR S Bea 112 in
' ' t t 9)..20 An indium oxide er

R b e . B P o e T haagsa-av%ﬁégew? shows
td [ of < r | ess) were provide a

ﬂg%{:hﬂegu?—g{'iﬁ t egtltraj" Ifnlljiﬂglrmnl%Sn) " (nolar ratio Oft' f

I ndi . o0/ +Sn) " . rati.o. .0

{1 iR 8 B, < ETARERES ke STl i S oA e

' T : ' . _2¢ i ] | .

R B i R AT

a&ﬁﬂamm@oﬁﬁ@@Mﬁtid&@pﬁ@éﬂﬁgrpé%@%a:d%%%ﬁgéeyhggggticacid

press-forned, and

= 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.
[01e7]

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 hereinaftérVCOllectively called the
patterned electrode 118.

The glass substrate 110 and the patterned electrode 118

arehereinaftercollectivelycalledthetransparentconductive

substrate 138. FIG. 9(5) shows the transparent conductive

substrate 138.

The transparent conductive substrate 138 was subjected
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80 fired in the sane manner as in (1) of Exanple 13 to
obtain a 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 contai ner of an RF sputtering device. The RF
sputtering device was operated so that the degree of
bragliuna sont he: lwaoiiug toftsaipiepyiesl $oidt 4 drfad B0d nitrogen
argon gas and oxygen (volunme ratio was 90: 10) were 10
da®t ridducetimpepbetrke - waducieanntaifner 190omt hatekh@sing
sputtering pressure was 0. 1 Pa. The partial pressure
Bt reigdetwaeye (0V) Pend Fz@ned (1) shows the
resulting glass substrate 110. The conponent ratio of
fH&SIput teri ng gas and the partial pressure of oxygen

i.n the ?gg%tering gas are shown in Table 3. 15 E 0 17
(F YFHTIARSTIRG e PO riRed AnPRee igsorE desuysisaent

at nosphere using the target 9 at a tenperature of the
G 1§ﬁb§¥ﬁéﬁéiaffb in ?he vacuun1cog?ainer of 2000C,
an electric Rouer supply of 1Q0 gy and a deposition )
Cine OfCIFPRTAGNSs AL SXPEEURE, 56 thETePaReRhr GRncuct ive
d [ fil.m 112 havi a.thickness of 110 nm wa
A o Sep R e as Bodfils s 60 48K 18 Bt arsitwesd and found
onduct ing o-aruhf Ll ay . Fl -shqws the
t?)eg])%l t%i'rg\éqgon tc Ijlﬂi/e%rhnuﬁ:tqiyaln;s%%rre@g?y 0%3%%)6[ é’f’gfszr“féi |
; t hyi j j a .thi f j ;
e NS M e o PR IR ST B s

meeRdued wad Ifdinbldd he AY2ar 99H 9RS AL i
an Al target. FIG 9(3fashom5 ggetﬁérgeggﬁgpggﬁnggapae

thrianaphentTheAduthe ver a0sRaregnt reonducti Vo d +dm Hiquctive
and the netal film 114 were etched using a phosphoric
sabist-raiter lG8acifdtacel @leaning was measured using a
photoelectronspectroscope(“AC—l”ﬁmnufacturedknrRikénKeiki
Co., Ltd.) and found to be 4.9 eV. The measurement results are
shown in Table 3.

7 The_Ce&;peak on the surface of ﬁhe patterned electrode
118 was measured using an XPS. As a result, the ratio “SB/SA”
(area ratio of SB fo-SA) was 0.13. The measurement results are
alsc shown in Table 3.

{0169]
(4) Fabfication 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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aci d aqueous sol ution (phosphoric acid: nitric acid:

acetic acid 5 = 16:1:1) so that the width of the netal
film114 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

13ma .oxal i ¢ aci d aqueous solution to obtain the sane

pattern as in Exanple 13. The thin netal wire 116 and
{ORAgotir ansparent conductive film 112 fornmed by

patterning are hereinafter collectively called the

(pat Eerdedtebecifodegbbi.c 5 Beeigkass substrate 110

and the patterned el ectrode 118 are hereinafter

col | edthG/epytedkladsSt A/ vaargpdrient beondesttineecathode layer
substrate 138. FIG 9(5) shows the transparent
léendnegptévesabserapdel 38nd THee thzatsirr et congbsttiive £ilm
substrate 138 was subjected 20 to ultrasonic cleaning

lig i(pegispye sleshsrdedr iodd the arapnicgdh dexdcendps.
atnnsspere, and cleaned for 10_m nutes usin )

ul travi6l Hrreys ctmltashafa@zéné.mﬂ{mm]an@s?he luminance of

asur enent

B . 2 25
T Tt B R T P BT B (Bl ane b ufaY ont izmed
' fi 112 d ited [ he.
e Ra o Y BbE it Y P SRR L1855 B8 ddVice 134

