DESCRI PTI ON SPUTTERI NG TARGET, SI NTERED BODY, CONDUCTI VE FI LM FORMED
BY USI NG THEM ORGAN C EL DEVI CE, AND SUBSTRATE USED FOR THE ORGANI C
EL DEVICE 5 Technical Field The present invention relates to a
transparent conductive filmfor use in an LCD (Liquid Crystal

Di splay), an organic EL 10 (El ectrol um nescence) device, and the

i ke, and nore particularly to the material thereof. The invention
also relates to a sintered article and a sputtering target having the
same conposition as that of the mat dSGRPIEY} des, 't he invention
relates to a sputtering target which is nade of this sintered article

or the Ii i I i r

conductiv gﬁfﬁ[}%ma T}‘%dﬁqufﬁ; ﬁoﬁ@%ﬂﬁ%ﬁ ?IrLg% gég@EE)o@?ﬁgﬂc‘eﬂsEM’
f or egoi ng or gPRGANKELEL BE¥IIH, ANDSURSIRATEA)SEDSRURCHIE QREVDEE ER DEVICE
use in this organic EL device, and a nethod of fabricating the sane.
To be nore specific, the invention relates to an organic EL device
whichgis suitably 20 applicable to displays, the |ight sources of
printer heads, and the like in consuner and industrial applications,
a substrate for use in the organic EL device, and a nethod of
fabricating the sane. The organic EL device may aI so be

ref err edTe@hAsca DrYadlic electroluninescence apparatus," "organic

el ectrol um nescence 25 device," "organic EL light emtting

apparatus, " " coftfapres&nt élngsnéyon retatefpotcherpreparant agede¢ioive £hkm

substrate for use . in the organlc E deV| ce rr\% al so be referred to as
an el ect f88e Ussl?os%rtlat""él sthie |Lc1qu§ prioi PP el el gf@anic EL

Furt her t devi c

o 8 O Sl B MMRILARoLBLESe 80 RIS BhodRS Borkilnons,
SRecent |y, yid HE%EPEJQJL %&%&evem@’&%ﬂﬁen@&fﬂo%l@@Qe@%ﬂ%@' Eo Bl sintered
di spl ays, there have been provided a nunber of products that

achi evehighde 3¢ laayipe sipartreme agnch e Bpabn & ithyod e cgypa¥i Bfon SisnERat
capable of small-size lowprofile fabrication, these LCDs and organic
EL di spl afstle enatiatdla) .usBesades hechdi dpivapsioh 16lakdd Har phohesring
PDAs (personal Digital Assistants) , personal conputers, | aptop

conput er $2FABE eBUSH donPECEr SF, T bF evindiegids ar§IchacPy He'q |ll€é‘ei and is

parti%“'%ntended for the formation of the transparent conductive film.

Meoreover, the invention relates to the foregoing crganic EL

(electroluminescence) device, a substrate for use in this oxganic

EL device, and a method 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 dewvice," "organic EL light emitting apparatus,” "organic EL

display," etc. In the present invention, the substrate for use in

the ocrganicEL devicemayalsobereferredtoas anelectrode substrate
since it is provided with an electrode,.

Furthermore, the invention relates to an organic EL device

1



Organi c EL devices, conponents of the organic EL displays, are |ight
emtting devices utilizing organic conpounds, of which 15 significant
performance i nprovenents have been seen in recent years. I n
general, the structures of these organic EL devices are broadly

di vi ded, dependi ng on what |ayer is interposed between the anode and
t he cat hode which are made of transparent el ectrodes, into the
follomﬁngmh_%eghcgog&)e St AHE-d Bl sk ¥pe which has the structure
that only a I"um nescent [ayer conprising an organi c conpound is
arranged between the anode and the cathode, or synbolically the
structure of anode/lum nescent | ayer/cathode; (2) A

doubl e- | ®eerkatrppedwhrth has the structure that two |ayers, 25 a hole
transporting layer and a |unmi nescent |ayer, are forned between the
anode and the EanWedbiomzl Aifdldvcal |y the structure of anode/ hol e
transporting |l ayer/|um nescent | ayer/ cathode, 3). A .
roi o] ayer  BBECUR BN THEE TG St AR ARt 6 g o Rgpanic
t ranspor td.ng;.l | nesgent. J.a - r

transpor tE;Lngillsgyx/g&Séra"éﬁggér med ebe%te\ﬁéjeé?%ﬁéggﬁoggn%%% hogpga{:toﬁélgé:.s that
Symbol i caldnt.evanadgy i@ 4y pdisiiidanRe 4 el dl 4P AESCRNY of energy saving.
| ayer/ el ectron transporting |ayer/cathode; and (4) A quadruple-I|ayer
type whi chirhascthebfuadf apkéllayer bowtpuctfil e fidati @athidre, ithjese LODs
| ayer, a hole transporting |layer, a |um nescent |ayer, and an

el ectr on avhrsprrl qgElagléprapy sf gritedy e hieens efleaanddie ahispheys of
cath ﬂe. %ﬁgﬁﬁ%%fa 'y, anqde/ hol e inhection,la¥erlhple transportigﬁ
LayerP! uf Bhafiss o FOGEr SRS FFARS IR Fhbot dyor T35 Rbab: DY HReh
any of t A Styr | t 0 i nJ e r De: c;ion
anode an %érﬂjglc‘{ercrgsn's llatﬁcge% S%)rq‘pr%o%dﬁze&gdatt%o%pg? rdeéa{*%e&{ %J'geis{ U%{%nies‘gleﬁfo

| ayer thrQuah thes hole t{rasprrphpgikayar .or the el ectron injection
| ayer, and these holes and el ectrons reconbine in this | um nescent

| ayer. 15| nci denyahiy, Edelsviessr, etemahtentto s thk deyacis HEl sdsplays,
i ncl ude organi c EL devices of polynmer type utilizing polyner
conpound$r&nd 1ghbsghiot stk feg icgpeut i g ingriorgipng cdevihresnd i (952 Whgch
phos Eorescence, bot h %f whi ch are under research. Conventi onal

or ganrc _I?I}g&é\ﬁlffént?ﬁ Brﬂf‘ﬁ‘éﬁFBPEEVGIE‘%?E%EaHS\]?FﬁB §97& S FREEUF ¥836F -
sandwi chi ng an gr gani £, UKReSeenL. L AYEr. Petueen (hye) celecirades g5,

descri bed above have n put to rnténsive researc eretotore
subj ect egh iR qdevel KRIERNT dERENSUEH JreRRODS A% rf Ok lioWS rposclille BRid the

fully solid devices and thus easy to handl é and fabricate; 25 (2)
Capabl e @incslel AnHuthaessened:s WHiudh wegumadagofiot tagdiamtt tdlrgtrodes,
menber ;

into the fecllowing 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 typewhichhas the structure that two layers,

25 ahole transporting layer and a luminescent layer, are formed between
the anode and the cathode, or symbolicallythe structure of anode/hole
transporting layer/luminescent layer/cathode;

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

that a hole transporting layer, a luminescent layer, and an electron
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(3) Having excellent visibility, suitable for displays; and (4) Easy
to render full-color. Nevertheless, there has been a known probl em

t hat organic

| um nescent | ayers, bei ngorgani cmaterials,aretypicallydifficult to
transport electrons and hol es through and thus prone to
deterioration, easily causing a | eak current due to secul ar changes
over a Iq;&gmfsb%t% U§§yer59}e8%9m@dp5@a&§én thar hAYSe CHHY MdnaRGeS ode .
have been made her ef of ore. exanpl e, the patent docunment 1
to be neMymhuﬂhdéﬁry,sham&d@ﬂhmuyuutr&isﬁeytEEglnhdyeﬂVkumfmmﬁggnt
di fference between the work function of the anode and the ionization
ener gy oflavexr folectdoon r aheporPeEhgnbayereird caddwsksd faord he sake of

| onger life . Thebgatent docunent 1 descrihes that in order to

achi eve such andé (ﬂﬁadﬁqﬂﬁ%ﬁ&@%e¥§Wﬁﬁﬁghéphnﬁﬁéﬂﬂ6%ﬂmﬁqﬁﬁﬁﬁ?é&éyer

t hat have r c n her han hat of m.tin _oxi.de

o ave eI A EREE o [ 938k 1 1058 5 AR BB sPeZhuftE LG
as 15 SUQﬁ:ﬁﬁHEHEEdéﬁ%r@%ﬁ%roxéﬁésancégé E%oﬁLt@%ﬂéﬁ%&ﬂ%ﬂdmhéﬁ@§eare
netal oxides are disclosed in the patent docunent 1.

addi ti on,fdduesd paEkentedoctiEntnbddpr axoseshanastesh®de douly enddlyecally,
structures in which thin filns made of these conductive netal oxide
mat eri al sraveARQ @are | animhtedibor t he dakerdhoilepr oved R2Gxisghtting
transnlttanc%a; The patent docunent 2 nentioned bel ow

di scl oses- ¢ w@ﬁe@%ﬁa@@ﬁfrﬁwﬁ%ﬁow%anww elaeiﬁer%/ﬁﬁ%ﬁh?ﬂe

conngﬁtlon MAtH t he tra s arent .el ectrodes to, reduc reS|stancg

of the transparBﬁP e e evigfhé”ﬁﬁi@ﬁ db%ﬁﬁ%%ﬁ MtFoR8dSC
bel ow di %@oeﬁ%ﬁeagneég%oc etk o thelﬁﬂe%!(yq‘”h%eﬁﬁé eétmea're@%w 0fe

a low work tfunction are simlar y arran In connection wth t

t ranspar Qﬁhl@b@@bh@d&@e&@;h&%@@ﬁ&;ﬂd’&ﬁ:lreeﬁra&imin@fléﬁﬁ‘ df GRS I@dé@ﬁ'&:on
el ectrodes. The patent docunent 4 nentioned bel ow di scl oses an

exanpl e icfiemtiBh teyéce arkkbtheseshabeawrid kdeygtmehal rdddmhing gpethak
insulative filmis arranged on the auxiliary nmetal filmto avoid
d|electrﬁ&mBPééEﬂﬁﬁnlaﬂﬁé pat ent docunent 5 nentioned bel ow di scl oses

an o anlc 5 E e iC S a sul a t.hin f | m,| ayer
ot vddn an of P T SHES S 06T CARF COrarrRLE Cnt S iyt 1hs ot i Lo Ste
allow | o SQe [ | i Asedah
this patgﬁﬁggogU#éﬁtVgeggégigggkgeco fgﬁ?g?§%lﬁ% ?ygﬁgfﬁgﬁﬁgtlve
thin fil proayebraadeneé altypdumiiighti deemt @pidd UMdevices  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 orxganic
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10 nitride, or the like is arranged between the anode |ayer and the
organi c lum nescent |ayer or between the cathode | ayer and the
organi ¢ | um nescent | ayer. The patent docunent 6 discl oses an
organi c EL device in which an inorganic nmaterial |ayer containing N O
and at | east one additive 15 out of 1n203, zZnO, Sn02, or B, P, C N,
and 0, or an inorganic material |ayer made of Ni 1-xO (0.05 = 0.5) is
fornmed bétueersaanellegbroeddciagergandctrhéeonigdn) erbuypiestépdifdyen)t
with the objective of providing a | owcost organic EL device that is
free of ROMIEEMSPQrSt r ahf Gt aPaHi ABId&ALest | VEOUBhdakfe Hhuge PDUFhetO

atent docuynment 7 pentioned bel ow di s¢l oses the techni que o
PR or! df A e Pl v B £ L P8 TaA Sy doada S ranlar shapges

6.2 eV. "Rateant uggﬂ% . Japanese Patent Publication
No. 2824 f% (gaégﬁgse né%%ﬁ#ﬁ?d 25 Patent Application Publication

No. Bgi 9-63773) ‘sBeheni @pswidn! Yaricus cond@PBAARS INeXAT BEh made
Pat ent Application Publication No. Hei 4-82197 "Patent docunent 3"
Japanese hanexaffbned Patent Application Publication No. Hei 5-307997
"Pat ent docunent 4" Japanese Patent Publication No. Hei 5-76155

5" Pat ent docunEar example, theJpphersdothusakilnee bRatenitionssl 12y shows
Publ i cati on No. Hei 8-288069 "Patent document 6" Japanese

Unexami néd PEIUNC AYpiT ELtT Rt ‘Bt 8AtSTGT Mot HEF T AR DE5HES it BATX

docunentfﬁnction of the anode and the ionization energy of the hole

10 transportinglayerisreducedforthesakeoflongerlife. Thepatent
document 1 describes that in.order to achieve such an object,
the anode is made of metal oxide materials that have a work
function higher than that of indium tin oxide (ITO} and are
conductive. For example, RuOx, MoQs;, and V;05 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 inwhich 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 deccument 4 mentioned below discloses an example
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Japanese Unexam ned Patent Application Publication No. 2000-277256
"Patent docunent 8" 15Japanese Unexam ned Patent Application
Publ i cation No. Hei 9-63771 Disclosure of the Invention As above,
organi ¢ EL devices, polynmer organic EL devices, 20 phosphorescent
devices, and the like require that holes be injected fromthe anode
and these holes be further injected to the |um nescent |ayer through
the hol e & ans PRy tddg deaviat et ke Sake 10k rpenberm BY1IADI SA special
injection snmoothly, it is obvious that an energy barrier between the
anode andirt$el dnol-ee tfridmspordimgndayen tise 2hxddsiambhy teénfeirdagvoid
smal | as possible. To reduce this energy barrier, the difference

bet ween thkel@ekriankereakdernthe anode material and the ionization

potential of the organic conpound_used jn t hol e transporting | ayer
Must be made SHEE! BRCSVard ATty SR ELTARSIRES OHaf S BLERE Db oeEaNS

hole ot ransport %%ﬁ%?ﬁt é&ﬁgﬁ q tnhelsr.lesu1§rt-,9."}‘8t kﬁiﬁ”}ffmcloé?eor“ A3 welh
tri phénylamne der 'vatives and carbazol e derivatives ThH particular,
are knowyas havirBgeexggl RN dancd i10RS nelBeA: La{PReNy| dMAde.tAallow
tri phenyl am ne derivative, has  an ionization potential of 5 5.5 to
5.6 el ectxagalrinsusPol yaparyl f tas bagpl €he ao s HAZOEE dlevivat dveclbasd
an ionization potential of 5.8 electron volts. Meanwhi | e, as
for the t¥anspasepsteohddedwrenfty | madet anbkedeon flignmnd iden (1T&x an
IndiumTin Oxjde) is well known as one havi ng excel | ent t,ransgar enc
and | ow etdtit3l yesitadde™ e T FrEehas TBUR1 GBI iR EPont oRta g

el ectyon i tfde,coé‘s%%gnﬂﬁe 1he anode and the hole transporting .. 4
| ayer made" of ~Stch {ypl cal ™ Mate?idl s~ have A refati vé y Parge eherf gf
bar rver OlIth-o@cgtaniQ: Quﬁﬁ%%tsfc%mtv@'a&%rt Q?r%wﬁ%h&%%%rhé&ylayer and
ci rcunst ances, Tor exanple, the aforenentioned 15 patent docunent 8
(Japanesechnexagamed PakhentsAppki gatiean Publication No. Hei 9-63771)
has proposed that a thin filmmade of a netal oxide having a work
function hi gheTheheat drifatioohméTO el siskbes &5 ahher garsdeEbfdeari cer gaming ch
| um nescent devi ce that has_an organi c conpound | ayer_ between its .
anode and®tAPRBIRNIONARBY AR HEYES SO NARIIE: e adf L 2T s OPRIFRAHITRTE

of a.netal . oxi LS icaldy low in transmttance. FEor exampl e, .
Cer bitm ouaeriheoy pFEhahce! srck & Sofs T aainarqeSRALE girer al

transmtt 9 0 | <S ' ,
doubl e- | a%yr‘eeccg%?lggju/fr ggf"éﬁnﬁ%'ﬁrs%%%ﬁi %\rgo%é%g%g}gﬁtt\%%%?hag electrode
ul trathi ndydimah ahet ke ghanegaungneetaht oxawes, Neitgl egierod et i3@0of
angstronms is lamnated on an ITOthin film Even if this double-I|ayer
st ruct ur eovevigdogt edlohoweserordagd ct Eandavicandat dsoArehec DmadiTDBTA,
40- 60% which obviously is a rather small value as the transmttance
of a di sptehraasyldippdfprt derherebiRentdréhalet hitke-film of a netal

oxi d% Ohas been 'Ijhgspgggén ) Sgéuégné rTarlril’les alro%%%ybel!:oiwr éisgﬂse&é the technique
cf 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"



The present invention has been achieved in view of the foregoing
problens, with the objective of providing a highly-transparent 5
conductive filmto nake the anode of an organic EL device or the

| i ke, the conductive filmhaving a work function higher than
heretofore. This conductive filmcan be used to achieve an EL device
and the like of inproved hole injection efficiency. This is the first

obj ect of the paEsEBbel MveMhee Asteht! ahiel ik descrubedchat 6h,Nd heei
aspect of a first group of invention is nmainly intended to achieve

this firsi-3bj¥ct. Now, the organic EL device disclosed in the

f or egoi ng pat ent docunent 1 seens to be still insufficient in the
hol e mobi l ity afdteRtddpaprent yd'despite the use of such metal oxide
material s as 0x, 15 03, and \V205. .In addit,ion e tal oxide
material s such “292RA6K, “Rbo3t %HHEV§6§°Hay8'IﬁﬁhtBE%g%ﬁ%?ion

coef fisci ents of. 1 gher, exhibiting high values. This
nmeans hi gher deé%égggogg%ﬁﬁ%ﬁﬁgg. Anode | ayers nmade of these neta

oxi de materi al gablussshone asnodd ekt | vl Gt I 2080 EE ARS8 NG ei
20 in the visible light range as, for exanple, approximtely 1/9 to

1/5 that ®f2880G° This |eads to the problemthat the | um nous
efficiency is low and the anount of light available to exterior is
smal | for an or'datestEdodenérle. 6'The presence has al so been confirmed
of the problemthat even with the anodes_ of double-lgéet 25 structure

in which the tMPRPEPsYHEEREINIIST RESENFetRI L iGA de mRERI L aRE 1 AR YT TESL

are l,am nat he light transmttance (% is of the order of
19! '@—féb 9 . .
appr oxi mat e y[¥$2 that of ITO still a small value not for practical

use. In the casezpkne08stihatt MY an
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 1is
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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anode | ayer of this double-layer structure, there is also the
problemthat 1 TO and the netal oxide thin filmnust be limted to
respective predeterm ned ranges of thicknesses, which neans a | arge

constraint on fabrication. Mor eover, the work function can be
made greater than that of 5 ITO whereas the resistance becones equa
to or greater than that of I TOwth a practical problem Now,

in the orgaspditidRyiseesdhactoseds rntbe, f O Qe iRg aRaAheNtorPSURNt or
2, alumnumnitride, tantalumnitride, or the like is used for the

i nsul at i verighemflidminleadearivathive shasl g deurede dde vartdlyleemnl®a tthistular,
voltage | oss (voltage drop) occurs in this portion (insulative thin

filmlayerde knesml apneYinqicgsed laptviwmriisinsagetheSecbhirbppgéamine,
Then, the_inventors_ of .the presen%ﬂgﬁplication,haye made intenvai of

studi es of TREPROREYBMIG GBI, Hird NburRth theft 1 #7198 BSESBF -2
certaif |0050aD ¢ £OIPOUNDS, | orpEbI NBLi 0Ds M NCLBE ELeGt T adealaKsh) o

of an organic EL device provi des exce ansparency an

durabi |'i tyeal 0R8: W&l M LXGal kenl ¢ iNes6eRae 1Nt 88 1y QR MR LS .
| ow driving voltage (for exanple, DC 10V or lower) is applied. That
i's, the presentMdamwénriilieomshisse thret ol asttarg afinduondivei figm2 G radiumoxide
organi c EL device which conprises an el ectrode |ayer containing

certai n i notyarmxdeontgdnddndiwer Bby Gtidviimg vekdeknevin a9 aprspdrashiayg
and durability, a |low driving voltage,. and high | um nescence

i nt ensi ty?xﬁ?%led}te%ﬁ’f‘s?%rﬁg)i BRC Pt i S TS g%%l%tlﬁrlé?&-i vehgp, ITO has
provigj ng t f fabricati n_.qr ic EL.25 device., by i ch
loh "o St PRflcfaohaet (o¥ HIORER RS W o TR ERLYY Sy Eege
the secongh@hiirChoAfe £RENREEIRNNG DUERE Q0qe THE s%%qpepp%aq f8¢ceRdals
group of invention to be describéd later 1s mainly 1nfended to

achi eve tihage seeorichtobyely . 1 dhd ¢ teoduty § @t ObjECtos 6 to 0.9 ehNewi rioh
t he net hod disclosed in the foregoing patent docunment 7, the ITO

surface isoltsorhdrgbdtyecnhat the work function inproves to 6.2 eV.

Neverthel ess, whi]le the waork function inproves, the surface of |ITO
becomes an i nsRESTv &S IShrCABSEapEedt t fOoFheream™Bles the B OBFRGHtiRRed

the iyipr oyedyor b Lhpetiongi s bard, 1o achieve an ef beel,. pooysdhe oy

i nventor soo present” appli'c ve made i ntensrve st

the foregshmg JYaRleMo.andif 9UBS: ¥ DRt A BUIYIsRUEERRE! B ERIROSEG made
mai.nly of certain netal oxide and Ag (or "Ag and the |like) 10 can be

used in cofri naftizan ositle hheiebestuote fayearicof hagherganas Blatdevi gero
for excellent results. Specifically, it has been found that the

f or egoi nghe orffedgapathemivale bé adoptghico lopasestente davioegihat Rs an
devi ce whi ch has excellent transparency and durability and exhibit

excel | ent ¥ ¥ ife SBROE AL 8HST t HoBVRIP 15U ® RB%appFiedti on of a
| ow vl t age (I ?\%eﬁ%ﬁ:%%b%gs[)%h% %/ncgcée %%&gro)ft%sniéhlréggﬂn d£a mte:%%l oxide

present inven as obj ecti provi organic

devi ce whi gh..comaniises oani gl erifade JAxer, "pde 9k Apeanbipatiion okide
certain netal oxide 'l ayer and

has a transmittance of 10%. Vanadium oxide has a transmittance

of 20%. To improve such a low transmittance, double-layer

configuration has alsc 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 obvicusly is a rather small wvalue as the

transmittance of a display. As a result, the conventional thin

7



20 a thin filmlayer conposed mainly of Ag (or Ag and the |ike),

t her eby achi eving excellent transparency and durability and

exhi biting high |um nescence 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 nmethod of fabricating such an organic EL device .
These arefihe dhid el fouirdd oy meeds iofsdde presemn i twenspopendhe
aspects of third and fourth groups of invention to be described |ater
are the invent fémstnabmnégti nt ended to achieve the third and fourth
objects. Fifth object _ Now, the organic EL devices disclosed
in the foregoi ACFICSHtdoVEREAP NI aSRESTHRE FHoregol gl pae ékhedocesenny

2 have ot e Br OO M T, DG RELSl ot eSO AU 4B UG A0 o
el ect odes, Jpfetd A $PhAY: J6I 86 +nLNERE103Ss Al SQ NERA L BE L béee'B'rt?ﬁ[e

%Eg PS xf’l

smal | charges injected fromthe nmetal wiring to an organic layer o
the organiEl WV 68nagMCraastihe Moy end NheabiRN Fha¥eliont BAGhES than
cause so-called crosstal k. 10The inorganic EL device disclosed in the
f or egoi nghqatterdoradocuhend domdiscial s Hith tdeen reollsed tthatchieve an EL
thi cknesses of the auxiliary metal filmand the insulative film cause
a di ffer iReL¢haravdie lé4sid5 igpsespAdtringnoppsden «f et¢iodey: This
Mor eover,, in_the _case of |TO disclosed in the foregoing docunent. 15
7, there'ﬂ%st%%eﬁlfﬁg ﬁﬁﬂﬂ?ﬁn?ﬁaFgﬁiF?%ﬂﬁfﬁw%ﬁ%@%Fbﬁg'ar <3¥ﬂlfhge

el eCterOdedegér]%lPittﬂé&eiatﬁéfhi@ﬂe 9 é@@t?é Jileﬂ(r&”cé%‘ﬁpf&9"‘&99ey€&)§ﬁeﬁls

t he anode e cat hode can Tower t um nescence intensity 0

precl ude ddiA NesceneLded ol B¥ARLYES t0fi & a dyesHe@ppl i cation have
made i ntensive 20 studies on the foregoing problenms, and found that a

mul tilayer fil thowhi die canpnisesl dexiikbeatiysdligsierginftheefbasqoimy aatent
acid and has a surface |ayer of 5.6 eV or higher in work function and
10 ?cm ordafiygiet | reesmscipike sddildt bpeef Hidianteincidie belaseebihity and

mbi nat i 4 ith.th | ectrode | f i ¢ EL device t
provi de eXCORFENT! D5 EPERSPAraRCY aid TTaBTFT1 P arBil: T excerPir
| um i hi th Lcatjon . qof I
(or Sxanpa: SERPE! PYLAAHITon "EEREERT bR pEcbRYaNR. R0R e

has the obj®el M¥@;0fart QYbdhRG e 1 89nOrasdY CoElo g Lrer i dW B of 27000
| um nescence intensity conprising an electrode |ayer nade of a

conbi nat i@ 'obreeritgiar meéahintxihigamyi g réabuand aTausl aceartdi nighem
| ayer, thereby achieving a significantly small el ectrode resistance,
excel | entdegegepaa iyl antndur abiedeylagans angde of i VhagevbeEageoxide

i thout th jbilit f di i f d el ectrod
Cr oot al KU 1015 Ik STt am EXR 06T 408 }OFRant bF GTK £ T CaavI b
ith i . i L i i ned_ wi C )
and 2 anrh ol SR R P £ e 8 et e P o EThRL B b E D R Y S

obj ect oftheprsesgat Jmveoti ornitheeagpacd tak Srdbiéh HLURKGf luminous
invention to be described 10 later is nmainly intended to achieve this

fifth objefficiency isThogohne tiHee afnouegobAgl iprtoblaens, 1 dHilee poesenéricr
invention adopts the follow ng neans. First group of invention

is small for an organic EL device. The presence has also been

confirmedoftheproblemthat 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 alsc the
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15Initially, description will be given of the aspect of a first group
of invention. The aspect of this first group of invention wll be
detailed mainly in a first enbodi nent to be seen later. Invention
pertaining to a sputtering target To solve the foregoing problens,
the present invention is a 20 sputtering target containing one or
nore types of netal selected fromindium zinc, and tin as a
conponentptdiel @oft hdthd T¥puhidet hagné as jedx o ttd in rig lat muvesasbeohembdt ed
nore types of metal selected fromthe group consisting of hafnium

t ant al um tbirempast iole PardRAGIrad nest apnass e § Ribidg kewrfrorent/ hilledy BBRNS
25Si nce such netals as haf ni um ng tantal um are included as
const i t ueht—df enenPRStreins Bﬁsgﬁ F& 25 19%cr ease the val ue of the

work function Wilg Bl Nl 0L0G KIARIRAr SOOLARHR PLAR COL ExaNN! 58
ep SO C

to be described Tater. resent invéntronis a aracterized I'n
that the 11§ ¢hefQARONEN L B ERLNENChE @ndRERLEM £ S HtRaBeP 2R that
atomin conposition ratio. Below 1% by atom™ the effecCt of increasing
t he val ueodfImMcheiwbr k puactionl imrasirin.. Above 20% by atom on the

ot her hand, the conductivity mght drop. Incidentally, the third 5
conponent net aNogudhn Bise hafanhmELslgyniekatiaylp s2% trot i %olpgati ngnpiatent
conposition ratio., Mrreover, the third conponent netal such as

haf ni um | LSHEEYr of SLEBILPUBRYF 1669 B3P R 10H Pt EdAPosint Fom Like bS upRe
present ipnvention i l.s0 aracterized in.that the 10 | ant hani de

et ol cort S08 o PR FaTE P Lo T Srathip LR e Rty FoRLRE
group oConsiaxt 4 R}Qlegggq_@s%mvoﬁﬁ%@dﬁgp)%kfm&m t#9d ﬁo%rtqloHrTQinsulative
I nvention pertaining to a sintered article A typical exanple of the
sputteringhiargam ilayar$i ntesete aid ii¢l @ikheef daivehql voxislpor the

| i ke. Hereinafter, the invention pertaining to this sintered article

wi |l be descri l¥egond cbhjectnitially, the present invention is a
sintered article containing one or nore types of netal selected from

i ndi um oxi de, ZINf&sokh8e IndABEPADXPHBRS RO IHeMPRIHGaEdon tyye made
sintered articl.e 20 caontaining at_|east, one or.nore types of t al

oxi dos. el T GERES P OUE S CHECACRY BFSRAPRP Lt REPd At Ghe
oxi dg,g bi i Q. tgymy j . 1ihi
conpggenﬁﬁgﬁégé%?%ggnlgor%%%%ge haP%?S%ﬁ%ﬁ%%@§gﬁﬁxgﬁégT%ﬂgﬁgfgGCtrOde
i ncl uded Bmsydhert &ih rakL@ARONENsvilde b8oPO8SE & 1Q enfiCE e@8Epd Pgnoialatg

of the work function 25 while maintaining transparency as in
practi caldusedrigliéy ebobe wiedreixiged lkat ekuminescence intensity even when

a low driving voltage (for example, DC 10V or lower) is applied.
That is, the present invention has the cbjective 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
describedlater ismainly intended toachieve this secondobject.

Third and fourth objects




The present invention is also characterized in that the third
conmponent netal oxide such as hafnium nenti oned above is 1% to 20% by
atomin conposition ratio with respect to the total anount of the
sintered article. The present invention is further characterized in
that the |anthanide netal oxide conprises at |east one or nore types
of netal selected fromthe group consisting of cerium oxide, samarium
oxi de, europi umds,okn dee metrthdedbstheoxd de.tHOFfepyesing betpneskidument
invention is a sputtering target conprising: a flatly-worked piece of
t he sint efedhariT&per feee dsbeldian diged smihat bdekvagk pluaceion imnrgves
bonded to the worked sintered article. In a sputtering system

equi pped W th21% t hF'& V&R SRy Hardét TPe MM h MNThITR LA HOVE SsamB e
conposi ti o £5- LN b bhe sl eref atiLel 6o can be Tabrl eabed by, peore
sputtering. Mventton per?alnlng 0 a spd?terlng arget t at
cont aisns 281+ ha!l b Byp O&m ILNGUEh Xinfier AN 4bR& AxhdeichNithakhYo hBRieve
present invention is a sputtering target 15 conprising an indi um

oxi de al laxy €bféatni ng a hexagonal |ayered conpound of indium oxide
and zinc oxide (1n203(ZnOm where mis an integer of 2 to 20) , the
sputtering tarJée tontaisingiathd passenhepplivetéonypes vhdewtrdlensive
oxi des sel ected fromthe group consisting of cerium oxide, samarium
oxi de, eut'oliif® BRilthe f2E°0eing HEBLcHe, 30 IolgRutie oy el hslayehitidm
conponent _t hereof. The third _conponent, netal oxjde is 1%to ,20% hy.
atomin coMEST ﬁl?giliogf WrtherBdpeet Pél?ﬁeaqdo N gngst %glke)

sput tigr i Nt ¥08ked in combli}%ttlﬂBHtwfﬂ?,ttﬂ%xéggg@foé@ﬁ%ry%q cempoundanic

the sputtering target itse may drop in conductivity.” In the present

i nventi orgL theidb thexagosElerdtayeset conpewrd fiisa st udedhd & baedi doand
drop in conductivity. The conductivity is preferably 10 n? cm or
smal | er. thhet rdesdreriegaimag can forgwbdviecri ar? benp dopéedi sohargetéante
occur during sputtering. Mreover, the hexagonal |ayered conpound
pref er abl3P h889aneFyStlal AGFEF R HindPdt 12 Df SBCHT ¢PBiettera N R PR Y epd

e RSk 1AL, SES ey SL0EL 05 TR, O DAL L, BreUL160°8. 0,

so-cal | ed” noduTe.

conf hgur AlA R0y, BKESapb1PRATLBNE o0 o Al A diANRPAI A LoRAEL] VBT b
of low resistance 5 and high work function I1e mal ntal nihg

transpar efif€ylower) .

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

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 thirzrd and fourth objects.

10



Mor eover, the present invention is a sputtering target characterized
in that an expression In / (In + Zn) which nmeans the content of

i ndium oxide in the sputtering target has a value of 0.5 to 0.97.
10Here, in the foregoing expression, Inis a conposition ratio of
indiumin the sputtering target in terns of percents by atom and Zn
is a conposition ratio of zinc in the sputtering target in terns of
percents by at gnrtWhenithe foregoi ng expression has a val ue bel ow
0.5, the 15 resulting transparent conductive filmcan drop in
conductivity. Aowrthkdovrgadli9EL davibes dilkelohaddn ehe Hiongamapy redems
difficult. The foregoigg expression preferably has a value of 0.7 to

0.95. | n PREYIKN arang hBer HHFIGHPOPBL eike d9c8BenE 2haRehakthe problem
preferablg, T resent_invention is.also characterized_ in,that the.
D0 A or enit AMSAFERET BH ¥ 1o guradnes: g3 arutos Bbt atpih
oxi de f urfhal; GONIA Bk AX5E6nASfs CpRaNt1bhereqls e Present
invention further is asépgtterin% t%rget conprising an ?ndiunlégﬁﬁgay
al | oy cond@fsitg iThediremmexd del a6dpbked Bxied®refh 1&n03%4© 3% bynakeds
in conposition ratio, the 25 sputtering target containing at |east
one or noiejtyped fofombhalmahd Hes rielgete ed ¢ roam i hed agreoup faomspsgendc
of cerium oxi de, samarium oxi de, europium oxide, terbium oxide, or

bi snut h oX¥ d8S¥C8 -t Kt SohporenbolfelB8drcting thANRE cohPpoheh? FBLSE

. . o . . g . .
oxide is %a§é£1§8&68¥02%%§h'0 conposition ratio with respect to the

10 The inorganic EL device disclosed in the foregoing patent
document 4 has also had the problem that the thickﬁesses cf the
auxiliary metal film and the insulative film cause a difference
in level, easily disconnecting opposed electrodes.

Moreover, inthecase of ITOdisclosed inthe foregoing document

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 anode 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 a multilayer £ilm
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



total anmount of the sputtering target. The reason is that in
such configuration, the conductivity mght drop (the resistivity
rise) when tin oxide falls below 0.03% by atom On the other hand,
when tin oxide exceeds 0.3% by atom 5 the conductivity may becone

| ower (the resistivity higher) and the etching harder.

Moreover, tin oxide is preferably 0.04%to 0.2% by atomin
conposi t i @lectatdde. 1Eyetrheadoret, at comoxnaleidrs ofetceptefierabdt yl GOEKikay
0.15% by atomin conposition ratio. 10The present invention also is a
sputt eri Mt dryetreorpr FEFAgCan thadi uki bxi davarl oythediedai npdlglaving a
hexagonal _] ayer.ed nmpoungd. of. i ndi um oxi de and zinc i de

(P03 2T hrare T Prach Fiertaglr tre ok i, Shenblefhvmnengrency
target CoMAilAg:ialeleasty ANPoR MRl ¥BLEOL IRIRL:OXhIGH ARG RY
fromthe group consisting 15 of cerium”oxi de,” samari um oxli de,

eur opisum ©xicdecohaebt Ush &d d@poskdhi Al badd de @soss K dueoppanarbk
thereof. The third conponent netal oxide is 1%to 20% by atomin
conposi t i arraatti;o awsthst estpediod ant hegéwt al Elanmvritceof i t hewisieh tserdhngn

target. Ratios of the respective conponents fall wthin the ranges of
20 In / gugrnicZRl degpre=<cap oe phtelingd walyef{firlenpy +amhp Ay igation
0.2, and Sn../ n+ 7Zn+ Sn) = 0.02to 0.3 in ter of. percents b
atom o metnagbe 30 ARGRBTE BT R -ox bbbt B TP oot S Rt
rati o of jndiuem.in el } - i r .per.cents :
arom 25 DNk e ke S o, e B T R p oo
in taons nftepersed Siky iat&MBeARd SPhiScA teQRPOSHIH @Bjeati o of tin in
the sputtering target in terns of percents by atom Accor di ng
to such configuration, tin oxide has a conposition ratio of 0.3% by
atomto 0.02% by atomas in the foregoi ng expression. The reason is
that if tin oxil@esekietls I@r3grhpdauehlienseomposres ot faveotiph@dopts
conducti vit becone | ower and the etching harder. On the other
hand, mhéﬂ“¥ﬁgﬁéﬁﬁﬁ8§iWFBHSratio of tin oxide falls bel ow 0.02% by

atom the addi%ﬁggtogrghg E%gﬂkﬂgﬁgiggoduce any 5 effect.

Natural ly, the . i bed so far may contain netal s
ot herist han t he 1h@redQl Pg.ad¥ira prhenayern, bk hatvder SWRSLIPESS odNd first
amounts of the additives nust not hinder increasing the value of the
wor k f uncdraup ofhimofenitdoan dhbjecispbltob ft heipresent goognbifoinvention
cause a drop in this value. It is also required of the substances not
to | ower Whel eaAspaiéncymaindeckeaséirhé evhddeimpurtyo Hanseeaséathe -
resistivity) ... The substances that can maintain the work
function at a HEIRAPLEREEHIUT Sl ARUCRETLRY ency or
decreasing the 15 I\ j liu i er i .
oxi de, and antinnﬁ§9g§ﬁ§%%%Fkég%?ﬁézgﬁggggﬁh!ﬂggﬁg%%gﬁgagggg#gg%n_ls @
conduet i Vep ittt ing tarddt E8RtRLRSABIoNDVEM 0D £ viRE soRduch ¥e1kkkBy
fabricated through sputtering by using the sputtering target

descri bedf alrovedium, zinc, and tin as a component thereof, the sputtering

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

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 in practical
examples to be described later.

The present invention is also characterized in that the third

12



20 has the same conposition as that of the sputtering target

descri bed above, and thus is large in the value of the work function,
excellent in transparency, and high in conductivity (lowin
resistivity). The present invention is also characterized in
that this transparent conductive filmhas a work function of 5.6 eV
or 25 higher. At or above 5.6 eV, the value of the work function is
equi val entohPoh Bat mefcad Heke aknansPoik i Ba 4 ayenstthabtbs ifRESmPbsition
triphenylam ne or the like. This reduces the energy barrier between

t he el ectradiec andB¢hew hbt eby ratnsportheagefbyet . ofsimcressing thei salue
possible to provide an organic EL device and the 17 |ike which

al | ows arft fifroverknf unat herel § ekl on AdFFiRE/chY BeebnPyitdigpodher
i nventio Next, the,aspect  of second group of. invention,
Wil be dMRRT pERe SSRRECEIFAEY OF ot Ekbond SO AL HhwenE Fonnird
wll ke j ' [ ' gep_|afen,

i a1y ol iRa A gl SRl R B e e 28 Pe B b atom
i nventi onij £8P sGANRH shhfoat Leasbvar,alicthede AN Ssnand e RAS8uch
menber, wherein the electrode | ayer contains at |east one conpound 10
sel ect ed ds dm frhieuri al 4 o thg rgrfeua byl 3Bnd catl Okeagt abor Conporpdsition
sel ected fromthe group B-1. Here, the group A-1 includes
chal cogent&es?- oxynitrides, or nitrides of Si, Ge, Sn, Pb, Ga, In,

Zn, Cd, and My. The group B-1 in¢ludes chal cogeni des, oxynitrides, or
nitrides of |aftKamM GE§NC18NVANEAGENEP COAPI 53@5??5%151% subshpht £he

for or i i.ce of the present inyention.is one conprisin
at | aB; AN Ea A T A Qo LT TP e i Y BT ot PBe
layer cond@j &Sty £r@astnhO8e oeprRods sehgotresk £10M KRG GNP, SuopBtm,
at | east one conpound sel écted fromthe group B-2. 20Here, the group
A-2 inclutes ceabtageni des, oxynitrides, or nitrides of Ge, Sn, Pb,

Ga, In, Zn, Cd, and My. The group B-2 includes chal cogeni des of

| ant hani des.  InventiThepsubsiniie for sintegadi erficdevi ce of the
present invention is qne characterized in that the el ectrode |ayer is
an anode | ayer 2293 SiiFRe et PorrahtoF uht2r |t Yedisdeterefgticle

present inventi ihS e, .characteri.zed in that. the el ectrode,|layer.is
a cafi{i‘}’ode(p"lyajg/erm%r11 St Q‘ldr?g 0 Eﬁ% cl(%%]ei'guréae[rieolr%ag elf‘negcélel nven Péﬁ?,ﬂ
the conbigfed: 4se; 8§ B-CceARQURA Nk Ihe Graup Ai and, & gogpeypdyof the
group B-1 or the conbi ned use of a conpound of the group A-2 and a
conpound of theigialpyp- 2heanptdwngasintdia iiodni Zat hor ipoteati alrtdfcle
the el ectrode | ayer effectively. Consequently, the substrate for an
or gani ¢ Eom@irg@dopne er mogsenypesvahnesaldeskydtiset fabovendhwm pecide,
used to constitute an organi.c EL devi ce which has_excell ent

dur abi | i t3APSORLFRuARE PV R g 61 355G EOTRARCHT GRCF Binf nE5E Si0& erRfaTiia) e
The SR EOfe L AXET sE AL LOUL o8 LS 5 L0 EhataF er el Y b g

an excel | ent etchi'ng prope
of the graﬁw?ﬁﬁpc_ H@iQEf gf\h%fni{?ﬁ,o%&&lé?ft@h%aléﬂ@x&ﬁ%,%&%Btﬁ‘o&ide,

i ncl udes chal cogeni des o i or nitrides o
or a lanthanide metal oxide as a third compcnent 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

compenent metal oxide such as hafnium mentioned gbove is 1%

to 20% by atom in composition ratio with respect to the total
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10 the sane in the electrode layer, it is possible to inprove the
adhesion of the electrode |layer to the base nenber at the tinme of
formation. In addition, the electrode | ayer can be fornmed w th higher
uniformty. Incidentally, when the anode |ayer is made of these
i norgani ¢ conpounds, the ionization potential 15 is preferably given
a value of 5.6 eV or higher in consideration of hole injectability.
Wien t he aethodeckaydre | simbueeedonrthelet-herThandreshat omiventom 1is
potential _is preferably given a value below 4.0 eV in, consideration
of el ect righ- i ecCRSNAANE I IARA maberititts FBRt i R 3t ERe Titedent=1de
i nventi on can PSCQi eye ?Oai gngzat io%n pc%teer,ltti al s Ooff mSE.t8 levsg egj:ggehom
bei ng extrer?ﬁﬁy 5Ui Tabr 877 or “Phe “mal'éfital- Y61 % fe- dhode.
Mor eover , s § g MRS ERRALE sk 20 X SRR doli HEVisGR a0l 18 xRHES €Bhropium
invention 1s one characterizZzed in that the el ectrode | ayer has a
speci fsi ¢ g:eisdest ade€ teveriumhagidie?-cm 25When such neans i s adopted,
it is possible to avoid the phenonenon that uneven | um nescence
occurs in the Hogpbugrscrbenpdaechd hhygbnt st sianee sgfuttthverigiect apdet
| ayer. Consequent |y, the specific resistance of the electrode
| ayer carF¥MRELDENT i nft ddl 3 hhatvRr kedi Rprefe & eEbforf ididars] earticle
injectability,.. as well as to.achieve.a further reduction in the
ar | ving ISAPET Thet o gaine ELOTeeHEe BTAE cehiarry L Pphdpf Eo the
contrast, [ rjal cof .t :
wé%&%ﬁ%ttetﬁtgrl_tCQe. Igl %b%}g{ﬁeéﬁfﬂtg%s/é%%qnﬁip%d with

specific resistance a _ -cm a do ayer ucture s

pr ef @nablyh % voad veiicly kaehedesa amiel egelmnogey |y ahdmdaeotodposition
constituent material having a specific resistance lower than 1 ?-cm
Mor eover ,24 hbasubStthat eihberad origaml € cEln deViaber iofattdd bgr egentering.

invention is one in which the conpound of the group A-1 or A-2 is any
of chal cogeni dé8VEPLAPRRYPLRIFANGREO PnSPAHEE AN TAESRT ddyalobeRisa e an

are particul arly l.ow.in gquenchi ng property anong the conmpounds of the
group A- 2149 EAS D Aot 2l ituting an organic EL

devi ce having Ri,gh;Lym,nesgensea.i VA . fbe
substrate for an oilgag‘i"é ELgdév?cé;ﬁgﬁ h%htd“rogsé"r?t a:\/ﬁ; ent?‘%)l;\llit“t%1 %%ggieg
whi chL st hes sxgsposingly @fn L haigmhaupi & 1QloyBednt 814 dngny nekageindas) 8« ced
Nd, Sm Eu, Tb, and Ho. These conpounds can be used in conbination to
facilitaterjwsd oy ikl valaesdofandieironiedtdon Ipoterigndl) mandhthe m
band gap energy in the el ectrode |ayer independently. Mreover, the
substrat et ¥ A" alP b2 gahi efEE §evife rof- hehsrtdsartn R0t ¢ Fveht FeNt# 4D 6RE
in which the content of the compound of the group B-1 or B-2 falls

