DESCRI PTI ON SPUTTERI NG TARGET, SI NTERED BODY, CONDUCTI VE FI LM FORVED BY

USI NG THEM ORGANI C EL DEVI CE, AND SUBSTRATE USED FOR THE ORGANI C EL DEVI CE
5 Technical Field The present invention relates to a transparent conductive
film for use in an LCD (Liquid Crystal Display), an organic EL 10

(El ectrol um nescence) device, and the like, and nore particularly to the
material thereof. The invention also relates to a sintered article and a
sputtering target having the sanme coppastipteN as that of the material.
Besides, the invention relates to a sputtering target which is made of this
sintered article or the like and is 15 intended for the formation of the

transpar mTﬁmWAN@ET I SINTERMDERSIYE, rCONﬂ?@CTNEEFK!\/DFORBﬂEME‘S USING TBIEM,
f oregoi ng organlc EL ectrolunlnescence |ce 8 a ?@ékg&ﬁ¥;%g use in
this organic RﬁéNHé@Pé&““§ﬁdA§Dﬁ%9ﬁﬂauﬂ? gﬂTﬁb Rfzé dbe more
specific, the invention relates to an organic EL device which is suitably
20 applicable to displays, the |ight sources of printer heads, and the |ike
in apnsunmer and industrial applications, a substrate for use in the organic
EL device, and a nethod of fabricating the same. The organic EL device may
al so be referred to as "organic el ectrolum nescence apparatus,” "organic
el ectrol um nescence 25 device," "organic EL light emtting apparatus,"
"organi ceEhndispl ayeldetc. In the present invention, the substrate for use
in the organic EL device may also be referred to as an el ectrode substrate
since it is pratde@aﬂﬁimmaneienmeddeesﬁuvBmmanﬂgardmmcbndentﬁaaﬁﬁ%mues
to an organic EL device 1 using such an electrode substrate. Background
Art for use in an LCD (Liquid Crystal Display), an organic EL
10 {Electroluminescence) device, and the like, and more particularly
to the material thereof. The invention also relates to a sintered
article and a sputtering target having the same composition as that
of the material. Besides, the invention relates to a sputtering
target which is made of this sintered article or the like and is
15 intended for the formation of the transparent conductive film.
Moreover, the invention relates to the foregoing organic EL
(electroluminescence) device, a substrate for use in this organic
EL device, and amethod of fabricating the same. Tobemore specific,
the invention relates to an organic EL device which is suitably
20 applicable to displays, the light sources of printer heads, and
the like in consumer and industrial applications, a substrate for
use in the organic EL device, and a method of fabricating the same.
The organic EL device may also be referred to as "organic
electroluminescence apparatus," "organic electroluminescence
25 device," "organic EL 1light emitting apparatus," "organic EL
display,"” etc. In the present invention, the substrate for use in
the organicELdevicemayalsobereferredtoasanelectrode substrate

since it is provided with an electrode.

Furthermore, the invention relates to an organic EL device
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Conventional display 5 Recently, with technol ogi cal devel opnent of LCDs and
organic EL displays, there have been provided a nunber of products that
achi eve high display perfornmance and high capability of energy saving.
Since capable of small-size lowprofile fabrication, these LCDs and organic
EL displays are widely used as the displays of 10 cellul ar phones, PDAs
(personal Digital Assistants) , personal conputers, |aptop conputers

( not eboais icoMpuicer sy, dlelarvicgicosulsatrsateand the like in particular. Oganic
EL devices, conponents of the organic EL displays, are light emtting
devices utilizing organic conpounds, of which 15 significant performance

i nprovenents have been seen in recent years. In general, the structures of
t hese ofgaKogroEnddévitces are broadly divided, depending on what |ayer is

i nterposed between the anode and the cathode which are nade of transparent
el ectrodes, {CRAYSMRE NG AtiSRd3¥ypes: 20 (1) A single-layer type which has

o B et batnaa L e i e Ao gl PR e mp diheor By pi P oUne
Struct ugg of,_anodel Lmneseent Jayerlcal hode s (2 doubl.ec) aver type, whi ch
5 e h e e Vs STt s

has t he ructure tha ayers, ransport ayer
| um nescenf; Janef gh 851 8p19 %%Wé L8R 188 it {heoeath Hing,
synbolicg?Py t he %truc?urg%%%~ano e/ho?e %?ans 5%¥iﬁb gyerll '%es%%%t

llayer/ cafihndecapdlo 1A bE $heihayern & YR -Whicah has aihe dd¢ Phe; layese sidngture
that a hole transporting layer, a |lum nescent |ayer, and an electron 2

transporadridigo t gy etk carsL fof spdalet ween haeagodes éndakhe reat @Dg?lays of
Synbol i cally, anode/ hole transporting |ayer/lum nescent |ayer/electron
t rah8porddInig: 1 ay s cae hpdeDAan(personal Digital Assistants), personal
computers, laptop computers (notebook computers), television

sets, and the like in particular.
Organic EL devices, components of the organic EL displays,
are light emitting devices utilizing organic compounds, of which

15 significant performance improvements have been seen in recent years.

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

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

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

25 aholetransporting layer and a luminescent layer, are formed between
the anode and the cathode, or symbolically the structureof anode/hole
transporting layer/luminescent layer/cathode;

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

that a hole transporting layer, a luminescent layer, and an electron
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(4) A quadruple-layer type which has the quadruple-layer 5 structure that a
hole injection |ayer, a hole transporting |ayer, a |lum nescent |ayer, and
an electron transporting |ayer are forned between the anode and the

cat hode. Synbolically, anode/hole injection |ayer/hole transporting

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

el ect r ong angjpecttachdof nametrhereatfhodedr pathethethé ummodscand tlayerathowadagh t he
hol e transporting |layer or the electron injection |ayer, and these hol es
and el eStymirsl Yegbiine amodhi/$olleuni heseemodtayey . 15 Vewi Heniaklsgerdevi ces
referable to as_ EL devices al so include organic EL devices of polyner type
utili zi Ag Y5 4Rke CEERPo IR SPAT t pREs priofescentBotPre a1ght enitting devi ces
utilizing phosphorescence, both of which are under research. nvent i onal
organi ¢ EL devitdef28UTHE UG Gant Y EE YERF CER RRVIHY e %{?%E?H%ST\iﬁfyer

dwi chi ic.lumrc t. | bet | ectrod
deschi batt HAUES KAV B BT S0 It bHGY e 1 ALEmChY ARG Har dLOr e T

bj ect ed - | t h foll ; . [ ful] l'id
dev) cos PSRBT Rl AT B ' OB il kA g9 °°

| U nesqenag,d { RS JAAT 0 BROKON BTl NG A TRITET | (R)nbBYiina oxpel | ent

visibility, suitable for ays; an (4) Easy to render” full-color.

Nevert helrRsss /libeee has baeneac kpawn problgpe thabier gani ¢ t Bahdporesicant
| ayers, being organic materials, are typically difficult to transport

el ect r ons et/ hah s elskifeaitgh aargk tduscpronet kan sietreri o a4 par /easihlodeausi ng
a leak current due to secul ar changes
10 When any of the device structures is adopted, holes injected
from the anode and electrons injected from the cathode reach the
luminescent layer through the hole transporting layer or the electron
injection layer, and these holes and electrons recombine in this
luminescent layer.
15 Incidentally, devices referable to as EL devices also include
organic EL devices of polymer type utilizing polymer compounds and
phosphorescence type light emitting devices utilizing

phosphorescence, both of which are under research.

Conventional organic EL device

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

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

25 (2) Capable of self luminescence, thus requiring no light emitting
member;

(3) Having excellent visibility, suitable for displays; and
(4) Easy to render full-color.

Nevertheless, there has been a known problem that organic
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over a long time of use. 5 On such a problem various contrivances have been
made heretofore. For exanple, the patent docunent 1 to be nentioned | ater
shows an organic EL device in which an energy difference between the work
function of the anode and the ionization energy of the hole 10 transporting
| ayer is reduced for the sake of longer life. The patent docunent 1
descrlbes that in order to achi eve such an object, the anqde is_nade o

met al  oxiUEe NPECENTal &Y § hnt ﬁé&}@ogg@@rlr@m%ﬁﬁﬁaloﬁv ﬁraﬁéplpﬁ&&.vt%ﬁflo?u%d| um
tin oxi (1TO and ar conductiv For ex 3, and V205 are
nentiongﬁ astA%SReth & 19V ﬁﬁgaﬂ“ﬁ&?%egggﬁngnl%D%LNgEV%08§OB§|Hb t hese
nmet al ogf es .are.di sclosed.in thelpatgpt dOCU@%%E‘& .n. addi.tian

o U

pat ent c&%&ﬁfaf Srdp%%aél %Fe I"ayer s e ﬁ?gsafﬁﬂl %ﬁ?thin

filnms made of P%%ﬁbtqg@g%&tlﬁ% netal OXIde materials and 1 TO are | am nat ed

for the sake o roved i'ght transmittance (o). The patent docunent 2

ment soned bel gy di &l 0§ @b 1UGAMN &1 i Eks AQUNES iva MY £ M SBE Al W' 682 BE €
arranged in connection with the transparent el ectrodes to reduce the

resi st angestoftcirhe transparent el ectrodes. 25 The patent docunent 3

menti oned bel ow di scl oses an organic EL device in which pieces of netal
havi ng a | ow Wotrke £amet ¢ prehar patshtidoanimerar t anged nenhtcionnetiboprvdtidwd he
transparent electrodes to reduce the resistances of the transparent

el ect r odesorFhripdilene vdocumeth dchment ¢ naedy bkl e dirscd bsdsveam ekampbek 4 of
an EL device that uses an auxiliary netal film A special insulative film

i s arrafdgegtaent hef atkel iargdereaal filem tonagat dondieslea@yt i ef bitdigk dowe

10 transporting layer isreduced for thesakeof longerlife. Thepatent
document 1 describes that in order to achieve such an object,
the anocde is made of metal oxide materials that have a work
function higher than that of indium tin oxide (ITO) and are
conductive. For example, RuOx, MoOj;, and V,0s are mentioned as

15 such conductive metal oxides. Organic EL devices using these
metal oxides are disclosed in the patent document 1.

In addition, this patent document 1 proposes anodes of
double-layer structures in which thin films made of these conductive
metal oxide materials and ITO are laminated for the sake of improved

20 light transmittance (%).

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

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

The patent document 4 mentioned below discloses an example
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The patent docunent 5 nentioned bel ow discl oses an organic 5 EL device

whi ch conprises an insulative thin filmlayer between an electrode and an
organi c lum nescent layer in order to allow |ong-termuse. Specifically,
the organic EL device disclosed in this patent docunent 5 adopts the
configuration that an insulative thin filmlayer made of alum numnitride,
tantalum 10 nitride, or the like is arranged between the anode | ayer and

t he orgarfi cart ui.nésténe laper useshetweax theacathetel | dyén.and spiwes orhani ¢
| um nescent | ayer. The patent docunent 6 discloses an organic EL device in
whi ch  a§ Wb arect ibers & naayze d enthen? wylhiterangesr | adm bae widiti ve
15 out of, In233, .ZnO, Sn02, or B, P, C, N, and O, or an inorganic nateri al
| ayer r’ré%feejo?cNFllcx@r(et?]Eﬁ'ao‘&n X < 0.5) is forned between an el ectrode |ayer

ow cost s garie BE TGOk CESRERT & FrobLEReH MrER Lé?s&w%%bﬁéﬁﬁw
deriﬁati}ﬁe and t e l.i ke, ]%I The atent flocument 7 fl 011 pel ow

i
di scl'oses tC}'Ie Jt echnllqcuhe CO UOI'I ZI ng an J[V[%) SUI’ ace a| ne?“i%??law ng

a work f i e t. Pu tion
No. 2824%?% (é}gcpra#\ge%ga%jnexam ne ﬂ%gten%%l?%g%o%ﬁmﬁ?ga%?o%i%@ Hei

9- 63771)) oritpt ity dfé(‘éme@? flﬁzpéli‘@?e QH%X%rde%glfa}iﬁn&eG\@E%' eald b sed

Publ i cati on” No. Hei 197 "Patent docunent” 3" 5 Japanese Unexam ned

Patent Appl teati ¢ dabt | @atuerRNo. 5 HeHopR-s30A29 7 c'oRatient r focunert
insulative thin film layer made of aluminum nitride, tantalum

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

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

15 out of In,0;3, 2n0O, SnO,, or B, P, C, N, and O, or an inorganic material
layer made of Ni; ;O (0.05<x £0.5) is formed between an electrode
layer and the organic luminescent layer, with the objective of
providing a low-cost organic EL device that is free of m-MTDATA,
tetraaryldiamine derivatives, and the like.

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

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

25 Patent Application Publication No. Hei 9-63771)

"Patent document 2"
Japanese Unexamined Patent Application Publication No. Hei

4-82197

"Patent document 3"



Japanese Patent Publication No. Hei 5-76155 5 "Patent docunent 5" Japanese
Unexam ned Patent Application Publication No. Hei 8-288069 "Patent docunent
6" Japanese Unexam ned Patent Application Publication No. Hei 10 9-260063
"Pat ent docunent 7" Japanese Unexam ned Patent Application Publication No.
2000- 277256 "Patent document 8" 15 Japanese Unexam ned Patent Application
Publication No. Hei 9-63771 Disclosure of the Invention As above, organic
EL devices, polapreressr JasixarBlnedeviatest AROlphesphor Bsbénradévincls, Had t he
like require that holes be injected fromthe anode and these hol es be
further inj®E¥%d to the | uninescent |ayer through the hole transporting

| ayer. For the sake of performng this injection smoothly, it is obvious
that an energy Fa&ETh S°PESHerf t he anode and the hole transporting |ayer is

25 desirably rendered snal | possi bl Tq, reduc is energy barrier,
the difference ?ﬁ%e%agtsarlteer%br%a? Ao 3\}01 ejag%d&{%t erial and the

ioni zation pot.eg’gdjeq{t 04 dhe.,argani c compound used in the hole transporting
| ayer must be made shatler.. vari ous or gani ¢ conpounds have been proposed as

hol'e 6 transpoidd Ng S WRsLanfigtd @fatteff'fcsﬁgpi‘_rigg%&io% B1bAS cGRARAURES. HOY

tri phenyl am ne derivatives and carbazol e derivatives in particular, are
known asg-hayddawp excel l ent functions. Then, triphenylamne, a triphenylam ne
derivative, has an ionization potential of

"Patent document 6"

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

"Patent document 7"

Japanese Unexamined Patent Application Publication No.

2000-277256

"Patent document 8"

15 Japanese Unexamined Patent Application Publication No. Hei

9-63771

Disclosure of the Invention
As above, organic EL devices, polymer organic EL devices,
20 phosphorescent devices, and the 1ike require that holes be injected
from the anode and these holes be further injected to the luminescent
layer through the hole transporting layer. For the sake of
performing this injection smoothly, it is obvious that an energy
barrier between the anode and the hole transporting layer is
25 desirably rendered as small as possible. To reduce this energy
barrier, the difference between the work function of the anode
material and the ionization potential of the organic compound
used in the hole transporting layer must be made smaller.

Various organic compounds have been proposed as hole
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5 5.5to 5.6 electron volts. Polyvinyl carbazole, a carbazole derivative,
has an ionization potential of 5.8 electron volts. Manwhile, as f or the
transparent conductive f ilm indiunoxide - tin oxide (ITG IndiumTin
xide) is well known as one having excellent transparency and | ow el ectric
resi stance. Then, ITO has 10 a work function of 4.9 electron volts.
Consequently, the anode and the hole transporting |ayer made of such typical
mat er i al srarmaver bl nel| ath veiycear g@ feibegy barpivet iof a@ieet goopQuaHset Pon

vol ts therebetween. Under the circunstances, for exanple, the aforenentioned
15 patenﬁrkﬁkﬁﬁﬁ#ﬁm%P%Qﬁﬁaﬁé§évgﬁé¥5h$%é@aF%%%ﬁ@rAﬁBFPH&ﬁFUhPaPEbFPééFron
No. Hei 9-63771) has prgposed that a thin filmmde of a netal oxide having
a work f%%t]‘irtﬁ‘f’rhla&héravtlﬁgnef(ﬁﬁtllSPtI TECheonsed %e?het]éHBE}@né‘f MR gani ¢
Iunlnescent devi ce -t hat bet ween its

d la d
ot hode s obr Kb s f oo A Ly S SRR iRt 4 BF PE R b i BT e

is typicallty lo r t Fo Xi g§§

tranénlt a%c%éogl%ogb 3hnad£dﬁ$ggfde Eas Ya tﬁghé%l %%gg% g‘fﬁ% é%% |nprove
such a | Qu-f;apsridtt ﬁ%%eandﬂS'QH%alt%bq{ potUH{ G4 &l # N s Al S0 hesM PLoposed
in which a ultrathi'n film25 of the foregoing netal oxide, no greater than

300 angstroms mdsnuaim daked ot e kL bAkén cbiyuEveReiffi it sndowhbeibayer
structure is adopted, however, the transmttance is on the order of 40-60%

whi ch obviols! yxige a(18d he]:ncsmthi/ral oRi@s) t he wéransnbihanseont Radiapl ay.
As a result, the conventional thin 7 filn1of a netal oxide has been
i nsuf fi ceergllant rtaasppRercyty afd lstv obgett idhe guirsasente .| nTérin oA TRalsabeen
achieved in view of the foregoing problens, with the objective of providing
a hﬂ@h|yawmaﬁs§am@nﬂxnlof 4.9 electron volts. Consequently, the anode
and the hole transporting layer made of such typical materials
have a relatively large energy barrier of 0.6 to 0.9 electron
volts therebetween.
Under the circumstances, for example, the aforementioned
15 patent document 8 (Japanese Unexamined Patent Application
Publication No. Hei 9-63771) has proposed that a thin film made
of a metal oxide having a work function higher than that of ITO
be used as the anode of an organic luminescent device that has an
organic compound layer between its ancde and cathode.
20 Nevertheless, the anocde made of this thin filmof a metal oxide
is typically low in transmittance. For example, terbium oxide
has a transmittance of 10%. Vanadium oxide has a transmittance
of 20%. To improve such a low transmittance, double-layer
configuration has also been proposed in which a ultrathin film
25 of the foregoing metal oxide, no greater than 300 angstroms
is laminated on an ITO thin film. Even if this double-layer
structure is adopted, however, the transmittance is on the order

of 40-60%, which obviously is a rather small value as the

transmittance of a display. As a result, the conventional thin
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5 conductive filmto make the anode of an organic EL device or the |ike, the
conductive filmhaving a work function higher than heretofore. This
conductive filmcan be used to achieve an EL device and the |ike of

i mproved hol einjectionefficiency. This 1is the first object of the present
invention. As will be 10 described later, the aspect of a first group of
invention is mainly intended to achieve this first object. Now, the organic
EL devi del b sef ozedetalt he ifdsr dgo e pat ensufdécumant Inseeadspaisa &yl |
insufficient in the hole nobility and in durability despite the use of such
netal oxi de mEterital®IBERUOK, 15 M8, and V205. In addition, the netal

oxide materials such as RuOx, .Mb(3, and V205 have |ight absorption

Oner 11 Ghemt & GO EDT & AP TSBE AP gs SOSR AP B EF A I By SR TahPao Hidns
hi gher _deqrees of col oring,. Anode | ayers nade,.of these tal _oxide

o e o e R P R R e TRl el S S e ene
visible 1] : : f or anpl e, roxi oat L 0 5 th | TO
Thisgleé%%gg%:fﬁgggFggigﬁ%gﬁgé Eﬁg &%ﬁ%ogé ggf?%%?éﬁgyEFsd%gafgnQEtﬁ%e

amount  ofj ld ghtpavaihahle ite ex{efi Rhvihg SMkdrf OFuARLhgan iGHe: deyhse.
The presence has also been conf firmed of the problemthat even with the

anodes ofedouterd ayehi2b cdddied tii @l RiMAI eAnt Be LRieR fid RE-HBskee ofn timese
netal oxide naterials and ITO are lam nated, the light transmttance (%
is of thiwldenrmf tapprDke ret ehp rdbv2d haleafnd€r ishidf facsmmldy . valhies not
for practical use. In the case of constituting an anode |ayer of this
doubl e- liayethst riuctaf epbtilearte ¢§ &lhso phese8tpricivent that | B> and lttheberet al
oxide thin filmnust be limted to respective predetermned ranges of
t hi éknestescrihpehladets ¢ ar gecednotr ai At et fabPieapfohnvsrtdoyerist he
wor k functjon can be made greater than that  of _

mainly intended td achieve this first object.

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

15 MoO3, and V,05. In addition, the metal oxide materials such as
RuOx, Mo0Os3, and V;0s have 1light absorption coefficients of 27000
cm™? or higher, exhibiting high values. This means higher
degrees of coloring. Anode layers made of these metal oxide
materials thus show as extremely low light transmittances (%)

20 in the visible light range as, for example, approximately 1/9
to 1/5 that of ITO. This leads to the problem that the luminous
efficiency is low and the amount of light available to exterior
is small for an organic EL device. The presence has also been
confirmedof theproblemthat evenwiththe anodes of double-layer

25 structure in which the thin films made of these metal oxide
materials and ITO are laminated, the light transmittance (%)
is of the order of approximately 1/2 that of ITO, still a small

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

anode layer of this double-layer structure, there is also the
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5 I TO, whereas the resistance becones equal to or greater than that of ITO
with a practical problem Now, in the organic EL device disclosed in the
foregoi ng patent docunment 2, alum numnitride, tantalumnitride, or the
like is used for the insulative thin filmlayer. This has produced the
probl em 10 that a voltage l oss (voltage drop) occurs in this portion
(insulative _thin filmlayer), resulting in higher driving vol tages Second

obj ect THepPl ?lﬁet]PﬁPeFﬂF@r%n%tFﬁem%Fééeﬁi‘léﬁpF dat |f6r3r“h§\Peg’iﬂ%fe it teridi ve
t udi t he f bl nd f d .t f t
! nor gani t© GSTRNGSTF P RoRBH RAILSH Caffaﬁlg?e}?g o Brrdesder W Tah Hdn ¢ e
devi ce PJ oi/é]g_jeg exce ItlreanltnEr\%ﬁs;%%r err31c durability along with excellent
| umi nescence’ P ht ensity even ow dr| ving voltage (for exanple, DC by

or lower) is Wécﬁ/qzr Thak kérktﬂ%% (%ﬁr&tarf Bgeﬂga%i@%&m 391 ehLivVE Of

provi di ng 20 an or ganl c EL device conprises an ectro | ayer

cont ai nifg, Gald@ldy ikRer géBhgt‘éﬁE@O}b‘@Q@meU@ﬁ@éW @mreglr%gt%&cﬁhbﬁn’éhat
transparency and durability, a low driving voltage, | um nescence
i ntensityt fihe wrasentptdweindd brofesider has the objective of providing a
met hod of fabricating an organic EL 25 device by which such an organic EL
devi ce can be N¥alrinathedorogwt he fifdetiencyi sEhbsedsi it hre Seaend iohj petent t he
present invention. The aspect of a second group of invention to be

descri betbdatant Ps ahimi yunmiendete t baathilevenihr sdsecontdheb] et is Thedd and
fourth objects 9 Now, in the nethod disclosed in the foregoing patent
documentfor thehanprdasiveaelin o flindeyeirzedTBbs e ruteslugsnck thenerphemn
|rrproves to 6.2 eV. Neverthel ess, while the work function inproves, the
sur fice 12t FEPEASReE0 2R (MRd RS VEOR | PREUAS I FBSEIRCT sy ¢insulative

thin film layer), resulting in higher driving voltages.

Second object

Then, the inventors of the present application have made

intensive studies on the foregoing problems, and found that the

15 useof certain inorganic compounds in combination with the electrode
layer of an organic EL device provides excellent transparency and
durability along with excellent luminescence intensity even when

a low driving voltage (for example, DC 10V or lower) is applied.
That is, the present invention has the objective of providing

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

25 device by which such an organic EL device can be fabricated
with efficiency. This is the second object of the present
invention. The aspect of a second group of invention to be
described later ismainly intended toachieve this secondobject.

Third and fourth objects




5is the problemthat the inproved work function is hard to achieve an
effect. The inventors of the present application have nmade intensive
studies on the foregoing problem and found that a nmultilayer film conposed
mai nly of certain netal oxide and Ag (or Ag and the like) 10 can be used in
conbination with the el ectrode | ayer of an organic EL device for excellent
results. Specifically, it has been found that the foregoing configuration
can be adopt edlav éonslhte Matdoddisrganred FLthevk eecgthieh DR réxeeriBapt
transpar en%éreand durability and exhibit excellent |um nescence, intensity

even 15 {m#8F tHe SaFFIacEat P ol WIr 2R 981 tffe CRFOFO X 4MBICE, - BCLBPYOVEP

I . That | t [ i has th j ecti. f i di ng;

or gan ¢ T PdavE Be. T BRE COMBA RS "t I GaRr B8 ¢ FAVEr haud P Souot Hat | on
of a cerlalp pEtal pxhde, | ayer Hd@g 8.1 fihm | aver comaosed g nly of
Ag (or Ag an gfg’he Ilte),e ?ﬁersegy Achiavi ng excle]1 ‘ent %raanspsar ency and

dur al | ifé/t%’édpr‘é?giﬁ*?darchﬁﬁ @ﬁ&%ﬂ%@@é%ﬁ@ FUHANSS A Y LUER UPDEcH Neve

application of a riving voltage; an (el ectrode) substrate for an
organi c &b deykee with which such an organic EL device 25 can be obtai ned
with efficiency; and a nmethod of fabricating such an organic EL device.
These are the THd richvamd freubE hcrobjpeelsentobpp Nec Pt e68Matdnenrid OAtedbeve
aspects of third and fourth groups of invention to be described |ater are
t he i nventuadikss i nhy fontgoiled grotaichn eved Heuhhi tith @rdmuduritih velyy €¢tis. 10
Fifth object Now, the organic EL devices disclosed in the foregoi ng patent
docunentcupmeed e ifrdrie@di ngrpat ente tdak wreinde 3inidadg had Aqerpt chleedi kehat

the metal wires for auxiliary use can cause a difference in ,
can be used in combination with the electrode layer of an organic

EL device for excellent results. Specifically, it has been found
that the foregoing configuration can be adopted to constitute
an organic EL device which has excellent transparency and
durability and exhibit excellent luminescence intensity even

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

That 1is, the present invention has the objective of
providing: an organic EL device which comprises an electrode
layer made of a combination of a certain metal oxide layer and

20 a thin film layer composed mainly of Ag (or Ag and the like),
thereby achieving excellent transparency and durability and
exhibiting high luminescence intensity even under the
application of a low driving voltage; an (electrode) substrate
for an organic EL device with which such an organic EL device

25 can be obtained with efficiency; and a method of fabricating
suchanorganicELdevice. Thesearethethirdandfourthobjects
of thepresent invention. Theaspectsofthirdand fourthgroups
of invention to be described later are the inventions mainly

intended to achieve the third and fourth objects.
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5 level which easily disconnects opposed el ectrodes for a display defect.
There has al so been the problemthat small charges injected fromthe netal
wiring to an organic |layer of the organic EL device, such as the hole
injection layer, tend to cause so-called crosstalk. 10 The inorganic EL
device disclosed in the foregoing patent docunent 4 has al so had the
probl em that the thicknesses of the auxiliary nmetal filmand the insulative
filmcause a diiffitdr erixkectin | evel, easily di sconnecting opposed el ectrodes.
Moreover, in the case of ITO disclosed in the foregoi ng docunent 15 7

there has beedQ%hetpPobI I REL BRYECEAFIHVIARAT dRsCRE iL9& SO 1 "R EFBEL r ode
ends after etching, so.that a |leak current flow et ween e anode and
The cat ML Poied i IPEoRSOUeRE con RS G Ro EaIAtuG "EuRT RELEBnce.
The inventors .,of the .present i cati.on _hay e _intensi dies on
t he foré%gﬁhglﬁ?gﬁiéﬁtfuﬁﬁﬁ F%ﬁﬁ&ugﬁ&faéynﬁfgigggega F%n? éﬁf%%9%§%%r§§es
auxi ki ar i1 1.00: i i e 16,eV or
R R A R e e

over carybgedised 1He £oONhhRAtIL, MEER the ebeshiede dayversghian deQ@%é§ EL
device to provide excellent 25 transparency and durability along wt

excel | eninidstaestesee hd henrsi WY reveNt bndeb righe, Bpplaiyeat bent19é o d Hni c
voltage (for exanple, DC 5V or lower). That is, the present invention has

t he obj egli devatepr ichngs tdre ongani d rEle devoge lafydv ght éndi nescencee
intensity conprising an 11 electrode | ayer nade of a conbination of certain
met al auxdtcatyedwiariarsamtika surface thin filmlayer, thereby achieving a
significantly small el ectrode resistance, excellent transparency and
duralility, andhe ImwdRIiE gl véeTage M $habesed hen pblsi bpregging patent

document 4 has also had the problem that the thicknesses of the
auxiliary metal film and the insulative film cause a difference
in level, easily disconnecting opposed electrodes.
Moreover, inthecaseof ITOdisclosedinthe foregoingdocument
15 7, there has been the problem that pits and projections arise at
the electrode ends after etching, so that a leak current flowing
between the ancde and the cathode can lower the luminescence intensity
or preclude luminescence.
The inventors of the present application have made intensive
20 studies on the foregoing problems, and found that amultilayer film
which comprises auxiliary wiring of certain metal acid and has a
surface layer of 5.6 eV or higher in work function and 10 Qcm or
higher in specific resistance all over can be used in combination
with the electrode layer of an organic EL device to provide excellent
25 transparency and durability along with excellent luminescence
intensity even under the application of a low voltage (for example,
DC 5V or lower).
That is, the present invention has the objective of providing:

an organic EL device of high luminescence intensity comprising an

11



5 of disconnection of opposed el ectrodes or crosstalk due to a | eak
current; a substrate for an organic EL device with which such an organic EL
device can be obtained with efficiency; and a fabrication nethod for an
organic EL device. This is the fifth object of the present invention. The
aspect of a fifth group of invention to be described 10 later is mainly
intended to achieve this fifth object. To solve the foregoing probl ens, the
present $IREMIGH l86Ht adnett 61 FeMPhGaReaRsOIFFREt2gRolipt8f #rvehtfBY 15
Initially, description will be given of the aspect of a.first .group of

| nventi ST e 88Hect GTUTHISE fITat of ol of X Thventins SR | POBESdarHi | &d
mainly in a fir Qdi_nent_ -t een_lL - I p. Lni a
sputteri§r1llggaf}lafrlgc}l{nt?gpssgr;a\r/}[gL te%ée%ft%(r%g%o?ﬁaHgﬁgbfgl’mexgﬁgh%Egsgﬁ%gléﬁ%/g%?{:gn is

a 20 spftd eidrgharget aeenkal ol Q&i%‘%h&ﬂzo@%%et YReS ook FREAb.ssigsied, from
indium zinc, and tin as a conponent thereof, the sputtering target

cont i Nidyy Alsdalctans ofF HFbgsEMP§§e@{r88é§Jo§€&£3§§¥hlﬁfaHB theagroHp
consi sting of hafnium tantalum bisnuth, or Ianthanide nmetal as a third
conponentutdh@iteofa 2psSimee fueh amebabsnas kaf aeuicanditaniyplom anehi agl uded
as constituent elenents, it is possible to increase the value of the work
funct i orowduriec Bliddai e ngntisandparierdywash ief fircdehnioyal anéxafipbescabibe
described later. The present invention is also characterized in that the
third Ietdurpbaern meaatisEEldeasideaf nfhbsils thg foft200b hsctavbihepresent
conposition ratio. Below 1% by atom the effect of increasing the value of
t he wor KXTF{RRELCHR iTéiesﬁﬁP??tA%%v% idshpyradpm dnverRéiephk? Phaiegcriked

conductivity mght drop, Incidentally, the third 5 copponent netal such as
Pt Aoam 14055 dperabryY 2hpt oo iey asbagye tais fietn SYecE!

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

First group of invention

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

Invention pertaining to a sputtering target

To solve the foregoing problems, the present invention is a

20 sputtering target containing one or more types of metal selected
fromindium, zinc, andtin as a component thereof, the sputtering
target containing at least one or more types of metal selected
from the group consisting of hafnium, tantalum, bismuth, or
lanthanide metal as a third component thereof.

25 Since such metals as hafnium and tantalum are included as
constituent elements, it is possible to increase the value of the
work function while maintaining transparency as 1in practical
examples to be described later.

The present invention is also characterized in that the third

12



in conmposition ratio. Mrreover, the third conponent netal such as hafnium
is yet preferably 3% to 10% by atomin conposition ratio. The present
invention is also characterized in that the 10 |anthanide nmetal conprises
at | east one or nore types of netal selected fromthe group consisting of
cerium samarium europium and terbium Invention pertaining to a sintered
article Atypical exanple of the sputtering target is a sintered article 15
of a nmetadmpandetarethe suiddea s Herfel hahtier 1 % tthoe2 0 ivcena t om i perigios gl ¢ t hi s
sintered article will be described. Initially, the present invention is a

si nteredcafipel eBedomt ditnibiy remor ther efifpeds f it atasénacttd® Tl e ndi um
oxide, zinc oxide, and tin oxide as a conponent thereof, the sintered
articl e 20 Chtam dgnat 1 @astsS i bt - motROVHpel® 0Py it &N oXP dels® et ed

from the group. consisting.of hafniumoxide, tantal unpxi , bi oxi de,
B ik X Py

nut
or ala i dENRe AT BT TV A5 Ya " Ty LoABonenf & Eot T L B nd& Shatht
oxide and the like are.included as-the third _conponent, it is.possible to
incrgasec?rﬁ%or\}g Ge™o atlh%uﬁglrﬁsf}ﬁ‘%g i on lﬁ?%? éa(r?r)giyn%é’i %Pn%gt"% sap%égrgncy
as in pr i exanm be i.hed ter. i ptd IS
al so chajiarg}::toggllozed I nllit a%PCtD he btqﬁ?rggveggmt)é%e%?%ﬁ?%ﬁﬁgg%ﬂ&%ﬁgas&ﬁ%ni um
ment i oneds abowe; e 1% £@ 0%y Al 10 COMPOSI L 00 bR 1@ Wbl JLSPEGh to
the total 13 anount o¥ the sintered article. The present invention is
further ehaiagcterized in that the | anthani de netal oxide conprises at |east
one or nore types of netal selected from the group consisting of cerium

oxi de, samari Urhexptesertr opiveAt ibnoxisdesl andch€rbttsr Oxédein that the
10 lanthanide metal comprises at least one or more types of metal
selected from the group consisting of cerium, samarium, europium,

and terbium.

Invention pertaining to a sintered article

Atypical exampleof the sputteringtarget isasinteredarticle
15 of a metal oxide or the 1like. Hereinafter, the invention
pertaining to this sintered article will be described.
Initially, the present invention is a sintered article
containing one or more types of metal selected from indium oxide,
zincoxide, and tin oxide as a component thereof, the sinteredarticle
20 containing at least one or more types of metal oxides selected from
the groupconsistingof hafniumoxide, tantalumoxide, bismuth oxide,
or a lanthanide metal oxide as a third component thereof.
Since hafnium oxide and the like are included as the third
component, it is possible to increase the value of the work function
25 while maintaining transparency as 1in practical examples to be
described later.
The present invention is also characterized in that the third
component metal oxide such as hafnium mentioned above is 1%

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

13



Moreover, the present invention is a sputtering target conprising: a
flatly-worked piece of the sintered article described so far; and a backi ng
pl ate of netal bonded to the worked sintered article. In a sputtering
system equi pped with 10 this sputtering target, a thin film having the sanme
conposition as that of the sintered article can be fabricated by

sputteri | nvention pertaining to.a sputtering tar t hat c nt ai ns_an

al | oy ofa“?%ép%m xﬂiféeaﬁ&nﬁ%e%xia&gﬁ%% al I%§7‘ ?WéeBgE%enltnYﬁ(} ntfon¥s a
sputteri tar et . 15 ¢ r|s n indl um,oxide l.l oy.

nexagond T 4 eF o P LoRpOnd ‘S LR uioki i and i Ge T TEb Y 5

where m. dr@af‘fségt ggen K< 59e2g)r xd *'ﬁégr r}gn{eaﬁrégﬁtsgggg@e@ NG ot
r es sele

| east one nor e pes of netal oxi cte from group consi sting
of Ce“btrﬂé)g;'ﬂﬁ) %aﬂwgiymmgl 98, c £H1 ORI &N Qi d€amaQ 118 BRYUMLOX kS o um
bi snut h oxi as a third conponent thereof. The third conponent netal oxide
iIs 1%t 20489 bynat e@dpy eenmprsyki.on ratio with respect to the total anount
of the sputtering target. Wthout the hexagonal |ayered conpound, the
sputtering tamMpeteovdrsel themprdsepti Anvemdueh vid ya Isputhtes ptegentarget

i nvention, the 25 hexagonal |ayered compound is included to avoid a drop in
conducﬂq@mgmiQhegconduéManhghW@rpeéf@iﬁﬁq 2@ ntdeen orintsméder.rthhel ¢ eason
is that at or above 10 m 2 cm overdi schar can occur during sputtering.
Mor eoverde g teihedagondla diaypar@d kaapodonadn raetfeer@fblfyehaé hoadest d1o grlag n
dianeter of 5 mcronmeter 14 or smaller. The reason is that greater

di arret ere g§d c%]rﬁ‘F“F’E)@fjearFHélﬁccur%ﬁc%pBFt§6lé%ﬂ |Séfcftrm@|0éllprm%dsw%%en ng

tar I ch configuration 033|bl o forma transparent
o T e PORD, 28T B ke TR i v DR eiona e PR C aRers L PrS S
mai nt ai rggghatag%p%gncyntered article can be fabricated by sputtering.

Invention pertaining to a sputtering target that contains an

alloy of indium oxide and zinc oxide

Initially, the present invention is a sputtering target

15 comprising an indium oxide alloy containing a hexagonal layered
compound of indium oxide and zinc oxide (In,03(Zn0O)m: where m

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

at least one or more types of metal oxides selected from the
group consisting of ceriumoxide, samariumoxide, europiumoxide,

20 terbium oxide, or bismuth oxide as a third component thereof.
The third component metal oxideis 1% to20%byatomincomposition
ratiowith respect to the total amount of the sputtering target.
Without the hexagonal layered compound, the sputtering target

itself may drop in conductivity. In the present invention, the

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

can occur during sputtering. Moreover, the hexagonal layered

compound preferably has a crystal grain diameter of 5micrometer

14



Moreover, the present invention is a sputtering target characterized in
that an expression In/ (In + Zn) which nmeans the content of indium oxide
in the sputtering target has a value of 0.5 to 0.97. 10 Here, in the
foregoi ng expression, in is a conposition ratio of indiumin the sputtering
target in terns of percents by atom and Zn is a conposition ratio of zinc
in the sputtering target in ternms of percents by atom Wen the foregoing
expr essioh SHad e Kal uEBeEISHF O1 5.5 Ehet 9152 36’011 ARS £ ¢ AARY 690 tdordutEi ve
filmcan drop in conductivity. At or above 0.97, on the other hand, etching
may beco%edg?FPElﬂeﬂceT‘ﬁ ?ér_gﬁ&i]ﬁg‘{ er}(‘b&éggi'on preferably has a val ue of
0.7 to 0.95. q‘ln parti culiar {;he rgngevcl)f 0'su8chancdon0f195 riast evrganmrrﬁég .
preferable. Th epr%%%me¥nr\1/%n PR s al's0% Raractert zet ih tHat e QB
af Ore”e%w{le&é%tf%@n{‘% tt%%%tpa%%%tta'c%%cﬂ@’eu‘E‘iﬁ’rﬁ' de a0d zLRc.gxkde

e as a co ep

further ‘contarns tin oxi nponent thereof. resent 1 nvention

further 434 a,SpUtESFE N EE B8L wIePTRMHS1 G2 BN hHdE B 9xkh denal L oy contai ning
i ndium oxide and tin oxide of 0.03%to 0.3% by atomin conposition ratio,

the 25 sputtenidg:dadget tie@nbakBeRd alndeeastiordnNes Ok By e t ¥ Pes goft aegat

oxi des selected fromthe group consisting of cerium oxide, samarium oxide,
eur opi uncloxrdert etrdrdd dimroxinds;, a0r ebipgrad di oxi e / asli@ 4 B )d wdoinplonedans
thereof. The third conponent netal oxide is 1%to 20% by atomin

conposi tilba catienwidh imesipectoticld he thB sptakeanmunt acfgatheaspattatuag
target. The reason is that in such configuration, the conductivity m ght
drop (thetfrespstiovity?tise) when tin oxide falls below 0.03% by atom On

t he ot her hand, when tin oxide exceeds 0. 3% by atom 5 the conductivity may
becdfFe | ower (HQE?Kégqgbpquge%ﬁgwé@ygﬁﬁfsion,In is a composition ratio

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

and Zn 1s a composition ratio of zinc in the sputtering target in
terms of percents by atom.

When the foregoing expression has a value below 0.5, the

15 resulting transparent conductive film can drop in conductivity.

At or above 0.97, on the other hand, etching may become difficult.

The foregoing expression preferably has a value of 0.7 to 0.95.

Inparticular, therangeof 0.8 and 0.95 is even more preferable.

The present invention is also characterized in that the

20 aforementioned sputtering target containing indium oxide and

zinc oxide further contains tin oxide as a component thereof.

The present invention further is a sputtering target

comprising an indium oxide alloy containing indium oxide and

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

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

oxides selected from the group consisting of cerium oxide,

samarium oxide, europium oxide, terbium oxide, or bismuth oxide

as a third component thereof. The third component metal oxide

is 1% to 20% by atom in composition ratio with respect to the

15



t he etching harder. Moreover, tin oxide is preferably 0.04%to 0.2% by atom
in conposition ratio. Furthernore, tin oxide is yet preferably 0.05%to
0.15% by atomin conposition ratio. 10 The

presentinventi onal soi sasputteringtarget conprising an indiumoxide alloy
contai ni ng a hexagonal |ayered conpound of indium oxide and zinc oxide
(In2B (ZnO m where mis an integer of 2 to 20), the sputtering target
cont ai nitngtat hmashtoref ot he mepe titypeisn ©f t aeyalt .oxi des sel ected fromthe
group consisting 15 of cerium oxi de, samarium oxi de, europium oxide, terbium
oxi de, or bi Sihe lremdade iss thathiindssohpopehiguhetéof, The chnddctEvhpvnent
metal oxide is 1%to 20% by atomin conposition ratio wth respect to the
total arfbidtt GrophétBpukeershviay gatse) RAeNosinfoxiie feddecrdenvcBnpdhent s
fall within the ranges of 20 In / (Iln + Zn + Sn) = 0.51t0 0.95, Zn / (In +
Zn + Sn)P¥3Fop3 ?Bgcd?%,"té}?of & d( phep Eﬁn+0§h)je=ei§?6?d15080.%§ PH aﬁe‘?’fﬁs of
percents_ . by atom __Her in the foregoin ression, .Injis.a co sition
Pati G ofT HIURIT TG YsPaYt RFFRGS APYSE | hfer FS 10T iper cBAT s By At 25
Zn is a LEs rat f zinc in the sputtering target in terns of

per cent s&ggpgﬁg}ﬁ]lggnél%l&)?g'a conposition ratio of tin in the sputtering

target in terig, QfoRer cants I\ a8 Aetrding 0 O%‘%Ctﬂocgr.‘bi%gl-:!%aéi:%’ ihin

oxi de has a conposition ratio of 0.3%by atomto 0.02%by atomas in the
f oregoi NGB BSShPNrat 16. TheuF RS PRk, t hatn i fxtine axd dge exgeeds Kap B by

atomin conposition ratio, the conductivity may beconme 1ower and the
etchi ng haosler to On 19w oy heeohand semosheieomasiiéon ratio of tin oxide
falls below 0. 02% by atom the addition of tin m ght not produce any 5
ef f éét . The present inventionalsoisa sputtering target comprising
an indium oxide alloy containing a hexagonal layered compound
of indiumoxide and zinc oxide (In,;03(Zn0O)m: wheremis an integer
of 2 to 20), the sputtering target containing at least one or
more types of metal oxides selected from the group consisting
15 of cerium oxide, samarium oxide, europium oxide, terbium oxide,
or bismuth oxide as a third component thereof. The third
component metal oxide is 1% to 20% by atom in composition ratio
with respect to the total amount of the sputtering target.
Ratios of the respective components fall within the ranges of
20 In/ (In + Zn + Sn) = 0.5 to 0.95, Zn / (In + Zn + Sn) = 0.03
to 0.2, and Sn/ (In+ Zn + Sn) =0.02 to 0.3 in terms of percents
by atom.
Here, in the foregoing expression, In is a composition ratio
of indium in the sputtering target in terms of percents by atom,
25 Zn is a composition ratio of zinc in the sputtering target in terms
of percents by atom, and Sn is a composition ratio of tin in the
sputtering target in terms of percents by atom.

According to such configuration, tin oxide has a composition

ratioof 0.3% by atomto 0.02% by atomas in the foregoing expression.
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Naturally, the sputtering target described so far may contain netals other
than the foregoing. Note, however, that the substances and anounts of the
addi tives nust not hinder increasing the value of the work function, which
is an object 10 of the present invention, or cause a drop in this value. It
is also required of the substances not to | ower the transparency or
decrease the conductivity (increase the resistivity). The substances that
can nai ke Aepenwbe K Haihéfitolhn ax igdshe yhcedal Ued wiltthdtiP ™ IgWePRRG StiHel On
transparency or decreasing the 15 conductivity inc i

| ude aIIjun1o§%ﬂe,
ger mani U okP déNar@ e oy T Y $BG W8S MR AOMET PBFL '?lie%gdf]o”%htar fSpar ent
ducti fil t t ] ti .1h ti filmfabri d
b ouigh S (TYePERG bS8 mg Ehet BB BT iS e aroer (dgsl | bbd Totie 20! has
the same cpmpasi§bon,as.LhAL of ot hEaSRYLLEriNg sLagel deser ihady abovs, , and
thus is Targe in the value o6f Re®Wor K fﬁnctlon, ex etient I'n ranspa¥ency,

and RBi gh.¢p.cpnductivity (lowin resistivity). The present invention is
al so characterized in that this transparent conductive filmhas a work

function of 5-@@\45{311_\/,25}@ggk\@dteﬂmﬁ&a@e@%%és&@/edts@efyﬁh@@/ 86nt enwor k

function is equivalent to that of a hole transporting |layer that is nmade
of tripheyd e Behet ttieahi ke Thosedetiges therenengywdasri erchhet velea the
el ectrode and the hole transporting layer. As a result, it is possible to
provi de sub ot ganies Ehndevameuand tbé tlivel idcedwhi chsalthoss amt npriovéeent in
hol e injection efficiency. Second group of invention Next, the aspect of a
second grioepeoabiingvéms o wid lobhdldestribeincsithe abpedt icgf arhiop seecbnd
group of invention will be detailed mainly in a second enbodi nent to be
seerl| at@f .the present invention, or cause a drop in this value. It
is also required of the substances not to lower the transparency
or decrease the conductivity (increase the resistivity).
The substances that can maintain the work function at a high
value without lowering the transparency or decreasing the
15 conductivity include gallium oxide, germanium oxide, and antimony

oxide.

Invention pertaining to a transparent conductive film

In the present invention, the conductive film fabricated

through sputtering by using the sputtering target described above

20 has the same composition as that of the sputtering target described
above, and thus is large in the value of the work function, excellent

in transparency, and high in conductivity (low in resistivity).