'w%%”blﬂ@? transparency of the patterned electrode 118

ransparency at a wavel ength of 550 nn) was neasured

and fﬁgrgjdhgaggégjc%’ et ??%%%E%E}%t {Jggaggctéﬁsdevice 134 was

transpar ent conducti ve ranspar ent

deernduchicve éoﬁH@%ﬁEaEﬁr%%ﬁtaBEeioLMA?Eﬁapi@@m%ﬁ}&gi;nitial

measured using a photoel ectron spectroscope

veardGact ur eddbyaRielkien Kei khnd Cohe , véiage 2Rdefouddot Rours

be 4.8 eV. The neasurenent results are
elapsed is indicated by V, the voltage rise rate (=V/Vy) 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 um or less) were provided
at such a ratio that “In/(In+Sn)” (molar ratioc of indium) wés
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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shown in Table 3. Since the transparent conductive
film112 did not contain Ce, the XPS neasurenment was
omtted. 10 [0177] (4) Fabrication of organic EL

- device As shown in FIG 5, the hole transporting |ayer

126, organic emtting layer 128, electron injecting
| ayer 130, and cathode |ayer 132 were stacked on the
patterned el ectrode 118 15 of the transparent

fdardudhi taesehsier ahAnd28aknihhi $) o5 flefxdibld 3 S8MBbtain a
manner as in Exanple 13 to obtain the organic EL

tdegiete 9 ¥4 thel F&hnsh)rdnraldmiduot iefe ariganiig JEL

device 20 A DC voltage of 5. 0 V was applied between

(03§ 2dat hode | ayer 132 (negative el ectrode) and the
transparent conductive film 112 (positive el ectrode)

(@) FredmcFamnc ofL tdevispa rk3y. chmeluctirivents uitensiaty was

1.4 mA/cn2, and the |um nance of the organic EL

devi c&ne3alaas g rated/ iR )sinilprwae toatiused ir2Example
that the color of light emtted fromthe organic EL.
ldedrdetig 4 arebIuweIasPhaandabt 13 vpcaval ganteanerhef an RF
organi ¢ EL device 134 was 83 driven at a constant '
SEitre

FE-R8F SEY LA cnble VREnSRIEL g flevis tefe arerated so
bR S8 ReStra olt dactymyan RS, Breays Frdsaraps vas 5x107
B oRLo AP RN 873 Al O o e ARSpAPETE CBTASDEh were
ssubsitese Garspasat oyl Lagsteld) i, b0 UBORLSE cor o

PRLSEALE PR 0EL S0 ek LES Y iy s 0.0
peat i pief ¢ 0dj UBACWMESthe resulting glass substrate 110. The
component ratio of the sﬁuttering gas and the partial pressure
of oxygen in the Sputtering gas are shown in Table.é.

[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 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. |
[0174]

Then, an Al thin film having a thickness of 120 nm {metal
film 114) was formed on the transpareﬁt conductive £film 112 in

an argon gas atmosphere using an Al target. FIG. 9(3) shows
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0.93 and "Zn/ (In+zn) " (nolar ratio of zinc) was
0.07, and placed in a wet ball mll container. The
powders placed in the wet ball mll container were
m xed and ground for 72 hours to obtain 15 a ground
product. The forned product was granul ated,

- press-forned, and fired in the sane manner as in (1)

of Exanple 13 to obtain a target 10 for the

tHeansparieniin g oretedt issed il 112. [0180] 20 (2)

Production of transparent conductive substrate The

gl ass Téehhst catet #dAspshpeharcémdidwivaisadn n1Bxanal €he metal

13 and the target 110 were placed in a vacuum

fcidmt 2l Aevesf ebnhe®Rissipg begrhiorpldevicecidhriRFic acid-acetic

sputtering device was operated so that the degree of

agdclameaus e dcm{pbasrhael cveasi Gl i 25cPd ; agatiic acid

as was introduced into the vacuum contai ner so.