W i n R TG GIM S AN SO Bie %6 T TR WOrarS anBURE 3R Fhgm the
el ect rodeyd SueEoAs 1100 ilf o MooRali 0191 402 KU dio 246D, 2L AMAF B ae,

facilitate aoxj?ustl ng the value of the 1onization potenti

el ectopode: d ayBlim Wi 2or bismuth oxide as a third ceomponent thereof.
mai nt ai ni nghi ghtransparency(lighttransmttance). Besides, the

el ect r odelHaaybi rdordnpnadt rhtis licsxk ichal aditer ¢ 26@ Hyyahawiingcexpgek i enbn
etching properties to acids and the |iKke. Mor eover, the

subst r at €3 'ot° 4 tér FarPECELL AEhrcko b L e Wresérth ¢ Apefticsi %t dReetn

whi ch the el eCTWri%ggulc %rhg}?a'lsgo%atlhig;‘((é’]reésfcompound, 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 10 mQ-cm, overdischarge
can occur during sputtering. Moreover, the hexagconal layered

compound preferably has a crystal grain diameter of Smicrometer
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within the range of 1 and 100 nm Such configuration makes it
possible to fabricate an organic EL device which has nore excellent
durability, a low driving voltage, and high | um nescence intensity.
In addition, when the thickness of the 5 electrode layer is in such a
range, the organic EL device is prevented from becom ng excessively
t hi ck. Now, the configuration of the present invention
pert ai ni ngr koadnear.gafhe Hasevicetvat hreetdesttaheder smay abhyribnte
organi ¢ EL device of the present invention is 10 one having a
structurethihagcenrrense af anrogélilgfemodit ©organi ¢ | umi nescent | ayer,
and a cathode | ayer are |l am nated in_successign, wherein the an%ge .
et % it

| ayer and cat hdd& ISEVEFeEAEi FAEPSHnRABING 3" Hadyarns ma

cont ai ns 2ast .on e t.he £ol | Qw -
and at 1 doer Y eBTESERTE MR ik AR it Bh S St
Her e, s hea 0 iR HAwb rikneLHEE S0 £ hith LR8N 1GR3 n@XYNEEEA S8 SyeREy NI L T des
of Si, G, Sn, Pb, G, In, Zn, Cd, and The group B-1 incl udes

chal cogeni des, Moxgowver, dede @rresehti daseafidanthani desittAnoider target
organi ¢ EL device of the present invention is one having 20 a

struct ur echqeacherieadtimanhifodd® eapaessdwrofigani I umzmes@bach agaps
and a cathode | ayer are lamnated in succession, wherein the anode

| ayer andRacroFENtagErintiw Oredond ie SR WisdctiblarPgfehds a value
cont ai ns at 6e§s£003e990npound selected fromthe follow ng group A-2
and at | east one inofganic conmpound selected from25 the foll ow ng
group o8- 2. Herel {8 tHeNEo BEQh fregpkBELYGSS 16Nk COGBRLEEStion ratio
oxynitrides, or nitrides ofGe,"Sn,” Pb,Ga, In, Zn,Cd, and My. The .
group B- 2o f neldides i ahahe ogand«@daes nef thasébam degmsAsrapeyeent by atom,
conbi ned use of a compound of the group A-1 and a conpound of the
group B-lam¥ Znhéscomsinped itgenofabicarfpeind bf tthve spubtprAng adget in
conmpound of the group B-2 can increase the ionization potential of
the el ectY¥des |04y BFTERPEEL PYeR§P™it is therefore possible to obtain

an organic EL vi ce.which has 5 excellent durability l.ow dyi.vi
vol tage, and h?ﬁ'ﬁnl ?I%enggfgﬁeén?nf’é?@?ﬁ/%onl'ﬂ__éaseI‘_’éc‘ﬁl&?e%e&f@r CH'S'. The
conf i;gur ede 4 S cS +2haQp 6 hehACL &L 78d Y fMaw egnaars}técﬁ | &0 RLG g .
property. Moreover, since at |east one group out of the group A-1,

the groupréAoZ abdhe @rogypoB-the anBet heard,0dpcBidg iG] BEEGme difficult.
chal cogenides 10 of Si or nitrides of the sane in the el ectrode

| ayer, itThe fsosxidireg egpingssdve phe fadhddivohasefa tviad uel eft?® oded Ay 86 .
to the base nenher at the tine of formation. In addition, the

el ect r odel P &G e FBRAANIR Ph hi§REA Un?? dSnf TS MOFS BERLSFRYLE-
when t he anode J.ayer..is made _of . these caonpounds, 15 the ionization
botent i al 15 prOFoRESy g VEN SREU A ue of 1808 09 8 TR gfel TR chal! the

consixer a$f@fle@énla%ﬁeh%sﬁk%Q&&M;ytawﬁee EBRcGahRAde 1 haY e b% i1 Md8nd
on the other hand, the ionization potential Is preférably given a

val ue bel p¥nd oxHeMumonNddteraid O iof el renai 6bﬁﬁ_bﬁbinh:i tierébe.
materials nentioned in the pr esent 20 i nvention can achieve
i oni zati on pot ditel aps=wints. 8nesdhiororhi ghethebeiisg ®xspermderisig t abkkget
for the anode material. | , , _ )
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 oxlde, 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
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Mor eover, the organic EL device of the present invention is one in
whi ch the anode | ayer and cat hode | ayer or either one of the

el ectrode | ayers has a specific resistance lower than 25 1 Qcm Such
configuration nakes it possible to prevent the occurrence of uneven

| um nescence in the display screen due to high resistance of the

el ectrode | ayer. Consequently, the specific resistance of the

el ectrode. ) ayergannthys beer & rtit(étrelq,gt ocaifgzgtp_ve el ectron and hol e
: \ }

injectabilities. A further reduction in the driving voltage of the
organi ¢ EL devimte irsaabsoipagsitblie. shokidemiajdratiich, thecomdwsiivity
the constituent material of the electrode |layer has a specific

resi st anceigifodeop tlanregidoubiey lEyper whemdtior exide gragfler Ablow® . 03%
used which includes an el ectrode |ayer nade of a constituent material
havi ng a RPEEPT: ¢ Freéhst AbRer It PRER 4im ogrhde exceedgpl edfdty 2ERE .

present invention i.s. the orgapic EL device, i.n which the conpouynd ,of
t he g;%ouptn% foélrdquﬁtzl‘flst%rl{‘ya%ogeg Ianleco%"(g,?ﬁ:d(etsm?) Rk elst%gpléﬁj,eﬁ}n?nd
and Zn. These.cORPRAYNdsrake particularly 10 low in quenching property
anong the conpounds of the group A-1 or A-2, and thus capabl e of

achi eving an omMgaeo&ekl deyi&e whiichphasehighy louniaeseencesi vy ensdd Vn
Mor eover, the present invention is the organic EL device in which the
conpound ofmgdE tgroouraBid. or F@rRhésmaneoxitde ofxiamy isubgétnpeeibrebfly
of Ce, Nd, Sm Eu, Tb, and Ho. These conpounds can be used in

conbi nat i 0n?%% ¥acPt L B&t BYadit@st itfly Qo A e ofakHe- i oni zat i on
potenty al and e band gap energy inh the _el ectrode |ayer L

i ndegedndent ly. l:Ihl{}berperoevseer“,% J?rlllveen[(?trlg)\sﬁean 59 ﬁ%@nﬁ%%t?gl?‘Hg:a&ggea%ﬂ?mﬁflSlng
device in d t f ; 0 e B- r

B-2 fall saﬁm%%n&?%ﬂﬁjaﬁ%glgy 6:%§t§2311§-1 atﬂ‘?/g\?\/ig%ﬁta?hégpgggld g%glgr?tund
of the electihadan yede asidlodOnatotdSethidg Adte waliHe riefn $6Cih ankakae
can further facilitate adjusting the value of the ionization

pot ent i alof r2 tire 28})ectthede pludyerr iwhy Ite rgeitn taintiang ingRkt23 east one or
transparency (light transmttance). Besides, the electrode |ayer
conf i gur e hUYR RS Hargdi®er icXdd 95y sk Fichg eXeem ERe gredpPngonsisting
prop r5:ti es tC%raci dg and the |ike. : Mor eover ICEIe cp}re ent .

i nventy on” T SSEHE P FARF ¢ E U B &5 UnPRACP ARNTHLTT odé€ TuyEh K4l ea
t hi cknes i £ b e 4.2 0 h fi.gurat 4

it possi E?%\n %gggﬁtgi g}gﬁrggn%c t%gq:c?év(?%rgg&vﬁ%ﬁ ﬁggq&% ex)(r:ggl gﬁ!{i‘%@
dur abi | i t¢empohemt did vi Nevaldage, andhi gin sl BYi Hese anceohplodnditon ratio
| naddi tion, when the thickness of the electrode |ayer is in such a
range, 5 whiehorganectEL odéhecetdésabrementied offr drineb eont ngr exgessirgelty
t hi ck. Now, the organic EL device of the present invention is

one in whiRehiam CP%cFrkg?arﬁecSHEfﬁW‘f? |FAMRRAART e ritadl hivdd Heit [t tragypes of
i norgani c.co nd Iecté& fr mf{ e foregoing graoup A1l an%nijo_a
Ieast%%onel%cjr:g _d“f 2%] e“LctSe f‘rg)m & Jroay B /or(%gn 5 #Sr damitd £hion 03
filmlayer, qontakphng, gt (kRast0pes,coupRuUpY Seheat e %ggﬁ%td]@ ercents
foregoing group A-2 and at |east one conpound selecte romthe group
B-2 is arg@ngesmin both or either between the anode |ayer and the
organi ¢ | um nescent | ayer and/or between the
Here, in the foregecing 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

ratio of 0.3% by atomte 0.02% by atom as in the foregoing expression.
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15 cathode | ayer and the organic | um nescent |ayer. Such
addi tional arrangenment of the inorganic thin filmlayer can suppress
| eak current effectively, enhance the efficiency of the organic EL
device, and inprove the durability. Incidentally, the inorganic thin
filmlayer, when arranged 20 between the anode | ayer and the organic
| um nescent layer, is extrenely preferably given a conposition
di f f er entTHi¢ egalhoses @hathier anode ildayer c eads thesaswasba Ihetdmbbkition
| ayer. Specifically, when the anode |ayer is made of a conpound
corrpri si ngatlgr dune Aomdugtrplatilwlrmaxgb@aprr@Jloxsemp@mbﬂie: etGhtigiPharder.
.9%0.5 to 10 25 at.% is preferable that the inorganic thin film
| ayer be %dréleoPta%o‘h%%ndIh@%ﬁPPsW@%sJg%% fﬁtﬁ%eﬁp%%d’/x&d@ 66518
B-1 compay ﬂw bbela w 90 gt % gve 10 % t.0 .50 aot (Vr The s n
ol ds 1 oroTFe? SAP B oty HB AR TAaD BF T B pa K Frakice 3
Mor eower , - fg-Prgani ¢ EL device of the present invention is one in
whi ch the organic | um nescent | ayer contains at |east one aromatic
conmpound havi n@iadustaynyl, Tgfé)slpuﬂ&f%ﬁigstéﬂ%étlﬁélscf:@b@&”s@ £8r Bhyeibryin
any of the follow ng general fornulae 5(chem cal formula 2-1) to
(chem calmdtorlrul atReB) thaGhamiecafcfayoiia 2-Ibte,3 however, that the

substances and amounts of the additives must 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 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 like. This reduces the energy barrier
between the electrode and the hole transporting laver. As a

result, it is possible to provide an organic EL device and the
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Ce d4d Ar Ar2 (Chem Cal forrnul a2-1)

like which allows an improvement in hole injection efficiency.

Second group of invention

Next, the aspect of a secondgroupof inventionwill be described.
The aspect of this second group of invention will be detailed
mainly in a second embodiment to be seen later.

Initially, a substrate for an organic EL device of the present
invention is one comprising at least an electrode layer and a base
member, whereintheelectrode layer contains at least one compound
selected from the following group A-1 and at least one compound
selected from the group B-1.

Here, the group A-1 includes chalcogenides, oxynitrides, or
nitrides of Si, Ge, 3Sn, Pb, Ga, In, Zn, Cd, and Mg. The group B-1
includes chalcogenides, oxynitrides, or nitrides of lanthanides.

In another configuration, the substrate for an organic EL
deviceof thepresent inventionisone comprisingat least anelectrode
layer and a base member, wherein the electrode layer contains at
least one compound selected from the group A-2 and at least
one compound selected from the group B-2.

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

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

The substrate for anorganic EL device ¢f 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 ofi a compound of the group A-1 and a compound of the group B-1

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

18



where in the general fornula (chemical fornmula 2-1), Ar is an
aromatic group having 6 to 40 carbon atons, each of Ar2, Ar, 10 and
Ar4is hydrogen or an aromatic group having 6 to 40 carbon atons, at

| east one of Ar, Ar2, Ar3, and Ar4 is an aronmatic group, and the
condensation nunber n is an integer of 1 to 6; "Chem cal formula 2-2"
15where in the general fornmula (chem cal fornmula 2-2), Ar5 is an
aromat i ¢ of dupghavp Bg2@anddleceacltior iandretieaphteht Anb odritherledtsode
hydrogen or an aronatic_group having 6 to 40 carbon atonms, at |east
one of ArbAYew 6LfL{&RELARYYi s SALERE Y iiteh saPSEYRYe fftoap, CBRFRPIhEL
condensat i on. nunmber._mis an int.eger of 1.to0 6.'befacgd 20 " Chem cal

formul a 2%CS % t&reeﬁf)esﬁ&r‘f 1RVRP L O Tt r%v&-ca® kg pEed to
1\"1131 S &rﬁ‘s%rtute an o‘ggg Ec! ﬁt&@fi&%ﬂ%ﬁlchf ﬁhgulegcé%f%gﬂz rcér@bﬁ%g"rtllly?

2-3), Ar8 and Arl4d are an aronmatic group having

atons,5 eaghi & ANisihg AblLBhGe DY OISHHON uAANBEEBRALE Ci GF OviPi havi ng 6

to 40 carbon 5 atons, at |least one of Ar8 to Arl4 is substituted with
a styryl groupThandledterabndensatdondigumrbdrishyy ig,a¥so ahdrscaeei fedby
1 each. . The present invention also is a nethod of fabricating
the or ganit&Vimg geverec Heart diehise propeichpr Msrrgvehe staps et least
formng the el ectrode Ia{\:er by sputterin%ﬁ and formng the organic 10

| uni nescet® | FyJHP 1 VattiMUSHSHR Aot M9% AFQURay 6F FOPNEEPBR, Brt -
| S poss! blga thd QLR Bobe  LUhGRkOR,baY8E AN AN O 93NGE Ly agacenE
an& ha ME DRy It i

| ayer which are dens ve “uniform thicknesses. i'S as
possill e ¢10e 00 d@, 8ReOLPaRLEcEL Heyiee havidg et i fQf Binprove the

| um nescence intensity. 15
adhesion of the electrode layer to the base member at the time
of formation. In 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 icnization potential is preferably givena 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 anorganic ELdevice 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

canthusbelimited invaluetoimproveelectronandholeinjectability,
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Third group of invention To solve the foregoing problens, the
aspect of a third group of the invention adopts the foll owm ng neans.
I nvention of an el ectrode substrate for an organic EL device 20 1.
Initially, the present invention is an el ectrode substrate for an
organi ¢ EL device, conprising an electrode for driving an organic
el ectrol um nescence | ayer and a base nenber, wherein the electrode is
made of aabtamilatas ab thhiéod|ovWiurgheworbdyetSon in the drivinglyoktage
thin filmlayer of a netal oxide having a work function 25 above 5.6
eV in val @&; thmdprganic EL devige) Andidedtaddyayef  coRpesedragitnl y-he
of A Now, when the nul£|kg er-filmconfiguration is

t

enpl gyed C‘E’ﬂétbﬁt‘éf‘ﬁoﬂaq%l of sGif&ce ocs HetPEheorg&miidic

| um nescent La t al 0X son Jjs th h
i fects. aECFbRLEREa ThRts oGRS es e e PR EharRyt S RRgT e 2tlY
i mproved §sddr @i bht Ynanaqaskakh. electrodzh@a%@nﬁa@%swﬂ Redoahkeve weant
be adopted to make the outernost layer or the surface to contact the
organi ¢ | mateesaenhakvayer = Ipicl £ 0xXi tes | avefice HebRert RBaWONK Q- cm.
function is set at 5.6 eV or higher for the 10 reason that such

ef fects as | onefonasiteageshennareeat ¢ int Resuweed ¢ Fh dngley of4m¢ present
i nproved durabi]ity are spall unless this condition is satisfied.,

2. Next, tRESHIEILAS Pﬁ@eh?lwqhs tPReCOUMRRNIDAE SHBsIFMR Ardr ORnP—2 15
organic E e riz in,th th th|n iLlmla &l 15 of
t he netalgnggﬁéﬁhlco %gfunc ?%Hk% gﬁs ?ghefﬂh ecompﬁ§nds

descrmeda@l@oy@rtw@la«@n Mm% aaeﬂeﬁtlnee J‘éoée@yyoam&h@we C%ng)o'u%ds
preferably 5.8 eV or highe %at this value is

m%wureneafﬂh@gfmumnpuﬁﬁngtuﬂnéﬁéﬁapwwLe@Ewahue1Mﬁﬂﬂﬁgéﬂ©rganlc
application of UV cleaning or the 20 |ike (pre-cleaning value) Thi s
wor k f uncElofieasembagimead hiigth I'AG nes¢enpe Rikbgakit@ ken Co., Ltd.
by using a photoen153|on net hod, The neasurenent saagles wer e

i rradiated wt 95 Tof e %u]?%tfsa%e Evr AR R NSt oAV EFR PFé’d‘erP%?ﬁe“t
the sanpl ?ﬁv%@&[oﬁ?%@dmm%e@@ s é;&ﬁ% L0 'ol% gggecgﬁya ned, ”8”‘%“? is

i rradiation energy require

Next 14 heaﬂj}‘%ﬁ?@&ﬁl@)ﬁ%‘f'd&“ kg, the fagreﬂQl @gldehsct ﬁ%e’s%ﬂ&ﬁrﬁds can
characterized in that the thin fil'ml ayer of the netal oxide: iIs

conposed hai nkygdoini ndnbimexide; tandacantaianse atdjueashnhOreOraMIes of
types of netal oxides selected fromthe group
the ionizationpotential and the band gap energy in the electrode
layer independently.
Moreover, the substrate for an organic EL device of the present
20 invention is one in which the content of the compound of the group
B-1 or B-2 falls within the range of 0.5 and 30 at.% with the
total amount of the electrode layer as 100 at.%. Setting the
value in such a range can facilitate adjusting the value of
the 1ionization 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 EL device of the present

invention is one in which the electrode layer has a thickness
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consi sting of niobium oxide, hafnium oxide, tantal um oxide, and a

| ant hani de netal oxi de. 4. Furthernore, the foregoing

el ectrode substrate is characterized in that the thin filmlayer of
the metal oxide 5 contains zinc oxide or tin oxide as a main
conponent thereof along w th indi um oxide. As above, the
present invention contains indiumoxide as a nmain conponent of the
thin filmlayes e theng®lod 10xhde10d thrdl SGUEPNEBWAS oG iBH @@ kes it
and/or tin oxide. 10For exanple, when indium oxide + zinc oxide are

t he mai n posgponeat sp Iffabdridate Zn) org@nS% tEL 0d8%% by watiarh ilsas more
desirable. Here, In/ (In + Zn) indicates the ratio of indium atons
to the totx¢eklembl dheahikibérs of | AEVuntalvhBandoziAgcat oABdi nhigl
thin filmlayer of the netal, oxide. 15The val ue of the foregoing

rati o | n #URESCIRTEII T e bl yITb?‘?‘dtlc‘ilé’F‘Q,W%%lt&’&%%@f‘gﬁéﬁl%ﬁc 618
to 0.9 T n i hat _if_thjs,val is below 0.5 .the thin.film
ayer Sof TheCEERSE L3yeR Lantar ShtrnBcbiabl TEREyo ik 5 oBe ok : e
ot her hangreddigc£4ChiBg BLeRalithy rb:ahls datery onpf & . 20Mor eover, when,
for exanple, indiumoxide + tin oxide are the main conponents, In/
(I'nt Sn) = 0. 7%otwg Oh8586hFLaimymiich dEsthialdesdrer enveéntiof IperitaSming
indicates the ratio of indiumatons to the total sum of the nunbers
of i ndi unfatanerasdici AladenscenWihe hehidesikidiketayer of the netal

oxi de. 25The val ye ,of the foregoing ratig In / (In+ Sn) is preferably
0.8 to 0.95, addiyeflpyerdn MNGrGC8BLl 138G 650 THe PEgSERTI §DTPREIqT s

t his .val ue | bel ow 0. 7_0or..above 0.9 the . thin filml]ayer of the ,
met allo(’(ilxigeé ?aaﬁgélrgoﬁ F%IESE%&}%\}?% yaf5t I\%éav‘?/,Stt REaABOR o#% obi Ut FE

haf ni umoxj ey o deaaihal 1 d i i .
oo TS LR, 1 2d%gﬁ§'} o gﬁ]ﬁo%élg%gr@gbﬁ Thhfia e 88 4 0/‘5%%’?10“'

atom andwiyeteipy eher ahbvel¥at/e rbehave50h bie at Ope M dh Jiasnectod dfhene
total netal atons . The reason is that at anmounts of addition bel ow
0.1% by atbagtrhdeefdpers oitahes addiltdamt winledl choponeaichedected from
significant | evel, sonetines failing to increase the work function to
or above B'sfeViosinchgratRed ~hanf &t LaABhMRe GOTRAHTG 61 16 TE S 4/E
hi ghelr5 byt t 11tohe'r§ i(grglill r’r]B(_)fl the netal oxide becones an

i nsulative Tilmwih {he"probfemof a drop in conductivity. 105.

Moreover, the piggentnhd NMeR iniﬁnélrﬁl%efsoél’:ﬁgf)&aﬂerﬁloeézgl,r ﬁggn%?%éét S

characterized in that the |anthanide netal oxide is at st one or
mor e typesiofideet af oxj drs sel eep edd,r oM the, @doupneangl strhBggedup B-1
cerium oxi de, praseodym unoxi de, neodym um oxi de, sanmari um oxi de, and
t er bi um okiclerdesscheldeacnidys, iaxymierpdesentr imterdtlesneftharsthanides.
mul tilayer filmconstituting an electrode preferably has a surface
resi stance bel 8RCEHePPIgarpRIHLAAHISE beFoaPEoFeyt 1ndAlt et 1prerdraing

4 ?/§ﬂ7 a structure that at least an anode layer, an organic luminescent
layer, and a cathode layer are laminated in succession, wherein
the anode layer and cathode layer or either one of the electrode
layers contains at least one compound selected fromthe following
group A-2 and at least one inocrganic 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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6. Moreover, the present invention is the foregoing el ectrode
substrate, characterized in that the thin filmlayer conposed 20

mai nly of Ag contains netal having a work function of 5.0 eV or

hi gher . 7. Furthernore, 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 nore types of netal selected fromthe Au, Ir, N,
25Pd, anda Rtaempound ofAshéngtdues&-ilnventhensoiared hset hé adckhrip@mdiof
metal having a work function of 5.0 eV or higher enhances the

stabi | ityth® srmPid@nd aTkemgabift obf thadirPem Bs? (Col e Bamwtde

| ower, preferably 0.1 to 2 % and vet preferably 1_to 2. W% :

The. r easot P b= IS PRS PR Lab L At SNV BEFORF Vo ( & is
ef fect of Lti I ] .t.he ot Nt 8§ s

of addi ti o%%%gegggbmkgﬁ? sltlﬁé gt%ﬁi r?b?igll?ﬁ gayner ey dr opd?%a%%ﬁ u%lt @llf:l)} Sras
beconss expepsiyent SManea¥elitQt hes nmebal saesyehgasvBcaGe,andndr) nigw
be added as a third conponent w thout affecting stability,

resi stanceymandscefitecianessity. The dhentrheeptesent con¢eguiren itdus
used to constitute an organic EL device such as an organi c EL device,

it is preferdfechgramiiesyize® bhiltknbrg e gxdedieas etChinonprhpecase

of outputting light through the anode In this case, the "thin
filml ayel}ﬂo’é‘%%%gedsﬁﬁfsﬁl 81:0 CAGE PEBNELPHEs OMef &fr &&et §TOURpIY Las tas

R R O G Ees

10 nm Th&é reason’is i as a ness

bel owB ngx theoangderiiyaglt ook he sheduced dHE resd st ange. 1 Petheic is
ot her hand, when the Ag thin filmhas a thickness above 15 nm the
transm ttposeilcha falimpadie ahdr aghesivheoki ghe «ldpitodd fiofenap the
fromthe |um nescent |ayer. 20Moreover, the thin filmlayer of the
met al oxi des ¢ fembEimE’s theftertedf tfe Fiatpl gn as Anaddiideconayery ehaythade
a thickness selected fromthe range of 10 to, 200 nm so as to suppress
reflectio a¥?6rr??ﬂebﬁng§§}‘§B. ¥ tehﬁig&ﬁf’es%mo?o“frh}gyoxi de layer is

preferably Sel?%&ﬁ@g%&%ﬁhk?%ﬁ%ﬂqgﬁ%gﬂoéglgggf§%19 eagg%h%%%c%mlounds,
preferably 25 an n en I's oxi ayer has"a i'ckness
bel owslO fwa itdhe zskabh! b3t 10f st Pee Adrd B IG iFedht NOtud e raghs emedy
higher in consideration of hole injectability. When the cathode
layer is made, on the other hand, the ionization potential is
preferablygivenavaluebelow4.0eVinconsiderationofelectron
injectability. The materials mentioned in the present
20 invention can achieve ionization potentialsof 5.8 eVor 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 lavyer.

Consequently, the specific resistance of the electrode layer

can thus be restricted to improve electron and hole injectabilities.
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with the result of |ower durability of the organic EL device. On the
ot her hand, when this oxide |layer has a thickness above 200 nm the
transmttance can fall with a drop in the light output efficiency.
(2) I'n the case of outputting light through the cathode In
this case, the Ag layer may be a thick filmin order to reflect the
light comng fromthe |um nescent |ayer toward the cathode. 5 The Ag
| ayer hasa ardhitcknessdudtibe fAangee ofr B0iandv300288) opr eher abbynde EL
and 250 nm and yet preferably 100 and 200 nm When this Ag
| ayer is dpvepeals HtikpasssnibBO0 nimordegneatey, Lf, bésonestrastihibk
and can cause a |leak current at the electrode end. In contrast, when
t he Ag Ia%‘?s‘i‘lja“su%“?hi“éﬁﬁé'§§lbéifov$}8% *ibe‘ﬁﬁifo‘fiﬁelﬁdﬁé’t NG @ specific

reflectin ht to E cat hod i’ cone aker. With t
0hi cor 1 vt St P e h S Ao TR P e PR s At ehi s AG PEOEPTabA
thi Ck@essu%dtvh'@c}ﬁglrk@y]?&eéSaﬁeéléééwdéeia%r%ﬁ?a&@ QE Qrééx%@htﬁ@ﬂt

preferably 50 nmor greater . Invention of an organic devi ce

15The folhome Noa dergtiRESat Belcn¥aR! irQ iQft AEONOAN £ LElli-alqel“ o cm.
havi ng the sanme characteristics as those of the el ectrode substrate

for an organi c Meredeercetigesorisbed alpore.icFheésetivavee damg csBhedevice in
functions as those of the el ectrode substrate for an organic EL
devi ce dedtrGhbéleabROUTIDPS Hehisswart el 1 8géi hy 2] eétchalfwgenides
present inven organi ¢ ce havin structure tha
Peast an Sndd rﬂﬁyarofa S ﬁyaﬁps%v ’r‘?ﬂ&ﬁ&ﬁﬁ@sgaﬁéé PRGeret bhgoAas Ly
cath I r t t

el ectfi(ré]gdef;él‘g l.rfa %ﬂ%gﬁgta%% e la eIFaHlOﬁg Pﬁ% %%1&%8% a€fé(r)echet gﬁ}ou(}fe

a | am nater a5zqfaadtthms tapaiay et £ih e vl @lanoXtg8nhavE MG e 1wy Khlch
function above 5.6 eV and a thin filmlayer conposed mainly of Ag.

The presemsihnvght loninssakacechartactsartyzed in that the thin film
| ayer of the netal oxide has a work function of 5.8 eV or higher. The
present invent MeASPyeal st pacaenEr irerntiion hat thhendsinic ELIsTimedn

f th t.al d | di d t
o | oo R e P En By D el B B e ot Sar i o By Sl hee
consi;st i ng,of, Mi-gbi 0l ug ogﬁ,d%u,h%wmqa&dea:haggt éb}dgb%a@ecaﬁnge used

| ant hanl de net al
in comblnatlon to facilitate adjusting the wvalues of the
ionization ﬁotential 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 maintzining 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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5The present invention is also characterized in that the thin film

| ayer of the netal oxide contains zinc oxide or tin oxide as a nmain
conponent thereof along wth indium oxide. The present
invention is also characterized in that the | anthanide netal oxide is
at | east one or nore types of netal oxides 10 selected fromthe group
consi sting of cerium oxide, praseodym um oxide, neodym um oxi de,
samari um axd dé0 and tSudh erokdgeration makge igr eseawili v dit iodrkaiin an
al so characterized in that the thin filmlayer_conposed mainly of Ag
cont ai ns AEFAPIRAFFNESRIGEr RDEGRcPPENTBFS5SBCBY 6P EhAYREP I 11 e a 1OV
pr esent in}/le‘pgi on, i%aal soaga%r.aq_lt 1rn;nzed innt hat thes net al Pavidﬁg a.n
wor k func‘fil on- of 5.0 %7 of ig]*r?er cont'ar ks Sﬁelrﬁ/eﬁé Y t wot b7 F&on.
types of pgLalcselaciefnisemyAlnd le1 My rdde Bk Plis IiVeNdOR 26nde,
met hod of fabricating an organic EL device The present invention

al so i3 athetdpganiclBbrideai tagisher2®eptgant coklbdeyneagdeseekbetdely
above, conprising the steps of: formng the electrode by sputtering;
and form hgitke organic el ectrol um nescence | ayer by vacuum
deposition. Fourth group of invention 25To solve the foregoing .
probl ems, the A¥Pecthsf CRIFBLF tH GeFdFeoPt t Hee iHRASHitoANEEBPE SN the one
fol | ow ng, neans. . 1. Initially,.th resent .inventiaon i.s_an

el ect r ode BUNBaPE £8P TSR I gANLE E1TeTPOST EOREASS AT SFEST 588
for drivi - ganj t Lol um e y . bar ,
aner el n theo Ear BE T e e e N B A D R Ffane

layeri®of acmRide oxkdodpind sa 1%eithe o HRGH IR abeug B Boe\eifodganic
netal thin wire. Here, the work function is set at 5.6 eV or higher

for the 5theasbinln Natyesuclngfofiecirsy as leaet oot tcaggownhardetted from
| um nescence intensjty, and inproved durability m ght be smaller
unl ess t hF3e dHRI DT i9F W PsPi efd at least oppgqraaound tdrciidte from

Mcrease TREVETRP Rt T oh 2 HHEATETy A BT 44 e PEr R Sdenpgde
enhanced {ypipegaaneed MERS 1Y  1uminescent layer and/or between the
15 cathede 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, is
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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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 neasured in the air with AC1 from

Ri kagakuG ken, after UV cl eani ng. 3. Next, the present
invention is charectveri, zebeiorgardtc Ehedeniote ofhtine fidemsrdy énvefitidre is
metal oxide: |s conmposed mainly of 20 indium oxide, and also contains
zi nc oxi deP@nt? o iGhn the ¢ Hetir rﬂ&i‘?ﬂ%?ﬁ%’h’én%aﬁ(gf tRBF@4Ns afdleast
further contains a lant ddi tion

|anthan.d%n%a%r%$?ga%.%%Wyoapenﬁ?ﬁénathSF#Fx%lg§8ppo?39ﬁs Puptuls
oxi de Conﬁg%glgmle' meﬂ,nsyuwngx e, tﬁén%aio%'n%ﬁ %fﬂ‘éﬂr&{ tf'o@mulae

oxi de a work tunction of 5.6 eV hi gher cases of
met al 5 ot hehetbanlt Besaurenti-aned aboye-mscBi o £AAPONERBS,: t he
anount of addition of | anthani des nust be increased in order to set
t he work TUmetigrl doromlabdve”5.6 eV effectively. Arise in the
amount of addition, however, can increase the resistance, decrease

the transmttance, and deteriorate the gtching property. 4.
Next, the present invention is characAgriZed in that the foregoing

| ant hani de netial oxi[de i ngJ»e”mat al oxide or 5 two or m)re nmet al
oxi des sel eded erv rrrcbl

praseodym um | de, m um
oxi de, samarium oxi de, and ter bi u Xi dé. e‘@S?ﬂh%’l laghend )
i ndi um oxi de + zi nc \Qxi d re the malAl'co onents, In/ (In ¥ Zn) =
0.5%to 0.98% by atom i shpreferable. The value of the foregoing ratio
In/ (In + Zn) is preferably 0.7 10 to 0.95, and yet preferably 0.8
to 0.9. The reason is that if this value is below 0.5, the netal
oxi de film can"iesg iLn eomdisnarailt §0rlA'bb@'e(C@iEH©8aloﬁ©ﬁeub1 t‘?e‘rlhanélr is

exanp! 6. TRt %ﬁa&cd Houpr heBkiaes b AhertPn es%%%ne%?éf YnALt e
S [
f 22 egodl)nga/r%t 0] ﬁ}@}'&{?c‘ﬂé ogg% gggﬂﬁ‘%éfé %agﬂlé h(?Ué vg\g%e%@ CaEggn gtromss

preferabl ¥yt 0.85tt ond.DarThaPeaso) isd tHdtid fant Qk§mé/@ié1%ﬂo$1pbe£1%thhe
0.7 or above 0.98, the thin fllmlayer of the nmetal oxide can drop in

conduct i veoydensation nutbem, nf bs axaimptegern mdi amcoxeele + tin oxide +
zinc oxide are 20 the main conponents, In/ (In + Sn + Zn) = 0.5%to
0. 98% by AR lddermaBpe2-2” The value of the foregoing ratio
In/ (Int Sn+ Zn) is preferably 0.7 to 0.95, and yet preferably 0.8
to 0.95. The reason is that if this wlue is below 0.5, the netal
oxide filmcan drop/in 25 conductlﬁry. ove 0.98, the etching
property mght sletefiorat Now, tlhe amount of the |anthanide
met al oxi de #dFbe agde i\|d S|rably 0.1%to be¢ 20% hy ato
preferably 1%to below 10% by atem_ and yet pre &wﬁm'% f%mHla?eT@/\) 5%
by atomw th respec 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 aAr’
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 condensaticn number m is an integer of 1 to 6; and

20 “Chemical formula 2-3”
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to the total netal atons. The reason is that if this value is bel ow
0.1% by atom the addition m ght not produce any effect, failing to
achieve a work function of 5.6 eV or higher. Above 20% by atom the
thin filmcan increase in resistance with a 5 drop in conductivity.
Moreover, the thin filmlayer desirably has a thickness of 10 to 500
nm preferably 30 to 300 nm and yet preferably 30 to 200 nm The
reason is that if this value is 10 nmor snaller, a problem m ght

occur in the r?echagi gal 3trengt hff hethin 10 filmlayer. At or
above 500 nyf [t her Hy°occyy_a probe ifg_etchi g, proper and_an
increase in the fi%?nu)or ing ti rrgu ; The oxygé%hﬁ cta,é"mbggs_sﬁ?e
at the time offlid r rafi gryashoul d-be\sets/at 0-5% Preferably it is

set at 0-2% ané\ryet preferably at 0-1% “The reason is that if this
value is 5% or higher, the 15 resistance can increase. As for
crystallinity, the ano | ayer _i esirab anor phaus. The, reasqQngi_s
That when'th' ATSRS Taydie RESCaAT ArrnauL Ry FERmp]e % cEraREs e
di sappearpfrom { he, &ndnf Qf&ﬁa@ictdg%u? B 2hq 64 G 19 QQ}:BthQt ms, each
surfaces) and the el ectrodes can be 20 tapered to resolve suc%

troubl es &s adP seORRECL§ Biydebgenpnsad € @eiviedgsoup havingd tB&0 carbon
present invention is the foregoing substrate for an organic EL '
devi c&, catormt etilredti one hitAn’heo Awt'als shbatitweed witbrpesedy ainviup,
of any of Ag, A, and Cu. 256. The present invention is the foregoing
subst r at e23%r tB@ SPRHN @ BIOTd SHIEE X Scrar £bt 6+ 78 i h #Rat Onerall each.
having a work function of 5.0 eV. or higher is_added t e nmetal thin
wire. 7. The prTleI!‘seeﬁ)trelsﬁgIén ORI hagi orlggfili Waggﬂ%s?ga%%brflocratalﬁ‘g Qhe
organi c E&r%ﬁ’ﬂ&@ﬁ.d@@f&@&é?&f%@@dEQfEP?Eo}nP‘%i@tn £ HRYLRG 58 MOEK r1ning
function of 5.0 eV or higher contains one type or two or nore types
of nmetal sieéeetedrikbam Awydy b N sp@tePdngandnBt forming dhe organic
addition of the netal having a work function of 5.0 or higher
enharides iweigtabehit \lagfert heynetadughi mepiose.t ife andunt tbief way of
addition is 0.01 to 5 wt%or |lower, preferably 0.1 to 2 wt% _and yet
pref erabl §PORatigny hEofsThesSFéRdsntPsiPrEtai hotpi snyartéonslperswand
0.01, the effect of ladd.iti on ié J«Ismal | . Wth addidti on of aFove 5 \Ntf%
the Ag thi'h FITHTayer die TH® 1§35 mall Wfr'b f 5 EBRGuETIV Pey Sop R L TOTM

become exPengi¥ficknesses. It is thus possible to provide an organic

EL device having yet uniform luminescence intensity.

15
Third group of invention
To solve the foregoing prcoblems, 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
electrede 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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10Mor eover, other netals may be added as a third conponent w thout
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 problemthat the anode 15 resistance will not decrease. Above 500
nm an increased difference in | evel between el ectrodes can sonetinmes
cause a | eak cuh§Nihen the multiga gﬁe@}t—m% dongigmir-ak ibhi ik WhpBoyed, the
m nor-side direction) nust be rendered smaller than the width of the
anode t hioutfadmmsitajeye20r the $shefadado- souteach ridet pogynidHemdingtsireot
the netal thin wire (in the mnor-side direction) is 2-40%

pr ef er abl }2YR13006t BRR vetabpéﬂéﬁaltﬂygﬁm 25he tiea s il oiat secinedéects
thin filml Js_ent invention is the fore

el ect 1 odet IEEFATRLF o7 alf BrgAce LB DO EBC=CONA T ST HYy 475 SFBEPTEE
filman the.anode, 25.1hi gm%lﬂm | ayer of the netal oxide. The reason
is that the proviston of the protective filminproves the durability
of the nmetal tWha M4 described BBoPE QLRGd ¥8ohBYE ol Ba e 8 h b ¥ rRde
of material capable of being etched in the etchant of the netal thin
Wi re, andidgs coondectuvibye #An @nmugutoudhet bagspac ehbnOordieait e yikirl
made of i ndium oxide - zinc oxide can be suitably used as such

rrateri al .mgtplt watideadayekndi um nay be used at the ratio of In/ (In +
Zn) = 0.2 to 0.98, preferably 0.5 to 0.95, and y Breferabl 50.7 to
0.09. 9. HPRE: pFE%eWﬁr]f hHetiieR 18 %le%e%t%éd 60@ fa’E)r}i”c:%ﬁ‘%l’ngFO&nthe

el ect,rrode_substrate fo rganic L devi S|n t-he .step
0 reason t% % %]f) % n1|g§¥$r %éﬁa%geﬁe %% umlnes nce

of : I'am nati1'ng an ano%l

nenber, angdhan aﬁ%@%ﬁb'ﬂ%v@d@ﬁbﬂl@t? d4d g}nlaff.lxetfnl'@%etljrgs Q:fonailtlon

metal thin wire tHhereon etching the netal thin filmlayer in a mXed
acid of plosphdrsifdedci d, nitric acid, and acetic acid; and after the
etching, performng addi tional oxalic-acid etchi ng to pattern the

anode thin fil -8k, the presen@. inerdoicar isttihe plestridd aveatiate ifor
the nethod of 15 fabricating an el ectrode substrate for an organic EL
devi ce, CHardEEiczEd PRVERGL %W%lﬁ@ﬁbép FRaf frasiqupsitimtleyer

Here,, th d th filml b h d t.chant
COIt:ItG(;:ILISI’II ﬁgtaonc%ael c :’;IC al}{l%eﬁ%oncgﬁ({]ﬁ ati- mgnolggl ?2 g%‘?aoaﬁngufh[e& *20
wt % of the aqueause S WMo RS eERE aBk¥ 2R 113 e 98 52% é\hsr%q%%%s

solutlon and yet preferably 2 'to 5 W% The reason is th

bel ow 1 wi%4 ia ukifeehbdly 6t 8héwngor afiggheannot be achi eved. At or
above 20 wt% the crystal of oxalic acid may be precipitated. In

addi tion, acid¥lote hbadadyger veflugors cdiegsreeaen el dhsoabe abtived £ilm
25The rret al -etching acids are not |imted to any particular ones ,

but nay %WJ&& rd§ aélPanBEB%rwefsﬁ @é’@éécﬁﬁlaanaﬁeU%nC]ﬁ@%d’é the
thinfil or| Cld nitric acid,

er 20 Lo Shegte [RAGRET LppL PROSRIOE LR ARACh 180 b2 SR e ol Vi kb
respecti viey@cq 'dsfracfn?er‘?(tag%"%M GGkarty. r est | Ftb%}jus:mg 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. Thework functionis determined from the irradiation

25 1light 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 coxides selected from the group
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Nevert hel ess, such mxture as allows a sufficient etching rate of the
metal thin filmand causes no damage on the anode thin filmlayer is
naturally preferable. No particular restriction is inposed on the
concentrations, either. Neverthel ess, such 5 concentrations as allow
a sufficient etching rate of the netal thin filmand cause no danmage
on the anode thin filmlayer are naturally preferable. Thus, water

di lution tsnalsoeidgsbfabliebnifummesdert, afiumwrganide, Etadewilosn vsese,
an. el ectrode substrate for an 10 organic EL device, the el ectrode
subst r at eas@npr Lahhhaandel acttredde¥igle dri vi ng an organic

el ectrol um nescence Iaxer and a base nenber, the el ectrode being

| ani nat e conpr i%si n§UARPSFBAES t hiths | ERFFEGERY ofe e SrErae oiFB%t]F%ﬁﬁ ngs

a work f”@ﬁéaang%t%{’%"% 3n tggtagge tﬁ%t ale Ui N WLE o f h@hor%ag'g BRide

device incC € organi c el"€ctr oI'um nescence Iayer

cat hode | aygE9RROSeACt 9xi B BLEELIROHRiqe as a HEIR, céﬁﬁoﬁ%génkﬁegéof
devi ce provides the sane functions and effects as those of

el ectrodeasuhsgt wate fiadiam @xgani.c EL device descri bed above. 20F|fth
group of invention Hereinafter, the aspect of a fifth group
of invention wAd abevdesth¢ hmcksertti Snfveht hogroup-atirld ilpdidet axiads as a
mainly in a fifth enbodi nent to be seen | ater. .

1. Thepr esBtT FPERPPEAT s (1St Fatefidland? yahiodEL e ieta L o5igenprlitspage
a Ianlnateoo an el.ectrode for(£?|V|n the rganlc

el ect rol ufithh %c%ﬁcélpﬁygﬁlgeséVl Yato ansparent conductive
thin {4 1 mcont@yNiNGuAd! Ughex Qr}dwﬁ HH ihi ae[l%l i Or

filmTlayer of a netal oxide, the |am nate being orne

on a basecsmpheint phaneyn (the: thin =f ol gl ayer. o nf btyh@tﬁiﬂtﬁb &531@%61@8.
a work function above 5.6 eV and a specific resistance of 10E+4 ?cm
or higherllere, In ThéIneas@n)igmﬂﬂnaudﬂauMn¢¢dt¢mt¢ﬁnloﬁ15m 8teMsorko
hi gher i roves the hole injection efficiency to organic material s,
enhances BMfukPh@scérPeoifnit ﬁsmﬁﬂb%ﬁﬁiQﬁd%ﬂ%&ﬁ@l#%omWhénﬁoFRnc atoms

function lS Pgefgﬁabl¥6ggr§a§¥g9[ Q;F%%€g€ ¥et?greferably 6. 0eV

or hlgher re the netal oxide

has hi cknes 0
pr ef gr%bly 5 tgngovgﬁ%nae c?@?l'ﬁgrﬁtohrrg nlg{sc'gp%)?lté h%l{ﬁ?r? FiT r%dsaég%fieé‘alfly

nmor smabl erso XQ 4, henidhivetf pkerkauen yray sneé preoducen amefidects thbk
the thickness of the thin filmlayer is 100 nmor greater, the

i nter-anodé tessstahee bf bhdowhDnSti khel ahén détmedsgsr pdsshbl petal
causi ng crosstal k. The areas of the el ectrode substrate for

the thin PFERRICATEATPE iB CVMCHRIELRY di SHPaYe &P anrd/ bhe LThTs Agnd,

area. An ggter ah6electrode out |.et not be cover ed.