The present invention is also characterized in that this
transparent conductive film has a work function of 5.6 eV or

25 higher. At or above 5.6 eV, the value of the work function is
equivalent to that of a hole transporting layer that is made

of triphenylamine or the 1ike. This reduces the energy barrier
bpetween the electrode and the hole transporting layer. As a

result, it is possible to provide an organic EL device and the
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Initially, a substrate for an organic EL device of the present invention is
one conprising at |least an electrode |ayer and a base nenber, wherein the
el ectrode | ayer contains at |east one conpound 10 selected fromthe
following group A-1 and at | east one conpound selected fromthe group B-1.
Here, the group A-1 includes chal cogeni des, oxynitrides, or nitrides of Si,
Ge, Sn, Pb, Ga, In, Zn, Cd, and My. The group B-1 includes chal cogeni des,
oxyni t rildgee wdrl g orli gess ofn lamans@est 1% halanotheftéenf E§EA&LTIEY t he
substrate for an organic EL device of the present invention is one
conprising at |east an electrode |ayer and a base nenber, wherein the

el ectrode Iayq; contains at _l.east one conpound selected fromthe group A-2
and at | east —§ﬁ§£ﬁ%#gﬁﬁﬁﬁigiﬁéﬁﬁﬁﬂf¥£bn1the group B-2. 20 Here, the group
A- 2 i ncl udes .ghal cogeni LLr] L. or ~nitrjde f. , I'n
Zn, Cd, and ?&h%?%ggéé-o%v%{:%ggi’@ a fc%}é%%\?glesnglfl 1 anetﬁéalsn(f‘g{e)%?&?'he

substr atg, d Oa[dsﬁé‘cﬁ’r&ﬁn{ﬁieg'—fzg%\éin%eg(}fo& %Pri%?@é‘rﬁtw}{eptiilqnbei 2ie _’f%eled

characterizedin that t el ectrode | ayer Is an anode |ayer. 25

subst r atygs {91 yannongaRi ok de¥bel dint heoppeserled NVgntion is one
characterized in that the electrode |ayer is a cathode |layer. According to

t he confi gur atirans s0f1 yt,hesmbdtvestd 68%,art Begaaibimedevise Of taeCorPoee of
the group A-1 and a conpound of the group B-1 or the conbined use of a
conpoundimoferttheorgrigupnA- Corapiri a1 c@rgpolra st18noé 1 ¢ bergdoum B2 agah ai besease
the ionization potential of thee lect rode |ayer effectively. Consequently,
t he subgtardier fohe amintyant te EL rodevl gee ofc driea pnesent eppvert ¢ ormiesord bed
above can be used to constitute an organic EL device which has excellent
dur aBi | i¥§lected fpandrheifiyl Yoviagedrang Argrandm hdseere@nicamsiaynd The

el ectrode Iager configured thus is also characterized by
seleCted from the group B-1.

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

15 In another configuration, the substrate for an organic EL
deviceofthepresentinventionisonecomprisingat leastanelectrode
layer and a base member, wherein the electrode layer contains at
least one compound selected from the group A-2 and at least
one compound selected from the group B-2.

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

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

25 The substrate for an organic EL device of the present invention
is one characterized in that the electrode layer is a cathode layer.
According to the configurations of these inventions, the combined
use of a compound of the group A-1 and a compound of the group B-1

or the combined use of a compound of the group A-2 and a compound
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havi ng an excellent etching property. Mreover, since at |east one group
out of the group A-I, the group A-2, the group B-1, and the group B-2

i ncl udes chal cogeni des of Si or nitrides of 10 the sane in the el ectrode

| ayer, it is possible to inprove the adhesion of the electrode |ayer to the
base menber at the tine of formation. In addition, the electrode |ayer can
be formed with higher uniformty. Incidentally, when the anode_l ayer is

made of ¥hERRIFREPGIM T2k SREEEAEE Chene T ira R BALBOF et o4 LI5S FChFef8r abl v
[ I 5.6 i gher i ' t f | e injectabiljty.

Ohen t et DA G0 SR8 1 mHAGC COHeLROS ot Hor Hem® theors AERGH potent | a

s pref exably. alyep,a ¥aLug, below 4,0, eX LR Gonsl derald on. ofy el eelgon,

i nj ect abi |]ty e materrals nentroned 1 n fshe present 1 nvenrh on can acnl eve

20 i oni zat 'Mf@ﬂ%ﬁgﬁié'ﬁ%@{c{i I 1@%”%8&‘11@%' Yussbtabie for

the material of the anode. Mreover, the substrate for an organic EL device

of the pg eﬁ@mdrimﬁjﬂwma?se onghehar act e zedsédntbaintbgs et gctrode |ayer
has a specific resistance Tower than 1 (F cm 25 Wen such neans is
adopted, it isrHpesebkedcde aypkd ddief i phendDrBneni § helsdrdvwen dteminesiceice
occurs in the display screen due to high resistance of the el ectrode |ayer.
Consequemting tdre expedilfeint eeshihagnpeopérthe alectvode ,| ayerce can ldmist be
limted in value to inprove electron and hole injectability, 19 as well as
t o achi ewvee agfanphentr edudthecoyrioun e dr i Viiaggvolipage 2 ,oft ehg morgam ¢l EL
device. Incidentally, if, in contrast, the constituent material of the

el ectrodRnq aylee dz@uR BpécinFéudessicharedabbdesiPicml @rdoubieidagept
structure is preferably 5 used which includes an el ectrode | ayer nade of a
consti t uehe SHBE er i At PR RA PG BOSFe e PYRE i1 édi $EaREE SIS thdmar e che

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

15 is preferably given a value of 5.6 eV or higher in consideration
of hole injectability. When the cathode layer is made, on the
other hand, the ionization potential is preferably given a value
below 4.0 eV in consideration of electron injectability.

The materials mentioned in the present invention can achieve

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

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

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

Consequently, the specific resistance of the electrode layer

canthusbelimitedinvaluetoimproveelectronandhole injectability,
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Mor eover, the substrate for an organic EL device of the present invention is
one in which the conpound of the group A-1 or A-2 is any of chal cogeni des
or nitrides of Sn, In, and Zn. These conpounds 10 are particularly lowin
guenchi ng property anmong the conpounds of the group A-1 or A-2, and are
capabl e of constituting an organic EL device having high | um nescence
intensity. Mreover, the substrate for an organic EL device of the Eresent

i nvent i ofS i%ebhe§ F WATH a¥fe e dvpdticd seduRé igRodp Bhe 8F1Bi39i ¥°11898ny of
oxi des of _Ce, Nd, Sm b, . and . _Thes ounds can be used in

conbi nat Ponths THEFTIEatk ABTHET! ng HFLOSETade ot Lt het FoRPBA M pot Bt | a
and the band.gap energy Lnthe el ectrods o laver indspsndent! v Morepyer, the

substrate an organi c vice O e present nvention s one

whi ch the_content of,th nd. of e - -2. falls-wtihin the
fange of (65L05ad 50 5P 5 acbhctne: Bpatae Shethr Sy RhuBrant B 148 Vs
100 at.%segt thRgH e c Mahdls 4R stebta JaNge: ¢ap haakl birake 2Fidsitngnkhe
value of the ionization potential in the electrode |ayer while 25

mai nt ai nhagehiigh tHaANSPGreneycdilaht +&ansmanianceiwe Beshdes.1 qhenel ectrode
| ayer configured thus is characterized by having excellent etching

properties to Merasvand thieestb kteratvfeowsr orgheisilisdeat ee bdrtlmnpoeganitc EL
device of the present invention is one in which the electrode | ayer has a
t hi cknessnveOt wbn hi s ariee iramdie cbf theandmpoondnef Sued cordp gurlatdroA-Fakes it
possi ble to fabricate an organic EL device which has nore excellent

dur abi | i 29y od ¢l dp I Hde v elrtaiger 13RI ohigh INumnfedtence ¢ HE IR UNHS
addi_ti on, when the thickness of the 5 electrode layer is in such a range,

t he 16 gaRf& BT HeGUEE LY LoedBnBBENCRIM DECHHR TG ©radeR? Vel § GHIRRUNAS

of thegroupA-1orA-2, andarecapable of constitutinganorganic
EL device having high luminescence intensity.
Moreover, the substrate for an ocrganic ELdevice of the present
invention is one in which the compound of the group B-1 or B-2 is
15 any of oxides of Ce, Nd, Sm, Eu, Tb, and Ho. These compounds can
be used in combination to facilitate adjusting the values of
the ionization potential and the band gap energy in the electrode
layer independently.
Moreover, the substrate for an ocrganic ELdevice of the present
20 invention is one in which the content of the compound of the group
B-1 or B-2 falls within the range of 0.5 and 30 at.% with the
total amount of the electrode layer as 100 at.%. Setting the
value in such a range can facilitate adjusting the wvalue of
the ionization potential in the electrode layer while
25 maintaininghightransparency (light transmittance). Besides,
the electrode layer configured thus is characterized by having
excellent etching properties to acids and the like.
Moreover, the substrate for an organic ELdevice of the present

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

| ayers contains at |east one conpound selected from the follow ng group A-1
and at |weashioneheonpogrdosel exta@dl 9 om. 155the ¢ohfowiup groupndkes Here,
the group A-1 includes chal cogenides, oxynitrides, or nitrides of Si, GCe,
Sn, Pb, @assihlezio CHabaagate The Groupl 8 EL iRy udes wWhistlkofas desre
oxynitrides,_or nitrides of |anthanides. Another organic EL device of the
present $RVeALEBL | Wi hhitrg 20 &°%t r (HUF Y hat C At 2P&ast i arfobeh

| ayer, organi ¢ | um nescent | ayer, d a cathode | ayer ,are lamnated in
successi oM MREFERT S t RECRTId 1 ayE? aﬁ%ﬂ”&a‘?%odﬂ“?%&;@ﬁy%l@ik@ﬁeﬁs SEet}b‘F t he
elec%rode elg¥8r% %p%ggqfsa{nlgag gne ¢o oqng sglec%e% Eﬁpg%;pEééoigomﬁng
gr oup Av%laﬁ ag | e&st® one inorg%nlc compound sel ect 83" from the

fol |l ow - 2~ r %HR: =24 | u qg-f al cogeni des,
oxynitrﬂgeg?gg?e@n%ffﬁgége8%R%£e¥ n, %%%lgg?blﬁ, H?'Cd, and My. The group

B-2 includes gl Gogerifgs Lird@dha des. pAesahevenviheieanbtpedi H8ggof a
conmpound of the group A-1 and 21 a conpound of the group B-1 or the

conbi nedt &1Sg¢n 0 r Ga €LAPOUNGe ©f ce t el Uriveipddsrapdda conpound of the group B-2
can increase the ionization potential of the electrode |ayer effectively.
It is theref areitpioski bl e @ rabindicnEandev jaai of Hhadevecemmhiakehadon is
excellent durability, a low driving voltage, and high |um nescence
i nt éfsi tyne Thev Bhecd rodeutayee thafi gurkeashusn anode layer, an organic
luminescent layer, and a cathode layer are laminated in succession,
wherein the anode layer and cathode layer or either one of the
electrode layers contains at least one compound selected from
the following group A-1 and at least one compound selected from
15 the following group B-1.
Here, the group A-1 includes chalcogenides, oxynitrides, or
nitrides of Si, Ge, Sn, Pb, Ga, In, Zn, Cd, and Mg. The group B-1
includes chalcogenides, oxynitrides, or nitrides of lanthanides.
Another organicELdeviceof thepresent inventionisonehaving
20 a structure that at least an anode layer, an organic luminescent
layer, and a cathode layer are laminated in succession, wherein
the anode layer and cathode layer or either one of the electrode
layers contains at least one compound selected from the following
group A-2 and at least one inorganic compound selected from
25 the following group B-2.
Here, the group A-2 includes chalcogenides, oxynitrides, or
nitrides of Ge, Sn, Pb, Ga, In, Zn, Cd, andMg. The group B-2 includes

chalcogenides of lanthanides.

As above, the combined use of a compound of the group A-1 and
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is also characterized by having an excellent etching property. Moreover,
since at |east one group out of the group A-1, the group A-2, the group
B-1, and the group B-2 includes chal cogenides 10 of Si or nitrides of the
sane in the electrode layer, it is possible to inprove the adhesion of the
el ectrode | ayer to the base nmenber at the tine of formation. In addition,
the el ectrode |layer can be forned with higher,unifornit¥ Incidentgll¥,

when t hé® HRIRCUEY & it edO sy Briie s éaﬁpsewaénedws?h@ i BnF2ERPPOR

tential. | f h der at |
b hol e T GETRi | 419, S0feh EREPEATHOGE T8 @Pad dice t0n {HE-SERr Rand. |
the ionig ﬁ'?aﬂt S %10§£At1§1 &fg{ﬁ%a%i%/ct%ﬁ )}’Q%UQ beloy,d,, O ﬁVJfge

consi der ron 1I1nje erl a rrentl O

present 0. | D¥ERL %s@fb?&htgv%b‘t%rlr?aéhogregh%@'E”L SdezléeBw%\{&{ i gher,

bei ng extrenely suitable for the anode material. Mreover, the organic EL

devi ge oéxééﬁlah%se@warb/fmt?n g oBg i rammgth@o@ag | aygtq angi gat hode
| ayer or either one of the e ectrode | ayers has™ a speci i ¢ resistance | ower

than 25 fukXAesSkelCcanft gus atiyon makes liclc posss bl yee prevarfurdd® thus
occurrence of uneven |um nescence in the display screen due to high

resi st ance aofsd hthat &ct eodecldaperha Chngeguentty ] 1ehe spetiific pregistance of
the el ectrode layer can thus be restricted to inprove electron and hol e
injectabiorepesr, 22nkd wrthkeasédocts grdwp thetdritvithg woldwgehof, t hee
organic EL device is also possible. Incidentally, if, in contrast, the
const i t UBRPURE T 1 ANSEI Qe Bellecd ROFE S RyRrP Ras anspeias ehalesigamhtesabove

oubl e-layer structure is preferabl sed whi ch_incl udes, an
elgﬁg}odﬁglﬁ§ePrmﬁh§%ﬁ &S cBhstEu mer&ﬁeFF&l Fﬁfgesﬁé&qqm:%%s?§tance

| over thansélgﬁe to improve the adhesion of the electrode layer to the

basemember at the time of formation. Inaddition, theelectrode
layer can be formed with higher uniformity.

Incidentally, when the anode layer is made of these compounds,

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

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

Moreover, the organic EL device of the present invention is
one in which the anode layer and cathode layer or either one
of the electrode layers has a specific resistance lower than

25 1 Q-cm. Such configuration makes it possible to prevent the
occurrence of uneven luminescence in the display screen due
to high resistance of the electrode layer.

Consequently, the specific resistance of the electrode layer

can thus be restricted to improve electron and hole injectabilities.
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Mor eover, the present invention is the organic EL device in which the
conpound of the group A-1 or A-2 is any of chal cogenides or nitrides of Sn,
In, and Zn. These conpounds are particularly 10 low in gquenching property
anong the conpounds of the group A-1 or A-2, and thus capabl e of achieving
an organi c EL device which has high | um nescence intensity. Moreover, the
present invention is the organic EL device in which the conpound of the
group B-A birgheori sedncddicte bl @ny dubytagce oz ortobf tle, oNglarsmy B, Tb,
and Ho. These conpounds can be used_in conbination to facilitate adjustlng
the val (#Vbfethé a@éﬁlEgﬁﬁﬁpk%ten%PﬁFd§&§q4k¥bahﬁ géB %ﬁ@ﬁ@f%qvt%%

el ectr ode |nde endent reoveiﬁ the(ﬁ% ent invention is t

organ|CQﬁ_%%¥F88n %ﬁﬁﬁhﬁ h% LRonEeRE S géfpo of F@?%ﬁ%ﬁ% B-1
or B-2 fall mnthl % ? nd .30 at. %fmnth t he total Qt of
Che. o1 dattbantnEperbaRE LR o ol NS stttk £86r el

furt@erd‘gsa?&ldzﬁi?vﬁ. ?Wc‘ﬁ}dé@ dhes ﬁ E ofe tlté dOonZaLi g apeb%%tt'laéuér‘?tthe

el ectro ayer e nalntalnlng nsparency (I 1i ght

transmtﬁé¥@Pingﬁ§d¥ﬁb £h§ E%%IQPQQ%_l§¥§5c%OTB#B¥eghEHU

characterized by having exce | ent I ng properties to aC|§s and the |ike.

Moreover, the My@es8Ar | RRNbreBen$ §AGeht Pani s Bhdees iid ElWAegh ckhen
el ect r ode | ayer has a thi ckness within the range of 1 23 and 100 nm Such

conf i guriian tekesmpbupasst bites tqxrcalyt aFn ap A-af ganiaeyEbfdeva Teonbhthebhas
nore excellent durability, a low driving voltage, and high | um nescence
i nt ensi tyr nlirg radi@ist p6nSn, WlmenathkeZn hi dkress ofmphendlksegtreoderitdyerlaslyn
such a range, 5 the organic EL device is prevented from becom ng excessively
t hi k. low in quenching property among the compounds of the group A-1
or A-2, and thus capable of achieving an organic EL device which
has high luminescence intensity.
Moreover, the present invention is the organic EL device in
which the compound of the group B-1 or B-2 is an oxide of any substance
15 out of Ce, Nd, Sm, Eu, Tb, and Ho. These compounds can be used
in combination to facilitate adjusting the wvalues of the
ionization potential and the band gap energy in the electrode
layer independently.
Moreover, the present invention is the organic EL device in
20 which the content of the compound of the group B-1 or B-2 falls
within the range of 0.5 and 30 at.% with the total amount of the
electrode layer as 100 at.%. Setting the value in such a range
can further facilitate adjusting the value of the ionization
potential in the electrode layer while maintaining high
25 transparency (light transmittance). Besides, the electrode
layer configured thus is characterized by having excellent
etching properties to acids and the like.

Moreover, the present invention is the organic EL device in

which the electrode layer has a thickness within the range of 1
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Now, the organic EL device of the present invention is one in which an
inorganic thin filmlayer containing at | east one inorganic conpound
selected fromthe foregoing group A-1 and 10 at | east one conpound sel ected
fromthe group B-1 or an inorganic thin filmlayer containing at |east one
conpound selected from the foregoing group A-2 and at | east one conpound
sel ected f the grou 21s arragged in both or er between, t he anode

om B- el,
| ayer aﬁﬂ“ﬁﬂémbp§hniéuFﬁnFﬁégﬁéﬁ{r?%. P BAEFSr LhePRESH tO_LSgli?/e:%.‘??’n%d%nIayer

and the organic m_.nescent | ayer, Such addit] | arran nt, of th
i nor gani € Al ACE FrmICayers %%hggu%%?eggrﬁeg%géﬂiéﬁﬁ %FF%@Eiﬁﬁ%ﬁ %nﬁ%ﬁce

I nci dont S Ty PR | OT A PR 11T MRy AL oy ranged 0 el WMt he

anode | ayLnapdet pg;eLga £ Jaumnescent Layer 1 ave r &4 nemelycprefefgbty
given a conposition different fromthose of thé anode |ayer and the organic

thinsfiloméayegandRedif ikatdye ivheheti Batanpda drayed cbsigde xefe s Loapound
conprising a group A-1 conpound/a group B-1 conpound = 70 to 90 at.o0/0.5 to
10 25 att®ackt is preferable that the inorganic thin filmlayer be nade of
a conpound conprising a group A-1 conpound/a group B-1 conpound = 50 to
bel ow 90 at. %Nabove-HkD) catghitm FBO datvi%e Tlie thsapeebehds ihwenthencaseocot
using the conpounds of the groups A-2 and B-2. 24 Moreover, the organic EL
devi ce ofntHel gr egentn¢ ngenticohile fgden ilrg wehi chonhe ionganiast |led aeserat

| ayer contains at |east one aromatic conpound having a styryl group whose
struct urbPOTrE8RMA & TP YrREnsS BY &l off tHe FloF | bW AgOdEFe 1O Yo rivul agnds

(Ch%%ical formula 2-1) to (chem.cal formula 2-3): "Chemical faornula 2-1"
at least one compound selected from the group B-1 or an 1norganic

thin film layer containing at least one compound selected from

the foregoing group A-2 and at least one compound selected from

the group B-2 is arranged in both or either between the anode

layer and the organic luminescent layer and/or between the
15 cathode layer and the organic luminescent layer. -

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

Incidentally, the inorganic thin film layer, when arranged

20 between the anode layer and the organic luminescent layer, 1is
extremely preferably given a composition different from those of
the anode layer and the organic thin film layer. Specifically,
when the anode layer is made of a compound comprising a group
A-1 compound/a group B-1 compound = 70 to 90 at.%/0.5 to 10

25 at.%, it is preferable that the inorganic thin film layer be
made of a compound comprising a group A-1 compound/a group B-1
compound = 50 to below 90 at.%/above 10 at.% to 50 at.%. The
same holds for the case of using the compounds of the groups

A-2 and B-2.
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3 Ar1--~ Ar CCC4 (Chemcal fornmula2-1) Ar Art where in the general
formula (chemcal formula 2-1) , Arl is an aronmatic group having 6 to 40
carbon atons, each of Ar 2, Ar 3, 10 and Ar4 is hydrogen or an aromatic
group having 6 to 40 carbon atons, at |east one of Arl, Ar 2, Ara, and Ar4
IS an aromatic group, and the condensati on nunber nis an integer of 1 to

6; "Chemical fornula 2-2" 6 Ar Ar ( Chemi cal fornul a2- 2V) Ar m 15
where in the d\%%‘fe?'ortrﬂﬂ 8 TOCRe Eél de bt eIl Af 9 Pregedti dnVvERtAPENAS ¢
gr oup haV| ng. 6 0 carbon atans,, each of Ar6.and Ar7 N gL.an
ar omat i c°'§ ollp ”H?fv‘f t%et8r§6n&arbl SHUBY Bivs Pt lalyeeaEtC%néa fny qg 8" and

Mt egor SrSit FERER i Pt alivha i fHhs St DR SORE0A '%t@‘”@% Juiean
7IA 4 (f&Pﬁﬁhgal Jogw'e %} af%, A s Appaher e i Byt g Qf@&é@glf qrcmh@lae

(chem cal fornmula and” Arl1l4 are each an aromatic group having 6

to 4G carbpamatans f&&@@lasz -AN9 0 AFHSmi &ahy dHNGeN1 r 2an)aromati c group
having 6 to 40 carbon

“Chemical formula 2-1"

3

- Ar

‘ cC=¢C )

4 (Chemical formula2— 1)

5 Ar
Ar

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

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

10 andAr'is hydrogen or an aromatic group having 6 to 40 carbon atoms,

at least one of Arl, Arz, Ar3, and Ar® is an aromatic group, and the
condensation number n is an integer of 1 to 6;

“Chemical formula 2-2"

e
- Ar
5
Ar N _

T v, ( Chemical formula2—2 }

Ar
m
15 where in the general formula (chemical formula 2-2), Ar’ is

an aromatic group having 6 to 40 carbon atoms, each of Ar® and Ar’
is hydrogen or an aromatic group having 6 to 40 carbon atoms, at
least one of Ar°, Ar®, and Ar’ is substituted with a styryl group,
and the condensation number m is an integer of 1 to 6; and

20 “Chemical formula 2-3”
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5 atons, at |east one of Ar8 to Arl4 is substituted with a styryl group,

and the condensation nunbers p, q, r, and s are 0 or 1 each. The present
invention also is a nethod of fabricating the organic EL device described so
far, conprising the steps of: formng the electrode |ayer by sputtering;
and formng the organic 10 |lum nescent |ayer by vacuum deposition. In this
way of formation, it is possible to forma hole injection |layer and an
organi ¢ | um nescent | ayer which are dense and have uniform film

thi cknesses. At i3t us ossiblesto ovi de an organic EL devi ce having yet
uni f or m | yapd At gnsN .y LSATHLIAL broun gfr T pvRala it 303 L3 f he
f oregoi ng pr the aspect of at digrgup of the Tnvention adopts the
fol |l ow ng neahs, s Rvent Fon @fi1an ‘el e¢tro g1% bstrate for an organic EL
device 20 1. itially, thefpresent invention is an el ectrode substrate

for an organic EL device, conprising an electrode for driving an organic

el ectrol um nescence .l ayer and a e nber, wherein the. electrode i s made
of *a | ani nat & It bLPoATHY T e e e IS agh PR A £ager o & ot al
oxi de hayjmng f t - e Vdin_vahue; thip,film
| ayer cgﬁln%os%ge\r,\r%#l yﬁéﬁog&t% %q\l%%\b \ﬂs?‘ggmt%hg Eﬁ)l talb| g%rggﬂi %?n&g%hf ?égPati on
is enpl ayed, °tfie o 0utier Hgéiolgéb{%r Qh LPEmSHLE aps 1o HeRnthRck {he oEgaRba

| um nescent | ayer must be a netal oxide layer. The reason is that such

ef fect s atasmd OWer1 ot age, o emdnced rf Ul nageanice: i dd @Asht ¥ .staid 1 gpeaged S
durability are small. The neans descri bed above can be adopted to meke the
out er nosdnd | ayer condeheasubhaceitoercond acty, t ke @rgans cakanmoneacent ekajier a

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

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

ELL device having yet uniform luminescence intensity.

15
Third group of invention
To solve the foregoing problems, the aspect of a third group
of the invention adopts the following means.
Invention of an electrode substrate for an organic EL device
20 1. Initially, the present invention is an electrode substrate

for an organic EL device, comprising an electrode for driving an
organic electroluminescence layer and a base member, wherein the
electrode is made of a laminate of the following two layers:
(1) a thin film layer of a metal oxide having a work function

25 above 5.6 eV in value; and

(2) a thin film layer composed mainly of Ag.
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metal oxide |ayer. Here, the work function is set at 5.6 eV or higher for
the 10 reason that such effects as | ower voltage, enhanced | um nescence
intensity, and inproved durability are small unless this condition is
satisfied. 2. Next, the present invention is the electrode substrate for an
organi c EL device, characterized in that the thin filmlayer 15 of the
netal oxide has a work function of 5.8 eV or higher. As described above, the
wor k functi on Nawt wbensthe meN tarl ayieghdri lm apdfigupabienals pr®l@yed othe

hi gher. Note that this value is a neasurenment in the air after film

for mat i ctearnadtud pyerors the appfreativrortagy éheanragnsr tWBinopcerke
(pre-cleaning value) . This work function was neasured with "AC 1" from

Ri kagakul 3 %efu85.2¢ Bt &2 hp=usenlp ¥ hhotldénT §85G et hdb. S The St Bment
sanpl es were irraag?ted mﬁtg |3%Q# of . 3.5 to 6”5tgv agd el ect.rons em.tted
from t he SIS’ M8 9 e BUAEET THEMAT FURTT i'0H 7745 et erti Red F1oRT ¢ he

i rradiatj .1 ght_en required to emt electrons. 3. Next, the
presgnt(%%ggﬂfiék&igrfhé§?%¥égoing el ectrode substrate, characterized in

that the thinfid mLayefe Q{16 TBLIL cH¥bdesqd St LOMRAREHe THNL Y e OFmbBEI UM

oxi de; and contains at least one or nore types of netal oxides selected
fromthe HroMpr 2h € 0N 64 d N0 OF cdh ODE UM X1 Slegahad ni wm Rt dent t agyakum

oxide, and a |anthanide netal oxide. 4. Furthernore, the foregoing
el ectr odestsibsdiaie isyecharacterized in that the thin filmlayer of the
metal oxide 5 contains zinc oxide or tin oxide as a main conponent thereof
al ong wi th i ndieum ,oxitde woAsk dghove,idrhd spsesent Bndervi on hogharn§orndham
oxi de as a
10 reason that such effects as lower voltage, enhanced luminescence
intensity, and improved durability are small unless this condition
is satisfied.
2. Next, the present invention is the electrode substrate for
an organic EL device, characterized in that the thin film layer
15 of the metal oxide has a work function of 5.8 eV or higher.
As described above, the work function must be 5.6 eV or higher,
and is preferably 5.8 eV or higher.
Note that this value is a measurement in the air after film
formation, a value before the application of UV cleaning or the
20 like (pre-cleaning value). This work function was measured with
"AC-1" from Rikagaku Giken Co., Ltd., by using a photoemission
method. The measurement samples were irradiated with light of
3.5 to 6.5 eV, and electrons emitted from the samples were
measured. The work function is determined from the irradiation
25 light energy required to emit electrons.
3. Next, the present invention is the foregoing electrode
substrate, characterized in that the thin film layer of the metal

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

one or more types of metal oxides selected from the group
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mai n conponent of the thin filmlayer of the metal oxide. It also contains
zinc oxide and/or tin oxide. 10 For exanple, when indium oxide + zinc oxide
are the main conponents, In/ (In + 2Zn) = 0.5%to 0.95% by atomis
desirable. Here, In/ (In + Zn) indicates the ratio of indiumatons to the
total sumof the nunbers of indiumatons and zinc atons in the thin film

| ayer of the netal oxide, 15 The value of the foregoing ratio In / (In + Zn)
i s prefef@bfystany tof nbobaHa petl 4t of e ABLYM0 0K 43R 0. DanTRd Weadbhd®s t hat

if this value is below 0.5, the thin filmlayer of the nmetal oxide can drop
in condu%?‘?v?t}?“&%@\}bl‘g?gg,eté {He- S her hand, the etching property might
deteriorate. 2 eqver, when, .for anpl e, indi,umoxide + tin _oxide,are
the main conp hgﬁ%r?c\ﬁerfn)mﬁ’n }@n)%rﬁ.g?%ntgo 6;5§%r6’>geat8rl#lsgragsei régl e.
Here, In + i ndi S e hatd o of i pdiump 0, tof aljesum
of the n%}ﬁw%]i(agré;teo @%%igr?ng}?%ﬁstg%dtthﬁﬁ{ a%}'c))rrlfs1 :j%'ylét h?fﬂ?}ﬁéf |mlemgl ayer o? t he

net als oxidgra2asThe valdie @ thecfaregqidtd Satd Gud M/ c&hBohie®) difereot
preferably 0.8 to 0.95, and yet preferably 0.85 to 0.95. The reason is that

if this yabdg s thelivaOud ekialove 0.95, the thin filmlayer of the netal
oxi de can drop in conductivity. Now, the anmount of niobiunoxide, hafnium

oxi de, tantal mwoxiere, Zhand s dantimamirad oretoain texinde inhaibe acded bs 8. 1%
to bel ow 20% by atom preferably 1% to bel ow 10% by atom and yet

pr ef er abhyin %bontperizel tow 5% byt atomiint A ayespefttiio neta 1t okabdenet at at sos.
There as on is that at amounts of addition below 0.1% by atom the effect 5
of the addnthénswidinqoexidachra/signiincantdesvel , sometimes failing to

i ncrease the work function to or above 5.6 eV. On the other hand, at
amoditt s of addit¥ oPX¥FP DO WRENhiigRé&FMppxide + zinc oxide are the main

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

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

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

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

Now, the amount of niobiumoxide, hafniumoxide, tantalumoxide,
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atom the thin filmof the netal oxide becones an insulative filmwth the
probl em of a drop in conductivity. 10 5. Mreover, the present invention is
the foregoing el ectrode substrate, characterized in that the |anthanide
nmetal oxide is at |east one or nore types of netal oxides selected fromthe
group consi sting of cerium oxide, praseodym um oxide, neodym um oxi de,
samari um oxi de, and terbiumoxide. 15 Incidentally, in the present

i nvent i oandtdi kambdnldyenctfal mxighngtd tg iavgiean isl éctltode f@leé\be'r abRybhlas a
surface resistance below 10 Q@ sq. Preferably below 6 Q sq

pr ef er abtyom, fRYeEer8oLlXpt eoverbetpe pPasklit 2raventNenYrs Pﬁéfﬁéﬁééé’l Ag

el ectrode substrate, characterized in that the th| nfilmlayer osed 20

mai nly of°R§ @Hrﬁ‘apﬁ§‘tr?é[t‘é+t}|ﬁ§\?lsﬁﬁcé %erfttﬂi&,aﬂ IB‘ﬁ 6% a§°(§15ev TBre lﬁ? ReF. 7.
Furth t ti t t_hat

havi g & horREFURGL FORUGE 5 & GV RPBHEF T8 Pards Bné - Type 0F ThbC6F more
t f

et LonE b andtotERd L i atast g s ?ﬁglggh&ﬁﬁ%ﬁméﬁoﬂh@%m%gg

or higheg enh %@C%% U&%r%e?@é't{ﬁé( @érkhﬁuné&'o@y% ohhe pang  pf caddi phon is
0.01t oSth)or | ower, preferably 0.1 ontA; and yet preferably 1 to 2

W% 29 The beasan }T&ﬁdthla% afnduitts abr agaUAtS f SdpbroankelwiePlpy the
effect of the addition Is small. On the other hand, at anounts of addition

above 5 st %n,t RecAgHiM nffihmFayre fey adr @i ide Cl@@dbﬁl@SVlatny imyubecorre
expensive. 5 Mdreover, other metals (such as Cu, Co and Zr) may be added as
a third Codrpomerth witdopt obflieectd nga sdlabpl ity ,caredist amde,y.and refl ectance.
10 5.Moreover,thepresentinventionﬁj;theforegoingelectrode
substrate, characterized in that the lanthanide metal oxide is
at least one or more types of metal oxides selected from the
group consisting of ceriumoxide, praseodymium oxide, neodymium
oxide, samarium oxide, and terbium oxide.
15 Incidentally, in the present invention, this multilayer film
constituting an electrode preferably has a surface resistance below
10 Q/sg. Preferably below 6 Q/sg., and yet preferably 4 Q/sqg.

6. Moreover, the present invention is the foregoing electrode

substrate, characterized in that the thin film layer composed
20 mainly of Ag contains metal having a work function of 5.0 eV
or higher.

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

25 Pd, and Pt.

As in these inventions 6 and 7, the addition of metal having

a work function of 5.0 eV or higher enhances the stability of the

Ag layer. The amount of addition is 0.01 to 5 wt% or lower,

preferably 0.1 to 2 wt%, and yet preferably 1 to 2 wt%.
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When the present invention is used to constitute an organic EL device such
as an organic EL device, it is preferable to enploy 10 thicknesses as
follows: (1) In the case of outputting |ight through the anode In this case,
the "thin filmlayer conposed mainly of Ag" (sonetines referred to sinply
as an Ag thin film is given a thickness of 3 to 15 nm and preferably 5 to
10 nm The reason is that if 15 the Ag thin filmhas a thickness bel ow 3 nm
t he anode ni ghthe geesha Fedided iR T staeunich ofheddi heen P (€At he
Ag thin filmhas a_thickness above 15 nm the transmttance can fall wth

a drop i i iS5G Lot pRIB W éﬁcﬁm?ﬂnm tHe EheuRT Res andy é’}e?moﬁﬁts

\Yo! h I h t

Si rpl y. o8 BOBKGE AR Thdy PE/S Bne R e&w%asyesre%a%’%%g'p”fr?m?ﬁsb- 358 of

10 to 200, nM S9.&8S. k9= SYPPLESS reflection from the Ag | ayer. The thickness
of this oxidée Tayer is preferably selected fromthe range of 20 and 50 nm

and yet prefer é’ox?e'3 2a0d- 42 s aen it lescf:?x'@@ 4y 8r) h?n%yaﬁtehb%%ss

below 10 nm the stabilization of the Ag layer night not 'be achi eved W t

the resub DhnliQuetodgbabhki tyrRbut her G & Flardavitge. reQn stehhe et hehghand,
when this oxide |layer has a thickness above 200 nm the transmttance can

fall wthefléeopnted. the light 30 output efficiency. (2) In the case of
outputting light through the cathode 1In this case, the Ag |layer may be a
thick filmin Weertieo presfdnecti niveethiioght s comedg d rromstther dtemanesegathikayer
toward the cathode. 5 The Ag | ayer has a thickness in the range of 30 and
300 nm Eprdfwrcblspcb0agnan 25073 C &id dpet cpr ef eriablpr G0 sdmiee 200enmloy\Wen
this Ag layer is given a thickness of 300 nmor greater,

10 ~ thicknesses as follows:

(1) In the case of outputting light through the anode

In this case, the "thin film layer composed mainly of Ag"
(sometimes referred to simply as anAg thin film) is given a thickness
of 3 to 15 nm, and preferably 5 to 10 nm. The reason is that if

15 the Ag thin film has a thickness below 3 nm, the anode might
not be reduced in resistance. On the other hand, when the Ag
thin film has a thickness above 15 nm, the transmittance can
fall with a drop in the light output efficiency from the
luminescent layer.

20 Moreover, the thin film layer of the metal oxide (sometimes
referred to simply as an oxide layer) may have a thickness selected
from the range of 10 to 200 nm so as to suppress reflection from
the Ag layer. The thickness of this oxide layer is preferably
selected from the range of 20 and 50 nm, and yet preferably

25 25 and 40 nm. When this oxide layer has a thickness below 10
nm, the stabilization of the Ag layer might not be achieved,
with the result of lower durability of the organic EL device.

On the other hand, when this oxide layer has a thickness above

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

i nvent i arnigpubnediftdganien&r. devi ce having the same characteristics as those
of the electrode substrate for_ an organic EL device described above. These
have the sane (Furdt itdHs @Se Hos WP Hel T ekt F et kibish aflee f 82 tPd®r gani ¢
EL devi ce described above. 20 To achleve the fore 0|n% object, th resent

invention is éﬁltﬁﬁﬁéﬁq§QELtJ§Vﬁ@é ﬁ&@ln&ag 8€r acthrekt ha ma%“l%é £rah®anode
| ayer, rganj c rolunln scen cat hode

| nat o Ear b LBRRGome BB ERR i it S Fr SRE U I caffBag e
Iayer th hade .l ayer of nln t 25 of in f ayer
of a menldr? ﬁ % Havi nhga% vvo?[%lFuncu on r? ove . \}DPn%8 g?’ﬁ% n q‘d| Irgrrﬂh ayer
conpose R nt % i chana i Z&esl t hat
the. thi 391?@#@*% 92@ S e e oo %@tt R L L A

hi gher. The Qﬂﬁﬁ?@hl%nxénﬁdﬂﬂfh% gh sencharaclieldzedri o hat ottherthtar, 31
filmlayer of the nmetal OXi i s conposed mainly of indium oxide; and

cont ai nsitatbd@aglis 866 OhidRrend ¥pes caluskebal eoXidlesrsel eat e EL88TEHGegr OUp
consi sting of niobium oxide, hafniumoxide, tantalumoxide, and a

| ant hanieled netlal caxditdeas 6, Theepr ehentAg Nvedt dm ¢ Sa at sd ckharsacteri @ed3 O n
that the thin filmlayer of the netal oxide contains zinc oxide or tin

oxi d8 asnma nhenfcomgonent o fheeddfecdliong Wighti ndiweamadxide. cathode may

become weaker. With the objective of exercising the reflecting
function of this Ag layer, the thickness of this Ag layer is
desirablyset at 30 nmor greater, andpreferably 50 nmor greater.

Invention of an organic EL device

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

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

25 of a thin film layer of a metal oxide having a work function
above 5.6 eV and a thin film layer composed mainly of Ag.

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

The present invention is also characterized in that the thin
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The present invention is also characterized in that the | anthanide netal
oxide is at |least one or nore types of netal oxides 10 selected fromthe
group consisting of cerium oxide, praseodym um oxide, neodym um oxi de,
samari um oxi de, and terbium oxide. The present invention is al so
characterized in that the thin filmlayer conposed nmainly of Ag contains
nmetal havjng_a work function of 5.0 eV or higher. 15 The present inyention

is also Ehir deveri 2k dhienme hat OtXHéienefalco%%Wﬁg BahBLK P HAdt T bAm gX %' eV or

N Oher oA OIRIPS Ofc. L0 o IDEe 1ypes of A selet ol luo

g “an organlc

devi C? %{gﬁpﬁ%e%resc‘\rg %‘ia' QJlbsaJPrﬁ’g' 8 £2 JIRLOOG, OF, fiaf | Cﬁ%kﬂ?u‘inheoxfg

organi € evi ce ove, “conpri si ng t he st eds (0] ormn

el ectrode; By 2 SRR 1841 g; §HQ EonmNg 4 Neqer parisa &l £4Lr ol um nescence | ayer
by vacuum deposition. Fourth group of 1nvention 25 To solve the foregoing

problsenms, the m%cztes@fntalmeht;mogrpyrals@ chBe al-R¥enteeni Adapis thkethin
fol |l ow ng neans. Initially, the present invention is an el ectrode

subst r at £i 11h Ora wdr @rfganieCmEkadevkt@e CONPELSS NG dd @tiedd rade ihobxddevaBg an

organi c el ectrolum nescence | ayer and a base nenber, wherein the 32

el ectrode msim tampoedet conpresi nglamg anode thidibufi brilayer of a neta

oxi de having a work function above 5. 6 eV and a netal thin wire. Here, the
wor k function Tke sereaens. gnagngiomi gireratee therastegaged timattlaehteef ects
as | ower_vol tage, enhanced | unm nescence intensity, and inproved durability

m ght belamelaetdefedsd pride icoAdi Feamt |O§esaf|r@,qﬁ%ayp8§sggése,té\fh PHAGESt he

net%j thin wire %he anode can %IOM/IH
0 selected tfrom the group Consisting of cerium oxide, praseodymium

oxide, neodymium oxide, samarium oxide, and terbium oxide.

The present invention is also characterized in that the thin
filmlayer composedmainly of Agcontainsmetal havingawork function
of 5.0 eV or higher.

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

Invention of a method of fabricating an organic EL device

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

electroluminescence layer by vacuum deposition.

Fourth group of invention

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

1. Initially, the present invention is an electrode substrate

for an organic EL device, comprising an electrode for driving an

organic electroluminescence layer and a base member, wherein the
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el ectrode resistance and increase in work function, possibly 10 limting
the effects such as enhanced | um nescence intensity. 2. Next, the present
invention is characterized in that the anode thin filmlayer of the netal
oxide is one having a work function of 5.8 eV or higher. As described

above, the work function nust be 5. 6 eV or higher, 15 and is preferably

5.8 eV or_higher. Incidentally, this value is a value neasurﬁg-iq%the air
with AC-AL1frbrPRfkdgakt RREALES CMPIAA ENEaRPn G oF1e NeRED tTHe ThreR¥RT

invention.is characterjzed i.n that the. anode thin filmlayer af the t al
oxl o PR 2 pEIR RIS B % ok s BRRGD AR d ele BPLnRla e IT L

and/ or t%ﬁiﬂxb e.as a mainconponent (s) thereof; andfurther contains a
| ant hani de” nefal ‘oxide. The addition of the |anthanide can effectively give

the thin filmdayercf Jdia meialc i de cempased mRikl % rof i bRdi-urLexide,
zinc 25 oxide, and/or tin oxide a work function of 5.6 eV or higher. In the

cases of re@iah scrdtheyudhaT Adwase arenbiveredoabaye, asnhAREBJCOROAGBESncEhe
anount of addition of |anthanides nust be increased in order to set the
wor k funtcitems aty praadoiep bobe@\Vduedlb eTityehyghA bésemabhléheuameunt thfs
addi tion, however, can 33 increase the resistance, decrease the

transm tteamdetiamdis dedersbrade the etching property. 4. Next, the present
invention is characterized in that the foregoing |anthanide netal oxide is
a singl e netalBoxides orwitBiqudo tdye meite lnehah wkieestselavtds] danomreer iom
oxi de, praseodym um oxi de, neodym um oxi de, samarium oxi de, and terbium

oxi de. FHPCERAHAP| &S SUIERNCH| WA oXNEECRSE| N OXPYE AT GHeCvaj ROSS1bLY

component Spidfhg {10 Zef0de s Q32080 Q9820 0y ALomis preterable., .
2. Next, the present invention is characterized in that the
anode thin film layer of the metal oxide is one having a work function
of 5.8 eV or higher.
As described above, the work function must be 5.6 eV or higher,
15 and is preferably 5.8 eV or higher. Incidentally, this value is
a value measured in the air with AC-1 from Rikagaku Giken, after
UV cleaning.
3. Next, the present invention is characterized in that the
anode thin film layer of the metal oxide: is composed mainly of
20 indium oxide, and also contains zinc oxide and/or tin oxide
asamaincomponent (s) thereof; and further contains a lanthanide
metal oxide.
The addition of the lanthanide can effectively give the thin
film layer of the metal oxide composed mainly of indium oxide, zinc
25 oxide, and/or tin oxide a work function of 5.6 eV or higher.
In the cases of metals other than those mentioned above as
main components, the amount of addition of lanthanides must be
increased in order to set the work function at or above 5.6 eV

effectively. A rise in the amount of addition, however, can
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The value of the foregoing ratioIn / (In + Zn) is preferably 0.7 10 to
0.95, and yet preferably 0.8 to 0.9. The reason is that if this value is
bel ow 0.5, the nmetal oxide filmcan drop in conductivity. Above 0. 98, on
the other hand, the etching propertym ght deteriorate. Mreover, when, for
exanpl e, indiumoxide + tin oxide are the main conponents, In/ (In + Sn) =
0.7%to 0.98% by atomis desirable. 15 The value of the foregoing ratio In
/ (In + Sayressprebbpabf§sbs8ane <. 99 carfh St thref ELaBIsy Dt BENEE,0. 89 The
reason is that if this value. s below 0.7 or above 0.98, the thin film

| ayer ofCtREIRELHS BhHeSESR1MDPIIPRBRAYuCt i vity. Wien, for exanpl e,

i ndi um oxide + tin oxide + zinc gxide a the main co nen [ (In

20 |
et o) e o SOl 0 TR S Sapb TS HERT TSI T S/ARS o Rt b Bgol ng
ratio Incf (Lot Sn b 20 L scpraferably 10 Tto O 95, and yey prefgragly 0.8
THhe? a% fn%91 , ?he met’al ~ oxi de

to 0.95. é’reason 1's 't i 1s valué i s below 0.

filmscan gropn 'Br@?%ec@é‘ﬁ%%tiid’éé Xe%é‘%%‘é%l ﬁr%ﬁacépfuﬁ%f%m 4y, Brr%%ee%%)ggiegﬁ,t

deteriorate. W, e ampbunt of the lanthani de netal oxide to be dis

desirabl yx 054% te 8} W RO¥xRK At camPr ehar 3l % 4 8 bekow 138%0 o byqat om
and yet preferably I%to bel ow 5% by atomw th respect 34 to the total

metal atons. Ther reaseplés whah ihdihins oxdldée + sz2iel ow de 19edy+BEOfR ihhe
addi ti on m ght not produce any effect, failing to achieve a work function
of 5.6 exompomegher.IboOvEn 20%nby=a0 ob% tded 198N Hy laoxan si pceréasebiln.
resistance with a 5 drop in conductivity. Mreover, the thin filmlayer
desi r abl Jhéasalue hifckies § oofegolitiat @a%00 Am / pt Bf er dbolly i30 pref3@@bam Oand yet
preferably 30 to 200 nm The reason is that if this value is 10 nm or
smalYler , to 0.95, and yet preferably 0.8 to 0.9. The reason is that if this
value is below 0.5, the metal oxide film can drop in conductivity.
Above 0.98, ontheotherhand, theetchingpropertymight deteriorate.
Moreover, when, for example, indium oxide + tin oxide are the
main components, In/ (In+ Sn) = 0.7% to 0.98% by atom is desirable.
15 The value of the foregoing ratio In / (In + Sn) is preferably
0.8 to 0.95, and yet preferably 0.85 to 0.95. The reason is that
if this value is below 0.7 or above 0.98, the thin film layer
of the metal oxide can drop in conductivity.
When, for example, indium oxide + tin oxide + zinc oxide are
20 the main components, In / (In + Sn + Zn) = 0.5% to 0.98% by atom
is desirable.
The value of the foregoingratioIn/ (In+ Sn+ Zn) ispreferably
0.7 to 0.95, and yet preferably 0.8 to 0.95. The reason is that
if this value is below 0.5, the metal oxide film can drop in
25 conductivity. Above 0.98, the etching property might
deteriorate.
Now, the amount of the lanthanide metal oxide to be added is

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

by atom, and yet preferably 1% to below 5% by atom with respect
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a problem m ght occur in the nmechanical strength of the thin 10 filmlayer.
At or above 500 nm there can occur a problemin etching property and an
increase in the filmformng tine. The oxygen partial pressure at the tine
of filmformation should be set at 0-5% Preferably it is set at 0-2% and
yet preferably at 0-1% The reason is that if this value is 3% or higher,
the 15 resistance can increase. As for crystalllnltg éthe anode | ayer is

d

desi rabI?oa?ﬁﬁﬂﬂﬁ%l mefifel rPEedh i ghﬁhéte%ﬁ%‘h thetBAGdd I &ydrS Nl &h 1S
h t t d th d f

o et cniHgL O Ent figh Sut T 4Becy nEe A6 Lo b Ee At Sta HG e?agfgir t6E

resol ve ?é‘fT %x oupl §§,p§% %O%CQBQ%CHJR%@J o?}?%ec% & %q_,t L% ¢ | Tﬂ?gve

present 1 nven I on regol ng substra gani—c

charact eé@zeg 'thﬂmat tiH1e ﬂﬂﬁ'fi'ﬂfn”c‘é"n“i csrea%)érp?ﬁegegﬁ's@%&é @Dyhog Ag,

A, and ) . The present invention is the foregoling substrate for an

organj c @LOQGYhC%Om@@{@EIyZGd in that netal having a work function of
5.0 eV or higher is added to'the nmetal thin wire. 7. The present invention

i's the foregoimgrsirast y alres ftoriraIf i 1ot ganier e sdewiae, helanaeherkaedsi Bft hat
the netal having a work 35 function of 5.0 eV or higher contains one type
or two or0nooe500 ypes pfefretablgeBected3fdonmAuandr yedli pr&€berPdlyadd BPb. The
addition of the netal having a work function of 5.0 or higher enhances the
st abi | i t50@fnm he Tt aleadvm Wb riehaThéfahbast vadusf iaddiQ inon 4 ualiles,5 w
%or |ower, preferably 0.1 to 2 wt% and yet preferably 0.5 to 2 wt% The
reason i3 PRAPLEM FHIET \RECRL énb*é?i@wn‘@cé@mt%l eP FEENIHH fdithonthan

smal_| . V\%t? ’i\ddltlon of above 5 /8 the Ag thin filmlayer and the |ike
10 1lm layer. At or above nm ere can occur a problem in

etching property and an increase in the film forming time.

