;e3e", 1 (T'Z2"6"T"'~rd+ DESCRI PTI ON ORGANI C ELECTROLUM NESCENCE DEVI CE AND
METHOD OF MANUFACTURI NG THE SAME TECHNI CAL FI ELD The pre j [Wely!
relates to an organic el ectrol um nescence device (organi @Mm ﬂ@ wl
conprising one or nore organic layers including a | um ne et ween
an anode and a cathode, and emitting |ight generated specifi &'ty in the

| um nescent | ayer, and a nethod of manufacturing the sane

In recent years, organic EL displays _ysing an organic ele ”mmmmm nce
device as an alternative to liquid cr;lstal di spl ays have becoyg,.a.focus of
attention. The organic EL displ sel f-1um nous type so it is
consi dered that the organic EL @@p@%@ﬁ&% advant ages of a w de view ng
angl e, | ow power consunption and adequate response to high-definition

hi gh- speed video signals. Therefore, the organic EL di splays have been

devel ope jeye_t racti.cal t hereof . Fl shows a

coni gur RGANIOHERS TR Misfesiimaie e e anBAERE h ok o

el ectrol um nescence device cor‘rgrl ses an anode 112, an organic |ayer 115

i ncl udi n§lANTBFACTURINGTHENSAMEr 115A, a hole transport |ayer 115B and
a lum nescent |ayer 115C, and a cathode 116 lami nated in this order on a
substrate 111. Although light generated in the | um nescent |ayer 115C may
be emtted fromthe substrate 111, as shown in FIG 6, the light may be

emtted MOORNECA&I ROBEDL16. Wien the light is emtted fromthe cathode
116, it is often the case that the anode 112 conprises a netal such as

chromum (Cr) TiNd thedeathodentdRtieADr 1Re8tes (I asparant Conghiplc ve
material such as a corrpound of indium(In), tin (Sn) and oxygen (O (ITQ

| ndi um t gl @¥bHGhinds c'egHEvR%n% fific! BIL ey Hé‘)‘ t@gg&gxgéld Yie HE°C may be

directly emtted tltlwoug t he cat hode 116 as |n I ca arrow 117 in
FIG 6, a i G ef ed on the
anode 11 e Sra el s e flRe £ tbhtenkO R, L pHR O 4iF bR

and a cathode, and emitting light generated specifically in the

luminescent layer, and a method of manufacturing the same.

BACKGROUND ART

In recent years, organic EL displays using an organic
electroluminescence device as an alternative to liquid crystal
displays have become a focus of attention. The organic EL displays
are of a self-luminous type, so it is considered that the organic EL
displays have advantages of a wide viewing angle, low power
consumption and adequate response to high-definition high-speed
video signals. Therefore, the organic EL displays have been
developed to achieve the practical use thereof.

FIG. 6 shows a configuration of the organic
electroluminescence device. The organic electroluminescence

device comprises an anode 112, an organic layer 115 including a hole



However, conventionally, the anode 112 conprises chromumor the |ike, so
there is a problemthat |ight absorptance by the anode 112 is high, thereby
a loss of light emtted after reflected on the anode 112 is large. The
absorptance by the anode has a | arge influence on the organic

el ectrol um nescence device. Wen lightemtting efficiency is |low, the
anmount of current required to obtain the sane intensity is increased. An
increase in the anount of drive curregt affects on the life of the device,
which is a critical problemin the préctical use of the organic

el ectrol um nescence deyige. ln,view of t for b N it,is.an object to
provi de éwecﬁfﬁ’éh? er ﬁéﬁe@t #‘8*%”%%%0 ﬁ(ﬁ%yﬁgvfgé;éca&b%ﬁl ]euIBfn%E?ﬂ‘? cing the
refl ectance o e anode s to jnprove Jighi-emtting effjciency, and a
ot hod. ot d ES amt aenBods b lavBenisdial Ghicr Ad e FEREIRTE! gant o
el ectrol um nescence devi ce according to the invention conprises one or nore
organi ¢ Ndyer Althenghi Hghs ganarssedcm thaammassest layesnbhC anaya
cathode, and enmits light generated in the |um nescent |ayer fromthe

cat hode, berrméitadtfirema hloel s ubshratiesthl,sas shownay FG.an @i bghitrmhydi ng
silver. In a first nethod of manufacturing an organic el ectrol um nescence
devi ce abewmittgdtfromhthe natlned®d 16t he organi ¢ el ectrol um nescence
conprises one or nore organic layers including a |um nescent |ayer between
an anode and dhahhi@elighd ierdrhtbd drbngehercathdde N td)dt lisrofe@s et | ayer
fromthe cathode, and the nethod conprises the steps of: form ng the anode

conpri si gasSithe® tiY adddal 1Y doReprideBh ThétAr s@Fh & sSERpéMAM (OrM ng a
thin filmlayer for hole injection made of a material with a higher work

funct | on okhARKENakIgc' 1362055 R0k B AR dhBo R ADRRRCH AN T noT!