1t=aé sputhet i He pricidurd whs metaPLilm ¢lowap 20 um to

shows t he resultlng gl ass substrate 110. Since only

A goi a8 lusREn sRe Byl tHe ¢ difoRBntheft EarsRpiRterGasluct ive

roduc o the vacuum container, the partia
f%ﬁé%&ﬂf? ?!ngy%é%) VRO Pl Fasd ting thigmetal wire 116.
ﬁ%ﬁ%§er|ng was perfornmed in the above-described 5
atnoéphere using the target 10 at a tenperature of the

gl ass » subspate 1O 19, gvgfygggy{,% SGRALNE O 200G o1

n el ectric power ~Supp

s e R SR A Y b e LA e acia
Jqﬁéﬁﬂ% %Blh%%oﬁleésoﬁHQ§Br@ﬁ@:%éﬂaE%F%?E@'%E be {Example 13.

conductive 10 nultilayer body

THeet he B Uhd 1 410 wE QRAVCE | My tﬁﬁlﬂfér@yﬁdrm}‘:o]ﬂ%ct[l%Sg}lm 112
Then, an Al thin filmhaving a thickness of 120 nm

ﬂﬁﬁﬁdﬂ byf pakiethdhgnasel RERBENLEBLAR S DDEEBSely called the
at nosphere using anAl target. 15 FIG 9(3) shoms t he
pegid e giedcalr ddd mi1gl4.

The glass substrate 110 and the patterned'électrode 118
arehereinaftercollectivelycalledthetransparentconductive
substréte 138. FIG. 9(5) sﬁows the transparent conductive
substrate 138.

The transparent conductive substrate 138 was subjected
toultrasoniccleaninginisopropyialcohol,driedjjlanitrogen
gas {(Ny) atmosphere, and cleaned fér 10 minutes using
ultraviolet 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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Then, the transparent conductive film 112 and the
nmetal f ilm 114 were etched using a phosphoric
acid-nitric acid-acetic acid aqueous sol ution
(phosphoric acid: nitric acid: acetic acid = 16: 1:
1) so that the wwdth of the netal film 114 was 20 pm
to 20 formthe Al thin netal wire 116 on the
‘transparent conductive film1l12. FIG 9 (4) shows the
trresel .10y tohF o neeh 2l Thigr thl@paﬂ&k@sbﬁ@?mﬂé}ned
FIG 9(5), the transparent conductive film 112
edepdgiaded WS g rensaategety B wasaeteked thS 0Ty 580 nm) was
oxal i ¢ 25 acid aqueous solution to obtain the same
megtsiiged angl ifiouddarggl e P332 .Th8hehworkefahcwios df6the
and the transparent conductive film 112 forned by
trarsedriong apeduetévaafilnr 103 bécthed sarcad mehi8sdnumct ive
atterned _el ectrode 118. The gl ass substrate 110 and
8 tEaiteerliéd aditeat VYde1es8 ingr walse eiasairesr using a
ol lectively called the transparent conductive
P@BP}?F SCETPESSPEF O 9FeRe dndfes 1 Heany hagparedby Riken Keiki

conducti ve substrate 138. The transparent :

cé’ondﬁ‘éiﬁr l/ea‘?ﬁESPPQt %Oi@&%v\gse‘éu bjTéG BE2SHECHPRE avmi ks are
l.eani, Lpn.Lsgopraopyl al.cohal ried in a njtrogen .

S D) TaP S e pher L Shd Y GBI RAED SRS Vs g 112
|4t [ I and .0 .10 10184] (3 '

e Y o oSl et S Yhe? X o B8R neehdnt, WAL shitkiec.

[e@ndyctive substrate The specific resistance of the

transparent conductive film 112 deposited using the

(4qr gabriBawasnneasuiednapdeioynd 15 to be 4.0x10_9
Qm The transparency of the patterned el ectrode 118

(transpaspbey ah EI@@VSLeﬂﬁéthie5@9aﬂ§%?f?§%gn?§§85e926,

and found to be'899§ The.mork functi on
orpanspasentt cogduptd va X9 | endi2reh 1hgetf BASPBLEM 130, and

conductive substrate 138 after UV cl eani ng”was
cathsdeetlaysi N3A 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.

[0178}]

(5) Evaluation of organic EL device

A DCvoltage 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/an, and the luminance of
the organic EL device 134 was 80.nit (cd/m?). It was confirmed
that the colqr of light emitted from the organic EL device 134 .

was blue.