2. The presént™F B8t PERPEE Ty Sy 4%;?Eﬁ°%$ "Bt gani ¢ EL devi ce,
| f f h
conpriging a | afg.nake 0 wh%gsghﬁgéd{ag\‘g%e,ofncﬁifdﬂbﬁggh ﬁt?ﬁgﬁ&oge are the

el ectrol um nescence | ayer a nmeta in wre;
t ranspar epéig @depeheNes | inn/ fizlhm cantaion7R0:d 0dbBeNGXs Hen 1@@%@1@31@.

filmlayer of the nmetal oxide, the lam nate being formed in this
order on Hebaselnernbdin whémei nndieattds the mdayerodf inbdéumebabns to
oxi de has a work function above 5.6 eV and a specific resistance of
10E+4 ?cnibg hcpi‘gqi]brsum 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 te 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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25The present invention is the invention set forth in 1 above, the
configuration of which is changed in order. That is, the order of

| am nation of the transparent conductive thin filmcontaining indium
oxide and the nmetal thin wire is inverted. Even in such a
configuration, the functions and effects of the invention are the
sane as in 1 above. 3. The present invention is characterized

in that tfgqtdimdinamibayperef dheidmbabeoxhgleg has B Mokk HENSHI D0 by
wi thin the range of 10E+4 ?cm and 10E+8 ?cm 5The reason is that if

t he speci dtoms gatesicaradd vi 4%10E+de Powm 103 Ilowertont, hendnyet - aneflerably 1%
resi stance decreases to cause crosstal k. Moreover, if the specific
resi st anceoibselogEkdwepwivifhgiterectfe tiastetahretbéedods -sollhg grason

t hat the hol i nj ti ffici . m d . 04. Th
| vent | ont st BRI L EITIGS (5 (1 G Srhite H Ly GFY G e W £1E£ect
OXIdeE%aySE pﬁé,faéégfbﬁqpffiqaﬂpge§€% gV 9%3%#3%%&& éﬁvel, é% etimes

descri bed above wor k function 1s prefée or ‘hi"gher,

and yet pegfesabl ¥o6:i Qce¥a0e Phahesrk 185 cd16n PEESEPtadIWENM IO S on
characterized in that the netal oxide contains at |east either one of

zi nc oxi dehandthkn axnde. at amouWd hofradddicon@onent 806f ahadhtughexi tey
+ tin oxide type, In/ (In + Sn) = 0.6 to 0.98 at%is preferable. Yet
pref erabl §tonzsthe phgs fiden 26WhRA nabpdnPokildebeceings éxri daswleitdve
oxide type, . In /[ (In + Zn + Selgi%a = 0.6 to 0,98 at%is,prr_eferabl e. Yet
pr ef er abl gléT“?BlF 6hes PRl ate . Rt PRy PREERAES VA Yat om

6. Tth present Eiw.nMggég\?g%jeégfgrh%re%%%rinz\?e%gi%nt {]gttﬁltgh rmeEtoallnthc%(]-éjc rode

contalns at | east ant hani de oXxi de. e tont'e o)

the | ant hapiderd®s alcn@¥adeck$zadt 1 2R 2t YheandPhefar@blye +10 %:4Q is
at% wth respect to the total netal atonms. Yet preferably 10 to 30

at% The aeakeastsohbabrihotbetgpatedt wéthheokanthaBiede ciriali rox dee
is below 5 at% the resistance can fall with a drop in the work
functi on. gkbrpGETSidfinhel contenpexdle; herd amodpnide o, oriodemium

exceeds 50 at% the filmcan becone insulative, possibly reducing the
wor k funcPréfe s HEABA AN, PRATE pettnt S hymt ohi de - As above,

ool e S o (B N ML P S 0
constituting an electrode preferably has a surface resistance below
10 2/sg. Preferably below 6 Q/sqg., and yet preferably 4 Q/sq.

6. Moreover, the present invention is the foregeing 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 functicon of 5.0 eV or higher contains one
type or two or more types of metal selected from the Au, Ir, Ni,

25 PBd, 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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7. The present invention is characterized in that the |anthanide

nmetal oxide is an oxide selected fromthe group consisting of cerium
oxi de , praseodym um oxi de, neodym um oxide , 10 samari um oxi de, and
t er bi um oxi de. 8. The present invention is characterized in
that the nmetal thin wire contains at |east one selected fromthe
group consisting of Ag, A, and Cu. The netal thin wire is
desi rably nade mfe nesadbn lfavi i1 AispeGitl A€ ahbuhesicst andebsdobvdQoRomol,
The use of Ag, A, and Cu is particularly desirable. 9. The
present invemtfiferti of dheraddiericedsi smalat PhetheepahetrHiands pb amounts
contains netal having a work function of 5.0 eV or hjigher. 20For the
sake of sPhBAfiLEeR 6%06% S MG 5 fhe AhEhE AR LAY SF B2y SEPPAL FPRAYRE YLty
conponents_af the netal thin wire, metal having a work function of
5.0 eV or higHer"q $E&sT EBry added. 10. The present invention
i's chayacterizag,idyehat ot her MRl NRKLEE & Wor Kebuled 1299 Ak y5o0 fMed
or higher contains one type 25 or two or nore types of netal “sel ected
fromthe gsceupheoast&Eigdignef withoht ,aflect@g Rehbiand Wt resistancds and
above, Au, Ir, N, Co, Pd, and Pt are desirably used as the netal
havi ng a wefkedtarots.on of 5. 0 eV or higher . Incidentally, netals

ot her than the foregoing ones are also preferably added w thout .
adversel y af f edtisig PR AP TRFFYr ARNEB TSP tie UFBHATC tINFhALRES B e C
t hereof inclyde such netals as Nb.agg gr.. , .Nbreqyer whj l e tgg
et chant of" (He3E nBY AT &5 87not o3 £a T b Sy *fat T iRAATET 3BHE, T (STRLOY
desiqﬁpletﬂfbgﬁgéggé an etghapt.that 5 causes no damage on the

underlying transparent conductive thin film An exanple thereof is a
m xed acid of phosphokhe aghé ofa@@@@&@@ﬂgd-l_ightrtﬁra@g@l-t_he anode
Incidentally, sulfonic acid, polysulfonic acid, and the |Iike may be
added to this nimxedhiscicdseThehaetahin afidm fagerotonhpesedetainthiof Ag"”
wire need not be a 10 single layer. The netal |ayer nmay be sandw ched
bet ween df $9efteite et L ecEkafpMes Y ors ahad dibindriday hefavsnigndiirlaess
such net al T.. &, M, In_ and. Z ncrete exanpl es of,
The motal f i R P A BRESSBACHEH 1 APePnt THE: dR6 b rgIG P2t LE
Ti T AT, o/ AL G5 n MREAL VD énéﬁﬁékﬂes%5b§ﬂéﬁléZHm,aggeThéégéThight
11. The present 1 nvention is an organi ¢ EL device conprising: the

el ectrodenstibsé red@nd @ B A gani £n&d. deyh el e tardd) aMerPfink 1
10 above; a cathode | ayer; andan organi c el ectrol um nescence | ayer.

20Her e, theiorfabnch&t aevihtekpeoswi desvehéSsame fhactransmandaeffectsn

as those of the electrode substrate for an organic EL device

descri bedfabby@ith 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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Brief Description of the Drawings 25Fig. 1 is a diagramshowi ng a
tabl e which shows the conpositions of sputtering targets in practica
exanples 1-1 tol-9 and conparative exanples 1-1 to 1-3; Fig. 2
is a diagram showi ng a tabl e which shows the characteristics of
conductive thin filns fabricated by using the sputtering targets in
the practical exanples 1-1 to 1-9 and the conparative exanples 1-1 to
1-3; outfh®.eBrigiansgctional view of an organic EL device in an
enbodi ment 2-1; 5Fig. 4 is a sectional view of an organic EL device
in an enbodi nent2)218; the case B{. o tdangedtgbhathvdweyh dfheaarcadhgdri c
EL device in an enbodi nent 2-3; Fig. 6 is a sectional view
of an organic ER 88¥FEceaser difelB%ehByarmay = & thick fippgin prderyto
perspective_view of @ vacuum eyaporatqr i.n an enbodi nent 2-5;

e e e i ot ot brS FEBR b Bt dumi B SReR b aveT horRe e sRheE -
2-5; 15Fi S L.a f . i l.aj_ni ryhg i

a subﬁ%ra@%?%Aé 1§y9kig$§g% ?élgﬁggggigﬁgfﬁvﬁem/6¥§gﬁye Qc%ggdgbé AR,
substrat epi r& I PrESENLn8MOYi ABNtand yet prefer5b¥y 1d0i 8nd 200 nm.
sectional view of an organic EL device 1n t%e 20 present enbodi nent;
Fig. 12 is a séheastiofs seclapmali svyewsn ef thhekpsocess3donnf abrgreattieng
the el ectrode substrate in the present enbodi ment; Fig. 13 is
a secti ond} becenesttem talickt rpdcaubsiratd®e leakt tler frTds at thaisddiokrde

25Fig. 14 i a_sectional view of an organic EL device.in the
9 enf. In contrast, when tﬁe Agg?ayer has a thickness below 30

10 nm, the function of reflecting light toward the cathode may
beco.me weaker. With the objective of exercising the reflecting
function of this Ag layer, the thickness of this Ag layer is
desirablyset at 30nmor 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 cof 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 are made 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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present enbodi nent; Fig. 15 is a series of sectional views of the

process for fabricating the el ectrode substrate in the present

enbodi nent; Fig. 16 is a sectional view of an el ectrode substrate in

the present enbodi nent; Fig. 17 is a sectional view of

anot her type of electrode substrate in the present enbodi nent;

Fig. 18 is a sectional view of an organic EL device in the 5 present

enbodi nenfilmidyer of thémgraldxdislea U agmgnshibnkenglyhef dhemiwabxide;
formul ae of various substances. Best Mde for Carrying Qut the

| nvent i on2N@ME i gt et Leadbdinfeft N e i@ 9F edamtt 3 hweridesn sl prtisd

described_in t concrete with referepce.to.the draw ngs. _ . ,
e hone aTTOm ERe” eRurerel g e s B Ra R o ook frat up gz e

shapes, apd, 25§ AROSIEALS Q! e 1Lndind,Qual FaTPONER;g.to an extent
nt 1 OS

that this invention becbénes apparent, era anong t he

i ndi vigual par ti$,cbgi88e 8 fifeaRt oh NMah Boagt 44 c td8Miz c0eSn ARG tt A€e thin
| i ke. Hence, this Inventionis not limted to the shown exanpl es

al one. | nfihe ldrvaw agsthdatethilngxide shmaimg aisecd:tiote waytsonetidess
be omtted. Goup of enbodinents 1 20Hereinafter, a group of

enbodi ment sndinfeanpenengssherenal entdron Wit ibdidaseridhed with
reference to the drawi ngs. In the present. enbodi nent,  indi ym oxi de,

zinc oxide, and§ PIBIWE PJOWEEELCRere AlEed Ghracterized in that the

predet er m nedpr apor LLORS oy ;Lo :&dglctﬂe%%’tzgngro?:deérer @ryngg SMBUDL) O 5 ges
ceri um oxide; ‘samari um oxi de, europi um 25 oxide, terbium oxrde, G

bi smytdh oxi fe-RARLrBse A ednadnd: Mhyesk thenielioasad, tiiddlodymium
conponent. This m xture was ground in a wet grinder for 48 hours, and
then dry gxbdwl ateedivaidnpbes8e podaletbium oxide, and terbium oxide.

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

15 The present invention is alsc 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 crganic 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 by 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 inventicon 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 electrcluminescence layer and a base member, wherein the
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before it was sintered at 1380-1480C into a sintered article. This
sintered article corresponds to an exanple of the sputtering target
in clains. Mor eover, when the m xture is of indium oxide and
zinc oxide, it contain a hexagonal |ayered conpound conprising indium
oxi de and zinc oxide (1n203(ZnOm where mis an integer of 2 to 20)

. For 5 instance, in practical exanples 1-1 to 1-6 to be descri bed

| ater, thelentkoudeomsof dachnatkexagerdls imy ere e rcodgotinin cHnpmi $epgr
i ndi um oxi de and zi nc _oxide (1n203(ZnOm where mis an integer of 2
to 20) seehw MetadhPeideh kR her vPEHUEET ohl R Ak tarfceY anis metal
sintered article was cut into a 4-inch +5-mm(t) plate, 10 which was
bonded byWtPal*ffidiumto a backing plate of oxygen-free copper to
constitule a SRULEring §arQeunddl dNoPLESENt P et o AERDLI LRI IihQ

target, such as a sintered article, bonded to a backing p

al so e redesdredHa® 86ch e SMUdLRIsNYokeF BRI 1tade) EHBaREESENiminescence
enbodi nent, a plurality of types of sputtering 15 targets having

di f f er ent ixtoerpoidinv,i ensl wepeomadeduddtel tiddyl eightFbg. sdashemsutleess this
conposi tions of the respective sputtering targets of the plurality of
types. [ Peaditeian éeappltésfied.to 1-5] As shown in the table of Fig.

1, practical examles 1-1 to 20 1-5 are exanples where tin oxide is O

in ratio. The piSctieCal WEKEMPT dde1Peteh IS Hi LS  tTish 2T9F6t BRI HPY in

targets hayi i ndi o] r oxl mat % t Iy of .
appr oxi na%%%?tgﬁ% bggga%%tn%qg%oték@ﬁgﬁé%[%ag% eg%{alf?ﬁlllogqpo?{l U%Céc.l%i],’ t%oeSSlbly
conpag ti Pl PEHef iffdidB) sdbRCas alhaniced A8mhSes¥igent i fyamitdie
shown expressions, 25 are ones with respect to the total sum of

i ndium zinc, @ndiNeknh, tiod poresnwi idwaraspect st ohd hecticaatialedatmutiiatofthe
the sputtering target. In the practical exanple 1-1, a

pr edet er n#preE AhblAt 1ofl @y amtogined agonticle L8 ohgrhdingd ded ktfpindie on
conposi ti o)g J;ag\il ng i ndium of approximately 93% by atom and zi nc of
appr oxi matel Y L™ fEntitAEd - above. As a result, the sputtering target

of the pract | cgl. sXamplie dadopontaLnscerim (ol &f 3% R FLOT L

the practical eXanp a pr erm ried armoun Ceri'um 5 oXi
powders i safdiritshgte 28RS | 6 .igngy WP Af gREP! owato%rbtﬁ%,bh@somaqm is
e

zinc of approximtely 17% nenti oned above. As a result,
sputteri ng vadngemeatutrlke pinatid aak weixahrplce 11f Pom i lod dsk € &iikem ( €€k er
of 6% by atom In the practical exanple 1-3, a predeterm ned anount
of 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 alanthanide
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 rilse in the amount of addition, however, can
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10 samari um oxi de powder is further added to indium of approxinmately
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 (Sm) of 5% by atom In the practical exanple 1-4, a

predet er mi ned anmount of 15 europium oxi de powder is further added to
i ndi um of approxi mately 93% by atom and zinc of approximately 17%
ment i onedi Abe¥8seAstide I @itst drite: SpUHbtekiaRe o gete xafn e iided ] calnd
exanple 1-4 contains europium (Eu) of 10% by atom As above, in these
practi cal dekanpbestecehieumt Seney ipmgperntdy eur opi um are shown 20 as
exanpl es of |anthanides. Needless to say, other |anthanides may also
be used. 4. Hehe PRradcbecsntekanpitelon 55 ehpraiazicdhén Ejuithe
of bisnmuth oxide powder .is further added,to, i ndium of approxi mately
0306 by at DT SROS P e SO AR TRE P08 et S GRS AB DL s o1 0e 0x
resultg 2 i f I npl e 1 :
Contaihs b Sor Ry BRR e AL el AR LR L RLEHE, *pta3podymgyon
As shown pRighe habhgmafurfFidkide, Edact hfabx £A8PEBALtErbS ud oxide.
exanpl e where indi um oxide, zinc oxide, and tin oxide powders are

all m xed. For cHmapiractiheal iexanpl exild® +szansputidy iawe ttargetain
havi ng i ndi um of approxi mately 89% by atom zinc of approximately 6%
by atom @e#PeIentst, dpprokimet €Ny 596 by% ol 2R pre detoaY A niede EgTRINLS -
of 5 hafnjum oxi de powder _is added further., As a result, th

sput t eri ngt afget® 6F tRE DR Taxafpt 1-67chnti ds ﬁaﬁﬁ?aﬁ?mfw
of 5%Dy 9&%”.‘95),. and eﬁpB[?ﬁ%Eéﬁf}'ﬁ ERAPPIE ol i § A0 2XAND]G MNEEE 15
zinc oxide'is mraﬁ,lo. en, e exanpl'é ’is a mxture of i1 ndium

oxi de andydfud iR BXi g 0 ThetReasddLabxeyanpl B tad dSoP iSPHLLEREND ity .
target having indiumof approximtely 91% by atom and tin of

appr oxi matiedbye 996 by oatttim otAepriedet et aech anppindpaft tang el datexidete.
powder is added further. As a result, the sputtering target of the
practical exanpiereRVEIgoWReR ng oF agrtaitf ( ad 1w k8 d50% By naewide are the

A tical, le 1-8 i tteri havi i ndi_ f

bt oxi ST COTRPBF R A orfrahd 1A B 1) Bppr Dt v ALy Dop by dofit > able.
det i ned ' ' i ‘

PRSI o0 ATIAAGE LR RARPENRL Jho SEd i e Ay

contains peghidum 63D)a:d o% PYe AL OM1y 0.85 to A.PBACIP A £XSIPIi8 EnQt
is a sputtering target of 100% i ndi um oxi de. A predeterm ned anount

of cerium dHxtldes ponthee 1s elted § UT tdwerabdAse @ .ragsultthe tHhel rs gutlie liayeg r
targets of the practical exanples 1-9 each contain cerium (Ce) of 6%
by atom 925 the Bputtleriviga aragetdromden t perdwet éviis¥d in an RF

magnetron sputtering_systemto formfilns on a glass substrate (§7059

from Corning, IMEY SRE SPB Lt RPRCHE TerEphtHHl 2adRi T A SGbSKraF @12

from for ay,l RSt dcdionkSs, TE JaPLie ©%nFl.03n 7 SNPMS, TREBUGETRLY Sk

t he physi ca

is desirable.

The value of the foregoingraticIn/ (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 amcunt 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 atcem with respect
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properties of the thin filnms fabricated thus. The table shown in Fig.
2 is one showi ng the values of the transparency and work functions of
conductive filns, the conductive filns being fabricated by using the
sputtering targets of the foregoing 5 practical exanples 1-1 to 1-9
and conparative exanples 1-1 to 1-3. This table al so shows the

physi cal properties of the sputtering targets thenselves in the

f or egoi ngtpriget itealalexanpl estdmsl. t Ohe- Yeandnt he coapadt ikve sexadplees s
1-1 to 1-3. Initially, as shown in this table, the sputtering target
of 10 thebpiact? cht kavore the addihigensight gioe PER P 3 e & THGICK

resistivity.of 2.3 n?-cm The thin_film,@formed. o e ass substrate
by us ng EhE ARG Cera I T ot O ERNETPReDE i b g BLgReT - AbOVE

exhi bited,g,resi stjivit f : aten 9 :
cent bes. 7 SR AP S ER 2290 QY GobiORBRRE 0L Bk e -
charact ergsbhcinl eshdues iWareg .not observed at all. Mreover, the thin
filmfornmed on the filmsubstrate by using the sputtering target of
this practical Mxxaglee, ltexhithid ed 1an nagest dosisaaly 986 2 cohrlantsa of
transparency of 87% Besides, the work function was 5.55 eV.

201 nci dent@l ty,>¢them.epirsfevibles3ofte E0d mim fndngehepeatasapy Iy to

the four Erobe nmet hod fgLorest a: fromMtsubishi Petrochem cal Co.,
Ltd.). MofeovEt, thE FranSPatdnthds weriE' 1T afsiHg tighdds Py o smaller,

wavel engt n e fungtion [ a AC- 1.frqm.
Ri ken Kei EiSé%g?glﬂtﬂ.lgggromgggeg}éh?fﬁa 15%%’%3?55&??%?9@?‘ toﬁl%e{rl}lgr %Wln
"doubl@ CcEfehelal8rthentabl &i®adss 6@ Hiesidiarate Al locddle a”?rrléblem in
"circle" little residue, the mark "triangle" a slight anmount of

resi dues, eaodihepmapk rter @' ad liar@ee fs@uit Ofe r eSidUES rafinighatime .
etching was inpossible. The sane al so holds for the foll ow ng

descri ptions. Theoxygdmpaiiel rpresvate ekahpkang o fitlmef cometttiemi sigpuld
target has a density of 6.71 g/cc and a bulk resistivity of 0.87

nPcm  ThePeRieh 3% |0ﬁ¥1%or e ot kY gitads sebstty Srétpy e iviff PReferably

sputtering,_target this practigcal ex le 1-2 exhibited a.
resistivi %tf/ @ %fe' 13@?)6 ’.;ecamoélngSagﬁ?gnlsga@nelnscyaoﬁl%é%éBeoslf gllelsg,hetrr{ethe
wor kK faunciionsvasce. 6aneVYnAs . the etching characteristic,

resi dues were not observed at all. Mreover, the thin filmfornmed on
the fil m substrzd eoby:rysicaglihet gpuheeindde 1 ayget safediiab 1nr and tgadus .
exanple 1-2 exhibited a resistivity of 1880 10 ? cmand a

transpar efty clca®d% Besitdes, when wohk fanwsid ohaywas %a%3 &V, amorphous
In the practical _exanple 1-3, the sputtering target has a density of
6.76 g/ ccCRhATALlhUPRWesESSIAYSF S SRR D chT oTheh € heRdf fRREFoRed e
on the gl subs e_hy . usi he sputtering .15, target . of IS
practi cal ggﬁgn% eéﬁgglaghi( ? ggné rglelglggﬁe\%i)tﬁggf §9§Oeg?€rtf‘1ré3r?t§%acan be

transparepgyePEg88% Besidessuther wehk1kuUngti 80sWBE 803 o8V o tAS phBlsed
the etching characteristic, residues were not observed at all.

Mor eover, etbettbiastil mformed on the filmsubstrate by using the
sputtering target 20 of this practical exanple 1-3 exhibited a
resistivity of 810h2 preaaut alnvenisivar éscyhef I@goBgsisdestrehe fwr lan
function was 5,93 eV. In the practical exanple 1-4, the sputtering |
target haST@Rfehdilt fegLcB: gahdpacteadides bl K3leding Metial Shin S hs

The thin gg filmforr{e on heyglogfs‘nesub %ratg bé using the
sput ter i nGOTRPIEE BRLFHYs S 20 & Aarfbt e 159 E¥Ni bi ted a
resisjdq vity of A 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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?cm and a transparency of 89% Besides, the work function was 5.78
eV. As for the etching characteristic, residues were not observed at
all. Mreover, the thin filmforned on the film substrate by using
the sputtering target of this practical exanple 1-4 exhibited a
resistivity of 610 ?-cmand a transparency of 88% Besides, the work
function was 5.73 eV. In the practical exanple 1-5, the sputtering
target hauactidensfty. ©fe'6.©3 /e amprd ik aressitstdevioty tpfo @r8pore
n?.cm The thin filmforned on the glass substrate by using the
sputteringYP8Pgef BETPRI $egr&CSCedIr Wil el 4= N bxhrBi t Bl a2Pd PE-
resistivity of 880 nf2cm.and t.ransparency. of 87% sides, t
function was 5.12? 5@%3‘%0?0?9%% &ecﬁﬁnga% a7 act'eri's ngd'gifsnrggi%\ﬁﬂé?r

were not phgeLyednahcakltndRr8BYeiry td¥e thli feddd Bnfhar fBfe ON the aklchmt
substrate by using the sputtering target of this practical exanple

1-5 exhi bbEegidi  Bsh Sitd 0i.loy 06 964 Pomn abdea,tpassparpneyo ol 8% wts,
Besi des, the work function was 5.61 eV. 15In the practical exanple

1-6, the spatyetimpgefargkfyhfsbatdeAswty.of TBe9Beghon amdtaalbulilf this
resistivity of 0.96 nPcm_ The thin filmformed on the glass substrate

by using Yatuspiift BELRY Caldet téfe tfife i £F 2l bkappte smgll. With
exhi bi t ed resistivity of 670 _2c nd_a anspatren of 88% .
Besi des. PRELGOPR 35 FHRCE: Snide BABoAGVERAR Fobti naYEFcAnfg the like
characterjstig eshLduss e, v, t eover, the thin
filn1forne%§onr?he ?iIn1sub§?ﬁg$é’ggﬁgg?ﬁgm?ﬁggé%ﬁ?%g%fng target of
this jaractical pexamee, bthexit tilsath 2d 88464 b¥ialth i9ld IR otemtant but
transparency of 88% Besides, the work function 25 was 5.60 eV.

In the pratfecaingexamplidity7antheesjattdrerd.ng target has a density of
6.92 g/cc and a bulk resistivity of 0.72 nPcm The thin filmformed
on the gl ass sub$t FetalbyhiRinga Kesdpablerhay a dhgekngest afs10 to 500

tical le 1-7 hi bt ed i stivit f ,540 - d
Fr anspar city P B69L Bl 4 RGOS FRPCIT TR e 6750 SUTHes Farue
the elching gbapacher icst Cond 81 fleSobere 8oL ohSarved alal bne ancae

Moreover, the thin filmfornmed on m substrate by usring

sput tiey i ngetasgehce @filtihisoprastireakeexamteyve - F0exhinhi t8€ @ncreased
resistivity of 540 ?.cmand a transparency of 88% Besides, the work
function dasférédceVin level batwhenpedeticabdesxanpl eche8inte®e cause a
sputteriﬂg target has a density of 6.91 g/cc and a bulk resistivity
of 1.05 nPeak FHETEDTthin filmfornmed on the glass substrate by using

Lhe. sputtering o get, oL i praptlcal oxamle, Lo shLed 8 oo
At 00 4 Bl e 4R G0 ) BRI Bk 1oy
20 {in the minor-side direction). The width of the metzl 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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15 by using the sputtering target of this practical exanple 1-8
exhibited a resistivity of 860 ?- cmand a transparency of 88%

Besi des, the work function was 5.61 eV. In the practical
exanple 1-9, the sputtering target has a density of 6.78 g/cc and a
bul k resistance of 2.8 nPcm The thin 20 filmforned on the gl ass
substrate by using the sputtering target of this practical exanple
1-9 exhi bideh & ivagSt Mhta\\‘ncﬁ:fp}ﬂeﬁ@tzaﬁ%&@n% t£HARSRARQRCY Dh B of
Besi des, the work function was 5.68 eV. for the etching

char act erimsdlen aeisiduesi neroex intet cohsser wad tat 1l hsedhes shich hatarial.
formed on the filmsubstrate 25 by using the sputtering target of
this praciihcehaexaspre indieghimgivt &¢ aseshixtithe yrafida4sd o Emlidnad+
a transparency of 88% Besides, the work functign was 5.66 eV.

When eval ¢t 6d o T Yst®R 1 PRieth? TeRldudn S oxOr dy - aRBPYERS PTRECEAPAY
fil mssof 6h?s pBaEti cal exanples 1-1 to 1-9 showed no peak,
confirmng’ hat arf were anor phous. As descri bed above,
according to thesephActd fal nEXAMRIESs o b th8d BeSSRiBatOngRhAI @ rode
conductive filmof high work function while maintaining high

transpar engystioextfot hent BEgeniypes deveogpakahpyesexqnphes swepe of:
al so sputtered into thin filns as in the foregoing practical

exanpl es.lamemating physnede phdperttilas lofyatheof ortrednehih fkide anea
al so shown in the table of Fig.. 2.  As shown in the table of Fig. 2,

t he sputtl%‘??‘?ld“?r&li’%’ét e 0 FUHFHr T e "Sfaplté i £idas 1aYGenBrey

of 6..650 g/gc an ul. k resistivity of 2. ... 5 nf? cm_The sputteri

Car ga ofoE i BRCa B VAR FnHadh perbe nds BB s o1 el i e =
on the glass aL e as okn (Nols [ r agdd I : [
thin fil mﬁ?/va?ssrgg%&&? %renlianOlrfegith?t%ip\f/@trgggr%gié%%qﬁnﬂfﬁanf%%?gn%lilc.i al'%gltic
wor k funcddépd; wast 522 rlbhe\bt AsidPr phe etGhigigdahanaeker bghicc-acid
resi dues were not observed at all. Mreover, the sputtering target of
this conpataltive exappléernwabeuseddeo fhommfal ki bayeétmon the film
substrate as in the foregoing practical exanples. This thin filmwas
420 2cmin resii$ti VIPYCRARE 8886 F N RYCHREFar St iBEs| des thenemgbpgd of
funct.i.on s .5.18 eV._ 20,Then, the sputteri target of.th .
compaat | AEARING 12 RASS S URheT 15 6 bl 28 BRASALBURk device,
resi stividya.OlcQAG AP iaMenlbe: ARUBLELT REnbRLOSS Of JBS, cAmAraliye
exanple 1-2 was used to forma thin filmon the glass substrate as In
the foregoi ng meaeti eak Sxahkesn Thim tRidr EahMmavaschéd PnCR idtchant
resistivity 25 and 90% in transparency. The work function was 4.92
eV. As forontmirginchiorgléhazaid er Tk conaendrge immwift ogk liesiadues is 1
wer e observed which precluded the etching . Mreover, the sputtering
target oftem& ‘é‘b%rp%ga¥li’?/ea‘é‘k%%?es‘1l‘2t%\ﬁ§fuEéﬁffﬁéanVn?atPhilH FiEenPt

on t filmsubstrate as_.i.n the foregoin ractical gexanple Thi s
Lhi n ) 1 B E BEG FL0ORRELNTY CEPE DI b5 SRRAZBY% T % § Acpiar A& Fo=50n
Besi des, {fe-MoEk fupgcti@aoywas 4488 eVisyrricier&OMBIngt PR e cannot
sputtering target of the conparative exanple 1-3 had a density of
6.90 g/ cop@nsciri Uk . reat sétVvibyveves Mgm the Theyspult 8Fi Bgat@argetid
of this conparative exanple 1-2 was used to forma thin filmon the
gl ass subsiyabe lprediepitatagnet rlon spditeenng amdidsodiasnion ddreger of
foregoing practical exanples. This thin filmwas over Mi cmin

resi stivi¢9yr BPdIBIVRER2Er BR¥paiSecyPe BHE&®rk function was 5.58 eV.

As f the etchjng characteristicg, 10 etching, could not be done, the
6t chidiy bei no. ITHSTLST -6 LRSS HH S hUTEF S h50 CAT G L CRFOnes,
conparat i %Fﬁr’@ e.l- e r .o fi he f.i
substrat elyllﬁtn e %aarlrrls}y :rsraa%\i?lazsr %Tg?}sl&tislor?mfe &I %1%/%% %Avgag%ﬁ%c%i{nﬁénanme

gezgsgi\/“ ti ARG R8P4 dY I M ANSPRALREYa FCFhI8ShotNE 20RAK f1UNGH Q8 ¥8%ing

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

of the respective acids are not particularly zxestricted.
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15 Thus, as can be seen fromthe contrast between the practi cal
exanpl es and the conparative exanples, any of the sputtering targets
of the practical exanples have a work function of 5.50 eV or greater
in value while maintaining a transparency of 87% or higher.
Consequently, when organic EL devices or organi c phosphorescence 20
type light emtting devices are fabricated by using such thin filns
as shown {0yt benpiactl CahcfXATR @5e f a1 L BRSPATLIE s &l 8O F Q8RS ing rate
thereof, 1t is possible to obtain devices of inproved hole injection
rates. Sugtatye aietde g OUPE DIm e daEId s b d2wdsygdescitinkednakievehin
according to the aspect of the first group of the present invention,
the incluSidn lgfyssudch metarsl iy danidraat bes ahdphaftnicwharmkesticiction
possi ble to provide a transparent conductive filmof higher work
function Wi IPMEICD FSgCPPEREHEPEAONS A8LEPRES Ul NevaEEbrdiafF + §uch

the present invention, it b mes. possi.bl.e .to _aobtain organjg . EL
dovi 665 anar BPBant £ BRSSHROT Lot B era e gt EN 181 Fo-avt G4 Bpeal
i nproved pplg # 1 RUALRERIJd HLAGHESe GhOtRe UnSILA MBHESIK 1ayer are
5[ Enbodi ment 2-1] Initially, wth reference to Fig. 3,

descri ptipactuwrbllbepge venapliean eRbed wiRHE r 23] BCTHE diNg 1ts@ BBeirable
organi c EL device of the present invention. Fig. 3 is a sectional

vi ew of anfongaded.EL device 100. As shown in this diagram the
organi ¢ EL device 100 has 10 the structure that an anode |ayer 10, an
organi ¢ | uni nesidenfn| @y@3n 1 ElgAgvice diffiden| aleet n@iesabsafprhat & 6
a su rate (not _shown) in_succession. Herei nafter,

esoritht | SFIRITT EEGTRRTaE 8% g1 Sare SRR CHP THE SOMBRLE L oBr ghiftrode
Lum nescenby WY elind ha'bt60n AL 21LRe SR A SIdRId €aJar B2 ek elihoer,

enbodi nent 2-1. Theé configuration an ormng me the rest of

t he conpopgated ectubhease iie acBihDeerd ayRpribingMdnl ah8ddastn betnilhyer
the briefest form As for parts that are not nentioned, various

confi gur att onsnediad Peideniganethadsrogénénatt yok redwve 13 .t6heVf aedi ch afetal
organi ¢ EL devices nmay be 20 enpl oyed. _ Incidentally, in the
enbodi menth# 1 Wimse a}ﬁlhﬂe PEGRILA0 Bls AR¥ECe BeHpblings othgrogpganic
or A-Z. (which will hereinafter be referred to collectively as grou

% Ak or s Er S UL RES e aher  EPef o RO T EiGR g O Ehe
col lectivgly-aso,gLoup B) to be 25 described bel ow. Neverthel ess, the
cat hode | ayer 16 may be nmade of the foregoing inorgani c conpounds
when the work fH#i@l,i 6R8 ®fgdrte: £or egvidw driveigabi €he ¥HARUAASCcBI&ns and
rendered below 4.0 eV in value. (1) Constituent materials of the
anode | ayeffddrs as those Fhéhansbect mder sii@stofattch€oprassengarend 8dideeritce
2-1 adopts either the constitution of containing an inorganic
compound BFSEHPFDIFGWiEng group A-1 and a conpound of the group 8-1
Lgﬁ;o hng$|?Eé%kgbﬂgggggsgktga%ggkfgnconta|n|ng an inorganic

A4 Ilv
Hereinafter, the aspect of a fifth group of invention will

pe described. This fifth groupwill bedetailedmainlyina fifth
empbodiment to be seen later.

1. Thepresentinventionisasubstrate foranorganicELdevice,

25 comprising a laminate of: an electrode for driving the organic

electroluminescence 1layer descried above; a transparent

conductive thin filmcontaining indium oxide; a metal thinwire;

and a thin film layer of a metal oxide, the laminate being formed

in this order on a base member, wherein the thin film layer

38



5 group A-2 and a conmpound of the group 8-2 in conbination. Note that
t he conbi nations of inorganic conpounds of the group A-1 and
conpounds of the group 8-1 and the conbi nati ons of inorganic
conpounds of the group A-2 and conpounds of the group 8-2 have sone
over | appi ng conmpounds: 10G oupA-1: chal cogeni des, oxynitrides, or

nitrides of Si, G, Sn, Pb, Ga, In, Zn, Cd, and My; G oup A-2:
chal cogend flese oxyal tax idizs haera wotriki HesctofoGab oS 5PbeVGandlagspgrific
Cd, and My; Group 8-1: chal cogeni des, oxynitrides, or

nitri des ovésistinnehadi dé&+4dakdkrouphBslRerchal cogeni des of

| ant hani des. The conpounds of two types,_{h A and the
group B, are th%’se%%ﬁﬁﬁrhjeﬁngér:& §é"°irtkqu§‘c&|l1°ﬁ%1£’ ge gg‘@fﬁrb’éﬁ)roves

above, o, i [heL d0%e %gE8Hpe@f9rg)18{é§gpt§) ooﬁga%%p Srl 1s0° rlelrﬁqfances

COﬂpOUHd or 1 norgani ne to 1'ncrease

i oni zaf | oNuROiEIMdrRle §hEeRLIVE] YandSReELhHSal | He . Itrhlesw@lrfkf EQHlct it is
i ncrease the ionization potential to val ues above 5.8 eV.

Consequenptyfethapliyriorgani er bagpeundsndlyetther gf oupb iy 6 andvitdiehigher.
conpounds of the group B-1, or the inorganic conpounds of the 25

group A-2 and twe@owg@mtmn fhimgrpep oB-the melre bextdnbrAadhirkness
constitute the anoﬁe | ayer o that t he ionization potential has an

extrenel yot & §& V4 u%mofpri?f@ léfr atove “mAsa%dr%es’iJIptrefgﬁaBlléiaﬁlio £
devi ce Can be I%bf: 1%9 X\thgs at.:%)écﬂﬂl gn% Prhlr% 1d ) tl)é ?‘ nm or) small&r,

transparency, rrving vo OM/SpECI IC re5|stanc

hi gh dgum ﬂﬁé%@t’l@tefil‘thqw&ﬂ/may not prdBLEQETy c FRECEONPOYNIR Eﬁmalk%@g
t he i norgani c conmpounds of the group A-1 andythe conmpounds of the

group B- lofothéhehtonpolndsagenbisi DGothe &AOGgaat6rcoopeundscef-ahbeae
group A-2 and the conmpounds 5 of the group B-2, are characterized by
havi ng extesiehaneechr nighpridper thiden leyacei dscraelseas hpdrddilyorieasing
acid and oxalic aC| d. Specifically, the interface between an

aci d-treatBdSphEtXand an untreated part exhibits a smooth section,

whi ch all ows cl ar n_pet wee h ar eas cid-treate
part and the 10 Un qu'%%% %%gr@tef’ e dne %u %f/%cr% f(r%nd%‘ah%fte}’suchlfL alayer

i nor gani Cr §0BPELINds, d sdtgsaeayela%tar %@a/ei\t sew%lﬁg gxee! | et shchimg
precision, with the effect that even m croel ectrodés and el ectrodes

of conpl |@Bé<e@t:cs:tmm1altemhgst5rpm@penctm W seamedti on , deformation,
i ncreased resistance, and so on.

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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15G oup A inorganic conpounds More specifically, the

i norgani ¢ conpounds of groupA-1 include SiOx (1x 5_ 2), GeOx (1x 2),
Sn02, Pb0O, 1n202, ZnO, &0, CdO ZnS, ZnCe, CdSe, |nxZny0 (0.2x / (x
+ y)0.95), ZnCS, CdzZnO, CdznS, Mgl nO CdlnO MZnO &N, I n@&N, and
MyZnSSe. 20Moreover, the inorganic conpounds of the groupA-2
specifically include the foregoing inorganic conpounds of group A-1
excl udi nga Sk Oxhéls¥md) aet Gn Nataweaidy, ZnO here neans oxi des of Zn,
andzZnSsul fi desof Zn. Inparticular, in thepresent enbodi nent, Zn and O,
and Zn and S, &r.eThetpa¢s@ys iinvenliépn itespestdoreriaegdl &n t2gt the thin
conpositions ofl: lin ratio. Compounds out of the proportions are

al so i ncl k8. layer of\gheoheralparifeular b?éi‘e?‘é’aFélﬁﬁt yitiia the

anong the inorganic.co unds o e grqup A-1 and the group A-2 are
chalcogenfﬂ%%%f%ﬁ,gpﬁfqggﬁmkﬁQA ié#T?d@ggof the sane. The reason

for this is that !hese.£oppayngs., sagy a%;%éé/' fesgribed ghove, J{l?é@% Qcm
smal | est absor ption coe fTeients "or “Shall est quenching properties in

particul asr amRBg, tthe iiReegamheds eRRALREEcofdddieageaUy Aalisanskddalk.
group A-2, with excellent transparency so 5 that nore amounts of

| i ght camMbeetakepn ofAtthe Fpébefchatesgenndes 0 (BE+8nQchdnprandgBer,
menti oned above, the oxides thereof are yet preferable in particular.
G oup B cohpessdstansk e penes frouhdl thr tite hebap rBer Sipgeptfégilepcy
i ncl ude CEZOBa 10Ce02, Pr6011, Nd203, SM203, EU203, Gd203, Th407,
DY203, E02®8, “EPB03, T111203, Yb203, Lu203, CeN, PrN, NdN, SmN, EuN,

GdN, l-lfp N, DyN, tﬁo'Hne ?’r@s egmnv\g}m’io n?i] EHera £y L0 iR H‘ﬁﬁ:eg ﬁ{ﬂpgsjﬁrm

conbinations of two r nore types o ese. reover, the conpoun
of the groupeB-3rspesihéeal! ¥xinel ud9e5na8es b r&OFRLBRLILANS fOfs oy

or nore types selected fromthe group consisting of Ce203, Ce02,
2r6011, Nd20Bjigba?02, Eu203, Gd203, Tb407, Dy203, 140203, Er 203,
Tn203, Yb203, and Lu203. O these conpounds of the group B-1
and the group B=2deggrdesdoibcee, Nde BarkEfunapiormdd peefprably Gedk eV
Nd203, Sngl(:)%ﬁigl':huezro,?"an?:llgég7breferably 6.0 eV or higher.
15 5. The present inventicn is characterized in that the metal
oxide contains at least either one of zinc ocxide and tin oxide.
With main compconents 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 + 3n) = 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 belew 5 at%, the resistance

can fall with a drop in the work function. Moreover, if the
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20 and Ho203 are yet preferable. The reason for this is also that, as
partly descri bed above, the use of these inorganic conpounds can

i ncrease the value of the ionization potential in the anode |ayer 10
effectively. Content of the group B (group B-1 or group B-2) conpound
25 Next, description wll be given of the content of the group B
(group B-1 or group B-2 will be referred to sinply as group B)
conpound. cdJhee£0N £MthOfl 254U A B QUR B cQRBeUAdcpEaEES @Rl B8 hahed film
value within the range of 0.5 and 30 at.% with the total amount of

t he anodecéayeecdficasnkQ aati.vih, e sigdsponrdducimg stheswohat fuhcthen.
content of the group B conpound falls below 0.5 at.% the anode | ayer
10 deterideBeesath m§ﬁpfamﬁﬁ¢QﬁﬁﬁthzﬁtthustablI|ty SpeC|f|caIIy

it mght be difficult tqQ adjyst,t |za ion otentla

g of 5.6 ARSBOUE ab- B Uent 1S GERGE Han e ke  pdnEditeR st um
t he group 0 n ee 9 t her 1

conduct i vPFy T BoHe SaLeer R gt ?t?é‘%%ﬁa?ﬁtﬁﬁcﬁt%ﬁ"%rart%nttisr%e

dr op. oxiddonsequently, in view of better bal ance between the
adjustability of the value of the ionization potential in the anode
10 layer 10 and .t hehér prspanendyvention, itsheclDrdendriefedt him gtloap Bhe
conpound preferably has a value within the range of 0.8 and 20 at.%
and yet ptefthabligeamedlale aafide nis hanr anddeofsell eafcbd Of mem oghei gyoup
the total amount of the anode |l ayer as 100 at.% Content of the grou
A (group BBSHFtiRassd 9\9’2}uESﬁﬁé’@noPrl%s?%YrﬂjvelﬁP‘ll?eftrtPeOQ:)Gh%‘é‘hP éfe.
the up £Qup A- r A-.2 mnll e referred to sinply as

gr oup % ?%%%géﬁrlncoéénﬁdun%cﬁas ra{nvua ue Jt i s obtained by
subtracting the ceﬂeegslteégné hevgﬁey@n BisceHBdetieHm tiher 4ot aclheante%tl
of 100 at.% when the anode [ ayer i s conposed of the conpounds of
the gr OUptH\lﬁgr:tmp:aéhﬂapﬁsgrtowaQ@oﬁe%)ewmttdwfgmltmteagﬁcgmubnsﬁtemg
group B-2) . Thus, when the content of the group B conpound in the
anode | ayef AQ, h&d,aawval Ga-within the range of 0.5 and 30 at. % the
content of the group A inorganic conmpound in the anode |ayer 10 is a
val ue within t %@ﬁﬁﬁ@BP1701Q&}%ﬂP%?QﬂbL% TFRelBRERLREYINIGhEIEt e C

anode | ayer 10 cont onpo th|rd (of0) ne .ot her_than

o oupl i ahes GGl LRe Toae: & Gt AT A shie BOHAE Y
preferabl y.detgryd ned in con5|derat|on of the content of the third
conponent. Thickness and structure of the anods_| ayer The
anode | ayer 10 d.sTRetptésiriednien8nyn iy thevhatethi@knesshabuhd metal
preferably given a value, in concrete terns, within the range of 0.5
and 1000 thon Wheer easdniher meltird hevithat ai fvotrtke fancdd draydr 510 l#ds ox

t hi ckness below 0.5 nm pin holes can occur to 5 cause a | eak current
in a longttehrffuse. On the other hand, when the anode Iayer 10 has a

L clgipss 2b0ve 000 Ml 1 SLRGL190E b atoRa! J1CY, 6201 SLL ALY oo
bal ance b§§ métﬂﬁ Mﬁg}édttsyo@nﬂﬁaéslﬁ%tgg' t\./lllﬂg w\i(%let aﬂ@té{flhlé%l%bca work

t he anode Iayer 10 10 preferably i ckness wi'thin the range of
1.0 and 8@Gn&norarsk yRt0 pveber Bbhied idigddiosoIW bdadt he range of
2.0 and 300 nm The anode layer 10 is not limted to any particul ar
structure, eithédr. TRBetgresmitngheehbier istehutanteranddaimihek|@dyemetal
structure having two or nore |ayers are applicable. 15 Consequently,
when yet Rpyhes fr@pSpatBREFION Gt St Paf¥nPEt aheé)?roﬁoyléethgh@re type

cond t s desire er. structure be fo

ity AN P5rf“‘|8)he}yc%%ﬁgtrf“?ﬂeaﬁyeeclter%toee% Eapa CBF %O&%Fonswtmg
t | f high duct ty,
ngESggr?$§y585 ﬁgOB dO %l ecipde. | ayer of higher conductivity

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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Specific resistance of the anode | ayer Next, description will be

gi ven of the specific resistance of the anode | ayer 10. This specific
resistance is not limted to any particular value, but is preferably
given a value below 25 10.cm for exanple. The reason for this is
that if the specific resistance has a value of 1 K2.cm or higher,

t here can occur uneven |um nescence within pixels as well as an

i ncrease N fi g drdvd nge ¥9! 4 288 0f nd he, Organi &fln devi £65.J alkhgatadn

Consequently, 1 n order to achieve a |ower driving voltage, the

speci fic wesést ameenpietshehapede Layend:O spef etedd s has Mo vahaezef
40 m 2-cmor smaller, and yet preferably a value of 1 nmcm or

smal | er. | nci déstrablver, t el valthe efchhrtspicitfdse mesiedsahsenef Limdted
anode | ayer 10 can be determ ned by neasuring the surface

. d b , 5
resi st ance® vitth PaTE &SRR Bk nette A Sofe$ birl b7 dise S eRbd2 At Theddutinag
the thi ckness separately. thod of form ng the anode | ayer . .
Noxt . TlosETTES BhcarPR=n B B06F L w PR R et T o RPRGUFhE s abiR £11m.
| ayer 10. ' r o i,S | im AP H0; risicul -
met hod. Fpégme%arﬁrrp gﬁfﬁl{%ﬁ%%ssai %Fgé(tjoégld%g?f Fspglch nmet locggaéalsoc dbetic
sputteringcidapAitdepastid on,IsPidecoal 1P, s\A KAstid RG1kBsedl §li1gehic
nmet hod, spray pyrolysis, and ion plating. In part icular, high
frequencyaminiet and shat fléekiengaiys ber efdereablto adops edixéd gondrete
ternms, the sputtering is preferably 15 perfornmed under the condition
of 1 x 10 tol X¥heomepalnly¥Rbidmdeoof1thes Jurtad dedn itheneed endt be a

film.f tion, d -50.to 300C.i bstrate t . (2) ! i
| S cent™ R, dRTREw, TSSREFBE (G T 56 57 YORLorod HeChpga o fer et
| umi nescentc 20 YRl anGABS bUEAL HREELE8htOfekhT 0t 4RMLGe! UTLASRER DY o

| ayer
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 1to 10 above; a cathode layer; and an organic electroluminescence
laver.