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

15 resistance can increase.

As for crystallinity, the anode layer is desirably amorphous.
The reason 1is that when the anode layer has an amorphous
crystallinity, residues disappear from the end faces at the
time of etching (etching surfaces) and the electrodes can be

20 tapered to resolve such troubles as disconnection of opposed
electrodes.

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

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

7. The present invention is the foregoing substrate for an

organic EL device, characterized in that the metal having a work
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may drop in conductivity or beconme expensive. 10 Mdreover, other netals
maybe added as a third conponent without affecting stability and

resi stance. The nmetal thin wire desirably has a thickness of 10 to 500 nm
and preferably 20 to 400 nm The reason is that if this value 1is below 10
nm there may occur the problemthat the anode 15 resistance will not
decrease, Above 5 gnl an |ncrea ed difference in_|level qimeen electrodes

can sonef?ﬂ%glegug O &Xk CFurrEhte R WRaER 8F St e Bfetd P o Wi Ter
the m nO{%B%ge rrll %cttépn% %QE%tedbef{o%‘dﬁr ed §maINI er d;gan ea\/;q&ifjp%of the

anode t hi Pl e i Ror- 31 dé dlrectlon) he ‘W of the

metal thin w r'lqleg'aw& e A NoF HAgH e GARY 1bS w%r‘%o%hng'i:?gfo%r akl y.3-30%
and yet preferably 4-25%the w dth of the afode thin filmlayer. 8. The

present jvyedt ichdredhentosegpi N9t ¢l eettmdacsvst hahewf p& . amros gand ¢nEL
device, conprising a protective filmon the anode 25 thin filmlayer of the

met al5 oxé leaddheibaasen0i sithats ther qaf QuWwsd ON fe fheapnoet ectli ve Pibog,

i nproves the durability of the nmetal thin wire. The protective |ayer is
desi r abl yndadetop retficardtal y capabte 2ofvtliei ng et cheaspn tilse tétacthant ohishe
metal thin wire, and has 36 conductivity. An anorphous transparent

conduct ivelfel msmidel @i Oi Adi umhexiedefecti né exdidie tan be swialably Wsed as
such material. In that case, indiummay be used at the ratio of In /[ (In +
Zn) - O. @dtﬂéteogsofpraéfce\f%&ng 5 £5e0AY5 thaid Yetmpitaverawind Hhe. ¥ike 0. 9.
9. The present invention is anmethod of fabricating an electrode substrate
for an JPYANFEORL ideiRRIVESATLS MY thecshepS*He S \fRinati ng an anode thin

fllqblayer of &he net al gélde

oreover, o ermé%alsmaybeaddedasathlrdcomponentw1thout
affecting stability and resistance.

The metal thin wire desirably has a thickness of 10 to 500
nm, and preferably 20 to 400 nm. The reason is that if this value
is below 10 nm, there may occur the problem that the anode

15 resistance will not decrease. Above 500 nm, an increased
difference in level between electrodes can sometimes cause a
leak current.

The width of the metal thin wire (in the minor-side direction)
must be rendered smaller than the width of the anode thin film layer

20 (in the minor-side direction). The width of the metal thin wire
(in the minor-side direction) is 2-40%, preferably 3-30%, and
yet preferably 4-25% the width of the anode thin film layer.

8. The present invention is the foregoing electrode substrate
for an organic EL device, comprising a protective film on the anode

25 thin film layer of the metal oxide. The reason is that the
provision of the protective film improves the durability of
the metal thin wire.

The protective layer is desirably made of material capable

of being etched in the etchant of the metal thin wire, and has
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base menber, and then lamnating a netal thin filmlayer made 10 of a netal
thin wire thereon; etching the netal thin filmlayer in a m xed acid of
phosphoric acid, nitric acid, and acetic acid; and after the etching,
perform ng additional oxalic-acid etching to pattern the anode thin film

| ayer. 10. Moreover, the present invention is the method of 15 fabricating
an el ectrode substrate for an organic EL device, characterized in that the
base mentrerduct v iglass Asubsoratheu Hera n Siver anpdeo rhiAtLivient Ladyeragdanc be
etched in an etchant containing oxalic acjd. The concentration of oxalic
acid i s Andiemxprige, ofz%%Oédﬁ@oegns%?Lﬁ%%abbi/elf%%wySzl%mf(?%%‘%f 20
t he aqueous sol ution, and

or bel ovv_”% Wees soSsHf |Jcn%|¥|’t1me E‘f‘S{T E)geab‘é%/%gcaﬁnﬁpe g%f;}c."f?n rgajzz,&t {Sﬁtgggv%t
20 % |
L el D S AT

aci d% are n msed to any parti cuI ar ones, but may be any acids as Iong
as they cause no (?amage on the anode thin filml ayer. A m xed acid of

phosphori ¢ acidl, Tk rr'e%e"f‘mct' Ghvtd o RE8 bk B Ho £2D1RE USEA VGl c BLEEELHYEl Y.

The ratios of mxtu of e respective acids are not particularly

restri Ctﬁ%stﬁe?té\leYSFct hel %ﬁgaﬁy@hEm Hlfieaas abhe¥ss an§ulhieCi £dp £t shi: ng
rate of the netal thin filmand causes no damage on the anode thin film

| ayer islaainaaliny prefefiabket hon parlm cubae rr oSt rikd i@t alls oixipisesh oa t he
concentrations, either. Neverthel ess, such 5 concentrations as allow a
suf fi ci emtsetmdinhg rr,abe dft tdre Inetatat { hgnaf mkmednd hdause Ino Jdaymgeradet he
anode thin filmlayer are naturally preferable. Thus, water dilution is
al sd0des?f abmetdff thdagded.re thereon; etching the metal thin film layer
in a mixed acid of phosphoric acid, nitric acid, and acetic
acid; and after the etching, performing additional oxalic-acid
etching to pattern the anode thin film layer.
10. Moreover, the present invention 1is the method of
15 fabricating an electrode substrate for an organic EL device,
characterized in that the base member is a glass substrate.
Here, the anode thin film layer can be etched in an etchant
containing oxalic acid. The concentration of oxalic acid is 1
to 20 wt% of the aqueous solution, preferably 2 to 10 wt® of
20 the aqueous solution, and yet preferably 2 to 5 wt%. The reason
is that at or below 1 wt%, a sufficient etching rate cannot
be achieved. At or above 20 wt%, the crystal of oxalic acid
may be precipitated. In addition, acids in no danger of
corroding metal may also be added.
25 Themetal-etchingacids arenot limited toanyparticular ones,
but may be any acids as long as they cause no damage on the anode
thin film layer. A mixed acid of phosphoric acid, nitric acid, and

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

of the respective acids are not particularly restricted.
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11. An organic EL device uses an el ectrode substrate for an 10 organic EL
device, the electrode substrate conprising an electrode for driving an
organi c el ectrol um nescence | ayer and a base nenber, the electrode being a
| am nate conprising an anode thin filmlayer of a netal oxide having a work
function above 5.6 eV and a netal thin wire, the organic EL device

i ncluding: the organic 15 el ectrol um nescence | ayer; and a cat hode | ayer
opposed ¥evehehedleert r cdezh Herg uthe Drgdrives EL sdéiicel prow uelsinber saee
functions and effects as those of the el ectrode substrate for an organic EL
devi ce @Esergbeatabotbimd ifin tarﬂﬁigr%lpséﬁ nAveAlRer ke éihfafarerde thidliBspect
of a flfth group of invention wl be described. This fifth group will be
det ai |l ed hﬁli“rﬂlayy?ﬁ i f‘laftt"rifa]el‘%(?di%%a?éebe Noeharsiemlar r‘?ﬁetrplr%"sje‘ﬂfl
invention is a su te for an 5co a | amnate

astr ni c EL devi ce,

of: an e}%cltr?%%lﬁe o?naﬁkﬁ?/l(ﬁ%n?ﬁ % At &6t Tt u ﬁé(?cr EF% er®Yescri ed
above; 558% oné3 r%d'éﬁ]t 148 ”% '%ffl n@r?@tead%‘xi‘gtg' 'L.%ngf't?ﬁe n‘?e@gial
thin w re e he

ayer OXI am nat e bein
formed tHlEhfﬂfﬂrQﬁH QQu%eb%%ed%%bfé ,on"\‘%%fee'a@lotélﬁ i A ﬂimﬁy& a§§ of
the netal oxide has a work function above 5. 6 eV and a specific resistance

of 10E+4nQem-an 1k EH@rf-er'Hk?lé easPAuks Whakrt Re 1warikod UNCtls ofe HirHoeY oOr
hi gher i nproves e hole injection efficiency to organic material s,

enhancesif5nkuddieiescence intensity, and extends life. The work function is
preferably 5.8 eV or higher, and yet preferably 6.0 eV or higher. Mbreover,
the thin fil mlhyem efrgand arBLabeoxcdeubas an tdlicckness: safost a1l @6 rnan
preferably 5 to 50 nm and yet preferably 5 to 20
10 organic EL device, the electrode substrate comprising an electrode
for driving an organic electroluminescence layer and a base member,
the electrode being a laminate comprising an anode thin film layer
of a metal oxide having a work function above 5.6 eV and a metal
thin wire, the organic EL device including: the organic
15 electroluminescence layer; and a cathode layer opposed to the
electrode.
Here, the organic EL device provides the same functions and
effects as those of the electrode substrate for an organic EL device

described above.

20 Fifth group of invention

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

1. Thepresent inventionisasubstrate foranorganicELdevice,

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

in this order on a base member, wherein the thin film layer
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nm If the thickness of the thin filmlayer is 1 nmor snmaller, 10 the thin
filmlayer may not produce any effect. If the thickness of the thin film

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

| ayer decreases, possibly causing crosstalk. The areas of the el ectrode
substrate for the thin filmlayer 15 to cover are a displ ay area and/or a
Wring area. An ex ernal. electrod utl et n be covered_. 2. The
present ‘?ﬁ\?@r‘ﬁ?‘Sﬁa Oﬁlgﬁb@??zﬁ‘tﬂofs rﬁé CBF@éln%lBOEE and %rﬁﬂ?%}%bc

| am nate of: an el ectéoff gr drivi ng F‘ or gani c eI ect roI um nescence | ayer
descri ed" ahovE21E St RrA §19%:°50"49PFdnsparent conductive thin film

containing i ndf‘l'k%qégé's g’ls %@hgyg;}ﬂf&ﬁ%tlb%ﬁ'{)f%f é@@ow a&héjf(hﬂgro{fgg

| am nat e bei ng or on a base nenber, reint thin film

|ayer(ﬁtﬁ@ehgﬁﬁm1&?%6%&&@Se§fW@EEnE¥HQ&JOBrQQHYQ ﬁw@é¥%é¥§ @nﬁQﬁ@bE'C

resi stance of 10E+4 "S2cm or hi gher The présent invention is the

i nvent i onuseted@dhde i thierdbove, arldie@efdsguratd.onTat whirah fish ehasgedsi n
order. That is, the order of lamnation of the transparent conductive thin

fil ncontaratagabilydb umaxiodeh gt etrheanetyad t pPhiafentdlel y 5 iheerdechidven.in
such a configuration, the functions and effects of the invention 39 are
the sanme as i Mdrediove. tBe thie pi bsdayeirmiehheoetiad chadatieera thdcknethat
the thin filmlayer of the netal OXI de has a work function within the
range of “AC0E P Q0% and POEfgrePAy B Thedl exBorrns vietat Ko ctad lspécitri €0
resi stance is 10E+4 m_or |lower, the inter-anode resistance decreases to
cause cr8stadikth %Pé&\}‘é}esﬂoﬁ frdes pedin £é Lredipyednde PSHIEO@SS%%F'

o kDS SekShanee, BeseIEs o g dha e ol e T plegt1 oy, el gLency

of the thin film layer is 100 nm or greater, the inter-anode
resistance of the thin film layer decreases, possibly causing
crosstalk.

The areas of the electrode substrate for the thin film layer

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

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

20 a transparent conductive thin film containing indium oxide;
and a thin film layer of the metal oxide, the laminate being
formed in this order on a base member, wherein the thin film
layer of the metal oxide has a work function above 5.6 eV and
a specific resistance of 10E+4 Qcm or higher.

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

a configuration, the functions and effects of the invention
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may drop. 10 4. The present invention is characterized in that a thin film

| ayer of the netal oxide |layer has a work function of 5.8 eV or higher. As
descri bed above, the work function is preferably 5.8 eV or higher, and yet
preferably 6.0 eV or higher. 15 5. The present invention is characterized in
that the nmetal oxide contains at |east either one of zinc oxide and tin
oxide. Wth main conmponents of indiumoxide + tin oxide type, In/ (In +
Sn) = 0.3°¢0tDeo8aMV3S pPRefePREI%E - Yet preferably 0.75 to 0.95 at% 20
Wth |nd|un1o ide + zinc oxide + tin oxide t = 0.6

S
Lo 0.9 al5% | s priferabran vervrsl arabry 0syeetor Lods By oh= Fer e o8 means
b 6. T
percents ymaionlr Ofigi%wesen nv%ntho% :Znﬁﬁgkagﬁgrkzg% %igﬁig Eﬂg

nmet al OXIde COntai Ns a east one ani de  oxi cont ent

of the | hani de X|de | 5 % and referably 10 to 40 at %
W th res%%% gtS%thgﬁ%q{ f51 Oé £ P%S% %referagly 10 toy30 at% The ’
the res Ztéﬂite“%a%%a@ﬁf@%at" FEE%L%%E%?E PonerrARE R 200E YRR The
40 cont esit 1&fwelr)er hantdadt den st ale s@xitde cexgeedsa 58s at e allke &tbmst@an.
becone insul ative, possibly reducing the work function. Here, at% neans

per cent sMbyeatrem, AF abevespddifscdesshiallanddats ther ret BlcnoXd deni qigé uges

indium 5 oxide, zinc oxide, and/or tin oxide, and contains a |anthanide
netal oxhde.esa sthecpesente $ swent gbrihsst tharlart edinged i on ledftf tdhieency
| ant hani de netal oxide is an oxide selected fromthe group

may drop.

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

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

15 5. The present invention is characterized in that the metal
oxide contains at least either one of zinc oxide and tin oxide.

With main components of indium oxide + tin oxide type, In /
(In + Sn) = 0.6 to 0.98 at% is preferable. Yet preferably 0.75
to 0.95 at%.

20 With indium oxide + zinc oxide + tin oxide type, In / (In +
Zn + Sn) = 0.6 to 0.98 at% is preferable. Yet preferably 0.75 to
0.95 at%. Here, at% means percents by atom.

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

25 The content of the lanthanide metal oxide is 5 to 50 at%, and
preferably 10 to 40 at%, with respect to the total metal atoms.
Yet preferably 10 to 30 at%. The reason is that if the content

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

can fall with a drop in the work function. Moreover, if the
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consi stingof ceriunoxide, praseodym um oxi de, neodym unoxi de, 10 samarium
oxi de, and terbium oxide. 8. The present invention is characterized in that
the netal thin wire contains at |east one selected fromthe group
consisting of Ag, A, and Cu. The netal thin wire is desirably nmade of

metal having a specific 15 resistance bel ow 10 52cm The use of Ag, A, and
Cu is particularly desirable. 9. The present invention is characterized in
that thecoetaht ¢finheifentbandids medtal dreddagerceopdik POnettontlog 51 dmeV or
hi gher. 20 For the sake of stabilization of Ag, A, and Cu which are used

as the nE&dh BBRPHTertsS ot ath¥Smetrd S I Hr hy wi PEUHEI%I thaviAg Ka TWeYKE 1 #Tinct i on
of 5.0 eV or higher is desirably added. 10. The present invention is

charact €fF28d PRt R PHePRECANT haty ng=8™wor k function of 5.0 eV or higher

R A e

consisting of and

Pt are desjrabl segd. i ng rk f.uncti .
highgr. %%é%b%%é#ﬁ§glg%bf%¥§%%f%g#C?ﬁé%”t%§d$%¥§68#%bgg%£§9%?§i%1ggtgﬁ
preferably; gdded 41 without adversely affecting the perfornmance of the

metal thin wre. Exanples thereof include such netals as Mo and Zr.

Moreover, whilg, theecetghandnof ihRRsR iRt als ichaR@letldrMiARd ih 0t the
particular one, it is desirable to select an etchant that 5 causes no

damage ohahbRaundes |yénglt banispar eat agordiicd ¢ Veell Bict &d | fir oAn texeapt €up
thereof is a mxed acid of phosphoric acid - acetic acid - nitric acid.

| nci dentabhyissulnfoomt ceacliudy opalkdgsub f @ae o dyadiu oandet, hee dd ke imayobedadded
to this m xed acid.

10 samarium oxide, and terbium oxide.

8. The present invention is characterized in that the metal
thinwirecontainsat leastoneselected fromthe groupconsisting
of Ag, Al, and Cu.

Themetal thinwire isdesirablymade of metal havinga specific

15 resistance below 10 pQQcm. The use of Ag, Al, and Cu is particularly
desirable.

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

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

10. The present invention is characterized in that the metal
having a work function of 5.0 eV or higher contains one type

25 or two or more types of metal selected from the group consisting
of Au, Ir, Ni, Co, Pd, and Pt.

As above, Au, Ir, Ni, Co, Pd, and Pt are desirably used as

themetal having a work functionof 5.0 eVor higher. Incidentally,

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

subst r atwel fbouanadrvgasied yEla fdead tenget héope hfprmamee of f Theo ikt abovieina

cat hode | ayer; and an organic el ectrolum nescence |ayer. 20 Here, the

or gani ¢ ‘ELr devi EEapPdwisdesn ¢ heoSarke it | dnshaRe t s ett sMas &oser of t he
el ectrode substrate for an organic EL devi ce _described above.

Descri ption of Cfl??é“ﬁ%vm% n§ g. tepand Qfdltélﬁﬁgnf“?ﬁé‘\)msnés “Pébﬁém%?éh
h h f t.t t t | -1t
9, 18, P0G LRI ) BRI, S
tabl ¢ which_ sh t h t f - hcat ed
bl ¢ whL 3D i SRS GHLN 00 ST N AT fabiigated

the Con@ﬁr%éwﬁlgx‘@ﬁ@lr%%fnﬁjs Bom}xéd El:gd %f' ﬁh%s%%w@aalcyaevwée@ﬂc

organic EL ce In an odinent 2-1; 5 Fig. i's a sectional view of an
organi ¢ gFtjdevihge din: %'&mﬁanqﬂld”@cﬂ‘én@a%lyﬁ QulenSlcaa%%Qi' paaly sti efbRE can
organic EL device in an enbodinent 2-3; 'Fig. 6 is a sect'i onal’ view of an

organi c &idevheed ighdéNlike may be added to this mixed acid.
The metal layer made of this metal thin wire need not be a
10 single layer. The metal layer may be sandwiched between different
metals. Examples of the different metals include such metals
as Ti, Cr, Mo, In, and Zn.

Concrete examples of the metal thin wire sandwiched between

different metals include Ti/Al/Ti, Cr/Al/Cr, Mo/Al/Mo, In/Al/In,
15 Zn/Al/Zn, and Ti/Ag/Ti.

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

20 Here, the organic EL device provides the same functions and
effects as those of the electrode substrate for an organic EL device

described above.

Brief Description of the Drawings
25 Fig. lisadiagramshowingatablewhich shows the compositions
of sputteringtargetsinpractical examples1l-1tol-9andcomparative
examples 1-1 to 1-3;
Fig. 2 1is a diagram showing a table which shows the

characteristics of conductive thin films fabricated by using the
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10 enbodi nent 2-4; Fig. 7 is a perspective view of a vacuum evaporator in an
enbodi nent 2-5; Fig. 8 is a sectional view of the vacuum evaporator in the
enbodi ment 2-5; 15 Fig. 9 is a diagramfor use in explaining nmeasuring
points on a substrate; Fig. 10 is a sectional view of an el ectrode
substrate in the present enbodinent; Fig. 11 is a sectional view of an
organic EL device in the 20 present enbodinent; Fig. 12 is a series of

secti onafPYie9kied ENEIPrDcERsLROrPreabtFeat PRy PheS el act FBdé SuBBEr &P8 in

the present enbodi nent ; fi%ﬁ }f IS ?_gectional view of an el ectrode
subst r at TR TRk Vpr 8XTRR L &rbbal nERt 1725 Fig. 14 is a sectional view of an

organi ¢ EL devige i {he, oesent embodiments Fig. 15 1s.a Series of

sectional views Of € process fapri cating € su rate in

the presgpt gpﬁgg{ n{, Fig. 16 is a sectional view of an el ectrode
substrate Tn the Z% present enbodiment; Fig. 17 is a sectional view of

anot her type 0&-1(?! egt1odg s8ubIbLALE vikwl RE RIPSSYaIOL N8By cEl gn 48 1S a
sectional view of an organic EL device in the 5 present enbodinment; and
Fig. 19 ésbedohage am-show ng the chem cal fornul ae of various substances.
Best Mbde for Carrying Qut the Invention 10 Hereinafter, enbodi nents of the
present inventfom. whl isbe sectional view of an organic EL device in an
embodiment 2-3;
Fig. 6 is a sectional view of an organic EL device in an
10 embodiment 2-4;
Fig. 7 is a perspective view of a vacuum evaporator in an
embodiment 2-5;
Fig. 8 is a sectional view of the vacuum evaporator in the
embodiment 2-5;
15 Fig. 9 is a diagram for use in explaining measuring points
on a substrate;
Fig. 10 is a sectional view of an electrode substrate in the
present embodiment;
Fig. 11 is a sectional view of an organic EL device in the
20 present embodiment;
Fig. 12 is a series of sectional views of the process for
fabricating the electrode substrate in the present embodiment;
Fig. 13 is a sectional view of an electrode substrate in the
present embodiment;
25 Fig. 14 is a sectional view of an organic EL device in the
present embodiment;
Fig. 15 is a series of sectional views of the process for

fabricating the electrode substrate in the present embodiment;

Fig. 16 is a sectional view of an electrode substrate in the
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described in the concrete wwth reference to the drawings. Incidentally, the
reference drawi ngs schematically show the sizes, shapes, and arrangenents
of the individual conmponents to an extent that this invention becones
apparent, the ratios 15 anong the individual parts being different fromin
actual devices and the like. Hence, this invention is not limted to the
shown exanples alone. In the drawi ngs, hatching for showing a section may
sonet | M BT atEfirG™up of enbodi nents 1 20 Hereinafter, a group of
enbodi ments 1 of the present invention, will be described with reference to

the drawi ngs. H%9the! ptes@nfeehbBBrrestevi fdi Ghodxicde, "N bxF ueSt BRd ti n
oxi de powder.s re, mxed in predetermned proportions. In addition, a

pr edet grﬁ%fetor%ﬁﬁ)dﬁf %?e c%l?‘?%ﬁl%x‘?@%?r%%%tf’i uﬁ1 oxi de, europi um 25 oxi de,
terbi um oxi de,por Bigsmuth Qxidg powder o i%rf]”gﬁaggrsgn%dgﬁ é%gicﬁgﬁﬁe’cﬂeas a

third conponent™” Thi's 'm Xture was groun gri nder r ours, and

thensdry,oranl atgd, #ngepr esgngol ded Dbefore it was sintered at 1380-1480C
into a sintered article. This sintered article corresponds to an exanpl e of

the sputteringif4ibal get gk Bgehal $Bow MY eavetnhemben] thermi xddig ¥8robukndi um
oxi de and zinc oxide, it contain a hexagonal |ayered conpound conprising

i ndi um osuisker ared¥k zi nc oxi de (1 n203(ZnOm where mis an integer of 2 to 20)
. For 5 instance, in practical exanples 1-1 to 1-6 to be described later,

the inclusion of such a hexagonal |ayered conpound conprising indium oxide
and zinc oxide (1n203(ZnOm where mis an integer of 2 to 20) seens to

achi eve BesturNie feducaioning Pesishantevemhiensintered article was cut

into a 4-inch 45-mm(t) plate, 10 which was bonded by netal indiumto a
bac&png platefﬁﬂf ¥ r ggibodiments of the present invention will be

described in the concrete with reference to the drawings.
Incidentally, the reference drawings schematically show the
sizes, shapes, and arrangements of the individual components
to an extent that this invention becomes apparent, the ratios

15 amongtheindividual partsbeingdifferent frominactual devices
and the 1ike. Hence, this invention is not limited to the shown
examples alone. Inthedrawings, hatching for showing a section
may sometimes be omitted.

Group of embodiments 1

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

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

oxide powders weremixed inpredeterminedproportions. Inaddition,

a predetermined amount of cerium oxide, samarium oxide, europium

25 oxide, terbium oxide, or bismuth oxide powder was measured and mixed

therein as a third component. This mixture was ground in a wet

grinder for 48 hours, and then dry granulated and press molded

before it was sintered at 1380-1480°C into a sintered article.

This sinteredarticle corresponds toanexampleof the sputtering
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copper to constitute a sputtering target. In the present patent, the
sputtering target, such as a sintered article, bonded to a backing plate
will also be referred to as a "sputtering target. IT In the present

enbodi ment, a plurality of types of sputtering 15 targets having different
conpositions were made. The table of Fig. 1 shows the conpositions of the
respective sputtering targets of the plurality of types. [Practical

exanpl estdargetoin 3j1asmshown in the table of Fig. 1, practical exanples 1-1
to 20 1-5 are exanples where tin oxide is 0 in ratio. The practical

exanpl es 1-1 RIS W%, WRENTNS TP S St aF JatE WarAg S #u frin P XL de
approximptely 93% by atom and. zi nc _of approximately 17% by .atom Note that
'n the (GblERFAFgh HSX TR EbrbORr [T OnCPAEPBES GPTPRAFURY 3IHCMaRG Ern, as

is evident .fromthe .sh expressi.o 25 are_ones with respect o t t ot al
sum of i A uzrﬁnCzPﬁéfieaﬁ#mzoﬁﬁngigf @?\%’gevﬁ th ar"gsl|5gccetgetroOtfh% oo%gl) 'arrggﬁt of

the %p!ﬂh‘?éicﬁﬂgéet,a%gv‘éatraItgiJfé@ a?rﬁ%%ggljlfi(%pi@63t'o1be?dé’£89§5%r‘ié‘€g amount

of cerium ~oxi powder urther 0 the conposition having i ndi um of

45 appr oxhaBef 2Ly, 33%rby rakomraRd heiiG B a APPS 9X| BB 8bpb (KdTRM Ohedi ngbove.
As a result, the sputtering target of the practical exanple 1-1 contains

cerium (Cediiah 8%iby aham:ihe bheder achLoal ze®ampl #hdr2, mai predet et sybed
anount of cerium 5 oxide powder is further added to indium of approximtely
93% by afdmtand02i neeafs appaokiiksteebyf 1 ¥¥hernticdned iadovien rAs isst@sakt,
the sputtering target of the practical exanple 1-2 contains cerium (Ce) of
6% by atom | nThihe qiracidehlarexdarip @ak- 3utaipt edetlerimatedSammunt) oflatd
samari um oxi de powder is further added to indium of approximtely
10 which was bonded by metal indium to a backing plate of oxygen-free
copper to constitute a sputtering target. In the present patent,
the sputtering target, such as a sintered article, bonded to
abackingplatewill alsobereferredtoasa"sputteringtarget.”
In the present embodiment, a plurality of types of sputtering
15 targets havingdifferent compositions weremade. The table of Fig.
1 shows the compositions of the respective sputtering targets
of the plurality of types.
[Practical examples 1-1 to 1-5]
As shown in the table of Fig. 1, practical examples 1-1 to
20 1-5 are examples where tin oxide is 0 in ratio. The practical
examples 1-1 to 1~-5 are, then, sputtering targets having indium
of approximately 93% by atom and zinc of approximately 17% by
atom. Note that in the table of Fig. 1, the composition ratios
of indium, zinc, andtin, as isevident fromthe shown expressions,
25 are ones with respect to the total sum of indium, zinc, and
tin, not ones with respect to the total amount of the sputtering
target.

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

oxide powder is further added to the composition having indium of
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93% by atom and zinc of approximately 17% nenti oned above. As a result, the
sputtering target of the practical exanple 1-3 contains samarium (Sn) of 5%
by atom In the practical exanple 1-4, a predeterm ned anount of 15

eur opi um oxi de powder is further added to indium of appr oximately 93% by
atom and zinc of approximately 17% nmenti oned above. result, the

tt t t f ot t | - t E f
1% by o %ﬁrﬁaafb%@é L rYﬁ%%é?“a%?‘gcﬁn’E%lo ﬁgﬁﬁ‘ééﬁm‘” %iyuﬁﬁoﬁ'a%a .iu‘é%dznd
h t
f;;gﬁ;ggg@e ?ra%\gl SO %éuu)s%gd tﬁg ?ﬁutacréﬂla}% ?g gg%eﬁéefit?ggoﬁ Ct et erm ned
amount OéxQﬁr}?%Hl 10X tQQ}L}Qerce'ﬁJ E@sg agded twggbh\m of approm mat el y

93% by atom and zinc of approximtely 17% nenti oned above. As a result, 25

the sputteringrtangelr it ide pkambheal- zexarﬁ@e@elte&ncﬁrg@bmunblmbblﬁal) of
6% by atom [Practical exanples 1-6 to 1-9] As shown in the table of Fig. 1,

a practisaldex €r1li§ forthRerexadpd ecyheneiumdbanpytdeimatatyosddepyand
tin oxide powders 46 are all m xed. The practical exanple 1-6 Is a

sput t er i angorh arrgetz i hav b Agapmdd xiima od 1 ppproxiematieny d8akboby . at e a ziexcu bt ,
approximately 6% by atom and tin of approximately 5% by atom A

pr edet er vhaedpatenting Sahgkmi wh dxielep pawdércails exdatedl Bultirercomsa ans
result, the sputterl n target of the practical exanple 1-6 contains hafnium
(Hf) of S8 bymat(&m r et dalatéé@a{rpl e 1-7 is an exanpl e where zinc oxide
is O inratio. Then the exanple is a mxture of indiumoxide and 10 tin
oxi de. The prakti EAf @%é‘r?ﬁll(?all ERERL & plit 8 er Pndreslsfsrmined amount of

10 samarium oxide powder is further added to indium of approximately
93% by atom and zinc of approximately 17% mentioned above. As a
result, the sputtering target of the practical example 1-3
contains samarium (Sm) of 5% by atom.

In the practical example 1-4, a predetermined amount of

15 europium oxide powder is further added to indium of approximately
93% by atom and zinc of approximately 17% mentioned above. As a
result, the sputtering target of the practical example 1-4
contains europium (Eu) of 10% by atom. As above, in these
practical examples, cerium, samarium, and europium are shown

20 as examples of lanthanides. Needless to say, other lanthanides
may also be used.

Inthepractical example 1-5, a predetermined amount of bismuth
oxide powder is further added to indium of approximately 93% by
atom and zinc of approximately 17% mentioned above. As a result,

25 the sputtering target of the practical example 1-5 contains
bismuth (Bi) of 6% by atom.

[Practical examples 1-6 to 1-9]
As shown in the table of Fig. 1, a practical example 1-6 is

an example where indium oxide, zinc oxide, and tin oxide powders
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havi ng i ndi um of approxi mately 91% by atom and tin of approximtely 9% by
atom A predeterm ned anount of tantalum oxide powder is added further. As
a result, the sputtering target of the practical exanple 1-7 contains
tantalum (Ta) of 15 5% by atom A practical exanple 1-8 is a sputtering
target having indium of approximately 91% by atom and tin of approxi mately
9% by atom A predeterm ned anmount of terbium oxide powder is added
further.aredsalal rmesxgd, the sputtering target of the practical exanple 20
1-8 contains terbium (Tb) of 5% by atom A practical exa

le 1-9 i
sputtering targtd PERCIBO% i AR S dxPde aﬁ%%%?ﬁéaggr%ﬁtn%%gggﬂnum
id i dded _f . lt, .th tteri ts,of th
orncti oot BB 1o b dhbh bt SR e P ERY e he TS b P5sirn.
tteri t.a t . o d_i F { i t
Tt or m T iR AR M IS Be B YRkt D TR E ML n AP U S Do B ST e

pol yet hyl epg; Lar eppt hal yg,ddE misubsigate FfoPheForayaindust £5gse,! NeneThe

table of Fig. 2 shows measurenents on the physical 47 properties of the
thin filgs,fabriieat ed rijRuse r hee tahd e bW tdinp FE i - @ dcth t00en § wd Mgukhe

val ues of the transparency and work functions of conductive filns, the
conduct i veffi bis skkeig afahri cated by using the sputtering targets of the
foregoing 5 practical exanples 1-1 to 1-9 and conparative exanples 1-1 to
1-3. Thi s tablZ atsd istowedrg Ighyisi/icak pnogedtp s vdietde irgputdierd rig 0
targets themselves in the foregoing practical exanples 1-1 to 1-9 and the
conpar at iver&xaempl &hend the 1e@ampdiet ilad lay migstwhewafi hndhivn teabl @ &hd
sputtering target of 10 the practical exanple 1-1 has a density of 6.62
g/céoandthnbﬂﬁkde- The practical example 1-7 is a sputtering target
having indium of approximately 91% by atom and tin of
approximately 9% by atom. A predetermined amount of tantalum
oxide powder is added further. As a result, the sputtering
target of the practical example 1-7 contains tantalum (Ta) of
15 5% by atom.

A practical example 1-8 is a sputtering target having indium
of approximately 91% by atom and tin of approximately 9% by atom.

A predetermined amount of terbium oxide powder is added further.
As a result, the sputtering target of the practical example
20 1-8 contains terbium (Tb) of 5% by atom.

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

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

Toray Industries, Inc.

The table of Fig. 2 shows measurements on the physical
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resistivity of 2.3 m@cm The thin filmfornmed on the glass substrate by
using the sputtering target of this practical exanple 1-1 exhibited a
resistivity of 960 @Qcmand a transparency of 89% Besides, the work
function was 5.72 eV. 15 As for the etching characteristic, residues were
not observed at all. Mreover, the thin filmfornmed on the filmsubstrate
by using the sputtering target of this practical exanple 1 exhibited a
resi st i \RISPYTL gD 052t B Entn & il pRrerey o6t t 8990 %R et Hee Wor Kk
functi on_was 25.55 eV. 20 Incid rr]utal%a;the ée istivities of the t(_piwnoy(lms
wer eneasut @d < by 1P F 3PV pPEb& e tHod! (L dtest’® FoiPRPESHS Si™

Petrochem cal . Co., Ltd.). reover,. it he t sp i re. nsm nces
at a vvav]gqlr_é(r:l tR7Sf %%Ocﬁ#]d%el‘ﬁ%rflflunbnsc’ti éﬁ% m%é%&ﬁgggl}’gd?l%{[/lgAgglﬁgom

Riken ,*S%éfﬂargeateh]t &, ROL; hhecpkch @érfngr %%&f?fééé'cﬁ?;th@e fRdG o feybl e
circle" 1n the table neans "no residue at afl, the mar circle" little

residue,pthet MBEK oxbidANK e~ B ) i 00 AWk rhesivdleSanghte § he- et &
"cross" a large anount of residues or that etching was inpossible. The
sanme al sp-hol dshfier gdiel éolliew nghdescrinet igingsid8 1l midiee ptaeki cal exanpl e
1-2, the sputtering target has a density of 6.71 g/cc and a bul k
resistivspytoer@ng/ nh2gmtsThéhettdanl $é$ mifror mbhe@ ofotrke glrass psdistt tad g by
using the sputtering target of this practical exanple 1-2 exhibited a

resi sti vxgmplets 1830 tof Il cinamd aher ansparraricyv of e 88%%p 1Bssildels, t ¢ he-wor k
function was 5.62 eV. As for the etching characteristic, residues were not
observed at allInitbrlebxeras shewrhin Fhimtdokemed on sié tanims Gegsorat efby

usi qg the sputterjng target. of this practical exarrgl e 1-2 exhibited a
resi-Sti vity %?a‘i%%‘éa]ioe’j‘%i?&%nﬁ‘% P22 parRAtyY of L 89962 BESFAed Nt RePitb Kk

function . . | . ,
resistivity of 2.3 mQ-cm. The thin film formed on the glass

substrate by using the sputtering target of this practical
example 1-1 exhibited a resistivity of 960 uQ-cm and a
transparency of 89%. Besides, the work function was 5.72 eV.

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

20 Incidentally, theresistivitiesof thethinfilmsweremeasured
by the four probe method (Loresta: from Mitsubishi Petrochemical
Co., Ltd.). Moreover, the transparencies were transmittances
at a wavelength of 550 nm. The work functions were measured
by AC-1 from Riken Keiki Co., Ltd. For the etching

25 characteristics, the mark “double circle” in the table means
no residue at all, the mark “circle” little residue, the mark
“triangle” a slight amount of residues, and the mark “cross”
a large amount of residues or that etching was impossible. The

same also holds for the following descriptions.
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was 5.93 eV. In the practical exanple 1-3, the sputtering target has a
density of 6.76 g/cc and a bulk resistivity of 1.03 nOcm The thin film
formed on the glass substrate by using the sputtering 15 target of this
practical exanple 1-3 exhibited a resistivity of 750 ifl cmand a
transparency of 88% Besides, the work function was 6.03 eV. As for the
etching characteristic, residues were not observed at all. Mreover, the
thin film foriedhm RIACTITH SR EE el bdr USifigSR et epti? e fRESEalget 220 of
this practical exanple 1-3 exhibited a resistivity of 810 _Q cm and

transpar@ersief ®79% - Besd/des,2nhe Wit ke fiiRvt§ohv 1 Wwaseh. 938 B\nedr Ay nel he
tical -4 h tteri t t_.h d it f 6.81 d
D oul K rEaTRr AT P inad Bh T A e SRS S5 Y W s g e 7 a8 2"
bstrat i { i t, _of, _thi i - 1=
oxhi bi 1 if B3P ePeor by, PHHGRE S SRR On A SR AEL LT, TEMIRAIRY  he

WOr K T UG T 09 1 8o B, BY. A L1 e RLGNLRS ofiar aCKer LSLLG, el dluep wer e

not observe reover, t In | mfornmed on t

substrat uR¥tdsinng,d Hessput tevi ng Aar get afhd hescpriadd | €8b raexanpl et 1cé
exhibited a resistivity of 610 Qcmand a transparency of 88% Besides, the
wor k funcésdaueas werkd ©dt bbskherdat act i gall .exdyerde b, the i efihg
target has a 5 density of 6.93 g/cc and a bulk resistivity of 0.82 mXxm
The thifhofmem bor et ohithesgbass asubsby ateiby udiegsphetsputtertaggetar get
of this practical exanple 1-5 exhibited a resistivity of 880 Qcmand a

t ransparehcyhbf BT tBegildexanmhee work etlyRbitend wase5.163 Wit nsof ot 8Bhe
etching characteristic, 10 residues were not observed at all. Moreover, the
thid0fi|mw§2-cm and a transparency of 89%. Besides, the work function

was 5.93 eV.

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

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

20 of this practical example 1-3 exhibited a resistivity of 810
uQ-cm and a transparency of 87%. Besides, the work function
was 5.93 eV.

In the practical example 1-4, the sputtering target has a
density of 6.81 g/cc and a bulk resistivity of 2.4 mQ-cm. The thin

25 filmformedonthe glass substrate by using the sputtering target
of this practical example 1-4 exhibited a resistivity of 460
uQ-cm and a transparency of 89%. Besides, the work function
was 5.78 eV. As for the etching characteristic, residues were

not cbserved at all. Moreover, the thin film formed on the film

49



formed on the filmsubstrate by using the sputtering target of this
practical exanple 1-5 exhibited a resistivity of 960 A2-cm and a
transparency of 87% Besides, the work function was 5.61 eV. 15 In the
practical exanple 1-6, the sputtering target has a density of 6.95 g/cc and
a bulk resistivity of 0.96 nmm The thin filmformed on the gl ass
substrate by using the sputtering target of this practical exanple 1-6

exhi bi t edulastesitst Wy t ysislg 67402 pSPeimt&rd 1o t FARgpar encyt bl S88Y%2 BekfFaes

the work 20 function was 5.62 eV. As for the etching characteristic,

resi duesewerelgot LoBservkdbatesd | 2 Mopedsédvitthe PRI noL ¥ GMed 6h fhe

fil b b [ [ i f thi ' le 1-6

exchi bi L oBF B F BRI (4F GT° 750 CRER it and Ao FARSpAPTcy oF BB%° Bes: 888, ihe
k f ti 25 5. 60. eV, | h tical 1-7 t

Uar get has o Heneity brCb 63" oPRahER L Bl KPF EPEPPLE faor 0055 Rkt The

thinfilmf d t I bst 1 ng. t ' t f

i & Spr aQEFEATY cRhndl &5 19758 ATE: T A r 6o ET LUt 57 oDt £ R arem 208

transpareney of 18996 rBesi descnd her 3Ws ksud et Lo, yass Hr @A 18Y.s As £ OF 1 hige

etching characteristic, residues were not observed at all. Mreover, the

thin filpaurfetmed emitdhe £t sHbstikai® 1y usi ngxk heisput berdx dar gety5 of
this practical exanple 1-7 exhibited a resistivity of 540 pfl cmand a

transparencgsof |88% mBesidles, ttha swerdefapcbicon7anas BedideV., lthd heork
practical exanple 1-8, the sputtering target has a density of 6.91 g/cc and
a bul k résnstiivint ywaf 5D..063 nE¥m The {00 tthe Eitlonifroy medacm atter ghass,
substrate by using the sputtering

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

15 In the practical example 1-6, the sputtering target has a
density of 6.95 g/cc and a bulk resistivity of 0.96 mQ-cm. The
thin film formed on the glass substrate by using the sputtering
target of this practical example 1-6 exhibited a resistivity
of 670 puQl-cm and a transparency of 88%. Besides, the work

20 function was 5.62 eV. As for the etching characteristic,
residues were not observed at all. Moreover, the thin film
formed on the film substrate by using the sputtering target
of this practical example 1-6 exhibited a resistivity of 750
pQ-cm and a transparency of 88%. Besides, the work function

25 was 5.60 eV.

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

thin film formed on the glass substrate by using the sputtering

target of this practical example 1-7 exhibited a resistivity
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target of this practical exanple 1-8 exhibited a resistivity of 840 pQcm
and a transparency of 89% Besides, the work function was 6.20 eV. At the
time of etching, residues were not observed at all. The thin filmforned on
the filmsubstrate 15 by using the sputtering target of this practical
exanple 1-8 exhibited a resistivity of 860 pfl cmand a transparency of
88% Besides, the work function was 5.61 eV, |In the practical exanple 1-9,

the sput®®errAg H& gEF RAS & HERBFPFIEM D 78t gPEC -anF S b PR r &€iSst AEE of
2.8 moem., The, LI N, 20 blgm Lor ed onephe gl ass, sUasly alfa by ctshng.d e,
t ‘ot tﬁl exhibite

sputtering trarge § practical” exanple 1- a resistivity of
1250 'M&g%ﬁﬂgsavﬁerraéqsrp epey of, AP% + Beshdesythe, yor k tyaction, pasyS. 68

eV. As for e etching characteristic, residues were not observed at all.

The thins§ihanf emed oneihg Eubatsuhsd ray eudsnby tisd ngohibeespuld erd nget ar get
of this practical exanple 1-9 exhibited a resistivity of 1450 pfl cmand a

trangparencyh 0§ p88%:t iBesi desamphe werk ekiniadi oadwasr5s66 ta\. i dhhent evabuat ed
for crystallinity through an X-ray analysis, the thin filnms of these

practi caghQexanphes altk driosdafesbgwed B33 .51 peakdespnthemviog ¥ Mainat 1 oner e
anor phous. As descri bed above, according to these practical exanples, it is
possi bl en2® 6bfldi V& conductive filmof high work function while

mai nt ai ni ng hi gh transparency. 5 Next, the three types of conparative

exanpl es were g‘lls‘bhe sptRteredl i araphenl I nEhasSPRtEAE1nGr 6g6PRE PRachi cal
exanmpl es. Then, the ghysical properties of the formed thin filns are al so
shown i nrd¢meltanbe of9F @/c2.and anowhkiFeshetiabre of Fi@> m2-€He The

e toe”d{‘ 13 PEL PEE08 o AASOPA A NG SXAMPL e, 1 h 88 & Rl e 21§ 65
g/ cc an :
target of this practical example 1-8 exhibited a resistivity
of 840 uQd-cm and a transparency of 89%. Besides, the work
function was 6.20 eV. At the time of etching, residues were
not observed at all. The thin film formed on the film substrate
15 by using the sputtering target of this practical example 1-8
exhibited a resistivity of 860 pQ-cm and a transparency of 88%.
Besides, the work function was 5.61 eV.
In the practical example 1-9, the sputtering target has a
density of 6.78 g/cc and a bulk resistance of 2.8 mQ2-cm. The thin
20 film formedon the glass substratebyusing the sputtering target
of this practical example 1-9 exhibited a resistivity of 1250
pQ-cm and a transparency of 89%. Besides, the work function
was 5.68 eV. As for the etching characteristic, residues were
not observed at all. The thin film formed on the film substrate
25 Dby using the sputtering target of this practical example 1-9
exhibited a resistivity of 1450 pQ-cm and a transparency of
88%. Besides, the work function was 5.66 eV,
When evaluated for crystallinity through an X-ray analysis,

the thin films of these practical examples 1-1 to 1-9 showed no
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resistivity of 2.5 mQ cm The sputtering target of this conparative exanple
1-1 was used to forma thin filmon the glass substrate as in the foregoing
practical exanples. This thin filmwas 380 S2 cm in resistivity and 890 in
transparency. The work function was 5.22 15 eV. As for the etching
characteristic, residues were not observed at all. Mreover, the sputtering
target of this conparative exanple 1 was used to fornma thin filmon the

fil msubstaiat ecastimine floategol hgiepr antécahoexanpl es. This thin filmwas
420 .tQmin resistivity and 88%in transparency. Besides, the work
function was Hslgles¢riZEdriadeverhacspuciog &g tAPget PBACEheadonharRl ve
exanple 1-2 has a density of 6.85 g/cc and a bulk resistivity of 0.46
nb2-cm 1tTHe Smpstidrlinga ebget nof Fﬁpguééﬁ‘ﬁ&r étlllmeoéx]éhﬁbew?ﬁr)z{ frechied to
forma th| n filmon the glass substrate as in the foregoing practical

exanpl esVhif @%WWW%’P&&&%@@@%?W?%M stl VI ty 25 and 90% i n

t he h| ngd

tran parency vvorkf ctio § c for

characteristid ’I a?}é% gﬁﬁﬁﬁt é’fp resci’ uesm%rg 3 %serx\?eél) precﬁuaed
the etchl té\@écf%% thi& %9?&%%& ng, RS %tfe rg%ﬁé!ﬂt é%smng@gp' e
1-2 was used to tforma thin mon the Til ubs teasint or egoi ng

practi Cafh@?ianﬂ%@%hy§2cﬁ'ﬁréBbBtf 'e'szbWaﬁhésﬁthEH‘ tRihesi Shisvh by ando89%
in transparency. Besides, the work function was 4.88 eV. Mreover, the

sputteriggotar gat tofe tﬂn@bggrrgar atiigve exanple 1-3 had a density of 6.90 g/cc
and a bulk resistivity over MO cm 5 The sputtering target of this

conpar ati ve examphewh 2nwise ts¢d & 6£ffbrdn &@,t hhe §phoreni hhec gt@ss fubserat e
by the rf magnetron sputtering nmethod as in the foregoing practical
exanpl escorpasat i@ nekahmleasd -dvérasMa caensiresost ibvicby gadt 8990 i a bulk
transparency. The work function was 5.58 eV. As for the etching
char act eréststivilly efchigQcoul.d Rbe sipetdend no tergtchifnthbengperpossebl e.
example 1-1 was used to form a thin film on the glass substrate
as in the foregoingpractical examples. Thisthinfilmwas 380 uQ-cm
in resistivity and 89% in transparency. The work function was 5.22
15 eV. As for the etching characteristic, residues were not observed
at all. Moreover, the sputtering target of this comparative example
lwasusedto formathinfilmon the film substrate as in the foregoing
practical examples. This thin film was 420 pQ-cm in resistivity
and 88% in transparency. Besides, the work function was 5.18 eV.
20 Then, the sputtering target of the comparative example 1-2
has a density of 6.85 g/cc and a bulk resistivity of 0.46 mQ-cm.
The sputtering target of this comparative example 1-2 was used
to form a thin film on the glass substrate as in the foregoing
practical examples. Thisthinfilmwasl1l70pQ-cminresistivity
25 and 90% in transparency. The work function was 4.92 eV. As
for the etching characteristic, a large amount of residues were
observedwhichprecluded theetching. Moreover, the sputtering

target of this comparative example 1-2 was used to form a thin

filmonthefilmsubstrateasinthe foregoingpractical examples.
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Mor eover, the sputtering target of this conparative exanple 1-3 was used to
forma thin filmon the filmsubstrate in the sanme manner. This thin film
was over Ms2cmin resistivity and 88%in transparency. Besides, the work
function was 5.55 eV. 15 Thus, as can be seen fromthe contrast between the
practical exanples and the conparative exanples, any of the sputtering
targets of the practical exanples have a work function of 5.50 eV or,

gr eat er Thhs vdltuen wiiillen nwiast abA0NgH@ - cranspareneys bt v 1o opnki gh8p. 1n
Consequent |y, when organi c EL devices ororganic ghosphor eicgncevzo type
light enfX¥iAB2geRdes 4% ¥ABF1 chlEd RF st nECEdoR s “fPPmEVas shown in

t he practi cal exarzgl es for tran%par.ent el eétr dgg t her eof ti.t IS I(RSEi bl e
to obtain devitdLBies- ERUHGId TN FEEERENOF at BE . CSORARR S 8F THEGFSup of
enbodi mrepts .1 25 As descri be ove, accordjng,to the aspect of the first

gr oup o?'fﬁ?%ﬁeggﬁﬁli‘%ﬁvg tgt)%? q)ﬁ%c iaﬁbqpﬁsmgkofegh%lﬁgﬁ& 3755 bﬁkgnff%mi des
and Bal i yn Jakese L L nBogsl Bl b2 Phokl d8nBalANSAAIAM N GPRANCE LYes déba of

hi gher wor unction while maintaining transparency. As aresult, according
to the pfesefitmiHuanth o 1hto RECOEBS] POSSEBbet rad & &Rkl i fOrGaH & Ebn

devi ces and organi ¢ phosphorescence type Ilight emtting devices of inproved
hol e i njgesttesrehld seeneidess ik aupr Ofcgbbadi pEats 128 Ekahedigent Bhif
Initially, with reference to Fig. 3, description will be given of an

enbodi menh i 2-fli A€ ¢ersdbirg rt Q! en 0hgadd Cs ELvdey £edaf o e praseardmyent i on.
Fig. 3 is a sectional view of an organic EL device 100. As shown in this

di agram Thae corigannctBlordegsde 396 Vhas AROf o hd het etichime chatr aant eanbsieibayer
10, an organic lum nescent |ayer 14, and a cathode | ayer 16 are | amni nated

on 4%upsEghirg could not be done, the etching being impossible.
Moreover, the sputtering target of this comparative example

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

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

examples and the comparative examples, any of the sputtering targets
of the practical examples have a work function of 5.50 eV or greater
in value while maintaining a transparency of 87% or higher.
Consequently, whenorganicELdevicesororganicphosphorescence

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

Summary of the group of embodiments 1

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

aresult, accordingtothepresent invention, it becomespossible
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(not shown) in succession. Hereinafter, description wll concentrate on the
anode |l ayer 10 and the organic |lum nescent |ayer 14 which are the
characteristic 15 parts of the enbodi ment 2-1. The configuration and
form ng nethod of the rest of the conponents, such as the cathode |ayer 16,
will be described in the briefest form As for parts that are not
mentioned, various configurations and form ng net hods generall known in

the fieltP cﬁb‘%ﬁb%trﬁ’JégEEl&e@Pc@§VH‘§>?soémd2@réﬁd}b‘§/éﬂw?F\ Paéﬁt%ﬂwe Y¥P¢he
enbodi ment 2 1, the, anode | ayer f%gﬁ gf cong %nds 0 raup A-1 or A2
(whi ch w190 ke tnlat R8B! CF 81 Pk ed Sorede Foe § &&%?663% THre e oup
B-1 or B-2 (which wll hereinafter be referred to collectively as group B)
to be 25 described bel ow. Neverthel ess, the cathode | ayer 16 may be made of

the foregoing inqgrgani c, sompalingds en the work functions of the foregoing
i norganic conpﬁuﬁég—afe—reﬁd%fed4%2$ 4.0 eVin value. (1) Constituent
mat esi al s of thepanede layeri 10 54 The anode |ayer 10 of the present

enbodi ment 2-1 adopts either the constitution of containing an inorganic

conpound of t he f1old OW Ng i t8r Qe AerlcaRd @i SORPAEKEfp g gioupbByiven
conmbi nation or the constitution of containing an inorganic conpound of the

f ol | ow Ngf Sngimigd iAeeh tand 1 & eyt 6ft hicher gl EB-&e v it € oftimapiresenhot e
that the conbinations of inorganic conmpounds of the group A-1 and
conpoundsnwént fen gr alipy B-3 iandh tdesc tcooba hat il ems odf annorgam icc Elonmpouihds of
the group A-2 and conpounds of the group B-2 have sone overl apping
conpounds?0 10 soapoAnlincirdlicogerd alesn, okypai orpdes.c &L miavicesl 0 Shs Ge,
Sn, Pb G, In, Zn, Cd, and My;

the structure that an anode layer 10, an organic luminescent

layer 14, and a cathode layer 16 are laminated on a substrate

(not shown) in succession.