As a durability evaluation, the organic EL device 134 was
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20 phot oel ectron spectroscope ("AC 1" manufactured by
R ken Keiki Co. , Ltd.) and found to be 4. 9 eV. The
measurenent results are shown in Table 3. Since the
transparent conductive film 112 did not contain Ce,
the XPS neasurenent was omtted. (4) Fabrication of
organic EL device 25 As shown in FIG 5, the hole
transporting |layer 126, organic emtting |ayer 128,
detiendr @t ianjeectstent ayarrel30.ofand neatdadde wamertH82initial
were stacked on the patterned el ectrode 118 86 of the
i ldregsarientirebindatstd ey Shbatdat@el 38 licagehia$terden 0ion hours
t he sane manner as in Exanple 13 to obtain the organic
Rarfed de 13glidagrgbby ¥, ( 5heEvaltagieoniet paganieVEi,) was
device A DC voltage of 5. 0 V was applied between the
a&-hode | ayer 132 (negative electrode) and the
tr parent conductive film 112 (positive el ectrode)’
Q%Fﬁﬁe organi ¢ EL device 134. The current density was
.4 mAN cn2, and the | um nance of 10 the organic EL
Q§§ﬂﬁﬁgpﬁﬁf\ﬁﬁ§%ﬂ}%ﬂq (cd/n2) . It was confirmed that

the color af. light enitted fromthe organic EL device

(5 Pntior AP Bt i) B8 Bttt e Sidpen ore
i.ce S (Y at_a.c tant current of 10

%%&%?%.ééwﬁiﬁé¥¥£?%ﬁ%%ﬁ éﬁpqﬁﬁ¥Qﬁﬁ ﬁgée is indicated by

o cated by
V0 Dy 0,1 A U5 £l BEGAY (gacn poucer

organi c EL device shown in
a&ceedi Agrd©id hendoMew (%#ﬁ{)hogtmf&%rt RS SYDSET Al ®ium) was
1 mm

_ hdean[évégﬂge iﬂﬂldl%vﬁﬂghggféfg%%ﬁg@g%géégggté%re provided

- 91, glass having a thickness of

Q.93and“Zn/(In+Zn)”(molarrathaofzinc)was0.0?,andpﬂaced
in a-wet ball mill gontainer; The ﬁowders placed in the wet
ball mill container were mixed 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 10 for the transparent conductive film 112.
(0180} -
(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 5x10°%
Pa, and argon gas was introduced into the vacuum container so
that the sputtering pressure was‘O.l Pa. FIG. 2(1) shows the

resulting glass substrate 110. 8Since only argon was used as
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was used. Cr was deposited on the substrate 91 by
sputtering 25 as the anode layer 92 to a thickness of

50 nm The glass on which G was deposited was _
subjected to ultrasonic cleaning for five mnutes in

i sopropyl al cohol, washed with pure water for 87 five

m nutes, and then subjected to ultrasonic cleaning for
five mnutes in isopropyl alcohol. [01871 The cl eaned
thegbstmpbeenaso s atier eguoteai aybsds dint reludeid 1Btoftide vacuum
conmerci al Iy avail abl e vacuum deposi ti on device
comgrifi@et,utobe bgrtlvAGremeurdtal oxygemakygbdePainiTable 3) .
resistive heating boat was charged with 200 ng of

[R1®LIdi phenyl - N, NI - bi s- (3- et hyl phenyl ) - (1, 11- bi phenyl
)-4,4_'-diamne (hereinafter called “TPDA") Another

nol ybdBHGFFI8NLeyrst PeETREBEANNDERE WS VEhdeged ieth

“ERBFETIFAR: S 1081 FhR CEEBORI 19 Thin IRUSAALYTRICf W olass
SRSV e U 0 D0 TR IR 1P e
DB AR5 PRSI ol RN ER S PSS e,
ofpLextheBrlah QR atE ARG KOS cingg or 110
TR Stk gy LA e o L PSR U ive

mheatBgeRogbq§hagged pitt hy (W@ov)@ﬁ%%%%%@#@uct ive

W t hout renoving the substrate to

mtiheihakert baaspanki.ng | ayer 93 at a deposi;ion rate
of 0. 1 to 0. 2 nmsec to obtain the organic emtting

[Dagen 25 94 having a thickness of 40 nm The substrate
tenperature was set at roomtenperature. [0189]
Then, an Al thin film having a thickness of 120 nm (metal

film114) was formed in an argon gas atmosphere using an Al target.
FIG. 9(3) shows the 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 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.
[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 pattern és in Examplre
13. The thinmetal wire 116 and the transparent conductive film

112 formed by patterning are hereinafter collectively called
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88 After renoving the substrate on which the anode
| ayer 92, the hole transporting layer 93, and the
organic emtting layer 94 were deposited in this

-order as described above fromthe vacuum chanber, a

stainl ess steel mask was provided on the 5 emtting

| ayer. The substrate was then secured on the.