gas formng the one or nore organic layers including t um nescent | ayer

on the thim.fi I eyl nj h op. or.Jm .on the

organi c P%{g}elréé Irgn cg}(‘l(saﬂeoc%%(ij %{r}%ﬁﬂ%ﬁﬁ Er%%’nglr’gg_s lﬂlélén%ra 20%{ 3%% g’aﬁﬁsz WH‘%’
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| um nescent | ayer an anodeégnd ct%z?nﬁod1E anpd_emts light generated
, LhEn g2

bet wee )
in the | dAPSe&tanbe éyf@:ct r emtted threw 9rddRoRs dBAHHEtEEs t he
steps of: form ng the anode_conprising silver or an alloy including silver

on a subdyrapearnvwri Hy ant KlG. 16,1 and acindinatedl by ian eowpwn 1d8ddhef a
material with a higher work function than that of the anode on the anode by
use of ahighteanapshe weaftectrdaper theeanodeedp@nonce dwd athen esmittede t he
thin filmlayer for hole injection is intended to be fornmed form ng the one
or nore ohgemgh theyerthodecligli ng the | um nescent layer on the thin film
|l ayer for hole injection and formng the cathode on the organic layer. In
the organi c elle®keebrNEABsI6RaHYVithe aA68E d11H dotnpFies chromium

or the like, so there is a problem that light absorptance by the anode

112 is high, thereby a loss of light emitted after reflected on the

anode 112 is large. The absorptance by the anode has a large

influence on the organic electroluminescence device. When light-

emitting efficiency is low, the amount of current required to obtain

the same intensity is increased. An increase in the amount of drive

current affects on the life of the device, which is a critical problem

in the practical use of the organic electroluminescence device.

In view of the foregoing, it 1s an object to provide an organic



i nvention) the anode conprises silver wwth a highest reflectance of all of
nmetals or an alloy including silver, so a |oss of |ight absorption by the
anode is reduced, thereby light generated in the |um nescent |ayer can be
efficiently emtted. In the first nethod of manufacturing an organic

el ectrol um nescence device according to the invention, after the anode
conprising silver or an alloy including silver is forned on the substrate,
on the anode, the thin filmlayer fonahple injection is forned in an
atnosphere of an inert gas. Therefore, thin filmlayer for hole injection

t | . i . ted
Prom be: o otsP L En I @ReghBAPRE LB P bntBlleind® (AT RARPE B YO0 ©
hol e i njegtion, -5 1nth th f awuf act ur i i
ol ect rof PR 8 Anoth LEBARES SHRGETTERE s TRaRERD nd AUaRthRa o de
conprising silver or an all og including silver is fornmed on the substrate,
t he thi nT#ap 4‘%}}‘%?‘“&5&‘3}?@% injection is formed on the anode by use of an

area mask with an aperture corresponding to an area where the thin film
| ayer for hole injection is intended to be forned. Therefore, the thin film

| ayer for hole injection can prevent the anode from being deteriorated, and
et chi ng iEISQLOrSa‘JLiBiE&Fde{E&%{NEMTI@M filmlayer for hole injection, so

t he anode can be prevented from being deteriorated and defornmed due to
et chi ng. BRI ERMDESCRARTd Obll€dr Jhim DRANENGE Fddé¥icd isccardarg | ooalthei ew of a
configuration of an organic el ectrol um nescence device according to a first

enbodi NnERhvehtiohe ¢dMPRidedn dhéSor2Anbhé Owgparic algy&ectinetalding ews show ng
a met hod of manufacturing the organic el ectrol um nescence device shown in

FIG 1 inusfifegeest 'fé)f?-r bafwaBH 2B MRS aad ANBlthvisVandOWifg 1ght

nodi fication of a nethod of the organic el ectrolum nescence device

accor di n%etn%rﬁjﬂ@d in the luminescent layer from the cathode, wherein the
anode comprises silver (Ag) or an alloy including silver.