Hereinafter, description will concentrate on the anode layer

10 and the organic luminescent layer 14 which are the characteristic
15 partsoftheembodiment 2-1. The configurationand formingmethod

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

will be described in the briefest form. As for parts that are

not mentioned, various configurations and forming methods

generally known in the field of organic EL devices may be
20 employed.

Incidentally, in the embodiment 2-1, the anode layer 10 is
made of compounds of group A-1 or A-2 (which will hereinafter be
referred to collectively as group A) and group B-1 or B-2 (which
will hereinafter be referred to collectively as group B) to be

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

eV in value.

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

| ant hani des; and Group B-2: chal cogeni des of |anthani des. The conpounds of
two types, the group A and the group B, are thus conbined because it is
difficult, as described above, for either one (group A or group B) of
conpounds (organi c conpound or inorganic 20 conpound) alone to increase the
val ue of i oni ZBt¢ enoget bar¢eallo ef fré@ pyesynt spiadimedly g liadertpifhedl t to

increase the ionization potential to val ues above 5.8 gv. qEn%e& ently, the
i nor gani EN@ GRPSEAGE tEPTt HeCGRbEPN ALY 2O XN Lo RBBARYBASH the tg Eﬁﬁlﬁ 1, or

the i i d f th 25 A-2 d.th f th

e TorganLe £ommounds oL Lig 28-oraupe & Bond, (he commeunds of Lhe.grow
tenti - . ext |y |.ar. [t . .8 b : It

POt enti oL g6 40, SYETEIN LA198, VAl UBcohof S el oy At e g cnt . an

transpar gpgyy, 22 J oWy dr béﬁh'\}geum'é@%e(é%ﬁ BeSl {4 Coh®Iingkanse) . Nnove 8Rdthi gh

| um nescénce intensity. reover, the conpounds conbining the i1norganic

conpoundsh@f cotpe i 0thn & d rand ot eampesigds uabist be aruRyBsdp AL1thaq
conpounds conbi ning the inorgani ¢ conpounds of the group A-2 and the
conpoundgohpefunidie @f othe By2oupr B~¢chanhacterd zeshibynhaviong exceldenyaatiehi ng
properties to acids such as hydrochloric acid and oxalic acid.

Speci f i cabhmpoutnites ioft effeage chgt ieeh aartd acintbdureds edf pané @andupaR-@nhaeat ed
part exhibits a snmooth section, which allows clear distinction between the
areas of sphe aciatlarmied pamrantdshe 10 untreated part. El ectrode |ayers

made of such inorganic conEounds.thus have el ectrode patterns of excellent
etcHﬂhg Group A-1: chalcogenides, oxynitrides, or nitrides of 3i, Ge,

Sn, Pb, Ga, In, Zn, Cd, and Mg;

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

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

15 lanthanides; and

Group B-2: chalcogenides of lanthanides.

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

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

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

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

transparency, a low driving voltage (low specific resistance),
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precision, with the effect that even mcroel ectrodes and el ectrodes of
conplicated shapes are | ess prone to di sconnection, deformation, increased
resi stance, and so on. 15 Group A inorganic conpounds Mire specif ically,

t he inorgani c compounds of group A-1 include SIiOx (1 <x <2), G (15 X
52) , Sn02, PbQ In2@3, zZnO GO CdO 2ZnS, ZnCe, CdSe, InxZnyO (0.2 - x /
(x +y) <0.95), ZnCs, CdznO  CdznS, Myl nO, CdlnG MZnO, GaN, InGN, and
MyZnSSe.and Mpgeodarmingecpneegamiietvhpbunds of the groupA-2 specifically

i ncl ude the foregoi ng i norgani c conpounds, of group, A-1 excl udi ngo SSX_(15
x 5 2) etc. NMUrPYSL 2RO REFROMRARNS WG i N2nl NOBIZhSSIH 2h. In
particular, in th resent. enbodi nen and O, Zn _and S, are naqt
Py s | B4 Rt Bseanrvens CUIRa TR G3nbBe: PFoiR 0rtr o EhecpBpFghas
Conpound t_of ' r I i.nc . ' arly
prefer ab?%%rrja?le? tatﬁg g‘ﬁr@‘ﬁ‘g‘g‘%‘gr&%ﬁﬁ%ﬁl ég%i ?:Pctc};%p%g%gg Am"\ﬁD %ﬁg\ltgi%ﬁgﬁ%%ﬁg%d t he
groug A-gr af e gﬂ%ﬁp@e@' deSe Ofh SPactOri 209 EP REvIhLTEdes10Enthersaimg The
reason 56 for this is that these conpounds, as partfy described above,

have smabigstrabsorpbi aniagekhicel ant hRrcvmldast fuenchhddoxRlopertias in
particul ar anmong the inorgani c conpounds of the group A-1 and the group
A-2, withpexeelilcentl ¢y aispal #D6Y 2@ b Hdtale ¢r £n a®iiat-3 refa d é @hta £8nahe
taken out. O the chal cogenides of Ge, Sn, Zn, and Cd nentioned above, the
oxi des taereofraseedypbrpretieiabke & spasth cad @riofy owlpi Bhcahpoundsl dew, t he
conpounds of the group B-1 specifically include Ce203, 10 CeQ2, Pr6011,
Nd203, SHR681inEGA08) bed203n TH A r &y208, the2e3,1i dEr208ateupdrt ¥ba08he
Lu201?6, CeN, PrN, NdN, SniN, EuN, GIN, TbN, DyN, HoN, ErN, Tn\,

untreated part. Electrode layers made of such inorganic
compounds thus have electrode patterns of excellent etching
precision, with the effect that even microelectrodes and
electrodes of complicated shapes are less prone todisconnection,

deformation, increased resistance, and so on.

15 Group A inorganic compounds

Morespecifically, theinorganiccompounds of groupA-1include
Si0Ox (1 £x<2), GeOx (1 £x < 2), Sn0Oz, PbO, In,03, Zn0O, GaO, CdO,
ZnS, ZnCe, CdSe, InxZnyO (0.2 <x / (x +y) £ 0.95), Zn0OS, CdZnO,
CdZnSs, MgInO, CdInO, MgZnO, GaN, InGaN, and MgZnSSe.

20 Moreover, theinorganic compounds of the groupA-2specifically
include the foregoing inorganic compounds of group A-1 excluding
Si0Ox (1 £ x £ 2) etc. Naturally, ZnO here means oxides of Zn,
and ZnS sulfidesofZn. Inparticular, inthepresent embodiment,
Zn and O, and Zn and S, are not always in their respective regular

25 compositionsofl: 1linratio. Compounds out of the proportions
are also included.

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

chalcogenides of Sn, In, and Zn or nitrides of the same. The reason
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YbN, and LuN. They can be used al one or conbi nations of two or nore types
of these. Moreover, the conpounds of the group B-2 specifically include 15
ones or conbinations of two or nore types selected fromthe group

consi sting of Ce203, Ce®2, Pr6011, Nd203, SnR03, Eu203, Gd203, Th407,
Dy203, Ho203, Er203, TnR03, Yb203, and Lu203. O these conmpounds of the
group B-1 and the group B-2, oxides of Ce, Nd, Sm Eu, Tb, and Ho, i.e.,
CeOx, NdP©B, tiSiRO8s EQ2(3,t RO OmpOuads HGZOP el Y et pEEREADI A O The
reason for this is also that, as partly descri bed above, the use of these

i nor gani 2 €8npBands St AP FAEPEASE torfée%%]rﬁéeBFst 0 i DR L AESEN PRERTRE in
t he anode Ia¥er, 10 .effectively. Content of the group B (ngqr)oulg B-1 0{ group
B-2) conpbBRAT T35 Ndwt PAFES T T o Wi Pl “BE GFUEH GG REBomteAr of th
group B (group B-1 o roup B-2 will be.referr t [

Qompound®* THE Boh et o SUBR Pty B bl S BBy TR Y e
Wi t hicn t %W al r@%gl f

Iayer5 10{1}2%{%&%%%&&)%%1328?&2 o}ﬁé F(a)/?l\&%%?gﬁ(@%&?gthg? I H}glccf)n eﬁ?ggs t he
group B gpnpoundnfabhs BekowdOmentato¥ed tdoanodenkayen 4b% dateréorahes in
ionization potential adjustability. SpeC|f|cafIy, it mght be difficult to
adj ust  ybe peeirzatdwre pohephirali dut®rt he range of 5.65 and 6.40 eV. 5 On

t he other hand, when the content of the group B conpound exceeds30at. %
there m ght oceuoup 8oncugicwndy drop, coloring, or a transparency
(light-transmttance) drop. Consequently, in view of better bal ance between
the adj ustabilowy tbe admpaaldrecbdft tchgrponibzdt sppec pbt eat 1 alinial udeeCeantade 10
| ayer 10 and the transparency etc. , the content of the group B conpound

pr eflér abf§OhaBrePwalNgeOni ShRAs t RB2Qaneg@ i Ti87amy200 HP204, BAeLs, Tmz0s,

Yb,03, Luz03, CeN, PrN, NdN, SmN, EuN, GdN, TbN, DyN, HoN, ErN, TmN,

YbN, and LuN. They can be used alone or combinations of two or more
types of these.
Moreover, the compounds of the group B-2 specifically include
15 ones or combinations of two or more types selected from the group
consisting of Ce;03, Ce0,, Prg0;;, Nd:03, Sm;03, Eus03, Gdy03, Th,40,
Dy,03, Ho0,03, Er,;03, Tm;03, Yby03, and Lu,0s3.
Of these compounds of the group B-1 and the group B-2, oxides
of Ce, Nd, Sm, Eu, Tb, and Ho, i.e., CeOx, Nd,03, Sm;03, Eu,03, Tb;0+,
20 and Ho,03 are yet preferable. The reason for this is also that,
as partly described above, the use of these inorganic compounds
can increase the value of the ionization potential in the anode
layer 10 effectively.

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

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

amount of the anode layer 10 as 100 at.%. The reason for this
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yet preferably a value within the range of 1 and 10 at.% wth the total
anount of the anode |ayer as 100 at.% Content of the group A (group A-1 or
group A-2) conpound 15 Incidentally, the content of the group A (group A-1
or group A-2 will be referred to sinply as group A) inorganic conpound has
a value that is obtained by subtracting the content of the group B conpound
fromthe total anmount of 100 at. % when the anode | ayer 10 is conposed_ of

t he conpourids ofl f Hegrauipt 20t gp buph - 4T 8PP otP1RO UAD Y adnldt Ry otips: ©
(groupB-lorgroupB-2). Thus, when the content of the group B conpound in t he
anode | @er® 10t has2 O8I tBY Rt AP ndeFRE RS D1 D. 12 5AA T30 PO R the

t ent .th . A [ d i,n.th | 10 is. I
wthin (6 FaRGEI0R £V AP 6! St 10 33 RAGKIT R Bad T AGILN (o Hbae| ayer
10 contaie any; omayndo (I £d1companentd L1NGL Shan ghoup £ anth agup B
the conteht of *fRe groﬁb i nor gani ¢ conpoun S preférably determned in

Consi5der@ﬁienf%t%ef &Nt Ak nt hed NLL G cprPERent, o Thi SKpess b Sihyct ure

of the anode [ayer 58 e anode layer 10 1s not limted to any particul ar
thi cknessyce byt IBaLr &f ef 9Bk ¥ rdi pien 0@ Al Heoridl EONGE LIS ,rr@olvzeutm?, t he
range of 0.5 and 1000 nm The reason for this is that if the anode Tayer
10 has athickpassdieteon-9. 31aghtpidriosesteamnceocudrép.5 cause a | eak
current in a long-termuse. On the other hand, when the anode |ayer 10 has
a thickness albvesdhtng, t hien eliest r ode beanspar eadgncan baklewnt hthedr op
in lum nescence intensity. Consequently, in view of better bal ance between
the durabjustabiahdty o thewiagie olft blye ivalire tétan potehéianote Hheyenode 10
preferably has a thickness within the range of 1.0 and 800 nm and yet

pr eflér ablgyer L Risgidhiess tWRNRPA TEREYSdfge Bihe 2ootang of the group B compound

preferably has a value within the range of 0.8 and 20 at.%, and
yet preferably a value within the range of 1 and 10 at.%, with the
total amount of the anode layer as 100 at.%. 7

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

15 Incidentally, the content of the group A (group A-1 or group
A-2 will be referred to simply as group A) inorganic compound has
a value that is obtained by subtracting the content of the group
B compound from the total amount of 100 at.% when the anode layer
10 is composed of the compounds of the group A (group A-1 or group

20 A-2) andthegroupB (groupB-1lorgroupB-2). Thus, when the content
of the group B compound in the anode layer 10 has a value within
the range of 0.5 and 30 at.%, the content of the group A inorganic
compound in the anode layer 10 is a value within the range of
70 and 99.5 at.s%.

25 Nevertheless, when the anode layer 10 contains any cocmpound
(third component) other than group A and group B, the content of
the group A 1inorganic compound 1is preferably determined 1in
consideration of the content of the third component.

Thickness and structure of the anode layer
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300 nm The anode layer 10 is not |limted to any particular structure,
either. Both a single-layer structure and a nultilayer structure having two
or nore |layers are applicable. 15 Consequently, when yet higher transparency
(light transmttance) or yet higher conductivity is desired, a

doubl e-l ayer structure may be formed through | am nation on a conductive

el ectrode | ayer of higher transparency or a conductive el ectrode |ayer of

hi gher conductTha aypdsulcdyes 10TG n2@ bl 4 12 €8- ZmOpragpecivliag testkpange of

t he anode |ayer Next, description will be given of the specific resistance
of the arodés|pyefenablTigiiyespacialiue r e8I $exBE /| Vhik by thteor%P@e
particul ar value, but is preferably given a value bel ow 25

.10 f
exanpl e.OTHE 3 RN HYT Ghi s TE tHASPR £RE & 1% t?%Ei%&aéﬂ?fﬁéﬁ%@value

of 1 0-cm or hjgher, thg e can occur. uneven_ | uninescence wthin gixe{s as
wel | as %y?ﬁci alaS] %ﬁg &ﬁ%ﬁ:ﬁfb%vtggg B t Ré"of'§artic " devites™©
fabriccated. Co t] i d i I Vi I , th
50 Sroei 1o Pl LEtea e ehE Shofe! PROST U S s e aih, hiv %P e, |0

mxm or gﬁ?hl%ﬁe a@tlgEﬁﬁﬁrﬁplﬂa?i%mﬂﬁﬁé&néngg@oé) §6@blﬁ%, the

I nci dent y, the value of “the specific resistance of the anode |l'ayer 10

can be deierpi-Bed - Jmasuringt hesurface,5thes fanse: W thimd desd shaace
nmeter of four probe nethod and”™ neasuring the thickness separately. Method

of form ngtéheiagade dayesqhlext 1 yjesariidu of Metkehep gl ¥arcoheawaenhodeof
formng the anode layer 10. This formng nethod is not limted to any 10
parti cul @nrabthad.y Bod ékanplre,viing ve lgessd bleel t® adopt tshue e meddodsyas
sputtering, vapor deposition, spin coating, a
10 10 preferably has a thickness within the range of 1.0 and 800
nm, and yet preferably a thickness within the range of 2.0 and
300 nm. The anode layer 10 is not limited to any particular
structure, either. Both a single-layer structure and a
multilayer structure having two or more layers are applicable.
15 Consequently, when yet higher transparency (light
transmittance) or yet higher conductivity 1is desired, a
double-layer structure may be formed through lamination on a
conductive electrode layer of higher +transparency or a
conductive electrode layer of higher conductivity, such as ITO

20 and In;03-Zn0.

Specific resistance of the anode layer

Next, description will be given of the specific resistance
of the anode layer 10. This specific resistance is not limited
to any particular value, but is preferably given a value below

25 1Q-cm, for example. The reason for this is that if the specific

resistance has a value of 1 Q-cm or higher, there can occur

uneven luminescence within pixels as well as an increase in
the driving voltage of the organic EL devices fabricated.

Consequently, in order to achieve a lower driving voltage, the
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casting-based sol -gel nethod, spray pyrolysis, and ion plating. In
particul ar, high frequency magnetron sputtering is preferably adopted. In
concrete terns, the sputtering is preferably 15 perforned under the
condition of 1 x 10-~to 1 x 10-3 Pa in vacuum 0.01 to 50 nm sec in the
rate of filmformation, and -50 to 300C in substrate tenperature. (2)
Organic lum nescent |ayer Now, description will be given of the organic
| um nescepéci?d ayed s t@orst btfueht amatée iladyof ltthprerfgardlcl ¥ tdsmescahtel ayer
Organic lum nescent nmaterial to be used as the constituent material of the
or gani ¢ bfind desQentn layemagrlefer sy contpneserhdlyf el Meviurg dhrleen2- cn
functions: 25 (a) Charge injecting function: a function of enabljing hole
i nj ecti oPr okt ¢he ahbBae deayer! by - Forelis etthith sPafert Bnd Seabf# RGeS
el ectron _injectio fron1tﬁ% catﬁgde n electron injection_|la

e

| )
Gnder ¢ R A0HF PO Dl A1 Tl O BBLT § ) SAAE D ER) DR AHOF ¢ PGt FarittT DRC A

functd on_of .moving injected _haol.es and 60, el ect s by f e of ctric
fielé% aﬁ%S%gEaEu r%%%%n%erFﬁiﬁ|%ﬁﬁeam?EﬁEHQ§¥%§u%r%5§§%n§%f¢$§I%h or

el ectro eggqrmﬂéﬁ%ﬁg {ﬁﬁg@Wéy% ggygrgggHQLbuting | um nescence
[

Nevert hel ess, s not always necessary to-"conbine all the 5 foregoing

functions (a) WO-h&d of FRErR¥XAGPLEe SHb4AD] £y0Fganic [um nescent materials
are al so found T ones that have hote Tnjection and transportation

capabilities nusht supesdPIpt Dok heiT] eleginah JMjLeleitdRBRE HLIRSPO tthe
capabilities. Thus, materials can be suitably used as |ong as they pronote
el ect r onanvaenmeat eirn 1tche Ith 0 g@virtilnyri mesaedt iayaptldl 1@iakkdowo any
reconbi nati on of holes and electrons in the organic |um nescent |ayer 14
nearl® hepeentienlar method. For example, it is possible to adopt such
methods as sputtering, vapor deposition, spin coating, a
casting~-based sol-gel method, spray pyrolysis, and ionplating.
Inparticular, high frequencymagnetronsputteringispreferably
adopted. In concrete terms, the sputtering is preferably
15 performed under the conditionof 1 x 1077 to 1 x 107 Pa in vacuum,
0.01 to 50 nm/sec in the rate of film formation, and -50 to
300°C in substrate temperature.
(2) Organic luminescent layer
Now, description will be given of the organic luminescent

20 layer.

Constituent material of the organic luminescent layer

Organic luminescent material to be used as the constituent
material of the organic luminescent layer preferably combines the
following three functions:

25 (a) Charge injecting function: a function of enablinghole injection
from the anode layer or a hole injection layer and enabling electron
injection from the cathode layer or an electron injection layer
under the application of an electric field;

(b) Transporting function: a function of moving injected holes and
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Here, for the sake of inproved reconbinability of the organic |um nescent

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

val ues below 1 x 10-1 cnR/Vs can make qui ck response of the organic EL
device difficult and reduce the |um nescence intensity. Consequently, the
electron nobility of the organic |um nescent material preferably has a

val ue widlddtrdrhe bangered df ke 10rdctanit 2f Xe 1Dy 3awdrZ/ Vs, and yet
preferably 20 a value within the range of 1.2 x 10-7 and 1.0 x 10-3 cni/Vs.
Mor eover (c)t Heaoigesdendainfnestion: mat éunakioh vife porgaming lainf hebdeher| ayer
14 preferably has an electron nobility smaller than its hole nobility in
val ue. Theeteason ang bhé@slﬁotHﬁmeb¥ﬂQn|H@N§h?9nt§leVéﬂ§elU@F@%ﬁ?@nce

| um nescent materials 25 avail able for_the organic | unm nescent er 14 can
be restricted NSRS RIS &ﬁd%h@@ﬁ%%&%éﬁ%ﬁﬁﬁ@héﬂ \FORPGRE éﬁ

Ve il th | ect bi | t I t t I
pr ef &1 bf@r%%%aiqiuré,%’ﬂagﬁf't'iyt@ 1600 of Ene IS or ot i Tl §5h%gmy

The easf de t hat ! 896%;:{%5.5 are n%ggtfro d Pr‘}orrggglt té’hS@ 4 §/ CU| t

for hol es” e F'ons reco Hhe' or gani c unlnesce near

the centgry |ty (%’H%S& &k?limfé‘%'xﬁé{ck‘{" %uh%ef'%QP @Sa’cﬂelJ.COQ%G’d?BB' Y

the hole no el'ectron 1ty t he organic

|U”ineSCfHﬁeéEﬁ&K'@%doéréﬁ§pgkgaeb ab%ﬂh@@é%entTh@%erIéétePigﬁ%r%th satisfy
the relationship of h/ 2 >e > h 500, and yet preferably satisfy the

rel ati onsii pabflyhubed zselsdnghabklOfeyMprep¥el, el dhePmeseshe 8RDOHI fEAt
2-1, the organic 10 |lum nescent |ayer 14 preferably contains aromatic ring
coméundsrgaaycngustiyred cgmoupsyexprdssed aliyl dvher 4 osegonag iganesalhd besul ae

andelectronsintheorganic luminescent layer 14 near the center.

Here, for the sake of improved recombinability of the organic

luminescent layer 14, the organic luminescent material preferably

has an electron mobility of 1 x 107/ cm®/V+s or greater. The reason

15 for this is that values below 1 x 1077 cm?/V-s can make quick

response of the organic EL device difficult and reduce the

luminescence intensity. Consequently, the electron mobility

of theorganic luminescentmaterial preferablyhasavaluewithin

the range of 1.1 x 1077 and 2 x 107% em?/V-s, and yet preferably

20 a value within the range of 1.2 x 1077 and 1.0 x 107° cm®/V-s.

Moreover, the organic luminescent material of the organic

luminescent layer 14 preferably has an electron mobility smaller

than its hole mobility in value. The reason is that if this

relationship 1is inverse, organic luminescent materials

25 available for the organic luminescent layer 14 can be restricted

excessively and the luminescence intensity might drop.

Meanwhile, the electron mobility of the organic luminescent

material is preferably rendered greater than 1/1000 of the value

of the hole mobility. The reason is that too small an electric
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(2-1) to (2-3) . The aromatic ring conmpounds having such styryl groups can
be used to facilitate satisfying the condition on the electron nobility and
hole mobility of the organic 15 | um nescent naterial of the organic

| um nescent |ayer 14 described above. Anbng the aromatic groups having 6 to
40 carbon atoms in the general fornmulae (2-1) to (2-3), the preferred 5-to

40- nucl eus aryl groups include phenyl, naphthyl, anthranyl, renyl,
coronyl MW phehyi CalerBR&RyILT pSferéllﬂl{l‘} u?&ﬁylh,O]z%St ﬁinggh%}.@g?érons to

b t hi oph A di lyl., diph | ant | j ndol

pipfgyltg %ﬁﬂ%éﬁfggﬁFh§%§?¥l§egF éEEXT%%“p;§$ ?Fe%&gyg %*2853%%?§§§¥%?3|ene
: . | " ene. .

oyr oyl engs T E S B P A AR Ene PR EPAREYATAEES | one,

25 Uhi onhenil g0, henzontienyl enc. , oxediazqiof enery dlighent! satdinyd eoe.
2

i ndol yl ene, car . pyri ene, enzoqui nol yl'ene. Incidentally,

the arompihcngseeRs: havieg iG it 0o f40ckar 085 IMBYi husthern beagebstitut ed
Wi th substituent groups. The preferred substituent groups include 1- to

6- car bon, ak k¥ 28N1QURS: t 162f ety | r ST QYR onBFBLiRY lo QLeUR, 2i >prepy! ngr pupoo,

n- propyl group, s-butyl group, t-butyl group, pentyl group, hexyl group,
cycl opendyd geeupre fercdwhexyhtdsdypthet x9latlibasbigardonlal Koxyr geoups
(et hoxy group, nethoxy group, i-propoxy group, n-propoxy group, S-butoxy
group, 5ulh-bBubOxy group, pentoxy group, hexyl oxy group, cycropentoxy group,
cycl ohexyl oxy group, etc.), 5- to 40-nucleus aryl groups, am no groups
substituted Wi EVeR 40-huEREusPAEFENGr oRIPROC HEe e} g’fp-&ups thigavPREaBLCt 0

40- nucl eus aryl groups, ester grou having 1- to 6-carbon, al kyl groups,
Cyand gr BEBLAIRETOC GOl @ RAISGGeH aF B 2165 PTPBASHE0 pPET PRBPETFGT ¢ he
or gani ¢ 4 ReseEnt 1 el At o i SAUAH) Lheoresesnt B aLens $olhuae

(2-1) to (2-3). The aromatic ring compounds having such styryl
groups can be used to facilitate satisfying the condition on
the electron mobility and hole mobility of the organic

15 luminescent material of the organic luminescent layer 14
described above. Amongthearomaticgroupshaving6to40carbon
atoms in the general formulae (2-1) to (2-3), the preferred
5-to40-nucleus aryl groups include phenyl, naphthyl, anthranyl,
pyrenyl, coronyl, biphenyl, terphenyl, pirrolyl, furanyl,

20 thiophenyl, benzothiophenyl, oxadiazolyl, diphenylanthranyl,
indolyl, carbazolyl, pyridyl, and benzogquinolyl.

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

25 thiophenylene, benzophenylene, oxadiazolylene,
diphenylanthranylene, indolylene, carbazolylene, pyridylene, and
benzoquinolylene. Incidentally, the aromatic groups having 6 to
40 carbon atoms may further be substituted with substituent groups.

The preferred substituent groups include 1- to 6-carbon alkyl groups
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benzi m dazol e type, benzoxazole type and the |ike, conpounds of
styryl benzene type, and netal conplexes having 8-quinolinol derivatives as
a ligand. Mreover, one having a host of 15 distyrylaryl ene-skel eton organic
| um nescent material, such as4,4'-bis(2,2-diphenylvinyl)biphenyl, doped
with blue to red strong fluorochonmes, such as fluorochrones of cumarin type
or ones simlar to the host, is also sui ablﬁ_used. N@t?od of forﬁgpg%the

organi ¢ {SiriYeSE8HP /IR D TRERY , - RS Y hOEGHPW T TPHBP Y P Bt 3~ d of
| tod STy Barvict AT nEehsa by duhsira ot vy st rbre 5o 28R
putt or P e R A P e P DB s o et o
deposi t ot hparare  herr e p e oo ot o 6°61 fo cE

nm sec i f-piokPleg oo, f beAt ok Prdmdinheandox 508 309 dopesithesty gkeup,

tenperature. The organic |um nescent |ayer 14 can also be forned by 63

di ssol vi &gc Bolhé sagles x anglr @mp pr gaai ©, | bai bescertuabéesi akyil ngaoupsedamensi ned
solvent, and then making it into a thin filmby spin coating or the |iKke.

| nci dentatdyps tshd Startmitregl method- arvd 4Denmchguscandi tg s e getefregablbps

sel ected as appropriate so that the 5 organic |um nescent layer 14 is a

mol ecul aradepdsi-ttioot? frivgd eusvar £h gireuR sy Isist o1 e tpe Fed inArlough SdepsbPrhi on
froma material conpound in a vapor phase or a filmformed through
soIidifi%%%Y%ngr?¥%%1a?ﬁ%%%rgé?uﬁon%bgﬁﬂ FRC@P soRBEi bALBESNi §GPR - phase.

2 THER 111 m { o kP 69116 SRR (ol iecul B CRG80E dEVGRoFrrRy Daded o
differenggs égnggDSSinuggéggéHEe brighteners of benzothiazole type,
benzimidazole type, benzoxazole type and the like, compounds of
styrylbenzene type, and metal complexes having 8-quinolinol
derivatives as a ligand. Moreover, one having a host of
15 distyrylarylene-skeleton organic luminescent material, such
as 4,4'-bis(2,2-diphenylvinyl)biphenyl, doped with blue to red
strong fluorochomes, such as fluorochromes of cumarin type or

ones similar to the host, is also suitably used.

Method of forming the organic luminescent layer

20 Next, description will be given of a method of forming the
organic luminescent layer 14. This forming method is not limited
to any particular method. For example, it is possible to adopt
such methods as vacuum deposition, spin coating, casting, LB
method, and sputtering. For example, in the case of formation

25 through vacuum deposition, it is preferable to satisfy the
condition of 50°C to 450°C in deposition temperature, 1 x 107
to 1 x 1072 Pa in vacuum, 0.0l to 50 nm/sec in the rate of film
formation, and -50°C to 300°C in substrate temperature.

The organic luminescent layer 14 can also be formed by
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and hi gh-order structure as well as resulting functional differences.

Thi ckness of the organic |um nescent |ayer 15 The organic | um nescent | ayer
14 is not limted to any particular thickness, but may sel ect an
appropriate thickness as needed depending on the circunstances. In reality,
values wthin the range of 5 nmand 5 mare often preferable. The reason
for this is that if the thickness of the organic |um nescent |ayer 20 falls
bel ow 5 angseheihamandsicerre andensi torgardi ¢ heudinabeent y maiegtita ldriop. aOn
the other hand, when the thickness of the organic |umnescent |ayer 14
exceeds Breagetteniatdsoivaie vt hen Takbed agplinge of temn b@cjéﬁ*r@é’ BPdRer .
Consequent | in view of better balance with the |um nescence intensity

the val UEO®F1D%OF Hdeaphk? ed \nftdgetaede., thad ogryard Elemﬁ%géeﬁﬂrmag}er 14
referably has . a thickness_ within th of 10 nm and .3 n
Breferab?énglFHPGkﬁ§§§]%ﬁ?ﬁ?ﬁa el Fﬁﬁé%%b Zﬁsnﬁ?gﬁaprf%ﬁezgﬁ %hﬁﬁogéelayer

64 TQ@ cat hode Iﬁ er. is r§ferabH% nade of q;ta IIo Sti 9L film
WHEFIne |on Fyor } !

el ectT ocondictivve ggﬁﬁ%%%%sehavyng smal 19 exanpl e

bel 4. f fi |
el ow m@ % lgfaw Hres g fépﬁée t§989 H e@&;&gl%dpéﬂﬂeg U a1

al umi nu i um |t i um sodium cesium’ silver, 5 an e may be

used al 0RgmpBL VPN & vAPLE S REE dihgreofm fikrirehRatidNs o 1he et hodechayer
16 is not Ilnlted to any particular thickness, either, whereas it is

pref erabkyofil vienmad amad A Wddbduhhe I@ange 96180 1and éQOQﬂ@hlan%wge
preferably a value within the range of 10 and 200 nm 10 (4) M scel | aneous
Al t houghTppticahawn i rtH 9. i létuiaral qepprdferabl eeithat @an be fully
10 distinguished from a thin film formed by LB method (molecular
accumulation film) based on differences in cohesion structure
and high-order structure as well as resulting functional

differences.

Thickness of the organic luminescent layer

15 The organic 1luminescent layer 14 is not limited to any
particular thickness, but may select an appropriate thickness as
needed depending on the circumstances. In reality, values within
the range of 5 nm and 5 pm are often preferable. The reason for
this is that if the thickness of the organic luminescent layer

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

25 the applied voltage, etc., the organic luminescent layer 14
preferably has a thickness within the range of 10 nm and 3 um,
and yet preferably a thickness within the range of 20 nm and
1 pm.

(3) Cathode layer
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sealing layer for preventing noisture and oxygen fromgetting into the
organic EL device 100 is arranged so as to cover the entire organic EL
device 100. Preferred materials of the sealing |ayer 15 include: copol yners
obt ai ned by copol ynerizing tetrafluoroethyl ene and nononer m xtures
including at | east one type of conononer; fluorine-containing copolyners
having a ring structure in their copolynmer main chain; and copol yners of

pol yet hyl ene, Tid yartdpdeedeyepollypmeshplréenaclyl apde 20 porgim dellpwbyuri a,
pol ytetrafl uoroethyl ene, polychlorotrifluoroethyl ene, .

pol ydi chpBrefdUerasaifi Enigre siomrarsiothdingotostRyLeeri fanction (for

di chl orodi fl uoroet hyl ene. "The preferred naterials of the sealing |ayer also
i ncl ude: SXIBRER ~ ASSHDbi*ng §Mbst%ﬁd’élsstnd’faﬁh§5§orp?P@Ftl)fld:farHiJe/&ororﬁ?gher;
25 nDistu%e-proof subs&ances havhgq an ?bﬁgn%tivitg.of 0.10. or IowFr'rnetals
such as $h™Ma8RS P Mg, "€t "Ry, LA My, ~Ahd TR YA e Gt M such 55" Mo,
SiO Si02 O N QO 0O,. BaQ, _Fe 203 T 02: e f ' such
as NEFZ,a%?Fgﬁilﬁé?%;ﬁggéﬁf? ?%Ei%QPpgdr5%éﬁ%g%§£Péﬂ%ﬁea2§35%¢ﬁﬂéiéﬁﬁane,

perf| UOfﬁﬁ”@:Bﬁm%&% &L uPngpeglé%tJbeé; agé ang %%Unpééth%gt%fd tmsgngi qui d
flurocarbons 1 n whi clh absorbent's ~ for abs I’BI ng noi sture and oxygen ar
di spersegs - 19cH96M tthe e 589 Layelr, tvHsrPossi bl fstFr%'ﬂélr%Ma%'iJ‘gén

deposition, spin coating, sputtering, casting, MBE (nol ecul ar beam
epi taxy)a ,v&lustwerthon branrdepesblfi an, ahanipbat npg, apldase palameriZati on
(high frequency excitation ion plating), reactive sputtering, plasm CVD,
| aser C\D, véheenwli tGMD; glas- sawmgee VDL 0 and L@ Intke as appropri ate.
[ Enbodi nent 2-2] 10 Next, with reference to Fig. 4, description will be
gi vél of an efbodiherrlIerew@fsthis invention. Fig. 4 is a sectional view
Although not shown in Fig. 3, it is also preferable that a
sealing layer for preventing moisture and oxygen from getting into
the organic EL device 100 is arranged so as to cover the entire
organic EL device 100. Preferred materials of the sealing layer
15 include: copolymers obtained by copolymerizing
tetrafluoroethylene and monomer mixtures including at least
one type of comonomer; fluorine-containing copolymers having
a ring structure in their copeclymer main chain; and copolymers
of polyethylene, polypropylene, polymethylmethacrylate,
20 polyimide, polyuria, polytetrafluoroethylene,
polychlorotrifluoroethylene, polydichlorcfluoroethylene, or
chrolotrifluoroethylene with dichlorodifluorocethylene.
The preferred materials of the sealing layer also include:
water-absorbing substances having an absorptivity of 1% or higher;
25 moisture-proof substances having an absorptivity of 0.1% or lower;
metals such as In, Sn, Pb, Au, Cu, Ag, Al, Ti, and Ni; metal oxides
such as MgO, Si0O, Si02, GeO, NiO, CaO, BaO, Fe,0, Y,03;, and TiOy;

metal fluorides suchasMgF,, Li¥F, AlF3, andCaF,; liquid fluorocarbons

such as perfluorocalkane, perfluocrcamine, and perfluoropolyether;
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of an organic EL device 102 according to the enbodi ment 2-2, show ng the
devi ce having the structure that an anode |layer 10, an inorganic thin film
| ayer 12, an organic |lum nescent 15 layer 14, and a cathode |ayer 16 are

| am nated on a substrate (not shown) in succession. Wen the inorganic thin
filmlayer 12 is provided thus, injected holes can be transported
effectively. Consequently, the provision of the inorganic thin filmlayer
12 al | ovend ewmpeldiagerdy ofi higoaadl i gqptdovdsindre riRthdumabhlichyalbsotrhenbsgani ¢
EL device 102. Incidentally, the organic EL device 102 of the enbodi nent 2-2
i s char ateerdlzearbing hravisthere nongaek egehiard i dhspayeed12 is interposed

bet ween the anode |ayer 10 and the organic |um nescent |ayer 14. |n other
respects, it H&s fhen ddife sserdddtdudeyas /t Bat 16f PPEE1BA§aRPceMPECELVESYHEe 100
of the enbodi nent 2-1. Hence, the follow ng description will deal inly

Wi th t helCRId} e ¢ SPHTNCP# F P ay 8t UEE Bt h SRS FERE - M afé\oétﬁcéﬁiacrngﬁf‘{“ of

t he Enbodinent 2-2. Se the.descri%tiqy of Lpe enbodineng %ﬂl for_ .the _rest
of tHe cOApoHehts, s t£hE cBRERBASTRYEIT MY sitide Pé6 thdy hBYESHAe

sanme conf i i int i i . L nak gani ounds
avaiIabpé&?gﬁg%ﬁs€?f§?eﬂyﬁ£$ﬁ%%%g%ﬁﬁgp%%kﬁﬁgkfﬁ¥$gygrbﬁgtﬁﬁgpﬂdEESCEggg
conbi nat | -t he 0 FOUP u -1 _g and
the oroUB B (6rBub B LB or 3 ol B 29" ahi S Ganet Tt 0t e f R ansds [ager 10
descri beghaboye. 1 Thdisas asppPop heapode [ayer 10, the content of such a group
B conmpound is preferably given a value within the range of 0.5 and 50 at.%
yet preferabl y[@Enyadigemt thin) the range of 1.0 and 40 at.% and even nore
preferably a value within the range 10 of 5.0 and 30 at.%w th the total
anmoumt of the Newot ganith tbhiferehicknbaiier. ds d668catiptY%onlvils wd 2d varreber abl e

t hat the thickness
an embodiment 2-2 of this invention. Fig. 4 is a sectional view

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

Incidentally, the organic EL device 102 of the embodiment 2-2
ischaracterizedinthat theinorganicthinfilmlayer12isinterposed
between the anode layer 10 and the organic luminescent layer 14.
In other respects, it has the same structure as that of the organic

25 EL device 100 of the embodiment 2-1.

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

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

66



and form ng nethod thereof are the same as those of the anode |ayer 10.
Nevert hel ess, when the inorganic thin filmlayer 12 is arranged 15 between
t he anode | ayer 10 and the organic |um nescent |ayer 14, the anode |ayer 10
and the inorganic thin filmlayer 14 nust be given different conpositions.
Specifically, the anode |layer 10 is preferably nmade of the conpounds of
group A (group A-1 or group A-2) /group B (group B-1 or group,B—Z% =70 to
90 at.%they Joie Gite a3ams Wi LI Wea t hok gami EN tHRe §1 79t | aepdipebhe

i i d f A A1 A-2) |/ B

o Gam < comeunds, o grou A (oup L o Juh - 2) Loue. B (ojgue
f this,is that.if th it of th . B -

2800, Ble L 4 R 10 T 1 JEhE 0 OB 01 0Y8. Bl 6P

ange, ere can occur

t ranspar a N | I if resi i varabl e
for ele6$$§:é%g%féﬁb%d?ﬁgﬁﬁgzégﬁ§§£§%Tn§ﬁ@hgfegégg%%%%?gﬁg?g{qg%%& sgr?ption
w il sbe gi _3Rn i ey 2 f LSoHAVEN L PN.o Fi He3i apseet i onal
view5 Gfggxﬁgﬁﬁing%igﬂgfgdevieégfgﬁpgg%ﬂ?gfﬁg t%§%hglgﬁﬁggfﬁéﬁ§'2-3,

showi ng thesdeyisca hawididahiBaestiaydreo § haheak canteder | @¥ekuckd,a afroup
inorganic thin filmlayer 12, a hole transporting layer 13, an organic

| um nescedorhpyehdlis pndfareatinoda vayer vEd be ariec h &l hiaé edlangeaosubdser at e
(not shown) in succession. |In the present enbodi nent 2-3, the provision of
t he hol eandir aAspar.td ,ngy¢ayerei@rab ladda t vehuto wiheh iembodeneratsy 2-df ahd02- 2
allows efficient transportation of injected holes. Consequently, the

provi si odn@f4 @ ket hvl eandadeporneng Pagée rE® laf lcows 10k Wovirlvbh t Blge dandgeng

and i nproves the durability of the organic EL device 104. , ,
10 of 5.0 and 30 at.% with the tdotal amount of the inorganic thin

filmlayer as 100 at.%. Itisalsopreferable that the thickness

and forming method thereof are the same as those of the anode
layer 10.

Nevertheless, when the inorganicthin filmlayer 12 is arranged

15 Dbetween the anode layer 10 and the organic luminescent layer 14,

the anode layer 10 and the inorganic thin film layer 14 must be

given different compositions. Specifically, the anocde layer 10

is preferably made of the compounds of group A (group A-1 or

group A-2)/group B (group B-1 or group B-2) = 70 to 90 at.%/0.5

20 to 10 at.% while the inorganic thin film layer 12 the inorganic

compounds of group A (group A-1 or group A-2)/group B (group

B-1 or group B-2) = 50 to below 90 at.%/above 10 at.% to 50

o

at. The reason for this is that if the amount of the group
B (group B-1 or group B-2) compound falls outside this range,
25 therecanoccur adrop intransparencyandanincrease inspecific

resistance which are unfavorable for electrodes.

[Embodiment 2-3]

Next, with reference to Fig. 5, description will be given of

an embodiment 2-3 of this invention. Fig. 5 is a sectional view
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I ncidentally, the organic EL device 104 of the present enbodi ment 2-3 has
the sanme structure as that of the organic EL device 102 of the enbodi nent
2-2 except that the hole transporting 15 layer 13 is interposed between the
inorganic thin filmlayer 12 and the organic |um nescent |ayer 14. Hence,
the followng description will deal mainly with the hole transporting |ayer
13 which is the characteristic part of the enbodi nent 2-3. See the
descri ptobreofotbenfier €goidey erbolld freatso2dl rand @-2h ¢ oenpodiertest- df t he
conmponents, such as the cathode |ayer 16, since they nmay be configured the
sane as $fovhegembedidesnt e 2having the. S‘(%[W@@ﬁ@tlﬁ%‘htaﬁa?@ﬁd@l GFyehe
hol e transporting |ayer 13 The hole transporting layer 13 is preferably
made of B¥ AYATIXLIPBLcoRPoINGLER ﬂﬁ&ﬁ&aﬁgc oo EnHT 2858 Wrigihi k2 Y e T
mat eri al s_include, for pht h ani ne conpounds, . di.am.ne co unds,
di ani ne- ]i%mt %PnPﬁ&a&ﬁ‘boﬁ’é neér‘?@n{tha]l) ﬁe&gomaaﬁ ihg°2 b PFSmery © 1fDrngerred
materlals of .the. inorganic co nIud far rrpl ous_ silicon
d.amjeréa £g n@%%%dc g C%tC §|}50% %1 %G‘%\C/‘l%k%éjl

(a- Sl) crocrysatalllne SI |con

compounds, I”l'n fi0r | Yo coPOUAdSsAgRer ystal Iy réegrcﬁgcgmconcws&ﬁ%'ha@e

carbon, and di'anond. Among ot her types of the mat er i are

oxi des, {ié&%&@@@ln@%}%];rlﬂg% a-BEilt{%o% W%h%p%ﬁbEHQmeﬁ%%O@rlstd sLex (1
-OX - InN,~ GalnN (1 <X 2), CaO, BaO, MyF2, CaF2,

UgF2, S'Mlo&é—e5§f>ic1e4i/t3&ra1@§§oi:b£tibﬂi%fcﬁﬁlj@@té‘@%l@lsoneCoﬂrs 10 1 fpr e
types thereof in conbination. Besides, the constituent material is

preferabtyesagbestedisn t bat the hnbeermbrbhtspdmﬂ@ dapbte DI laX1d406

cn2/Vs or greater (applied voltage of 1 x 109 to 1 x 106 VVcm) , and the

i onildat i bowpebénkicd drds’imyaruk improves the durability of the organic
EL device 104.