substrate holder. A nolybdenum resistive heating boat

es ehargatedde 20 bdegiof. an al umi num chel ate

conplex (Al q: tris(8-quinolinol)alumnum, and

i nst alTihed gilastsheukacuate 101 Chatbehe bAE98FNAA electrode 118

al um na-coated tungsten basket was charged with 8 ¢

afe heselinefteAgol ngotiveA yrobybddtimg ceahsphyenbefdidig-tive

boat . was charged with 1 g of a bisnmuth (Bi) ribbon,

AW Eifdtch el 3815 F3GybddBumshoat was thangedrenthcbnguek ive

magnesi um (My). After reducing the pressure inside
Wahifum Ehanber to 2X10-4 Pa, the boat charged

wth Alqg was heated to 280C by supplying electricity '

to depdsi trAPGPRASAtt FPBERREES VT SQ]QS%W’Q@ B3 eposisilgiected

' ratg of 0.3 nmsec to,ohtain the electron transporting
HOVEFT2501 88 CLeGTY Y s OPAGP YR 2l ephe Mydwéed in a nitrogen

deppsited at a depositi te_ of msec, 0. 8
il B8 affioby3xRyCary’ FIgpblty sery 10 Blontapnusans

- Bi - e jte il.mbhaving a thickness of 2 nm
l@%&t%ﬁ%g%e%%%?yser&é@) .an'f:ﬂeozé)é%t'ent of Ag, Bi, and My
N gishe cathode layer was measured using an
i nductively coupl ed plasnma spectroneter (ICP). As a

eebecrioany 80 Sonis & BrarS s, Tt neparans

respectively 90 wt %

cdepesitied Rysautdieri ng as the transparent conductive
| ayer 97 to a thickness of 150 nmto obtain an organic

The specific resistance of the transparent conductive
film 112 deposited using the target 10 was measured and féund
to be 4.0x10™ Q:cm. The transparency of the patterned-
electrode 118 (transﬁarency at a wavelength of 550 nm) was
measured and found ﬁo be 89%. The work function of the
transparent conductive film 112 of the transparent conductive
substrate 138 after UV cleaning was measufed using a
photoelectronSpectroscope(“AC—l"nmnufacturedkerikenKeiki
Co., Ltd.) and found to be 4.9 eV. The measurement 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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EL device shown in FIG 8. 5 [0192] Exanples 21 to 34

and Conparative Exanples 6 to 8 An organic EL device

was fabricated in the sane manner as in Exanple 20

except for changing the configuration of the cathode

| ayer as shown in Tables 4 to 6. 10 [0193] The organic

EL devices fabricated in Exanples 21 to 34 and '
Conparative Exanples 6 to 8 were evaluated for the

O hEs ithdadis pefrdnite coaldnede vieaya@bstirh€est 838dandihis order in
oxi dation-reduction potential of each netal, the

Ot Fembk rdnnearspan Bxandfe LAt cabhade thyergaaid thelevice
performance. The results are shown in Tables 4 to 6.

3fhe organic EL devices were evaluated according to-

the follow ng nmethods. (1) Standard

BXi&fdt i on-reduction potential of netal A metal was
deposited on a glass substrate under the 20

Condivta ot ipde P e dorGritdg deielasat hode in each

exanple. The resulting sanple was imersed in a 0.1M

li t hi dn¥paediegieed 5-;98‘{1@76&5&1%]%&4 brtussRdhegakhpAealayer

R TR KR ITIE IRLAT TR e
LIS (T ol o6 IR Pl e 3

O UL R B 0 Sk PR EL SISl gance of
98 Segbseopa it 300 B VRS |LIE P oncimac

oty tWReBo 88POSE L NGt BR 1 CRLROHE T Al v
transpareﬁcy of tﬁgﬂgubs%rate mﬁ? 1?ﬁ%Q§%%%§f%g& ??Yﬁ?e 134
waas 3 yeeasured at a wavel ength of 380 to 780 nm using

a spectrophotoneter ("UV-3100" manufactured by o
Shi madaua doarporatiweyat0aeyashyatite heaauer BEQIRAdL Rk was

transparency in

driven at a constant current of 10 mA/cm®. When the initial
voltage is indicated by Vo and the voltage after 1000 hours
elapsed is indicated by V, the voltage rise rate (=V/V,) 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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this wavel ength region. (3) Lum nance 10 The initia
l.um nance of the device when setting the current

fl om ng between the el ectrodes at 30mA/ cn2 was
measured wusing "CS-1000" (rmanufactured by Mnolta).
(4) Lifetime test The |l um nance of the device after
continuously driving 15 the device at room
tenperature for 2000 hours under the condition

fdescini betdes p Ar3) thes sel\b@|eldﬁb€1dto (13t rEB¥ahuaté ee®ing for five

device deterioration The surface of the device after
ntimeitldsf dtd nesdpasipyM)a Masholabserved fromthe side of

t he cat hode using an optical 20 m croscope

(gl fi cation: 20) to evaluate a change in the

appear ance before and after the test. (6) Evaluation

The ofA§gntéeBEnedesibet nabe evar watcadegs ch@oslibsheat ¢ Helder
| um nance after the lifetinme test was five tinmes the