20 Here, the crganic 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. lis adiagramshowinga tablewhich shows the compositions
of sputtering targets inpractical examples 1-1to1-9 andcomparative
examples 1-1 to 1-3;
Fig. 2 is a diagram showing a table which shows the

characteristics of conductive thin films fabricated by using the
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Organic lum nescent material to be used as the constituent materi al

of the organic |lum nescent |ayer preferably conbines the foll ow ng
three functions: 25(a) Charge injecting function:a function of
enabling hole injection fromthe anode |layer or a hole injection

| ayer and enabling electron injection fromthe cathode |ayer or an

el ectron injection |layer under the application of an electric field;
(b) TranspptittagddinClrigens anf upet poscofcamWAgplesect-edtboles amnd e
el ectrons by force of the electric field; and (c) Lum nescence

funct i on: campameit iwn eofarprlevi dirhgta ¥+®ld for el ectrons and holes to
reconbi ne, thus contributing | um nescence. Nevertheless, it is not

al ways necessarii®-o TdmbinSSAIoPRE Bietr eforhgP FIMELT offs 121%% e yan
For exanpl ui t blze organl c lum nescent materials are also found in
ones t hat Iﬁ%?/ {8t 4 Hj’ecti on and transportation capabilities much

superipr to thejfy el4ecitsrodn ée@tﬁ%%'a@”vi‘@g LE2QSPOL &P@aﬂ'aéh in an

Thus, materials can be suitably used as |ong as they pronote el ectron
novenent embbédEnsk: ar-gani c | um nescent |l ayer 14 to all ow

reconbi nation of holes and electrons in the organic |um nescent |ayer
1 4 near the center 5 ildere,sefadricnhé sake of ampooyede eliondswniadd |irt yan
of the organic |um nescent |ayer 14, the organic |um nescent nateri al
pr ef er abl $™Pedingntel%ctron mobility of 1 x 10-7cml2/V.s or greater.

The reason .
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 vécuum 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 secticnal 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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15 for this is that values below 1 x 10-7 cn®/V.s can nmake qui ck
response of the organic EL device difficult and reduce the
| um nescence intensity. Consequently, the electron nobility of the
organi c lum nescent material preferably has a value within the range
of 1.1 x 10-7 and 2 x 10-3 cnR/V-s, and yet preferably 20 a val ue
within the range of 1.2 x 10-7 and 1.0 x 10-3 cn®/V-s. Moreover, the
organi ¢ |lpradescembommiental of the organic |um nescent |ayer 14
preferably has an electron nobility smaller than its hole nobility in
val ue. The reastm.i 47t hat ai fsechilsnrél aitwnshi prnéothdnvierse oforgaritgode
| umi nescent materials 25 available for the organic |um nescent |ayer
14 can beSHEhtHat@ @ ékeeBspoenty emrPIIENtini nescence intensity m ght
dr op. Nbanmhilgw thg el ectron nobilité of the organi.c E#ninescent th
material is prefdrabPyl?ehdsi¥d YreatefVt Rarf P iS5t EEn@S VAT Get bt he
the hagl e gggﬁﬁk;¥mmE@gpgggao nkS that too small an electric nobility
| or ho

can make it ficult es and el ectrons to reconbi ne the

organi ¢ | um nesgent 16 awes dihgrear sidieirieohecrand chherd i NRS6ENER 1 ous
intensity mght drop again. Consequently, the hole nobility (ph) and
el ectron swixtartoes(.ge) of the organic 5 lum nescent nmaterial of the
organi c lum nescent |ayer 14 preferably satisfy the relationship of
ph / 2 > ge > ph / 500, and yet preferably satisfy the relationship

of ph/ 3 > > /100. Mpreoyer, .in the present enbodi nent 2-1,
the or gan]i?’ecs’??g“qcﬁﬁir}r?és%@ﬁFYF%e?mﬂtlb‘? eIF’é'reﬁEIli?ncont ains aromatic ring
co ds havi VA ro t | ener
Formitae. (21) st ay e oG R Y e B suPhE T RhDh BRI e
styryl or@uns:iqRiy benusedk t @ohagkkit afsrrsatbsbyinge t e condi td0n Q1Y s.

the electron nobility and hole nobility of the organic
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 frominactualdevices
and the 1like. Hence, this invention is not limited to the shown
examples alone. Inthedrawings, hatching for showinga section

may sometimes be omitted.

Group of embodiments 1

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

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

oxide powders weremixed in predeterminedproportions. Inaddition,

a predetermined amount of cerium oxide, samarium oxide, europium

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

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

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

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

This sintered article corresponds toanexample of the sputtering
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15 lum nescent material of the organic |um nescent |ayer 14 described
above . Anong the aromatic groups having 6 to 40 carbon atons in the
general fornulae (2-1) to (2-3), the preferred 5- to 4 0-nucl eus aryl
groups include phenyl , naphthyl, anthranyl, pyrenyl, coronyl,

bi phenyl, terphenyl, pirrolyl, furanyl, 20 thiophenyl,
benzot hi ophenyl, oxadi azol yl, di phenyl anthranyl, indolyl, carbazolyl,
pyridyl, gadsbenzAquingkyl.. Besi des, the preferred 5- to

40- nucl eus aryl ene groups include phenyl ene, napht hyl ene,

ant hr anyl ene, phenantietry | e pyeeanmHtene, isafonydme oxbbdphenykéne, oxide,
t er phenyl ene, pyrrolylene, furanylene, 25 thiophenylene,

benzophenyt etentaivadi dzslgbaad, layphedytQmawEngoansi singol ydeye oxide
car bazol yl ene, pyridyl ene, and benzaqui nol yl ene, Incidentally, the

aromat i ¢ GROFESCHa¥I iRy (6PeQ #HOBY PP LR BrkS A8y HiidseP e to 200 . For

subst I# ut ed Wat hoSubsiit g%@%agreou -ltol-6to escribed later

Thepre er%%%su%g?ffdbﬁfaroup5|nc J%%li§%o 6-carbonaFE§1groups et hyl’
group, nethyl i QrouDs oh-0F QUL OF AURa gRTRIORYY eFe@URomPoRULY EofbRYR ng
t-butyl group, pentyl group, hexyl group, cyclopentyl group,

cycl ohexyigaoup, @t Ld¢ ,ankt zanG- eatbenat koxylzgrooups whekleonygs eipinteger
met hoxy group, i-propoxy group, n-propoxy group, s-butoxy group, 5

t - but oxy gfcupe pehtoxgmygrroupchhexyl axiu gt vep, rasyoropentioxyegisgpnce .
cycl ohexyl oxy group, etc.), 5- to 40-nucleus aryl groups, amno
groups substit tld$ wiinhesed tar UG leurReusuariyit ogp olmpisnclegbemmgt bupkate,
havi 5- 10 .40-nucleus. aryl groups,. ester_ groups havin - to

6 carbon HRGE Groapetcd PynseBF DUBRIAR F6 4 PoGRL B e Sher AT T
L1 1s al sooppefl epabli il e Hankg b ARRCEE o | el L It ATl
fluorescent Dbrighteners of benzothiazol'e type, ben2|n15%zole type,
benzoxazotret ypetasdihhethirker ,cenpaunds aokiat¥iryebbanzens oty pendyid to
nmet al conpl exes havi ng 8-quinolinol derivatives as a |igand.

Mor eover , & bae Kiag pha tie wadtl of sd bedi sf gr yedtyl ane-"skel Btoni ng gamiget . *
| um nescent material, such as 4, 4 ' -bis (2, _2-diphenylvinyl) ‘

bi phenyl , doped™wWFBf BREeFeNt R ISte dng? FIligPeé R Rfst YREE P fagPuttering
fl uoragchrones of cupari.n e O ones,simlar to the st, ig al .
Su Loy REGE NRERORE B < FEPRR G oPRES 4P Lo BertArBsc o Fapde oF Fig.
20Next, desgti.pii j N f, form i

| um nescent%%yger@%4wc}ﬂﬁ%%ftglraﬁ§né§gn§t eggglgg}gﬁgtlvlei %Pygge%%gg;tg%ects
particul apgnmehbBodiukan iexamd &.ydds i s possible to adopt such net hods
as vacuum deposition, spin coating, casting, LB nethod, and
sputtering. ForiBxneaiplce)l erambeegabel ofe flordtati on 25 t hrough vacuum
deposition, it is preferable to satisf¥_the condition _of 50C to 450C
in deposition tengérxruie, the taper ofoFigx 1o-Braogiicqlyggatm ©o. b1l tt@
50 n ec.ipn the rate of filmformtio and. -50C tq 300C in .
SUbsta%e o T BEs AL FnePETEREE PhARReLTah il ot CAR BFES Heal

formed by i Vi I L a n LC. 1 t teri.al;.i
o pr edet of S nBaCS el Vare, Tand tHon aki nErECr e SRy o ey ey
coating oprtdispltbkemataciydent abl vatdhead@r1ing Jetped cxichftd 14 NOrs by
condition are preferably selected as appropriate so that the 5

organi c | abbmesciRoteltdyer ibdths faalybe eciulFar .dépogid icompfad im i avhireltt iicss
athin filmformed through deposition froma material conpound in a
vapor pha8é isdidni i ¥ ki€ omett + Air 8§ghs SEFIICGINT £EeM A efThorh T SHRICESISAoN S

compound in_a solution or liquid phase. Typically, this.nolecylar
depositi oR*Fi PRECAN BE FEIRTCT0 Tl St Whids PP o o PRIHTY | Frivior (8
by LB metpod (nq) eqular, pecumylati on f1lm,Hased on tdéEft%{eeEC%%t'e’hng
cohesi on Structure and hlgh-o der- struet ure as wel T a3 resu Flng

functional ditferences. Thickness of the organic |um nescent |ayer
15The organi ¢ lum nescent layer 14 is not |limted to any

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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particul ar thickness, but may select an appropriate thickness as
needed depending on the circunstances. In reality, values within the-
range of 5 nmand 5 pmare often preferable. The reason for this is
that if the thickness of the organic |lum nescent |ayer 20 falls bel ow
5 nm the lum nescence intensity and the durability m ght drop. On

t he ot her hand, when the thickness of the organic |um nescent |ayer
14 exceedspprdsiimatiele 93% gy aftohhend dlinagef tapdredpplticdd 0F4 ementioned
beconmes hi gher. Consequently, in view of better balance with the

| uni nesce®e@ve nt &Fsia eI het vatlie spupberhagapsitidad of t Blge, pepetical

the organi c |um nescent | ayer 14 preferahl t hi ckness within

t he raggeéﬁ?mg Snhi n8°§t3§ﬁﬁ éﬁﬁ%f@{(6F§fé?gﬁf@a%Yt%FBRnessmaﬁtLin

the range of 20 nm pgaét%ém F&%)n?g@tlhadeﬁ YLt e rmined adbén € BENRA] un
y madé of netals, "al

| ayer 16 is prefera ys, or el ectroconductive
conpoundsohayd NGt Malsl FuREKeFunGdd PN d fiQliiexaBRl 8ppbsk pxade By & by
or m xtures of these. Specifically, one of magnesi um al um num

i ndium | atdrh wid SOk WA appsbiimatselwens meranibride abbke. mays e rusedt,
al one, or two or nore types thereof in conbination. The cat hode | ayer
16 i s notthéndpettesiangy tpaceitc Wiarthehirglansisza ki ¢hanplehéradasontaiigs
preferably given a value within the range of 10 and 1000 nm and yet
pref er abl §SRIVAI d&SWh Phi £% Ky 249Fe of 10 and 200 nm 10(4)

M scel | aneous Al £ hqugh not_ shown.in Fig. 3,.it is alsq
pref er abl e thaﬁxb1ggal?%ﬁf %%ﬁﬁ %ﬁmpre&éﬁ?iﬁg BRI HEASS SBPgey ©f
fromget tEags NP kB8O SR € 1ELrdPVA &8 o101 So A ANGLL £SQ@Sot Ghately
cover the entire organic EL device 100. Preferred materials of the
seal i ng | ayemylatiorchhdezi €ORN BFREs xRk 8k DRt 1Y ne@RAbYBEr hBbHY. As a
tetrafl uoroet hyl ene and nononer m xtures including at | east one type
of conononesultl ubhenerooriteiimqgtzopet yoér $heavmagr @i ca hgesampteurle 3
in their copolymer main chain; and copol ymers of polyethyl ene,

pol ypr opyFenke21pg| jABERAy et ($F0r Wfat®® 20 FAYi ni de, pol yuri a

pol yt et raf | uoroet hyl ene, . pol ychl orotri fl.ugroet hyl ene, .
polydichloroflﬁ%}gév%y?%ﬁéil%%i(:%%ﬂg&ﬁrHf%dof%é%ﬁ?%%ﬁgqﬁnFﬁ amount of
di chloy odbitonaethyheNSouder is rdPendF Sfatkietds ML indbE ptdimately
sealing |l ayer also include: water-absorbing substances having an
absorpti visy wf at¥moenhi ghet ;0 2%5ppRbslits e Py 00fs Siddstianeasabavé ng 2an a
absorptivity of 0.1%or lower; nmetals such as In, Sn, Pb, Au, Cu, Ag,
Al, Ti, andstilt,nbhal seutdesrisurhtasgdyOCpLSt@e 0RX 1 GeD, ekp@pl€ad-4
BaO, Fe20, Y203, and Ti02; netal fluorides such as MyF2, LiF, AlF3,
and CaF2; CPRHaEBST PUSPEdA™osIsueh B® pBf PSfoal KehetPove, in these
perfluoroaging aﬂdeger%%uoro olxether' and conB si.tiaons of thosg
liquid f15FotatBBAsCTAMRAPER SbSoFBent8™For “BhsorBi fY Er&TuAE Sakg o
OXygesy ar &8s UsSR18600 £ 1ant hadPad OF M8, 5684 1119 L Y Jendd 1hfthanides
possi bl e to enpl'oy vacuum deposition, spin coating, sputtering,
casting, Bz &mpbepul asellgam 5 epitaxy), cluster ion beam deposition,
ion plating, plasma polynerization (high frequency excitation ion

pl ating), reactinehspoatercapexphpbani- LV pideaste rGVDadamenmilo fAMEFmuth
gas-source CVD, and the |like as appropriate. (Enbodinent 2-2)

10Next , wWP¥Hi¢ gtuidsicé st urther42deRE i ptidsnmwer| apBergrBat FY aivs by
enbodinentt2-2 of this invention. Ehﬂ.7g iS a sec ignal vi ew of an. .
organi ¢ EFCYRAE? 12 HcBBPEPHY T 1he 'EnBol HEhi® 229V shduf g TERE LT

devi o havj pgsLRec 8L HEE Yhe ddiat, Ananade, layel, 1£19rgankG LI
filmlayer ngﬁan orgaﬁicalgtr%né)scer%%En ¥Qxaﬂ8 ° "
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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15 layer 14, and a cathode |layer 16 are |lam nated on a substrate (not
shown) in succession. Wen the inorganic thin filmlayer 12 is

provi ded thus, injected holes can be transported effectively.
Consequently, the provision of the inorganic thin filmlayer 12

all ows | owvoltage driving and i nproves the 20 durability of the
organi ¢ EL device 102. I ncidental ly, the organic EL device 102
of the enbadijment,id=4.1S characterized in that the inorganic thin
filmlayer 12 is interposed between the anode |ayer 10 and the
organi ¢ | um nestentrdatyieralld=zanhpl el héd sreespectsring thaget hevéagendium
structure as that of the organic 25 EL device 100 of the enbodi ment
2-1. of JmmraximaielyvoPPBwWPrigdeescrdinGg @f WPPECHERRtehRY ity M o,
the inorganic thin filmlayer 12 ich is the characteristic part  of
the embodiiibiii o3, SRRt A (SR obY S ( BebERRBAFREAT =S, RPERt, RS

rest of theegopROBGALE SUGeAS (ke SALIOYR A AKE! 163-SENGR o (DY che

have tthe sanme configuration as in the fi1rst enbodi nent.

the i nor gapi, £+ &£ 0IRQUNSy AV 3irl et & rla@ tGoNSTt bkHhe 1EhE- & RYTGINIG hBERium
filmlayer 12 incl ude conbi nati ons of the conpounds of the group A
(group A-1Hdr groop By2pteand the group B (group B-1 5 or group B-2)
whi ch constitute the anode | ayer 10 descri bed above. Thus, as in the
anode | ayer 102 Phectdaetrexarlsudh’al grasupxBupdapoiaie izs ngr exedeabis 0
given a value within the range of 0.5 and 50 at.% yet preferably a
val ue wi tHt FaHe r ahB8hof “RS0SXABPAE 4F. 9 MAREUEGeRImBRELPRePELERI § 14

val ue W t hj an 0 n . % wi h .
Uhe 1o g P ERE T Tad i ebee 1= T00-are h; T 1Y & EebEt Braforatatt
that the oy ckgessn@ngnf Qe ra%pf%tﬁ%ttéw eaf sar gyt her sAMB, @8 ttheseor
of the anode | ayer 10. Neverthel ess, when the inofganic thin film

| ayer 12 apspackangedli59baiwearon he rapedeccayeri nkl anrt e o@r ganka lum
| um nescent |ayer 14, the anode layer 10 and the inorganic thin film
| ayer 14 owisde ppogfeenigi pddeshtfwdposi t ifons Speelfi caheyspuheering
anode layer 10 is_preferably made of the conpounds of group A (%youp
A-1 or grioupdat zﬁf/td“rw&ag%g%h&@qplo% grloGeNSaNn = tPg g g (Ta) of
at. %0, 5 20 { gt.%while the inorganic thin filmlayer 12 the

i norgani c co ounds " of group A (group A-1 or group A-2) /group B
(group B-1 or grguRcBiddl =xe@plie Ped oy g%p@%t%@ﬁgvﬁﬁ&@ha%@ﬁ@ 341 um
at.% The reason for this is Fhat if the anmount of the group B (group
B-1 or grofimpprdxicmanpoynels ay satoutsidie ihtho§ aphgesidilepd lpamton.
occur a drop in transparency and an increase in specific resistance
whi ch ar e? pafesrdeall i ddanebacte bdesb ipPnotd ewewde3d] s added fuRgker -
with reference to Fig. description wll be given of an_errbodimaniie

2-3 of th*% Fn¥BAFLGN. tg?g?%‘ﬁ@%“&e&%l}ﬂ%ﬁ | WS P ANt bFFanF EARP
devi 10 _chgﬁg%ggstge&ggu an%ﬂﬁ?g % 34, showi ng the device having
a e 10, (

o . a . .
the structure an ano ayer an |ﬁ%rgan|c thin filmlayer

12, a hole transgertiNgal ax8hpld, 1-an;0r-08pherdHMNesceat dAYEH3 hhdium
and a cathode |ayer 16 5 are Fanlnated on a substrate”(not shown) in

successi ofixide. A ptadtherphiasentmenheds freddr Pum,od e proovdest ar atided
the hole transporting layer 13 in addition to the enbodi nents 2-1 and
2-2 al | onBurtheci enksta aespdrit.athenspit taf @suete hot bs. oiCotsenuentigal

the provision of the hole transporting |ayer 13 all ows
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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10 lowvoltage driving and inproves the durability of the organic EL
devi ce 104. I ncidental ly, the organic EL device 104 of the
present enbodi nent 2-3 has the sanme structure as that of the organic
EL device 102 of the enbodi ment 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 follow ng

descri ptigfopédtlicdeat tmi ghynWilhd Bebhotetdd arspor tTHg dayles shdwn in
which is the characteristic part of the enbodi nent 2-3. See the
descri ptibig of2? tilre oher efoivigeribediveBmes 2flthadt 2af@spere2@yt hadr estrk
of the conponents, such as the cathode |ayer 16, since they may be,
conf i gur iR pel empe ofs Ganduet Evpodidests The gapdpcesiver)films being

Consti t t terial, of the h t ti I 13_T hol ,
Const L vept, TBLSr 31,01 LB TOLS LSISROTLLNL L aver A3 TR POL s
i nor gani ¢, comppund. o 1 95 9AN G Jrat &y 'a%'dz c'oﬁlga!a&‘%%i JO MR L1-1 to

pht hal ocyani ne conpounds, di am ne conpounds, di am ne-contal ni ng

ol i goner siand thhopheasieontiaidi sigows | gREELSyRiehar athydteréal sfokthe
t he inorgani c conmpound i nclude, for exanple, anorphous silicon
(a-Si), asBrGedBngmtamayst dhlemse 1lsidd con (1T Spyregoli2@ Sp€acklicWll
fam |y conpounds, I1l1-V famly conpounds noncrystalline carbon,
crystal | i 2Rt BNl —anke dl afohed PRengeBPaERtiypesxanpriré ilndr §anic3-

mat erial are oxi des, .fluorides, and trides. To be 5 nore ecific,
N 208, S 0 S ORLFIRbY” ST, el 1 “EBLR (o)A L8P0t S, OF
BaG, lMJthh ch.\’ct%%%’ e§'al%%%é.]'f4{3g 5 aapcti.ie @q.ég' Eg %‘?‘82 bcg/élée c?lao%%’lk
or two or nore types there in conbi nation. "Besrdes, "the constituent
material jssuehanrably seheqtrpdsaso H?@t chig hahg, %banl%& yoﬁaﬁgiotggafs

value of 1 x 106 cn2/V.s or greater (applied voltage of 1 x 1
x 106 V/ csmbsandatéhbyi asiizat it0me popentealinbasaageal wef ofhbsSpe¥cat.cal
| over. example 1-1 exhibited a resistivity of 960 pQ-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 uQ2-cm and a transparency of 87%.
Besides, the work function was 5.55 eV,
20 Incidentally, theresistivitiesof thethin films weremeasured
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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(2) Structure and form ng nmethod of the hole transporting | ayer 13
15The hol e transporting layer 13 is not limted to the single-Iayer
structure, but may have a doubl e-layer structure or a triple-Ilayer
structure, for exanple. The hole transporting layer 13 is not limted
to any particular thickness, either, whereas a value w thin the range
of 0.5 nmand 5 p.mis preferable. The hole 20 transporting |ayer 13
is not |imted 1o 3Ry pRactiesl asxdny1d ng2nethedspat tbeing Adegdethasoh
nmet hods can be adopted. In reality, however, it Is preferable to
adopt t hedemdre-yreifhed 7asgl be smd hobudfk fresisRgvibe &bl @ § hjrg2tdmon The
| ayer. [Enbodi ment 2-4] 25Next, with reference to Fig. 6, )
descri pt i ohinifilmnéogmeshobft i sdmiseds reAE rats Y UHing threAPRERETLINY
Fig. 6 is a sectional.h view of, an_organi E# evi ce, 106 .accordi.ng.to
the embodf#EAET 224, *_RHSWP TYTT hed YetF 2RPhGy ﬁg ?ﬁ%lE%FﬁétﬁrEthéglgﬁty
anode J aye an~inorganjc thin filmlayer_12 . a | e. transportin

| ayer 13.° n%g?gaﬁgécﬁh%P b So PSR Gh %?%btﬁ%%s%%?aétggﬁ WOk
layer 15, r@Rd:dogatReds |@yeevl6 ale i pated i pubshtateatetic,
shown) in succession. As above, in theenbodi nent ofthe present
section 4retheupsoweskconoafl oblke releeCtatomlin] edMovdayertid bShahl dddm
the function of injecting electrons effectively. The provision of the
el ectron foreedi on Fhpef11B shbstiradd ivatwesindvilig spetteohsot sarhet
organic lum nescent layer_ 14, with an inprovenent to the responsivity
of 't he orGari e EIPRARA Ko 4 G62TRAT dortt SHVLP X186 GEANE ELY 0 idde LE68
of t %)enb QEgth 2é4t%0 IS %haract?&Eéed in that thg electrog 1

i nj ectd ot 12ay % 238 P FAPEPRESEG YD A -t hB8F§&Rr c “PEnt'REScnpetion
| ayer 14 @nd thegzcaishode | ayer 16. Except this, the organic EL device
106 of the enbodi ment 2-4 has the same structure as that of the
organi ¢ EL deviloe thed patctheaenboshpgientl 23,3 thdespeartéhendotd oyéhchas a
description will 15 deal nmainly with the electron injection |ayer 15
whi ch i s déms dharcctter’iesgi/ ccpand afbulie resbodimbny @£ 41. Then®@esh. ofThe
t he conponents qﬁ% adopt the sane configurations as in the

enbodi ment 81T 4 £9r5egae i iR g LRSS B RPSE TRYSI BAIVTUL 18y SRRERE - ing
confi.gurat | in-the.fiel f ganic EL 20.devi ces 1) Consti tuent
A A e R e R e
| s pref erabl yspuie o, af, Or 9apk ¢, GRIRANRY G gy 92N £ COIROUDH Ly
particul ar, organhi c conpounds can be used to constitute an organic =
devi ce t hatnbasosxeelsl ehioR5eel eclrsonfdnj epkakiddHind renmnkheteatbade,
as well as an excellent durability. Here, preferred organic conpounds
i ncl ude srayddegyquensl nae abdeowsdl @#tolallnd Meréeae ¥ vethehsheof £ilm
such as ngtal hel at e o¥inoid gpnpounds containin
y

: 9 .
8- hydr oxyt@FRBfi AR, the Tilm GHEST R SelBett o g njeet FRRCFayerI1sarget
made A A0l DOLI0L S LOMROUNG. L 0L S LIOLIRALG - EAMROUG; REGISIADLY 410
uses an 1 nsul a e 8 Sctl lg,

orTor ~ Sent conductor. “The el'ectron Injection Ia er

when made, tc@”ahgséﬁ' €£85585Féﬁ cgpdygtor, %S?Edéét echbveby K a¥ahde i on
current 5 leak and rnprove electron’injectability. For, such an
i nsul atorwasi §.b3 pveferable to use at | east one netal conpound
selected fromthe group consisting of alkaline netal chal cogeni des
(oxi des, sulfides theepgartesal texanplales)d, dhleabpneteatthinetaget has a
chal cogeni des, halides of alkaline nmetals, and halides of

density of 6.81 g/cc and a bulk resistivity of 2.4 mQ-cm. The thin

25 filmformedonthe glass substrate byusing the sputtering target
of this practical example 1-4 exhibited a resistivity of 460
pQ-cm and a transparency cf B89%. Besides, the work function
was 5.78 eV. As for the etching characteristic, residues were

not chserved at all. Moreover, the thin film formed on the film
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10 al kaline earth netals. Wien the electron injection layer 15 is
made of these al kaline netal chal cogenides or the like, the electron
injectability is preferably inproved further. Speci fically,
the preferred al kaline netal chal cogeni des include Li 20,

Li O Na2S, Na2Se, andNaO, for exanple. The preferred 15 al kaline earth
nmet al chal cogeni des include CaO BaO Sr0O, BeO, BaS, and CaSe, for

exanpl e. Lo,addLiboBy N8 Ay eér?éregulaaék@ﬁg efyrdleald mec et apsactical
include LiF, NaF, KF, LiCl,” KC1, and Nad, for exanple. The preferred

hal i des oéxakkaki ne- £akih imat-aldes ancﬁwﬂsti@xtﬁxamol e10f | oF tflesasdicha
as CaF2, BaF2, SrF2, MgF2, 20 and BeF2, and halides other than

f1 uori destrApAPawRBA Yt AE %$ectr%msiﬁ?@ct¢®mVﬁa@eﬁuﬂ§ﬁ¥Pﬁnﬁﬁ¥(ﬁ T3 ev.
sem conduct or, C_[gheferred sem conductors include oxides, nitrides,, or

nitric oxi des {K1eniPRG CRE CP LAY KR el ShreritCogPuUbESBYIY (AT St Bap @

Al d Z
al ontca;as ord‘?’i}\i)lto‘f %fr ee%ﬁpggcfh%?%o? k?‘ﬁq%dﬁa‘???llﬁﬁglvéﬁye%c@b%rmgs)le(f“lljlsg%he
preferabl gt hat; theJJO8AI &h&%rmwgumrtr%%ssyt&gi tmessh%%terr%g

injection layer 15 is a mcrocrystalline or noncrystalline I nhsulative
thin fil mafherebectnos pppecian kaympldsSl-vhepnnpdecafl at hesestivity
insulative thin filnms, can form71 a nore honobgenous thin filmto
reduce dedecBBlepfl-xel sasdich asadapkrepetys.ofl riidentiBdsydesyuchhe work
i norgani c_conpounds include the al kaline metal chal cogenides, the

al kal i ne E4PEhifABt #12chal %géﬁu ded's t her hiheded ring kahpAecheralssic,

d the halid 5fk| th netals d bed_ab
B eotton Srpraney ert nongl e Bt bn | HELtrER ayor 1gn filn

accor di nngQmEBeoﬁme%' rf%rig] % %%\ﬁﬁ%ﬁl J@}% an, &l £64 ?Qr‘:ﬂ'}é fm.atr%et

wi thin the range of 1. ectron affinit al

bel ow 1. 80%0tkVsi pryatuealt Bearpeet nop éﬂh@ﬁ:&@@d' at Yedh @RS walthh dh® 60
tendency toward hi gher driving voltage and | ower | um nescent

ef ficiencyQ-vheanthe ekeatpameaichi bift § 7@xcetdsidet,eVYhienwvalku€unet ion
the other hand, the probability of occurrence of conplexes having
| over | uriAgseeft &Vficiency increases while it beconmes possible to

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

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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15 suppress the occurrence of blocking j unction 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. Moreover, the
difference in electron affinity between 20 the el ectron injection

| ayer 15 and the organic |um nescent |ayer 14 preferably has a val ue
of 1.2 eVoP"S@U‘a-Pberom HYH Yot « papkghabhyyacralges of EbHi @k Prehe work
smaller. The snmaller this difference in electron affinity is, the
easi er théuetetonomaisnjectd oaVirolst htoel eber e divijrect ¢oareayerissice
the organic 25 | um nescent | ayer 14 becones. This makes it gosslbl ,Ho
const it ut B2 hRUBP gHRFE BLLJ&HSEE VESs &t 4 npr o HF $¥&pbnstY t§blﬁ3%l m
Energy ga

T el.ectraon.injectiqn | aver accor dj .
oo Posmgd onf BRsp o Ih Fipstiild A \iGo W ACEOLALDILNE LlSqer
~eVor 5 greatel; s a@ﬁageicgieéﬁgﬁ{ahg @—Vaéyﬁigfttédoaeyegrisg:'i%%tt‘?; 05\/\'@@2

the energy gap 1s thus set at or above a predeterm ned val ue,

val ue as @neah 8840k 8b9MSparéneY okt 8% .pogskhhest othedyeekt R@nction
chance that holes reach the electron injection layer 15 5 beyond the
organi c |lwasnésténetVlayer 14. This can inprove the efficiency of the
reconbi nati on between hol es and el ectrons, enhancing the | um nescence
intensity of tH& &§amr@cELCaevEXFRPE.11% thearpBtpessndl B2 gt has a
prevent the electron inj ection layer 15 itself fromemttin 'éégh%.

10(4) strEterley of ©-9INgaSCdRREr R 1dh SRS TBELGY veR bf0Y he
SUT UGN €4 0 n 110 BlreCHuaoh N RL 10 o QUL L3 ckNBY | dBRAR L oAR e ring

I
: . i
i norgani ¢ conpound. Thi's electron injection layel not fimte

to any patritgutasrsthustpfect bdbhimayahpye 2a-8i 8ghephayer asteyekyhieity
doubl e-l ayer 15 structure, or triple-layer structure, for exanple.

Mor eover,otfhes4el ack-reoom amd est teahapakkhicynets 1998 1 edbd9i @Y, the work
particular thickness, either. Various thicknesses may be enpl oyed
dependi ngtBRCEhencrVrEufsBAntds. Rh Ekal tige 9&l geshinghi Aephdueangere
of, e.g.,_ 0.1 nmand, 1000, nm are preferable., The reason for this
Vs that WARh AHRE TSI PFORL nj oHE? G g L™ 15 TR OFf -3 At gaRpErate
compound fal s hel Oéﬁm;- hi S, ¢t PEE > CUFR iQ_
el ectron igj e%tgb?¥éi? or £QH%O%Q¥ gﬁegﬁaﬁﬁgglgg%Fg%%?%.g&%%?ﬁg 1-8

ot her hangdyhyBefekhe rels8Gtdian d Nhecs 6 0Nk AR antba NBden 9 2 AN E P HRRIC
conpound exceeds 1000 nmin thickness, 25 it becones high in

resi st ancees passi bkedeberk dnatdtnigert hea s espaihseévity of the organic EL
device 106, i.e., making quick response difficult, or requiring tine
for film formtifofhecpisegient | gxanmhee el ot AOF SRPEERFORT| Bgegetithas a
made of an inorgani ¢ conpound preferably has a thickness within the

range of SNFRRAL190" hA CEnAY &t PYbf F5istarSBIqt & - BN CkARss TG i

t he range ] Hﬁﬁ{ it ) il

be giz\a;d;n ggi%]fr?ear{&%gggggﬁeoé?ngﬁg%{uhrﬂeﬁgréﬁg?%on I }:ggﬁ%g{lelféa%/%?g\ggrget
The el ectgonc g godd @ tayesxdipl s NOF dudniidiacd @ 3Ry iR G &F 1250
formng nethod as long as it can be forned as a thin filmlayer of

uni form t pf2cknesad ¥atratsphypasyobfnmethodsBestidhsas thacuuik function
deposition, spin coating, casting, LB nethod, and sputtering, are

appl i cabl #as 1 @%ﬁ%ﬁin@@tf2r5qhe etching characteristic, residues were

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

25 by 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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Now, description will be given of an enbodi nent 2-5 of the present

I nvention. 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 uniformconposition ratios. As a result, a fabrication nethod is
provi ded by which an organic EL device of |ow driving voltage,

excellent%é%H? . ?§§9ﬁ§n5n£§%§;§%%idgy% excebhent durability can be

obt ai ned i ciency. a first characteristic of the
embodi ment 20 2s5qkk€sikhéd tdhtivel, hecanpdend ayerhkBei sriot el kykaupileg,
certain targets and sputtering nmethod . Moreover, in the enbodi nent
2-5 , foritexanpbesilel i albittayjnoh oogdndcivaifiiies oénhigmterilalBinciAon
be used to achieve an organic |um nescent |ayer 14 in which the

const i t uefitl afednadpinane Rholni ForsmeEemeasi tion ratios. 25 As a

result, a fabrication nmethod is pro ed by which an organic EL
Hovi o8 of | ow NERGt nerdoitace TRER I Gt arAed VP aCEREE LSS sige also

excel | ents duranicly {¥e§ i*}ﬁf%{#%i%geqn%ﬁg @{égﬁ;ii ¥radbdlal Sxstples.
second characteristic of the enbodi nent 2- s i'n"that the orgghlc

| um nescemfenh A¥ele pAykS cBRASrobeat PkUr&f ithe ebrac@aPhen films are also

shown in the table of Fig. 2.

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

10 comparative example 1-1 has a density of 6.65 g/cc and a bulk

resistivityof 2.5md-cm. The sputteringtarget of this comparative

example 1-1 was used to form a thin film on the glass substrate

as in the foregoing practical examples. Thisthin filmwas 380 uQ2-cm

in resistivity and 89% in transparency. The work function was 5.22

15 eV. As for the etching characteristic, residues were not cbserved

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 f£ilm on the glass substrate as in the foregoing

practical examples. Thisthinfilmwasl70pQ-cminresistivity

25 and %0% 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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conpounds by using a certain vacuum deposition nethod. In
order to obtain the organic EL device having the property that its
constituent materials are in uniformconposition ratios, at |east the
anode |l ayer 10 and the organic |um nescent |ayer 14 5 are preferably
formed under a consistent identical vacuum condition w thout being
exposed to the air. Athird characteristic of the enmbodiment 2-5 lies
in the Shﬁ{n%élgt i@ YaeHumLhagher (O GXEhC! SLBYsERYLLES | Bgqanb@ in
vacuum chanber for exercising vacudm deposition. The reason is to

obt ai n an: pdg&bs cefitydevkeeifawi Nngh&Owblré Fueperiton tdwet 4 @8 eV.
constituent materials are in uniformconposition ratios. Then, in the
enbodi ment 2- 5Moaesvagl et vacirwhtelrdmgetrar getprogvitdedeaopa vnt iveiadample
heating unit and substrate hol di ng means necessary for exercisin
sput t eri ng-biladapséeni ittty #theab? iy amend avapdr A6F SRt 5B 3/ eTaie? ‘tHe
i ke 15 far exer.cising vacuum deppsition.  This.allows the sharing of
the vacuutie s B AR SR et e SR IE e e
exer ci si ng, vacu!m dapasit 1RANon ! gk d%%tsasi |0 AS: A R kin@dr¢Xaaghecebn
the enmbodinent 2-5, it is possible to enploy the configuration™that

t he vacuuspehaabengmytsqubbeld ageaidrddei PP ovacttumaahanbppiker. This
vacuum deposition are arranged separately and are connected to each

ot her i n adimiddm Wwesarvdi MPLX-@rsilohr s imndifitcathang 98 isubsinape rgheen
vacuum deposi tion_can be then transported into the vacuum chanber for
sputteri nﬁ“%y’oé kofratret £P rivAsP t3BRYpor Patidnt kit chdinahchpeaghfeistic,

resul.t. as in 25 the case o hari,ng the,vacuum chanber.. For ease,of
UnderSt anth A8 ha HannT e EP e TR 16 o ok T Do ind nenpPEsafie
enbodi e 5 al a j td h

ebodi mont 8 S A6t et 6 TR A oat fan ot hod el yedci & ¢Rg e
enbodi ment-3 2«Hs A |y e cEeis howh ibelrawmvene ther Fedmb¥uble raespast ikve
correspondi ng fabrication methods: Anode | ayer 10: high

f r equencys smagmetnror SpUtH iy ithg;n Fadmgaas o udr Nt idrimilmyes ik2:1 vhitghand
frequency magnetron 5 sputtering; Hole transporting |ayer 13: vacuum
deposi t i oh® 3 Gydriad IRAm eIt ent B¢ Bide s 1 £ hs sarimidesdsian oies B-&t £dn

i njection layer 15: vacuum deposition; .and t hode | ayer 16: vacuum
depodiit 1 on. - 10T 3o e REASathe * St 2y BFShep T dPnbAG4Hh £
filmlaye f 1 - n i rsgqqi hi i

| ayer 1% ?Arﬁ?lg%ﬁggﬂgﬁﬁgﬁéh@g%% gte?é%n g :t'?gi prt%frtéLEllgbr‘:l%dteo@s
use a targ@ethehstadtS dmdexahip CHTRaURASwof k R c8RBHAS( §hMIPoA-driter

15 group A-2) and the group B (group B-1 or group B-2). Specifically,
t he targetnnusiueomhailn atailngasninbe agriomgnsargnoyp 4 189% g@roupigher.
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 toobtain 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 inclusionof suchmetals as lanthanides
and hafnium makes it possible to provide a transparent conductive
film of higher work function while maintaining transparency. BAs

aresult, according to thepresent invention, it becomes possible
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A-2) and the group B (group B-1 or group B-2) in predeterm ned
proportions. Moreover, the target (1 "Amor less in average particle
dianeter), or raw material, is preferably obtained 20 by being m xed
uniformy by using a solution nethod (coprecipitation nethod)
(concentration: 0.01 to 10 nol/liter; solvent: polyhydric al cohol or
the like; precipitating agent: potassium hydroxide or the like) and a
physi cal ¢ Xy 1 {18 151 dedlilcad bha begdnit! bho9pnbheskick@e type
m xing period: 1 to 200 hours) and then Sintered (at tenperatures
of 1200C 1gASRMiIE: ifray davpersatdf dohpibved W2 dhdurscarigw ef eiabkypciés.
to 48 hours), followed by nolding (press nolding, H P nolding, or the
like). Here, the rate of tenperature rise during the nolding
preferably falls within tge 'aggfgof 1 and 50C/ minute in value. The

target obtai nEFWP LAEBPAALRYYS (5 charact eri zed by having the
property that i constituent,materials are in uni form conposition
ratioé. Incidedkﬁhé%}%gpkcg %he conposition ratios and the |ike can
be adjusted by ithe ;8RYLL &Fiivh0r SANA LI LR @1 9NG, hdsd:SiA%R ®ill be given
preferabl e that the cofpounds of the group A (group A-1 or group A-2)
and the gsPup elbeghinept Bl Dfc@fdingy o 2he @rgaspuUlHIcied Separabadssent
The sputtering condition is not limted to any particul ar one,

wher eas iinventgreaf.er Ebbe Boliemplwmctimabndidvw orf et oirgaarigoRlode@ce
other inert gas; 0.3 to 4 Win plasm output per a 1-cn? surface area
of the tat@et; ASsheny i this iy Ahmedeanic ¢ d6vigendldebas
in tqt raéﬁ oftéilg;forgﬁt'on' 5 tg 1§0 m nutes in the Eeriod_of film
for matd ont M ANGT I 8O S 3006C R SUBLEr ?%efeﬂ%erﬁPu?Ega? & rBRLBRscent
that such ayepu] erifg £ondiddd 15 &5l eblethinaalaAnd capaple gte
form ng a dense anode | ayer 16 and inorganic thin Flln1layer

havi ng unid®et nshickm t hhcknessesid) Formation of the organic

| um nescent |ayer 14
Hereinafter, description will concentrate on the ancde layer

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

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
evV in wvalue.