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

15 layer 13 1is interposed between the inorganic thin film layer 12
and the organic luminescent layer 14. Hence, the following
description will deal mainly with the hole transporting layer
13 which is the characteristic part of the embodiment 2-3. See
the description of the foregoing embodiments 2-1 and 2-2 for

20 the rest of the components, such as the cathode layer 16, since
they may be configured the same as in the embodiments 2-1 and
2-2.

(1) Constituent material of the hole transporting layer 13

The hole transporting layer 13 is preferably made of an organic

25 compound or inorganic compound. Such organic materials include,

for example, phthalocyanine compounds, diamine compounds,

diamine-containing oligomers, and thiophene-containing
oligomers. Preferred materials of the inorganic compound
include, for example, amorphous silicon (a-Si), oa-SiC,

68



of 5.5 eV or lower. (2) Structure and form ng nethod of the hole
transporting layer 13 15 The hole transporting layer 13 is not limted to
the single-layer structure, but may have a doubl e-layer structure or a
triple-layer structure, for exanple. The hole transporting layer 13 is not
limted to any particular thickness, either, whereas a value wthin the
range of 0.5 nmand 5 mis preferable. The hole 20 transporting layer 13 is
not |inmmedrborgmsytglartneul ailfioom ng(m@thod, iG+RRrC, A ¥ariVét y oimbeyhods
can be adopted. In reality, however, it is preferable to adopt the sane
met hod agCPREUREhodl &f ~Nor ht R L vt HEORBPENFS echPBR YAy et 1 | BRbstl Fent - 2- 4]
25 Next, with reference to Fig. 6, .description wll gi ven of

enbodi neﬁ%YE-tal&flfk%i%aFHi?Bnt%d}P.ﬁ #gre8d-s S BREE; SP’ESFM EWPSsr oh bP§ani c
EL device 106 _according.ta the enbodi me 2-4, . showi ng the. devi ce_haying
Che ot r ULPGPE 1t MaR Aridtle Sy B 010 A Y HOHSRRT & U W 11 HePayer 152 o
hol e .transporting.layer 13,.. ni c.lum nesgent .| ayer. 14, ectron
injeé%io%o syéPe%f§%‘and¥§%éatﬁHg§ 3%%%? i% aré Ta%fha?gﬁ’o&réq%dgg ggfe
(not  sheup) iR SUCCessi pN. 1A% abavs, ddo! hea8IDAMENte oF, { Ne, pI eSERl

section 4, the provision of thé electron injecti yer 15 5 f'ows t he

function ef<igpj §04?B‘ﬂ, ebget reRs 16fifectd yaby. udbe aRLRW,SiON Wiothe ghbeetron
injection layer 15 thus facilitates noving electrons to the organic

| um nescenpekbayehetép Wi ith asombApraviesent t BethelgLspansd vidonofithent
organi c EL device 106. Incidentally, the organic EL device 106 of the
enbodi nemét2r4alills prefamacbbyi getechetthat theteltéct thanl ¢ madet i ohyl Bger 15
is interposed between th% organic | um nescent Iayerl14 and the cat hode
| ayer0 16a value of 1 x 10° cm“/V-s or greater (applied voltage of 1 x
10* to 1 x 10®° V/cm), and the ionization potential has a value
of 5.5 eV or lower.
(2) Structure and formingmethod of the hole transporting layer
13
15 The hole transporting layer 13 is not limited to the
single-layer structure, but may have a double-layer structure or
a triple-layer structure, for example. The hole transporting layer
13 is not limited to any particular thickness, either, whereas a
value within the range of 0.5 nm and 5 pum is preferable. The hole
20 transportinglayerl3isnotlimitedtoanyparticular formingmethod,
either. A variety of methods can be adopted. 1In reality, however,
it is preferable to adopt the same method as the method of forming

the hole injection layer.

[Embodiment 2-4]

25 Next, with reference to Fig. 6, description will be given of
an embodiment 2-4 of this invention. Fig. 6 is a sectional view
of an organic EL device 106 according to the embodiment 2-4,
showing the device having the structure that an anode layer

10, an inorganic thin film layer 12, a hole transporting layer
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Except this, the organic EL device 106 of the enbodi ment 2-4 has the sane
structure as that of the organic EL device 104 of the enbodi nent 2-3.
Hence, the followi ng description will 15 deal nainly with the el ectron
injection layer 15 which is the characteristic part of the enbodi ment 2-4.
The rest of the conponents may adopt the sanme configurations as in the
enbodi nents 2-1 to 2-3 described above, or typical publicly-known
configuratj ensorgahie iiualidesfcearyganive El4, 20n dévdceson ()] Consont Lene r
material of the electron injection |ayer The electron |ayer 15 is
pref erably, nadd ef camhordfaniayeonpbuade daniimcrigami @ncenpobisd.rate (not
particular, organic conpounds can be used to constitute an organic EL
devi ce tHaPwWRas eRBECESHITE. el BEEOGY § ni Bt EMPOA MRt et BEHGZERE wel |
as an excellent durability. Here, preferrggﬁgr ani ¢, conpounds includfa

I

8- hydr ox§gtF mBPi de ditF oxBdV A2d1PD &Hd 'deFi V&S hiet £BF F40&h 1R e
hel at i noi d . tainir 8- hyd i noline. 70 th
el ectr or I hBt FOR PAyST &1 ke GF 1B FAGTGANTe CORBOUT,S 1his T7°
| nor gan r89£f8§%%dol%r eher %g'ebé YSEP | 'éé‘f%ﬁt 9L ,QL 18eMLEANQUGLOF; « THES
el ectrom 1 njection layer , ﬁhen made of ~-an i Asul ator or sem conduct or,

can effegtiyghyeaueid 4 et i | Sakand-i Pproueel eIy any o ech abit thyanFor
such an insulator, it is preferable to use at |east one netal conpound

sel ect edi mp FOfekle YRR HONS S d MY 0 £l kal the BRialnichalicageni des106.
(oxi des, sulfides, selenides,tellurides) ,alkaline earthnetal

chal cogeni des, Ihal detesa DIy althal b hgankt @&lisdeandeliald ¢ destioé bad kadritne-aart h
nmetals. Wien the electron injection layer 15 is made of these al kaline
met dl0 cha$ cbgenctiesioedtimethakehetlectroninjectionlayer15is interposed
between the organic luminescent layer 14 and the cathode layer 16.
Except this, the organic EL device 106 of the embodiment 2-4
has the same structure as that of the organic EL device 104
of the embodiment 2-3. Hence, the following description will
15 deal mainly with the electron injection layer 15 which is the
characteristic part of the embodiment 2-4. The rest of the
components may adopt the same configurations as 1in the
embodiments 2-1 to 2-3 described above, or typical
publicly-known configurations in the field of organic EL

20 devices.

(1) Constituent material of the electron injection layer
The electron layer 15 ispreferablymade of an organic compound
or inorganic compound. In particular, organic compounds can be
used to constitute an organic EL device that has excellent
25 electron injectability from the cathode as well as an excellent
durability. Here, preferred organic compounds include
8-hydroxygquincline and oxadiazol, and derivatives thereof such
as metal chelate oxinoid compounds containing

8-hydroxyquinoline.
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el ectron injectability is preferably inproved further. Specifically, the

preferred al kaline netal chal cogenides include Li20, LiO Na2S, Na2Se, and

NaO for exanple. The preferred 15 alkaline earth netal chal cogeni des

i nclude CaO, BaO, SrO BeO BaS, and CaSe, for exanple. In addition, the

preferred halides of alkaline netals include LiF, NaF, KF, Lid, KCl, and

NaCl, for exanple. The preferred halijdes of alkaline earth netals include,

for exanple, fihsoyithesesaehras arectBardaverds Mymade ¢ aRd BeF2a4fd

hal i des ot her than fluorides. Now, when the IectLB(/)n i nj ecti.on Ia)é%% 15 is
i

made of FPTRIADordUS dPOLFREEr FRBPSBAT LTI AR LY iRAUAE SRPYEETCRi PFi des,
or nitric oxides containjn t | east one el.enent. out of .Ba S Yb, Al,
Ga, In, TFRHIEH O, %'ﬁeg %?C%E?naﬁajfﬁtﬂneyl% %_rZESbewl}fsed N %%e?P

or t woor @rﬁeﬂ?&%g%r eqf, neQmi natj, ap., My %V%fffeééi{rélpf ehenablg fhafthe

i nor gani ¢ conpoun fror constituting tHhe electron injection layer 15 is a

m crecr ysd 2k Lhinkde: Bp r oReNeT ¥st abhi irﬁéaéabatlii?@ thig, £ 5h@n Jhe gl ecd €68,

injection layer 15, when made of ese insulative thin filns, can form 71

a nore hppogengus rehtab ifd 113 19s & egdticeedetestiey end Bl Sofpelindas «lag kt egot s.
I nci dental |y, such inorganic conpounds include the alkaline netal

chal cogeni ¢@s t Hehegabkal i eneasthnmetaf adhal cogenmédess 1 t bRahaldgtasi oés

al kaline nmetals, and the halides 5 of alkaline earth netals descri bed
above. (2yxiHest ronl &ffiesi tse Nowidelse ¢ kttraneisijeel kand ireyearth raetat di ng
to the enbodinent 2-4 preferably has an electron affinity within the range
of 1.8 aplaBcegevidaen hhe islastt pbn A3 hing MAsl pel ud. Balodey i af
value, the electron injectability drops with the tendency toward higher

drividng ¥bkeagBeaRd NtdndicFahFnesHBRD e Glarlyron injection layer 15

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

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

15 alkaline earth metal chalcogenides include Ca0O, BaO, SrO, BeO,
BaS, and CaSe, for example. 1In addition, the preferred halides
of alkaline metals include LiF, NaF, KF, LiCl, KCl, and NaCl,
for example. The preferred halides of alkaline earth metals
include, for example, fluorides such as Ca¥F,, Ba¥F,, SrF,, MgF,,

20 and BeF,;, and halides other than fluorides.

Now, when the electron injection layer 15 is made of a
semiconductor, preferred semiconductors include oxides, nitrides,
or nitric oxides containing at least one element out of Ba, Ca,
Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb, and Zn. They can

25 beusedalone, ortwoormoretypesthereofincombination. Moreover,
it is preferable that the inorganic compound for constituting
the electron injection layer 15 is a microcrystalline or
noncrystalline insulative thin film. The electron injection

layer 15, when made of these insulative thin films, can form
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When the electron affinity exceeds 3.6 eV in value, on the other hand, the
probability of occurrence of conplexes having |ower |um nescent efficiency
increases while it becones possible to 15 suppress the occurrence of

bl ocki ng junction effectively. Thus, the electron affinity of the electron
injection layer is preferably given a value within the range of 1.9 and 3.0
eV, and yet nore preferably a value within the range of 2.0 and 2.5 eV.

Mbr eovera mhéedhﬁﬂéﬁﬁﬁb@U$ntéﬁ@cﬁﬁdmuﬁ@iﬁ?ﬂycﬁeﬂ%ﬁ%ﬁCQGV?h@%§Q%ﬁr%%Ch
injection layer 15 and the organic | um nescent |ayer 14 pref rabl%+ggg a

val ue of2d GRRK/SEOtstmal | EFC1ARA bdtl Y precdy ABPY 93 GETBC Y B e\

Iler. Th Iler this diff i.n el ect ffinity is, .th i
the el ectiona lvgiects oReFAdm bl EPECRLGH Irnj BLET G 15yt~ 18566 1t HES b bani o

2 LB Ul S PSS D U L RSP 18 cop gyl

organic Vi°C I hproved T esponsi Vi ectron

injectiopgl QX%%l]i%eaféag#ggng\etet%léé?%%%@?gb%ntab@iél preferably has an energy

gap (band gap energy greater, and yet preferably a val ue

of 3.0 eV or grgaterecten Lheinepergy gap is thus set at or above a
predeterm ned value, e.g., a value as great as or above 2.7 eV, it is

possible to retsge thke shasegoh hatn ks eaghethe el getbenihgj ecd i @hel ayer
15 5 beyond the organic |um nescent |ayer 14. This can inprove the
ef fi ci eneybodihdéet redopbeiatbbbylied swaane hotesomanrd falndatyr ehshinerttmmenagg t he
| um nescence intensity of the organic EL device 106. It is also possible to
prevent ¢hel e8 evtd gh G gVect Wornl ayer elkxtitcorl 4 £ fiomtenifialilng behbw. 116 (4)
Structure Now, description will be given of the structure of the electron
10 eV in value, the electron injectability drops with the tendency
toward higher driving voltage and lower luminescent efficiency.
When the electron affinity exceeds 3.6 eV in value, on the other
hand, the probability of occurrence of complexes having lower
luminescent efficiency increases while it becomes possible to
15 suppress the occurrenceof blocking junctioneffectively. Thus,
the electron affinity of the electron injection layer is
preferably given a value within the range of 1.9 and 3.0 eV,
and yet more preferably a value within the range of 2.0 and
2.5 eV. Moreover, the difference in electron affinity between
20 the electron injection layer 15 and the organic luminescent
layer 14 preferably has a value of 1.2 eV or smaller, and yet
preferably a value of 0.5 eV or smaller. The smaller this
difference in electron affinity is, the easier the election
injection from the electron injection layer 15 to the organic
25 luminescent layer 14 Dbecomes. This makes it possible to
constitute the organic EL device 106 of improved responsivity.
(3) Energy gap

The electron injection layer 15 according to the embodiment

2-4 preferably has an energy gap (band gap energy) of 2.7 eV or

12



injection layer 15 that is made of an inorganic conpound. This electron
injection layer 15 is not limted to any particular structure, but may have
a single-layer structure, double-layer 15 structure, or triple-Ilayer
structure, for exanple. Mreover, the electron injection |ayer 15 is not
limted to any particular thickness, either. Various thicknesses may be

I d d di th ' t . | Jd. t I ithin th
ange, ofSTEGT GV A ke H0G0° orar L B Gteranl 6! Sfng! cakesn 200For iR s i s
t hat wh t [0 i I i ' d
Far | s Dol A 8y R 1 % T H Eees e PRere” hay Deetr 5 aropos el €t ronci

ectabiliiy,of,a deop. bl mecha clloysty enaly, On 1Bepother and, vhencthe
el ectron injection Fayer 15 nmade of an I norganic conpound exceeds 1000 nm
in thickigsschdddd ecONBS1BIsORddrH eshst aneer RAssi P ¥cdeler iy@é i ngst he
responsivity of the organic EL device 106, i.e., making quick response
di ffisculbeyondr eqyi s+ ggntiicreuinonhfddand aragpdi am . Comsequentinprokie ehectron
injection layer 15 made of an inorganic conpound preferably has a thickness
within théfiangecy’d oft e Srandmib0anmorand tywete nohelpiseberdald e @t tbhekness
within the range of 1 and 50 nm (5) Form ng nethod Next, description wll
be gi vencohaacpetchdd eofl umgrrg sigenhe 15tenedtinoe fi mhectixgen agekl 1dev The
electron_injection layer 15 is_not limted to any particular form ng nmethod
as long &8%it ¢&Anis BésPoppRaiRd et @ ﬁirr?vfeiqﬁﬁhﬁy%]fe%grgﬁiJF@)B?(FFHP@kh@K@F
Vari ous tyges of_ nmet hods, ,such as vacuum deposition, spin coating,
casting, L PBIhEEHdd, F 2ol SPatterig, 1 .- appl i cabl e. 10 [ Enbodi ment 2-5] Now,
desg&}ption mﬁ%i b§ given of an enbodi nent 2-5 of the

) tructure

Now, descriptionwill begiven of the structure of theelectron
injection layer 15 that is made of an inorganic compound. This
electron injection layer 15 is not limited to any particular
structure, but may have a single-layer structure, double-layer

15 structure, or triple-layer structure, for example. Moreover,

the electron injection layer 15 is not limited to any particular

thickness, either. Various thicknesses may be employed
depending on the circumstances. In reality, values within the
range of, e.g., 0.1 nm and 1000 nm are preferable. The reason

20 for this is that when the electron injection layer 15 made of
an inorganic compound falls below 0.1 nm in thickness, there
may occur adrop inelectroninjectabilityor adrop inmechanical
strength. On the other hand, when the electron injection layer
15 made of an inorganic compound exceeds 1000 nm in thickness,

25 it becomes high in resistance, possibly deteriorating the
responsivity of the organic EL device 106, i.e., making quick
response difficult, or requiring time for film formation.
Consequently, the electron injection layer 15 made of an

inorganic compound preferably has a thickness within the range
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present invention. In the enbodinent 2-5, a plurality of inorganic
conpounds can be used to achieve an anode |ayer 16 of excellent etching
property and transparency in which the 15 constituent materials are in

uni form conposition ratios. As a result, a fabrication nethod is provided
by which an organic EL device of |ow driving voltage, excellent

| um nescence intensity, and excellent durability can be obtained with

ef fici enc§.0 Thaanids] 08 hiy senchaedcmemestine bfrahéyeabblii meme S0 wiBhines in
that the anode layer 16 is formed by using certain targets and sputtering
net hod. Wbt ebeepe iaf the2efAbodi MEht2-5, for exanple, a plurality of organic
| um nescent materials can be used to achieve an organic | um nescent | ayer
14 in which the dondtitditheterials are in uniform conposition ratios. 25

Asa result, a fabrication nethod . rovi.ded by which,an organi ¢ __EL. device
of low drivin ?ﬁﬁTeé%ﬁcﬁﬁ%ﬁ%?Qnﬁl ende ViTht sﬁt??thgﬁdogxggfpéﬁg bnd

dur ahli li t ai.ned.w fiche . I?ﬁg 1S, o] -

char léct eérllyes(fcﬁorgﬁrﬁ%e(zacel%oé%%tﬁzl Sﬁk}é;s%ﬁlenc At lrf%%ggrﬁggln?gyleurmlr‘?eégent
layer 14\be maglecal BoPLuGabhly 10010105 04 £OMROUNGS DYnyshBdia Coptain
vacuum deposition nethod. "I'n order to obtain the organic EL device having
the propsétyorhbat akt 8 €pMSt Fhuant sgRierd Ahs @ &rh Nt MhEkaemscomast £ 9B
ratios, at |east the anode | ayer 10 and the organic |unm nescent |ayer 14 5
are prefeypbby offormedhodder sauconskstvariuunlent peali tvaguuns eoadidd Dni ngd, t hout
bei ng exposed to the air. Athird characteristic of the enbodinent 2-5 lies
in the shastnggef I8 vactbndchamsersgwrteexenci siny sppltienbdg and a vacuum
chanber for exercising vacuum deposition. The reason is to obtain an
orgafi c EL deviEebedimemt 19-%he property that the constituent materials are

in uniform conposition ratjos. Then, in the enbodi nent 2-5, a single
Now, description will be given of an embodiment 2-5 of the

present invention. In the embodiment 2-5, a plurality of
inorganic compounds can be used to achieve an anode layer 16
of excellent etching property and transparency in which the
15 constituent materials are in uniform composition ratios. As
a result, a fabrication method is provided by which an organic
EL device of low driving voltage, excellent luminescence
intensity, and excellent durability can be obtained with
efficiency. That is, a first characteristic of the embodiment
20 2-5 lies in that the anode layer 16 is formed by using certain
targetsandsputteringmethod. Moreover, inthe embodiment 2-5,
for example, a plurality of organic luminescent materials can
be used to achieve an organic luminescent layer 14 in which
the constituent materials are in uniform composition ratios.
25 As aresult, a fabricationmethod is provided by which an organic
EL device of low driving voltage, high luminescence intensity,
and excellent durability can be obtainedwithefficiency. That
is, a second characteristic of the embodiment 2-5 lies in that

the organic luminescent layer 14 ismadeof apluralityof organic
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vacuum chanber is provided not only with a heating unit and substrate

hol di ng means necessary for exercising sputtering but also with a heating
unit, evaporation sources, and the like 15 for exercising vacuum deposition.
This allows the sharing of the vacuumtube for exercising sputtering and

t he vacuum chanber for exercising vacuum deposition. Incidentally, as a
nodi fied exanple of the enbodiment 2-5, it is possible to enploy the

confi gur@mesuhBat tyhes yascgum ekarthern f v&capuit derd 0w @hdnt he t2bdacuum
chanber for vacuum deposition are arranged separately and are connected to
each ot her i n advanees. tAccoraimg e osgen i caEhodk¥icatheon,nga tgbptrepeetyi ven
vacuum deposition can be then transported into the vacuum chanber for
sputterititpbyits cpnedéteemtnedteransporratironnddiorm ¢gerROoshe 19AnEaEeS8EIt as
in 25 the case of sharing the vacuum chanber. For ease of understanding,
the or gadt clESdeicen e ayedcrlithedd fhenerdprésehtmérBSarRENt 2S5 SAal |
have the sanme configquration ,as  that of .the enbodi pent 2-5. Accordi to the
fabr Scatd 05 DR ROGDIH GYBRH Lrctes GRBGHTERt L98hor 8 cire i Epeddhagh
bel ow were_forned .by the respective _.corresponding, fabri.catjon.nethods;
Anode | yer GbT Hai gl PREGEERE S rllnetrion Epbtear Aot A rorGan EC REnC Rl m

| ayer 12ém958§m%5%q%ﬁ§yb%%”?}r{ OE‘he5s%%L£t'trﬁ{i5‘§? a'ig)_aecdﬁxﬁnéﬂgﬁéﬂ&g Fgyer

13: vacuum deposi tion; gani'c | um nescent 1ayer vacuum deposi tion;
El ectron. i 8e¢Liion é%&((@’t el3'n AU, AeRes| LhaRbeants r @lhodes |k a¥era dum

vacuum deposition.” 1 1) Formation of the anode |ayer and the inorganic
thin filgRkpba¥€hion. The reasonis toobtainanorganicEL device having
10 the property that the constituent materials are in uniform
composition ratios. Then, in the embodiment 2-5, a single

vacuum chamber is provided not only with a heating unit and
substrate holding means necessary for exercising sputtering

but also with a heating unit, evaporation sources, and the like

15 for exercising vacuum deposition. This allows the sharing of
the vacuum tube for exercising sputtering and the vacuum chamber

for exercising vacuum deposition. 1Incidentally, as amodified
example of the embodiment 2-5, it is possible to employ the
configuration that the vacuum chamber for sputtering and the

20 vacuum chamber for vacuum deposition are arranged separately
and are connected to each other in advance. According to such
amodification, a substrate given vacuum deposition can be then
transported into the vacuum chamber for sputtering by a
predetermined transportation unit, with the same result as in

25 the case of sharing the wvacuum chamber. For ease of
understanding, the organic EL device to be described in the
present embodiment 2-5 shall have the same configuration as

that of the embodiment 2-5.

According to the fabricationmethod employed in the embodiment
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In form ng the anode |layer 10 and the inorganic thin filmlayer 12 by high
frequency magnetron sputtering, it is preferable to use a target that is
made of conpounds of the group A (group A-1 or 15 group A-2) and the group B
(group B-1 or group B-2) . Specifically, the target nust contain at | east
the group A (group A-1 or group A-2) and the group B (group B-1 or group
B-2) in predeterm ned proportions. Mreover, the target (1 mor less in
aver age 2partitdlee dpxpeterghowr hadarat Bergl , LPEnpd efdf abiig oBEAPREHLZE by
bei ng m xed uniforn1g gg using,a solution nethod (coprecipitation nethod)
(concent FAEFoPPORA A t 6226 b + P17 tBFENOLD vent : pol yhydric al cohol or the

i ke; precipitati ent:.  patassium hydroxide or, the |ik and a physi cal
m xi ng net hod ﬁb?égﬂf%&%ﬁll Fng egiﬁ?ﬁéT?yoWa?%%tf?%e?pﬁfé?ﬁgggériod: 1to

25 200 hours) si_nt.er ed. {( at er-af.ur f QQ& 1 or a
period of 10 tﬁg%%éﬂﬁd%skgﬁgpr§¥%?a%%§gg4 %% 45'SL guf%%a 5%$6m§§88§€%8 di ng
(press i 0g-i L P nolding, or the like) Here, the rate of tenperature
rise dup?éngJC %lﬁ%1ding preferably falls within the range of 1 and

50C mnute in N@ié’%r%ﬁ"@p&@fgﬁi 1d$e Pbi i ned-bymt BepseRL BAYSI s charact er
i zed by having the property that 1ts constituent materials are in uniform

conmposi tion rabi@snic| hehdeatebhy, 18yacel s heveoupasiébositabhes and the |ike
can be adjusted by the sputtering condition alone, it is also 5 preferable
t hat the conpoiihest oént hejgeolpn Al{geoupd A-taocnugr dapos At 2pnandniche group B
(group B-1 or group B-2) are sputtered separately. The sputtering condition
is not limitedathaty barercufarvameun deeeeasioén.is preferable to enpl oy
the condition of: in argon or. 10 other inert gas; 0.3 to 4 Win plasnma
out plt per a 1{th#FamFtacd gfehhofandrte tavgat and kheolirprgrnis thgs fpdm n
vacuum 0.01 to 50
layer
In forming the anode layer 10 and the inorganic thin film layer
12 by high frequency magnetron sputtering, it is preferabhle to use
a target that is made of compounds of the group A (group A-1 or
15 group A-2) and the group B (group B-1 or group B-2). Specifically,
the target must contain at least the group A (group A-1 or group
A-2) and the group B (group B-1 or group B-2) in predetermined
proportions. Moreover, the target (1 pm or less in average
particle diameter), or raw material, is preferably obtained
20 by being mixed uniformly by wusing a solution method
(coprecipitation method) (concentration: 0.01 to 10 mol/liter;
solvent: polyhydric alcohol or the like; precipitating agent:
potassium hydroxide or the like) and a physical mixing method
(mill: ball mill, bead mill, or the like; mixing period: 1 to
25 200 hours) and then sintered (at temperatures of 1200°C to 1500
°C, for a period of 10 to 72 hours or preferably 24 to 48 hours),
followed by molding (press molding, HIP molding, or the like).
Here, the rate of temperature rise during themolding preferably

fallswithin the range of 1 and 50°C/minute in value. The target
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nmsec in the rate of filmformation; 5 to 120 mnutes in the period of
filmformation; and -50C to 300C in substrate tenperature. The reason is
that such a sputtering condition is cost-effective 15 and capable of form ng
a dense anode |l ayer 16 and inorganic thin filmlayer 12 having uniformfilm
t hi cknesses. (2) Formation of the organic Iuninescent | ayer 14 Wth

ref erence to,Figs. 7 and 8, descrjption wll %lven of the nethod of

f or mi ng YHe? bR§ mxetherﬁerfé%EEﬁfiS|la%/@haf@wr%e \Pé/p%?&lflﬁgt F PSR tY
evaporation_materi al Initia the rotation ax

for a subittate 985S ?C&tﬁla%t m?%lefr JTao]tsatair %l%ld’[é/ T SO T hA? ?uébt'ssjtrafe
20or o Eh 004 BncKAGUEM £HAROT BHY A0 om;on%&%ag'gﬂdseﬂrcqa@el%

212F are arrange osifrons e romthe rotation axis 213A 25 of

the substragg %%e@ng t%éupah&%teeu?rﬁf Esntetatsd abeule, iiselifs Asbhe

sane tine, varlous evaporatlon materials are evaporated S|nultaneously from

the pl urgtétyrabievapaiathencompynees @t2hé ordhah el wy a-ar & angeslup
opposite to the substrate 203, thereby exercising deposition. The organic

| um nescen?) ZRAd ayey dhogepnBbe goltig redl i art hirs w@yB - Her eret ke wacebad
evaporator 201 shown in Figs. 7 and B conprises: a vacuum chanber 210; a
substratsepbakder 121l for fixing the substrate 203 to the inner top part of
t his vacuum chanber 210; and the plurality 5 (six) of evaporation sources
212At 0 212Ft obkn¢ sPhedwirth Jeverpbrtat doa s et éinaled topposawkto cankh mpnanged
bel ow this substrate holder 211. This vacuum chanber 210 is configured
capabl e ‘WrereR fitkl MihPraftaraietiornd oy fhedecedatiea @épr é8sarpeedost at e

ﬁ@lng exhaust neans (@ % shown) .. Incidentally, while six egaporation 10
sou es ArSBhOW T rPihe Giddram ' ne Aiidr oMt Rt ifort ~TburBESaFs not

limted thereto but may be flve or_- Iess or s ven
area OP the target; 1 1077 to 1 x S Pa in vacuum; 0.01 to 50

nm/sec in the rate of film formation; 5 to 120 minutes in the period
of film formation; and -50°C to 300°C in substrate temperature. The
reason is that such a sputtering condition is cost-effective
15 and capable of forming a dense anode layer 16 and inorganic
thin film layer 12 having uniform film thicknesses.
(2) Formation of the organic luminescent layer 14
With reference to Figs. 7 and 8, description will be given
of the method of forming the organic luminescent layer 14 by
20 evaporating different evaporation materials at the same time.
Initially, the rotation axis 213A for a substrate 203 to make
self rotation about is set on that substrate 203 by using a
vacuum evaporator 201. Next, evaporation sources 212A to 212F
are arranged at positions each away from the rotation axis 213A
25 of the substrate 203, and the substrate 203 is rotated about
itself. At the same time, various evaporation materials are
evaporated simultaneously from the plurality of evaporation
sources 212A to 212F which are arranged opposite to the substrate

203, thereby exercising deposition. The organic luminescent
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or nore. Now, the substrate holder 211 has a holding part 212 for hol ding
the periphery of the substrate 203, and is configured to hold the 15
substrate 203 horizontally in the vacuum chanmber 210. A rotating shaft part
213 for making the substrate 203 rotate (about itself) is erected
vertically at the center of the top surface of this substrate hol der 211.

2 . connected with a notor 214, rotating and

Thi s rotgtlng iQa rg rt|o 13 Qf
agitatin n ?h% FLaSiDrdl opePaffdhi of the motor 214, the
substrate 203 {@%ttﬂ?xv%%u%&%g@ﬁtaet&o gfﬁhg%l %f@rsel Eaﬁnb%s@@out

the rotating s portion 213," al on the su ate der 211. That
i's, the yertiealcKohadi 9@ 0axd §u%%%‘%a‘t§ 1est@bt bsheth ¢ @Exﬁhg &%"E@bs@&aﬁ@e

substrate 203 by ‘means of the rotating 25 shaft portion 213. Next, concrete

descript2entwidie beEngkvep Pirt be trthodcoiim dhembdig t he aergad th!dmlme%CEHt
| ayer 12 on the substrate 203 out of two types of organic | um nescent

mat ers al $s{RhPst svairraali cansgbu topanl 2 raterli 28 § o by fusilrgl « heh aepuEation
evaporator 201 configured thus. 78 Initially, the substrate 203 of flat
squar e shaper dazslshoppdsed Fbgnd airsapgeparehw Thiis substrate 034 2ldcked
to the holding part 212 of the substrate holder 211 in a horizontal state.
In this Fespetncuie e at €1203sshowt lign g cgrakilRg oeld B tinialing

hori zontal state means that the substrate 203 is |locked to the holding part
212 of th%ssﬁﬁ§€ﬁé9§IﬂﬂcﬁﬂpﬁﬂﬁeFﬁr§lW&ﬂ:ﬂﬁﬂ%ﬂssgféﬁgdI%§%$e|?ﬁf%?hpﬁg t he
organic lu | ayer ion rces 212B and 212C

ad10|n|nﬁxghu§ %ﬁgéﬁ?ndFV:é%PéVg gﬁﬁﬁggﬁg ﬁ'PPeH e tHE R Hht 8F a

and e doRant el Alo. eIREGH Yol Yag ALRET (e 1AL, ¢t I Nashum ghanber

sources is not limited thereto but may be five or less, or seven
or more.
Now, the substrateholder 211 hasaholdingpart 212 for holding
the periphery of the substrate 203, and is configured to hold the
15 substrate 203 horizontally in the vacuum chamber 210. A rotating
shaft part 213 formaking the substrate 203 rotate (about itself)
is erected vertically at the center of the top surface of this
substrate holder 211. This rotating shaft portion 213 1is
connected with a motor 214, rotating and agitating means. By
20 the rotational operation of the motor 214, the substrate 203
held by the substrate holder 211 makes self rotation about the
rotating shaft portion 213, along with the substrate holder
211. That is, the vertical rotation axis 213A is established
at the center of the substrate 203 by means of the rotating
25 shaft portion 213.
Next, concrete description will be given of the method of
forming the organic luminescent layer 12 on the substrate 203 out
of two types of organic luminescent materials (host material and

dopant material) by using the vacuum evaporator 201 configured thus.
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depressuri zed inside by the exhaust neans to a predeterm ned vacuum such as
1.0 x 10-4 Torr. Then, the evaporation sources 212B and 212C are heated so
that the host material and the dopant 15 naterial evaporate fromthe
respective evaporation sources 212B and 212C simultaneously. In the
meantime, the notor 214 is rotated for agitation, whereby the substrate 203
is rotated at a predeterm ned speed, such as 1 to 100 rpm about the

rotati oninaxial233Achen st st maye 2he sBbslrat eq2@3 enakepsed$ slodani on 20
while the host material and the dopantmaterial are co-evaporated to form
the orgahig.|udisnesepntreldayerTHs skdrs; r ase SHodwi s hocKiegl t8, thhdr@vdpogat i on
sources 212B and 212C are arranged at positions off the rotation axis 213A
of the skdstrafid 203 Hye aubpédetter finkdedi éddndeMa horizentall dF2Eei ons.
Thus, the 25 rotation of the substrate 203 _can change the angles of incident
of the ebRpbhhfi BASRECSr e Rt BatenéORoshomat e diland RN dopant

terial, on the substrate 203 | . Thi | Lows, th ti
Tt er al 700 HORCEETEG | e SubSTFats t30F UniT ot RS Ee6 %t RAL o T e FT Pim

| ayer hayin Y% ration nia f i for it r.atj n be
surely f%? r?gltfeh?\nggﬁpﬁ Q%Eté%é:nggﬁcr ea%:ébgftrtégceeg g]gf%%g%)giilﬁ] %c ?‘glné(?rg‘\}%? 15.
For exa it is possible to forma thin filmlayer having concentration

_exanp g ol t ( entr:
variations of 10% (on a nol e basis). Mreover, 5 when the evaporation is

performed thusye RO, &Y ORAMA Y ithd @AYAEE 19hite SHhstrate 203. (Fai $wo

elimnates the need for intended space and equipnent, al'low ng econom c
filmforapdpenatilon sdlididBImIgpaged Hex® adjhba nieobhtd N nefyithe-substnat e

203 refers to rotation about any rotating axis other than that of the 10

subsitorat221 | areequilies spate thiedérosthamtaridie fasetiod sephntr obakirdal,
respectively. After the filling, the vacuum chamber 210 is
depressurized inside by the exhaust means to a predetermined

vacuum such as 1.0 x 10™® Torr. Then, the evaporation sources

212B and 212C are heated so that the host material and the dopant

15 material evaporate fromthe respective evaporation sources 212B
and 212C simultaneously. In the meantime, the motor 214 1is
rotated for agitation, whereby the substrate 203 is rotated

at apredetermined speed, suchas 1l to 100 rpm, about the rotation

axis 213A. In this way, the substrate 203 makes self rotation

20 whilethehostmaterial andthe dopantmaterial are co-evaporated

to form the organic luminescent layer 12. Here, as shown in

Fig. 8, the evaporation sources 212B and 212C are arranged at
positions off the rotation axis 213A of the substrate 203 by

a predetermined distance M in horizontal directions. Thus, the

25 rotation of the substrate 203 can change the angles of incident

of the evaporation materials, such as the host material and

the dopant material, on the substrate 203 regularly. This

allows the evaporation materials to adhere to the substrate

203 uniformly, so that a thin film layer having evaporation
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Now, in exercising the sinultaneous evaporation, the substrate 203 is not
limted to any particul ar shape. Take, for exanple, the case shown in Fig.
7 where the substrate 203 has the shape 15 of a short plate and all the
sides of the substrate 203 are identical in length. Here, the plurality of
evaporati on sources 212A to 212F are arranged al ong the circunference of
the imaginary circle 221 around the rotation axis 213a of this substrate
203. Theathoitipl atfe whiaperprebepabliy isat irsfti 2gs Man(be/ s2redy fooneHere M
is the radius of the imaginary circle 221 and L is the Ilength of a side of
the subs¥iabén208e & ltheswt heeehafidthehen eateode der ] BF tilgd shivseFate- 203
are not identical but different in length, L shal| be the_|length of the

| ongest EPBeSXpAPdGoh 1icont iRef 8t PdRs Fot He Hhgt dsNht Whilfh L&Yapor T HRY
materials are 25 incident on the substrate 203 fr9n1the,pluralit of

evapor at FORCCESEALeL R VAA k3 DADE art IdE° riGiuérBa  FdRAfEEdl:, S iTAreEhne

composi t,0n 13l gg0f, Lhe, evanaral kon, Ul arial s, can.be, cont Ll ed, mpLe

eaS|Iy. eS| des, to such™¢ gurations, € evaporatli on ma als are

evapor atgd A oasertals anghe. 899t LAGkGNAS. on: fbensUBSLIAL & 203, The

absence of vertical 'incidence can further Inprove the uniformty o

conposi t §gRcer %tdd)se?j‘hﬁﬁkn@ntthe 4118%sHGf acln MRY 0VaNN | o @XakGIcH NOnt Be
fabrication nethod of the 5 enbodinment 2-5, as shown in Fig. 7, the

pl ural i tyiefmevepesaki.onHes@UI €B8 ZPAl 101302t &he pupkeralle/ 2anraagedson
the circunference of the imaginary circle 221 around the rotation axis 213A
of the subsbratte X03abbhe iardt vidualk ievaporat i onheaurtcesn 21 2Atto 212Ehkei ng
arranged at angles of 360 / n about the center of the imaginary 10 circle
221,10whesebatirgttche nunbesgof revapeeatd onl dourtksn2i2Atthe HDF ¢H pelf

arranged. For exanple, when six evaporation sources
rotation.

Now, inexercisingthe simultaneousevaporation, the substrate

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

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

15 of a short plate and all the sides of the substrate 203 are
identicalinlength. Here, thepluralityofevaporationsources
212Ato212Farearrangedalongthecircumference of the imaginary
circle 221 around the rotation axis 213a of this substrate 203.

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

20 where M is the radius of the imaginary circle 221 and L is the
length of a side of the substrate 203. On the other hand, when

the sides of the substrate 203 are not identical but different

in length, L shall be the length of the longest side. In such
configurations, the angles at which evaporation materials are

25 incident on the substrate 203 from the plurality of evaporation
sources 212A to 212F can be rendered identical, so that the
composition ratios of the evaporation materials can be
controlled more easily. Besides, due to such configurations,

the evaporation materials are evaporated at a certain angle
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212 are to be arranged, they are suitably arranged at angles of 60 about
the center of the imaginary circle 221. In such arrangenent, the plurality
of evaporation materials can be 15 forned in | ayers successively on each
portion of the substrate 203. It is therefore possible to forma thin film
| ayer whose conposition ratios vary regularly in the direction of the film
t hi ckness. Next, description will be given in nore detail of the 20

conposi té Hninpiflenme yoof thhe sobgdmiat ¢ udPRescEhe lahasndd phatveltsi ¢at med
by the sinultaneous evaporation nmethod described above. By way of exanple,
Al g was tsetdasceheanoser aesrimprand e st fpengbgant LhFhe c8isstriat @2 203
showmn in Fig. 9 was rotated_ at 5 rpmwhile a thin filmlayer having a

t hi cknes&2pEo25vapridki e ef ¢ LFoGH iRES® roms (setting) was sinul taneously

deposi ted undey the fol I qui dition:, Depasjtion. r f Alg Q119 0.3
mlo: | Deposi IUFIE Y of \CeoXBLa-Tb"D, $1ont LEPEA-C THTCKREEAGr oA gFbe.

1000 enaghi L 900 Shridemal Ly, e FRELSOL ohsseupel o

of Al'q is'S ayer ai ned” was neasur ed

for thi lesgeeég 2 1gztpb%a§ﬁ@%n9re%9é§e£é‘m %frf%%ﬁ thergkass suhstiahee203

shown 5 in Fi y using a contact type ckness neter. It was al so

neasur eds f ofn £/l g (i v Nt A Ge COMPRSIIRN that -9 akabenh& ikabi8s) o £bynlsi ng
an X-ray photoel ectron 'spectroscope (XPS) . Incidentally, the nmeasuring

poi nts (4fodorddd 208, 1Hee Ghasyisubstedd o 203 shewarces FZn t8 Arkr pebhgrary
corners (13 points) of 16 equal sections 10 having a square shape with each

side of SPramgéd Aengidlds sNtD0WDI ehabhatsunbaeenetrt BE shbsimatend®y is
di vi ded i n advance.
10 circle 221, where n is the number of evaporation sources 212A to
212F to be arranged. For example, when six evaporation sources
212 are to be arranged, they are suitably arranged at angles
of 60° about the center of the imaginary circle 221. 1In such
arrangement, the plurality of evaporation materials can be
15 formed in layers successively on each portion of the substrate
203. It is therefore possible to form a thin film layer whose
composition ratios vary regularly in the direction of the film
thickness.
Next, description will be given in more detail of the
20 composition uniformity of the organic luminescent layer 14 that
is formed by the simultaneous evaporation method described above.
By way of example, Alg was used as the host material and Cs
as the dopant. The substrate 203 shown in Fig. 9 was rotated
at 5 rpm while a thin film layer having a thickness of
25 approximately 1000 angstroms (setting) was simultaneously
deposited under the following condition:
Deposition rate of Alg: 0.1 to 0.3 nm/s;

Deposition rate of Cs: 0.1 to 0.3 nm/s; and

Thickness of Alg/Cs: 1000 angstroms (setting).
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Table 2-1 shows the results obtained. 15 "Table 2-1" 82 Table 2-1 Measuring
poi nt Thickness (A) Cs/Al 4A 1 0531 . 0 4B1035 1. 0 4C 1047 1.0 4D 1
088 1. 1 4E 1091 1.0 4F 1093 1. 1 4G610821.1 44H10751. 0 41
1082 1. 1 4J 1065 1. 1 4K 1010 1.0 4L 10081 . 0 4M1 0251 . O
Meanwhile, a thin filmlayer having a thickness of approximtely 1000
angstronms (setting) was fornmed under the sane evaporation condition as in
t he for gutimprsiatil tandsusherdserasiteict wrathdg rexéepe ft A tReSgPURsIn
substrate 203 was not rotated. The thin filmlayer obtained was neasured
for thi dikdfesses and Cs/ Al conposition ratios (atomc ratios) at the

83 "Taple 2-2"

qggfgr;?gzpﬁLg@%ﬁﬁﬁéﬁ%gpﬁgM¥H;€E%§§gk%ﬁ;qom%ﬂ%ggmggggkgaforthic nesses
at measuring points (4A to 4M) on the glass substrate 203 shown

5 in Fig. 9 by using a contact type film thickness meter. It was also
measured for Cs/Al (Al in Alqg) composition ratios (atomic ratios)

by using an X-ray photoelectron spectroscope (XPS). Incidentally,

the measuring points (4A to 4M) on the glass substrate 203 shown

in Fig. 9 are arbitrary corners (13 points) of 16 equal sections

10 having a square shape with each side of 50 mm in length P, into
which the surface of the substrate 203 is divided in advance.

Table 2-1 shows the results obtained.

15

“Table 2-1"
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4A 895 0.6 4B 941 1. 1 4C 884 1. 1 4D 911 0.7 4E 922 1. 1 4F 1 022 0.8
4G919 1 . 2 4H 1015 1.3 41 1 067 0.7 4J 908 1 . 2 4K 895 0.5 4L 920 1
0O 4M950 1 . 1 As is evident fromthese results, it was confirmed that

according to the sinmultaneous evaporation nmethod descri bed above, 5 the
thin filmlayer was obtained with extremely uniformfilmthicknesses within
the range of 1008 and 1093 angstrons and extrenely uniform Cs/Al
conposition ratios (atomc ratios) within the range of 1.0 and 1.10 over

t he neasuring points (4Ato 4M on the substrate 203. On the other hand, in
the case Ofggkt M@ -t4¢ fabrication 10 nmethod different fromthe foregoing

si mul t aneous evaporation 84 nethod, it was confirned that the neasuring
points (4Ato 4M on the substrate 203 showed fil mthicknesses in the range
of 884 and 1067 angstrons and Cs/Al conposition ratios in the range of 0.6

and 1.3. 5 Practical exanples [Practical exanple 2-11 (1) Preparation for
fabrication of ) O T ng point | Thickneaa (A | O °cd AT

44 1063 1.0

4B 1035 1.0

4C 1047 1.0

40D 1088 1.1

4E 1091 1.0

4F 1023 1.1

4G 1082 1.1

4H 1075 1.0

4] 1082 1.1

4J 1065 1.1

4K 1010 1.0

4L 1008 1.0

AN 10258 1.0

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

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

4M) . Table 2-2 shows the results.
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Powders of indium oxide and cerium oxide (no greater than 1 10 pmin
average particle dianeter) were accompdated in a wet ball mll container
so that the nole ratio Ce / (In + Ce) was 0.05, and then m xed and ground
for 72 hours. Next, the resulting ground article was granul ated, followed
by press nolding to dinmensions of 4 inches in dianeter and 5 nmin

t hi ckness. The resultant 15 was accomodated in a baking furnace, and then
heat ed and bak&tebke a-2enperature of 1400C for 36 hours to fabricate a
target 2-1 for the anode |ayer 10. (2) Formation of the anode |ayer 10
Then, a transparent glass substrate of 1.1 nmin thickness, 20 25 mmin
wi dt h, andEéﬁdéng%%_kfngth and the obtained target 2-1 were placed in the
comon vac h er—~of the high frequency sputtering system and the
vacuum evaporator. The high frequency sputtering systemwas operated to
forma transparent electrode film of 75 nmin thickness as the anode | ayer
10, thereby obtaining a 25 substrate. Here. a nixed gas of argon gas and

oxygen gas was fi}jlied in a state d essur.i down t o-3 0-1 P4 in
oattom S ehat | ol R bRl I PAEIHED A

condition of: an u}timate uacuum off 5 x Pa; substmat tenpqrat ure of
25C, an input Volta.g&nf ﬂfﬁ W.__and 1 fijé;%- Qr i 5 qur'rnanf 14 _di nut es.

Hereinafter, this plass SH$§trate and th§4¥Fnode ayer 1 i1l be referred
to collectively aspa.subsirate bsequiept Iy this subsfrate V\ES'_CMUbj ect ed
to ultrasonic cleﬁning ia(tsoprop I alq§2%ﬁi and| t hen dﬁi in a2
(nitrogen 5 gas) ajmmsphere"heforel10- nj Bl cl eani )

(ultraviolet rays)]and ozgmg. In this st@hey the pnode | y ety 10 off the
substrate was neasuuaijgujgﬂugaunamﬁnf -nannflgP pg:egihaL_h¥_u$|ng AC- 1
(fromRi ken Keiki fo., Ltdg and fqund goo 1.1

4 1022 0. 8

4G S19 1.2

4H 1015 1.3

4] 1067 Q. 7

4 908 1.2

4K 895 0.5

4L 920 1.0

4M 950 1.1

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

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

of 1.0 and 1.10 over the measuring points (4A to 4M) on the substrate
203. On the other hand, in the case of using the fabrication

10 method different from the foregoing simultaneous evaporation
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to be 6.20 eV. Mreover, the substrate provided with the anode 10 | ayer 10
was neasured for light transmttance (wavel ength of 550 nm and found to be
89% (3) Treatnent in vacuum evaporator The substrate was | oaded on the
substrate hol der of the vacuum chanber. Then, the vacuum chanber was
depressurized inside to a 15 vacuumof 1 x 10-6 Torr or |ower before the
hol e transporting |ayer 13, the organic |um nescent |ayer 14, the el ectron

i nj ecti onethydr it5waandondd merdodeat ayke neagereNamtidted [HhAsuectdsi on
on the anode layer 10 and the inorganic thin filmlayer 12 of the substrate
t o obt ai  ahher gakpE Bt edd TeSherd, fildm Hd efieasefom™ K 2F $6¥fmfton of

the organic |lum nescent |layer 14 to the formati.on of the cathode |ayer 16,
t he vaculiff e A bR BRENT T&Eh a&‘f’c‘és@g ?ﬂ]&?oﬁﬁé%%ﬁjﬁ%f)ﬁ& Jf?%ﬂewas

mai nt ai nejgrir; I gi ti ﬁ ly,.,as hole transporting material, TBDB nentioned above
was vaculim Bv8p8rst éd 1o 60 nm Next, as the |uminescent |ayer, 25 DPVDPAN

and R1 were cosgevapo e nmin the vacuum Here, the deposition rate
of tr%e DPVDPA AP0 Lo he deposition rate of DL was 1 nnis.