9hia icaImnes ia il sh el latd <a vetvarvge depashid iret alevice

el ectrode was not_oqbserved in the deterioration

EPAURASTH CDtNe Ui EE t Hdor gdst-d -ELRA Bedivbdenis resistive

‘ B : D 40 0C0O0
heev%I ya %%a%:s waBsadchar%led w1th( 2O)EJUq )

N,N’~diphenyl-N,N’~bis-(3-methylphenyl)- (1,1’ -biphenyl) -4, 4
’fdiaﬁine {(hereinafter called “TPDA”). Another molybdenum
resistive héating boat was charged with 200 mg of
4,4’-(2,2—diphenylvinyl)biphenyl (hereinafter called
“DPVBi”). 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 bn_which
Cr was deposited at a deposition rate of 0.1 to 0.3 nm/sec to
obtain 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 on 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
sef at room temperaturé.

f0189]
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After removing the substrate on which the anode layer 92,
the hole transporting layer 93, and thé organic emitting layer
94 were deposited in this order as described qbove from the
vacuum chamber, a stainless steel mask was provided on the
emitting layer. The substrate was then secured on the substrate
holder.

Alnolybdenum.resistive heating boat was charged with 200
mg of an aluminum chelate complex (Alg:
tris(8—quinoiinol)aluminum), and installed in the vacuﬁm
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 ¢ of magnesium (Mg). After

reducing the pressure inside the vacuum chamber to 2x107* Pa,
the boat charged with Alg was heated to 280°C by supplying
electricity todepositAlgina thickn.ess of 20 nmat a deposition
rate of 0.3 nm/sec to obtain the electron transporting layer
95.

[0191]

Then, Ag, Bi, and Mg were codeposited at a depositionlrate
of9rmﬂsec,O.Bnm/sec,and0.2rmvsec,respectively,tocbtain
an Ag-Bi-Mg deposited film having a thickness of 2 nm (cathode
layer 96). The content .of Ag, Bi, and 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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EI0C) rza) 000 -Pu-4 ~4 04~ QQ41(00 O M4
410A0-Pa) p Uwr 'a0 Q r ~l0 ~4-H 1V 10(0 4J Oty
.HoQa) E-0

respectively 90 wt%, 8 wt%, and 2 wt%.

Then, ITO was deposited by sputtering as the transparent
conductive layer 97 to a thickness of 1-50 nm to obtain an organic
EL device shown in FIG. 8.

[0192]
Examples 21 to 34 and Comparative Examples:6 to 8

An 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.

- f0193]

The organic EL devices fabricated in Examples 21 to 34
and Comparative Examples 6 to 8 were evaluated for the
Composition of the cathode layer, the standard
oxidation-reduction potential of each metal, the optical
transparency of the cathode layer, and the performance. The
results are shown in Tables 4 to 6. The organic EL devices were
evaluated according to the following metheds.

(1) Standa;d oxidatioh—reduction potential of metal

A metal was deposited on a glass substrate under the

conditions used when forming the cathode in each example. The

resulting sample was immersed in a 0.1M lithium perchlorate

‘aqueous solution 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

Aglass substrate was provided near an EL substrate holder

90
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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. Theoptical
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 thé average optical transparency in
this wavelength region.
(3) Luminance

The initial luminance of the device when setting the
current flowing between the electrodes at 30 mA/cm® was measured
using “CS;lOOO" (manufactured by Minolta)}
(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.
(5) Evaluation of device'deteiioration

The surface of the device after the lifetime test (4) was
observed from the side of the cathode using an optical
microscope {(magnification: 20) to evaluate a change in the
appearance before and after the test.
(&) Evéluation

The organic EL device was evaluated as “Good” when the
luminance after the lifetime test was five times the initiai
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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f0197]

As is clear from the resuits-shown in Tables 4 to 6, it
was confirmed that the organic EL devices according to the
invention exhibit improved iifetime in comparison with the
devices of the comparative examples since deterioration of the

cathode layer is prevented.