In a first method of manufacturing an organic
electroluminescence device according to the invention, the organic
electroluminescence comprises one or more organic layers including
a luminescent layer between an anode and a cathode and emits light
generated in the luminescent layer from the cathode, and the
method comprises the steps of: forming the anode comprising silver
or an alloy including silver on a substrate; forming a thin film layer
for hole injection made of a material with a higher work function
than that of the anode on the anode in an atmosphere of an inert
gas; forming the one or more organic layers including the
luminescent layer on the thin film layer for hole injection; and
forming the cathode on the organic layer.

In a second method of manufacturing an organic

electroluminescence device according to the invention, the organic



first enbodinment in sequence FIG 4 is a sectional view of a configuration
of an organic el ectrol um nescence device according to a second enbodi nent

of the 6 invention FIGS. 5A and 5B are sectional views show ng a nethod
of manufacturing the organic el ectrol um nescence device shown in FIG 4 in
sequence and FIG 6 is a sectional view of a configuration of a
conventional organic el ectrol um nescence device. BEST MODE FOR CARRYI NG OQUT
THE |1 NVENTI ON Preferred enbodi ments of, the present invention will be
described in nore detail below referring to the acconpanyi ng draw ngs.

LFL ot IR OR b neh BRI Ve SR T by ©
ext o ¢ N e R Rgleg B DS MSBRg R g o et pacBie ok omita e 12, &
| ayer 15 8aRAYaIRchr HbGGIEL ol RIRRPCARS TAVPoARGE | the HPathiigor a6d heubat r af e
11 made of) for exanple, an insulating material such as glass. Further, a
passi vat maetlad goypgiseshbhe)steps fafi fexmangtthe anofdecdomprisamgl silverwhol e
device is sealed with a sealing substrate (not shown). The anode 12 has a
t hi cknesorian allggnimeduidmgg dgilvestoma §hbswiatef fermiignal thinefibmr bxgyetro as
t hi ckness) of, for exanple, 200 nm

for hole injection made of a material with a higher work function

than that of the anode on the anode by use of an area mask with an

aperture corresponding to an area where the thin film layer for hole

injection is intended to be formed; forming the one or more organic

layers including the luminescent layer on the thin film layer for hole

injection; and forming the cathode on the organic layer.

In the organic electroluminescence device according to the

invention, the anode comprises silver with a highest reflectance of

all of metals or an alloy including silver, so a loss of light absorption

by the anode is reduced, thereby light generated in the luminescent

layer can be efficiently emitted.

In the first method of manufacturing an organic

electroluminescence device according to the invention, after the

anode comprising silver or an alloy including silver is formed on the

substrate, on the anode, the thin film layer for hole injection is

formed in an atmosphere of an inert gas. Therefore, thin film layer

for hole injection prevents the anode from being deteriorated, and

the anode can be prevented from being deteriorated during the

formation of the thin film layer for hole injection.



7_ and conprises silver or an alloy including silver, because silver, which
has hi ghest reflectance of all netals) can reduce a |oss of |ight
absorption by the anode 12. The anode 12 conprising silver is preferable
because it can have the highest reflectance, although the anode 12
conprising an alloy of silver and other nmetal is nore preferable, because
chem cal stability and processing accuracy of the anode 12 can be enhanced,
and t he adhesion of the anode 12 to the substrate 11 and the thin film

| ayer for hole injection 13 can be inproved. Silver has very high
reactivity, | p ess) C angde | iQn, thereby it is very
difficult to gﬁ%dﬁggsigéggyﬁAsgé v%% c%%tgﬁ%ﬁﬁﬁﬁﬁﬁgQgglo§ﬁisxﬁéé:grably 50%
by mass oi ve so t hat tp% reflectaace o{ thﬁanode 12 can be

suffici eftPSFrHHINRGRLETLE CRXICH | BKFOFALRRIdT PG | \PY et t8e an all oy
i ncluding silver, paLIadLgn1(Pd) an cqpp?r (Cu)..is prefer%gLe. A pal | adi um
content &%@4g eUBpEIsiBgRiLyAr ohapnallgy ig¢ludme,pdver asforgednem ther ange,