I nci dental |y, {%g@fﬁ'f%x%#ygty@i fornmula of TBE)B is shown in Fig. 19.
The chem cal VDPAN is also 86 shown in Fig. 19. The
chem cal structuyabrégapttacal fdr i St Soat SBWWBEI BnFidrgakdic ThENdeas ckhe

el ectron injection layer, Alq was vacuumevaporated to 20 nm 5 Finally, Al
and Li wefgbyvacatuimeveposatedqgeéo)formthe cathode |ayer 16 on the el ectron
injection layer 15, fabricating the organic EL device. Here, the deposition
rate of Al wasPdwdws,ofanchdihnen ocdeépiesehtonerate ofide Wwas k<Gl avmthanThe

t hi ckness of the Al/Li
10 um in average particle diameter) were accommodated in a wet ball

mill container so that the mole ratioc Ce / (In + Ce) was 0.05, and
then mixed and ground for 72 hours. Next, the resulting ground
article was granulated, followed by press molding to dimensions
of 4 inches in diameter and 5 mm in thickness. The resultant
15 was accommocdated in a baking furnace, and then heated and baked

at a temperature of 1400°C for 36 hours to fabricate a target

2-1 for the anode layer 10.
(2) Formation of the anocde layer 10
Then, a transparent glass substrate of 1.1 mm in thickness,
20 25 mm in width, and 75 mm in length and the obtained target 2-1
were placed in the common vacuum chamber of the high frequency
sputtering system and the vacuum evaporator. The high frequency
sputtering system was operated to form a transparent electrode film
of 75 nm in thickness as the anode layer 10, thereby obtaining a
25 substrate. Here, a mixed gas of argon gas and oxygen gas was
filled in a state depressurized down to 3 x 107" Pa in vacuum.
In that atmosphere, the sputtering was performed under the
condition of: an ultimate vacuum of 5 x 10™* Pa; a substrate
temperature of 25°C; an input voltage of 100 W; anda film forming
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filmwas 200 nm 10 (4) Evaluation on the organic EL device A direct-current
voltage of 4.8 V was applied to across electrodes with the cathode | ayer 16
of the obtained organic EL device as the negative (-) electrode and the

anode layer 10 as the positive (+) electrode. Here, the current

2.0 MM cnR 15 and the | um nescence intensity was 164 nit (cd/ nR).

density was
The

| um nescent color was confirned to be blue. Furthernore, for the sake of
dur abi | i t ymevaf Ut momuttenst aheredmadite dr it hy 9 Wass conesErad cand0t AR/ cnp.
No particular |leak current was found even after a |apse of 1000 hours or
nore. 20angge 14’58Ire19 gt 1 Bpergimfe nrad g 69 1dd ClelhBBdivnfAt 2 Iﬁr"aﬁft‘fﬁ?ﬁe

enbodi rrent Practic enbaodi nent Practl cal enbodi nent

3
Mat eri al S PSSH&&@tI oxitderS | U8R et ?n“ba)ﬁde?/uq%e &?%e/t?a)}le]rzc S%W‘&e Sn

de/ S de/ S de/ Z [ Z d /
gi: dg/ Eﬁnlgihdg‘ﬂ Fg(g%pgozpé%‘s g %‘%]5 %n%&%e |dr(;rknesserrn$ld

gg égg%

ot or’ al A1 ckRECCCR 1) 20 B0 8760 " MALGH &1 of *BRUBBAN DEVDRAK DEVORAN

DPVDPAN

(ultraviolet rays) and ozone. In this state, the anode layer

10 of the substrate was measured for the value of ionization

potential by using AC-1 (from Riken Keiki Co., Ltd.) and found

to be 6.20 eV. Moreover, the substrate provided with the anode

10 layer 10 was measured for light transmittance (wavelength of

550 nm) and found to be 89%.

(3) Treatment in vacuum evaporator

The substrate was loaded on the substrate holder of the vacuum

chamber. Then, the vacuum chamber was depressurized inside to a

15 vacuum of 1 x 107® Torr or lower before the hole transporting layer

13, the organic luminescent layer 14, the electron injection layer

15, and the cathode layer 16 were laminated in succession on the

anode layer 10 and the inorganic thin film layer 12 of the substrate

to obtain an organic EL device. Here, in the period from the

20 formation of the organic luminescent layer 14 to the formation

of the cathode layer 16, the vacuum was not broken even once

so that the same vacuum condition was maintained.

Initially, asholetransportingmaterial, TBDBmentionedabove

was vacuum-evaporated to 60 nm. Next, as the luminescent layer,

25 DPVDPAN and D1 were co-evaporated to 40 nm in the vacuumn.

Here,

the deposition rate of the DPVDPAN was 40 nm/s and the deposition

rate of D1 was 1 nm/s.

Incidentally, the chemical structural formula of TBDB is shown

in Fig. 19. The chemical structural formula of DPVDPAN is also
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| um nescent |ayer Thlckness(nnm) 40 40 40 40 Material of electron Alg Al g

Alg Alq

injection |ayer Thickness(nm 20 20 20 20 WMaterial of cathode

Al/Li A/Li AI/Li A/Li layer Thickness(rvn) 200 200 200 200 Vol tage(V)

4.8 5.3

5.0 5.1 Lumnescence 1 64 1 58 168 1 65 ntensity(cd/ n2) Half

1000 hours or nore 1000 hours or nore 1000 hours or nore 1000 hours or
G ass reference 5 10 "Table 2-4" 88 Table 2-4 Practical enbodi nent

Practi cathewbddi fést- PPact Té& chrbddianert rasriparat ifvempl g of §lo13 ekadpl e
2-1 Material of anode In oxide/ In oxide / In oxide / In oxide / |ayer
FHOBRi d8 FiSh ok?de / Sn oxide / Zn oxide / Zn oxide / Zn oxide /

oxi de /

Zn oxide /! Th oxide / Ho oxide

Thi ckness(nn) %5 78575 t??gh@%ﬁé?ﬁ%ﬂntfaﬁﬁg
transporting T80B TBDR JB0B TROR .

5

10

15

20

25

Finally, Al and Li were vacuum-evaporated to form the cathode
layer 16 on the electron injection layer 15, fabricating the organic
EL device. Here, the deposition rate of Al was 1 nm/s, and the
deposition rate of Li was 0.01 nm/s. The thickness of the A1/Li
film was 200 nm.

(4) Evaluation on the organic EL device

A direct-current voltage of 4.8 V was applied to across
electrodes with the cathode layer 16 of the obtained organic EL
device as the negative (-) electrode and the anode layer 10 as the
positive (+) electrode. Here, the current density was 2.0 mA / cm?
and the luminescence intensity was 164 nit (cd/m?). The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. Noparticular leak current was found

even after a lapse of 1000 hours or more.

“Table 2-3”
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nmor e

Sn

oxi de,/ eV% 5 84 S. 82@? 98 5 23



material 60 60 60 60 Thickness (rrn) Material of DPVDPAN DPVDPAN DPVDPAN
DPVDPAN | um nescent layer DI /DI /D1 /D1 Thidmess(rvn) 40 40 40 40
Mat erial of electron Alg Alg Alq Alg injection layer 20 20 20 20 Thi ckness

(nm) Material of cathode AI/Li A/Li A/Li A/Li layer 200 200 200 200
Thi ckness(nm Voltage(V) 5.1 5.1 4. 9 6.0 Lum nescence 16b 1 66 1 64 1 66
intensity(cd/n2) Half |ife 1000 hours or nore 1000 hours or nore 1000 hours

or nore 1000 hours or mare :Grass reference [Practical exanple 2-2] Instead
of the target 2-1 of the practical exanple 2-1, a target 2-3 made of indium
oxi de, tin oXide, zinc oxide, and neodym um oxide 5 was used with indi um of
0.8inthe mnle ratipg (ln /[ (ln + Sn + Zn)y )} tin of Q-1 in thenple ratio
(Sn / (I + Sn + Zn) )Pecigpidmzdinee: @Peia! srbofifent pleegipieatofizny Pt ¢t + Sn +
Zn) ) An organic E 2device \Aa_ﬁ_z_t%,b_r_i_gaf edlaith thrgfre‘?_j\‘rt the
fabri cati|dpeofedidt i ofirptle” same aS°iH 't he pr@erieal exampired 1.
| nci dent A1y, the anfge ®0 | ayer |$0°Fxd an i(pﬁ’?%'éﬁj on pot &ntPHl of 5|85 eV.
A direct|-current voltage of 5.3 |9 % appli¢d Y& across f1E"89 el edt r odes
of the obtgipned orgafic EL devi ceN%lgd?/n the pragtPcal  ex “fggfb 1, witfh the
result that the gurre f°density 572.0 mAN¢pgTin valuejand the
| um nescerggggugnmtgngl 1y was 158 niit, The a8 .

(96) x

Hole transporting | TBDB TBDB TBDB TBDB

matenal

Thickness (mm) 50 80 60 60

Material of DPVDPAN DPVDPAN DPVDPAN DPVDPAN

luminescent layer

Thickness (nm) a0 a0 40 a0

Matenal of electron Alg Alg Alg Alg

infection layver

Thickness (nrm) 20 20 20 20

Material of cathode | Al/Li AlL/Li AlL/L Al/Li

layer

Thickness (mm) 200 200 200 200

Voltage (V) 4.8 5.3 5.0 5. 1

Luminescence 164 158 168 165

intensity (cd,/'m?2)

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

X : Grass reference

5
10
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| um nescent color was confirned to be bl ue.
I nstead of the target 2-1 of the practical
i ndi um oxi de,

of

tin

oxi de, zinc

nole ratio (Sn / (In + Sn + Zn)),

+ Sn + Zn)),
nmet al
with the rest

t ot al

(Sm/ (In

and samariumof 0.04 in

+ Sn + Zn

oxi de,

5 [Practical
exanple 2-1, a target
and sanmari um oxi de
indiumof 0.8 in the nole ratio (In/ (In + Sn + Zn) )

exanpl e 2-3]

was used
tin of 0.1

2-4

made
W th
in the

zinc of 0.1 10 in the nole ratio (Zn / (In

+Sm).

the nole ratio with respect to the
An organic EL device was fabricated
of the fabrication condition the sane as in the practi cal

exanpl e 173 &dntal Iy, the anode | ayer 10 had an ionization potential 15
of 5.95 eV. A direct-current voltage of 5.0 V was applied to across the
el ectrodes of the obt|@eAetetigani|Crkie devee |EaciaientbdrentpyRekrtal exgnpl e 1,
with the fesult that |Ph€& current |@#esity was|22.70 mA/ cn? jeremvial ue and t he
| um nescepce intensitly was 168 nit. The lunijnescent colof2was confirjmed to
be bl ue. tefidP¥f aedei Clin@dahpl € 2-[4]oxibenst ead ofin e 't ar get {12exte 6f t he
practical |'exanpl e 2- lsraidkarget |B-bhmde of [andidani oxi de|Srtokids OXi de,| zi nc
oxi de, an@l europi um gXrdee ‘was usi@doweth i ndi @meok 0. 8 i njdhvedendl e ratio (In
/ (In + Sh + Zn) ) , |Tepwedf 0.1 |iHectde nole pSatdee(Sn / [In + Sn + Zn)),
zinc of 0 ‘Th_(eﬁ)s in the®néte ratio |GzBR/ (In + [Sn%8 Zn)), affd28uropi umfof 0.04
in the mpl"E"FEPTO wil’A respect t|d5the total ptal (Eu / (180 + Sn + |zn +
Eu)). An OREdATE"ER déFice was faifi cated witf%the rest P the fabrilcation
condi ti on fTe—sare—as(tERg t e pracitgpgt—exanpt g~ I—tmcrpemsatty,—the anode
| ayer 10 ﬁéLﬁgﬁm?'rbgni Zigkion 90 poItG%nti al of 56§8 eV. A difgct-current
vol t age ol ThRindss(MwWas | applied to jacross the e] ectrodes of|the obtained
organi ¢ Ely. ey Ce as|gplipbdie Pr acligeedpaeXanpl Bpgphany W Th [l obgsul T Tihat
luminescent layer D1 /o /D1 /D1
Thickness (rnm) 40 40 40 40
Matenal of electron Alg Alg Alg Alg
injection layer 20 20 20 20
Thickness (nm)
Material of cathode | Al/Li Al L AL/ AL/ L
layer 200 200 200 200
Thickness (nm)
Voltage (V) 5.1 5. 1 4.9 6.0
Luminescence 165 166 164 166
intensity (cd/m?2)
Half life 1000 hours or more | 1000 hours or more | 1000 hours or more | 1000 hours or more
X :Grass reference
[Practical example 2-2]
Insteadof the target 2-1of thepractical example 2-1, a target
2-3 made of indium oxide, tin oxide, zinc oxide, and neodymium oxide
5 was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn)),
tin of 0.1 in the mole ratio (Sn / (In + Sn + Zn)), and zinc of
0.1 in the mole ratio (Zn / (In + Sn + Zn)). An organic EL device
was fabricated with the rest of the fabrication condition the
same as in the practical example 2-1. 1Incidentally, the anode
10 layer 10 had an ionization potential of 5.85 eV. A

direct-current voltage of 5.3 V was applied to across the
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the current density was 2. O mAcnR in value and the | um nescence 5
intensity was 165 nit. The | um nescent color was confirned to be bl ue.

[ Practical exanple 2-5] Instead of the target 2-1 of the practical exanple
2-1, a target 2-6 made of indiumoxide, tin oxide, zinc oxide, and terbium
oxide 10 was used with indium of 0 8 inthe nole ratio (In / (In + Sn + Zn)

, t f 0.1 th I t + Z 0.1 in th
hoi o r a1 beEEROHE AE S, P o1y e ST BiAITGY 1608 he e A S Tatho

h h | | S
devi e vBSSPRBFI dat tf it HREngoreutt 16bF ThE A eal: Sahehsd 1% Pre sams
as In the,praet C@Bl%)éagﬂbe%}hg lg}unJArﬁ' EQSHE@lMteR@‘i%ﬁQQ% ié‘?q{ltm h@gean

i oni zation potentlal direct-current voltage o

appl i ed 19m§ﬁ@9%%§éwa&i§9tag%e%dﬁfibﬁeebkal@%ﬂﬁw@@nlc FL device as in
t he practical exanple 2-1, th the result that 20 the current density was

165 mA cnR in y@fé@tf@glt@garhynéngsgpnce intensity was 95 nit. The

| um nescent color was confirnmed to De blue. [Practical exanple 2-6] I|nstead
of the target Phdteddbliely astgeall-axafiphe p2akt iadlae genpl22 -2-,7a madeeaf

i ndi um oxi de, tin oxide, zinc oxide, and hol ni um oxide was used with indium
of 0.8 i ¢hedwbé Imdiwn (@xide,(kAn+oBide, Zinc) oxide mmd st riimm heinel e
ratio (Sn/ (In + Sn + Zn)), zinc of 0.1 in the nole ratio (Zn/ (In + Sn +
Zn)), andapolsadimich ondpunrof thé Aplehe adile wathor e€Spect(Inott e *t gnal /net al
(Ho / (In + Sn + 91 Zn + Hoé An organic EL device was fabricated with the
rest of tiheCfabriciki bhecBAUPt FBR1PhESBake (A8 TnSBhé pPacti éanCeRdnpl-é

2_111Jncigenhallgie ratﬁgoﬂgdlfy 10 had %% Igng% t%%%arlum of 0.04 in

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

15 of 5.95 eV. A direct-current voltage of 5.0 V was applied to
across the electrodes of the obtained organic EL device as in
the practical example 1, with the result that the current density
was 2.0 mA/cm® in value and the luminescence intensity was 168
nit. The luminescent color was confirmed to be blue.

20 [Practical example 2-4]

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

2-5 made of indium oxide, tin oxide, zinc oxide, and europium oxide

was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn)),

tin of 0.1 in the mole ratio (Sn / (In + Sn + Zn)), zinc of 0.1

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

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

of the fabricationcondition the same as in the practical example

2-1. Incidentally, the anode layer 10 had an ionization
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potential of 5.82 eV. A direct-current voltage of 5.1 Vwas 5 applied to
across the electrodes of the obtained organic EL devices as in the
practical exanple 2-1, with the result that the current density was 2.0
mV cn? in value and the |um nescence intensity was 166 nit. The | um nescent
color was confirnmed to be blue. 10 [Practical exanple 2-7] Instead of the
target 2-1 of the practical exanple 2-1, a target 2-8a nmade of jndium
oxi de, tPatertdel Afhe B34 kY- a @éF?G%TﬁHQﬁ?“V@EO&§éHQMQﬁ1§nh|%nW%F 0. 8
in the nnle ratio (In / + in the nDIe I o (Sn
/ (In + TRPILI2R) )to zﬁ%o%? bhe f—é%t’%%%é ﬁoPé HE ¢ on(tz%l nef) PLIN G a’[iiﬁ
and ceriymof 0.06.in the rati ct t t t Ce /
(In + Sﬁgg VZHc+ asC&f fhelﬁr%ﬁEEESE EEaH%b|c§§5£s Yagpiggfegj ﬂp ﬁ%agest
of the r r [
et dent o Py o he Badie T hyer O e onl i TaR Bt ol AP €68 v,
A di rsectlﬁ%ﬁg%mlafsa%s%lﬁ 9 vh\@aiuﬁﬁmés@eﬁ@ ccaﬁé@snsaéhfo@fggﬁé@deg of
the obtained organic EL device as in the practical exanple 2-1, with the
result thatpthe . current density was 2.0 mAd/cnR in val ue and the
| um nescence intensity was 164 nit. The |um nescent color was confirmed to
be blue. 25 [Presttiedl exaapbee228}] 1 nstead of the target 2-1 of the
practical exanple 2-1, a target 2-8b nade of indium oxide, tin oxide, and
cerium oxi de win#iteadiodimhetadgdtionltdethelpractiaal(énahp{é—~L,Sarprged tin
of 0.1 inthe nole ratio (Sn/ (In + Sn)) was used to forma 75-nmthick
film 9220h maduledt araumopx Wi cHtn 2einient ALDR $¥1de wendrige thymuskage a
taragt conposed mainly of zinc oxide with ceriumof 0.05 in the nmole ratio
O espeetusss Whéht spal e hI0 -Godn/ thgmal cgptyio, (In / (In + Sn + Zn) ),

tin of 0.1 in the mole ratic (Sn / (In + Sn + Zn)), zinc of 0.1

in the mole ratio (Z2n / (In + Sn + 2Zn)), and terbium of 0.06 in
the mcocle ratioc with respect to the total metal (Tb / (In + Sn +
Zn + Tb)). An organic EL device was fabricated with the rest

15 of the fabricationcondition the same as in the practical example
2-1. Incidentally, the anocde layer 10 had an ionization
potential of 5.84 eV. A direct-current voltage of 5.1 V was
applied to across the electrodes of the obtained organic EL
device as in the practical example 2-1, with the result that

20 the current density was 165 mA/cm? in value and the luminescence
intensity was 95 nit. The luminescent cclor was confirmed to
be blue.

[Practical example 2-6]

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

25 2-7 made of indium oxide, tin oxide, zinc oxide, and holnium oxide
was used with indium of 0.8 in the mole ratio (In/ (In + Sn + Zn)),

tin of 0.1 in the mole ratio (Sn / (In 4+ Sn + Zn)), zinc of 0.1

in the mole ratioc (Zn / (In + Sn + Zn)), and holnium of 0.12 in

the mole ratio with respect to the total metal (Ho / (In + Sn +
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An organic EL device was fabricated with the rest of the 5 fabrication
condition the sane as in the practical exanple 2-1. Incidentally, the anode
| ayer 10 had an ionization potential of 6.18 eV and a transmttance of 790.
Moreover, a direct-current voltage of 4.8 V was applied to across the

el ectrodes of the obtained organic EL device as in the practical 10 exanple
2-1. Here, the current densit $.2.0 mMA/ cnp d the l.um.nescence

i nt ensi t4" vx*/aé*oﬁéz nit P&?ﬁ%‘lﬁ/ ed?‘lﬁﬁlcﬁeéi'@esntf%%c%]f%?tﬁlgs w&&ﬁ} iccrq}?edr?%t be

bl ue. Furthernpore, .faor .the f rabi] Lt i C t = rent
driving %%ag%gg%;%]ﬁ% ggtlaotn Eé%ﬁﬁ/tgl&? q%&a%%#%i%suﬁéfékirj%%lfoac%utrlr(g%;f s g%nd
even after, 15 f 00 ur r a ive, e I r

| nst ead %flf he 1?’5‘%8‘2?‘%591“ f’ tﬁggpri%(??%gﬁ%(%%pcﬁgpzﬁ%j %tgﬁgﬁétzeafbéﬂr}ade
of indi umexhdealt oF oXigle,e@nd Zi AEre¥icde yMasn Used]whalge igxidm of Hab in
the mole ratio (In/ (In + Sn 20 + Zn)), tin of 0.3 in the nole ratio (Sn /
(In & SragpZng}, tcantZd$H€ dhelelddt #1d@e SDLE tald @ Zai hell BrgaSd Zn)).
In other respects, the organic EL device was fabricated in the sanme nanner
as in theepiaeti sal iexahpl pr2actidaciatemtal by? -thewiamodénd ayeyullO thagtan
ionization potential of 5.23 eV. A 25 direct-current voltage of 6.0 V was
appl i ed the asrossnt enel egtradds OMAYmen obt ai nede ermghutine Eundad secmasei n
the practical exanple 2-1, with the result that the current density was 2.0
my cn? i knvangeé tandashebburi hescehCel FALEPS AN ek® UBB6 Wi $ .COThEl rNghAi hescent
color was confirnmed to be blue. 93 Summary of the group of enbodi nents 2 As
has beerP@ePaiPed above, accor di ng to the organic EL device of the present
inveirati on, it Pé';\s be.conf é)ossi | e H)] provi de an organic

ractica xample 2

Insteadof the target 2-1 of the practical example 2-1, a target
2-8a made of indium oxide, tin oxide, zinc oxide, and cerium oxide
was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn)),
tin of 0.1 in the mole ratio (Sn / (In + Sn + 2Zn)), zinc of 0.1

15 in the mole ratio (Zn / (In + Sn + Zn)), and cerium of 0.06 in the
mole ratio with respect to the total metal (Ce / (In + Sn + Zn +
Ce)). An organic EL device was fabricated with the rest of the
fabrication condition the same as in the practical example 2-1.
Incidentally, the anode layer 10 had an ionization potential

20 of 5.98 eV. A direct-current voltage of 4.9 V was applied to
across the electrodes of the obtained organic EL device as in
the practical example 2-1, with the result that the current
density was 2.0 mA/cm? in value and the luminescence intensity
was 164 nit. The luminescent color was confirmed to be blue.

25 [Practical example 2-8]

Insteadof the target 2-1 of thepractical example 2-1, atarget
2-8b made of indium oxide, tin oxide, and cerium oxide with indium
of 0.9 in the mole ratio (In / (In + Sn)) and tin of 0.1 in the

mole ratio (Sn / (In + Sn)) was used to form a 75-nm-thick film
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EL device which has excellent transparency and durability and 5 exhibits
hi gh | um nescence intensity even under alow driving voltage, conprising the
anode layer and the |ike nade of certain organic conpounds. It was al so
confirnmed that the anode |ayer and the 1|ike made of certain inorganic
conpounds had excellent etching properties. 10 Mrreover, according to the

substrate for an organi c EL devjce f th resent ;i nvention n_organic EL
devi ce eXhidity F Op?e"f%?%hl & perfar %gcghlgewfaasbﬁacda gb e%%%ﬁ?.

e acs 2 20LPLO ok TR Iof, O | ADRECBLLAG 81 107 B0 fum B AEVDSELRT (e

present inventron, has becone’ possiblé o provi 15 "an organi ¢ EL

device eﬁé%ﬁ&l’@'ﬂa%&%i@ﬁ%@%ﬁ@&e@é dHansRal et &nd @uirabizhi tycang .
exhi bits high um nescence intensity even under a |low driving voltage.

G oup of pgnbadjdrent SE3, 28 terei nadd er apanhadi d@NLWS ter takni ngst o dthethbi rd
group of invention will be described with reference to the draw ngs.

[ Pract i cabhbexanplieBcbndil) i & efyex atanen akot ntttee fidrrdcat hdne vdmp leubstir.at e
for an organic EL device (fabrication of a target) 25 Initially, a

sput t er i hgctidegeta ltloy betlusednpdef daryieng 16l éxtd odesiownf zan igrgam tceELidévi ce
by sputtering is fabricated. Initially, powders of indium oxide and cerium
oxi de (nefgreatér eiVhamnd ma n tananpet panciecl @ fdi it er) WeEree@éesamodat ed
inawt _ ball mll container, and m xed and ground_for 72 hours. Here, the
94 ni xi ng ARGt PR aVe IfEFor fed %P t Rat"acer RRRLdLiddet P s 3G X055 S i AREhe
nol e Hﬂi?QMthi t.to the total anmount_ (this nole ,ratio wll

espec be
oxpr eSSl SETERIET Ph Shed)3t S ABSE. OTHien i BSut (1oL UF Gundi Pl B £ &1 e g ca L

graQHJatggam%qglawﬁq Here, the current density was 2.0 mA/cm® and the
luminescence intensity was 162 nit (cd/m?). The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm?. No particular leak current was found even after

15 a lapse of 1000 hours or more.

[Comparative example 2-1]

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

a target 2-9 made of indium oxide, tin oxide, and zinc oxide

was used with indium of 0.6 in the mole ratio (In / (In + Sn

20 + Zn)), tin of 0.3 in the mole ratio (Sn / (In + Sn + Zn)),
and zinc of 0.1 in the mole ratio (Zn / (In + Sn + Zn)). 1In
other respects, the organic EL device was fabricated in the
same manner as in the practical example 2-1. 1Incidentally, the
anode layer 10 had an ionization potential of 5.23 eV. A

25 direct-current voltage of 6.0 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 2-1, with the result that the current density was 2.0
mA/cm’ in value and the luminescence intensity was 166 nit. The

luminescent coclor was confirmed toc be blue.
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5 by press nolding to dinensions of 4 inches in dianmeter and 5 mm

i nt hi ckness. The resultant was accommodated in a baking furnace, and then
heat ed and baked at a tenperature of 1400C for 36 hours to fabricate a
target 3-1 for an anode layer. Incidentally, the present enbodinent 3 wll
deal with an 10 organic EL device. This organic EL device corresponds to an
exanple of the organic el ectrolum nescence apparatus in clains. (2)
Formati on of tShemangde fl ayer diverp, of tamdnesarseriis ¢l ass substrate 310 of 1. 1
mmin thickness, 25 nmmin width, and 75 mmin |ength, the foregoing target
3-1 fabricat eds has baed datAjledradstve, Agcco8IENGtDg the: oI BV 9 LALVACD wt %)
are placed in the conmon vacuum chanber of the hi%h frequency sputterijng
syst em odnBhe RESPERGUM WPt bF NEPRFCOMMBORPYR Fﬁéﬁﬂéﬂ%&déﬁﬂ?iﬁ?%bc

syst em was erated to orma 35-nmthick nmetal oxide |ayer 3123, a

Y hrm U hithk J7 1R neh 580t PR ERCSHAPE S5 AR CR feeBr SR s “313b on
the gl asesxhsi"ﬂgllt r}‘?{ eh%%i%" nle c% 12 4 yénsaln:l}?és&thl?ﬁ%rs%?é&rﬂtQ/l Qf‘&léé]g an
anodé | ayer conposed of these ree lT-ayers was o al ned. IS 15 shown

in Fig. Qjomr%ﬁ{)sg;_qé %@'mé%é@t&é%&w@w@é 40 A0 EXRIPLEgQhic25

t he "base in clalns. le this practical exanple uses the gl ass
substrat&mindd. | $tPees Rlied @ disei AnPhashhe eHRShhAWR 1AySHEh@ the
substrate as a silicon wafer, depending on the applications. Besides, the
step of IokaimHan fArede dayandygasuehcsppblianisNgacoskespards: a @i exanpl e
of "formng an 95 electrode by sputtering” in clainms. That is, the anode

| ayer Jhfogertésponds to an exanple of the "electrode” in clains. Here, a
m xed gas of argon gas and oxygen gas was filled in a state depressurized
dowAOt o 5 x 1l0lxeRaiar vacaamding thatheaswpsphete for an organic EL device

of the ‘present invention, an organic EL device exhibiting such
preferable performance can be fabricated easily.

Besides, according to the method of fabricating an organic

EL device of the present invention, it has become possible to provide

15 an organic EL device effectively which has excellent transparency

and durability and exhibits high luminescence intensity even under

a low driving voltage.

Group of embodiments 3

20 Hereinafter, embodiments pertaining to the third group of
invention will be described with reference to the drawings.

[Practical example 3-1]

(1) Preparation for the fabrication of a substrate for an

organic EL device (fabrication of a target)

25 Initially, a sputteringtarget tobeusedin formingelectrodes
of an organic EL device by sputtering is fabricated.

Initially, powders of indiumoxide and ceriumoxide (nogreater

than 1 pm in average particle diameter) were accommodated in a wet

ball mill container, and mixed and ground for 72 hours. Here, the

94



5 the sputtering was perfornmed under the condition of: an ultimte vacuum of
3 x 10-1 Pa; a substrate tenperature of 25C, an input voltage of 100 W and
afilmformng time of 14 mnutes. Hereinafter, the el ectrode substrate 318

conbining this glass substrate 310 and the anode |ayer 316 will be referred
to sinply 10 as substrate 318. This substrate .318 corresponds to an exanpl e
of the el ectrode substrate for an organic el ectrol um nescence apparatus in

cl ai ms. Stbseguent| §T ipALEIsaFSt PRI TS Qi S5 e BT ¥B Ut F8soni LV

cl eaning,in isopr | al cohql, and then dried i N2 (nitro as 15

Ct moaphatB HRE GRas BUF AFriGy B ocTed e Byt Hae URP Eats A et 1) o b
ozone. (3gtmhasuE§ggpts Bef or e %pd aféer t3§ UV €ae)a{]ing of the substrate,

t he anode®“f8y&r WS RESSTFE T0r T hé af'ue of°its work function by

usin 20 AC o] i i Ki t ; f . efore
cl eagi ng) andjj\ééf%& erp\?%( gf%{ggrﬁ%éﬁga%%?!? %E%lie%gé;(rdd,aS?Hggqugf&%g?e%%%{v&ged

Wi th e hey @9@%%@1&4& YasqmeasuiefsfoF hi ghtnebrapshkbharee Lwavel grgth
of 550 n and found to be 84% The surface resistance was neasured by the

four probetAethadsand TRSE faumtk 4 Ot he Ao Bcdhhnsda el i Fervaki ag afridee,
organi c EL device Next, the foregoing "substrate" was | oaded on the
substratgndhaigiehddr d herasdB L hambaremie t Aeuyacssm 2Y@ROEairoB 6 Hbehs the
vacuum chanber was depressurized inside to a vacuumof 1 x 10-6 Torr 96 or
| ower befor éabrhialagd ranspogeitng1layeer 320, aawdsr gamyerl.um nescent | ayer
322, an electron injection |ayer 324, and a cathode |ayer 326 were

| ami nat ed in sticeedsionl by tﬁéeaﬁ@ééehéy@mb@ﬂéff@ﬂ’q e wisbbsdeat ewdtlB 86

obtain an organic EL device. This is shown in
1 organic EL device. This organic EL device corresponds to an example

of the organic electroluminescence apparatus in claims.

(2) Formation of the anode layer

Then, a transparent glass substrate 310 o0f 1.1 mmin thickness,
25mminwidth, and75mmin length, the foregoing target 3-1 fabricated,
15 and an Ag target (Ag: 98.5 wt%, Pd: 0.5wt%, Cu: 1.0 wt%) are placed
in the common vacuum chamber of the high frequency sputtering system
and the vacuum evaporator.
Then, the high frequency sputtering system was operated to
form a 35-nm-thick metal oxide layer 312a, a 5-nm-thick Ag thin
20 film 14, and a 35-nm-thick metal oxide layer 312b on the glass
substrate 310. In this way, an electrode substrate 318 having
an anode layer 316 composed of these three layers was obtained.
This is shown in Fig. 1.
Here, the glass substrate 310 corresponds to an example of
25 the "base member" in claims. While this practical example uses
theglass substrate 310, it ispossibletouseaplastic substrate
or such a substrate as a silicon wafer, depending on the
applications. Besides, the step of forming an anode layer by

such sputtering corresponds to an example of "forming an
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5 Fig. 2. Here, in the period fronthe formation of the hole transporting

| ayer 320 to the formation of the cathode | ayer 326, the vacuum was not

br oken even once so that the same vacuum condition was maintained. 10 The
step of formng the organic |um nescent |ayer 322 by such vacuum deposition
corresponds to an exarrpl e of "formng an organic electrolum nescence |ayer
by vacuum deposition” in clainms. That is, the organic |um nescent_|ayer 322
corr espoRHECE 508 Exafplé tofinhe l'%rﬂ@Ja'?liL@Sel edt fné§t9er?déoqi%yje?yan

cl ai ns Initiall theholetr orti eri al
vacluum e@i oFlatrlét‘fst SnFr‘P REx £ %334 g % g%l luerflf*hﬁg 8nt lr’I a ?”§§2,

DPVDPAN d Dl t to 40 h t

Rt D A e
1 nnl 0 Th th | t.

tos L o PRI IR SR LD R e S A S

formd he, cathade: d Aygs 3¢90 ;fa}ﬁ&%n&l eGIdAN £ HAN@GHien drayer: 324ulthekely
fabricating the organic EL device 30. Incidentally, the deposition rate of

Al here yas,dm B $x 125! @Qd 49%9@99@&%%4@%&%#25%8 2@ Hpwys1 £ The
t hi ckness of the Al/Li I mwas 200 nm The chem cal fornul ae of TB

DPVDPAN, o D11 0 @nd; Aélqdaaefstmv\flormnngl gimd9of (D} kvaliation on the orgam c EL
device fabricated 97 A direct-current voltage of 4.3 V was applied to
across el ect ridelesimk fhet heheat hoderd@yenb326atke I he cobbanned orgagilesBL
device 330 as the negative (-) electrode and the anode | ayer 316 as the
posi tivesykytehreet fbdeandieriee armde uavent dénsiithyl wes refegred to simply

10 as substrate 318. This substrate 318 corresponds to an example
of the electrode substrate for an organic electroluminescence
apparatus in claims.

Subsequently, this substrate 318 was subjected to ultrasonic
cleaning in isopropyl alcohol, and then dried in a N; (nitrogen gas)

15 atmosphere before 10-minute cleaning by using UV (ultraviolet rays)
and ozone.

(3) Measurements

Before and after the UV cleaning of the substrate, the anode
layer 316 was measured for the value of its work function by using
20 AC-1 (from Riken Keiki Co., Ltd.), and found to be 5.85 eV (before
cleaning) and 6.20 eV (after cleaning). Moreover, the substrate
provided with the anode layer 316 was measured for light
transmittance (wavelength of 550 nm) and found to be 84%. The
surface resistance was measured by the four probe method and

25 found to be 4.6 Q/sq.

(4) Formation of the organic EL device

Next, the foregoing "substrate”" was loaded on the substrate

holder in the vacuum chamber of the vacuum evaporator. Then, the
vacuum chamber was depressurized inside to a vacuum of 1 x 107 Torr
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5 MmN cn2 and the | um nescence intensity was 160 nit (cd/nR). The

| um nescent color was confirmed to be blue. Furthernore, for the sake of
durability eval uation, constant-current driving was conducted at 10 n& cnR.
No particular |leak current was found even after a | apse of 1000 hours or
nore. 10 The results of the practical exanple 3-1 are shown in Table 3-1.
15 20 25 "Table 3-1" 98 Table 3-1 Practical Practical Practical Practical
enbodi mesit 1oeebat ey a e edt nEmné p @b ragerB2A ,3ath Fgard-31Maipesaknbf
anode | ayer In oxide/ In oxide / In oxide/ In oxide/ Ce oxide / Sn oxide /
Sn oxi delaBar 0X22le/an Zal extiven / iZieoki de/ L Zyeox3ae/ amNd axcdehpdsmiaxide/
for oxide/ Work function(eV) (before cleani n%) 5. 85 5. 81 5. 84 5.80 Wrk
functi om{ewWeraf teriepeadi Af) sBCCegs8ongeNs thes agiodss LapfkhessPhng e

oxi de/ Ag/ oxi de 35/5/35 35/5/35 35/5/35 35/5/35 Light transmittance(%) 85
55 81 B GTIERE 1 Lb SO DAN % . SA k) BBRG trarShort i by

mat er.i al _TBDB_TBDB TBDB TBDB Thi ckness(nm) 60 60 60 60 WMaterial of

| umi Resceh? - | éyer DPVDPAN DPVDPAN DPVDPAN DPVDPAN Thi ckness(nn) 40 40 40 40

Here, in the period fromthe formation of the hole transporting
layer 320 to the formation of the cathode layer 326, the vacuum
was not broken even once so that the same vacuum condition was
maintained.

10 The step of forming the organic luminescent layer 322 by such
vacuum deposition corresponds to an example of "forming an organic
electroluminescence layer by vacuum deposition” in claims. That
is, the organic luminescent layer 322 corresponds to an example
of the "organic electroluminescence layer" in claims.

15 Initially, as the hole transporting material 320, TBDB was
vacuum-evaporated to 60 nm. Next, as the organic luminescent
layer 322, DPVDPAN and Dl were co-evaporated to 40 nm in the
vacuum. Here, the deposition rate of the DPVDPAN was 40 nm/s
and the deposition rate of D1 was 1 nm/s.

20 Then, as the electron injection layer 324, Alg was
vacuum-evaporated to 20 nm. Finally, Al and Li were
vacuum-evaporated to form the cathode layer 326 on the electron
injection layer 324, thereby fabricating the organic EL device
30. Incidentally, the deposition rate of Al here was 1 nm/s,

25 and the deposition rate of Li was 0.01 nm/s. The thickness of
the Al/Li film was 200 nm.

The chemical formulae of TBDB, DPVDPAN, D1, and Alg are shown
in Fig. 109.

(5) Evaluation on the organic EL device fabricated

97



Material electron injection layer Alg g Alg g Thickness(nm 20 20 20 20
Material of cathode layer Al/Li I/Li A/Li A/Li  Thickness(nm 200 200 200
200 Voltage(V) 4.3 4. 8 4. 5 4. 6 Lum nescence intensity(cd/n2 ) 1 60 1 56
164161 Half Ilife 1 000 hours or 1 000 hours or 1 000 hours or 1 000 hours
or nore nore nore nore dass refererae [Practical exanple 3-2] A target
3-3 shown bel ow was used instead of the target 3-1 of the practical exanple
3-1. This tardgetdBr8ctsconeenndecdtaigrdiafm4 53 oXi des tEpploddeto zRAECBRI de,
and neodym um oxi de, having the follomnn% pecific conmposition. Here
.nd.un1o&l%ﬁﬁr@¢¢ﬁcwﬁ%kat%ﬁuf%ﬁhﬂﬂﬁnéﬁyﬁ 20 pé réfePPEaines asIaBiA Mbt al

h | d h
T Coxpr ekt s (79 Rﬁ%%ﬁ%%vr%'? eée'ﬁr%é'olér?hé%ﬁfﬁ ;rglf‘gfége:la%’?ﬁ PR the
t al Sn ./
qﬁéﬁn?ﬁr%ﬁF%%$B§$§€lvﬁ(§ﬁ %alnco gOnen S T% %n s%%ﬁSl 75/ (Pn +
S + g f 9 th
n ES .y cpb 1y é%+89 i1 P8R 0BLS &%5)9@ pleo g%mm 9ph0 the

)
t ot al neta{ Texpressed as he organlc

EL deV'CPué?Qe@@%n&ﬁQ&iP@%e@aéschfEQ%m£9H§9Qk9gaPu@Ct'@éktﬁé%ﬁeké 35dr
except that the target 3-3 was used instead of the target 3-1.

I nci dentahéd ysalad dheqhramioit{abrhtait obn, t Benangde- tayeénslérlsmﬁ@eda\émk
functions of 5.81 eV (before cl eaning) and 5.85 eV (after cl eaning) The
surface cesdstaandetofl 0t ha/andde Ncapartittlaasledk ¥ seht was found even

after a lapse of 1000 hours or more.

10 The results of the practical example 3-1 are shown in Table
3-1.
15
20
25
“Table 3-1"
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Mor eover,

a direct-current voltage of 4.8 V was applied to

el ectrodes of the obtained organic EL device 330 as in
exanple 3-1, with the result that the current density was 2.0 mdcnR in

val ue and the |um nescence intensity was 156 nit.
confirnmed to be bl ue.

current was found

Furt her

the results _of the practica
[ Practi cal E%&ﬁﬁre 3-3] 20 A target 3 4 shown bel ow was used instead of the

target 3-1
i ndi um ox
specific ¢
conponent s
mai n net al
in the mai
the nole r
expressed

330 was fa
the target |3
| ayer 316

(after cle

316was3. 9Sk

el ectrodes

exanpl e 3-F

of thepractical example 3-1.

nore,

exanpl e 3-

2 are

nor e.
al so shown in Table 3-1.

10 acro
the practic

| nci de

ss the
al

The | um nescent col or was
for the sake of durability eval uation,

constant-current driving 15 was conducted at 10 m& cnR2. No particul ar
even after a |apse of 1000 hours or

| eak
ntally,

of —t-he—practiecal uﬂww.uu FHs—target—3- :otmc.mjeof
de, tin oxide, zinf 8 de, £ﬁ§%mmt zﬁﬁﬁﬁéidepmﬁ§V?ﬁﬁ"?ﬁa
bposi tion as fol I ofss (Tﬂe ezratlodo_8 indi ufii'n the mafn meta
TS |: e T T T 1in the
wewd%ﬂﬁ%n s (Sn / priofj £ sn ﬁSn n e{/l s OZEZ?iThe grﬁé(ﬁce{/r atiofof zinc
L netal conmponent s Tf T (Inzhomde Oibys Ol J.p addiqion,
ati o of samariuminfthe total meL; } (1rggwe el ald 0 mnIIJ be
rk%mtlo é\})laoefore §Qanmg) 5'.183- Sn)) 5! %18 51g9 he %r g@nl c EL {levice
S GRLE (e@)s(afleﬂclera 60b£90i Ng |5 REact | C 3] ggxarrp! 3 351 except that
mﬁﬁﬁﬁé)use |nstead of the¢ target B-1. InC|jenpaIIy, the anode
zhqued wor k functiohs @f 355 5%58/5/93\‘5 (beferescl 8anispg) and[S. 95 eV
at(gpﬂq,g,)smt,.ml,;l@@),,surfan%5 resi stgnce of the anode |Qyer
S el F@etycurrpng  vol tage of 4. % W was apphbied to a¢ross the
HIL +inBlGringdRER NEd ORgaRlI C EL gy CE SylapdS 1'h Haggpractic
hickness (nm) 60 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
Thickness(nm) 40 40 40 40
Material electron ingection layer Alg [Alg Alg Alg
Thickness(nm) 20 20 20 20
Material of cathode layer Al L AL/ L AL/ L AL/ LS
Thickness(nm) 200 200 200 200
Voltage (V) 4.3 4.8 4. 5 4.6
Luminescence intensity(cd,/m? ) |160 156 164 161
Half life 1000 hours or 1000 hours or |1000 hours or 1000 hours or
more more more more

oxide,

X :Glass reference

[Practical example 3-2]

A target 3-3 shown below was used instead of the target 3-1

tin oxide,

following specific composition.

This target 3-3 is one made of indium

zinc oxide, and neodymium oxide, having the

Here, indium oxide, tin oxide, and zinc oxide will be referred

to as main metal components.

10

in the main metal components
is0.1.

asZzn/ (In+Sn+Zn)) is0.1.

(expressed as In /

Initially, themoleratioof indiuminthemainmetal components

(In + Sn + Zn))

99

is 0.8.

(expressed as Sn /

The mole ratio of tin

(In + Sn + Zn))

Themoleratioof zincinthemainmetal components (expressed

Inaddition, themole ratio of neocdymiunm



with the result that the current density was 2. 0 mA/cnR in value 10 and the
| um nescence intensity was 164 nit. The |lum nescent color was confirned to
be blue. Furthernore, for the sake of durability eval uation,
constant-current driving was conducted at 10 mA cnR. No particul ar |eak
current was found even after a |apse of 1000 hours or nor e. 15

Incidentally, the results of the practical exarrp e 3-3 are | sq SE Y)\?

Tabl e 3-3n Fhsy é@tt@éameéiénb@ép%eaﬂ_e%%%.l“&e{ 8lm sﬁ&/\/ﬁ BRI oW as 1§s8d Pnst ead
of the target 1 of the ctical s_tar s _one made
of indium 20 ﬁ}ﬁ Q& I3V Bxi deVt %‘?ng gaéﬁﬁCBFSge%%iylrﬁg%?ﬁemf(?a%goﬁa i ng

the specific, corposiLion 633 1f+ Q. g@angs PP%%J%@ 13 A0 NI 0eCTRi N

nmetal c onen (ﬁxa“)p e ratio of tini1n the
main nmetat CoONpPo s31§n/ (In+Sn+Zn)) is 0.1 The nole ratio of zinc
25 in the main rre?cg conponents (Zn / (In + Sn + Zn) ) is 0. 1. In addition,

the mple ratior@fiuseotyMaumha i bet@alprmeial i &b the(hdRode Shyehr Zne+
Pr)) is 0.04. The organic EL device 330 was fabricated as in the f or egoi ng

pract i cathexadmpbe k3fun extemnd oifhmist By (yfaate 31banasglisath bnstesd (at@# rof
the target 3-1. Incidentally, the anode |layer 316 showed work functi ons of
5.80 eV ¢hefoiregll eaiiscigguandch. 88sdV¥t(afderof cteanangdelTia st f AC€& was

resi stance of the anode |ayer 316 was 4.0 Qsqg. 5 A direct-current voltage
of 4.6 VAwasCeppiied to across the electrodes of the obtained organic EL
device 330 as in the practical exanple 3-1, with the result that the
current densi tNoR@RVEr 0 andligrect 1R nzgnte verild- adre dfurfi.fedc &ce aDMLéRs ty was

161 nit. The | um nescent _ , , ‘
across the electrodes of the obtained organic EL device 330 as in

the practical example 3-1, with the result that the current density
was 2.0 mA/cm® in value and the luminescence intensity was 156 nit.
The luminescent color was confirmed to be blue. Furthermore,
forthesakeofdurabilityevaluation,constant—currentdriving
15 was conducted at 10mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-2 are
also shown in Table 3-1.

[Practical example 3-3]

20 A target 3-4 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-4 is onemade of indium
oxide, tin oxide, zinc oxide, and samarium oxide, having the
specific composition as follows:

The mole ratio of indium in the main metal components (In /

25 (In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
in themainmetal components (Zn/ (In+Sn+Zn)) is0.1. Inaddition,
the mole ratio of samarium in the total metal (this mole ratio will

be expressed as Sm / (In + Sn + Zn + Sm)) is 0.04.
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color was confirmed to be blue. Furthernore, for the sake of 10 durability
eval uation, constant-current driving was conducted at 10 mA/en2. No
particular | eak current was found even after a |apse of 1000 hours or nore.
Incidentally, the results of the practical exanple 3-4 are also shown in
Table 3-1. 15 [Practical exanple 3-5] A target 3-6 shown bel ow was used
instead of the target 3-1 of the practical exanple 3-1. This target 3-6 is
one nade of i MheamrgexiideFLtder bxé B80 wascfaxrteataddr s dm ahenfoxedeintavi ng
the specific conposition as follows: 20 The nole ratio of indiumin the

mai n metRl acorpoharagla 31 eraePtShnat ZH)g Garqee 3-Pheagoracfat Roterdtin
in the main netal conponents (Sn/ (In + Sn + Zn)) is 0.1. The nole ratio
of zinc °F it IR methl conponents (zn / (In + Sn + 2Zn) ) is 0. 1. In
addition, the nole ratio of tantalum.in th ot al tal (Ta /[ (ln_+ + Zn
254 Ty i OBRSE brgartS B ey 530 \ins "PUBI GRF bt 4T Ao Re T

f or egoi cti e e 35 e h -6 i.pst ead
of t%e ?ngriggié%eis(-bfﬂrnec?ggﬁ g??f“ﬁi gigge?%fa%/égcg%égghggéd %\%?k U%J(::tQi ons
of 5.60 eV far i \/ (aft cleani T ace
resi st anlgeeséggfa g%a(%%gzl% %gge’?%%a;%gé 1%4‘7%9(3"%9/%%& r@c??gt%%%tenétw{/%ﬁlgge of
5.1 V wagoapphiedrt @ arrosgd hgpp el eat tedesQfsd hen obt akped LHaaN £ Ehe
device 330 as’in the practical % exanple 3-1, with the result that the
current ¢lensihydwesgibd JTALcaBvirevaBues anich the buEidieseence:amp &8sz +y, was
62 nit. The | um nescent color was confirnmed to be blue. Furthernore, for
the sakevdth tthe abiduly tevat uatd omr roomnistdants cuy et 2drl wAngmiéasn contluet ed

10 and the luminescence intensity was 164 nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.