(1) Constituent materials of the anode layer 10
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Wth reference to Figs. 7 and 8, description will be given of the

met hod of formng the organic |um nescent |ayer 14 by 20 evaporating
different evaporation nmaterials at the sane tine. Initially, the
rotation axis 213A for a substrate 203 to nake 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
fromthe rotatiQn axbde 4338r2 9F hR6 SUNSI 8tSo2ddnePd] LhRpts either
substrate 203 is rotated about itself. At the same tinme, various
evapor at i ene rhet i ahsiat ef evapaiai egasiinvlrbancoushypofindamitdre following
plurality of evaporation sources 212A to 212F which are arranged
opposi t e gocthersulgtd & eoppsundhef ebye exequr H1igideposbinahiomrr the
organi c lum nescent |ayer 14 can be obtained in this wa

Here, t heW%’E&ﬁH‘é\P&bBFa‘E%‘?tW%SMIP?F%% COMBRYNS Cb%ﬁﬁfai Eeklowing
vacuum chanpber ,210; substrate der 211 for_fixin he substra
203 100 L haLPRnar 2B B ES AR & ORI BRI TP 2EAg e hret € Ehat
pluralitycBe(8bxdiAht8%¥AR0OLA! i AB rSQWICES Rk 2 LA 1:9 DG Aol ad 1WAty
evaporation materials, opposed to and arranged below this substrate
hol der 21tompbuadwaeiusheharbep 210 ssdconti gunBdngapahblse o@f inorganic
maintaining its interior in a predeterm ned depressurized state by

usi ng exhaaspoppdaso fnoite Slrowp A-2 poiddenmgbbpdswhi | ehsige evaforlatizore
10 sources are shown in the diagram the nunber of evaporation

sour ces i §°H6t VPR PEE 1R P BTy be five or less, or seven or
nor e. w, the substrate holder 211 has a holdin art 212
for holding thg&pdeurpl %ﬁ%'r ;,Sggﬁcgﬁgng St Pﬁt"’glﬁﬁﬁ,e%’nari?%sgﬁ é&’t%e’
hold the &p spbstgat e 203 hopjzogtalyy. in the vacuum chamber 210. A
rotating shaft part 213 fof making the substrate 203 rotate (about
itself ) is erenteg neriickalbygahidde, egphetr ofied hertroR SWda6£ el sn,
this substrate holder 211. This rotating shaft portion 213 is

connect edPin tEaa Trot dm,2T€, eotlallgng and agitating nmeans. By 20 the
rotational operation of the notor 214, the substrate 203 held by the
substrate hol dérr2P1 Rakes Qeilcogsnatipsn sboUd trheefot R4 ngishafles of
porti](_)@ 213 ﬁlrﬁ)ﬂ?e\’\-'itah he substrate holder 211. That is, the
vertical Fotalibi ki £™13A is established at the center of the

substrate 203 hy,Jipars of Chgg(ﬁf@éﬂ&é’g &P ]T tfhtangggﬁi on 213.

Next, concrete descCription w be gliven o e nethod of formng the
organi ¢ | um nesmeNtohayehdd 2 0RwbheySadbstthat §r2@sS 20Hhaofhd \WeoyPes e
organi c lum nescent materials (host material and dopant nmaterial) by
usi ng t hethasgonbineporatose 2@l cdbf f jured éhdescribéd rbblyg, fidreeither
substrate 203 of flat square shape as shown in Fig. 7 is prepared.
Thi s subsPPat@royB 4 8T |FREIE T & Lt FRNBBIN SN o PIR1 L D TOMBPURH O TR FatieE
hol deig 2110i n a C@ori ontal state. In this r s(gs)ec%, .t he st_ybstrate 2c0.3 1
showt™ 1 n EPEPOP Yei figHel o 521 Hor T ront At Vst &t e FRbAEE 1 HarPeHEt1a
subst rat e.28dci sdReked Jo e ol fll nge PAL dk2 fy her sUPLEELEe the
hol der 2111 n a horizontal state. Here, in formng the organic

| um nescenbnlayer ch2pothattien evapaaid HnasevE cesg2d2B and 2120
adjoining on an imaginary circle 10 221 are filled with the host

mat eri al and t Herdepmenhtigt ethal inagmspeact coapbyundd tef thleegk-bhipi &gl and

t he vacuum chanber 210 is
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 1C so that the ionization potential has
an extremely large valueof 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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depressuri zed inside by the exhaust neans to a predetermnm ned vacuum
such as 1.0 x 10-4 Torr. Then, the evaporation sources 2128 and 2120
are heated so that the host material and the dopant 15 nateri al
evaporate fromthe respective evaporation sources 2128 and 2120

simul taneously. In the neantinme, the notor 214 is rotated for
agitation, whereby the substrate 203 is rotated at a predeterm ned
speed, sughgagidnt Quh9QesRiOn@bay:dhie dptation axis 213A. In this
way, the su%strate 203 makes self rotati'on 20 while the host nateri al
and the dopant MmiRRiedl, e cefpouaPambintagftdiani hbegat garbpounds of
| um nescent |ayer 12. Here, as shown in Fig. 8, the evaporation

sour ces 2428 guedip2320 arck ther eonyehirats pbstiite groupf B-1 hew shatdumpanids
213A of the substrate 203 by a predeterm ned di stance Min_ horizontal

di rect i onSOMTHUNY the P9 TEERAFIGRNPOPNEAC ISHBR OF AR TR RAN Eh%ﬁﬂﬁsp“trﬁjé

angl es. of ent of +£.he evapa n material h_as ost , .
nater;s‘c’al a#]dcl?%egrc%lﬁant faf'eri & {15‘}3& lezeéil; t?‘g'yéé x(rz%igg arlesCChmg

Thi s al | ous,tde. LAY ald R r@fc%r bal EQoéﬂf‘@ffaté)cicﬁ‘eaﬁ&'bééa{ﬁce #93.
uniformy, so that a thin filmlayer f‘{aw ng evaporation materials of

uni form coppesktitanlyat the gavcbeasur pbywbenmad wethi-grihadd b@rt and
surface of the electrode injection |ayer 15. For exanple, it iIs
possi bl e &p Yrdrmaat ¢dhipr fti ERhiAyes hawopg hcoacenbnat wiohc v arli laiv Drd eafr
10% (on a nol e basis). Moreover,
distinction’between the areas of the acid-treated part and the
10 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

More specifically, the inorganic compounds of groupA-1include
Si0x (1 £x£2), Gelx (1 £x £ 2), 810z, PbC, Ins0s;, Zn0, GaQ, Cdo,
ZznS, ZnCe, CdSe, InxZny0 (0.2 £x / (x + y) £ 0.95), Zn0S, CdinoO,
CdZnS, MgInO, CdInO, MgZnO, GaN, InGaN, and MgZnSSe.

20 Moreover, the inorganic compounds of the groupA-2specifically
include the foregoing incrganic compounds of group A-1 excluding
Si0ox (1 £ x £ 2) etc. Naturally, Zn0O here means oxides of Zn,
andZnSsulfidesofZn. 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 2-2 are

chalcogenides of 5n, In, and Zn or nitrides of the same. The reason
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5 when the evaporation s performed thus , no revolution is required
of the substrate 203. This elimnates the need for intended space and
equi pnent, allowi ng economc filmformation in a m ni num space. Here,
the revolution of the substrate 203 refers to rotati on about any
rotating axis other than that of the 10 substrate. It requires space
wi der than in the case of self rotation.

Now, i nexeg gl si pgt hesi Mk ¢ angoLs ey RosaLion. 4 hesubel (aies203pks BBbve,
limted to any particul ar shape. Take, for exanple, the case shown in
Fig. 7 whggeet BRasUbSEr abe o2@3 ihas ddeer fshapamtld of emshbest phatacaddg
all the sides of the substrate 203 are identical in length . Here,
the pl uraproyentiegaporpa iohcsbar cesory the ooz g ik srarauraiged the
along the circunference of the imaginary circle 221 around the

rotati on @%PeP223a 8ndt kP SHEIFr & 207 tITHRX SRl BF2nSREpENCY SO
preferably satisfies M> . x_L, 20 where Mis_the radius of .the
img riar y B F BPE A0 bGe P L i Ep Bt TR BT 051 e D51 hheR b oe PRl e
203. On the @t hes, hand, aherd hentiides Lhlie Sebst 3l .203n3he JPhre
i dentical but di frf;erent in length, L shall be the length of the

| ongest sy gde. pkarsuabieonti garaticfisr t he angl es at which evaporation
materials are 25 incident on the substrate 203 fromthe plurality of
evapor ati on soumss H2#0hpo42F can be rendered identical, so that
the conposition ratios of the evaporation nmaterials can be controlled
nore easily. BaY'teshe goBPrewndneh tOeITYir Brl sAsCifheablapbranidfez0s,

mat erj.al s_are evapor ated certai gl of ingidence on the
substlrogt eC%%%’.S él’a@g&%?ﬂ}i&'\/gflicgcrahd%ﬁﬁcfla‘é%cedyééi’l’ Bttt 2 ap B
the unifoypid,y 0f.of h& GRS RN EALT Qs nq?.lgle L;m f :

Mor eover , }?gn *exercrsing '{Tﬁe Tabri'catlﬁ'on meé rﬁgﬂé’ 0 t’héyg’ %d?ﬁght‘rm’
2-5, as shew aind Fig., Thelhearpburaddd ¥16fie @ORORBEA L% SRULEQSi242/Ad e
212F are preferably arranged on the circunference of the inmaginary
circle 22uypedutd theser.ot ati on axis 213A of the substrate 203, the

i ndi vi dual evaporation sources 212A to 212F being arranged at angles
of 360 / n abouforswdedents comPeweds rAdiFapyouD Bokranas iZira lifyekckiide

ist nb f ti 212A 212F to b d. F
5 05, MUDSE 51 SYBRECelLon SoYces, B8 | op2LOT fo b g gnaed FoL
are suitablyg Eﬂ{}gi‘c& l@%zé‘ﬂg'c%%zpfpr%ol ahaus, thg &E”FIS%?EQL]{;E?&, T4O7,

i magi nary circle n°such arrangehént, “tHe pfura

evapor at i pp.oxat eoidl, seean, benld;,f ebped andl aygs,s successively on each
portion of the substrate 203. It is therefore possible to forma thin
filmlayer whos¥ tbepesidnponndstdDsheagyouregul ard/the ¢hmumBrécteomes
of the filmthickness. Next, description will be given in nore detail
of the 20°E4Fpo¥Pt iBh BHi PRy B, Ehe- ol SGai, cNFany ne%fentEU8ye P17
that js for y the simultanequs evaporation nethod descri_hed
wbovel? By Sy TosPY Beasrb PH AR Se P B THETROGEE e i e €03
t he dopan T rat. in Fi r; ;

whi L Che AT Py e e R aot n bknesse s SE s s rd T ro bbb oo
angst r onscégetid @) s¥ahe vaulibaneaissd Y odepasiiledpyndar ikhe: i Al Ownkgie
condition: Deposition rate of Alq: 0.1 to 0.3 nails; Deposition rate

of Cs: 0.layer018 emfsctdwdlfhi ckness of Al g/ Cs: 1000 angstrons

(setting). Incidentally, the chem cal structural fornula of Alg is
shown in Fig. 1&entent 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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Next, the thin filmlayer obtained was nmeasured for thicknesses at
measuring points (4A to 4M on the glass substrate 203 shown 5 in
Fig. 9 by using a contact type filmthickness neter. It was al so
nmeasured for Cs/Al (Al in Alg) conposition ratios (atomc ratios) by
using an X-ray photoel ectron spectroscope (XPS) . Incidentally, the
measuring points (4A to 4M on the glass substrate 203 shown in Fig.
9 are arbjdrayd GO PRESchbhBeR@i BESYhOfgASu S P dlongRelPFS 11¢ Bavirgoas
square shape with each side of 50 nmin length P, into which the
surface oftihe thbsincaie 12021 § 0ddetdedoirntadvanceoniabtécd- poshondal
the results obtained. 15 "Table 2-1" Table 2- Measuring point

Thi cknessaqysiGep AL igA. 1 BB8cifdcaBly 086 mighidpel A4 £irwt to adjust
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the ionization potential into the range of 5.65 and 6.40 eV.
On the other hand, when the content of the group B compound
exceeds 30 at.%, theremight occur a conductivitydrop, coloring,
or a transparency (light-transmittance) drop.

Consequently, in view of better balance between the
adjustability of the value of the ionization potential in the anode
layer 10 and the transparencyetc., thecontent of the group B compound
preferably has a value within the range of 0.8 and 20 at.%, and
yet preferably a value within the range of 1 and 10 at.%, with the
total amount of the anode layer as 100 at.%.

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

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
A-2) andthegroupB (groupB-lorgroupB-2). Thus, when the content
of the group B compound in the anode layer 10 has a value within
the range of 0.5 and 30 at.%, the content of the group & inorganic
compound in the anode layer 10 is a value within the range of
70 and $9.5 at.s%.

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

Thickness and structure of the anode layer
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The anode layer 10 is not limited to any particular thickness,
but is preferably given a value, in concrete terms, within the range
of 0.5 and 1000 nm. The reason for this is that if the anode
layer 10 has a thickness below 0.5 nm, pin holes can occur to
cause a leak current in a long-term use. On the other hand,
when the anode layer 10 has a thickness above 1000 nm, the
electrode transparency can fall with a drop in luminescence
intensity. Consequently, inview of better balance between the
durability and the driving voltage value etc., the anode layer
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.
Consequently, when yet higher transparency (light
transmittance) or vyet higher conductivity is desired, a
double-layer structure may be formed through lamination on a
conductive electrode layer of higher transparency or a
conductive electrode layer of higher conductivity, such as ITO
and In,03-ZnoO.

Specific resistance of the anode layer

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

Consequently, in order to achieve a lower driving voltage, the
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1.1 4K 1 01 0 1.0 4L 1 008 1.0 4M1 026 1.0 Meanwhil e, a thin
filmlayer having a thickness of approximately 1000 angstrons
(setting) was fornmed under the sanme evaporation condition as in the
foregoi ng sinmul taneous evaporation 5 nethod except that the gl ass
substrate 203 was not rotated. The thin filmlayer obtai ned was
measured for thicknesses and Cs/ Al conposition ratios (atom c rati os)

s TEVEARICLIS A 0 O oloRl 022 SRR B AL vaiue
of 40 mQ2-cm or smaller, and yet preferably a value of 1 mQ2-cm
or smaller. Incidentally, the value of the specificresistance
of the anode layer 10 can be determined by measuring the surface

5 resistance with a resistance meter of four probe method and
measuring the thickness separately.

Method of forming the anode layer

Next, description will be given of a method of forming the
ancde layer 10. This forming method is not limited to any
10 particular method. For example, it is possible to adopt such
methods as sputtering, vapor deposition, spin coating, a
casting-based sol-gel method, spray pyrolysis, and ion plating.
Inparticular, high frequencymagnetronsputtering ispreferably
adopted. In concrete terms, the sputtering is preferably
15 performed under the conditionof 1 x 1077 to 1 x 1072 Pa in vacuum,
0.01 to 50 nm/sec in the rate of film formation, and -50 to
300°C in substrate temperature.
(2} Organic luminescent layer
Now, description will be given of the organic luminescent
20 layer.

Constituent material of the organic luminescent layer

Crganic 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 cf enabling hole 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 hcles and
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electrons by force of the electric field; and
(c) Luminescence function: a function of providing a field for
electrons and holes to recombine, thus contributing luminescence.
Nevertheless, it is not always necessary to combine all the
foregoing functions (a) to (c}. For example, suitable organic
luminescent materials arealso found in ones that have hole injection
and transportation capabilities much superior to their electron
injection and transport capabilities. Thus, materials can be
suitably used as long as they promote electron movement in the
organic luminescent layer 14 to allow recombination of holes
andelectrons intheocrganic 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 10”7 cm?®/V-s or greater. The reason
for this is that values below 1 x 107’ cm?/V-s can make gquick
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 1077 em®*/V-s, and yet preferably
a value within the range of 1.2 x 1077 and 1.0 x 1077 ecm®/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 1s inverse, organic luminescent materials
available for the organic luminescent layer 14 can be restricted
excessively and the luminescence intensity might drop.
Meanwhile, the electron mobility of the organic.luminescent
material is preferably rendered greater than 1/1000 of the value

of the hole mobility. The reason is that too small an electric
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mobility can make it difficult for holes and electrons to
recombine the organic luminescent layer 14 near the center and
the luminescence intensitymight drop again. Consequently, the
hole mobility (puh) and electron mobility (pe} of the organic
luminescent material of the organic luminescent layer 14
preferably satisfy the relationship of ph / 2 > pe > ph / 500,
and yet preferably satisfy the relationship of ph / 3 > pe >
ph /100.

Moreover, 1in the present embodiment 2-1, the organic
luminescent layer 14 preferably contains aromatic ring compcunds
having styryl groups expressed by the foregoing general formulae
(2-1) to (2-3). The aromatic ring compounds having such styryl
groups can be used to facilitate satisfying the condition on
the electron mobility and hole mobility of the organic
luminescent material of the organic luminescent layer 14
described above. BAmongthearomaticgroupshaving6to40carbon
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,
thiophenyl, benzcthiophenyl, oxadiazolyl, diphenylanthranyl,
indolyl, carbazolyl, pyridyl, and benzoguinolyl.

Besides, the preferred 5~ to 40-nucleus arylene groups include
phenylene, naphthylene, anthranylene, phenanthrylene, pyrenylene,
ceronylene, biphenylene, terphenylene, pyrrolylene, furanylene,
thicphenylene, benzophenylene, oxadiazolylene,
diphenylanthranylene, indolylene, carbazolylene, pyridylene, and
benzoquinclylene. 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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As is evident fromthese results, it was confirmed that according to
t he sinul taneous evaporation nethod descri bed above, 5 the thin film
| ayer was obtained with extrenely uniformfilmthicknesses within the
range of 1008 and 1093 angstrons and extrenely uni form Cs/ Al
conposition ratios (atomc ratios) within the range of 1.0 and 1.10
over the measuring points (4A to 4M on the substrate 203. On the

ot her handetiyl Hheusametal 1usidigp,t hepdfahn ¢adhpnnlfropyhed odif, fenantyl
fromthe foregoing sinultaneous evaporation 84 nethod, it was

confi r medgtdwat, thbunphgupiipg mEeititlsy Xaw t bexi) goAubhe yalippenilyd 2681,
showed fil mthicknesses in the range of 884 and 1067 angstrons and
Cs/ Al conppsehesy k@t Ws $HC thelt AAGe CoFPONG LkRe Y1 I¥ O upPr Elthoga 9roup:
exanpl es Practical ex Pre aratio

fabricati® t%quaﬁrgpganfggﬁpm,gggupf aBr?E‘éﬁ% VR tﬁ?ég{é’){%oq/ﬁ?éjrps

1
part1 o o i Aherer SEle; AR AR, ARl 5E9Fﬁ° S EShr R 2
that the gptEoRal)1®xGe grobb) #:6e), Was & G9-nakdetibelr Pl XgEo@hd, amino
ground for 72 hours. Next, the resul ti ng ground article was

gr anul at edgrodipd |SO.‘iZ§€dlbyt©Gi9&S:1'nﬁ{' diengOtoudcleensirgisgiodupk,i rehes grvups
dianeter and 5 mmin thickness. The resultant 15 was accommodated in
a baki ng havirge; taﬁ&-flhéﬂaEHéawagaﬁapbal%éaeagraupéﬁﬁéﬁag&retq)ﬁi AUGEFO
for 36 hours o fabricate a target 2-1 for the ana | ayer

(2) For rra"f‘#lé%{ ot e - aﬁé’&Bol 4y 8FP 10" Heh IR YPr afBFalah? fﬂ’a% .

bstr t f 1. 5 f
an;t aﬁdothe ﬁbtalnea }f?%og tH@1éfh§Mf% HUmgggsZéngnléyer 14

to contain fluorescent brighteners of benzothiazole type,
benzimidazole type, benzoxazole type and the like, compounds of
styrylbenzene type, and metal complexes having 8-gquineclinol
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 flucrochomes, 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 1077
to 1 x 107% Pa in vacuum, 0.01 to 50 nm/sec in the rate of film
formation, and -50°C to 300°C in substrate temperature.

The organic luminescent layer 14 can also be formed by
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were placed in the common vacuum chanber 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 m xed gas of argon gas and oxygen gas was filled
in a state depressurized down to 3 x 10-1 Pa in vacuum In that

at nospher t sputtering was_perforned under f. it :

Gl U mat e SRtUNT IR 5 P100e P Lo RS CamsaBsEanE brSRathl, B
i nput vol £ 28€a1f rr QY s80dant | | RS OhEh Mk g8t Of ntkf aM MK €S.1m by spin
Hereinafter, this glass substrate and the ariode | ayer 10 will be
referred ta€hhd 8ethealikeas BnSubshtal ey, Sheseoeh g ye tihidsa Sd istrivd ey
was subjected to ultrasonic cleaning in isopropyl alcohol, and then
dried i n ach2itabnr egenpBedaspbatynssphere dbeforepropriimite sgl ddditnghe
by using W (ultraviolet rays) and ozone. In this _state, the anode

| ayer 20 BF9ER&CsUPBEPEEE WS 1RvELutédifor PRECGHIGE BRPPSAILASN &t 1m.
potenti al sing AC.1 (fromRi ke ei ki _Co Ltd.) and found_to he
5750 V- Werebver = (et S b hoe BRonrete P Thet dad ek 4b 4 kP eig:
was nmeasupged,t0hali ghty A5 AnsHk bbayics f(i%v%%gaah@oﬁpseﬂdﬁqc&qq@%
to be 89% (%) Treat nent” I n” vacuum evapor at or he substrate
was | oadeflren themsubstkat echippeendofid he waaundshagberlidibed, phhge.
vacuum chanber was depressurized inside to a 15 vacuumof 1 X

10- 6Torr dyplowed yhef bhést heochetelarandgpesingohayetll3,cdme ber gdmildy
| um nescent | ayer 14, the electron injection |ayer 15, and the

cat hotfe | dyeEirgudshed dkrRatcthin %ljef&é’:s%lir@ﬁﬁdw Lfenghbes |(Bpdecrdar

d the i ic. thin_film] 12 of _th bstrate to obtai
organi o ERSHEDRCE A E11Ph PRSSHET? G FATHARGRS 36 FOPARioon SoF vEhe e

Orgam(3|HHHn%¥§Huo£@¥ rs%%ﬂé%&ﬂ? £Qrmgﬂpna9f%?E%f%ﬁﬂ%d%u5%¥3%nal
16, the vacuum was not broken even once so that the sane vacuum

condi t i ondwasemanakai.ned. Initially,

ashol etransporti ngmaterial, TBDBnenti onedabove was vacuum evapor at ed
to 60 nm Next,ThhgsKress oifi hescenyal by eymizie sPDRYDPAAvand D1 wer e
co-eéggorated to 40 nmin the vacuum Here, the deposition rate of

t he DPAN was') PRI ghdl ¢rE1ergsosi thaiet ate 6% Detwddmitady $o any

I ncidental ly, .t i cal st t | f I f TBDB,i [
g, 16, TRECEREEAR CUPBERr AR PEVGPAeDE DPVIBAREEd SRPabaickndss as

needed depending on the circumstances. In reality, values within

the range of 5 nm and 5 um are often preferable. The reason for
this is that if the thickness of the organic luminescent layer
20 falls below 5 nm, the luminescence intensity and the durability
might drop. 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 pm,
and yet preferably a thickness within the range of 20 nm and
1 pm.
(3) Cathode layer
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shown in Fig. 19. The chem cal structural forrmula of Dl is also shown
in Fig. 19. Then,as the electron injection |ayer, A g was

vacuum evaporated to 20 nm 5Finally, A and Li were

vacuum evaporated to formthe cathode |ayer 16 on the el ectron
injection |ayer 15, fabricating the organic EL device. Here, the
deposition rate of Al was 1 nns, and the deposition rate of Li was

0.01 nnfs. The Qi 859388«3 O‘E}}é(}g\%%lc/é'sl p%éf@%% %%%engk Igrgtga@s, lq{l&ggs,

Eval uati on on the organi € rect-current vo

of 4.8 V yasi1aprkbedntifcasr S REids0dasi Mg th dnze 1cabhrdeud ayesn L&or
of the obtained organic EL device as the negative (-) el ectrode and

t he anodectaydre,1Becaswthe pusi t dvenixtlurelsecf ridoese .Hepectiecedlyenbne
density was 2.0 mA¥ cnR 15 and the |umi nescence intensity was 164 _nit
(cd/ n2). Thaappathescentutibtor, wWadiesnfl ittt ospeibluee Fuithet hBEE,
for the sake of durability evalu tifgéeconstant-current drivin

conduct ed®at G it ERomaY Noe paf g ca fe%R"E‘ﬂ?r%ﬁth\t}'ig F¥BRA g\?\é\%%"f
o o PR PR R RS 15 B JAPLEZES
enbodi ments2: 3c P aet t gakkeabadi BBRLe2; 4yhereas it is preferably given
a value within the range of 10 and 1000 nm, and yet preferably
a value within the range of 10 and 200 nm.
10 (4) Miscellaneous
. Although not shown in Fig. 3, it is also preferable that a
sealing layer for preventing moisture and oxygen from getting into
the organic EL device 100 is arranged so as to cover the entire
organic EL device 100. Preferred materials of the sealing layer
15 include: copolymers obtained by copolymerizing
tetrafiuorcethylene and monomer mixtures including at least
one type of comonomer; fluorine-ceontaining copolymers having
a ring structure in their copolymer main chain; and copolymers
of poclyethylene, polypropylene, polymethylmethacrylate,
20 polyimide, polyuria, polytetrafluoroethylene,
polychlorotriflucroethylene, polydichlorofluorocethylene, or
chreolotrifluorocethylene with dichlorodifluoroethylene.
The preferred materials of the sealing layer also include:
water-absorbing substances having an absorptivity of 1% or higher;
25 moisture-proof substances having an absorptivity of 0.1% or lower;
metals such as In, Sn, Pb, Au, Cu, Ag, Al, Ti, and Ni; metal oxides
such as Mg0O, Si0O, SiC;2, GeO, NiO, Ca0, BaQ, Fe,0, Y03, and Ti0y;
metal fluorides suchasMgF;, LiF, AlF;, andCaF;; liquid fluocrocarbons

such as perfluorcalkane, perfluorocamine, and perfluoropolyether;
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Mat eri al

of anode | ayer IP(eV) Thickness (nm Light transm ttanoe

(%9* In oxide/ Ce oxide 6.20 75 89 I'n oxide/ Sn oxide/ Zn oxide/ Nd
oxide/ 5.85 75 89 In oxide/ Sn oxide/ Zn oxide/ Sm oxide/ 5.95 75 88
In oxide/ Sn oxide/ Zn oxide/ Eu oxide/ 5.&3 75 88 Hole transporting

mat eri al

10

15

20

25

Thi ckness(nm) TBDB 60

and compositions of those liquid flurocarbons in which absorbents
for absorbing moisture and oxygen are dispersed.

To form the sealing layer, it is possible to employ vacuum
deposition, spin coating, sputtering, casting, MBE (molecular beam
epitaxy}, cluster ion beam deposition, ion plating, plasma
polymerization (high freguency excitation ion plating}, reactive
sputtering, plasma CVD, laser CVD, thermal CVD, gas-source CVD,
and the like as appropriate.

[Embodiment 2-2]

Next, with reference to Fig. 4, description will be given of
an empodiment 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
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. Conseqguently, theprovisionofthe inorganicthin
film layer 12 allows low-voltage driving and improves the
durability of the organic EL device 102.

Incidentally, the organic EL device 102 of the embodiment 2-2
ischaracterizedinthattheinorganicthinfilmlayer i2isinterposed
between the anode layer 10 and the organic luminescent layer 14.
In other respects, it has the same structure as that of the organic
EL device 100 of the embodiment 2-1.

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

the rest of the components, such as the cathode layer 16, since
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TBDB 60 TBDB 60 TBDB 60 Material of |um nescent layer T /licitness
(nm) DPVDPAN 40 DPVDPAN 40 DPVDPAN 40 DPVDPAN 40 Material of electron
I njection |ayer Thickness (nm Al q 20 Alg 20 Alg 20 Alq 20 Materi al
of cat hode | ayer Thickness (rm Al /Li 200
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they have the same configuration as in the first embodiment.

Now, the inorganic compounds available to constitute the
inorganic thin film layer 12 include combinations of the compcunds
of the group A (group A-1 cr group A-2) and the group B {group B-1
or group B-~2) which constitute the anode layer 10 described above.
Thus, as in the anode layer 10, the content of such a group
B compound is preferably given a value within the range of 0.5
and 50 at.%, yet preferably a value within the range of 1.0
and 40 at.%, and even more preferably a value within the range
of 5.0 and 30 at.% with the total amount of the inorganic thin
filmla&eraleOat.%. It is alsopreferable that the thickness
and forming method thereof are the same as those of the anode
layer 10.

Nevertheless, when the incrganic thin filmlayer 12 is arranged
between the anode layer 10 and the organic luminescent layer 14,
the anode layer 10 and the inorganic thin film layer 14 must be
given different compositions. Specifically, the anode layer 10
is preferably made of the compounds of group A (group A-1 orx
group A-2)/group B {(group B-1 or group B-2) = 70 to 90 at.%/0.5
to 10 at.% while the inorganic thin film layer 12 the inorganic
compounds of group A (group A-1l or group A-2)/group B (group
B-1 or group B-2) = 50 to below 90 at.%/above 10 at.% to 50
at.%. The reason for this is that if the amount of the group
B {grcup B-1 oxr group B-2) compound falls outside this range,
therecanococcur adrop in transparencyandan increase in specific
resistance which are unfavorable for electrodes.

[Embodiment 2-3]

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

an embediment 2-3 of this invention. Fig. 5 is a secticonal view
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nore 10(X) hours or nore

of an organic EL device 104 according to the embodiment 2-3,
showing the device having the structure that an anode layer
10, an inorganic thin film layer 12, a hole transporting layer
13, an organic luminescent layer 14, and a cathode layer 16
are laminated on a substrate (not shown) 1in succession.

In the present embodiment 2-3, the provision of the hole
transporting layer 13 in addition to the embodiments 2-1 and 2-2
allows efficient transportaticon of injected holes. Conseqguently,
the provision of the hole transporting layer 13 allows
low-veoltage driving and improves the durability of the organic
EL device.104.

Incidentally, the organic EL device 104 of the present
embodiment 2-3 has the same structure as that of the organic EL
device 102 of the embodiment 2-2 except that the hole transporting
layer 13 is interposed between the inorganic thin f£film layer 12
and the organic luminescent layer 14. Hence, the following
description will deal mainly with the hole transporting layer
13 which is the characteristic part of the embodiment 2-3. See
the description of the foregoing embodiments 2-1 and 2-2 for
the rest of the components, such as the cathode layexr 16, since
they may be configured the same as in the embodiments 2-1 and
2-2.

(1) Constituent material of the hole transperting layer 13

The hole transporting layer 13 is preferably made of an organic
compound or inorganic compound. Such organic materials include,
for example, phthalcocyanine compounds, diamine compounds,
diamine-containing oligomers, and thiophene—containing
oligomers. Preferred materials of the inorganic compound
include, for example, amorphous silicon {(o-S5i), a-8iC,
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1000 hours or nore * :(Gass reference 5 10 "Table 2-4" Table 2-4
Practical enbodinment 2-5 Practical enbodi ment 2-6 Ractical enbodi nent
2-7 Conparative exanple 2-1 Material of anode |ayer IP (eV) Thickness
(rrn) Light transmittance (94) * In odds/ Sn oade / Zn oxide / Tb
oxide / 5. 84

microcrystalline silicon (pC-Si), pC-SiC, II~-VI family
compounds, III-V family compounds, noncrystalline carbon,
crystalline carbon, and diamond. BAmong other types of the
inorganic material are oxides, fluorides, and nitrides. To be
5 more specific, R1;0;, 810, 3i0x {1 £ x £ 2), GaN, InN, GalnN,
GeOx (1 £ »x £ 2), LiF, Sr0, Ca0, BaO, MgF,;, CaFs, UgF,, SiNx
(1 £ x < 4/3), and the like can be used alone, or two or more
types thereof in combination. Besides, the constituent
material is preferably selected so that the hole mobility has
10 a 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
i5 The hole transporting layer 13 is not limited to the
single-layer structure, but may have a double-layer structure or
atriple-layer structure, for example. The hole transporting layer
13 is not limited to any particular thickness, either, whereas a
value within the range of 0.5 nm and 3 ym is preferable. The hole
20 transportinglayerl3isnotlimitedtoanyparticular formingmethod,
either. A variety of methods can be adopted. In 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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75 88 In oxide / Sn oxide / Zn oxide / Ho oxide / 5. 82 75 88 In
oxide / Sn oxide / Zn oxide / Smoxide / 5. 98 75 89 In oAde / Sn
oxide / Zn oade / 5. 23 75 89 Hole transporting materi al

Thi ckness(rrn) TBDB 60 TBDB 60 TBDB 60 TBDB 60 Material of

| um nescent | ayer Thidmess(nm

10

15

20

25

13, an organic luminescent layer 14, anelectron injection layer
15, and a cathode layer 16 are laminated on a substrate (not
shown) in succession. Asabove, intheembodiment of the present
section 4, the provision of the electron injection layer 15
allows the function of injecting electrons effectively. The
provision of the electron injection layer 15 thus facilitates
moving electrons to the organic luminescent layer 14, with an
improvement to the responsivity of the organic EL device 106.

Incidentally, the organic EL device 106 of the embodiment 2-4
ischaracterizedinthat theelectroninjectionlayer1l5is interposed
between the orgaﬂic 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
deal mainly with the electron injection layer 15 which is the
characteristic part of the embodiment 2-4. The rest of the
components may adcpt the same configurations as in the
embodiments 2-1 to 2-3 described abhove, or typical
publicly-known configurations 1in the field of organic EL
devices.

(1) Constituent material of the electfon injecticn layer

The electron layer 15 is preferablymade of an organic compound
or inorganic compound. In particular, organic compounds can be
used to constitute an organic EL device that has excellent
electron injectability from the cathode as well as an excellent
durability. Here, preferred organic compounds include
8-hydroxyguinoline and oxadiazol, and derivatives thereof such
as metal chelate oxinoid compounds containing

8-hydroxyguinoline.
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When the electron injection layer 15 is made of an inorganic
cempound, this inorganic compound preferably uses an insulator or
semiconductor. The electron injection layer 15, when made of
an insulator or semiccnductor, can éffectively avoid current
leak and improveelectroninjectability. Forsuchaninsulator,
it is preferable to use at least one metal compound selected
from the group consisting cf alkaline metal chalcogenides
(oxides, sulfides, selenides, tellurides), alkalineearthmetal
chalcogenides, halides of alkaline metals, and halides of
alkaline earth metals. When the electron injection layer 15
is made of these alkaline metal chalcogenides or the like, the
electron injectability is preferably improved further.

Specifically, the preferred alkaline metal chalcogenides
include Li;0, LiO, Na;S, Na:Se, and NaG, for example. The preferred
alkaline earth metal chalcogenides include Ca0O, BaO, Sr0O, BeO,
BaS, and CaSe, for example. In addition, the preferred halides
of alkaline metals include LiF, NaF, KF, LiCl, KC1, and NaCl,
for example. The preferred halides of alkaline earth metals
include, for example, fluorides such as CafF,, BaF;, SrF;, MgF,,
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
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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200 Al /Li 200 Al/Li 203 Al/Li 200 Voltage (V) 5.1 5.1 4.96.0
Lum nescence intensitY(cd/ n2) 165 166 164 166 Half |life 1000 hours or
nore 1000 hours or nore

a more hemogencus thin film to reduce defective pixels such
as dark spots. Incidentally, such inorganic compounds include
the alkaline metal chalcogenides, the alkaline earth metal
chalcogenides, the halides of alkaline metals, and the halides
5 of alkaline earth metals described above.
(2) Electron affinity
Now, the electron injection layer 15 according to the
embodiment 2-4 preferably has an electreon affinity within the range
of 1.8 and 3.6 eV. When the electron affinity falls belcw 1.8
10 eV in value, the electron injectability drops with the tendency
towardhigherdrivingvﬁltageandlowerluminescentefficiency.
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 pcssible to
15 suppress the occurrenceof blocking junctioneffectively. Thus,
the electron affinity of the electron injection layer is
preferably given a value within the range c¢f 1.9 and 3.0 eV,
and yet more preferably a value within the range of 2.0 and
2.5eV. Moreover, the difference in electron affinity between
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 crganic
25 luminescent layer 14 becomes. This makes it possible to
constitute the organic EL device 106 of improved responsivity.
(3) Energy gap
The electron injection layer 15 accerding to the embodiment

2-4 preferably has an energy gap {(band gap energy) of 2.7 eV or
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1000 hours or nore 1000 hours or nore * :Gass reference [Practica
exanpl e 2-2] Instead of the target 2-1 of the practica
exanple 2-1, a target 2-3 nade of indium oxide, tin oxide, zinc

oxi de, and neodym um oxide 5 was used with indiumof 0.8 in the nole
ratio (In/ (In + Sn + Zn)), tin of 0.1 in the nole ratio (Sn / (In +
Sn + Zn)), and zinc of 0.1 in the nole ratio (Zn / (In + Sn + Zn)).

An or gani gr&d+Levhae waspiabeiastyed wilde bhes rest oof gkbetéabr iwaid ene
condition the sane as in the practical exanple 2-1. Incidentally, the
anode 10 ¢mgegyldhhac ahusoneizatt om poventd alregfe th 186 redd Kalue, e.g.,
direct-current voltage of 5.3 V was applied to across the 89

el ectroded W1lihe DR Hed Drgafiie WL devicde 4§ #A PRESPPAS iFQaFeduce

| 1 1 th hat th t, d 1
T ot PRt e Bebhan o Atsraey i B HlSRefi RactafEr 13
col or §’\a5¥8?ﬁ£8rﬂ?@o %fll?l?é)fl'ﬂl :Ln‘tré[sl:c):re%ctt igs’%rei(ﬁnplﬁdgs 3.:’Ian im rove the

| nst ead e target e practical exanple 2-1, a target 2-4

made of iadiupextyesrttReOoxXbdembzhheiBXi §6twaBd BaMBEI HAWOXIdetwas s,
used with indiumof 0.8 in the nmole ratio (In/ (In + Sn + Zn) ) ,

tin of O. énhanthﬁgnvhe Yatime$Sante (ImtenSht ¢ dn)the orzjand ofEI0déviae
inthe nole ratio (Zzn/ (In + Sn + Zn) ) , and samariumof 0.04 in
the nol e £8Pt o Tk ik alexpres sidlero poedapnidthd el Safroplimesnlan Zgyer

: ic EL device was fabricated with the rest of the
fabrlcatlgﬁ g }% SROPhEMSATe 8 54PNt e practical exanple 1.