INDUSTRIAL APPLICABILITY
[0198]

The organic EL device and the display acchding fo 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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Claims

1. An organic electrolumineécent device comprising:

a cathode, an anode, and an emitting layer interposed
between the cathode and the anode,

at least a part of the anode in contact with the emitting
layer containing at least one element selected from lanthanum,
cerium, neodymium, samarium, and europium, and at least one
element selected from chromium, tungsten, tantalum, niobium,
silver, palladium, copper, nickel, cobalt, moiybdenum,

platinum, and silicon.

2. The organic electroluminescent device according to claim
1, wherein the total concentration of the at least one element
selected from lanthanum, cerium, neodymium, samarium, and

europium is 0.1 to 50 wt%.

3. ‘The organic electroluminescent device according to claim
1, wherein the part of the anode in contact with the emitting

layer contains cerium,.

4. The organic electroluminescent device according to claim
1, wherein the part of the anode in contact with the emitting

layer has a work function of 5.0 eV or more.

5. A conductive multilayer body comprising:

an insulative transparent substrate and a transparent
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0 a [0197] As is clear fromthe results shown in
Tables 4 to 6, it was confirned that the organic EL
devi ces according to the invention exhibit inproved
lifetime in conparison with the 5 devices of the
conparati ve exanples since deterioration of the
cat hode | ayer is prevented. | NDUSTRI AL APPLI CABI LI TY
[0198] = 10 The organic EL device and the display

I i Jth € mmashtdrort heart tee apsetkres sodrssturesre ,and
i ndustrial displays such as displays for portable
t el eph&fesrapBrReready aeadugaiiven £ idys comsaimima ems oxide
TVs, and the like. 94 Clains 1. An organic '
QA HhidtedG&RT &A1 Gt si ng:  a cat hode, an
anode, . and.an enitting Iﬁyer,interposed 5 between the
cat hoBC&Sd " htl FhegaPhaiewiang binging epersg ofhadelertron

SRL A R G P AT SR, P e Separent
RFRAUTD 3 AL L 0 b P OB o B0 2t S e i oscopy,

el ement se roni chriomi u

i abi ' . ' i.ckel., ..
PR cpi S LY nchal LS M, COPRE o VA Wiping enccoy

cobal t, enum pl atinu _

HRftgRRINCs 8h 4} Eﬁhuﬁfgﬁegﬁd%@’kggrgg%ﬂ{:%i ik tt%t%'laf)g}:lk area

1, wherein the total concentration e at Teast” one

ofl erenbihbisgl eakedyl HeRWbant DANUSY £841 450 Lo AN 1
samarium an eurggi umis 0.1 to 50 wt % s.é\fls’hggg%ﬁnwm‘:h

repgasicntel eat bebunraeseest BVi &AL HMNtkd AHd ddD1owing
1, wherein the part of the anode in contact with the

egmiresisign (1) .
SB/SA < 0.13 (1)

6. - The conductive multilayer body according to claim 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}, éerium (Ce), and oxygen (0).

7. A method for producing the conductiveinultilayer body of
claim 5 or 6, comprising:

fbrming‘thé transparent conductive film by sputtering at
a partial pressure of oxygen of 0.1 Pa or less in a sputtering

atmosphere.

8. An electrode substrate for an organic electroluminescent

device comprising:
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~ producing the con

20 layer contains cerium 4. The organic

el ectrol um nescent device according to claim 1,

wherein the part of the anode in contact with the

emtting layer has a work function of 5.0 eV or nore.

25 5. A conductive nultilayer body conprising: an

i nsul ative transparent substrate and a transparent 95

conductive filmformed on the transparent substrate,

t he t rtdues pameitc tdored uctlitdd ayidrmieeit aifmidlgian 50%irde&, and

containing at |east cerium(Ce), wherein, in a graph

showi &g msitedi rprelvertgy dio raedelcec tihen cobducdert mul td layer

cerium3d orbit on the surface of the transparent

hoshitudthiey & Farispanensurashdyc b veayf ighotdslveoty em organic

spectraoscopy, when SA represents the total peak area
WHdisREerl@ye et ween 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 10

J epresents an.are SB to SA satisfies the

oot

ol | oW 'ng T &% e s ie%%tlJ()%)'J?“ EEFERNL §efd ceForprd singe ¢
d [ [til bod di t | aimb5,

wher oihe! BT R ROt AR S caREal ns at

| t .al _el t | ect f indi In),

i (& BB sIceTHi BT RELeh s N0l ol (i tne

1GVer KR IWPLG8)e and oxygen (0). 20 7. A nethod for
duict i ve mul tilayer body of claimb5

or 6, conprising: formng the transparent conductive

~filmby sputtering at a partial -pressure of oxygen of

10..1 Panobrigessc BlacERuliuRfiinkgcedtMeRiete cofprsify, :

el ectrode substrate for an organic electrolum nescent

devi ceheorphidsicidve multilayer body of claim 5 or 6, and
an organic electroluminescent layer formed on the

conductive multilayer body.