15 Incidentally, the results of the practical example 3-3 are
also shown in Table 3-1.

[Practical example 3-4]

A target 3-5 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-5 1is one made of indium
20 oxide, tin oxide, zinc oxide, and praseodymium oxide, having
the specific composition as follows:
The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) 1is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
25 inthemainmetal components (Zn/ (In+Sn+2n)) is0.1. Inaddition,
the mole ratio of praseodymium in the total metal (Pr / (In + Sn
+ Zn + Pr)) is 0.04.
The organic EL device 330 was fabricated as in the foregoing

practical example 3-1 except that the target 3-5 was used instead
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at 10 mAMcnR. No particular leak current was found even after 10 a |apse of
1000 hours or nore. Incidentally, the results of the practical exanple 3-5
are shown in Table 3-2. 15 20 25 "Table 3-2" 103 Table 3-2 Practi cal
Practical Practical Practical enbodi nent enbodi nent enbodi nent enbodi nent
3-5 3-6 3-7 3.8 Material of anode layer In oxide/ In oxide/ In oxide/ In

oxi de/ Sn oxide/ Sn oxide/ Sn oxide/ Sn oxide/ Zn oxide/ Zn oxide/ Zn

oxi de/ Zonf dxieded rgdts 3oxi-del nhb dexitdel L \H tdy depdSmleyiedel 1 Po3koVaActPBR( eV)
(before cleaning) 5. 60 5. 64 5. 61 5. 72 Wrk function (eV) (vafter

cl eani ngfuBcbiogs L 55.6%9 52V ogbefifxknedseRH Dxi BBAAGT oXT d& V35)3F BST
35/5/35 35/5 35/100/35 Light transmttance (é%sm 83 83,83 Surf

resi st anGefeNp9s.- 3 1pe S LHCH roOSLIEGRE S ﬁ)@ret iy Hat ?Y%Faggﬁ)ngf%DB
TBDB TBDB 'IE')gl ckness(rim 60 60 to to Material of |um nescent |ayer DPVDPAN
DPVDPAN HPYDEN DPVDPAN D3 /DL /DL /DL Thi ckness(nm) 40 40 40 40 WMateri al

elec%fon injeQ&i&¥}4596¥uf¥ékgué$1@é%éN&% 4T@i€Kﬂ§§%ﬁﬂﬂﬂiég)fgaa%go%% the

electrodes of the obtained organic EL device 330 as in the practical
example 3-1, with the result that the current density was 2.0 mA/ cm?
invalueandthe luminescenceintensitywas16lnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
10 durability evaluation, constant-current driving was conducted
at 10 mA/cm?. No particular leak current was found even after
a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-4 are
also shown in Table 3-1.

15 [Practical example 3-5]

A target 3-6 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-6 is onemade of indium
oxide, tin oxide, zinc oxide, and tantalum oxide, having the
specific composition as follows:

20 The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
inthemainmetal components (Zn/ (In+Sn+2Zn)) is0.1. Inaddition,
the mole ratio of tantalum in the total metal (Ta / (In + Sn + Zn

25 + Ta)) 1is 0.06.

The organic EL device 330 was fabricated as in the foregoing
practical example 3-1 except that the target 3-6 was used instead
of the target 3-1. Incidentally, the anode layer 316 showed work

functions of 5.60 eV (before cleaning) and 5.64 eV (after
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Mat erial of cathode layer Al/Li A/Li A/Li M/ Ag In oxidel/Zn oxide

Thi ckness(nn) 200 200 200 5 75 (Total thickness: 60) Voltage(V) 4. 8 4. 7
4. 8 4. 4 Lum nescanmirtensity(cd/n2 ) 162 1165 163 1 66 Half life 1 000
hours or 1 000 hours or 1000 hours or 1 000 hours or nore nore nore nore *
:Transmittance d ass reference [Practical exanple 3-6] A target 3-7 shown
bel ow was used instead of the target 3-1 of the practical exanple 3-1. This
target XTeasioge .nmadéecofsumid cen r&s dxtdecet of thiedencded axe de3larml s

ni obi um oxi de, having the specific conposition as follows: The nole ratio
of i ndi un 8 nQt/lse;.mai n netal conponents (In/ (In + Sn + Zn)) is 0.8. The
nole ratio of tinin the main nmetal conponents (Sn / (In + Sn + Zn)%1 (S
0.1. The nol e % &6 BF HGFE O Viod LERE RAi - HeY 412 T GRFIRET $9(2RTPSEI Rh® Sn +
Zn)) is 0, 1. In addition, the nole ratiQ of niobjumin the total r,ret’ill (Nb
I (In + SEStIRres 04 Yhppalaes e59arhe Hr garicert3 e t t%@opﬁagtlca

fabri.cated as. i he foregoin ti,c exanple 3-1 except t e_tar get
377 Ve CRUTherdad™ oF e LaPREc RS the T BT Hen NS X ReSanate™ aor 916
showed i 5. (4 : [ . and5..7 .
ol ean ngyt PThLSS e Thmi Al Rl O S & ERE PO LTS M2 AR
direct-cap{gnt,yol £agei9may k /g 1app! i egh FonachRss t he, r el get L odesoef the
obt ai ned organic EL device 330 as in the practi cal

durability evaluation, constant-current driving was conducted

at 10 mA/cm*. No particular leak current was found even after

10 a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-5 are

shown in Table 3-2.

15

20

25

“Table 3-2”
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10 exanple 3-1, with the result that the current density was 2.0 mAcn2 in
val ue andthe | um nescence intensity was 166 nit.

confirmed t

current was
| nci dent al |
Tabl e 3-2.

o be blue. Further

f ound even after

y, the
[ Practi cal

nor e,

for the sake of

The | um

15 a | apse of 1000 hours or

the results of the practical

of the target;dsl-220 of the practical

exanple 3-6 are
exanple 3-7] A target 3-8

shown bel

nescent col or was

durability eval uation,
constant-current driving was conducted at 10 mA cnR. No particul ar

| eak
nor e.

al so shown in
ow was used instead

exanple 3-1. This target 3-8 is one

made of indium oxide, tin oxide, zinc oxide, and hafnium oxide, having the
speci fic cqmposTtTom as fof fOfS ot Ne S ati O [@idndi UnfpLdet Ne nai | net al
conmponents |{(In / (In + Sn + [Rapdmeits OfBrodikhre meedif@t | O [EHodimbdd 1 N tHe main
nmetal 25 dgonponents (Sn / (Ip®—5 Sn + 9 is 043:7 The mykesratio of [zinc in
t he mai n mMeuatracarponent s (Znjido@d N + BRoxte ZN) )Jinbsed. 1. [lrr«addi tion,[ the
nole ratio |of hafniumin the gseatoade/rret bdn ofiddf” [ ($rbxide /SN HSdbKide A Hf )) i S
0.06. The qgrganic EL device 330-was fabmieated a& dite/t he |Fosdgoi ng 05
practical gxanple 3-1 except [Thatdethe {ergetr 3- ginwa@/used sirrgde€ad of| t he
target 3-1.|WrhoicteRtEbfop cetrh|faf@de | ayer4316 showed wor K- fauncti ons jof 5.61
eV (before ré'am'on@ )%affthC'dén"@S 5e©’4(afte 5.7t| eani NP5 The g@r¥ace resi st ance
of the anodéhias€r316 was 6 Qsq| A directl-current [voltage of 4. 8 V
was appl i edt® 2ru%s t he eI §ét/r568%s oo 1HE5 oblf #irred or &R PEISSdevice 330
as in the pFﬁEt’ﬁ”ﬁ&Fm(e/‘ﬁ’érrpl e 81 with ‘?ahe resul?athat tHe current density
was 2.0 my/ \;ﬁ"e rqs'r.i‘.t"c"“e‘ tﬁclu..ut kel -Bri-reseehe—i H%erf;B.D%yvvas jTTBDé |
. Ole transporung matena
| um nescent Thickness (nm) 60 80 60 80
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
D1 /D1 /D1 /D1
Thickness(hm) 40 40 40 40
Material electron ingction layer Alg Alg Alg Alg
Thickness(nm) 20 20 20 20
Material of cathode layer Al AlL/U Al Mg, Ag
In oxide / Zn oxide
Thickness (nm) 200 200 200 5
75
(Total thickness: 80)
Voltage (V) 4.8 4.7 4.8 4. 4
Luminescence intensity(cd,/m?2 ) |162 165 183 166
Half life 1000 hours or |1000 hours or §1000 hours or }1000 hours or more
more more more

of the practical example 3-1.

X :Transmittance :Glass reference

[Practical example 3-6]

A target 3-7 shown below was used instead of the target 3-1

The mole ratio of indium in the main metal components

and niobium oxide,

is 0.1.

5 oxide, tin oxide, zinc oxide,
specific composition as follows:
(In + Sn + Zn)) is 0.8.
components (Sn / (In + Sn + Zn))
10

the mole ratio of niobium in the total metal

104

The mole

inthemainmetal components (Zn/ (In+Sn+2n)) is0.1.

(Nb /

This target 3-7 is onemade of indium

having the

(In /

The mole ratioc of tin in the main metal

ratio of zinc
In addition,

(In + Sn + Zn



10 color was confirmed to be blue. Furthernore, for the sake of durability
eval uation, constant-current driving was conducted at 10 nmA/cn2. No
particular | eak current was found even after a |apse of 1000 hours or nore.
Incidentally, the results of the practical exanple 3-7 are 15 also shown in
Table 3-2. [Practical exanple 3-81 The target 3-4 of the practical exanple
3-3 was used to form the anode |ayer 316 with thicknesses of an oxide

| ayer: 35 M) alSnethl-layer: 100 nm and an oxide layer: 35 nm Moreover,

th t hode 20 | i th i Li . of ! Al hi ck .. 5

ang gat rgngpar%‘%%g?ﬁg%% r%b\é ‘?V]rﬁ‘? w%‘s'fsl %hg?b%afiggd%wgalﬁg t;“leln 09§§?’a§g( Innm/
In + Z = 0.85): 75 ln | + t - ti

of i ndt G EFCT Bt T e SE5CRE CRASURLS oo THEE i bl PR T FRCSERGr

respects, -t eo*gg(gég §1_125 device 330 was fabricated in the sane manner as
in the practica xanpl e 3-1. The anode | ayer 316 showed work functions of

5. 72 58V (beforg, - Ch&dn Ny, e eV At ef1 € ls8@iRlor Neuskides of
resi stance of t%e anode layer 316 was 0.2 Q@ sq. 106 A direct-current

vol tage 9f g4 MoavasrapPEhBANLP AW 9531tve(a et €etnedeas ngf) .t henehd @i nede
organic EL device 330 as in the practical exanple 3-1, with the result that

the curreatidensidy sastReOamd/ddRl ayarvahee vand 4 he Duggqescence intensity
was 166 nit. Thel um nescent 5 color was confirned to be blue. Furthernore,
for the sake of didhgabidutnemvataldtagm ofcdndt @ntasaprntedriosiang osss the
conducted at 10 mA/cnR. No particular |eak current was found even after a
| apse of e1900rpder L oEhamhtainrd geppaicyEL ded ices8B P ool nttie practical

exanple 3-8 are ' _ 5
10 example 3-1, with the result that the current density was 2.0 mA/cm

invalueandthe luminescence intensitywasl66nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
15 a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-6 are
also shown in Table 3-2.

[Practical example 3-7]

A target 3-8 shown below was used instead of the target 3-1
20 of thepractical example 3-1. This target 3-8 isonemade of indium
oxide, tin oxide, zinc oxide, and hafnium oxide, having the
specific composition as follows:
The mole ratio of indium in the main metal components (In /
(In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
25 components (Sn / (In + Sn + Zn)) is 0.1. The mole.ratio of zinc
inthemainmetal components (Zn/ (In+S3Sn+2%n)) is0.1. Inaddition,
the mole ratio of hafnium in the total metal (Hf / (In + Sn + Zn
+ Hf)) is 0.06.

The organic EL device 330 was fabricated as in the foregoing
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10 al so shown in Table 3-2. [Conparative exanple 3-1] A target 3-9 nade of

i ndi um oxi de, tin oxide, and zinc oxide was used instead of the target 3-1
of the practical exanple 3-1. The specific conposition of the target 3-9 is
as follows: 15 In the target 3-9, the nole ratio of indiumin the main netal
conponents (In / (In + Sn + Zn)) is 0.6. The nole ratio of tin in the main
metal components (Sn / (In + Sn + Zn)) is 0.3. The nmole ratio of zinc in

t he mai romettal cabragemaits 3(2nekceph ¥hdh thgM3arasts 308lwa15héséﬁigaﬁFEeE‘E
device 330 was fabricated in the same 20 nmanner as_in thegﬁractl cgl ex

3-1 except thRata1df's t‘érge%ncé denjfsl Wised ﬁEiOHl@n%éVFeﬁ StReSAnBaE YAy er 316
h d k f t 6 f |

ol eani ngyen At SARRedtE car Fdnic Ysloﬁps(gfb TR 61520 BB S §o BYrc @as%‘f%e 25

| ectrode f. th b d

gxg(r:rplrg %fig o Cndtma P fRa Fe b e B et P £y

val ue % g%l LHI;n nescence i ntensi ty was 166 nit. The | um nescent col or was
confl rrred o} 1l ue. Incidentally, the results of the conparative exanple

3-1 are 107 %hQWQédl-Eﬂﬁﬁéﬂ%*%oltég%bbﬁ 3 8"v Ta el iRy akirk@s the
Conparative exanple exanple 3-1 3-2 Material of anode |ayer In oxide/ Ce

oxi de/ Srneoxtsleds 4F okéd®tained organic EL device 330 as in the practical

example 3-1, with the result that the current density was 2.0 mA/ cr?

invalueandthe luminescence intensitywas1l63nit. The luminescent

10 color was confirmed to be blue. Furthermore, for the sake of

durability evaluation, constant-current driving was conducted

at 10 mA/cm?. No particular leak current was found even after

a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-7 are

15 also shown in Table 3-2.

[Practical example 3-8]

The target 3-4 of the practical example 3-3 was used to form
the anode layer 316 with thicknesses of an oxide layer: 35 nm, a
metal layer: 100 nm, andanoxide layer: 35nm. Moreover, thecathode
20 layer was given the composition of an Mg/Ag thickness: 5 nm
and a transparent conductive film made of indium oxide and zinc
‘oxide (In / (In + Zn)) = 0.85): 75 nm. Here, In / (In + Zn)
represents the mole ratio of indium with respect to the total
amount of indium and zinc. In other respects, the organic EL
25 device 330 was fabricated in the same manner as in the practical
example 3-1.
The anode layer 316 showed work functions of 5.72 eV (before
cleaning) and 5.95 eV (after cleaning). The surface resistance
of the anode layer 316 was 0.2 Q/sq.
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Wrk function(eV) (before cleaning) 4. 65 5. 25 Wrk function (eV) (after
cleaning) 5. 23 5. 46 Thickness(nn) 75 oxide/ Ag/oxide 35/5/35 Light
transmttance (% * 89 Surface resistance( 4/”) 15. 8 NA Hole transporting
material TBDB TBDB Thi ckness(nn) 60 60 Material of |um nescent |ayer
DPVDPAN DPVDPAN /D1 /D1 Thickness(nm 40 40 Material electron injection

| ayer Alg Alg Thickness(nm 20 20 WMaterial of cathode er Al/Li Al/Li
Thi ckness(nr’r) B o0 250 ~ Vo1 iie VOWE g S QfLémf‘n\éé’@e%@é)leheﬁ it 955818&2 e1 66

Hal f * o T a f t

108 A 1 o BT TTOS00% bt b HooTAe DSk FRLLEac B et CADBL R 028l the
I I d

e SH AR Ae? /8L R Y RECBPACE G - AeenaT 6 A P OE A gg?e%ﬁ‘? i

anode |aygy, §Er@a%'%°é’}?edl\}(\?£5e£&'@ﬁ&éQH%eQEﬁy%%sFé/6£5?€f Orﬁhéll%f?fﬁ'r{'tgécéﬂg 5.46

eV (after ¢l eani ng or the surface réesistance, the anode |ayer 316 had
an inmsulabiye SHEfaeariantkeald bHA10e. nepsutadrodied derd aldye $ARergsul ts

of the conparative exanple 3-2 are
durability evaluation, constant-current driving was conducted
at 10 mA/cm?. No particular leak current was found even after
a lapse of 1000 hours or more.
Incidentally, the results of the practical example 3-8 are

10 also shown in Table 3-2.

[Comparative example 3-1]

A target 3-9 made of indium oxide, tin oxide, and zinc oxide
was used instead of the target 3-1 of the practical example 3-1.
The specific composition of the target 3-9 is as follows:
15 In the target 3-9, the mole ratio of indium in the main metal
components (In / (In + Sn + Zn)) is 0.6. The mole ratio of tin in
the main metal components (Sn / (In + Sn + Zn)) is 0.3. The mole
ratio of zinc in the main metal components (Zn / (In + Sn + Zn))
1s 0.1. The organic EL device 330 was fabricated in the same
20 manner as in the practical example 3-1 except that this target
3-9 was used.
Incidentally, the anode layer 316 showed work functions of
4.65 eV (before cleaning) and 5.23 eV (after cleaning). A
direct-current voltage of 6.0 V was applied to across the
25 electrodes of the obtained organic EL device 330 as in the
practical example 3-1, with the result that the current density
was 2.0 mA/cm’® in value and the luminescence intensity was 166
nit. The luminescent color was confirmed to be blue.

Incidentally, the results of the comparative example 3-1 are
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10 al so shown in Table 3-3. Summary of the group of enbodinents 3 As has
been detail ed above, according to the organic organic EL device of the
present invention, it has beconme possible to provide an organic EL device
whi ch has excellent transparency and durability 15 and exhi bits high

| um nescence intensity even under a |low driving voltage, conprising

el ectrodes (such as the anode | ayer) made of certain inorganic conmpounds.
It was AMYTeodf iT3RE tdat- the anode |ayer and the like nmade of certain

i norgani ¢ conmpounds described in the present invention 20 caused no
deterioration in etching property. Besides, according to the organic EL
devi ce of the\qﬂﬁﬁgpt_{;nvention, it has becone possible to provide an
organi ¢ EL devicé ef%ectively whi ch has excel | ent transparency and
durability and exhibits high |um nescence intensity even under a | ow
driving 25 voltage. Moreover, according to the el ectrode substrate of the
present invention, it is possible to fabricate an organic EL device which
provi des the fPpBEBrg3effects. Furthernore, according to the fabrication
met hod of thepresent 109 invention, it is possible to fabricate an organic
EL device which provides the foregoing effects. G oup of enbodinents 4 5

Herei nafter, aJgTUUp—Uf_pTETETT?KrTHHKEﬁIﬁ§§§F7rIﬁ_T i nvention
will be descriljed with reference to the PRGEve [EE%E%@E&? }xanple 4-1]
(1) Preparatiorf for the fabrication of a [sustleate fleraraae organi c EL device
(fabrication off targets) 10 Initially, powlers of irdiupoxide, |tin oxide,
and cerium oxi g aterial of anode laver In oxide,” Ce oxide,”
Sn oxide,”
Zn oxide,/
Work function(eV) (before cleaning) | 4. 65 5. 25
Work function (eV) (after cleaning) | 5. 23 5. 46
Thickness(nm) 75
oxide / Ag, oxide 35,/5,/35
Light transmittance (%4) * 80
Surface resistance (2 ,/[1) 15. 8 N/A
Hole transporting matenal TBDB TBDB
Thickness (nm) 60 60
Material of luminescent laver DPVDPAN |DPVDPAN
/D1 /D1
Thickness (nm) 40 40
Material electron inection laver Alg Alg
Thickness (nm) 20 20
Material of cathode laver Al Li Al Li
Thickness{nm) 200 200
Voltage (V) 6. 0
Luminescence intensity(cd,/ /m? ) |166
Half life

X : Transmittance ‘Glass reference

5 [Comparative example 3-2]
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are accomodated in a wet ball mll container so that the nole ratio of
indium(ln / (In + Sn)) is 0.9, the nole ratio of tin (Sn/ (In + Sn)) is
0.1, and the nole ratio of ceriumto the total netal (Ce [/ (In + Sn + Ce))
is 0.05 followed by mxing and grinding for 72 15 hours. Then, the
resulting ground article was granul ated, and press nolded to di mensions of
4 inches in diameter and 5 mmin thickness. The resultan s, accommpdat ed
in a baking fdrhaggctantl 1Hen codatea=ans Baget e %%t&ﬁi’ianEPS bt 99boc

for 36 rs 20 fabri,cate a target 4-1 for thin filmlayer .of a netal
oxi de. h%o_ﬁl a?d‘xtji ok L et SRR rﬁﬁdxi 38 8% i i RTGE T nd it ¢2 j;?rg

than 1 in average_particl i ter) t in_a t. .o m |
cont ai nreT%rOIé%mfﬁgP ‘f]ﬁg %%Fgogg}%lagqen%?]e( %%En% %%%%L\%g;%% ?g‘ ltrPlfeoIp}%([?;jvﬁet %Ayi

m Xi ng aéggal%igdgr_lg for 72 hours. 25 Then, the resulting ground article was
granul ated, ‘and press nolded to dinensions of 4 inches in dianmeter and 5 mm
in thickness. psTherdAsM t @RL YRSIAQG gdat ethdwe Awbaki Aghdtisaser angdst hen
heated and baked at a tenperature of 1400C for 36 hours to fabricate an

| ZO target fyfdhe anedeih@yesnd 1304 blexv, (aftetakltangely)of Ag Wdh the
additional Cu of 0.7 wt%and Au of 0.8 w% was fabricated. This will be

ref erredsdiofaseare A tiacgett hBeasiodes] a genet lab hhargeti nefu IQut Wi e s wdith ¢ € onal
Ni of 1.7 wt% 5 and Co of 1.3 wt% was fabricated. This will be referred to
as a Cwenargetldvorcdoves maametrald.target of pure Al will be referred to as
an Al target. (2) Fabrication of the substrate for an organic EL device
Next, descri ptitsnidgntabey githenresuthe Ghothat ForPafathee errEeRb3trat 8rfor an

organic EL device. This is shown in Fig. 12.
10 also shown in Table 3-3.

Summary of the group of embodiments 3

As has been detailed above, according to the organic organic
EL device of the present invention, it has become possible to provide
an organic EL device which has excellent transparency and durability

15 and exhibits high luminescence intensity even under a low driving
voltage, comprising electrodes (such as the anode layer) made of
certain inorganic compounds.

It was also confirmed that the anode layer and the like made
of certain inorganic compounds described in the present invention

20 caused no deterioration in etching property.

Besides, according to the organic EL device of the present
invention, it has become possible to provide an organic EL device
effectively which has excellent transparency and durability and
exhibits high luminescence intensity even under a low driving

25 voltage.

Moreover, according to the electrode substrate of the present
invention, it is possible to fabricate an organic EL device which
provides the foregoing effects.

Furthermore, accordingtothe fabricationmethodof thepresent
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A transparent glass substrate 410 of 1.1 mmin thickness, 25 mmin w dth,
and 75 mmin length, and the fabricated target 4-1, [1ZO target, and Al
target are placed in the vacuum chanber of the high frequency sputtering
system The high frequency sputtering 15 systemis operated to depressurize
down to an ultimte vacuumof 5 x 10-4 Pa, in which state argon gas al one
is filled. Fig. 12(1) shows the glass substrate 410, which corresponds to
an exanplevemfidime I'thasepweshedt tn tilrhsaté ren atgaatimEPphdedicepuniehi ng
was performed under the 20 condition of: a vacuumof 3 x 10-1 Pa; a
substrai@rQ%wé%ﬁatmﬁef%xeg@b@®1$%ﬁ%@¢%tures an input voltage of 100 W and
afilmformng tinme of 14 mnutes, so that a 110-nmthick thin filmlayer
412 of a netal oxide was fornmed by using the target 4-1 in the argon gas.
This is shown 'n Fi g. 12 2 .25.§ubgequently, the Al target was used to form
a 120-nmthic Pt the argon gas. This is shown in Fig. 12

(3) 5 Mreovel,, a%z g 2 I8 Oxy ‘%%Eﬁé%%ﬁgbﬁl%g g%kl@kﬁhEJ§§%E%§?4f"m

416 i'n the argon en gas. IS1S'S

and 13. }&Jelh;%r@e@ 2 'ye &Q?c#g%&h&rﬁtflikgff}?ﬂc@ 950£ﬁgtaygwih!;m need

not necessari ormed on t or egoi ng In ftilm414, but” is
preferably forrpgacgy@§pqgggﬁ Ve 4n1? ni trat e- phosphat e- acet at e aqueous 5
solution, the [ZOthin filmA thin filmwere etched to formIZO A thin
Wi res 418 of 201 pnpidpatathon Thés tise shapnitac Fbg. of245ubdbereaf Fer, anhe
thin filmlayer of the netal oxide fornmed from the target 4-1 on this
subst r at erquasi et Ehedeviican ( 6xlaki caifjoeous tsobetspn to form such a pattern

that one 1ZO A thin wire 418 falls 10 on the side of a thin film el ectrode
madé Of rom t he Taryeal Uy 1 poThHers of indiumoxide, tinoxide, and ceriumoxide

are accommodated in a wet ball mill container so that the mole ratio
of indium (In / (In + Sn)) is 0.9, the mole ratio of tin (Sn / (In
+ Sn)) is 0.1, and the mole ratio of cerium tc the total metal (Ce
/ (In + Sn + Ce)) 1is 0.05, followed by mixing and grinding for 72
15 hours.
Then, the resulting ground article was granulated, and press
molded to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C for 36 hours to
20 fabricate a target 4-1 for a thin film layer of a metal oxide.
In addition, powders of indiumoxide and zinc oxide (no greater
than 1 pm in average particle diameter) were accommodated in a wet
ball mill container so that the mole ratio Zn / (In + Zn) was 0.15,
followed by mixing and grinding for 72 hours.
25 Then, the resulting ground article was granulated, and press
molded to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then heated
and baked at a temperature of 1400°C for 36 hours to fabricate an

I1Z0 target for the anode layer.
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el ectrode fabricated through such patterning will be referred to as a
patterning electrode. This is shown in Fig. 12(6). Incidentally, the thin
filmlayer of the metal oxide formed fromthe target 4-1 preferably has a
width of 90 m Mreover, 15 the Al thin wires 414 obtai ned through the
foregoing etching correspond to an exanple of the netal thin wire. Besides,
the 1ZO AL thin wire 418 corresponds to an exanple where a protective. film

is arranged omNexetamethilntareer ThiAg &ipdy pdfdthrgadubieet éb t &% ePdsoni ¢

cleaning_in _20 isopropyl alcohol, and_then dried in N2 (,nitrogen gas)

at nosphefd °be oé ew%)-"f%/%faéoﬂ%aaﬁ‘ﬂg Brif/‘lﬁsiwﬁ&luge( ﬁlegleé\ﬂegi &f F‘%y?)n gﬁd
ozone. é32 I\ﬁasurements The patterning electrode (electrode width: 90 m

el ectrode® 9% gth: 100 mm) described above was neasured for resistance by
the 25 two pr - hod, f taeb . : l\g-0X%d thigpefilm
| ayer 412 for rr%%)&f(?%érﬁ t%énet%?lgé—% f g)lfoﬁlézwwggﬁ?%ig%tﬁéﬁ NP BN

Qm nspeghdi €f est st ance. s Ny eowgs i dnepat rerili g 16! 86t rade r reas teeasuned
for light transmttance (wavel ength of 550 nm and found to be 89% After
the U cteanidyetof bbecsithst) al eetalil2 strhe @radpukaysl #i21wes repsured for
the value of its work function by using AG1 (from Ri ken Kei ki Co., Ltd.),
and foundot esbhen &106ce#¥gekncidental |y, the nmeasurenments are shown in Table
4-1. 5 (4) Formation of the organic EL device The foregoing "substrate" was
| oaded on the $ubstalatéechoiderofi hheheubatuahechanben ofgehécvBtudevice
evaporator. Then, the vacuum chanber was depressurized inside to a vacuum
of 1 x 10-6 To¥exbr dpsasiprbéPsréidlhdre gHemspeft ithg | &3eraup®d af &hganic

| um nescent 10 | ayer 428, an electron injection |ayer 430, and a cat hode
|ayép substrate’for an organic EL device. This 1s shown in Fig. 12.

A transparent glass substrate 410 of 1.1 mm in thickness, 25
mm in width, and 75 mm in length, and the fabricated target 4-1,
IZO target, and Al target are placed in the vacuum chamber of the
high frequency sputtering system. The high frequency sputtering
15 system is operated to depreséurize down to an ultimate vacuum of
5 x 107* Pa, in which state argon gas alone is filled. Fig. 12(1)
shows the glass substrate 410, which corresponds to an example
of the "base member"™ in claims.
In that atmosphere, sputtering was performed under the
20 condition of: a vacuum of 3 x 107! Pa; a substrate temperature at
room temperatures; an input voltage of 100 W; and a film forming
time of 14 minutes, so that a 110-nm-thick thin film layer 412 of
a metal oxide was formed by using the target 4-1 in the argon gas.
This is shown in Fig. 12(2).
25 Subsequently, the Al target was used to form a 120-nm-thick
Al thin film 414 in the argon gas. This is shown in Fig. 12(3).
Moreover, the IZ0 target was used to form a 20-nm-thick IZO
thin film 416 in the argon gas mixed with oxygen gas. This is shown

in Figs. 12(4) and 13.
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432 were lam nated in succession on the anode |ayer 412 of the substrate to
obtain an organic EL device 434. This is shown in Fig. 14. Here, in the
period fromthe formation of the organic 15 |lum nescent |ayer 428 to the
formati on of the cathode |ayer 432, the vacuum was not broken even once so
that the sanme vacuum condition was naintained. Here, the organic EL device
434 corresponds to the organic _electrolum nescence device, in clains.

0
Initially, as YHed@kidndpsr {FRg R il ,‘ll?BDBR/‘v’ééte‘{/teﬂc‘iﬁﬁrlé\I}lapB?géed to

60 nm Next, as the arganic. |um npescent _|ayer .428 VDPAN. and

co- evapdtat &F‘{eossﬁﬁr’??%’r‘? i TS @@u%%el_glpg,%gto%ggd&l)ggptl%%1?2& égéf V\g{%g
DPVDPAN was_ 40 deposition rate of D1 was 1 nm's. 25 Then, as
t he el ecJtro%r'“T%{lg;c ll%??%@/%? 430, Alg was vacuuntevaporated to 20 nm

Finally, Al angdddoqare 1 yacupm evaporated & ofagnihe sathode | aygeod30 on

the electron 1njection layer 432, thereby fabricating the organic EL device

434. 5113séki€ion Ne rdepasi th on ffiake 2af t Al nWesSi  wleSe t aRddt he fdeRosEOY AN
rate of Li was 0.01 nmis. The thickness of the Al/Li filmwas 200 nm

| nci dentghiy wihese ay %fsfz@wgllmi AnTabkenh4- Irh Mreovenowhhan Fichenmzab) .
fornul ae of TBDB, DPVDPAN, Dl, and Alg are shown in Fig. 19. (5) Evaluation
on the organi cTiEratefti e, tabriltat €d 1A thyecbofcune ertt adlobkade fufredl fYomas
applied to across electrodes with the cathode | ayer 432 of the obtained
or gani ¢ Bte tdrgriviLel 484 tds % Iseibsdgattiovewas- Ftehect Aodenandaflhe anvdeubayer
412 solution to form such a pattern that one IZ0/Al thin wire 418 falls
10 on the side of a thin film electrode made from the target 4-1. The
electrode fabricated through such patterning will be referred
to as a patterning electrode. This is shown in Fig. 12(6).
Incidentally, the thin film layer of the metal oxide formed
from the target 4-1 preferably has a width of 90 um. Moreover,
15 the Al thin wires 414 obtained through the foregoing etching
correspond to an example of the metal thin wire. Besides, the
IZO0/Al thinwire 418 corresponds to an example where a protective
film is arranged on a metal thin wire.
This substrate was subjected to ultrasonic cleaning in
20 isopropyl alcohol, and then dried in a Ny {(nitrogen gas) atmosphere

before 10-minute cleaning by using UV (ultraviolet rays) and ozone.

(3) Measurements

The patterning electrode (electrode width: 90 um, electrode

length: 100 mm) described above was measured for resistance by the

25 two probe method, and found to be 2.5 kQ. The metal-oxide thin
film layer 412 formed from the target 4-1 alone was 3 x 10E-3
Qcminspecificresistance. Moreover, thepatterningelectrode

was measured for light transmittance (wavelength of 550 nm)

and found to be 89%. After the UV cleaning of the substrate,
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as the positive (+) electrode. Here, the current density was 2.0 mA/ cn2 and
the lum nescence intensity was 161 nit (cd/nR) . The |um nescent col or was
confirmed to be blue. 15 Furthernore, for the sake of durability

eval uation, constant-current driving was conducted at 10 mA/cnz. No
particular leak current was found even after a Iapse of 1000 hours or nore.
Incidentally, the results of the practical exanple 4-1 are shaown in Table

4-1. 20 thzanopspl ayaridll yasmppauged @%Eﬂec‘é?lli?ét:fc ﬂééwwﬁéﬁ%ﬁlon

Practical  enbodi qent d d 4-2 4-3
Nt or | 21Pbr Sanade Bayer | 1HUBXFAEF T RO oo T n Srar |4 SxFAENe &¢ okt der

Sn oxi de 4 §€‘o§|de/ Zn oxide/ Ce oxide Ce oxide Ce oxide Sm oxide
(Auxilia |ng) Al Al Al Ag Protective layer of nmetal oxide 1ZO1Z0O - -

| P(eV) (af ter 14 1 & O B ﬁeﬁ%élts%arér S T ApSplbiange, (%
El ectrode resis ancén%iis G% 9 %@ ecific resistanc anode | ayer 2.
5 2.54 2. 424 i%@tf&%@f%@g}é%%% fev/¥dOE-4  Hole
transporti ngr
The foregoing "substrate" was loaded on the substrate holder
in the vacuum chamber of the vacuum evaporator. Then, the vacuum
chamber was depressurized inside to a vacuum of 1 x 107® Torr or
lower before a hole transporting layer 426, an organic luminescent

10 layer 428, an electron injection layer 430, and a cathode layer
432 were laminated in succession on the anode layer 412 of the
substrate to obtain an organic EL device 434. This is shown in
Fig. 14.

Here, in the pericd from the formation of the organic

15 luminescent layer 428 to the formation of the cathode layer 432,
the vacuum was not broken even once so that the same vacuum condition
was maintained.

Here, the crganic EL device 434 corresponds to the organic
electroluminescence device in claims.

20 Initially, as the hole transporting material, TBDB was
vacuum-evaporated to 60 nm. Next, as the organic luminescent
layer 428, DPVDPAN and Dl were co-evaporated to 40 nm in the
vacuum. Here, the deposition rate of the DPVDPAN was 40 nm/s
and the deposition rate of D1 was 1 nm/s.

25 Then, as the electron injection layer 430, Alg was
vacuum-evaporated to 20 nm. Finally, Al and Li were
vacuum-evaporated to form the cathode layer 430 on the electron
injection layer 432, thereby fabricating the organic EL device

434,
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Thi ckness(nm 60 60 60 60 Material of |um nescent |ayer DPVDPAN DPVDPAN
DPVDPAN DPVDPAN Thi ckness(nm 40 40 40 40 Material electron injaction

| ayer Ala Ala Ala Ala Thickness(nm 20 20 20 20 Material of cathode |ayer
Al/Li A/Li A/Li Al/Li Thickness(nm) 200 200 200 200 Voltage(V) 4. 4 4. 3
4. 4 4. 4 Lum nescence intensity(cd/n2 ) 1 61 164163156 Half life 1

000 hours or 1 000 hours or 1 000 hours or 000 urs or _.nNDre nore. nore
nmore :d ass rEi&enbe C? %%HJC%P rétanpf &l 4w?f 1A“P2Fge?n%t§esﬂ%9\ﬁsbtéf89v was

used i nst ead the_targ of..th Lga |.e r ic EL
devi ce 4940 Oq L% ?’aﬁﬁé tﬁ /llsn th:e sgkrlrg %&%n%régm%ﬂﬁ gfécl}lhggg %ggrrpl e
4-1 ex t that the target 4-2 was used. The target 4-2 is conposed of

i ndi um oxide, tin oxide, and ceriumoxide. The nole ratio of indium(ln /

(In +Sn)) is thSideddrer 1P) & HAld %r%f shb@n(ﬁ'ﬁ‘ ’fakﬁié‘ 4=18N) Mdre &rdy, apdet he

nmole 10 ratio of ceriumto the total netal (Ce / (In + Sn + Ce)) is 115

0. 035 I nehggntahl ¥odnhiel awr&s fopoki, oppafoihe, anbdeahayan gvas 5. FoweVihn
val ue. The el ectrode resistance was 2.4 kQ A direct-current voltage of 4.3
V was applgedivo across the 5 electrodes of the organic EL device 434
obtained by the foregoing neans as in the practical exanple 4-1, with the
result that the) divalemt densén ythesoRgai enffle ne v ncw af aler apdt ¢fe

| um nescence intensity was 164 nit. The | um nescent color was confirmed to
be bl ue. A direct-current voltage of 4.4 V was applied to across

electrodes with the cathode layer 432 of the obtained organic EL

10 device 434 as the negative (-) electrode and the anode layer 412
as the positive (+) electrode.

Here, the current density was 2.0 mA/cm? and the luminescence
intensitywas 161 nit (cd/m?). The luminescent colorwas confirmed
to be blue.

15 Furthermore, for the sakeofdurabilityevaluation, constant-current
driving was conducted at 10 mA/cm?. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-1 are
shown in Table 4-1.

20

25

“Table 4-1"
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Furthernore, for the sake of durability evaluation, constant-current 10
driving was conducted at 10 mA/cn2. No particular |eak current was found
even after a |l apse of 1000 hours or nore. Incidentally, the results of the
practical exanple 4-2 are also shown in Table 4-1. [Practical exanple 4-3]
15 The organic EL device 434 was fabricated in the same manner as in the
practical exanple 4-2 except that the protective film nade of the IZO
target in the practical exanple 4-2 was not used. Incidentally, the work
function of thg, anogle | ayer was 5.85 eV in value. The el ectrode resistance
was 2.4 kO 20 A direct-current voltage of 4.4 V was applied to across the
el ectrodes, with the result that the current density was 2.0 mANcnP in

val ue and the | um nescence int ¢nstidy waped63d nit|P=dhel um nepeeit color was
confirmed t¢ be blue. Further ngambdimbyr fhedsake htedoinr abi | fprbpdiesgtal ufit i on,
constant-cufqrent driving was cghducted RB5mt 10 M&TnR. No Bar‘ticul af | eak
current was [f-4sndr faenRaf t er  anbapse ofi~ 4000 holw ser nor e st denfal |y,
the resultsjof the practical ejanple 4-Brake,  al B0 shown inzlakle 4-1.
[Practical e¢xanple 4-4] 116 A tasgrt 4- fE-shewn belowwas uskd duasteafl of the
target 4-1 |@l«theRyactical exanple 4-fy As forigihe netal farget, an Ag
target was [Msed.d NSteAda Mficet hﬁ‘lz&' targégo Incidentally, the ZO pretective
filma416 is pad,)us&de ke organic EL deT/i ce 434 has 5 fabrifcated ot herw se
in the same{manner as in the pragd cal |exanple # 35 The tajkgst 4-4 {s

conposed of |indium.exi.g8 tin axide, anF samari bm oxi de. The nole thi o of
Pndium (In Ao ()0, £.40)0) oS 89 89 89 89
Specific resistance of anode layer [2. 5 2. 4 2. 4 2.4
(Qem)
3X10E-3 [I8x10E—-4 |8x10E-4 7x10E—-4
Hole transporting matenal TBDB TBDB TBDB TBDB
Thickness (nm) 60 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DRPVDPAN DPVDPAN
Thickness (hm) 40 40 40 40
Material electron ingction layer Alg Alg Alg Alg
Thickness (nm) 20 20 20 20
Material of cathode layer AL L AL L Al Li Al L
Thickness (nm) 200 200 200 200
Voltage (V) 4. 4 4. 3 4. 4 4. 4
Luminescence intensity(cd/m?2 ) |161 164 163 156
Half life 1000 hours orj1 000 hours or |1 000 hours or 1000 hours or
more more more more

X :Glass referernce

[Practical example 4-2]
A target 4-2 shown below was used instead of the target 4-1
of the practical example 4-1. The organic EL device 434 was
5 fabricated in the same manner as in the practical example 4-1
except that the target 4-2 was used.
The target 4-2 is composed of indium oxide, tin oxide, and
cerium oxide. The mole ratio of indium (In / (In + Sn)) is 0.9,
the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole

10 ratio of cerium to the total metal (Ce / (In + Sn + Ce)) is
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0.9, the nole ratio of tin (Sn/ (In + Sn)) is 0.1, and the 10 nole ratio of
samariumto the total nmetal (Sm/ (In + Zn + Sm ) 1is 0.03. Incidentally,
the work function of the anode |layer 412 was 5.90 eV in value. The
el ectrode resistance was 2.4 kQ A direct-current voltage of 4.4 V was
applied to across the 15 electrodes of the organic EL device 434 obtained
by the foregoing neans as in the practical exanple 4-1, with the result
t hat theo-@grrent density was 2. 0 md¥cnR2 in value and the | um nescence
intensity was_156 nit._ The | um nescent cqlor was confirmed to be bl.ue,.
Furthernore, foRCHRRPEakEY of tRfMAFY FHPcEFQPUEET DRS %Qﬁ@éflﬁﬁqﬁnmafeér%éo
driving was, conducted at 10 nmA/c articular le gu%rent was found
95 =t

2, No
even aft&f énléﬁééeoft@@%oeﬁ88F§9ﬁerﬁﬁg?SFﬁBFﬁemﬁﬂ &results of the
i cal | e. 4- i le 4-1. i.cal 4-5
pr actica exa &lre&%ﬁaﬁigﬁﬁ%lo% I@g @ wa% acé[ﬁ{]ﬁééalt(@ ac%%'g‘)lt%e ]

25 A target 4-5 was use e target 4- practical exanple

4-1. As for theqmBt @ dral 981G rARAG T BEYSEWBS, Usad i sd 63A tHf fhRegBling

target. The organic EL device 434 was fabricated otherwi'se under the sane

condi ti oneassi Ast hg phachraatiexampkempdels-117wThe taegebsdid kBatorpesed
of indium oxide, zinc oxide, and praseodym um oxide. The nole ratio of

i ndi um (tartefitriehsdn) was 2S0taY cri*hier val e satitheof uhime§Sonée GhrehsZn)y) is
0.1, and the nole ratio of praseodymumto the total netal (Pr / (In + Sn

5 + Pr))was 0604nit ncient ahhyneskentwordo famcia sncoh fimehode bayetuédl2 was
5.81 eV in value. The electrode resistance was 2.5 kQ A direct-current
vol t age birghsryonas fgppilicedake cdchousitlngy evaluation, constant-current

10 driving was conducted at 10 mA/cm?. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-2 are
also shown in Table 4-1.
[Practical example 4-3]

15 The organic EL device 434 was fabricated in the same manner
as in the practical example 4-2 except that the protective film
made of the IZ0 target in the practical example 4-2 was not used.

Incidentally, the work function of the anode layer was 5.85
eV in value. The electrode resistance was 2.4 k.

20 A direct-current voltage of 4.4 V was applied to across the
electrodes, with the result that the current density was 2.0 mA/ cm?
invalueandthe luminescence intensitywas163nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted

25 at 10 mA/cm?. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-3 are
also shown in Table 4-1.

[Practical example 4-4]
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el ectrodes of the obtained organic EL device 434 as in the practical 10
exanple 4-1, with the result that the current density was 2. 0 md/cnR in
val ue and the | um nescence intensity was 161 nit. Thel um nescent col or was
confirmed to be blue. Furthernore, for the sake of durability evaluation,
constant-current driving was conducted at 10 nA/ch No particul ar |eak
current was f uEg ev | apse of

f
| nci dental |y, nI ?ét %F]O{”Hebﬁll%t %%Iuseﬁogr‘?ﬂis e4a O(%; g%sﬁgwﬁel n*Tabl e
4-2. 20 of?éh 051 rcr:en e%%'%r%lgablled' {:h(éanlleggl?‘cctdrccjaé% AEC@Arget

Conpar ative di ment enbodi ment exa

Materi al,, of @@%_Qie {1Ryee4n oxidet 1Ay Oi\fb%g/etl n thgglcjeln&ﬁlge/ then pxbde/
Sn oxi de/ Sn oxide/ Sn oxide/ Pr oxide oxi de/ Tb oxi de (AUXI liary

Wi ring) MsofUcASvASEiRrOLEGt ivendayede®f nmehalopyhdecl 20 d&0i L2 3UR(&Y)
(after cleaning) 5. 81 5. 80 5. 90 5. 25 Light transmttance (% *

El ecttr odeabbestatamce(tkdg r89s87 187 tHx Speei hbanrasisd ahcetak ancdet1iayer 2.
52. 6 2. 52. 4 (4cnm 2xlIOE-3 7x10E-3 4x10E-2 4x10E-4 Hole transporting
nmat er i al e¥8DB1 €BBB 1T.BDB TBDB
The target 4-4 is composed of indium oxide, tin oxide, and
samarium oxide. The mole ratio of indium (In / (In + Zn)) is
0.9, the mole ratio of tin (Sn / (In 4+ Sn)) is 0.1, and the

10 mole ratio of samarium to the total metal (Sm / (In + Zn + Sm))
is 0.03.

Incidentally, the work function of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.4 kQ.
A direct-current voltage of 4.4 V was applied to across the

15 electrodes of the organic EL device 434 obtained by the foregoing
means as in the practical example 4-1, with the result that the
current densitywas 2.0mA/cm® invalue and the luminescence intensity
was 156 nit. The luminescent color was confirmed to be blue.
Furthermore, forthesakeofdurabilityevaluation, constant-current

20 driving was conducted at 10 mA/cm?. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-4 are
also shown in Table 4-1.
[Practical example 4-5]

25 A target 4-5was used instead of the target 4-1 of the practical
example4-1. Asforthemetal target, anAgtargetwasusedinstead
of the Al target. The organic EL device 434 was fabricated
otherwise under the same condition as in the practical example

4-1.
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Thi ckness(rinm 60 60 60 60 WMaterial of |um nescent |ayer DPVDPAN DPVDPAN
DPVDPAN DPVDPAN D1 /D1 /D1 /D1 Thickness(nm 40 40 40 40 Material electron
injection layer Ala Ala Ala Alqg Thickness(nm 20 20 20 20 WMaterial of

cat hode |l ayer Al /Li Al/Li Al/Li A/Li Thickness(nm 200 200 200 200
Voltage(V) 4. 5 4. 5 4. 6 5. 3 Lum nescence intensity(cd/rrz ) 161 1 58
1556 1 62 Half life 1 000 hours 1000 (Q)ou 1000 ,hours .or or re
more Transm tiHhEErI9ads o efer SARESE U, o5\ Elél]c ﬂxtlggge‘?na 6

was used_instead of t arg 4- 1 of th t| I, for
the neta? 4Ty mlum(fjxjt%er ge?thv\?asmoulsee d 7ns eag églfu (aﬂgl)e erget Iﬁ?ot her
respect s, st@e ?Q'rﬁo% Qg\e'l%eo"f%l Wg%r; ue%ﬂs s the Préﬁ&'%é
exanpl e ]4 %’ i'sS conpose m oxi de, tin oxide, and

neodym ug, i gstﬂah%f"gfag@&a%m%m Rd Ltrne( I{b{ailﬂeta§n) Bris (fh9 the
nole ratio of tin In + Sn)) is 0.1, and the 119rm|erat|oof

neodynm um b e) I;hqstqjadz; rretal (Nd/ (In+ Sn + Nd)) is 0.06. Incidentally,
t he work functl on of the anode | ayer 412 was 5.80 eV in value. The
el ectrode resisi@ngen sl @, 6k wdr A fid@citorc Wi ehle aololbage agk rd 45 2Vwaas
applied to across the electrodes of the obtained organic EL device 434 as
in the praglical inexanmpée 4rts &débttrbela esadisthatet hemcwt renkensity was
2.0 mMVcn2 in value and the | um nescence intensitywas 158 nit.
Thel um nescent®A direct-current voltage of 4.5 V was applied to across the
electrodes of the obtained organic EL device 434 as in the practical
10 example 4-1, with the result that the current density was 2.0 mA/cm?
invalueandthe luminescence intensitywas16lnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
15 a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-5 are

shown in Table 4-2.

20

25

“Table 4-2"
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color was c
eval uati on,
parti cul ar

onfirnmed to be bl ue.

constant-current driving was conducted
| eak current was found even after

Furt her

nore,

for the sake of 10 durability
at 10 mA/ cn2. No
a |l apse of 1000 hours or

nor e.