I nci d aIIy er 10 had an ionization potential 15 of
5. 95 e A dlréﬁt-%gggganéoltage of 5.0 V was applied to across the

el ectrodes of iNSY Oéléééﬂ‘%&h%fngﬁﬂlcbglgld@}{'o@cﬁéstf‘uéél?r@&ﬁ%'e@ectron
exanple 1, with the resul't that the current density was 2. cn2 in

val ue andlmjmnﬂnuﬂlmayaanaé thienss tiyad s £1 63 ﬂhbrgahec|ﬁﬂmﬁ@6@£ntThls
color was confirnmed to be blue. 20[Practical exanple 2-4]
I nstead oflefereargeieotiosf lewerptact bcabtekampred2te, anyt RRYELECRIBY
made of IﬂdlUﬁ]OXId%Ultln oxi de, zinc _oxide, and europi um oxjde was

f

used thFﬁaFEm fsm.arY ﬁgerﬁ)ﬁéna&ﬁ-&ameﬁ FtEPﬁt%lrgn dopRY£-1avFF
of 0.4k ingt g rafi.q 5% { 3N %?Q k
5 c t -1 t
t he nD e ra |o /é% nF sf " éur85|%%$% 8 04&0%29 Rer”
mol e rati @hwetlfécrter&g@%ﬂeettl% 19§:@£ 11 8l dEtl 1 i €LR o Shy* pégticﬁmar
) . An organic EL device was fabricated with the rest of the
fabricatiohickndstj oreitfieesane HSrnﬁuEhetmi@EﬁéﬁﬁéseXﬁﬂp|emQ émployed
I ncidentally, the anode |ayer 10 had an ionization
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 compcund falls below 0.1 nm in thickness, there
may cccur adropinelectroninjectabilityocr adrep inmechanical
strength. On the other hand, when the electreon 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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potential of 5.80 eV. A direct-current voltage of 5.1 V was applied
to across the el ectrodes of the obtained organic EL device as in the
practical exanple 2-1, with the result that the current density was
2.0 mMVcnR2 in value and the |um nescence 5 intensity was 165 nit. The
| um nescent color was confirmed to be blue. [Practical exanple 2-5]
Instead of the target 2-1 of the practical exanple 2-1, a target 2-6
made of i ngi (de,ad i oxi i X] epbiym-exkde £9:was
used mﬁtﬁgfﬁg¥%%§% %6F%I#H ?ﬁge%gﬁeﬂgggigg%Fﬁ?Q%ﬁ% é gngi Zn)), tin
of 0.1 inchberaphe bat10andnsh @ + Sn + Zn)), zinc of 0.1 in the
mole ratio (Zn / (In + Sn + Zn)), and terbiumof 0.06 in the nole
ratio with respédt Foamtihg metiabdnetal (Tb / (In + Sn + Zn + Th)). An
organi ¢ EL device was fabricated with the rest 15 of the fabrication
condition the ¥ asePRTiReion atililche exaapI et & PetPpei gentAMiNg (Hhe
anode5§ayei %S had_an Loniégtion oti tia o% 5.84 eV. A 15 is
di rect™ cur et UbrHPAgE-bf " 52Y SV Was §6|? 85Ot BEECTAR el 2¥T T daed
of the obfajned, or gani & . deviGe.as Jd Rothe nk AEEHEA! 2 8XAMY & 2k can
with the result that 20 the current density was 165 cM2I h val ue
and the |p& neseeaces iNtensi F) 14as aYernb. udheckm Res%8BEsCOl VRS s
confirnmed to be blue. [Practical exanple 2-6] Instead of the target
2-1 of theypeacbifcaletdxalmpl esidsll, aa vacgetn 2sp@-sitipde ofpimdcoating,
oxi de, tin oxide, zinc oxide, and hol ni um oxi de was used wi th indi um
of 0.8 i nC¥RELIABI elBafeS Ech ANd FRrUGP L) )are| aPpiioaklen the
nol e f@?io (Sn{_/ElT Ini+ Sn # Zn)), zinc of 0.1 in the nole ratio (Zn /
i f 0.12 in the nole ratio with respect

(In #78Sn + Zn) = )
to the total rrEI\id%’, Qi'é‘gcérigzﬂoﬁ" vﬁﬂhl"' bezgi.\"fehbgé 'arib‘rém 'bggﬂlaﬁt%—gecyf GHe

was fabricated with the rest of the fabrication condition the same as
in the prggdigal exoaptfor2: 1. thnaiidentabbiinkhe anogde hayer, 10 had ar
ionization potential of 5.82 eV. A direct-current voltage of 5.1V
was 5 appinedgtniacrospouinesekceat bedesedf tthecbheaiened engdei ¢affler 16
devices as_in the practical exanple 2-1, with the result that the
current dehsFxyehasny. 6LERAARR HPRRA e A e $RAT peSEehBewhich the
intensity was 1?6 nitmﬁgheilQnin%scent col.or was _conf.irned t%.be A
bl ue. " 10] PPARE F EHPIEXBRPFE 1217 S L PndleBUL 6P T PNECTRP §ot 1911 T8 1PFs P
practi cal , exanpl €, % Fap ildt9&in 288 MR L ALHM PXIif8n L o%hee.
zi nc oxi daé, and c'erzal ur% o>%itc??e vvans Sseé) vmgt hlg%cr)]dlﬁu%q or%PO.rgleci n tnﬂg ﬁgﬁgc
ratio (Inel, deviteSnof 4y, dtiivial OGrdit figd he iRlea et 01 (RAnksCeRct
Sn + Zn)), zinc of 0.1

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 1s fcrmed by using certain
targets and sputteringmethod. Moreover, intheembodiment 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 a result, a fabricationmethod is provided by which an organic
EL device of low driving voltage, high luminescence intensity,
and excellent durability can be obtainedwithefficiency. That
is, a second characteristic of the emboediment 2-5 lies in that

the organic luminescent layer 14 ismade of apluralityoforganic
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15 in the nmole ratio (Zn / (In + Sn + Zn)), and ceriumof 0.06 in the
nole ratio with respect to the total netal (Ce / (In + Sn + Zn +
Ce)). An organic EL device was fabricated with the rest of the
fabrication condition the sane as in the practical exanple 2-1.
Incidentally, the anode | ayer 10 had an ionization potential 20 of
5.98 eV. A direct-current voltage of 4.9 V was applied to across the
el ectrodes of the optained organi%FEL devi ce as iglt@fo r%cghggl
exanpl e ZXPRURRFES (e PEEOFL 2t AEE ARE TRt TEnET 1) ™2 0%y cne
invalue and the LGLAGSCERCS: h AAENSELInIEEL108YINL 1alhf0! LHL RESERALY
color was confirned to be ue. 25[Practical exanple 2-8] Instead o
the targeina 1tef cdhe: pracit sateexam®laae?2ift unidad gehpds Bbi smdetabs,
i ndi um oxide, tin oxide, and ceriumoxide with indiumof 0.9 in the
mol e ratiat (Uemskt the an@y )laed fl0nand thd dnganhe hohéneatént (1Syer 14
(In + Sn)) was used to forma 75-nmthick film on a substrate, on.
whi ch Sa 20EhRTERe EXOXY FRTTAG UPEgE HYOnsifeehlt tdrpbi cabifpeseR GRIdton

of zinc oxide with,ceriumof, 0.05 in.the Lle ratio w th respect

Che-t of al eIt PESEE QPR hent b odniboEd HBGTES ShEd Tt Pdat BT
with the e-»5:f ghricat] ongi 1.1 e_s [ £
practicalé§§%%%$%ﬂg-i.SI%gfgeﬁfgl y% ?ﬁ%E%ﬁgd%?Igyggﬁﬁgﬁ%égpéﬁﬁer °F
ioni zat i ok @t £81 h@ls paft th rlidh £¥nandv dc b @ RHBEMHANESr @fk £2%s iVRf 0¥ 80m
a direct-current voltage of 4.8 V was applied to across the

el ectr odededs i hieonbt arned earsgani.e tl otewiicearas rigantilael prdactiiacahat@ng
exanple 2-1. Here, the current density was 2.0 mA cn? and the .

| umi Adscelt® PRPBASEYY thad 16 nFengedrweRt mREerdRilfescehtitordi fRET
confirnmed to be, plue. Furthermpre, for the sake of durabjility ,

eval uat | GFOTRORLE BAE. EGFTATE driAThg st RBnABEPEdTRR 1o Y (oS LRGLe
parti cul S v af t er I 000. ho

part Ul s Legl SHREBL 12 LOYINCAY R AT 13 3| 20eg o1 000, bOUGS
of the praghs€adtEXRIPHENG- head st {ledRls s2nQ nafle Ofe ol Uy oxbderetifg
oxi de, and zinc oxide was used with indiumof 0.6 in the nole ratio
(In / (I nrouw @1s20witBmng hedtiimouund.t3 enapbeanabe satroebpmid Ehe tike
+ Zn)), and zinc of 0.1 in the nole ratio (Zn/ (In + Sn + Zn)). In
ot herl > eshe¥ taxe 1 tes gprgari QU EL dfmA it vers- f abri T atldd W tiige shamdng of

manner as in the racti%al exanpl.e.2-1. Incidentally, the anode, | ayer

10 had ant}?%ﬁiafﬁflgbBuIﬁ%télrﬁ?ﬁ?r FS%Pﬁss%Vt%Jz%gd‘ifﬁ%‘é‘E?é’&rcr% chamber
| t . i t h f [

broante erohskel R RPPEEESy o R PRoh 10 PHESLERCET R 409 RE4RF e

that the gxdmené denshbyewdsddn@nNV2C it iad Yso adith 1 ber b ushpeseenae
intensity was 166 nit. The | um nescent color was confirned to be

bl ue. Suromfigofathengtbap ofkeembodumeahsmBer for spuBseltdagbeen the
detai |l ed above, according to the organic EL device

of t hédr esErEN WY cFhAWPS T t Eb‘e@@mpocg%pmiatépno@raean@agaﬁﬁcsgeadéveéef
whi ch has excellent trans arencgyand durability and 5

exhi bi t sHRYRIARF FESEETEENTENSFE Yevehthdet &GRMIS/i ndrSi Y9 to such
e A e e e T
made of cerdRépPotPOAJaN O COMROURESIRAT BXaRId €Nt o8t CHb NP PEORE S a
predetermined transportation unit, with the same result as in

25 the case o0of 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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10Mor eover, according to the substrate for an organic EL device of
the 'present invention, an organic EL device exhibiting such
preferabl e performance can be fabricated easily. Besi des,
according to the nethod of fabricating an organic EL device of the
present invention, it has becone possible to provide 15 an organic EL
device effectively which has excellent transparency and durability
and exhi bpts, hicgh | 1Hjd@SCeR6Rn] MRS tyegyeroundar oy | @edriydpurtive
vol tage. Group of enbodinents 3 20Hereinafter, enbodi nents

pert ai ni ngotredgmdima dapprogptodnimedmdson will be described with
reference to the drawi ngs. [Practical exanple 3-1 &é{
Preparation forAnase flapfircali ofldt Brednscyaf@nBETaR dPYant o/

device (fabrication of a targe 25l nitially, .a,sputtering target. to
be used in for 'Wﬁfquégtﬁgﬁﬁg %%h%n§%¥%5n?%'Eflﬁghi%&??ﬂ?%ﬁkﬂ?%éh%ﬁfon
is fabyic ering: Initially, powders of indiumoxide and cerium
oxi de (nOQ%reaterg?han 1 gmin average particle dianeter) were

accommodat ed i yA etrababbriihy oM AITEr vaandnh¥gdsandogy ound for
72 hours. Here, the mxing and grinding are perforned so that cerium

oxi de is 0.05 igrddmdcmieinatcenw Ldyaredpectvatautnhdepos at i ampunt
(this nole ratio will be expressed as Ce / (In + Ce)). Next, the
resul ting grourfdegtiosl dngastipantdvged, f gElcowaddsPpyipiess #idi ng
to di mensions of g inches in g[aneter apnd 5 .nmin thickness . The
resul tant was dafdaTi ha BAKTHY $9RFAEe°Nand then heated and

baked at a te”pﬁr)a%%x‘rﬁ??lo&%%o&éOa[nq%ﬁecﬁgg%f aéh%y?:ﬁ?rh%&og}gean%_é Bhofriim

3-1 for an anode 'l a resent

embodi nentz3emi | | deal with an 10 organic EL device . This organic EL
device corresponds to an exanple of the organic el ectrol um nescence
apparatus in clBa fermizy theraraideoln ofr 1hendnddeiha@y@inic thin fillelyyear
transparent glass substrate 310 of 1 . 1 nmin thickness |,

25nat i nwi 48Ry Ahd7SHAvana@ygPagne e sPEgbEAgiar dat 18-argfanaidst ed,use

ol aced | net REE Uy deuBRP BN RSPV ti5e O §SF FEGBNGy (EPAT T
systefg a“Q;&JﬂSA‘@?%‘HH e%@%&rﬁ}poé ‘(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 (grcup B-1 or group B-2) in predetermined
proportions. Moreover, the target (1 pum or less in average
particle diameter), or raw material, is preferably obtained

20 by being mixed wuniformly by using a solution method
(coprecipitation method) (concentration: 0.01 to 10mol/liter;

solvent: polyhydric alcohol or the like; precipitating agent:
potassium hydroxide or the like) and a physical mixing method

(mill: ball mill, bead mill, or the like; mixing period: 1 to

25 200 hours) and then sintered {at temperatures of 1200°C to 1500

°C, for a period of 10 to 72 hours or preferably 24 to 48 hours),

followed by molding (press molding, HIP molding, or the like).

Here, the rate of temperature rise during the molding preferably

fallswithin the range of 1 and 50°C/minute in value. The target
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Then, the high frequency sputtering systemwas operated to forma
35-nmthick netal oxide layer 312a, a 5-nmthick Ag thin 20 film 14,
and a 35-nmthick netal oxide |layer 312b on the glass substrate 310.
In this way, an el ectrode substrate 318 havi ng an anode | ayer 316
conposed of these three |layers was obtained. This is shown in Fig. 1.
Here, the gl ass substrate 310 corresponds to an exanple of 25 the
"base merhers; hHq A HBse MBkhe dlshi ScREaaEL68k R¥aPhevings H@Qrghéiﬁy
substrate 310, It i's poss ible to use a plastic substrate or such a
substr at eclast a £si ddeoONi vak et madepandi ngron i inei Apphiceatdcnist 1 Besatéss .
the step of form ng an anode | ayer by such sputtering corresponds to
an exanplEnofdehppiilng sAncel dbter CReONAISPRN efdtig®s | aneél BhaslikRacan
is, the anode | ayer 316 corresponds t.o an exanp] e of _t he "electrodiéo

in clainsPe adiustggd by oth xERUEES T arGUH YasCand 18RV gent ass wa
fill i t i 5 10-4 Pa .i I
bt moepheret e B FRE €I TR, COHEO IR o e arP AL QoK BEH T T 8L

ul'ti mate yagpum f t 8eXg18ud Baj(@ HIats g U £ 9Fe 236ut@Bred
i nput vol tage of 100 w? and a filmformng time of 14 m nutes.

Her ei naf tegpatheeel,ectrode substrate 318 conbining this glass
substrate 310 and the anode |ayer 316 will be referred to sinply 10
as substrate 3IBe Jhitsteuwibst candl B8 tonpespandsd o any @aanplcs let drise
el ectrode substrate for an organic el ectrol um nescence apparatus in
claims. Whereasgifgsdguerefgraiiky &osepel-pit BN PN igtGbpéct By dxon or
ul trasonic .cl eaning in_iseptopyl coho and then dried in_a; N2

(it rdgero gy M, fdepndra Bhrtt (o Benft ottt Hes By derfu s face
(ultravio r a ne -be r ts ; or n
after thegl%fl cciaf)ég%ﬁengggg%?hels%?sotra e,ul ?hrrgeang elPa%F %&B %021 dco >0

measur ed dmfsddenvitidieaeb dff §ivArforiatGn®r BY LS REnd0eAGHlthEPiod
Ri ken Kei ki Co., Ltd.), and found to be 5.85 eV (before cl eaning) and

6. 20 eV (af tedmciceatitigh; dd e608T totItMsubssind tradovedpdrattite t hehe
anode | ayer 316 was neasured for |ight transmttance (wavel ength of
550 nn) aR@iPFoundstehde Ba%h TFhePuuEehtedrecndihhee hascabhsafégehyve

the ﬁﬂyr Qﬁgbgaggﬁngo%n?o%%i%%ugjJé%égaékéﬁéyfgber 16 and inorganic
thin £ilm layer 12 having uniform film thicknesses.
(2) Formation of the organic luminescent layer 14
With reference to Figs. 7 and B, 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 scurces 212A to 212F
are arranged at pcsitions each away from the rotation axis 2134
25 of the substrate 203, and the substrate 203 is rotated about
itself. At the same time, various evaporation materials are
evapcrated simultaneously from the plurality of evaporation
sources 212A to 212Fwhich are arranged opposite to the substrate

203, thereby exercising deposition. The organic luminescent

77



(4) Formation of the organic EL device Next, the foregoing
"substrate" was | oaded on the substrate holder. in the vacuum chanber
of the vacuum evaporator. Then, the vacuum chanber was depressurized
inside to a vacuumof 1 x 10-6Torr or |ower before a hole
transporting |layer 320, an organic |um nescent |ayer 322, an el ectron
injection layer 324, and a cathode |ayer 326 were lamnated in
successi oNa98rt he apadeel ayera i3k ofn thei subsyrate 318 to obtain an
organic EL device. This is shown in 5Fig. 2. Here, in the

peri od from t hedldmr, neta vacwim ¢ hapduod wort 2 Ginsiport imgibayéranslzﬁocwr@nlmesr
formati on of the cathode |ayer 326, the vacuum was not broken even

?nce so tﬁéZ‘EaCPH@ Cé’@ﬁ‘f?ﬁﬁa%lﬂm@@@ﬁéfttfﬁéﬁ f\ﬁé@sﬁealﬁlt’é%éaxwej;% SR Gt e
322

cor r espontis? L LRRTOHE BREE g NG S e SRS T Lot AP LTS ¥

layer Dy Xé‘f V&Q%gggkét?@ﬁsb{?rééébﬂ‘z’AtEB%EFt%b {ﬁl%r I‘Fevaporatlon

| um nesce I ‘ayer corresponds to an exa

el ect r ol Uk PESCLNEEohBYEEd tiohaikd @'r@‘ﬁngeé@e'l@'wtﬂﬁé ¥ub§-§rz§th@ hlaqb@r 211.
transporting material 320, TBDB was vacuum evaporated to 60 nm Next,

as the organscvaonumesbembekraged 322coDPVPRAMdandpbblwepé maintaining
co-evaporated to 40 nmin the vacuum Here, the deposition rate of
t he DPVDPARSwaBLE01AK snaﬁdptf‘ﬁ@eﬁéﬁﬁs}p?ﬁoﬁepéﬁéSﬁffl[éfdwésfr afenfpys using

20Then, he el ectron injection |ayer. 324
vacuum evEPOR A7 EHAT SO RmS ea 1 y T e A L e B LR EFRG SRR

ool Ofgn [ B8ucaLhode ) Y8L 320 Whd e £LOR O MGRALENoLAYGL pd2dr son

thereyfarlcatln e organic ce 30

deposi ti ogcofiat8sofs 'Nothﬂﬁl‘ﬁ@a dh8ptso Bt a@«} EthCiﬁ‘eP%%' iéQE rédt @ eQfen
Li was 0.01 nm's. The thickness of the Al/Li "filmwas

The chem eal mboenul ae of TBDB, DPVDPAN, D1, and Al q are shown in Fig.

19. (5) Evaluation on the organic EL device fabricated A
di rect - current Nwi.tElesepsyrtahpddengplired a oo kdiwppaet 8dLriodedso id ity

t he cat hode | ayer 326 of the obtained organic EL device 330 as th
negative {25 RAEHNEGHeChnd s FEPIEEAES %?/g'r a@PGlﬁsC?rP@%C’u \9eh‘(’1+§ the

el ethé)desulg?{leaté B%BC}%LEJ%&%%Q%) S.% ‘ﬁ?esnéf%cg“luﬁ t r)—‘serotatlng

| um nescence I ntensit um nescent color

confir rredshgf%abjmmwﬂ HELMREShd 8hibbReasakey PhodUkabidhd Yt itsels)
eval uation, constant-current driving was conducted at 10 mA/cn2. No

parti cul amsleﬁé(cteldr\eaﬁtwaslipumtd tehee r eafttear od taas&pfsdﬂw@w & hdrs

nore. 10The results of the practical exanple 3-1 are shown in Table
3-1. substrate holder 211. This rotating shaft portion 213 is
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 2134 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 vacuumevaporator 201 configured thus.
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15 20 25 "Table 3-1" Table 3-i Practical enbodi nent 3-1 Practi cal
enbodi nent 3-2 Practical enbodi nent 3-3 Practical enbodi nent 3- 4

Mat eri al

of anode | aser Wirk fi.anction(eV) (before cleaning) Wrk

functbn (eV) (after cleaning) Thickness(nn) oxide/As/ oxi de Light
transmttance (% * Surface resistance ( Q/I1D) In oxide/ Ce oxide /

5. 85

10

15

20

25

Initially, the substrate 203 of flat square shape as shown in
Fig. 7 is prepared. This substrate 203 is locked to the holding
part 212 of the substrate holder 211 in a horizontal state.
In this respect, the substrate 203 shown in Fig. 7 being held
in a horizontal state means that the substrate 203 is locked
totheholdingpart 212 of the substrateholder2l1linahorizontal
state.

Here, in forming the organic luminescent layer 12, the two
evaporation sources 212B and 212C adjoining on an imaginary circle
221 are filled with the host material and the dopant material,
respectively. After the filling, the wvacuum chamber 210 1is
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
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 a predetermined speed, suchas 1 to 100 rpm, about the rotation
axis 213A. 1In this way, the substrate 203 makes self rotation
while the hostmaterial and the dopantmaterial are co—evaporated
to form the organic luminescent layer 12. Here, as shown in
Fig. 8, the evaporation sources 212B and 212C are arranged at
positions off the rotation axis 213A of the substrate 203 by
a predetermined distance M in horizontal directions. Thus, the
rotation of the substrate 203 can change the angles of incident
of the evaporation materials, such as the host material and
the dopant material, on the substrate 203 regularly. This
allows the evaporation materials to adhere to the substrate

203 uniformly, so that a thin film layer having evaporation
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6. 20

81 8.
84 5.
80 5.

10

15

20

25

35/5/35 85 4. 6
85 35/5/35 85 4.
95 35/5/35 84 3.
85 35/5/35 84 4,

I
n oxi de/ Sn oxi de/ Zn oxi de/ Sm oxi de/ 5.

oxide / Sn oxide / Zn oxide / Nd oxide / 5.
I
I n oxi de/ Sn oxide/ Zn oxi de/ Pr oxide/ 5.

n
3
9
0

materials of uniform composition ratios can be surely formed
within the film surface of the electrode injecticn layer 15.
For example, it is possible to form a thin film layer having
concentration variaticns of x10% (on a mole basis). Moreover,
when the evaporationisperformed thus, norevolutionis required
of the substrate 203. This eliminates the need for intended
space and equipment, allowing economic film formation in a
minimum space. Here, the revolutionof the substrate 203 refers
to rctaticn about any rotating axis other than that of the
substrate. It reguires space wider than in the case of self
rotation. |

Now, inexercisingthe simultaneous evaporation, 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
of a short plate and all the sides of the substrate 203 are
identicalinlength. Here, thepluralityofevaporaticnsocurces
212AtoZ2l2Farearrangedalongthecircumference of the imaginary
circle 221 around the rotaticn axis 213a of this substrate 203.
The short-plate shape preferably satisfies M > (1 / 2) x L,
where M is the radius of the imaginary circle 221 and L is the
length of a side of the substrate 203. ©On the other hand, when
the sides of the substrate 203 are not identical but different
in length, L shall be the length of the longest side. 1In such
configurations, the angles at which evaporation materials are
incident on the substrate 203 from the plurality of evaporation
sources 212A to 212F can be rendered identical, so that the
compecsition ratics 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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Hol e transporting material Thickness (nm TBDB 60 TBDB 60 TBDB 60
TBDB 60 Material of |um nescent |aser Thickness (nn) DPVDPAN 40
DPVDPAN 40 DPVDPAN 40 DPVDPAN 40 Material electron in'ectbn | ayer
Thi ckness (nm) Alg 20 Alq 20 Alg 20 Alg 20 Material of cathode |ayer
Thi ckness (nm

10

15

20

25

of incidence on the substrate 203. The absence of vertical
incidence can further improve the uniformity of the conposition
ratios within the f£ilm surface.

Moreover, 1in exercising the fabrication method of the
embodiment 2-5, as shown in Fig. 7, the plurality of evaporaticn
sources 2128 to 212F are preferably arranged on the circumference
of the imaginary circle 221 around the rotation axis 213A of the
substrate 203, the individual evaporation sources 212A to 212F being
arranged at angles of 360° / n about the center of the imaginary
circle 221, where n is the number of evaporation sources 2123 to
212F to be arranged. For example, when six evapora£ion 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 Dbe
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 bhe given in more detail of the
composition uniformity of the organic luminescent layer 14 that
is formed by the simultaneous evaporation method described above.
By way of example, Alg was used as the host material and Cs
as the dopant. The substrate 203 shown in Fig. 9 was rotated
at 5 rpm while a thin film layer having a thickness of
approximately 1000 angstroms (setting) was simultaneously
deposited under the following condition:

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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Al /Li 200 Al/Li 200 AI/Li 200 Al/Li 200 Voltage (V) 4. 3 4. 8 4. 5 4,
6 Lum nescence intensity(cd/n2 ) 160 156 164 161 Half life 1 000

hours or

10

15

nore

Incidentally, the chemical structural formula of Alg is shown in
Fig. 19.

Next, thethinfilmlayer obtainedwasmeasured for thicknesses
at measuring points (4A to 4M) on the glass substrate 203 shown
in Fig. 9 by using a contact type film thickness meter. It was also
measured for Cs/Al (Al in Alg) 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
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.

Takble 2-1 shows the results obtained.

“"Table 2-17
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1 000 hours or nore 1 000 hours or nore 1 000 hours or nore * 'd ass
reference [Practical exanple 3-21 A target 3-3 shown bel ow
was used instead of the target 3-1 of the practical exanple 3-1. This
target 3-3 is one made of indium5 oxide, tin oxide, zinc oxide, and
neodym um oxi de, having the follow ng specific conposition. Here,

i ndi um oxide, tin oxide, and zinc oxide will be referred to as main
nmetal conponents. Initially, the nole ratio of indiumin the main
nmet al conponents 10 (expressed as In/ (In + Sn + Zn) ) is 0.8. The
nol e rati o _of @;gain he main metal conponents (expressed as Sn / (In
+ Sn + Zn)-ﬁéb -T-.1 The nole ratio of zinc in the nmain netal
conponents (expressed as Zn / (In + Sn + Zn) ) is 0.1. In addition,
the nole ratio of neodymium in the total netal (expressed as Nd /
(Inm+ Sn + Zn + Nd)) is 0.06. The organi c EL device 330 was

fabricated as inr%he—#eFegaHm?ﬁm%ﬂﬁ+f%&-e*aﬁpkewa—&—e*eeﬁ%—++at t he
target 3-3 was upédeansimadonft | FEnithngst (A} 1 51 nGsehtal Iy, Jat the
time of fabricatom—theanmode tayer—3it—showed—work—functiomyg of
5.81 eV (before Fleani iy and 5|85 eMOGaBter leaning)O The syrface
resi stance of th;—anUdE’rayer St6—was A S C2rpg—Wreover—=
direct-current vpltageB 4.8 Viwas bpgPed tpo 10 acro€s the
el ectrodes of thg obtarned orgafic tt dgevi ce B30 as Jn_tne prgctical
exanple 3-1, with the ult thht t heO&ufrent densif&-ﬁbs 2.0 |mAV cnR
in value and the]lum negeence | tenstg%ﬁgas 1pb6 n|t.1 Tie Iunlqescent
color was confirped to bl ue. | Furt re. for the 'sake of
durability eval uption ,qgEonstant-cur drivj ng 15 +wag, conduqt ed at
10 mMdcecn2 . No aa_u_i_mﬁr leakl cur rL@]g-lAnq fhund p\;lp'n@affpr 1apse
of 1000 hours or|nore. 4F I1cidepEﬁg§yy the resyltg of th
practical exanpl b S

e 1082 1.1

4H 1075 1.0

41 1082 1.1

4 106% 1.1

4K 1010 1.0

4L 1008 1.0

A0 1025 1.0

Meanwhile, a thin film layer having a thickness of
appreximately 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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[ Practical exanple 3-3] 20A target 3-4 shown bel ow was used i nstead
of the target 3-1 of the practical exanple 3-1. This target 3-4 is
one made of indiumoxide, tin oxide, zinc oxide, and samari um oxi de,
havi ng the specific conposition as follows: The nole ratio of indium
in the main netal conponents (In/ 25 (In + Sn + Zn)) is 0.8. The
nole ratio of tin in the main netal components (Sn / (In + Sn + Zn))
is 0.1. The nol, E%EQ%—QL zinc in the main netal conmponents (Zn/ ( In
+ Sn + Zn) ) is 0L  I'n“addition, the nole ratio of samariumin the
total netal (this nole ratio will be expressed as Sm/ (In + Sn + Zn
+ Sm)) is 0.04. The organic EL device 330 was fabricated as
in the forepabhg Brecfi cal exanple 3-1 except that the target 3-4 was
used instead of the target 3-1. Incidentally, the anode |ayer 316
showed work functions of 5 5.84 eV (before cleaning) and5.95 eV
(aftercleaning). The surface resistance of the anode | ayer 31 6 was

3. 9 L-2/sg . Adi FWWWFOSS
the el ectrodes of th&legsunngpourtganl hicknegetfde] 330 dssinAlhe

practical exanple F 1, wth,the regult gﬂ@gifhe current .density was
1sity_ﬁ§s

2.0 mM¥cn? in valugq 10 an e | uninesc inte 64 nit
The | um nescent coljor was nfirnef to Qg qlue. —urtherpnﬁe, for fhe
sake of durability Jeval yation. congtant- ﬂ?rent iri ving was conduft ed

at 10 mAcnR2. No p
of 1000 hours or
exanple 3-3 are al
A target 3-5 shown fe
practical exanple 3
oxi de, tin oxide, S de—3
specific conpositign as fa&fFows:

rticul | eak ¢ rren%ﬁggg fouhd eve aHter a | hpse
Al hcideptallly, esulls of thé practijchl

¢ 3-%§%ﬂﬁracti:al exggghﬁ 3-4)

SNV =1 of thhk
B target

ade of 4 ndj um 20

io@©f gndium|n

o]
et ) - Hre—rot-e
ponent1Con / (In + Sh._£2Zn)) i
:IC llﬂ.‘r—l_r Ill._,t a: \;UII}JUIICIItD ( ZII (
In + Sn + Zn) ) is 0. 1. tiom, t heOibbe rafio of pradeodym pm
in the total nmetal {(Pr 7 (lg ¥ on + ZIm F_ Prp)y 1s[o-04 Te
organi ¢ EL device J30 was fHhbri cat ¢d as! (e f)regoidQ-ﬁ?actica
exanpl e 3-1 except [that th target[3-5 ggééised nst ead, oI the

target 3-1. Incidentally, He anod¢ | ay 6 shpwed mo}k unct i ohs
of 5.80 eV (before Ieanng% and 5|85 e¥g§ ter ¢leaning).- The

4
92

J

0.1. The nole ratig

surface resistance fof the ode | ayer 3 .0 112/ s¥: 5

4L O 1.0
4M 960 1.1

As 1s evident from these results, 1t 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 ratics) within the range

of 1.0 and 1.10 over the measuring points (4A to 4M) cn 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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5A direct-current voltage of 4.6 V was applied to across the

el ectrodes of the obtained organic EL device 330 as in the practical
exanple 3-1, with the result that the current density was 2.0 mA/cn®
in value andthe | um nescence intensitywas 161 nit . The | um nescent
color was confirnmed to be blue. Furthernore, for the sake of 10
durability evaluation, constant-current driving was conducted at 10

md/ cn2. No rticular | eak current s f.ound even after. e .of
1000 hourrgegso?tirbrjé was con %%T%%ntt%\% VG SIS po?lrfa#e @aé—'%l ¢y

exanpl e 3%% @ﬁﬁ @&éﬁt?99$ﬂ2b§ Iabl,ea3rlinlohPranbiscals examplee r3ndt of
-6 shown be f f the

A target ow was used instead of the target 3-1 o

practical ggxamd €087 landdt SohalzgRt 37811 Sofiites iMaden afa il G the dange
tin oxide, zinc oxide, and tantal um oxide, having the specific
conpositiofi asefehbHows3.20The nole ratio of indiumin the nmain netal
conponents (In/ (In + Sn + Zn)) is 0.8. The nole ratio of tin in
the maln netal H@aeaidssdt XeMALES(In + Sn + Zn)) is 0.1. The mole

ratio of zinc ia th%,main meta: clsz_ onents (Zn/ ( In + Sn + 2Zn) ) is
0. 1. In addii¥éF f tantalumin the total netal
(Ta/ (In + Sn Z + ): ) . . T r i . Vi G685
330 was fabri caq-le)drbaé%anr '?ﬁLémf (?rog‘ggﬁlﬁar%l&agéfpcgl% %)?grarépﬁggargll-cld%xceptlce

that the taggeicak®ives usedrppsiead of the target 3-1. Incidentally,
t he anode | ayer 316 showed work functions of 5.60 eV (before

cl eani ng) and Zdbdea’d C&fimdiuntlozddengnd cHrd umubkade (resigskanee dian 1
the anode | ayer 316 was 4.8 KZ/ sq. A direct-current voltage of
5.1 VLGashappl isv¢regeapeovsicihaligmedterodesref a¢denpivtadiared noa gesti doeELL
devi ce 330, in the practical ex le 3-1 ith the result that .
t he currelﬂ’rflfjé:r?':,nitﬁ?L ss‘iéflarwgﬁﬁ“%:g)\}fé‘it&@ g‘ﬁ\é\} tiHe TLﬁﬁJné’éléeﬂc%g' and
intensity i T 1 n or cQnf i e bl ue.
Furt her mF%@P@%et%énga §O%¢’£"£Jbr%§§|§| %l?‘glpe\/ap\l%g?i'oﬁgec%%&éﬁzﬁp&]Flr%gglt%d

driving wast¢endusd £¢ rahuh@ oy, CRB1 1DRehasy ibGllsalnb eakngWd 8RkeWRS ons
found even after 10 a | apse of 1000 hours ‘or nore.

| nci dent abky4 imehéesin thiaietde MACE mealinexaipkae3dsh amé¢eshewmlitAnt
Table 3-2. 15 20 25 "Table 3-2"
15 was accommodated in a baking furnace, and then heated and baked
at a temperature of 1400°C for 36 hours to fabricate a target
2-1 for the anode layer 10.
(2) Formation of the anode layer 10
Then, a transparent glass substrate of 1.1 mm in thickness,
20 25 mm in width, and 75 mm in length and the obtained target 2-1
were placed in the common vacuum chamber of the high frequency
sputtering system and the vacuum evaporator. The high frequency
sputtering system was operated to form a transparent electrode £ilm
of 75 nm in thickness as the anode layer 10, thereby obtaining a
25 substrate. Here, a mixed gas of argon gas and oxygen gas was
filled in a state depressurized down to 3 x 10" Pa in vacuum.
In that atmosphere, the sputtering was performed under the
condition of: an ultimate vacuum of 5 x 10™% Pa; a substrate

temperature of 25°C; an input voltage of 100 W; anda film forming
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Table 3-2 Practical enbodi nent 3-5 Radical enbodi nent 3-6 Radical
enbodi nent 3-7 Prachcal enbodinent 3- 8 Material of anode |ayer Wrk
functbn(eV) (before cleaning) Wrk function (eV) (after cleaning)
Thi ckness(nm oxi ci e/ Ag/ oxi de Light transmttance (% * Surface

resi stance(Q AD) I n oxide/ Sn oxide/ Zn oxide/ Ta oxide/ 5. 60 5. 64
35/5/35 83 5. 3 In oxide/ Sn oxide/ Zn oxide/ Nbo oxide/ 5. 64

10

15

20

25

time of 14 minutes. Hereinafter, this glass substrate and the
anode layer 10 will be referred to collectively as a substrate.
Subsequently, this substrate was subjected to ultrasonic
cleaning in isopropyl alcohol, and then dried in a N» (nitrogen
gas) atmosphere before 10-minute c¢leaning by using UV
{(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
tobe 6.20 eV. Moreover, the substrate provided with the anode
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
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
ancde layer 10 and the inorganic thin film layer 12 of the substrate
to obtain an organic EL device. Here, in the period from the
formation of the organic luminescent layer 14 to the formation
of the cathode layer 16, the vacuum was not broken even once
so that the same vacuum condition was maintained.

Initially, asholetransportingmaterial, TBDBmentioned above
was vacuum-evaporated to 60 nm. Next, as the luminescent lavyer,
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 ¢f 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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5. 71 35/5/35 83 4. 8 In oxide/ Sn oxide/ Zn oxide/ Hf oxide/ 5. 61
5. 65 35/5 83 5. 6 In oxide/ Sn oxide/ Zn oxide/ Smoxide/ 5. 72 5,
95 35/100/35 0. 2 Bole transporting netedal Thickness(rrn) TBIDES 60
TBDB 60 TBDB 60 TBDB 60 Material of |um nescent |ayer Thickness(nm

10

15

20

25

shown in Fig. 19. The chemical structural formula of D1 is also
shown in Fig. 19.

Then, as the electron injection layer, Alg was
vacuum-evaporated to 20 nm.

Finally, Al and Li were vacuum-evaporated to form the cathode
layer 16 on the electron injection layer 15, fabricating the organic
EL device. Here, the deposition rate of Al was 1 nm/s, and the
deposition rate of Liwas 0.0l nm/s. The thickness of the Al/Li
film was 200 nm.

{4) Ewvaluation 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 2-37
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DPVDPAN D1 40 DPVDPAN /D1 40 DPVDPA N /D1 40 DPVDPAN /D1 40 Materi al
el ectron in:action |ayer Thickness(nrn) Alg 20 Alg 20 Alg 20 Alq 20

Mat eri al of cathode |ayer Al/Li Al/Li
Table 2—3
Practical embodiment | Practical embodiment | Practical embodiment | Practical embodiment
2—1 2-2 12-3 2—-4

Material of anode In oxide,” I oxide,” in oxide,” In oxide,””

laver Ce oxide Sn oxide,” Sn oxide,” Sn oxide,”
Zn oxide,” Znoxide,” Zn oxide,”
Nd oxide Sm oxide,” Eu oxide,”

1P{eV) 6. 20 5. 85 5.95 5. 80

Thickness (~m} 75 75 75 75

Light transmittance | 8o 80 88 86

(26) x

Hole transporting TBOB TEDB TBDB TBOCB

matertal

Thickness (rm) 50 60 60 60

Matenial of DPVDPAN DPVDPAN DPVDPAN DPVDPAN

luminescent layer

Thickress (nm) 40 40 40 40

Material of electron Alg Alg Alg Alg

injection layer

Thickress (rm) 20 20 20 20

Material of cathode | AlZLi AL/ AlLALi AlL-U

layer

Thickness (rrm) 200 200 200 200

Voltage (V) 4.8 5 3 50 8.1

Luminescencs 164 158 168 165

intensity{cd /m2)

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

¥ :Qrass reference

5
10

“Table

2-4"
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Al/Li My/Ag In oxidel/Zn oxide Thickness (rin) 200 200 200 5 75 (Total
t hi ckness: 80) Voltage (V) 4. 8 4. 7 4. 8 4. 4 Lum nescenos
intensity(cd/n2 ) 162 165 163 166

10

Table 2—4
Practical embodiment | Praciical embodiment | Practical embodiment. | Comparative
2-5 C12-86 2-7 example
2-1
Material of anode In oxide,” Inoxde I oxide ,~ 1n oxide
layer Snoxde / Sn oxide Snoxide / Sr oxide
Znoxde / Znoxide / Znoxide / Znoxide /
Tb oxide .,/ Ho oxide Sm oxide
IP(eV) 5. 84 5. 82 5, 08 5. 23
Thickress (rm) 75 78 75 75
Light transmitiance | 88 88 80 8%
(%) x
Hole transporting TBCB BB TBCB TBDB
material &0 &0 60 60
Thickness (mm)
Matenal of DPVDPAN DRVDPAN DPVDPAN DPVOPAN
luminescent layer D1 /o1 /D1 /D1
Thickness (rmy) 40 a0 a0 40
Matenal of electon | Alg Alg Alg Alg
injection layer 20 20 20 20
Thickness (nm)
Material of cathode | AL Al AL/ AlL/L
laver 200 200 200 200
Thickness (rm)
Voltags (V) 5. 1 5. 1 4.9 8.0
Luminescence 165 166 164 166
intensity(cd ~m?)
Half life 1000 hours or mere [ 1000 hours or more | 1000 hours or mere | 1000 hours or more

* 1 Grass reference

fPractical example 2-2]

Insteadof the target 2-1of thepractical example 2-1, a target
2-3 made of indium oxide, tin cxide, zinc oxide, and neodymium oxide
was used with indium of 0.8 in the mole ratio (In / (In + Sn + Zn}),
tin of 0.1 in the mole ratio (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. Incidentally, the anode
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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Half Iife 1 000 hours or nore 1 000 hours or nore 1 000 hours or nore
1 000 hours or rare * :Transmttanc,e :d ass reference [Practica
exanpl e 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 3-7 is one nade
of indiumb5 oxide, tin oxide, zinc oxide, and niobi um oxide, having
the specific conposition as follows: The nole ratio of indiumin the
main et aélﬁQE’PQ&@QtoSf (:fl'% dpf b MndaFrgard ) dsv Qe 8asThE v Brhsdtiieal
of tinin the nmain netal conponents (Sn / (In + Sn + Zn) ) is 0.1.
The nol e gakihplef 17i RethOthe trhesuTr rtHEd alh« anponent Saédaik y( kas+ 250
+2Zn) ) is 0.1. In addition, the nole ratio of niobiumin the total
metal (NomA/¢hhin Gnlue 2Zmd thib)ymisegedize intensithevesgh?® oifl. The
device 330 was fabricated as in the foregoing practical exanple 3-1
except t hA¥MiRBSEGREeCO3OF Was (Futf § it ddeP g@et%u%ar get 3-1.

SIncidentally, EE% En%d? Igéer231£_i£omed_mork functions of 5.64eV
(bef ore cl eani = | eani ng). The surface resistance
of the anode l%XE&é%%QﬁM@§e4a§g9£§qlofthepracticalexampleZ—l,atarget
2-4 made of indium oxide, tin oxide, zinc oxide, and samarium 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 + 8Sn + Zn)), zinc of 0.1
10 in the mole ratio (Zn / (In + Sn + 2n)), and samarium of 0.04 in
the mole ratio with respect to the total metal (Sm /'(In + Sn +
Zn + Sm})}. An organic EL device was fabricated with the rest
of the fabrication condition the same as in the practical example
1. Incidentally, the anode layer 10 had an 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 the practical example 2-1, a target

2-5 made of indium oxide, tin oxide, zinc oxide, and suropium cxide

was used with indium of 0.8 in the mele 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 fabrication condition the same as in the practical example

2-1, Incidentally, the anode layer 10 had an ionization

20



A direct-current voltage of 5.1 V was applied to across the

el ectrodes of the obtained organic EL device 330 as in the practical
10 exanple 3-1, with the result that the current density was 2.0

mA cn? in value and the | um nescence intensitywas 166 nit . The

| um nescent color was confirned to be blue. Furthernore, for the sake
of durability evaluation, constant-current driving was conducted at
10 mA/ cn®. articul ar leak cugrent s found. even after 1

of 1000 HRRrEbrehofl. o-80°8Y. Pihl &l e Pr oL PP RE T YBTrA TP e Bt VRRE
practical ;gxanphe3- §.a68sak3Q shAMtddudatle the. obhPsasbhcakgaxaepke
3-7] A target 3-8 shown bel ow was used instead of the target 3-1 20
of the prastical aexanptee3ptacTbislt argrpl3-8-is enehnade @b suidi tmmat
oxi de, tin oxide, zinc oxide, and hafnium oxi de, having the specific
conposi t i e anfrgitodensity waFiie Gokd cmitin vef uendidiahienl uéngaCcHNCe
metal components (In / (In + Sn + Zn}) iiS 0.8. The nole ratio_of tin
in the matPtABEAF Y282 8 dfpoRéits 8% HUPEACECSAt+CoRYT &S ¢opfipqed to
nol e ratig o£ zinc in the main netal conponents (Zn/ ( In + Sn + Zn)

) is 0.1.°%n°4B8ition, the nole ratio of hafniumin the total netal

(H / (In + Sn ﬁﬁ%&tﬁcﬁﬁ)ExEﬁE9e0§*5fhe organi ¢ EL device 330 was
fabricated as i i cal exanple 3-1 except that the
target 3-8 was msAGddst endrakgbhe-hayOete grdct Kl deat@ld ¥-11 Recarget
anode | ayer 316 showed work functions of 5.61 eV (before cleaning)
and 5. 65 26 (wideerf clrelinimgkid&hetisupkade, ragicsbande, gfind herhhodesxide
| ayer. 316 was 55.6 0/sq. . A direct-current voltage of 4.8 V was
appl i€l t¥radesssvi kR id1ddey ofids Sointihe BBt aifdd ol §am d IBLT davir ) )
330 as in_the practical exanple 3-1 ith,the result th t he current
donsity witn D G i 55 e AP i b Hesconbe i flbhsi £5¥ash G L
nit . The; 1 t cql,ar C ir t,0 b . Furt he .
for the sa g%)%]%dﬁlfé;ﬁaljtﬂtqug\g}a(ﬁ??oﬁ?gljclzoﬂ‘saﬂlamt’-(l%glgr lé%?bfi]?#v{}ﬁgé'v@ésem
conduct edeigé AL YR, WMo hpaekhedt afo | @K HNeRkLWas (teupd (eyen sn +
after a | apse of 1000 hours or nore. I nci dental ly, the
results ofntheaipnact hoabrexanpl BL3dévare dbhsafasbrsbeawed witablthe3r2st

[ Practi cal exanPIe 3-8] _The target 3-4 of the practica
exanpt® 308 thegst a3edcebirargatdict Bpoda sl Bifes aglig: Whelp nan tkael seangfle

id : 35 tal | : 10 ide | L
35nm Nor Rober . THE TSR HRUEY 20 T G GBS QW 1 he BORpGLE t RO L6r S
My/ Ag thi Ckpess: 23 BE andaact anﬁ"é%?@%tg%ﬂ)qlf%ﬁ'tv% f't'_a'87ef5“f’odf3 i1 v was
i ndi um oxt dé and zi nc "oxi de (In/ n+ 2Zn)) = 0.'85)" nm re,

In / (In Fgpgn)ecHepbesRRoS st R a1 datd e Of o # NEh &INbWE L AnEBSRRGLLQ EL
the total anpunt of indiumand zinc. In other respects, the organic
EL 25 devieeid80awnasnfabei pabedicalt beasagle Gednewiad ithet kesult that
practical exanple 3-1.

20 the current density was 165 mA/cm? in value and the luminescence
intensity was 95 nit. The luminescent color was confirmed to

be blue.

[Practical example 2-6]

Instead of the target 2-1 of thepractical example 2~-1, atarget

25 2-7 made of indium oxide, tin oxide, zinc oxide, and holnium oxide
was used with indium of 0.8 in the mole ratioc {In / {(In + Sn + Zn)),

tin of 0.1 in the mole ratio (Sn / {In + Sn + Zn)), zinc of 0.1

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

the mole ratio with respect to the total metal (Ho / {(In + Sn +
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The anode | ayer 316 showed work functions of 5.72 eV (before

cl eaning) and 5.95 eV (after cleaning). The surface resistance of the
anode | ayer 316 was 0.2 fl/sq. A direct-current voltage of
4.4 V was applied to across the el ectrodes of the obtained organic EL
device 330 as in the practical exanple 3-1, with the result that the
current density was 2.0 mA/cnR in val ue andthe | um nescence

i ntensity. nit i b

bl ue. Furmﬁgrr #g?e f%r} %‘{fb:a eﬂg?&%ﬂ% a% ﬁ)% %%%\g§%§t9?%n&%g tReDBest
const ant - &ﬂthérﬁakdj’lcydiﬂ:gol\i\@%n@(imd_uﬁi €fe atamkDa SMANCe plNe crardd Icek ashp le
| eak current was found even after a | apse of 1000 hours or nore.

| nci dent a4y, tAeciesutsllof, t heepraacidealagranplle 838 ame 1Onakgbdion
shown in Table 3-2. [Conparative exanple 3-1] A target 3-9
made of BRI &M bk} ¥ 20€<Yde Aa#erf%ﬁccwra@twa@laéée PﬁstSeédVowaS

the t t 3-1 of th t f t
(7 T dod e EBERS! FERL SRET B by T SRSELT A commasL o2

ratio of dddium id e Y B tthcaclom% ts oLhn M'hntﬁ SRepudl) Lyks

0.6. The eratio tinin e nmain nponent s

Sn + Zn) )thé RrIFenthgenBhieyradd 0 .of mZy bR i |.'1.'ﬁ wgugaarm ﬁﬁbaiuﬁﬂﬁaga@ﬂt:a
(Zn/ (In + Sn + Zn)) is 0.1. The organic EL device 330 was

fabri cat ethtens hey see 12@ manner Ths 1umihespeactdcldr exapba f3xhed to
except that this target 3-9 was used. I nci dentally, the anode
| ayer 316°sHobie’l- wor k functlons of 4.65 eV (before cleaning) and 5.23

eV (after cleaglng) glrect cur[egt voltage of 6.0 V was applied to
acro the 25 &f i ned organic EL device 330 as in
the practi cal e |t _th e curre en

was 2.0 rrA/cmZEi?%qgé fe%%hnd%%g #gmlr?g‘}éhe Eacaé Ceaﬁs?%amlé\% g %atr%et
The | unm nessenkde o O ndASMCHRH dd,Med nt Ox P blzli%c éﬂﬂéﬂe%@ &%mé&rhl%mde

results of the conparative exanple 3-1 are shown in Tab
"Tabl e 3-w3's TlabHed:th inG@bnparfapi. Geiexbrpheladrbtio (In / (In + Sn + Zn)),
tin of 0.1 in the mole ratio (Sn / (In + Sn + Zn)}, 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 thetarget 2-1of thepractical example 2-1, a target
2-8b made of indium oxide, tin oxide, and cerium oxide with indium
of 0.9 in the mole ratio {In / (In + Sn}) and tin of 0.1 in the

mole ratio (Sn / {In + Sn)) was used to form a 75-nm-thick film
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Conpar ati ve exanple 3-2 Material of anode |ayer Wirk function(eV)
(before cleaning) Wrk function (eV) (after cleaning) Thickness(nrn)
oxi de/ Ag/ oxi de Light transmttance (%9 * Surface resistance( Q/) In
oxi de/ Sn oxide/ Zn oxide/ 4. 65 5. 23 75 89 15. 8 Ce oxide/ 5. 25
5. 46 35/5/35 N A Hole transporting material Thickness(nn) TBDB 60
TBDB 60 Material of |um nescent |ayer Thickness (nm

10

15

20

25

on a substrate, on which a 20-nm~thick film was made by using
a target composed mainly of zinc oxide with cerium of 0.05 in
the mole ratio with respect to the total metal (Ce / (Zn + Ce}).
An organic EL device was fabricated with the rest of the
fabrication condition the same as in the practical example 2-1.
Incidentally, the anode layer 10 had an ionization potential
of 6.18 eV and a transmittance of 79%. Moreover, a
direct-current voltage of 4.8 V was applied to across the
electrecdes of the obtained organic EL device as in the practical
example 2-1. 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
& 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 cxide
was used with indium of 0.6 in the mele ratio {(In / {(In + Sn
+ Zn)), tin of 0.3 in the mole ratio (Sn / (In + Sn + 2Zn)),
and zinc of 0.1 in the mole ratio (Zn / (In + Sn + Zn)). In
other respects, the organic EL device was fabricated in the
same manner as in the practical example 2-1. Incidentally, the
anode layer 10 had an ionization potential of 5.23 eV. &
direct-current voltage of 6.0 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 2-1, with the result that the current density was 2.0
mA/cm? in value and the luminescence intensity was 166 nit. The

luminescent color was confirmed to be blue.
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DPVDPAN / D1 40 DPVDPAN /D1 40 Material electron injection |ayer
Thi ckness(nm Alg 20 Alg 20 Material of cathode |ayer A /Li Al/Li
Thi ckness(nn) 200 200 Voltage (V) 6. O Lum nescence intensity(cd/ n2

) 166

10

15

20

25

Summary of the group of embodiments 2

As has been detailed above, according to the organic EL device
of thepresent invention, it has become possible to provide an organic
EL device which has excellent transparency and durability and
exhibitshigh luminescence intensityevenunder a lowdrivingvoltage,
comprising the anode layer and the like made of certain organic
compounds. It was alsoc confirmed that the anode layer and the
like made of certain inorganic compounds had excellent etching
properties.