for exanple, fromO0.3%Dby nass to 1% by mass, because the reflectance can
be suf fi substrateenthendbin Ghn laeepdor deeleninigetiomady formed anithal
stability and the adhesion can be enhanced. The thin filmlayer for hole

i nj ecti ormnb8lei by prsevofiat areamhasik evidhf axiagreayuoé chotespadiog snainnt o t he
organi c layer 15, and conprises a material with a higher work function than
t hat of tdreaawhdee lthe Whiwdilm, laylee fdri holé linjdatyei ikomthadedi ty deti on 13
has a function as a protective filmwhich prevents silver or the alloy

i ncl udi ngosmkder TioMRefeRst ithe Whih eoeliyer FopUhb GHBERBH icAnair, and
mtigates 8. danmge to the anode 12 in a manufacturing step after form ng

the anodgigenthies! ahade! fidie baify ! hbBiiayeted Ohnoltchniecty oyl

i nclude, "for exanple, a nmetal such as chromum 'nickel (N); cobalt (Co),

nol ybden latjn (PPt Syl Gop (L), : & | 1.0y, i i at | east
one sel eg%g@doﬁ]gtfﬁg{na%etﬁn%t@}%,faa}re%afrzl)ro%)l) elrg?cgir?b’ osr?eﬂg% Lé[%rg)@%net al s or
the alloy, anitride of apy one of the netals . or the alloy, a
{ranspar GRE SndUer FOEe daltors apelig racietfadter; and dedormb dudde ¢ ne
t hi ckness ,of . the thin filmlayer for hole injection 13 is determ ned
dependin&téﬂﬁgthe light transmttance and el ectrical conductivity of the
material. For exanple, when the thin filmlayer for hole injection 13
conprises an oxide or a nitride with relatively |low electrical conductivity
such as chrom um oxi de *II&% (Cr20s), the thickness is preferably as thin
as, for BRHAFDEGPRIRTHANOF THE DRANMINGSthin filmlayer for hole
injection 13 conprises a netal with high electrical conductivity and | ow
transm tt ance FltChe 1t s cknessiomalpvifver ablay caafighiratim dfoanexagghi, a few
nm On the other hand, when the thin filmlayer for hole injection 13
conpri seglédivolmbinbi@hcel devidecakcorditigctsd va tiyrsanembodiniernsfrithieance, the
t hi ckness can be as thick as a fewnmto a few tens nm The insul ating
| ayer 14 ihseRtidW;ded to secure the insulation between the anode 12 and the
cat hode 16 and accurately forma light-emtting area in the organic
el ectrol um ne j O9pn i <He: A Hhsu i yer 14
FORRL .%ﬁ%‘ﬂrﬁ‘ﬁg& 20Nafe q§éﬁlbﬁﬁ1 ?g@&g shmlﬂr%?ieh?efstlhpa $f

conprises an insulating -9 material suc or exa , I con di oxi de

(Si Cs). i sl atipgyl . i.ckpess,. o r Le
approxiH§F§P9E%36&%%€qgﬁg%ﬁ%uﬁééﬁgﬁgﬁﬁgﬁPﬁgQ?af%?hizﬁgéﬂﬁégernhFéGbortion
14A i s disggsed corresponding to a light-emtting area. The organic |ayer
15 i ncl udet 8ABFBCS nj ecti on | ayer 15A a hole transport |ayer 15B and a
| um nescent | agyer 15C, all _of which are nade qf an organi ¢.material,
i nated i n DGs GIand BETREhGeaHoRal Mo FIAROTBINg Pnﬁnééﬂfl%tlpay@ 15A and
the hole transport |ayer 15B are provided to enhance efficiency of hole
i nj ecti ot mtthodnef theioresninelectyelumpaescpmeel device steeording ép thec enits
light by current injection, and an area of the |umi nescent |ayer 15C
cor r esporfitisterabodineenpentsgqaepert i on 14A of the insulating |layer 14 enmts
li ght.