11.. An electroluminescent device comprising 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,

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

second metal at 25°C satisfying the following expression (2).

E{(A) - 1.1 £ E(B) (2)
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96 the conductive nultilayer body of claim5 or 6, and

a netal conductor formed on the conductive nultilayer

body, the transparent conductive filmdriving an

organic el ectrolum nescent layer. 5 9. An organic

el ectrol um nescent device conprising,: the electrode
substrate of claim@8, and an organic '

el ectrol um nescent |ayer formed on the el ectrode :

Eubst rat eletd rod umdmesogani deel eetemhprd aiasg et adedbCBayer,
conprising,: the conductive nultilayer body of claim

I GHrI@|nigh@nidd ievagdaverel ectatdiand deseent ahdyartransparent
formed on the conductive nultilayer body. 15 11. An
RGO (i Frgtent taeked el v ofipks sPrdemn anode | ayer,

an organic emtting layer, and a cathode | ayer stacked

in thid€ GRtdrds Hgyegt fodkainiRy donrtsash wgfarstemetal and
a first metal,and 20 a second netal, the standard

O T DA F wtrct i on potential (E(A)) of the first
t he standard

| ' -, J e, d
giit 3att?1toen-§?glau§% E%f(%do{te]%%{?"arl%d(‘%(otréjeﬁn ggt?ﬁglaée%w ) of the

DB ey 4 DeFaPldp' 63 15 (VAnodl stRol aRnescen

devi Cer2ospEhSkPd AN ANOKE LAXEIo 1 ANCOLAADL &1 e NG 1 o

| ayer, a cathode |ayer, and a transparen

dRly slercked QS‘(E‘is}tﬁ.{sﬂ?{i’n{i?gﬁcgég?g%ihayeeﬁtzpression (2).

contal ning at | east

E(A) —_1;1 < E(B) | (2)

13, The o_rganic electroluminescent device according to claim
11 or 12, wherein the main component of the cathode layer is

the first metal.

14, The organic electroluminescent device according to claim
11 or 12, wherein the first metal is a metal selected from Al,
Cr, Ta, Zn, Fe, Ti, In, Co, Ni, Ge, Cu, Re, Ru, Ag, Pd, Pt, and

Au.

15. The organic electroluminescent device according to claim
11 or 12, wherein the second metal is a metal selected from Bi,

Te, sn,‘v, Mo, Nd, Nb, and Zr.

l6. The organic electroluminescent device according to claim

11 or 12, wherein the cathode layer contains 0.1 wt% to 5.0 wt%
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5 a second netal, the standard oxi dation-reduction
potential (E(A)) of the first netal at 25C being -1.7
(V) or nore, and the standard oxidati on-reduction
potential (E(B)) of the second netal at 25C
satisfying the follow ng expression (2). 10 E(A) - 1.1
<- E(B) (2) 13. The organic el ectrolum nescent device
according to claim 11 or 12, wherein the nain

. hrporhialof meteakhode dbkekines et eefayst et al .

14. The organic el ectrol um nescent device according to
claim 11 or 12, wherein the first netal is a netal
ﬁlect d fromA, C, Ta, Zn, Fe, Ti, In, Co, N, GCe,
r RENFROTIABLCRiegropinerrent desicTmeern@ding to claim
%%%%%I um nescegé device according to claim 11 or
; r S SBESRE MRl averahae@a OBkl cal derdneparency
i, T, SN , ... No, d Zr. 25 16. The organic
% eact”?ao‘feulﬁﬁrget;{%e?% 30%&% %%%jSrﬁb %% Wxith marer
12, wherein the cathode |ayer contains 0.1 w%to 5.0
wt % 98 of an alkali nmetal or an alkaline earth netal.
157, The 0f gk, £ &l Mhjsnesce evice according to . .
claim 11 o? 127 v%;eg%%nl%lgl csé:tet%tdgeyégl%ra%cé’sr roclaim
\ptgcalz trapsRaeite S Ae gaavelenglh of 380 nmto
780 nmof 10% or nore. 18. The orgl%i% '
el ectrol um nescent device according to claim 11 or
12, wherein the first netal is Ag. 10 19. A display
Iconpr Bsidigpllhg eog@iiie i@lge EheOlowFan@sC @k ctdMiG8 nescent
according to any one of clains 1 to 4 and 9 to 12. 99
device according to any one of claims 1 to 4 and 9 to 12.
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