Moreover, according to the substrate for an organic EL device
of the 'present invention, an organic EL device exhibiting such
preferable performance can be fabricated easily.

Besides, according to the method of fabricating an organic
EL device of the present invention, it has become possible to provide
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

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 cof a target)

Initially, asputteringtarget tobeusedinformingelectrodes
of an organic EL device by sputtering is fabricated.

Initially, powders of indiumoxide and ceriumoxide (nogreater
than 1 pym in average particle diameter) were accommodated in a wet

ball mill container, and mixed and ground for 72 hours. Here, the
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Half life * :Transmittance : d ass reference 5[ Conparative exanple
3-2] A target of 100% cerium oxi de was used instead of the
target 3-1 of the practical exanple 3-1. In other respects, the film
formati on was perfornmed in the same manner as in the practi cal

exanple 3-1. 5As a result, the anode |ayer 316 showed work functions
of 5.25 eV (before cleaning) and 5.46 eV (after cleaning) As for the
surface resjstance, the anode |a er V&, S C

and coul d"hot" %in“iggﬁﬂé}ng B0 P BEE £ %%n0|§ent Iy, ?%%(ﬁés t% gfos
the conpayatiye am £ 35 Zuafr? LA S0 hewr kbBriabheocdm? (SuEaLYle
of the group of enbodi nents As has been detail ed above,
accordlngr&ﬂlbhﬁlmngaaléx@&@ameﬁ BHs davite(ni +heepresent invention
it has becone possible to provide an organic EL devi ce which has

excel | ent tran$eatentle areb Wirialgi §Foynd Rrandlexdd higrenhilghied, followed
| um nescence intensity even under a |ow driving voltage, conpr|5| ng

el ect rodel’Y (BERSF asohdﬁ@%ﬁed@l%%mnm&fe %flnégfaf’ai‘-ﬂ gham@%lf @nd 5 mm

conmpounds s als flrned t hat . t.he. anqg e | ayer...an

the |ike %r%a%l%lfn%sésft ain i’nory tn‘?% YB RIS TS bRE TR HRE S BF ngﬁt’
| nvent i onygf 1§ %Sﬁgaggddﬁ&rﬂaq{ea& bg%g ?’té%l %Qeﬁ&?pﬁfdé"‘c for 36 hours
Besi des, according to the organic ce o resent I nvention

it has beﬁ@nealpesaablaeat (ta[i‘fg@\tl de- 1anf &f gadi &nddie d:ea{yee.ef fectively

whi ch has excell ent transparency and durability and exhibits high

| um nescence i rfrerisienyadign Ghdeprastow embedimgr2b Jotilalgedeal with an
Moreover, according to the el ectrode substrate of the present

i nverkd onor?qn%%ﬁ{a&@ylﬁ% tBhiuprpeate E&rﬁ%frlg"%ﬁ%rﬁsﬁfé\ﬂfcéo\ﬁﬁl Pfpmple

provides Lhe. foreo0lng ehLects, FULLOSLIDN &, 2ccend! 09 L0, fie

(2) Formation of the anode layer

Then, a transparent glass substrate 310 0f 1.1l mm in 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
the glass substrate 310, it is possibie touseaplastic 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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invention, it is possible to fabricate an organic EL device which
provi des the foregoing effects. G oup of enbodinents 4 5Hereinafter,
a group of preferred enbodi nents 4 of the present invention wll be
described with reference to the drawings. [Practical exanple 4-1]

(1) Preparation for the fabrication of a substrate for an organic EL
device (fabrication of targets) 10Initially, powders of indium

oxi de, tin, oxj cerium oxigde, ar acco at ed | n

m Il cont&thg rgge??lyatsglhtt?m]r 9ratto Cel Thdi um‘_ﬁ n (tl’cill W% Cfe) 1a§zer
0.9, the gpkecsakbpBhdl Ro( 8 /e xl 1%539)tﬂé (Eﬂec@Pngh91HDEQalms
rati o of cerlumtthetota met al (In +'S Ce)) is 0.05,

foll owed by m xidxe, aadmg&édﬂba®goEO£r§6hZUéshauﬁSoxygen gasTheas, flhEed in
resulting ground article was granul ated, and press nolded to

di mensi onssoitddepehesurizeh domt o Sand” 5panim acthn ck Mestha threnosphere,
resul tant was accommodated in a baking furnace, and then heated and

baked %t Bh¢ eipEr@ring B‘F‘Slﬂ‘@@@’?“@rd §6‘dﬁ6uT=]%e PTG B PEAL %nau]t@r“b?é:te

4-1 for athlnfllm#@ i ahmetal oxi d # addi.t 1
pouder s ofSFHT B Gkt as i 21 SL LR T TG B bR ©F 2PHGh l&w yoltage
aver age pé‘ftit?d%d'aﬁ‘{’@tae'ﬂl}?ﬁf&ﬁﬁ?&”ﬁ%to%d £4nm§n‘ﬁ@ ba" m

container so that the nole ratio Zn/ n) was fol | owed by
m Xi ng and gri rgiRG rfa@r e £ d}@léﬁect&%megubéﬂ%treewé bbﬁalﬁiﬁg%ls glass
article was granul ated, and press nolded to dinmensions of 4 inches in
di anet er anidsSrame B 10hEoRNESS . arke legalt ahé wialsl decaopfedatddte nsianply
baki ng. furnace, and then heated and baked at a tenperature of 1400C

f or hotif SUEStEaREI 348 e aﬁllszaiba*ﬁaéﬁef %?:Btcrférla%!a@nqiay@ an example

Next, a ne t ar.get, of ;| A i onal Cu of W %

0. wt oo v Fb i e A B s e OPE pEle Roc okl st A TRy gc L ence
Besi des, tagge vmth additional NI of 1.7 %5 and Co
of 1.3 vvtg})aglpgkabr:iga%el% %IS will be referred to as a Cuotarget

Moreover, a rretaibge@mau?f HilLshbsthdde BesrafLEhBletBed% @l Masonic

target. (2) Fabrication of the substrate for an organic EL device

Next, descitéptimoniwiidophepyilveincafolt,hend aheatdionedfintaid; (hitrogen 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 /sg.

(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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10 substrate for an organic EL device. This is shown in Fig. 12.

A transparent glass substrate 410 of 1.1 nmin thickness, 25 nmmin
width, and 75 mmin length, and the fabricated target 4-1, 1ZO
target, and Al target are placed in the vacuum chanber of the high
frequency sputtering system The high frequency sputtering 15 system
is operated to depressurize down to an ultimte vacuumof 5 x 10-4
Pa, in which state argon gas alone is filled. Fig. 12(1) shows the

gl ass subzt taver bedor i ki acoraraprorfdiot b vaf %&%ﬂﬁn@raﬁntlﬁeluwcent

nber" | In that, at h tt f d
The 20 coMUTa cZet “Ma 0 SEHUT oF D GL LR JRKGE B2 BuBetd B & TORog: ouee
Al T 00M LoPLALIEH;aRHMPH! SHOLL 3R 0l AN, A i mfnahe

time of 14 mn so t hat nm t n fllmlayer 412 of

met al  oxi £lg, s deongde Hyonisd 119 drherbahget ER -deviilted. heTﬁiQOﬂsgaﬁow]{hhﬁ
is shown in Fig. 12(2). 25Subsequently, the Al target was used to
forma& 1206qam2hick Al thin film414 in the argon gas. This is shown
in Fig. 12(3). Moreover, the |ZO target was used to forma
20-nmt hi ck |z@etrmnlrftmwazsodrfrpmtf@rwaga@nrﬁ&éae\nptlﬁ tBaFae ey
This is shown in Figs.

thin fil e 3% 58?. %g?ﬂf‘?ﬂﬁn %&%Faﬁeeagsﬂe?égl%%&r &%5’%%
the forqu Do A g e'J@n%%bebg%elcﬁaQr@ grably far  condigion, was

Subsequen I'h A nitrate- phosph acetate aqueous

| ZO thin Iﬁéimﬂ%g@l n filmwere etched to formI1ZO Al thin wires 418
of 20 gmin width. This is shown in Fig. 12(5). Thereafter,

the tltin film Imyeested cthformelrad thxideyahdenbehfiicvdnitel 4 p¢ get2 24yl sarezh
this substrate was etched in an oxalic aqueous solution to form such
a patternvadium dapob ZOl &1 aolriresnpnds £8aficianple of tirgmdingeanforganic
thin filmelectrode nade fromthe target 4-1. The el ectrode

fabri cat e@?‘?ﬁ%ﬂ@%‘i‘@@éﬁ%&?t%‘?ﬁ%&hﬁﬁ@% dersritd@ni olAsCkpims. That

od is_sh
Phci dent a7 5. Chen@2pard | Th Tes Br Gridhet HEzato AP BROPIP AR 7T SAFTRES

| nci dent &

target 4- &fpfﬁéeﬁéP ¥n9@5e§éﬂﬂ¥31dylﬁgééﬂﬂc LPVEF . 1 151 heAl thin

Wi res 414 obtained through the foregoing etching correspond to an
exanse of the rrERkAlalLR nawitles hBasl desnspdet indOnAteirhiad 9202 PHER was
corresponds to an exanple where a protective filmis arranged on a
metal thiveauuymeevaporated toThP snwubdierdt.e asas-tsub}epiretc t buminescent
uItrasonlc cleaning in 20 isop r08¥lwalcohol and then dried in a N2

0

(ni t rogen* Y4y %%%DSBREPEAHe?B?le AfRuEe- EV@EHFﬁ*g’eSytﬁsi‘*HgnU\/m the

(ul travi oI et rays) ozone sur enent Th ni_n
el ectr ode ?e‘llect rode- %\l dEh eo‘g(k;ltl eclfar%%ec’é the %P%tptp’% a¥ 40 nm/s

and the deposition rate of Dl 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
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| ength: 100 nm) described above was neasured for resistance by the 25
two probe nethod, and found to be 2.5 W The netal -oxide thin film

| ayer 412 formed fromthe target 4-1 alone was 3 x 10E-3 SIcmin
speci fic resistance . Mreover, the patterning el ectrode was
measured for light transmttance (wavel ength of 550 nnm) and found to
be 89% After the UV cleaning of the substrate, the anode |ayer 412

was measured for the value of its_work fgngt%on by using AG-1 ( from
Riken Keiki Co? A RSGF~OPrISRhdVPLLARSt BEbe- 8. Ue gy, appiied to' across

I nci dent r i h- Tabl. e 4- 5(4 j
of the o?ég%gnﬁtcgo%sgg\%?gegggné&ﬂaorql%hggg %Irge%%? nogp'tglﬁbg%Fg?éﬁamg%ﬁgdgg
on the sulsticat @3nohdetné mddie ivaCYum shadbeiaOfanidhenkaghitdd 1ayer 316
evaporator. Then, the vacuum chanber was depressurized inside to a
vacuum ofad tke b thorer {6 dlewerobief otz hohe ¢nanspordemgitawers 2.0
426, an organic lum nescent 10 | ayer 428, an electron injecti Qn | ayer
430, &nd ®Acenhesd thgdumBre sperce dmtrited Y nasut6Bssioricsiim’he The
anode | ayer 412 of the substrate tg.obt in an organic EL device 434.
8 g]aef?

This i s shUmPFRCRNG. CIAOTHERE, CPRELABC et P HF t heF ¥ BT RRETGRE /of OF
the organig. 15 JUNesGent 15 ayer, 478 40, h%oBQEQRP—%g{P%#e hagra;ﬁ;g%%o@a%s

| ayer 432, the Vacuum was nof~ br oken everl once so t

vacuum cogshdicdedras MRinal/ainPedNo particitiefelehRecOF 9o GaBELr8&Yd €%en
434 corresponds to the organic el ectrol um nescence device in clains.
20l ni ti aldsteras tlapskolbe LoaOSpoits g mat-eri al, TBDB was

vacuunt evaporated to 60 nm Next, as the organic | um nescent |ayer
428, IPVDPAN afdreDreqites cof dgppratie-alo eaemphei hr1 kerevaboum itHdiedle
t he depoggiti on rate of the DPVDPAN was 40 nm's and t he deposition
rate of “Was 1 nmis. 25Then, as the electron injection |ayer 430,

Al g was vacuumevaporated to 20 nm Finally, Al and Li were

vacuum evaporated to formthe cat hode | ayer 430 on the el ectron
injection layer 432, thereby fabricating the organic EL device 434.
Here, the deposition rate of Al was 1 nm's, and the deposition rate
of Li was 0.01 nnms. The thickness of the Al/Li filmwas 200 nm

15

20

25

“Table 3-1"
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I ncidentally, these are shown in Table 4-1. Mreover, the 5 chem cal
formul ae of TBDB, DPVDPAN, D1, and Alq are shown in Fig. 19. (5)

Eval uation on the organic EL device fabricated A
direct-current voltage of 4.4 V was applied to across electrodes with
t he cat hode | ayer 432 of the obtained organic EL 10 device 434 as the
negative (-) electrode and the anode |ayer 412 as the positive (+)

el ect r ode.

| um nescence intensitywas 161 nit (cd/ nR)

confirned t
sakeof dur ab

Her e,

orhe, blye. 15 Furt
I I'Ttyeval uation

her nor e,

for the

the current density was 2.0 md/cnR and the
The | um nescent col or was

constant-current driving was conducted at

10 mA/ cnR. parttcurar | eak[eelid eNt  Pagal OUNIE8YEN al pekwpmicaied Of
1000 hours pr nore. | ning@Rial | pmodra® 1 Ebblibest Of Jat Be practijca
exanple 4-1jare shown in Tabl@4-1. 20328 "Tabli®--1" Table 4-1
Practical e iom@sk lade 1 Pr acts ¢gd/” enbpdiigent 4= 2idRr act jroaite”
enbodi nent #-3 Practical enboffiemedt” [Snoxide/ |Snoxide/  [Snoxide/
Zn oxide Zn oxide,” Zr oxide,”
Nd oxide Srn oxide,/’ Pr oxide,””
Work function{eV) (bsfore cleaning) 5. 85 5. 81 5. 84 5. 80
Work function (eV) (after cleaning) {6. 20 8. 85 5. 05 5. 85
Thickness{nm)
oxide,” Ag, oxide 36,/5,/35 35,535 355,35 355,35
Light transmittance (36) * 85 85 84 84
Surface resistance (2,7[0) 4.6 4.3 3. 9 4, 0Q
Hole transporting material TROS TBOB ITB0B TBOB3
Thickness(nm} 50 50 &0 60
Matenal of luminescant laver DPVDPAN CPVDPAN DPVDPAN DRPVDPAN
Thickress(nm) 40 40 40 40
Materia! electron ingction layer Alg A g Alg Alg
Thickness(nm) 20 20 20 20
Material of cathode layer AL/ L AL AL AL L
Thickress(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 11000 hours or
mare maore more more

of thepractical example 3-1.

X Gless reference

[Practical example 3-2]

A target 3-3 shown below was used instead of the target 3-1

following specific composition.

This target 3-3 is onemade of indium

oxide, tin oxide, zinc oxide, and neodymium oxide, having the

Here, indium oxide, tin oxide, and zinc oxide will be referred

f£o as main metal components.

10

in the main metal components
is0.1.

asZn/ (In+Sn+2Zn)) is0.1.

Initially, themoleraticofindiuminthemainmetal components

(expressed as In / (In + Sn + 2n))} is 0.8.

99

(expressed as Sn /

The mole ratio of tin
(In + Sn + Zn})
Themole ratioof zincinthemainmetal components {expressed

Inaddition, themole ratio of necdymium



4- 4 Material of anode layer (Auxiliary wiring) Protective |ayer of
metal oxide IP (eV) (after cleaning) Light transmttance (DA *

El ectrode resistance (k Q Specific resistance of anode |ayer (Qm

I n oxide/ Sn oxide/ Ce oxide Al 1ZO 6.05 89 2. 5 3x10E-3 In oxide/ Sn
oxide/ Ce oxide Al 120 5.85 89 2. 4

10

15

20

25

in the total metal {(expressed as Nd / (In + Sn + Zn + Nd)) is 0.06.

The organic EL device 330 was fabricated as in the foregoing
practical example 3-1 except that the target 3-3 was used instead
of the target 3-1,

Incidentally, at the time of fabrication, the anode layer 316
showed work functions of 5.81 eV (before cleaning) and 5.85 eV (after
cleaning). The surface resistance of the anode layer 316 was
4.3 Q/sq.

Moreover, a direct-current voltage of 4.8 V was applied to
across the electrcdes 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
was conducted at 10 mA/cm?. Noparticular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-2 are
also shown in Table 3-1.

iPractical example 3-3]

A target 3-4 shown below was used instead of the target 3-1
of thepractical example 3-1. This target 3-4 is one made of indium
oxide, tin oxide, zinc oxide, and samarium oxide, having the
specific composition as follows:

The mole ratio of indium in the main metal components (In /
(In + Sn + 2n)) is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratic of zinc
inthemainmetal components {Zn/ (In+38n+2Zn)) is0.1. Inaddition,
the mole ratio of samarium in the total metal (this mole ratio will

be expressed as Sm / (In + Sn + Zn + Sm)) is 0.04.
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8X10E-4 In oxide/ Sn oxide/ Ce oxide Al - 5.85 89 2. 4 8x10E-4 In
oxi de/ Zn oxide/ Smoxide Ag - 5.90 89 2. 4 7 x| OE-4 Hole
transporting material Thickness(nm TBDB 60 TBDB 60 TBDB 60

i0

15

20

25

The organic EL device 330 was fabricated as in the foregoing
practical example 3-1 except that the target 3-4 was used instead
of the target 3-1.

Incidentally, the anode'layer 316 showed work functions of
5.84 eV (before cleaning) and 5.95 eV (after cleaning). The surface
resistance of the ancde layer 316was 3.9Q/sg. Adirect-current
voltage of 4.5 V was applied to across the electrodes of the
obtained organic EL device 330 as in the practical example 3-1,
with the result that the current density was 2.0 mA/cm? in value
and the luminescence intensity was 164 nit. The luminescent
celor 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 3-3 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 the practical example 3-1. This target 3-51s onemade of indium
oxide, tin oxide, zinc oxide, and praseodymium oxide, having
the specific composition as follows:

The mole ratio of indium in the main metal components (In /
{In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components (Sn / {In + Sn + Zn)) is 0.1. The mole ratic of zinc
inthemainmetal components {Zn/ (In+Sn+2n)) is0.1l. Inaddition,
the mele 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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TBDB 60 Material of |um nescent |ayer Thickness(nm DPVDPAN 40
DPVDPAN 40 DPVDPAN 40 DPVDPAN 40 Material electron in:ectbn |ayer
Thi ckness(nnm) Alg 20 Alg 20 Alq 20 Ale 20 Material of cathode | ayer
Thi ckness(nm Al /Li 200 Al/Li 200

10

15

20

25

of the target 3-1. Incidentally, the anode layer 316 showed work
functions of 5.80 eV (before cleaning) and 5.85 eV (after
cleaning). The surface resistance of the anode layer 316 was
4.0 Q/sq.

A direct-current voltage of 4.6 V was applied to across the
electrodes of the obtained organic EL device 330 as in the practical
example 3-1, with the result that the current density was 2.0 mA/cm®?
invalueandthe luminescence intensitywas 1élnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm?. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-4 are
also shown in Table 3-1,

[Practical example 3-5]

A target 3-6 shown below was used instead of the target 3-1
of thepractical example 3~1. This target 3-6 1s onemade of indium
oxide, tin oxide, zinc oxide, and tantalum oxide, having the
specific composition as follows:

The mole ratio of indium in the main metal components {In /
(In + Sn + Zn)) is 0.8. The mole ratio of tin in the main metal
components (Sn / (In + Sn + Zn)) is 0.1. The mole ratio of zinc
inthemainmetal components (Zn/ (In+Sn+2n)) is0.1. Inaddition,
the mole ratio of tantalum in the total metal (Ta / (In + Sn + Zn
+ Ta)} is 0.06.

The organic EL device 330 was fabricated as in the foregoing
practical example 3-1 except that the target 3-6 was used instead
of the target 3-1. Incidentally, the anode layer 316 showed work

functions of 5.60 eV (before cleaning) and 5.64 eV {after
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Al/Li 200 AI/Li 200 Voltage (V) 4. 4 4. 3 4. 4 4. 4 Lum nescence
intensity(od/n2 ) 161 164 163 156 Half life 1000 hours or nore 1000

hours or

10

15

20

25

nore 1000 hours or nore 1000 hours or nore

cleaning). The surface resistance of the anode layer 316 was
4.8 Q/sq.

A direct-current voltage of 5.1 V was applied to across the
electrodes of the obtained organic EL device 330 as in the practical
example 3-1, with the result that the current density was 162 mA/cm?
invalue and the luminescence intensity was 62nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-5 are

shown in Table 3-2.

“Table 3-2¢
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:d ass ref

bel ow was used instead of the target 4-1 of the practical

erence [Practi cal

exanpl e

4-21

A target 4-2 shown

exanpl e

4-1. The organic EL device 434 was 5 fabricated in the sanme manner as

in the pract
target 4-2 i
The nol e rat
tin (Sn / (I
total netal

i cal

s conposed of indium oxide, tin oxi
ioof indium(In/ (In + Sn)) is O.
n + Sn))

(Ce/ (In + Sn + Ce))
wor k functi ormaplé 34 anode | ayer was 5.85 eV in val ue.

is

0. 03.

de,
9,

exanpl e 4-1 except that the target 4-2 was used. The

and ceri um oxi de.
the nole ratio of
is 0.1, and the nole 10 ratio of ceriumto the
I ncidentally, the

The el ectrode

resistance was 2.4 kS2. A direct-current voltage of 4.3 V was applied
to across tHe 5 el ectrodes of {=hei or gajfed=EL dgwete 434 (BbBtdi ned by
the foregoirng nmeans as in the|*p i Ie;@ﬁ“‘mtﬁb@iw resul {
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durabi | i tyeval uation, constanf-clryent N; iri VI na,..\Was C(thk%e{/ed at [LO
MmN cn2. No Bt d.Ldlaw wlsak.u[d ent was|sfgund evensafter |a shapse of
1000 hours Qs (oV) (sfter coanike1 (5, €Nt Al | s, 7 the regust s of (ke practichal
exanpl e 4-2 |ageal~sD shown in| Tabl e 4-|1. [Pract{ical exanple 4-3]
15The or gani|ektasdess ce 434 ws, BaBs i cabed 3 tthe sane masmep/as in
t he practicdkseranpre®d+2 exc@st that {8he protdédive filim made of thpe
| ZO target i|lBrehesigera@4Bal elaiple 4-P Sas nat/SiEed 0.2
| nci dent al | y?’%”ﬁ?%’f‘aﬁ”al‘ unct i JEP8f t he| B de | a)Té%?B was F18% eV in
val ue. The ¢ h"‘dA”*”'i(o”?fc resi-stanrte—was—2 P ka—20A direet—dEiFent
ate f luminescent layer PAN DPVDPAN DRPVDPAN
vol t age of 4. MR e ki BPPIT ed ‘Eﬁ 3¢ oss 3‘}: o o
Thickness(nrm) 40 40 40 40Q
Material electron ingction layer Alg Alg Alg Alg
Thickress(nm) 20 20 20 20
Material f cathode layer Al AL Al Mg/ Ag
In oxide /" Zn oxide
Thickress(nm) 200 200 200 L)
75
(Total thickness: 80)
Voltage (V) 4.8 4.7 4.8 4.4
Luminescence intensity(cd,/m? )} |162 1865 183 188
Half life 1000 hours or |100Q heurs or {1000 hours or | 1000 hours or more
morg moreg more

of thepractical example 3-1.

oxide,

¥ Transmittance (Glass reference

[Practical example 3-6]

A target 3-7 shown below was used instead of the target 3-1

tin oxide,

zinc oxide,

and niobium oxide,

specific composition as follows:

(In + Sn + Zn)) is 0.8.

comporients

10

the mole ratio of niocbium in the total metal (Nb /

The mole ratio of indium in the main metal components

(sn /

{(In + Sn + Zn))

is 0.1.

104
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This target 3-7 is one made of indium

he

(In /

The mole ratilc of tin in the main metal

The mole ratio of zinc

in themainmetal components (Zn/ (In+3Sn+Zn)) is0.1.

(In + Sn +

In addition,

an



el ectrodes, with the result that the current density was 2.0 mA/ cn®
in value andthe | um nescence intensitywas 1 63 nit . The | um nescent
color was confirmed to be blue. Furthernore, for the sake of
durability eval uation, constant-current driving was conducted 25 at
10 mA¥ cn2. No particular |leak current was found even after a | apse of
1000 hours or nore. I ncidentally, the results of the practica
exanpl e 4- re .al so.shown in Table 4-1. [Practical exanple 4-4]

A target 4- %thﬁh%%é%OM/mas used i nstead of the target 4-1 of the
practical exanphg éi’%\?ni@%ﬂc QbviBe IS ahstASatal A9 tAkHBt tdRSyoing
used instead of the target. Incidentally, the 1ZO protective film
416 is nopraserhalTheanpgans <l Hxcdeti cRadIhavaarbet abri catsedsot hiaratesel
in the sane manner as in the practical exanple 4-1. The target
4-4 i s conposed tHrgertdiduih.oxi de, tin oxide, and samarium oxi de. The
mole ratio of indium(ln_/ (In + Zn)) is 0.9, the nole ratio of tin
(Sn / YIn + Sn)irgisleptellingtbpeanqrisdryeradid Droveshueranfeectins of

total netal (S In +.7Zn + Sm) | 03. I ncidentally, the
work func i%%eghéfﬁgrgﬁéﬁﬁq%ﬁﬁrg%ég'gkgﬁégéﬁeéﬁ%eﬁ“&gﬁue.%hﬁ%surqace
el ectrode_resi nge . . irect-currept vgltage of 4.4 V
was appliE%SE%EégF%S8%?ﬁg%ﬁ%”§§%%fﬁ%g%% %$6tﬁ%so?g%nggséﬁ devi ce 434
obt ai ned by the bakegei-agriBRNSIAS dde bRes oI aChihsatpExiadmdhe 4otosyidHe
the result that the current density was 2. 0 rth/cn2 in value and the
| um nesceatect ridys of \cheasbtibdbnen brgdhec [ElmlerweiscefB0 el bn thaspractical
confirmed to be blue. Furthernore, for the sake of

dur abtd i t GevEpimBrén, wikdnshamesedir Brat 2bedninreng drrs dohdasted Bh/ ag
‘myV cnm2. Np gaiticul%L |l.eak current ,was found evgg after_a | apse of
1000 hour 3” 8f ppRY the LumineRerRERERF) ST REEP & Pﬁ%-of“‘t’%éugﬂ&@ﬁc@&it

exanpl e 4: S LN -1 i X 4-5 S5A
target 4- %é\%\gg%%%dg?ﬁgigéﬂgho?(l?ﬁ%e%%%ét Ei{l%q%% Iég’p?%’g% ﬁ_'cha Jares
exanpl e 4d&rabA§ifc9rewEugeiah,t@é@@éamta_euégeﬁarcgﬁvy\ﬁ% wsed chidgicted
tead of the Al target. The organic EL device 434 was fabricated

ot her wi seatindemat/fen’sanmdocpadkt icon aas 1eakt fier peAactw £al f @xad@erdafter
The target 4-5 is conposed of indium oxide, zinc oxide, and
prasebdynf ufeBReEdef THE Ondicairsatdn ¥rendium (In / (In + Zn)) is 0.9,
the nole ratio of tjn n/ n+ 7z is 0.1, and the nole ratjo_of
praseodyniun1tc}QQﬁ§ePG%§Pyne§g? T?ﬁJQQ?IQﬁ thﬁ?§§q¥53gi §xgmgie 3-6 are
I nci dentally, §HEQAM¥H<ngﬂ%t§QQ of the anode | ayer 412 was 5.81 eV in
val ue. The electrode resistance was 2.5 kn.

[Practical example 3-7]

A target 3-8 shown below was used instead of the target 3-1
20 of thepractical example 3-1. This target 3-8 is onemade of indium
oxide, tin oxide, zinc oxide, and hafnium oxide, having the
specific composition as follows:
The mole ratio of indium in the main metal components (In /
{In + Sn + Zn)) is 0.8. The mocle 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+5n+2n)) is0.1. Inaddition,
the mole ratio of hafnium in the total metal (Hf / (In + Sn + Zn
+ HEf}) is 0.06.

The organic EL device 330 was fabricated as in the foregoing
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A direct-current voltage of 4.5 V was applied to across the

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

mA cn? inval ue and the | um nescence intensitywas 161 nit . The

| um nescent color was confirned to be blue. Furthernore, for the sake
of durability eval uati on, constant- current driving was conducted at

10 MV cn? t I | eak f d ft 15
of 1000 HRAS G npraneLe -2 sRiephatat 19/e FRESTstit 4251 T 1r=tes
pract i cal %F{ﬁgpéaerg%tg?ﬁ%ﬁbggewemaml e flz%an A 23y Tabl 6 hidiea work

Tabl e4 - ctic i ment 4 Practical enbodi nent 4-6
Practi cal r gnbedbABNL £4-5. ONPar abie¥e re* efvd £ #nd) Mahar isaleofe@nqdéter

| ayer (Auxiliary wiring) Protective |ayer of netal oxide
cleaning). The surface resistance of the anode layer 316 was
5 5.6 Q/sqg.

A direct-current voltage of 4.8 V was applied to across the
electrodes of the obtained organic EL device 330 as in the practical
example 3-1, with the result that the current density was 2.0 mA/cm?
invalueandthe luminescenceintensitywaslé3nit. 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?. WNo 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: 100nm, 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. 1In otherxr respects, the organic EL

25 device 330 was fabricated in the same manner as in the practical
example 3-1.

The ancde 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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IP (eV) (after cleaning) Light transmttance (% * El ectrode

resistance (k Q Specific resistance of anode layer (Qn) In oxide/
Sn oxide/ Pr oxide Ag 5. 81 89 2. 5 2x10E-3 In oxide/ Sn oxide/ Nd
oxide/ Cu 1ZO5. 80 87 2. 6 7x10E-3 In oxide/ Sn oxide/ Th oxide Ag

20

10

15

20

25

A direct-current voltage of 4.4 V was applied to across the
electrodes of the obtained organic EL device 330 as in the practical
example 3-1, with the result that the current density was 2.0 mA/cm®
invalueandthe luminescence intensitywaslé6é6nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm?®. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 3-8 are
also shown in Table 3-2.

[Comparative example 3-1]

A target 3-92 made of indium oxide, tin oxide, and zinc eoxide
was used instead of the target 3-1 of the practical example 3-1.
The specific composition of the target 3-9% is as follows:

In the target 3-9, the mole ratio of indium in the main metal
components (In / (In + 8Sn + 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 + 3n + Zn))
is 0.1. The organic EL device 330 was fabricated in the same
manner as in the practical example 3-1 except that this target
3-9 was used.

Incidentally, the anode layer 316 showed work functions of
4.65 eV (before cleaning) and 5.23 eV {after cleaning). A
direct-~current voltage of 6.0 V was applied to across the
electrodes of the obtained organic EL device 330 as in the
practical example 3-1, with the result that the current density
was 2.0 mA/cm? in value and the luminescence intensity was 166
nit. The luminescent color was confirmed to be blue.

Incidentally, the results of the comparative example 3-1 are
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5. 90 87 2. 6 4x10E-2 In oxide/ Sn oxide/ Ag 20 5. 25 90 2. 4 4x10E-4
Hol e transporting material Thickness(nm TBDB 60 TBDB 60 TBDB 60 TBDB
60 Material of |um nescent |ayer Thickness(nm DPVDPAN D1 40 DPVDPA N

/ D1

shown in Table 3-3.

“Table 3-3”

Table3—3
Comparative | Comparative
example example
3—1 3—2
Matenal of ancde 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 transmittanoe (94) % 896
Surface resistance(Q 7 [0) 15. 8 N/A
HMole transporting matenal TBDB TBDB
Thickness (nm) 60 60
Material of luminescent laver DPVDPAN DPVDRPAN
/D1 /D1
Thickness(nm) 40 40
Matenral electron inpction laver Alg Alg
Thickness(nm) 20 20
Material of cathode laver AlL/Li AL L
Thickness(nm) 200 200
Voltage (V) 6. 0
Luminescence intensity(cd,/m? ) |166
Half life

X : Transmitiance Glass reference

[Comparative example 3-2]
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40 DPVDPAN /D1 40 DPVDPA N /D1 40 Material electron inection |ayer
Thi ckness(nrn) Anmor 20 Alg 20 Ala 20 Alg 20 Material of cathode | aser
Thi ckness(nnm) Al /Li 200 Al /Li 200 Al/Li

10

15

20

25

A target of 100% cerium oxide was used instead of the target
3-1 of the practical example 3-1. In other respects, the film
formation was performed in the same manner as in the practical
example 3-1.

As a result, the anode layer 316 showed work functions of 5.25
eV (before cleaning} and 5.46 eV {after cleaning). As for the
surface resistance, theanode layer 316 hadaninsulativesurface
and could not be measured.

Incidentally, the results of the comparative example 3-2 are
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
and exhibits high luminescence intensity even under a low driving
voltage, comprising electrodes {such as the anode layer) made of
certain inorganic compounds.

It was also confirmed that the anode layer and the like made
of certain inorganic compounds described in the present invention
caused no deterioration in etching property.

Besides, according to the organic EL device of the present
invention, it has become possible to provide an organic EL device
effectively which has excellent transparency and durability and
exhibits high luminescence intensity even under a low driving
voltage.

Moreover, according te 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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200 Al /Li

200 Voltage(V) 4. 5 4. 5 4. 6 5. 3 Lum nescence

intensity(cd/n2 ) 161 158 166 162 Half life 1000 hours or nore 1000

hours or

10

15

20

25

nore 1 000 hours or nore * Transm ttance: d ass reference

invention, it is possible to fabricate an organic EL device which

provides the foregoing effects.

Group of embodiments 4

Hereinafter, a group of preferred embodiments 4 of the present
invention will be described with reference to the drawings.
[Practical example 4-1]

{1) Preparation for the fabrication of a substrate for an

organic EL device (fabrication of targets)

Initially, powdersof indiumoxide, tinocxide, and ceriumoxide
are acc;.ommodated 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
+ 8n}) is 0.1, and the mole ratio of cerium to the total metal (Ce
/ (In + 8Sn + Ce)) is 0.05, followed by mixing and grinding for 72
hours.

Then, the resulting ground article was granulated, and press
molded to dimensions of 4 inches in diametexr and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C fcr 36 hours to
fabricate & 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.

Then, the resulting ground article was granulated, and press
molded to dimensions of 4 inches in diameter and S mm in thickness.
The resultant was accommodated in a kaking furnace, and then heated
and baked at a temperature of 1400°C for 36 hours to fabricate an

I20 target for the anode layer.
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[ Practical exanpl e 4-6] A target 4-6 was used instead of the
target 9-1 of the practical exanple 9-1. As for the netal target, a
Cu target was used instead 5 of the Al target. In other respects, the
organi c EL device 434 was fabricated as in the practical exanple 4-1.
The target 4-6 is conposed of indiumoxide, tin oxide, and neodym um
oxide. The nole ratio of indium(ln / (In + Sn) ) is 0.9, the nol e
ratio of tin (Sp/ (ln + nd th m)lert f

neodyni um to t %ot ﬁlm?ﬁfﬁa)t %‘Rﬁ% Oijp‘ﬁ] ‘-‘P‘%ﬁ aH5 (g 9.7 wts and
I nci dent ah|, Yo £ 18 WQEK,EUNELE ON- Ofed, hewﬁﬁg%i@w r‘é]f%r‘ﬁ@é B0 80 &% iy
val ue. The electrode resistance was 2. Q 5 Adirect-current

voltage ofafgéd V was applied to across the el ectrodes of the obtained
organi c EL device 434 as in the practical exanple 4-1, with the
result that theexlidesnt adensal yangst200 GAWNR addivalomalamd phel.7 wt?
| um nescence intensitywas 158 nit . The |um nescent col or was

confi rmedard G 4 de 3 ROkt MeF bt igaded heTbk e idfl Pe aaﬁaﬁrﬁiﬂsp as a
eval uation, constant-current driving was conducted

par ti cul art |t€5@65urr%%¥e%§rfM&tsﬁveﬁaa%%r S8 5Bl ot ubo Reesse
nor e. _Llnghd$nt@ §,e the results of the practical exanple 4-6
are al so sﬁown In Table f 15[ Practical exanple 4-7] A
target 4-7 was ysedadpisitaadonf ot hend adgaitrdct @brt BE Bragdi€AdL device
exanple 4-1 . As for the netal target , an Ag target was used 1 nstead
of the A tar getext,n dddweriptéspecstid,l ke gavganiof Ehedefdromt434 weS the
fabricated as in the practical exanple 4-1. 20The target 4-7 is
conposed BebshER A @8, orpaAnsRi de, d%‘ﬁd:et erBhBﬁn b%i daowrmhénmgliig - 12.
rati o of |nd|um&ln /

nmgt et de aipeieace AigT %#nlt Ea%'hglrf SpaFnes; s

(In + Sn)) is d:
Tb / (I 5] t
'Ehe an(()de ayer Z?-J.E vva[gaSQ%gﬁ‘n %]II’]]-%\%} ?ﬁg gl!l'ch)e/the étsggf‘é%%}%gj L.

was 2.5 | e£@.target, aAdOAT @Glrq@4r heatp vatdage @Be%aﬁ;u\ﬁmamek!@ﬂ dr
across the el ectrodes of the obtai nedp organic EL device 434 as in the

practi cal heglarniﬁa;ufbnb,y wptihtéheng espsdttent. haTh4 he gtuifrentedenss pyt vasing
2.0 mM¥cn2 in value and the |um nescence intensitywas 166 nit . The
| uni nEscefYSERt ors weredafi FaetPrie SserBizgedofartharmuld infee vaeuwalas

of durabilit eyal uation, constant-current driving was conducted at
10 M cne® NG Opafei chif 4 icBaRt 8 rar@ornaa st BIRRE évehl ateer 519 4gdd)

of 1000 hQHB%sO{héngf%ss 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 cof 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 te form a 20-nm—-thick IZO

thin film 416 in the argon gas mixed with oxygen gas. This is shown

in Pigs. 12(4) and 13.
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Incidentally, the results of the practical exanple 4-7 are al so shown
in Table 4-2. [Conparative exanple 4-1] 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
val ue. A direct-current.val t.age .3 V. pli t.Q, a S

el ectrodes of EﬁglgﬁPgﬁ%éH'éﬁgh%?ét%fjhg%ﬁgglgg %ﬁggﬁ%§§f§€t?£§ﬁ'n%ae
exanpl e 45dy Wddiskheiyesdl fotif ohheneUrs o dRNSIt ¥rass 210 4 Cile
in value and the | um néscence intensity was 162 nit. The | um nescent
col or wasiafddfdremlito fhembbue. Incidentally, the results of the
conparative exanple 4-1 are 20 al so shown in Table 4-2. Sunmary of
the group of erfvodgenernsly, Asnhas bedtrdeeaphesbhiiovecei@der diagperys
t he o%ganic EL device which is characterized in that an el ectrode for

drivimy tHelWrigani ENeIEQ FRiufidadAendetn ) LR T RECRR@dEnform [20/A1
i nventi on conpr.i ses 2 ode thin fil ayver of a netal _oxid

havi g o WoTK TTRS: fOR hb . 8D VLA ATt s 8EBF Pnetaf Loni A2 () -
Wwres, or an e'ﬁ%%%@%e%?%@ﬁﬁx Eﬁ?im@'&ﬂﬁ:gé‘f"tﬁe!rdé@arle&f&% fgﬁ%ﬂéé%rom

it becones possible to provide an organic EL device which ha

excel | entth¢ anspRtensy anckithy alblsitt-ytandaexdtidies ihi gh bxam NesepiRlbus
intensity even under a low driving voltage, conprising the anode

| ayer ands¢hetidrkeonbeian sficbey pakheifndrhgdnpue ddfpduntsin wire 418 fiails
was al so confirned that the anode |ayer and the |ike nmade of certain

i nor géhi cO® GREoBHIR Hadl idef dRtelactirAg Prdpéremekhe srseesverl. The

accor di ngeigCEPgdglgggggggtggbtt{g&&ogucthh%a rteeesreI‘lnfng will be referred

to as a patterning electrocde. 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 %0 pm. Moreover,

15 the Al thin wires 414 obtained through the foregoing etching

correspond to an example of the metal thin wire. Besides, the

IZ0/Al thinwire 418 corresponds to an example where a protective
film is arranged on a metal thin wire.

This substrate was subjected to ultrasonic c¢leaning in

20 isopropyl alcohol, and then dried in a N; {nitrogen gas) atmosphere

before 10-minute cleaning by using UV (ultraviolet rays} and ozone.

(3) Measurements

The patterning electrode (electrode width: 90 pm, slectrode

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
flcminspecificresistance. Moreover, thepatterningelectrode

was measured for light transmittance (wavelength of 550 nm)

and found to be 8%9%. After the UV cleaning of the substrate,
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invention, it is possible to fabricate an organic el ectrol um nescence
apparatus which provides the foregoing effects. Mreover, according
to the fabrication nmethod of the present 10 invention, it is possible
to fabricate an organic el ectrol um nescence apparatus which provi des
the foregoing effects. Goup of enbodinments 5 15Hereinafter, a group
of preferred enbodinments 5 of the present invention wll be described
with reference to .the dr Practi.cal exan le 5 1 :
Pr epar at i O 8P OFHE ¥% ‘r‘?%ﬁ%fﬂé Lol f6&t Tt E°F6F oafnl(L)rg"’(ajnll)kcflllirl‘iCtlom
devi ce (f@ybragfﬁwﬂ%o i@ﬁ:gﬁtﬁlke%oﬁ@%ﬁr%oof Im;di um oxiderandattd be
oxi de (no greater than pmin average partlcle di arreter) wer e
accomodag egls igva wet ball mll container so that the nole ratio Sn /
(In + Sn) was 0.1, followed by m xing and grinding for 72 hours.
Then, the grouddcadenthélpbt @igetcdsprehentor agei sigowreains Tedsle 4-1.
granulated and press nol ded 25 to di nensions of 4 inches in dianeter
and 55m i n t hildin&egmatrhan el thearasdcabbod@hiid® ed in a baki ng

f ~ and o and bake ) f 150000, f
houraCes fon. i e 959%93?1@%{‘ TP i anaas Torat Snivie pAPGerawE Molhe
referred 4 3% B9cId che vacagwﬂs\rfé%@;ae T L

zi nc oxi (no greater than 1OFsm|n average parti laneter) were
acconmodatigghidy Qva‘éeﬁe @lels.smue&qmséud&ertosg {rg'@ﬁurﬁh?f niolxe 1008t iQ r£N ofr
(In + Zn) was 0.15, followed by m xing and grinding for 72 hours.
Then, thelgroubkdfartixhelb oireipretiby ldyef 6pégamgroeans Masinescent
granulated and press nolded to dinensions of 4 inches in dianeter
and 50mm }a¥ami‘dtness. cTREtFeBUin ARt IS lavesnABlat el i s < Bdendayer
f ur nace, t hen heat e nd baked at,6 a tenperature, of 14OOC for 3
hour o o THbr1 TR d IaEGe: LPopLERESSHIUET S AP ‘alieded 1 PIF oS

10 ref er radh 0. A% 88 LEOL LA GRlorganic eLPOMIELS of, T HhuD 0k deogad.y

ceri um oxi no greater t min average partic i ameter)

wer e accom@daj;@d inawet ball mll container so that the nole ratio
Ce/ (In + Ce) was 0.18, followed by m xing and grinding for 72
hours. Then, tkergrouitd antéi pkeid8 dbrbai et bfotnee: foor egbi ngenmeammnic
was granul at ed, and Rress nmol ded to dimensions of 4 inches in

di ametter BB 9RAN lekpekidEsto The fesndtion afashecearhodat kavem 432,
baki ng furnace, and then heated and baked agﬁa tenperature of 1400C

for 36 hotts EEUFANPEARRePRCKER GEE VICS PR TAAGAE' aBF VAFHIE qandgédon

will be as target 5-1. Next, a metal target of
Ag with épdslrﬁadqna:l%q teaof 0.7 w%and Au of 0.8 wt% was fabricated.