FIG. 4 is a sectional view of a configuration of an organic

electroluminescence device according to a second embodiment of the



The hole injection |ayer 15A has a thickness of, for exanple, approximtely
30 nm and is nmade of 4,4',4"-tris(3nethyl phenyl phenyl am no)triphenyl am ne
(MIDATA). The hol e transport |ayer 15B has a thickness of, for exanple,
approximately 20 nm and is made of bis[ (N naphthyl)-N-phenyl]benzi di ne
(a-NPD). The lum nescent |ayer 15C has a thickness of, for exanple,
approximately 50 nm and is nmade of 8-quinolinol alum numconplex (Al Q).
The cat hode 16 includes a senmitransparent el ectrode 16A having

sem -transparency to |ight generat ed'i6n' the | um nescent |ayer 15C, and a
transpar eﬂ{, E{ieC“Ode 16B having transm ttance for -10 the |ight
gener at e VHRE” | uni nescent | ayer 15C, which are lamnated in this order

fromthe organj.c, | ayer 15 e sem tr.ansparent el ectrode 16A .ha

i cknoss of - Kbk cfSnand 55 gnEy Phetonst 10N SARVIE fadbetiohibTal 1 0y of
magnesi um (Ng;;a and,silver (MyAg alloy). The magnesiumsilver allo

pr ef er abMyapuiachuxing dbe ongesie eleetrohamanesganseoteviceshowrra FIG.

sem transparent el ectrode 16A is provided to reflect the Iight generated in
t he | um debdreequénsesranidC bet ween the semitransparent el ectrode 16A and the
anode 12. In other words, the sem transparent el ectrode 16A and the anode
12 constitut e HG.e8ananepivhabiview aof nesorfagoratibnodf 4 esaventiondle |i ght
generated in the |lum nescent layer 15C It is preferable that such a

r esonat oprgant@8Rcttélueindseeauvs devidé.l i ght generated in the | um nescent

| ayer 15C causes nmultiple interference to function as a kind of narrowband
filter, and thereby a half-value width of a spectrumof emtted |ight can
be reduced and col or purity can be inproved. For that purpose, it is

prefer ab']ﬁil%? IYPPBE Fd%mm?wﬁ}l\gﬁ%gqoﬁﬁ%thoggwéﬁwd filter and a peak

wavel engt e spectrumo esire e emtted. In other words,
assum ng t hat sg shitt .of reflegt i ght nerated in t node 12
and the semt f&”ﬁ?%‘?ﬁ%m%f"8é&‘?‘8& 5186, i%ge(é% eg?a&?‘,’e%ﬁmgpt‘?’@zl %& st ance
bet ween the a ogig 12 and tgg S| rritrlansparfent el gctrﬁde 16A is L,. and the
peak wavdCSREPRdoriny HBOLR Aot beloWgHeleiingedot dhEe ASHPTRANKINEM t he
cathode 16 is A, the optical distance L preferably satisfies a -11

mat henmat 9€8WIPgBnul a 1, and in fact, the optical distance L is preferably
sel ected to be a positive mninmmvalue satisfying the nmathematical fornula
1. Furt héFirstrBmhwdimrenshati cal fornula 1, the units of L and A may be the
sane, for exanple, "nm'. (Mathematical Forrmula 1) 2L/A+cp/2~ =q (g is an

i nteger) The tRI&hsphr eslioved eat r sektidwdl | sopfiguirdtidnt oof educeorgaicr i cal
resi stance of the semtransparent el ectrode 16A, and is made of an

el ectri caléotrohngliméscemcentievicel abeordiagsud fd dimstt einbadihieaanes the t he

| i ght generated in the |um nescent |ayer 15C. As the material of the
transpar gaveftioat r oAla d@Rnit ¥le&rolnGne ScaitP@eidel 1G] WHiEW ié Rifedm  zi nc
(Zn) and oxygen is preferable, because the compound can obtain good

el ect i ogby GaNAYeHd thi 19p8Motdadic! BYf ARV GL kReREL] BFupisdd adbI ent

tenperature. The transpaféent electrode 1 preferably has I ckness of,

for exar‘r‘@lln%,deai)‘@,r Q4HTR! il l?a%rnfgr hole injection 13, an insulating layer

14, an organic layer 15 and a cathode 16 which are laminated in this
order on a substrate 11 made of, for example, an insulating material
such as glass. Further, a passivation film (not shown) is formed on
the cathode 16, and the whole device is sealed with a sealing
substrate (not shown).