Incidentally, the results of the practical exanple 4-6 are also shown in
Table 4-2. 15 [Practical exanple 4-7] A target 4-7 was used instead of the
target 4-1 of the practical exanple 4-1. As for the netal target, anAg
target was used instead of the Al target. In other respects, the organic EL
device 434 t%%y{aQr'Cated as in the practical exanple 4-1. 20 The target
4-7 is conpo i ndi um oxi de, tin oxide, and terbium oxide. The nole
rati o of i ngtroum<{t+n— \lllTQllﬁmélauvpmct,lre IIUIEmTiccialIIU [ (In +
Sn)) is 0.1 and the nole rat fwﬁerQ%&g% 0 the Jolal by (In +
Sn + Tb)) is 0. 06. 25 Incidenig gy, th,4mgr furngon of Iayer
412 was 5 B ev—+fA—vatte—re ot € St-Siree—Y
direct-currgﬁF”WSVFﬁaﬁw%f 4.6 %/J IPéﬂf(S FB?@e es of the
obt ai ned orpanic EL device 434 %é”@ #gy |C’§”°@§ npl - ilth the
resul t that|he current densi t Pvﬁéez.o 120°1% val pe and tHe
| um nescencg (Apoifprs et ¥mas 166 it . The nescerﬁg col or s confijrnmed to
be bl ue. Fuﬂ?ﬂ%¥ﬁﬁ®%’ 75 “the sake of dé@abllltyZQValuati
const ant - cuflPeM Ghericednng was conducted |at 10 mA|cn2. No phrticul ar| | eak
current was|found even after $5&7 apse|®f8C1000 HBUPS or nPr&S Incijdental ly,
t he resul t s|i@ht tehritprai*cal exanple 4-7 are al 4o shown ih Table 4-2.
[ Conpar at i vEleekappkigand= (k) 89 87 87 90
Specific resistance of anode laver | 2. 5 2.6 2.5 2.4
(Qeom)
2X10E-8 |[7X10E-3 [4X10E-2 [|4x10E-4
Hole transporting material TBDB TBDB TBDB TBDB
Thickness (nm) 60 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
D1 /D1 /D1 /D1
Thickness(nm) 40 40 40 40
Material electron ingction layer Alg Alg Alag Alqg
Thickness (nm) 20 20 20 20
Material of cathode layer Al L Al Li Al/Li Al Li
Thickness(nm) 200 200 200 200
Voltage(V) 4. 5 4.5 4, 6 5.3
Luminescence intensity(cd/m? ) | 161 158 166 162
Half life 1000 hours 1000 hours or | 1000 hours or
or more more more

example 4-1.

of the Al target.

X : Transmittance: Glass reference

[Practical example 4-6]

Atarget 4-6was used instead of the target 4-1 of the practical

In other respects,

was fabricated as in the practical example 4-1.

neodymium oxide.

0.9

The target 4-6 1s compcsed of indium oxide, tin oxide,

14

the mole ratio of tin

(Sn /

The mole ratio of indium

(In +

119

(In /

Sn)) 1is

(In + Sn)

0.1, and

As for themetal target, aCutarget was used instead

the organic EL device 434

and
is

)

the



An organic EL device was fabricated as in the practical exanple 10 4-1
except that an I TO target was used instead of the target 4-1 of the
practical exanple 4-1 and an Ag target was used as the netal target.

I ncidentally, the work function of the anode |ayer 412 was 5.25 eV in
value. A direct-current voltage of 5.3 V was applied 15 to across the

el ectrodes_of the obtained organic EL device as in the practical exanple
4-1, withotherpsd@ tof HagodhBledy tenttheehstey wet®l 0(NA/ énd i vaftietand
the lum nescence intensity was 162 nit. The |um nescent color was confirnmed
to be bl%%?)lhéiébﬁVélly, the results of the conparative exanple 4-1 are 20

al so shown in Jable 4-2 . Su ry of the gr.ou nbaodi nents 4 as _heen
det ai | ed abovefﬁ%kﬁ%?%ﬁ%bytgy$%é“%ﬁ5£ﬂFE%éf”§é§{€ S \RRICET ﬂ?ygﬁarégtg?erd
in that an,el ectrode for drjiyving,the arganic_.electrol um nesce | ayer of
the_pres§h§&i%@eﬁ?i%%I%%hpﬁﬁg%sg%ﬁcggqg%xﬁﬁﬁhfnaPFFnWFE§2$'%fﬂgﬁneyal oxi de
havirg a work £ upctd an abovg, ¢ 3,8 @\iAB¢E 2 baf fad e i) i &l Gk W kae, or

an el ectrode substrate for an organic |um nescent device, it becones

possi bl ec1 - PFONEER £ BRe Wi feEbrdayh eenWak&h cBag3 £3Gel haie branspasancy
and durability and exhibits high | um nescent intensity even under a | ow

driving ed2dpvela-agewieangid sierglithehanade tayeenandbridie ¥ ke Pradenrofcm?
certain inorganic conpounds. It was also confirmed that the anode | ayer and
t he | i keimmdéueahddre Auminascganedntemsatyds hhds excel | Bne letrcmaigicent
properties. 5 Moreover, according to the electrode substrate of the present
i nventi o®0lpr wWespossifhimned fabdye datee an brganieenawtectfol ubiinesesacet

apparatus which provides the foregoing effects. o
10 durability evaluation, constant-current driving was conducted

at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-6 are
also shown in Table 4-2.

15 [Practical example 4-7]

A target 4-7 was used instead of the target 4-1 of the practical
example4-1. Asforthemetaltarget, anAgtarget wasusedinstead
of the Al target. 1In other respects, the organic EL device 434
was fabricated as in the practical example 4-1.

20 The target 4-7 is composed of indium oxide, tin oxide, and
terbium oxide. The mole ratio of indium (In / (In + Sn)) is 0.9,
the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole
ratio of terbium to the total metal (Tb / (In + Sn + Tb)) is
0.06.

25 Incidentally, the work function of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.5 kQ.

A direct-current voltage of 4.6 V was applied to across the
electrodes of the obtained organic EL device 434 as in the practical

example 4-1, with the result that the current density was 2.0 mA/cm?
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Mor eover, according to the fabrication nmethod of the present 10 inventi on,
it is possible to fabricate an organic el ectrolum nescence apparatus which
provi des the foregoing effects. Goup of enbodinments 5 15 Hereinafter, a
group of preferred enbodinents 5 of the present invention will be described
with reference to the drawings. [Practical exanple 5-1] (1) Preparation for
the fabrication of a substrate for an organic EL device (fabrication of

t ar get s)ir20a Posdeds haf 1 umnithescexceénandst & p wasi Ided (0. gri8et enntimsdemt i n
average particle diameter) were acconmopdated in a wet ball mll container
so that ¢hkonobesraphdismed (Hon be SHusas Duathesmosted Ly Thisgkandt
grinding for 72 hours. Then, the ground article obtained by the foregoing
nmeans wadUugrahdiatedyadNad thrdss Gl edn P5 UG fEinfe AL iohisn & 45 CRa1fBic | od

di anmeter and 5 in thickness, 1he esuﬂtant was acc%m%ggt ed in baki ng
fur nace, 2and M reat &y Bvdt baRed Tat €8 Xt EHPEERUME D CLBHOE FOr BBt hidur s
to fabricate a tafr%;tqﬁor the anode |layer. This target will be referred to
as ar? | TO %Pa&_o 1 O\Aﬁ%“lgsofori At Uni oxi de and zi nc oxi de (no greater

than 1 pm in gyer aoﬁ%écénfg diangt.ar )frflv}%%l ﬁ%%%%g\?\[;ggsh%%% ?%% bal|

mll container so at’ t eratio 'l owed by

m xi ng apgsgrimeing; £ ofsfZ- hpuss. Then, the ground article 5 obtained by the
f oregoi ng neans was granul ated, and press nolded to dinmensions of 4 inches

in diameter angSnpardthiddiskn@sse 4Thp resultant was accommodated in a
baki ng furnace, and then heated and baked at a tenperature of 1400C for 36

hours to fabrarcatgaaitangetviee waieramoteateayas.inThhse dradgetcal ékafple

10 4-1 except that an ITO target was used instead of the target 4-1

of the practical example 4-1 and an Ag target was used as the metal

target.

Incidentally, the work function of the anode layer 412 was

5.25 eV in value. A direct-current voltage of 5.3 V was applied

15 +to across the electrodes of the obtained organic EL device as

in the practical example 4-1, with the result that the current

density was 2.0 mA/cm® in value and the luminescence intensity

was 162 nit. The luminescent color was confirmed to be blue.

Incidentally, the results of the comparative example 4-1 are

20 also shown in Table 4-2.

Summary of the group of embodiments 4

As has been detailed above, according to the organic EL device
which is characterized in that an electrode for driving the organic
electroluminescence layer of the present invention comprises an

25 anode thin film layer of a metal oxide having a work function above
5.6 eV and a laminate of metal thin wires, or an electrode substrate
for an organic luminescent device, it becomes possible to provide
anorganic EL device which has excellent transparency and durability

and exhibits high luminescent intensity even under a low driving
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10 referred to as an 1 ZO target. Powders of indium oxide and cerium oxi de
(no greater than 1 min average particle dianmeter) were acconmmodated in a
wet ball mll container so that the nole ratio Ce / (In + Ce) was 0. 18,
followed by mxing and grinding for 72 hours. Then, the ground article 15
obtai ned by the foregoi ng neans was granul ated, and press nolded to

di mensions_of 4 inches in dianeter and 5 nmin thickness. The resultant was
accommode® EeRIr LUK Wyl FUrti eanogdfd yetr ameahitdéd addepareg af gertain
tenperature of 1400C for 36 hours to fabricate a target for the anode

| ayer. THIS YA HetCWRTUBE®- 20 referred to as target 5-1. Next, a metal
target of Ag with additional _.Cu of 0.7 wt% and . Au_of 0,8 %
fabri cat ed. T\#lts ar S%tsowc??fbgm?%f%}ar%§ eoaglgdeagax%ﬁ ?%?\g'le < \ﬁ%ese‘l 8%? a
metal t e WM it Pd. af. 0 5 : % was
fabricaf%%.éﬁéﬁ%fﬁkﬁ%égh{§¥% ‘%ﬂ%% ég}gédtSQCEE%%R%Asgegér e??oéggf egf a
netals target QqfioAloyeth 2ediddiaRat o R0k O-0r hidos Was fARN bealifdprEBisit
target will be referred to as an Al target. (2) Fabrication of Phe
substrat en¥ &kt 86n Or gant ¢ Elsdevpses1@Be Nexto desghipthed W hh beogipuan cof
the formation of the substrate for an organic EL device. This is shown in
Fig. 15.ePettanbpalestcghass sppstnaie ofvhlich nmpriolitdkiscknass, £f3beqminign
width, and 75 mMmin length, as well as the obtained ITOtarget 5 for the
anode | agkfectarget 5-1 for the anode |layer, and Al target, which is a netal
target, are placed in the vacuum chanber of the high frequency sputtering
system The hiMpr¢oerer@rositnek prighe fpdirdmats copreshed ¢b tdeppessenitze
down to an ultimte vacuumof 5 x 10-4 Pa, in which state a m xed gas of
arg&ﬁ gas" Bt 498 oxygeh 1S possible to fabricate an organic

electroluminescence apparatus which provides the foregoing

effects,

Group of embodiments 5

15 Hereinafter, a group of preferred embodiments 5 of the present
invention will be described with reference to the drawings.
[Practical example 5-1]

(1) Preparation for the fabrication of a substrate for an organic

EL device (fabrication of targets)

20 Powders of indium oxide and tin oxide (no greater than 1 um
in average particle diameter) were accommodated in a wet ball mill
container so that the mole ratio Sn / (In + Sn) was 0.1, followed
by mixing and grinding for 72 hours. Then, the ground article
obtained by the foregoingmeans was granulated, and press molded

25 to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1500°C for 36 hours to
fabricate a target for the anode layer. This target will be

referred to as an ITO target.

122



10 gas is filled. Fig. 15(1) shows the glass substrate, which corresponds
to an exanple of the "base nenber” in clains. Incidentally, the base nenber
on which an electrode(s) is/are arranged will be referred to as "el ectrode
substrate.” In that atnosphere, sputtering was performed by using the 15

| TO target under the condition of: a vacuumof 3 x 10-1 Pa; a substrate
tenperature at roomtenperatures; an input voltage of 100 W and a _film
formng time OTOWMEHT Wit e8IV SX {8 AN 61211’11700?? fehl BR gfﬁ?’f"?? e tlhlémargon

gas. This_is _shown in 5 0 Then t a orm a
0 nm t G PR R FASCRESRE dort s o s e dr = et Race

t t 0 Fi 3). I
et Al | 24 00C LT ShbSnShOWLLN, B0y 1963 l ,ﬂ uhag peﬂ% yfowo@ed

ni t rat e- phosphat e-acet at e aqueous ut 1 on, i'T'mwas efched to

form Al gthipi WMAESa0d 2PindPndn f@rvwzit}boui@l S The s OV | ar%lugw Ja‘i{éiclzhese

Al thin wires correspondto an exanple of the “thin wire of netal as

auxi 5 arypt Wi hed b tHaifte.e gbted afklels whegt IRl blkmDf ahbi srevbsis atied
formed fromthe [TO target was etched in an oxalic agueous solution so that

at | easttol@4meneiAind vh M fechakl $ nowlitdies tse dleawfi anminT Onelteritalodes rade
from the ITOtarget. This is shown in Fig. 15(5). The electrode fabricated
t hr ough Soehrpattleamhgias | 4 cbemmefertreat] itro aasakipat fermiange elacd roden 5
Incidentally, the ITOfilmfornmed fromthe ITO target preferably has a

wi dt h ofh®8ted Nexd ,bakéd stibst rtamepandtarsubst rad@0taving B3¢ fiduwrsete put
back into the vacuum chanber, and a 20-nmthin filmof a nmetal oxide was
formed bjahsiRgtene taigdet 5ieraths suesds dkaveenpeFhtdr &3giget will be

10 referred to as an IZ0 target.

Powders of indium oxide and cerium oxide (no greater than 1
um in average particle diameter) were accommodated in a wet ball
mill container so that themole ratioCe/ (In+ Ce) was 0.18, followed
by mixing and grinding for 72 hours. Then, the ground article

15 obtained by the foregoing means was granulated, and press molded
to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C for 36 hours to
fabricate a target for the anode layer. This target will be
20 referred to as target 5-1.

Next, a metal target of Ag with additional Cu of 0.7 wt% and
Au of 0.8 wt% was fabricated. This target will be referred to as
an ACA target.

Besides, a metal target of Ag with additional Pd of 0.5 wt%

25 and Cu of 1.0 wt% was fabricated. This target will be referred to
as an APC target.

Besides, a metal target of Al with additional Pt of 0.5 wt%
was fabricated. This target will be referred to as an Al target.

(2) Fabrication of the substrate for an organic EL device
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10 200C over the entire surface excluding an electrode outlet. This 1is
shown in Fig. 15 (6) . This substrate for an organic EL device corresponds
to an exanple of the electrode substrate for an organic el ectrol um nescence
device in clainms. Next, this substrate was subjected to ultrasonic cleaning
in 15 isopropyl alcohol, and then dried in a N2 (nitrogen gas) atnosphere
before 10-m nute cleaning by using W (ultraviolet rays) and ozone. (3)
Measur ement s Afdxr, tdestipt tani Agléf behegiswirst e &t shet Heo rawddeon agferthas
measured for the value of its work function by using AC-1 (from. 20 Riken
Kei ki Cosubsftxhbe &ovd Founeanidells. Ci%VJeqﬁ(afIy Sclr%aﬁhﬁd)'l lIVbrFécﬁ/er15the
substrate prOV|ded with the anode | ayer was _measured for

transm tt ance & WhAESERGtH ol 1556 ﬁfﬁ)séﬁétef 8find- dm‘?ae”B%lc Sﬁat ferfing

| ectrod | ectrod dt h | ect | : . bed, ab
ahe reasth &8 D8 1 G g E‘{“aheei)%&Fﬁee%%\go%ﬁo en%ﬁs&ehé%%aéﬁ&df SiRateEsEE"2 8"
kQ he ﬁ%}En I gno!jgyfép;écf the JIBt 10%9‘?' o a%%% (e &nd %rlgggrare% al one

Qcml i fic resistance e neasurerenfs are

Sho""” '%ﬂ_ﬁé’rll & 9zl medh) ﬁoﬂd%;' UL Lo 1R L1 gla%% Elhc %}ﬁ' €RahBerTBE the

foregoi ng "substrate" was ‘d ‘on the substrate hol In the vacuum

chanber pfqt hera@Ehn) eMaparat g shidbn t henhkagiym fgeaubﬁfzy ?utterlng
depressuri zed inside to a vacuumof 1 x 10-6 Torr or | ower ore a hole

t ransporysigerh ayerogsdht & tf gAY e Jaiineseenn %d aylemﬁz_aatanvabe@w Gl
injection |layer 524, and a cathode layer 526 were |am nated in succession

on the anodad ayes, afn Whe substhiat @ miRe@byas oAk fganjas Bhadet egy53a.
This is shown in Fig. 18. Here, in the period fromthe formation of the
organi c gésinipescenedl ayBngt.o thelfosmmisontioé ghe scathodetlrayer,, wheckacuum
corresponds to an example of the "base member" in claims.
Incidentally, the base member on which an electrode(s) is/are
arranged will be referred to as "electrode substrate.”
In that atmosphere, sputtering was performed by using the
15 ITO target under the condition of: a vacuum of 3 x 107! Pa; a
substrate temperature at room temperatures; an input voltage
of 100 W; and a film forming time of 14 minutes. This forms
a 110-nm-thick ITO film in the argon gas. This is shown in Fig.
15(2).
20 Then, the Al target was used to form a 120-nm-~-thick Al thin
film in the argon gas. Incidentally, the substrate temperature
is 100°C. This is shown in Fig. 15(3).
Subsequently, in a nitrate-phosphate-acetate aqueous
solution, the Al thin film was etched to form Al thin wires of 20
25 pum in width. This is shown in Fig. 15(4). These Al thin wires
correspond to an example of the "thin wire of metal as auxiliary
wire" in claims.
Thereafter, the ITO film of this substrate formed from the

ITO target was etched in an oxalic agueous solution so that at least
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10 was not broken even once so that the sane vacuum condition was

mai nt ai ned. Here, the organic EL device corresponds to the organic EL |ight
emtting apparatus in clainms. Initially, as the hole transporting material,
TBDB was 15 vacuumevaporated to 60 nm Next, as the |um nescent |ayer,
DPVDPAN and DI were co-evaporated to 40 nmin the vacuum Here, the
deposition rate of the DPVDPAN was 40 nm's and the deposition rate_of D1
was 1 nn?Re Fhemind'ite @ rh the eddort éiPeF,TOAFEeﬁé§Od?0ma e from

0 cFinally, A d_Li
{or m t het Ba: hader PEYRr on Rhe aRectih: Th B6Bion 1 &ybr,  FUB IRt nbCtRe

organi c i.ce, e 0Si ti - S e
deposi ti %bggétageeo %P%énoégl%%nfégsgg%ég%ﬁi g&nl'gﬂssg\%fr% qul%ﬁ_?@?l %?n a/as
200 25 pmcLheiidgntal dye rbgse are shown in Table 5-1. Mreover, the
chem cal” fornul ae of TBDB, DPVDPAN, D, and Alq are shown in Fig. 19. (5)

Eval wati on on thei@geaityFL tdevi eeo 126 A dbiRed- GUdrenth¥ol tagetafrgéed V
was applied to across electrodes with the cathode |ayer of the obtained

organi c Ekeflevigey Rasthewnggat byesl-imel ectrode and the anode | ayer as the
positive (+) electrode. 5 Here, the current density was 2. 0 mAcnR and the
| um nescence Nexendiitis wadpsi6ate andcal/swd)st.rafre hbuingescentlicolcore was
confirmed to be blue. Furthernore, for the sake of durability evaluation,
const ant beakrigyito ghievy aguwashesiduot addaa 200 nmaL k2. £iNan opad tnistid arxidgk
current was found even after a | apse of 1000
was formed by using the target 5-1 at a substrate temperature of
10 200°C over the entire surface excluding an electrode outlet. This
is shown in Fig. 15(6). This substrate for an organic EL device
corresponds to an example of the electrode substrate for an
organic electroluminescence device in claims.
Next, this substrate was subjected to ultrasonic cleaning in
15 isopropyl alcohol, and then dried in a N, (nitrogen gas) atmosphere

before 10-minute cleaning by using UV (ultraviolet rays) and ozone.

(3) Measurements

After the UV cleaning of the substrate, the anode layer was
measured for the value of its work function by using AC-1 (from
20 Riken Keiki Co., Ltd.), and found to be 6.18 eV (after cleaning).
Moreover, the substrate provided with the anode layer was
measured for light transmittance (wavelength of 550 nm) and
found to be 88%. The patterning electrode (electrode width:
90 pm, electrode length: 100 mm) described above was measured
25 for resistance by the two probe method, and found to be 2.5
kQQ. The thin film layer of the metal oxide formed from the
target 5-1 alone was 5 x 10E+5 Qcm in specific resistance.
Incidentally, the measurements are shown in Table 5-1.

(4) Formation of the organic EL device
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10 hours or nore. Incidentally, the results of the practical exanple 5-1 are
shown in Table 5-1. 15 20 25 "Table 5-1" 127 Table 5-1 Practi cal

Practical Practical Practical enbodi nent enbodi ment enbodi nent enbodi nent
5-1 5-2 5-3 5-4 Material of anode |ayer | TO+ | TO+ [ ZO+ I TO+ (Auxiliary
wiring) AL AL Al APO Protective |ayer of netal oxide In oxide/ In oxide/ In
oxide/ In oxide/ Ce oxide Sn oxide/ Zn oxide./ Zn oxide/  Ce oxide fg oxi de
Sm oxi de V\brkT}T%rf@tﬁe@r?(lél\Sl)('éFPéFréF% ﬁfvar@)l%deﬁaoe Ehtys syibgd 5 teohof fght

t itt %9 t El d t k4 8 89
esi ot antie GF fﬁfﬁ%%fﬁ ?ﬂﬁ.eﬂrfe‘?fis SR8 il %O%u?ﬁ?«e&ygﬁ&‘@%&s

10E+5 10E+7 10E+6 | e trans 19 ng i al BDB TBDB P \ﬁa

Thi cknesS{H 503D %%SS% %? aJr ot Tu?ﬁ nesEEnt T ayer - CPVOPAN' DPYDRAN
DPVDPAN 40 4 I {.

Cavor’ A %%E’ A%’%Mf%ofe g hg 99 roH) sp?ﬁaﬁ%(l@%rgfgé%'ﬁ o&lg8eliI0D ik PheSEEAR

5 layer 522, an electron injection layer 524, and a cathode layer
526 were laminated in succession on the anode layer of the substrate
to obtain an organic EL device 530. This is shown in Fig. 18.
Here, 1in the period from the formation of the organic
luminescent layer to the formation of the cathode layer, the vacuum
10 was not broken even once so that the same vacuum condition was
maintained.
Here, the organic EL device corresponds to the organic EL 1ight
emitting apparatus in claims.
Initially, as the hole transporting material, TBDB was
15 vacuum-evaporated to 60 nm. Next, as the luminescent layer,
DPVDPAN and D1 were co-evaporated to 40 nm in the vacuum. Here,
the deposition rate of the DPVDPAN was 40 nm/s and the deposition
rate of Dl was 1 nm/s.
Then, as the electron injection layer, Alg was
20 vacuum-evaporated to 20 nm. Finally, Al and Li were
vacuum-evaporated to form the cathode layer on the electron
injection layer, fabricating the organic EL device.
Here, the deposition rate of A1 was 1 nm/s, and the deposition
rate of Li was 0.01 nm/s. The thickness of the A1/Li film was 200
25 nm.
Incidentally, these are shown in Table 5-1. Moreover, the
chemical formulae of TBDB, DPVDPAN, D1, and Alg are shown in
Fig. 19.

(5) Evaluation on the organic EL device
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Material of cathode layer Al/Li Al/Li A/Li A/Li  Thickness(nm 200 200 200
200 Voltage(V) 4. 3 4. 2 4. 6 4. 4 Lumnescence intensty(cd/n2) 1 63 158 1
63 1 58 Half life 1 000 hours or 1 000 hours or 1 000 hours or 1 000 hours

or nore nore nore nore dass reference Wiile the glass substrate was used
in the present practical exanple 5-1, the "base menber” may al so be a gl ass

substr at e, bzglastlc substrate, a silico a color %%ﬁtered color 5
conversion su tgéFECtoFuFﬁgnFlW@lbaﬁﬁaéi c eYaWﬁl EQr 28754 fi ed

exanple Og?cgﬁggra%hhﬁlthgxga ezlqy E?ﬁlﬁ{der talde%n59§5599I¥?%eQ§ce

i nverted® ansparent conducti m-conposSed main indi um
oxi de ang t i lm Qa0,8UK) JadM f VAN B%'it
conflguratlon qﬁ%ﬁh?ﬁ%%tlong e%% JDefefegts o% g% %%v fFon are ?he séﬁg as

in the foregehpgr, 448, practlcal exanple 5-1. Incidentally, Fig. 17 shows a
sectional "view of the configuration where the order of lanmination is

inverg ed. [Pragétéepltrexaipiend-ddndidy talsget 09y ShfodAd kel OWunas edsesce
instead of the target 5-1 of the practical exanple 5-1. The organic

ELdevi ceinasfiabt iy catsels 3 hht t(hel/adne Mmenmdsid gt e qurlact vaalcexanpheds- 1
except that the target 5-2 was used. The target 5-2 is conposed of indium
oxi de, ttnwxbdege.andurlitheenpum, oo deéheThekrod & duatdiol bi tyrdiaimgtnoh,(In +
Sn)) is 0.9, the nmole ratio of tin (Sn/ (In + Sn)) is 0.1, and._the nole
ratio of CeBstamtroeyheenst AAr heiap (Ges/ qdrrducsad+ ae) 1§ smA/cm’.  No

particular leak current was found even after a lapse of 1000
10 hours or more.
Incidentally, the results of the practical example 5-1 are

shown in Table 5-1.

15

20

25

“Table 5-1"
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0. 16.
val ue.

| nci

4.2 V was applied to across the

devi ce as

dentally,

in the practical

the work function of the anode |layer was 6.05 15 eV in
The el ectrode resistance was 2.4 kU2. A direct-current voltage of

el ectrodes of the obtained organic EL
exanple 5-1, with the result that the current

density was 2.0 mA/cnR in value and the |um nescence intensity was 158 nit.

The 20 | um nescent color was confirnmed to be bl ue.

sake of durability eval uation,

my/ cn?. hb-ﬂ@lqig | ar | eak current was found

Fur t her nor e,

for

t he

constant-current driving was conducted at 10

even after a |lapse of 1000

hours or nore. nC|dentaIIy, t he results of the practlcal exanple 5-2 are
25 al so shown—+r—TFablte—51 [nﬂ oul..Lll cat AO.IIPITFS targ I5ra o strown bel ow
was used ilnstead of the target, bl . of dlrTgrqtactl éngganpl ;E -« The
organi ¢ EL device was fabricated, in thg_same nmannes as in|thg practijca
exanpl e S5-I EXCEN, [0AT 129 Y& targel|fa: 3 Was Uped. The fggget 5-3 |I S
conposed afy, lindi W oxi de, zing,oxide, apd ceriumoxide. Thggmle ratji o of
i ndi um (l rPrétec(lvenayero%%)a)om!ﬂs 0. Ehn ox_idghe noln%xigea‘tl 0 (h.L oni!eﬂC (Zrln/oxic(eJ/n + Zn)) I'S
0.1, and tlhe nole 5 ratio of d¢griumto ghedetal [petal (Ce £, Ly + Zn + Ce))
is 0.15. {Incidentally, the work functipp.Qf the|angde |aygs.was 5.99 eVin
val ue. Thqwgd@gkmgggm;géhﬁganc@1gas 2. 6lck&R. A dirgect-currlgndo voltaqe of
4.6 V was |gpplitetiatloder oss the 10 el ectrodes of |[the obt ai red or gani ¢| EL
devi ce as |tduddrsdd.acthecal exampl e 5-1gswith théggesult tHas¢ the curfrent
density WaSedic sistttY & W8a bie VRlII& and the Lum nesggnce intensidgy was 163 nit.
The film layer( 2 cm)
10E+5 10E+5 10E +7 10E+6
Hole transporting material TBDB TBDB TBDB TBDB
Thickness (nm) 60 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
40 40 40 40
T hickness (nm)
Material electron ingction laver Alg Alg Alg Alg
Thickness (nm) 20 20 20 20
Material of cathode layer AL L Al L AL/ Li AL L
Thickness(nm) 200 200 200 200
Voltage (V) 4.3 4,2 4.6 4.4
Luminescence intensity(cd/m? ) 163 158 163 158
Half life 1000 hours or | 1000 hours or | 1000 hours or 1000 hours or
more more more more
X :Glass reference
While the glass substrate was used in the present practical
example 5-1, the "base member" may also be a glass substrate, a
plastic substrate, a silicon wafer, a color-filtered color
5 conversion substrate, or the like.

"Practical example 5-1 #2"

For a modified example of the practical example 5-1, the order

of lamination may be inverted of the transparent conductive thin

film composed mainly of indium oxide and the metal thin film as

10 an

auxiliary wire.

Even in such configuration,

the functions

and effects of the invention are the same as in the foregoing
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| um nescent color was confirnmed to be blue. Furthernore, for the sake of
durability evaluation, constant-current driving 15 was conducted at

10mA/ cnR2. No particular |eak current was found even after a | apse of 1000
hours or nore. Incidentally, the results of the practical exanple 5-3 are

al so shown in Table 5-1. [Practical exanple 5-4] 20 A target 5-4 shown bel ow
was used instead of the target 5-1 of the practical exanple 5-1. As for the
netal tapEREticRe PPEPLgr et - wad NGIEE st bad 6fd t Rd Ahovgrysec Pt her
respects,, the organic EL device was fabricated in the sa manner as,in

the pracYftt4l Oéxa???bef eC8R1 1955 3R af 3?65-&“? soﬁgﬁﬁosoe‘ﬁ ggmilﬁl&itdrﬂrbxfae,
tin oxid{ar,1 nge samari um oxi de. The nole ratio of indium(ln / (In + Zn) )
is 0.9, the nDPé ratio of tin (Sn/ (In + Sn)) is 0.1, and the nole ratio

of sanariun1tog% Céf%?i éggﬁglégylék(ln +7Zn + Sm is 0.18. 130

I nci dental |y, e wor unction e anode layer was 5.90 eV in value.
The el ectrode f 34,8]ANGE MBS ooan3pKBw MasdhE &I THEILN V@286 rgkt4541V Was
applied to across the electrodes of the obtained organic EL device as in
the pracéf €ak pramiieeRarpl st-h .t heheestddn 1 ball 481wy £81 [AeNstd Yewas
2.0 mNcn2 in value and the | um nescence intensity was 158 nit. The

| um nescemttlcol amavasacoati &setntohdep bhdei ckur elhampire,5 f Dre x d dyet saket of
durability eval uation, constant-current driving was conducted at 10 n& cnR.
No partithitaralrgaikt cur? eméswasefdfound 10 even after a | apse of 1000 hours or

nore. Incidentally, the results of the practical exanple 5-4 are also shown
in Tabl e 5-1. The target 5-2 is composed of indium oxide, tin oxide, and

10 cerium oxide. The mole ratio of indium (In / (In + Sn)) is 0.9,
the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole
ratio of cerium to the total metal (Ce / (In + Sn + Ce)) 1is
0.1le6.

Incidentally, the work function of the anode layer was 6.05
15 ev in value. The electrode resistance was 2.4 kQ. A
direct-current voltage of 4.2 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0
mA/cm’ in value and the luminescence intensity was 158 nit. The
20 luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10mA/cm?. Noparticular leak current was found
even after a lapse of 1000 hours or more.
Incidentally, the results of the practical example 5-2 are
25 also shown in Table 5-1.
[Practical example 5-3]
A target 5-3 shown below was used instead of the target 5-1
of thepractical example 5-1. TheorganicELdevice was fabricated

in the same manner as in the practical example 5-1 except that
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15 20 25 "Table 5-2" 131 Table 5-2 Practical Practical Practical
Conparative enbodi nent enbodi nent enbodi nent exanple 5-5 5-6 5-7 5-1

Mat eri al of anode layer 1ZO + 1ZO + I TO + 1 ZO+ (Auxiliary wiring) ACA APC
ACA Al Protective |ayerof nmetal oxide In oxide/ In oxide/ In oxide/ In
oxide/ Sri oxide/ Sr oxidel/ Sri oxide/ Sn oxide/ Pr oxide Nd oxide/ Tb
oxide 5. 84 5. 82 5. 95 5. 25 Wrk function (eV) (after cleaning) Be 88 87
89 Li ghtherhasmicttt arice(9hs $5€6-2. 7 2. 6 2.8 Electrode resistance( k(2)

Specific res' stance of tal ,oxide 10E+6 10E+6, 10E+7 10E-4 thin filmlaw (Q
cﬁ‘) Hol e transpst ﬁanggerFam[?’éﬁi &P QF%‘E)%OSF%%BDET TEDS < M 1 EESs PR 66780 6(()

60 WMaterial of J.um nescant | ayer  DPVDRAN_DRVDP DPVDRAN D1 /D1
50 40°40°48 ERACE Po1 LB adt ol rpatior FAger A

/DL Thi ckness(A 40 teriral ron | Al g

A5 THEKIORRAOTY 0 2 20,20, WAk o P ATl erSy AT TAL1 81
5 ratio of cerium to the total metal (Ce / (In + Zn + Ce)) 1is
0.15.
Incidentally, the work function of the anode layer was 5.95
eV in value. The electrode resistance was 2.6 kQ. A
direct-current voltage of 4.6 V was applied to across the

10 electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0
mA/cm® in value and the luminescence intensity was 163 nit. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving

15 was conducted at 10 mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-3 are
also shown in Table 5-1.
[Practical example 5-4]

20 A target 5-4 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the APC
target was used instead of the Al target. In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.

25 The target 5-4 is composed of indium oxide, tin oxide, and
samarium oxide. The mole ratio of indium (In / (In + Zn)) 1is
0.9, the mole ratio of tin (Sn / {(In + Sn)) is 0.1, and the
mole ratio of samarium to the total metal (Sm / (In + Zn + Sm))

is 0.18.
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Voltage(V) 4. 5 4. 5 4. 6 5. 2 Lumnescence intensity(cd/n2 ) 1 66 165 1
61 Half life 1 000 hours or 1 000 hours or 1 000 hours or nore nore nore *
Transmittance: d ass reference [Practical exanple 5-5] A target 5-5 shown
bel ow was used instead of the target 5-1 of the practical exanple 5-1. As
for the netal target, the ACA 5 target was used instead of the Al target.
In other respects, the organic EL device was fabricated in the sane manner
as in the pranidicintex@np) et Workhéuhatgeh &f Sthes agunjroded eof wiasdbufDd
oxide, tin oxide, and praseodym um oxide. The nole ratio of indium(In /
(In + Sy 110 wsl0e9, tHRAéenmpkderatialef téniéSankte(l mas SA))B | (0. 1, and
the 132 nole ratio of praseodymumto the total netal (Pr / (In + Sn +
Pr)) is @ipectraeirdaittal Vol tatse wof k 4f-tncy | Uﬁsofak?ﬂﬁélaﬁ‘oc@? | 8¢&P SRast B84
eV in value. The el ectrode resjstance was 2. . A 5 direct-current

vol t age %%egft”so@e\ﬁa%fafp‘b? o 3" a8 rv<E2 B he Eéf Qétvrlé?cﬁeés FntRee st nkee

U ent GERSTLY aad 270 kDhe 41 bl SR BEEHe F S HeSSaTEE Tt Bhst t) was.
166,11t Theye Lum gesgent ocolor s, conLjped -¢ bl ye., Fet NEEOr o

10 the sake of 5 y eva i‘on, constant - curre

conduct el @ s 1D 0% Y0 pAL Ll pEnlaakoCHE oG V8 ?c%f}ﬂerrﬁé’?@ afper a

| apse of 1000 hours or nore results o e practica
exanpl e hé& 3hRe YOWMLIMpTabke %w?al&étigﬁaCt;b@laslta%@H@h%rénﬁl driving

was conducted at 10 mA/cm?. No particular leak current was found
10  even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-4 are

also shown in Table 5-1.
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A target 5-6 shown bel ow was used instead of the target 5-1 of the
practical exanple 5-1. As for the netal target, the APC target was used
instead of the Al target. In other respects, the organic EL device was
fabricated in the sanme manner as in 20 the practical exanple 5-1. The
target 5-6 is conposed of indiumoxide, tin oxide, and neodym um oxide. The
nmole ratio of indium(In / (In + Sn)) is 0.9, the nole ratio of tin (Sn /
(In +Sn)) is 0.1, and the nole ratio of neodymumto the total nmetal (Nd /
(In + Sn + 1%@ QQ%& is 0.15. Incidentally, the work function of the anode

| ayer was 5. in value. The el ectrode resistance was 2.7 kO A
d| rect cur r-en \lnl 1' ﬁgn n'F 4 5 no '\nnl rod -t n AE-65S t hp ol act edes Of the

VVM\J oo CUO U39 CITC A4 A A A ML Y

obt ai ned organlc EL device as |¢$§ﬁg 1%1;?bk §§2§&%nplép?¥ﬁfﬁemﬁth t he
result thatl the current densit)5mg 3 jhgf%he |3 alte ant®the
| um nescenge—-rt-eRs-y—was—165-H Thet—t-resdent—eelorpras—eonf{i rned to
be bl ue. FYTHBEPHBMe =f or the <Bke of qBPAbI it
constant-CLVW€HWWﬁﬁ?V|ng s [tohduct e?&t 10 No particul gr |eak

current wagPPetirdeel ety 8@? ehPéﬁéé of"PEBY ho W§”@?/nnreb°ﬁﬁéidentalIy,
the resultg of the practical eyﬁhﬁW%/S §SarEe al S|F"SHEWN i nSTakre §- 2.

[ Practical {exanple 5-7] 10 A tgroefe 7 srﬁﬁﬁ“hélo Tﬂﬁﬁhused i nst ead |of the

target 5-1|of the practical efamfie 5-15 % for [th8 netal |Pa&get, [the ACA
target wag'usBuiit ead of the Al targdt. In othler respectls, the qrganic

EL devi ce A& Femfd cated i n t hd®8ame naff@r as in2fhe practiftal exanpl e
5-1. 15 The“?h?ﬁ@FmTfP@*conposea of i ndil&m oxi de,|?t Pn oxi de® %nd tarbi um
Electrode resistance ( k2
Specific resistance oFmetal oxide 10E+6 10E+6 10E+7 10E-4
thin film layer(Qcm)
Hole transporting matenal TBDB TBDB TBDB TBDB
Thickness (nm) 60 60 60 60
Material of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
DO /D1 /D1 yarll
Thickness(nm) 40 40 40 40
Material electron inection layer Alg Alg Alg Alg
Thickness(nm) 20 20 20 20
Material of cathode laver Al/Li Al/Li Al L Al L
Thickness(nm) 200 200 200 200
Voltage (V) 4.5 4.5 4.6 B. 2
Luminescence intensity (cd/m? ) 166 165 161
Half life 1000 hours or 1000 hours or {1000 hours or
more more more

X : Transmittance: Glass reference

[Practical example 5-5]
A target 5-5 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the ACA
5 target was used instead of the Al target. 1In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.
The target 5-5 is composed of indium oxide, tin oxide, and
praseodymium oxide. The mole ratio of indium (In / (In + Sn))

10 is 0.9, the mole ratio of tin (Sn / {(In + Sn)) is 0.1, and the
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oxide. The nole ratio of indium(ln / (In + Sn)) is 0.9, the nole ratio of
tin (Sn/ (In + Sn)) is 0.1, and the nole ratio of terbiumto the total
metal (Tb / (In + Sn + Th)) is 0.16. Incidentally, the work function of the
anode layer was 5.95 20 eV in value. The el ectrode resistance was 2.6 kQ A
direct-current voltage of 4.6 V was applied to across the electrodes of the
obt ai ned organic EL device as in the practical exanple 5 'anthe resul t
that t he"eherBAti@erdi BF ARROIYB U Cnd 4 WRtde EA atlhe(PIIUn%M neseehceh
|nten5|t ? 161 |t The 25 lum nescent col or was confirnmed to be bl ue.
FurthernDr sake of durability eval uati on, constant-current

driving was Iﬁﬂi 1Q N 18- fNRcQ?FE'gyl aﬁﬂﬁk%ﬁ%ﬁ%%ig%@ EH

even after a Iapse hours "or nore nci den

practi Caz%sv exgmlg gz 7 ar Elt_uelg"él%'cscorécﬁ‘ "‘”Eééh%@%k%é %as [ Gonpagelive

exanpl e 1] An organic devi ce was abrlca as in the practlcal exanpl e
5-1 excepirébatcand4R tabgetgeasoasad 5 ngt gad ofpphectarget adrbsH Ohet he
practical exanple 5-1 and an Al target was used as the netal target.

| nci dental ¢yt robe swor ke Heltid Dinefl diheamhoda. Hayarcavas dn2bhe @tddr vahlue. A
direct-current voltage of 5.2 V was applied to across the el ectrodes of the
obt ai nedewagphiec SEL ,denitde tas: ire 0l t hehprachecahrexanpldertsitywah I he
result that the current density was 2.0 mA/cnR in value. The | um nescent

col or wasA/eonfiiy wed uoabe W ed utNeves chakessn t dneitty wasul femit | owlhg

bet ween anode el ectrodes, single-pixel |umnescence was i npossible which
precludeHU@Fﬁﬁﬁéﬂﬂ£JQQJQﬁ|Nﬁ$mfoqﬁﬂ¥%€ﬂdéﬁt%$I@luﬁhe Fagiherpprehefor

conq%ratégee ex %nple 5-1 are

e of durability evaluation, constant-current driving

t he

was conducted at 10 mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-5 are
shown in Table 5-2.

15 [Practical example 5-6]

A target 5-6 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the APC
target was used instead of the Al target. In other respects,
the organic EL device was fabricated in the same manner as in

20 the practical example 5-1.

The target 5-6 is composed of indium oxide, tin oxide, and
neodymium oxide. The mole ratio of indium (In / (In + Sn)) is
0.9, the mole ratic of tin (Sn / (In + Sn)) is 0.1, and the
mole ratio of neodymium to the total metal (Nd / (In + Sn +

25 Nd)) is 0.15.

Incidentally, the work function of the anode layer was 5.82
eV in value. The electrode resistance was 2.7 kQ. A
direct-current voltage of 4.5 V was applied to across the

electrodes of the obtained organic EL device as in the practical
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al so shown in Table 5-2. Summary of the group of enbodinents 5 As has been
det ai |l ed above, by using the electrode substrate for an organic

el ectrol um nescence device of the present invention 20 to constitute an
organic EL light emtting apparatus, it has becone possible to provide an
organic EL light emtting apparatus which has excellent transparency and
durability and exhibits high |um nescence intensity even under a | ow
drivi ng ¥rbhagde, S5canpmiisimg hd hee smbdet hayet handutrhrerld ke madeyofacelt 8i n
i norgani c_conpounds. 25 It was also confirned that the anode |ayer and the
| i ke madeA/efh” der vailms aodgeng cl wohposndskedbrEenisdriterelsi hgprioperti €8S
Besi des, _according to the organic EL device of the present invention, it has
become pbYBiBES G hrigvi e Wae grahi EMEl BevPeeP LBEf ecEIVFIRE WRPER hAST

excel l ent transparency and.duyrability and 135 exhibits high |l um nescence
R S TR AL U VA DL PRtk LN 4,1
thinfilmconprisi . .on { (0} re tynes of _oxides selected fr i;nc
oXi de5 and® >t nn(il)lf(ﬁ:ggf]l aatngoén%?qnearsrﬁ\]% ea[yrtgcrl%%iaer;&yep%é o Ilﬁear}l% ﬂ'&rﬁ gghégt al

oxi des; apd, %_fscl%efia(ifah%é? %Ffarh%(bf]kaéﬁ%‘ 0EHE Q cmto 10E+89 cm 2. A

metal oxide thin filmconprising: 1ndiumoxide; and at |east one or nore
types of |anth?ﬂ&?@eﬂ?éﬁhy??ﬁﬁgsre§éhé% &%f?HéﬂpﬂQ&ﬂ¥%éﬂ“é&éHdl&!%@Qp%@%ng to

claim?2, conprising: one, two or nore types of oxides selected fromthe
group camnsbsthbgnoinzras1exgde. and tin oxide.
[Practical example 5-7]
10 A target 7 shown below was used instead of the target 5-1 of
the practical example 5-1. As for themetal target, the ACA target
was usedinsteadof theAl target. Inother respects, theorganic

EL device was fabricated in the same manner as in the practical

example 5-1.

15 The target 7 is composed of indiumoxide, tin oxide, and terbium
oxide. The mole ratio of indium (In / {(In + Sn)) is 0.9, the
mole ratio of tin (Sn / (In + Sn)) is 0.1, and the mole ratio

of terbium to the total metal (Tb / (In + Sn + Tb)) is 0.16.

Incidentally, the work function of the anode layer was 5.95

20 eV in value. The electrode resistance was 2.6 kQ. A

direct-current voltage of 4.6 V was applied to across the

electrodes of the obtained organic EL device as in the practical

example 5-1, with the result that the current density was 2.0

mA/cm? in value and the luminescence intensity was 161 nit. The

25 luminescent color was confirmed to be blue. Furthermore, for

the sake of durability evaluation, constant-current driving

was conducted at 10 mA/cm®. Noparticular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-7 are
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4. A nmetal oxide thin filmaccording to one of claim2 or claim 3, wherein
specific resistance of said thin filmis of 10E+4 9 cm 15 to 10E+892 cm 5.
A netal oxide thin filmaccording to any one of clains 1 to 4, wherein said
| ant hani de nmetal oxide is an oxide selected fromthe group consisting of
cerium oxi de, praseodym um oxi de, neodym um oxi de, samari um oxi de and
terbium 20 oxide. 6. A netal oxide thin filmaccording to any one of clains
1 to 5, 2hherehavsaid Tabhifadrde netal oxide is 5% to 50 % by atom in
conposition ratio with respect tf tge gotal amount of the nmetal atom of
said thin filmC28PIral iRt REABfabli cating a metal oxide thin film

SO 0, L, AR By sl g TDR 2. LG 5L L BN
5-1 except that an IZ0O target was used instead of the target 5-1
5 of the practical example 5-1 and an Al target was used as the metal
target.

Incidentally, the work function of the anode layer was 5.25
eV in value. A direct-current voltage of 5.2 V was applied to
across the electrodes of the obtained organic EL device as in

10 the practical example 5-1, with the result that the current
density was 2.0 mA/cm® in value. The luminescent color was
confirmed to be blue. Nevertheless, due to a current flowing
between anode electrodes, single-pixel luminescence was
impossible which precluded simple matrix driving.

15 Incidentally, the results of the comparative example 5-1 are

also shown in Table 5-2.

Summary of the group of embodiments 5

As has been detailed above, by using the electrode substrate

for an organic electroluminescence device of the present invention

20 to constitute an organic EL light emitting apparatus, it has become
possible to provide an organic EL light emitting apparatus which

has excellent transparency and durability and exhibits high
luminescence intensity even under a low driving voltage, comprising

the anode layer and the like made of certain inorganic compounds.

25 It was also confirmed that the anode layer and the like made
of certaininorganiccompounds hadexcellent etchingproperties.
Besides, according to the organic EL device of the present
invention, it has become possible to provide an organic EL device

effectively which has excellent transparency and durability and
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exhibits high luminescence intensity even under a low driving

voltage.

136



10

15

20

25

CLAIMS

1. A metal oxide thin film comprising:

one, two or more types of oxides selected from zinc oxide and
tin oxide; and

at least one or more types of lanthanide metal oxides; and

a specific resistance is from 10E+4 Qcm to 10E+88 cm.

2. A metal oxide thin film comprising:

indium oxide; and

at least one or more types of lanthanide metal oxides.

3. A metal oxide thin film according to claim 2, comprising:

one, two or more types of oxides selected from the group
consisting of zinc oxide and tin oxide.

4. Ametal oxide thin film according to one of claim 2 or claim
3, wherein specific resistance of said thin film is of 10E+4 & cm
to 10E+8% cm.

5. A metal oxide thin film according to any one of claims 1
to 4, wherein said lanthanide metal oxide

is an oxide selected from the group consisting of ceriumoxide,
praseodymium oxide, neodymium oxide, samarium oxide and terbium
oxide.

6. A metal oxide thin film according to any one of claims 1
to 5, wherein said lanthanide metal oxide is 5% to 50 % by atom
in composition ratio with respect to the total amount of the metal
atom of said thin film.

7. A method of fabricating a metal oxide thin film according
to any one of claims 1 to 6, comprising the steps of

producing said metal oxide thin film by sputtering.
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