This target W IHerRe tBEEsF@thi® MS a0 A 3AI Q8 responds to Basi nid
netal target of Ag with additional Pd of 0.5 wt% 2 gand Cu of 1.0 wt%
was fabriekhted.ollinisetarget devicdeir eflerimsd to as an APC target.
Besides, a netal target of Al with additional Pt of 0.5 wt % was

f abr i%fat ed. Thi@lttaﬁgé%vviasl Hee ropber EganoPALt Hrg Anatarget. [BPB was

Fabrication of the substrate f8r an or%anl ¢ EL device
vacuum-evaporated to © 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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Next, description will be given of the formati on of the substrate for
an organic EL device. This is shown in Fig. 15. A transparent
gl ass substrate of 1.1 nmin thickness, 25 mmin width, and 75 mmin
|l ength, as well as the obtained I TO target 5 for the anode | ayer,
target 5-1 for the anode | ayer, and Al target, which is a netal
target, are placed in the vacuun1chanber of the high frequency

S g Y syl e BBt LRGN GAGY SPHE LA Do i3 ST R RS on

to depressurlze |nate vacuum
state a njxed o&aﬁlﬂia@rog@i 838s anend% RV 518 f9ase 791 Al E@Qm w200
15(1) shows the glass substrate, which corresponds to an exanpl e of
t he "basenmenber” in clainms. Incidentally, the base nenber on which
an electrode (s) is/are arranged will be referred to as "el ectrode
substrate.” In Mﬁeatﬁééphetfeeses@aﬁt élruiawg hm@apéefﬁlnedlﬂwe@yieﬁg the
15 I TQ target under the_condition_of: X Pa;
substtheCQ%%%%?étﬁ?émﬁgaP08ﬁ1?éﬁﬁergpvpgéN'aﬁlrnBBF 6&ﬁt8§§ 5p0f601n
W and a Ellﬁ]%grnlng time of 14 mnutes. This forns a 110-nmthick
ITOfilminhJth argon gas. This is shown in Fig. 15(2). 20Then, the
Sdast ar gglt d\gﬁtsalu(%qd Ev@10QEMbA R0 iund Rk Akl BLP EL] f‘&ﬂaf&éﬂ@ecﬁr gon
Ty, the substrate tenperature s 100CThis 15 sho
in Fig. 15(3). A directSuhseguentioyrabhd afnit aave-wpizosphatiedacet &icﬁ:oss
aqueous solution, the Al thin filmwas etched to formAl thin wires
of 20 25 Q¢ﬁ¢tquaﬁ:MichtBei@aEﬂﬂﬁM1HaNeFi9321Qﬂzghe Theséenadl ¢hganic EL
wires correspond to an exanple of the "thin wwre of netal as
auxi 15%r yAS7 ¥ 43 @paFbhg.negative findr shfeerods Hdd toef ArACRFLaNRS 412
substrate_faornmed fr, nlth TO t%£9Q% was etched in an oxalic aqgueous
sol ution %%'?hatcﬁ?'lggs oﬁée ©%n wire falls on the side of an

| TO el ectrode npde fiomithe LI Al dhi g Sho iR FH {lelssﬁé)-
The el ectrode fabrlcateghthsougi sugﬁ;%%tterHP%Q mn%wa‘t “referred to
as a patteftdntg ) ed 10081t Jeaghtient ahleyl ot tee d JOh € chmofrofdedohE@ined
the ITO target preferably has a width of 90 Rm Next, this
substrat ec@ndeabsubstrate having no fil mwere put back into the

vacuum chanber, and a 20-nmthin filmof a netal oxide was formed by
usi ngtt heF Pahfdmagey %ﬁr e EHkE Pé@érﬁ%bé?.‘é?ﬁ%u@flq@ BT HerCUHEnt

entire surface excludin n eI tr 9

T506) S Tt b TR a R o re P redporal piPaRn € vas
exanpl e of,the @Jeqptarfca@% %u%{agétsffpdocamo%%a@ Cmsgg.ct rol um nescence
device in clains. Next, this substrate was subjected to ultrasonic

cleaning in 15 IirsGpkeapyl 1@l cohol seand st Benc ik ithdul A INExaRpLE OQEN are
gas) atnosphere
shown in Table 4-1.

20

25

“Table 4-1"
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before 10-m nute cleaning by using U/ (ultraviolet rays) and ozone.
(3) Measurenents After the UV cleaning of the substrate, the
anode | ayer was neasured for the value of its work function by using
AC-1 (from 20 Ai ken Keiki Co., Ltd.), and found to be 6.18 eV (after
cl eaning). Mreover, the substrate provided with the anode | ayer was
measured for light transmttance (wavel ength of 550 nm) and found to
be 88% The patterning electrode (electrode width: 90 Rm el ectrode

| engt h: 100 mm) descri bed above was nmeasured 25 for resistance by the
two probe metapk 4anid found to be 2.5 kS-2. The thin filmlayer of
the netal oxide fornmed fromthe target 5-1 alone was 5 x 10E+5 nomin

speci fi c resistance—tnci-dentally—the peasurenpht s—are—showr—h
Table 5-1. (4) Formation of thdmcig%?i d"Et=devi g:g“"“ca' i
f oregoi ng "syibstrate" was Ioadeﬁ_pn he:”?ﬁ’lﬁ%’?rai ebgﬁ"ﬁ der ifp_the

vacuum chanb of—the—vaett-en Hwa%ef. _Q’hen “.ﬁ.e U—"c'uu... eharber—4as
depressuri ze Peiertefam'era vacuulﬂf”é“l" UL e Torf?c”‘tﬁ’?d%) over|"BEFEr e
hol e transpogting |ayer 520, an® ﬁ [ Iayeﬁ Eﬁz/ ar

el ectron injection |ayer 524, T’ "' ° cat ﬁ%ﬂ‘@"’l ay&F 5%6 wer ST &fnat 4d
i n successi ol A'B?lla"‘f‘ﬁ@@anode Iaye"?l of thesubstraf® to obtailf®an

organi c EL dé \/?é °f'“T'ﬁ’°§ i s [éRown in“Rig. 18 Hdre, in tHe
period from {h V)f(ﬁffeﬁﬁeta”' of the organilc | um negcent |ayer| to the
formati on of the cat ho ayer %fe vadtuin 10 wits SRot br o&rCeven
once so that SWéﬁ"s?ﬁ'ﬁ%' um cc ndi tion was mai n{ai ned. Her e,
the organic lS RFEE"R L to th%gorganl °EL 1ight [BRitting
apparatus in e'ﬁ’%ma"f |1” ‘&s the [fol e tran?sﬁortl ng raterial ,

TBDB was 15 acuum evapor at ed tgxpo%_rgn Next . ag the | um rgsgggt
Iayer, DPVDPAIN g at LIIC (vAoaRD]
Here, the de ﬁjﬁ“‘?%m”g?ﬁé o of trgo PVDPA%%S 40%@2 and tgg o5
deposition r et T te—ed A o

| ayer , Al q V\ﬁﬁ;:knejoszl_l:ﬁ?eljﬁ nt la é?/raporﬁpVDHAﬁ 2[3\”:‘515}& . L[‘)%‘(fpblf:\f ﬁ?ﬁp \wer

e

vacuum evapo \[l f-ormthe—qgathode— E'ym“ o e et ect |—c1| Ly eettHon
ena elec% nmje ction laver a che |a
| ayer, fabri ‘r‘?,& organi c devic re, the ep05| tifon
|ckpes n PR I R [ O N 20 L [ 1 ol
rate of Al 8 | %h ﬁl ant—ne Méuol t+ KIII%I_ at€ ‘ﬂl/lljl WerS 'AI/—.L—nlu S-
The t hi ckness. Of © film 2 'n '
et ¢ es: u::l~:ne)s?s(f:i 7 200 S 00200 m 200 200
Voltage (V) 4. 4 4. 3 4.4 4.4
Luminescence intensitv(ed/m? ) [161 164 163 156
Half life 1000 hours or|1000 hours or |1 000 hours or 1000 hours or
more more more more

X :Glass reference

[Practical example 4-2]
A target 4-2 shown below was used instead of the target 4-1
of the practical example 4-1. The organic EL device 434 was
5 fabricated in the same manner as in the practical example 4-1
except that the target 4-2 was used.
The target 4-2 is composed of indium oxide, tin oxide, and
cerium oxide. The mole 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)) 1s
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I ncidentally, these are shown in Table 5-1. Mreover, the chem cal
formul ae of TBDB, DPVDPAN, D1, and Alq are shown in Fig. 19. (5)

Eval uation on the organic EL device A direct-current
voltage of 4.3 V was applied to across el ectrodes with the cathode

| ayer of the obtained organic EL device as the negative (-) el ectrode
and the anode | ayer as the positive (+) electrode. 5Here, the current
density S é.o mA/ cn2 and the | um nescence intensity was 163 nit
(cd/ nR) T 'Iuninescent color was confirmed to be bl ue.

Furt her mor e, éﬁ%&q nﬂg%@ﬂ LY c BV l&?ft LAB, 2 COS haAerCHE S Nty s

driving was condhcte No particul ar | eak curfent was

found evepyaff efyapud P8R0k 120QQ L2 hQYIStQUNd®eas 2.4 kQ. ,
Incidentally, the results of the practical exanple 5-1 are shown in

Tabl e 5-1. 15 RQ@i2ectTabkeett WoltEalsl ef 54 .13 V Praciprlaleceipodtnens the
5-1 Practical enbodinent 5-2 Practical enbodi ment 5-3 Practica
enbodi henelechragtecifarhefordisde Ehydpvice 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 164 nit. The luminescent color was confirmed to be blue.
Furthermere, for thesakeof durabilityevaluation, constant-current

10 driving was conducted at 10 mA/cm®. No particular leak current was
found even after a lapse.of 1600 hours or more.

Incidentally, the results of the practical example 4-2 are
also shown in Table 4-1.
[Practical example 4-3]

i5 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 IZO target in the practical example 4-2 was not used.

Incidentally, the work function of the anode layer was 5.85
eV in value. The electrode resistance was 2.4 kQ.

20 A direct-current voltage of 4.4 V was applied to across the
electrodes, with the result that the current density was 2.0 ma/ cra?
invalueandthe luminescenceintensitywasl1l63nit. 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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(Auxiliary wiring) Protective |laser of netal oxide Wrk
function(eV)(after cleaning) Light transmttance (94)* El ectrode

resi stance( k.5-2) Specific resistance of netal oxide thin film

| ayer( Qon) I TO+ Al In oxide/ Ce oxide 6. 18 88 2. 5 10E+5 ITO+ Al In
oxi de/ Sn oxide/ Ce oxide 6. 05 88 2. 4 10E+5 20+
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A target 4-4 shown below was used instead of the target 4-1
of the practical example 4-1. As for themetal target, an Ag target
was used instead of the Al target. Incidentally, the IZO
protective film 416 is not used. The organic EL device 434 was
fabricated otherwise in the same manner as in the practical
example 4-1.

The target 4-4 is composed of indium oxide, tin oxide, and
samarium oxXide. The mole ratio of indium (In / (In + Zn)) is
0.9, the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the
mole ratio of samarium to the total metal (Sm / (In + Zn + Sm))
is 0.03.

Incidentally, the work function of the anode layer 412 was
5.90 eV in value. The electrode resistance was 2.4 k.

A direct-current voltage of 4.4 V was applied to across the
electrodes of the organic EL device 434 obtained by the foregoing
means as in the practical example 4-1, with the result that the
current densitywas 2.0mA/cm® in value and the luminescence intensity
was 156 nit. The luminescent coleor was confirmed to be blue.
Furthermore, forthesakeof durabilityevaluation, constant-current
driving was conducted at 10 mA/cm?. No particular leak current was
found even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-4 are
also shown in Table 4-1.

[Practical example 4-5]

A target 4-5was used instead of the target 4-1 of the practical
example4-1. As forthemetaltarget, anAgtarget wasusedinstead
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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Al In oxide/ Zn oxide/ Ce oxide 5. 95 89 2. 6 10E+7 ITO+ APC In
oxi de/ Zn oxide/ Smoxide 5. 90 88 2. 3 10E+6 Hol e tmmscorting

mat eri a

Thi ckness (nm) TBDB 60 TBDB 60 TBDB 60 TBDB 60 Material of

| um nescent | ayer Thi ckness (nm DPVDPAN 40

i0

15

20

25

The target 4-5 is composed of indlium oxide, zinc oxide, and
praseodymium oxide. The mole ratio of indium (In / (In + Zn))
is 0.9, the mole ratio of £in (Sn / (In + Zn)) is 0.1, and the
mole ratio of praseodymium to the total metal (Pr / (In + Sn
+ Pr}) is 0.04.

Incidentally, the work function of the anode layer 412 was
5.81 eV in value. The electrode resistance was 2.5 kQ.

A direct-current voltage of 4.5 V was applied to across the
electrodes of the obtained organic EL device 434 as in the practical
example 4-1, with the result that the current density was 2.0 mA/cm?
invalueandtheluminescenceinteﬁsitywaslGlnit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cm®. No particular leak current was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-5 are

shown in Table 4-2.

“Table 4-2"
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DPVDPAN 40 DPVDPAN 40 DPVDPAN 40 Materi al
Thi ckness (nm Alq 20 Alq 20 Alq 20 Alq 20 Materi al

el ectron injection |ayer
of cat hode

| aser

Thi ckness(nnm) Al /Li 200 Al/Li 200 Al/Li 200 Al/Li
Table4—2
Practics! Practical Practical Comparative
embodiment embodiment embodiment axample
4—5 4-6 4-7 4-1
Material of anode layer In oxide,” In oxide,” In oxide,” In oxide,”
Sn oxide,” Sn oxide,” Sn oxide,” Sn oxide,”
Pr oxide MNd oxide,” Th oxide
{Auxiliary wiring) Ag Cu Ag Ag
Protective layer of metal oxide 20 120 120
1P (V) (after cleaning}
5. 81 5. 80 5. 80 B. 26
Light transmittance (%6) X
Electrode resistancs (k Q) 85 a7 87 o0
Specific resistance of anode layer | 2. 5 2.6 2.5 2.4
(Qem)
2x10E-3 IxX10E-3 4A4X10E-2 4X10E—-4
Hole trensporting material TEBDB TBDB T8DB TBOB
Thickness(ren) 60 60 &0 60
Msterial of luminescent layer DPVDPAN DPVDPAN DPVDPAN DPVDPAN
D1 /D1 /D1 /D
Thickness (nm) 40 40 40 40
Material electron inection layer Alg Alg Alg Alg
Thickness(mm) 20 20 20 20
Material of cathode layer Al /L AlL/L Al/Li Al Li
Thickress(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 mors

* : Trarnsmittance: Glass reference

[Practical example 4-6]
A target 4-6 was used instead of the target 4-1 of the practical

example 4-1. As for themetal target, aCutarget was used instead

of the Al target. 1In other respects, the crganic EL device 434

was fabricated as in the practical example 4-1.
The target 4-6 is composed of indium oxide, tin oxide, and

neodymium oxide. The mole ratio of indium (In / (In + Sn)) is

0.9, the mole ratio of tin {(Sn / (In + Sn)) is 0.1, and the
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200 Voltage (V) 4. 3 4. 2 4. 6 4. 4 Lum nescence intensfty(cd/nR2 )
163 158 163 158 Half Iife 1000 hours or nore 1000 hours or nore 1000

hours or

nore 1 000 hours or nore * :d ass reference Wi | e

the gl ass substrate was used in the present practical exanple 5-1,
the "base nenber” may al so be a glass substrate, a plastic substrate,
a silicon wafer, a color-filtered color 5 conversion substrate, or

the |ike.
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mole ratio of neodymium to the total metal (Nd / (In + Sn +
Nd)) is 0.06.

Incidentally, the work function of the anode layer 412 was
5.80 eV in value. The electrode resistance was 2.6 kQ.

A direct-current voltage of 4.5 V was applied to across the
electrodes of the obtalned organic EL device 434 as in the practical
example 4-1, with the result that the current density was 2.0 mA/cm?
invalueandthe luminescence intensitywas 158nit. The luminescent
color was confirmed to be blue. Furthermore, for the sake of
durability evaluation, constant-current driving was conducted
at 10 mA/cn?.  No particular leak cufrent was found even after
a lapse of 1000 hours or more.

Incidentally, the results of the practical example 4-6 are
alsc shown in Table 4-2.

[Practical example 4-7]

Atarget 4-7 was used instead of the target 4-1 of the practical
exampled4-1. Asforthemetal target, anAgtarget wasusedinstead
of the Al target. In other respects, the organic EL device 434
was fabricated as in the practical example 4-1.

The target 4-7 is composed of indium oxide, tin oxide, and

terbium oxide. The mole ratio of indium {(In / {(In + Sn)) is C.9,

the mole ratio of tin (Sn / (In + Sn)} is 0.1, and the mole

ratio of terbium to the total metal {(Th / {(In + Sn + Tb)) is
0.06.

Incidentally, the work function ¢f the ancde layer 412 was
5.80 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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"Practical exanple 5-1 #2" For a nodified exanple of the practical
exanple 5-1, the order of |lamnation may be inverted of the
transparent conductive thin film conposed mainly of indium oxide and
the netal thin filmas 10 an auxiliary wire. Even in such
configuration, the functions and effects of the invention are the
same as in the foregoing practical exanple 5-1. Incidentally, Fig.
17 shows a sectloquEV|em/of the confi ratlon ere t

f
L hors i el SR L St a e PRt T i D HERE L ML uBhne
bel ow was, ygeq | ot aad 406 d 408 51 oL A8 MART G RXAMBLE ST

The organic device was fabricated in the sanme mdnner as in

praCtlCaJd@%@@Pift?<§vé?ﬂ&¥&oﬁf“ﬁoﬁé&hﬁé”éﬁ%réh@cMﬁﬁmHﬁ?dasﬁB@naaegéH
5-2 is conposed of i ndi um oxi de, tin oxide, and 10 cerium oxide. The

mol e ratiat dfd inAdicum. (| Ro/pdthiduBa))lésk G rdme wad Eonatd eveh sfner
(Sn/ (In + Sn)) is 0.1, and the nole ratio of ceriumto the total
met al %(}ﬁ/l%?ﬁﬁ+08n1@0QePPuF§ @rlﬁoﬂ%mldentally the work function

of the anode | ayer. was eV in val The el ectrode resistance
was 2.4 kn. &u“Fé&’F“EG?}ént lﬁﬁolrteé T © @W%t&ﬁﬁlll BT At 0s§ e

t he elecggggga %§¥ he 9Q5§and%organlc EL device as in the practical
tt

exanpl e t e resu at the current density was 2.0 mAd/ cn®

in value and th@ohggkgg§ggng§é &ensift)y was 158 nit. The 20
| um nescent color was confirned to be blue. Furthernore, for the sake

of durability ewadtdniGnEL denstantsidbrérttdtiad Ngthapreendual etaniple
10 mA/cn2. No particular |leak current was found even after a | apse of
1000 Wour4rexgsiog. that an ITO targeitdeas ansed insd epgsaft sheftaduwet 4-1
practi cal nple 5-2 are 25 also shown in Tablé 5-1. [Practical
Exanpl o 525 ERe bEact il e yarp bt 3 Shou Abreu FEEE T aa 11 eadt o meral
target 5- %F 4] the practical exanple 5-1 . The organic EL devi ce was
fabricate he same nmanner as in the practical exanple 5-1 except

t hat Incidentally, the work function of the anode layer 412 was
5.25 eV in value. A direct-current voltage of 5.3 V was applied
15 to across the electrodes of the obtained organic EL device as
in the practical example 4-1, with the result that the current
density was 2.0 mA/cm? in value and the luminescence intensity
was 162 nit. The luminescent color was confirmed to be blue.
Incidentally, the results of the comparative example 4-~1 are
20 also shown in Table 4-2.

Summary of the group of embodiments 4

As has been detailed above, according to the organic EL device
which is characterized in that an electrode for driving the organic
electroluminescence layer of the present invention comprises an

25 anode thin film layer of a metal oxide having a work function above
5.6 eV and a laminate of metal thin wires, or an electrode substrate
for an organic luminescent device, it becomes possible to provide
an organic EL device which has excellent transparency and durability

and exhibits high luminescent intensity even under a low driving
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the target 5-3 was used. The target 5-3 is conposed of indium
oxi de, zinc oxide, and ceriumoxide. The nole ratio of indium(ln /
(In + 2Zn)) is 0.9, the nole ratio of zinc (Zn/ (In + 2Zn)) is 0.1,
and the nole 5 ratio of ceriumto the total nmetal (Ce / (In + Zn +
Ce)) is 0.15. Incidentally, the work function of the anode

| ayer was 5.95 eV in value. The el ectrode resistance was 2.6 ka. A
direct-cu ol Qf. 4. mﬁlia Led t 0 -
el ect rodegég?é(%%:'e %%%gil%éaéo%%{m C Egg\%?caeﬁ(gsafgnqﬁcee ggg%t?%a ertain
exanpl e Sidorydriir tdenpgorsdist, that the current density was 2.0 nmA/ cn®
in value and the | um nescence intensity was 163 nit. The | um nescent
col or was confiTuredstal e condeé rmEdritter ntbeegnddy lhhersaked thfe 1ike made
durability eval uation, constant-current driving 15 was conducted at
10 mA cneOf R Faiy dnpaganbalcamavass had §xamid viertahieg prorgyetel o
1000 urs or | nci dent agley, the results of the practical

npr e. ,
exanpl® 5-3 ar & HICY SEh AFF I8 PI0T 2 EBE T L9oPrdei T s tedifpP & theAr spAt
target 5-4 el ow . was .ysed_|j d of the_target.5-1 of the ,
practi cal lré?(arrp erp’S- 1\.¥tAs Tlgr tﬁ%gl%e a tétroget ,fa?ﬁgcﬂi’?: ta?‘r(jet W12
used i nsteas©fo i rilseAtdet aphArot 8T HRSPECIShotilkR 0 8RB Crdilegoing
device was fabricated in the sane nanner as in the practical exanple
5-1. 25Theffextget 5-4 is conposed of indiumoxide, tin oxide, and
samari um oxi de. The nole ratio of indium(ln / (In + Zn)) is 0.9, the
nmol e ratio of tfareeSer) Fe¢pnrdigy) foithe0fabr hpak tdremgbhedrat Ebegfresent
samariumto the total netal (Sm/ (ln + Zn + Sm) is 0.18.

I nci deht abFYE 8 mor K und i onPBFSINe and@e | &pBriGates. oan ev 9uganic

val ue. Th r resistance was, 2.3 kl-2. A direct-curren .
vol t age o?l%izequ{}u\%gglea%%f]?%d %gp%?ggg t‘ﬁkél%l?e 1Y dES Sof g{‘ﬁe ‘locbrteaﬂor?é‘@
organi c Ekrglewice as in the practical 5 exanple 5-1, with the result
that the current density was 2.0 mA/cnRin value and the | um nescence
intensity was 158 nit. The |um nescent color was confirnmed to be

bl ue. Furthernore, for the sake of durability eval uation,

const ant - cur r efrogipi eifngmradimemdsici ed at 10 m¥ cn2. No particul ar
Ieakﬁrrent was fqund 10 even after a | apse of 1000 hours or nore.

Inci dehtal Iy, tif&SFBSALEE &f IXMP pf acrifear odeaoidrsnysar of dhePLarant
in Table EEJEntfg% %Ql%5bengggr§Eéﬁ 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 Sm / (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.
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Tabl e 5-2 Practi cal enbodi nent 5-6 Practical enbodi nent 5-6

Practi cal

enbodi ment 5-7 Conparative exanple 5-1 Material of anode

| ayer (Auxiliary wring) Protective |ayer of netal oxide Wrk
frinction (eV) (after cleaning) light transmttance (9,)* El ectrode
resi stance (1-cC2) Specific resistance of netal oxide thin film

| aser (Qm |1ZO+ ACA I n oxide/ Sn oxide/ Pr oxide
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15

20
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Powders of indium oxide 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. Then, the ground article
obtained by the foregoing means was granulated, and press molded
to dimensions of 4 inches in diameter and 5 mm in thickness.
The resultant was accommodated in a baking furnace, and then
heated and baked at a temperature of 1400°C for 36 hours to
fabricate a target for the anode layer. This target will be
referred to as an IZ0 target.

Powders of indium oxide and cerium cxide (ho greater than 1
pm 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
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
referred to as target 5-1.

Next, a metal target of Ag with additional Cu of 0.7 wt% and
Au of 0.8 wt% was fabricated. This target will be referred to as
an ACA target.

Besides, a metal target of Ag with additional Pd of 0.5 wt$%
and Cu of 1.0 wt% was fabricated. This target will be referred to
as an APC target.

Besides, a metal target of Al with additional Pt of 0.5 wt$%
was fabricated. This target will be referred to as an Al target.

(2} Fabrication of the substrate for an organic EL device
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5. 84 88 2. 6 10E + 6 20+ APC In oxide/ Sn oxide/ Nd oxide/ 5. 82 88
2. 7 10E+6 I TO + ACA In oxide/ Sn oxide/ Th oxide 5. 95 87 2. 6 10E +

7 1Z0+ A
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I n oxi de/ Sn oxi de/

Next, description will be given of the formation of the
substrate for an organic EL device. This is shown in Fig. 15.

A transparent glass substrate of 1.1 mm in thickness, 25 mm
in width, and 75 mm in length, as well as the obtained ITO target
for the ancde layer, target 5-1 for the anode layer, and Al target,
which is a metal target, are placed in the vacuum chamber of the
hignh frequency sputtering system. The high frequency sputtering
system is operated to depressurize down to an ultimate vacuum of
5 x 107* Pa, in which state a mixed gas of argon gas and 4% oXygen
gas is filled. Fig. 15(1l) shows the glass substrate, which
corresponds to an example of the "base membef" in claims.
Incidentally, the base member on which an electrode(s) is/are
arranged will be referred t¢ as "electrode substrate."

In that atmosphere, sputtering was performed by using the
ITO target under the condition of: a vacuum of 3 x 10°! 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).

Then, the Al target was used to form a 120-nm-thick A1 thin
film in the argon gas. Incidentally, the substrate temperature
is 100°C. This is shown in Fig. 15(3).

Subsequently, 1in a nitrate-phosphate-acetate agueous
solution, the Al thin film was etched to form Al thin wires of 20
um in width. This is shown in Fig. 15(4). These Al thin wires
correspond to an example of the "thin wire of metal as auxiliary
wire” in claims.

Thereafter, the ITO film of this substrate formed from the

ITO target was etched in an oxalic aqueous solution so that at least
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5. 25 89 2.8 10E-4 Hol e transporting material Thickness(rrn) TBDB 60
TBDB 60 TBDB 60 TBDB 60 Material of |um nescent |aser Thickness (nm
DPVDPAN D1 40 DPVDPAN /D1 40 DPVDPAN /D1 40 DPVDPAN /Dl 40 Materi al
el ectron injection layer Thickness(nn Alq
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one Al thin wire falls on the side of an ITO electrode made from
the ITO target. This is shown in Fig. 15(5). The electrode
fabricated through such patterning will be referred to as a
patterning electrode.

Incidentally, the ITO film formed from the ITO target
preferably has a width of 90 um.

Next, this substrate and a substrate having no film were put
back into the vacuum chamber, and a 20-nm thin £film of a metal oxide
was formed by using the target 5-1 at a substrate temperature of
200°C over the entire surface excluding an electrode outlet. This
is shown in Fig. 15(6). This substrate for an organi;: 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
isopropyl alcohol, and then dried in a N, (nitrogen gas) atmosphere
before 10-minute cleaning by using UV (ultraviolet rays) and ozone.

{3) Measurements

After the UV cleaning of the substrate, the anode layer was
measured for the value of its work function by using AC-1 (from
Riken Keiki Co., Ltd.), and found to be 6,18 eV {after cleaning).
Moreover, the substrate provided with the anode layer was
measured for light transmittance (wavelength of 550 nm) and
found to be 88%. The patterning electrode (electrode width:
90 pm, electrode length: 100 mm)} described above was measured
for resistance by the two probe method, and found to be 2.5
k. 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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20 Alg 20 Alq 20 Alg 20 Material of cathode |aser Thickness(nm Al/Li

200 Al /Li
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200 Al /Li 200 AI/Li 200 Voltage (V) 4. 54. 5 4. 6

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 520, an organic luminescent
layer 522, an electron injection layer 524, and a cathode layer
526 were laminated in succession on the anode layer of the substrate
to obtain an organic EL device 530. This is shown in Fig. 18.

Here, in the period from the formation of the organic
luminescent layer tco the formation of the cathode layer, the vacuum
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
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 DEVDPAN was 40 nm/s and the deposition
rate of D1 was 1 nm/s.

Then, as the electron injection layer, Alg was
vacuum-evaporated teo 20 nm. Finally, &A1 and Li were
vacuum-evaporated to form the cathode layer on the electron
injection layer, fabricating the organic EL device.

Here, the deposition rate of Al was 1 nm/s, and the depesition
rate of Li was 0.01 nm/s. The thickness of the Al1/Li film was 2C0
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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5. 2 Lum nescence intensity(cd/n2 ) 166 165 161 Half life 1000 hours
or nore 1 000 hours or nore 1000 hours or nore *

:Transm ttance: A 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

devi ce was fabrRcd@ééctncmtmﬁm%nEOhmmmﬁﬂxhs4Jm Y heaprappitad exaaptess

5-1. The t ea %g g oqgosed of indiumoxide, tin oxide, and
pr aseodymcufn-GXP8S “ifd Hot &atRerAs Aysmar d"r*he(‘l’lﬂt?llt?% O¥gep}§ Elgdpgice
0.9, the nuley f tin, ( and th
rati o of prage%? rﬁoatqve T e? ?tﬁ(o ?8? %%ﬁ alno(jle lavep as Elh)e)p%ltlve
0. 20. bmgbgggagjly, the work function of the anode |ayer was
5.84 eV in value. The el ectrode resistance was 2.6 kn. A

5 Here, the current density was 2.0 mA/cm® and the luminescence

intensitywaslGBnit(cd/m%. The luminescent colorwas confirmed

to be blue,. Furthermore,forthesake<1Edurabilityevaluation,
constant-current driving was conducted at 10 mA/cm?. No
particular leak current was found even after a lapse of 1000

10 hours or more.

Incidentally, the results of the practical example Sui are

shown in Table 5-1.

15

20

25

“Table 5-1"
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5 direct-current voltage of 4.5 V was applied to across the

el ectrodes of the obtained organic EL device as in the practical
exanple 5-1, with the result that the current density was 2.0 nmA/cn®
in value and the | um nescence intensity was 166 nit. The | um nescent
color was confirmed to be blue. Furthernore, for 10 the sake of
durability evaluation, constant-current driving was conducted at 10
mA/ cn2. No particular leak current was found even after a | apse of

1000 hours AT €4 Incidentally, the results of the practi cal
exanple 5-5 are shovvn in Table 5-2. 15[Practical exanple 5-61
A target 5- ad—of the t5-1 of the

practical exanple 5-1. As for [[FEetal “tArget PRECAPC t P was
used instead of the Al target. 5L|;1 ot herlgr. gspect g orgagl g'm?é’f_
devi ce was [aBLbGREEde] N ( NE :(ggp TEMMEk o AS 1 1 Ure praciirat

exanpl e 5- Lcausiiary wiring) The target|y5-6 is ¢ Irrposed fA, i ndi um dxdde, tin
oxi de, and |reedlymdimexbae. The fmle rakimeof ingium (I n /i clo + Sn))
is 0.9, thg nmole ratio of tin [6Sad (| Nstex@))) 1BnQeds andzig ol e
ratio of ndodymiumto the totdl metal (e (1N [te SBe + 25NEN diad S

0. 15. worl firetiod@Xtfat deyningt helswa@r k f unetdson of h&s anode |[k.ayer was
5.82 eV in |veil tpemitfid®e] ectrode resi stance was 2[ 7 kg-2. A
di rect-curr@ﬁwdﬁlfeiseﬁafg@faf 4.5 [f8was apppted to aesoss the |ed ectrodes

J 0O NW

of the Obtc %ﬁ* e09f eetaBicediviE- 2 as i nj2te pracieal eXarpl e 5-1
with the re t the currgnt density was 2.0 mVcnR in value and
t he | uni ne_FroI pree—ntenstty—was B nit TO8HD | i helebnt cal1QE+enas |
confirmed tig eB’E"'*"”f)ri’"ﬁ"é‘ate"ﬁl’—'urtherr B for W\%B sake [6BCRur abi I{T#3p

eval uati on,f-e Fll EHFF-eRt—g dF ving 5 ed_at_10°%A/ cn? _No
particul ar R3S ”m'FaP%e"'ta“ewas fc?ﬁv&)pésen Q?YD@PNa | | BPERANE  1GRRYCRBYr s or
nor e. Thldlng;g(l dental Iy, the Gesults {8 the prffetical ef#hple 5 6

asi ol L__71 10N +grnn+

are al so shaW T, Fabie- 52— fipracttcab—exanpte
shown bel oW Was. d.{tg;e 55’ftns' yéead dE° o the tar@?t 5-1 do

AL e

exanpl e 5- Jy..is Julke JPE et al Uar gets —ACAt Hsed
i nstead of |[#RGes&bni araget . In Z\gﬁer resgéc{ts , t '‘EH devi ¢

was fabricated in the sane manner as i the pradtical exagple 5-1.
15The tar g@kefe(\)S CONpPOSed Of |4 @Al UM OXh e, TInN QﬁJde dntthlUluHT

A% cal
20

11%

oxi de. The inBhe:cicibbRin/dnd WE(TN 7 (|1d5 ¥ SM)L§s © ”5% nore
ratio of tifrifon 7 (TN + SN)) k6o o JRGoT TIE hsodﬁasrg 2 Luvsiou”
to the total netal (Th / (In 4msh + Tb) )k s O.14..LnNCI ent the

wor k function of the anode layer was 5.95 207 eV i n valUe. |ne

el ectrode re$iestedere was 2.6 kn. A direct-current voltage of 4.6 V
was applied to across the el ectrodes of the obtai ned organic EL
device as in the practical exanple 5-1, with the result that the

current densitypwag @h@fﬂ%@%ngubgtYQEQQH%HQSEQ%J!%ﬁ%n8§ggg%?practlcal

intensity was 161 nit
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 amodified example of the practical example 5-1, the order
of lamination may be inverted of the transparent conductive thin
film composed mainly of indium oxide and the metal thin film as

10 an suxiliary wire. Even in such configuration, the functions

and effects of the invention are the same as in the foregeing
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25 lum nescent color was confirmed to be blue. Furthernore, for the
sake of durability evaluation, constant-current driving was conducted
at 10 md¥cn2 . No particular |leak current was found even after a

| apse of 1000 hours or nore. Incidentally, the results of the
practical exanple 5-7 are 134 also shown in Table 5-2. [Conparative
exanpl e 5-1] An organic EL device was fabricated as in the
practi cal pegatptel®:amxtept- t.hafl nen deza®aldngefigasl Uskdwisnstead iofhal
the target (5-1 5 of the practical exanple 5-1 and an Al target was
used as tReSWePdl & g@nifiguratiopcyhgseathy, aade vtk ameppEACHf 1s
t he anode.%@§ggegas 5.25 eV in value. A direct-current voltage of 5.2
V was appfle 0 across the el ectrodes of the obtained organic EL

device as in 10g QARG Leahpe¥asPe 5-1, with the result that the
current density was 2.0 nA/an In value. The | um nescent col or was

confirsred to be hhugetNevErdHiRInesslodURad QisRACUREEM q I owWhagt hetaeean
anode el ectrodes, single-pixel |um nescence was i npossible whic

pr ecl udedodichplrearnttrak edrinpilag-115|1 hice degtalilcyfL theiceswd 4 $abfritheed
conparative exanple 5-1 are al so shown in Table 5-2. Summary of the
group of ERUIYN FEMSTGNN&S R&siBeehne dutas toer hirowaap by Sush sgaers that
electrodetﬁgbﬁtgagg for, an organjc el ectrol um nescence device of the
present inventfoA®20°T6 &67sti*tt'e an organic EL light emitting

apparatus, it hag hecgme 99§siiéolc%ﬂ&;%s%oxkdﬁl@imnpfogﬁ%c g:ltnl igﬁﬁ,y and

em tting apparatus which has excelTent transparency and ur abi
and exthi béésilm ghibem MEsEar0e: irakerShEYi £y einUMders arhow gy yiingo . 9,

vol tage, conprising the anode | ayer and the |ike nmade of certain
i nor gani ctikenpolfdsatio of tin (Sn / (In + Sn)) is 0.1, and the mocle
ratio of cerium to the total metal (Ce / (In + Sn + Ce)) is
0.16.
Incidentally, the work function of the ancde 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 coler 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 alsoc shown in Table 5-1.
[Practical example 5-3]
A target 5-3 shown below was used instead of the target 5-1

of thepractical example 5-1. TheorganicELdevicewas fabricated

in the same manner as in the practical example 5-1 except that
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25 It was also confirnmed that the anode | ayer and the |ike nmade of
certain inorgani c conpounds had excellent etching properties.

Besi des, according to the organic EL device of the present invention,
it has becone possible to provide an organic EL device effectively
whi ch has excell ent transparency and durability and exhibits high

| um nescence intensity even under a |low driving voltage. CLAIMS 1 .
A net al okxinge telrigetf i3-B fwars arseot gani ¢ EL devi ce conpri si ng:

one, two or nore types of oxides selected fromzinc oxide and tin

oxi de; and at |ERttadetorfror%e coppeseadfol dmdiani deidet Ainoxpdéde, amt
a specifigeresistagﬁe i% from 10E+4 ?cm {o  10E+87c 2. Anet al

oxi de t hi ASFIT ¥ %an P oHE EE & PLe  ROMPRI §TRg: (TRdir u#® bkitre0- 9,

and at | eggk Qggeo&ﬁgqgeo%yggﬁcoﬁZhaPtQ§QiQezgﬁhﬁkgfﬁgﬂggﬁgd F%@ ﬁple

nmetal oxide thin filmaccording to claim?2, Co

nmor e typesaefcosirdes rieheeied Hd aBLe MEOMD £ODS)StiAY40k,ZiNG 9% de
and tin oxide. 4. A netal oxide thin filmaccording to one of

claim?2 of.&Paim 3, wherein specific resistance of said thin filmis
of 10E+4 ?. cmto 1 OE+8? cm 5. A netal oxide thin filmaccording to
any one of claicidandadlypheheivprdafuntohehmaf dbenmtade dxrivde was 5.95
is an oxidﬁ selectfd fromthe group consisting of cerium oxide,

pr aseodynfumxi 881 fHieodyHEimSBEde o damgEisum T 4ad t &rbi uk2. A

oxi de. direct-current voltage of 4.6 V was applied to across the

10 electrodes(xftheobtainedorganicEHJdeviceas:hlthepractical
example 5-1, with the result that the current density was 2.0
mA/cmzinvalueandtheJAmdnescenceintensitywas 163 nit. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving

15 was conductedat 10 mA/cm?. Noparticular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-3 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. 1In 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)) is
0.9, the mole ratio of tin (Sn / {In + Sn)) is 0.1, and the
mole ratio of samarium to the total metal (Sm / (In + Zn + Sm) )

is 0.18.

130



6. A netal oxide thin filmaccording to any one of clainms 1 to 5,
wherein said | anthanide netal oxide is 5%to 50 % by atomin
conposition ratio with respect to the total anount of the netal atom
of said thin film 7. A nethod of fabricating a netal oxide
thin filmaccording to any one of clains 1 to 6, conprising the steps
of producing said netal oxide thin filmby sputtering.

10

15

20

25

Incidentally, the work function of the anode layer was 5.90
eV in wvalue. The electrode resistance was 2.3 kQ. A
direct-current voltage of 4.4 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
luminescent color was confirmed to be blue. Furthermecre, for
the sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-4 are

also shown in Table 5-1.

“Table 5-27
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10

Table 5—2

Practical Practical Practical Comparative
embodirment embodiment embodiment example
5-5 5—-6 5-7 5-1
Material of anode layer 1IZO+ ZO+ O+ iZO+
(Auxiliary wiring) ACA APC ACA Al
Protective layer of metal oxide In oxide,” In oxide,” In oxide,” In oxide,/”
8n oxide,” S oxide,” Sn oxide,” Sn oxide,”
Pr oxide Nd oxide,” Tb oxide
5. 84 8, 82 5, 95 8, 25
Work function (eV}
(after cloaning 88 88 87 8o
Light transmittanos (36) x 2.8 2.7 2.6 2.8
Electrode resistance { kQ))
Specific resistance of metal oxide 10E+86 iOE+B6 10E+7 10E—-4
thin film layer($2cm)
Hole transporting matenal TBOB TBDB TBDB TBDB
Thickness(rm) 60 60 60 60
Material of luminescent layver DPVDPRAN DRVDPAN DPVDPAN DPVDPRAN
o1 /D1 ydnl pdri
Thickness (nm) 40 40 40 40
Material electron inpction layver Alq Alg Alg Alg
Thickress(rm) 20 20 20 20
Material of cathode laver Al Li Al Li AlLZLi Al L
Thickness{nm) 200 200 200 200
Voltage (V) 4. 5 4.5 4. 8 5 2
Luminescence intensity(cd/m? ) 166 165 161
Half life 100G 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
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
The mole ratio of indium {(In /

praseodymium oxide. (In + Sn))

is 0.9, the mole ratic of tin (Sn / (In + Sn)) is 0.1, and the
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mecle ratio of praseodymium to the total metal (Pr / (In + Sn
+ Pr)} is 0.20.

Incidentally, the work function of the anode layer was 5.84
eV in value. The electrode resistance was 2.6 kQ. ).
direct-current voltage of 4.5 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/cmzinvalueandiﬂualuminescenceintensitywasil66nit. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, cénstant—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 5-5 are
shown in Table 5-2.

[Practical example 5-6}

A target 5-6 shown below was used instead of the target 5-1
of the practical example 5-1. As for the metal target, the APC
target was used instead of the Al target. 1In other respects,
the organic EL device was fabricated in the same manner as in
the practical example 5-1.

The target 5-6 is composed of indium oxide, tin oxide, and
necdymium oxide. The mole ratio of indium (In / (In + Sn)) is
0.9, the mole ratio of tin (Sn / (In + Sn)) is 0.1, and the
mole ratio of neodymium to the total metal (Nd / (In + Sn +
Nd)) is 0.15.

Incidentally, the work function of the anode layer was 5.82
eV in value. The electrode  resistance. was 2.7 kQ. A
direct-current voltage of 4.5 V was applied to across the

electrodes of the obtained organic EL device as in the practical
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example 5-1, with the result that the current density was 2.0
mA/cmzinvalueandtheluminescenceintensitywas165rﬂt. The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. No particular leak current was found
even after a lapse of 1000 hours or more.

Incidentally, the results of the practical example 5-6 are
also shown in Table 5-2.

[Practical example 5-7]

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
wasusedinsteadof theAl target. Inother respects, theorganic
EL device was fabricated in the same manner as in the practical
example 5-1.

Thetarget7iscomposedofindiumoxide,tinoxide,andterbium
oxide. The mole ratio cf 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
eV in value. The electrode resistance was 2.6 k. A
direct-~current voltage of 4.6 V was applied to across the
electrodes of the obtained organic EL device as in the practical
example 5-1, with the result that the current density was 2.0
mA/cmzinvalueandtheluminescenceintensitywas161rﬁtu The
luminescent color was confirmed to be blue. Furthermore, for
the sake of durability evaluation, constant-current driving
was conducted at 10 mA/cm?. Noc particular 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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also shown in Table 5-2.

[Comparative example 5-1]

Anorganic ELdevice was fabricated as in the practical example
3-1 except that an IZO target was used instead of the target 5-1
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
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.

Incidentally, the results of the comparative example 5-1 are
also shown in Table 5-2.

Summary of the group of embodiments 5

As has been detailed above, by using the electrode substrate
for an organic electroluminescence device of the present invention
to constitute an organic EL light emitting apparatus, it has become
pPossible to provide an organic EL light emitting apparatus which
has excellent transparency and durability and exhibits high
luminescenceintensityevenunderealowdrivingvoltage,comprising
the anode layer and the like made of certain inorganic compounds.
It was also confirmed that the anode layer and the like made
ofcertaininorganiccompounds 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.
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CLAIMS

1, A metal oxide thin film for an organic EL device 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 Q cm to 10E+8Q cm.

2. A metal oxide thin film for an organic EL device comprising:

indium oxide; and
at least one or more types of lanthanide metal oxides,
3. Ametal 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 Qcm

to 10E+88 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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