The anode 12 has a thickness in a laminating direction

(hereinafter simply referred to as thickness) of, for example, 200 nm,



The organi c el ectrol um nescence device 10 can be manufactured according to
the followi ng steps, for exanple. FIGS. 2A through 2C show a net hod of
manuf acturi ng the organi c el ectrol um nescence device 10 in sequence. At
first, as shown in FIG 2A) the anode 12 conprising silver or an all oy
including silver with the above-described thickness is forned on the
substrate 11 nade of the above-descri bed material through, for exanple,
direct current sputtering, which is carried out by the use of, -12 for
exanple, argon (Ar) as a sputtering gas at a pressure of, for exanple, 0.2
Pa and ar&xﬂ%tcgm?ﬂge%f%ﬁv&x%qpla?r a?fgo% %SP&&%I% 2A91ve ,Ovmecg[&sgl 1v§f6" the

or ho nmade O e

thin filmlayer r e 1 njéction he "‘above-descri ‘mat eri al
with the_abo escr.iped thhckness | or on the anode 12 through, for
exanpl o AGH Eragienes: LENFTERR ool RFRsr Pak el R A0S PPVRI L, ' For
hole injection 13 is eferably_forned at a,pressure of, for. exanple, 0.3
Pa and aﬁ%éefbﬂf’no?o,y Phe anadpl 121009 | Anade fm%ﬁer@les sHVehdst gas

usi ng an inert baas of argon (Ar), nitrogen (Nz) or the |like as a_sputtering

)
gas. TheDbrefauablethecamssiitvean baverthedighesthreaefeamce? althomgh theo when

the thin filmlayer for hole injection 13 is fornmed in an at nosphere of
oxygen, tmedendde comprisuigamxaldoyeedf sitverechode othee mital fis| mdrayer for
hol e injection 13 made of an oxide such as, for exanple, chrom um oxide is
pr ef er ablprefarabdd, hetause ahentionkptedititpfand pgecessingpauratplofttheget such
as a chromumtarget but in an atnosphere of an inert gas using an oxide

target sugidbdas]lghyagivbenewkafdeed, Next, tias agdhewivon bf the arbde tietanbde 12 and
the thin filmlayer for hole injection 13 are selectively etched through

| i thogr aghpspyatel Q1 &XATPhE tHAnTEARH 189bH f0PNh6le RhiddtforCIH capNBBPhOr i C
acid and acetic acid to be patterned ih predeterm ned shapes. After that,
1

as shown.j 2 i.ns ; I . L 1 e-ﬂgﬁﬁr'bed

t hi cknesslh{bsl%}vgrdhe (ﬁ%eg\?&rV%ﬁé%gggsﬁégﬁbﬁ?%ﬂwﬁféﬁe@%ﬁ(% em cal vapor
deposi tiqn and an area of the i.nsul ati I .14 -13 corresponding to
2 PP oht - aHa 1R el R SiRaebdti BN LA BBah T 6 e plv i o

|l ithography to fgrmthe apertyre rti.on 14A. Aft form ng the insulating
| yer 14" as. ShBOT GORFERT B therAllng 8 hrhfeiatily SU%) e sk OF R¥ehol e
transport |ayer 15B, the |um pescent |ayer 15C and the transparen

el ect r odEOTRIR e EPfIGRtaREeph Lhadmaste §BeiahBoe uliiasnu e mRRBSTI 5 wi t h
the above described thicknesses are formed in order through, for exanple)
vapor depbsithe alloninchiding sdvenyforhexamplef an adonlinictu sHuek 21 with
an aperture 21A corresponding to an area where the layers are intended to
be fornegaltddivny®d and copeeer(@hi)yisf prefedabbe.r eAppaladiumocoinent

light-emtting area, that is, the aperture portion 14A of the insul ating

| ayer 14.andwessper tontertt i ithul 41169 axer pyefovablapdchiieposahgonfornl y on
the aperture portion 14A with high accuracy, so the |ayers are preferably

formed orxbhep M) Fr8mPDEI% W nhRsd kO %4y askhRARe0thd Beflbotsidcat i ng
| ayer 14 around the aperture portion 14A
can be sufficiently enhanced, and the processing accuracy, the
chemical stability and the adhesion can be enhanced.
The thin film layer for hole injection 13 is provided to enhance
efficiency of hole injection into the organic layer 15, and comprises a
material with a higher work function than that of the anode 12.
Moreover, the thin film layer for hole injection 13 has a function as a

protective film which prevents silver or the alloy including silver

from reacting with oxygen or a sulfur content in air, and mitigates



More specifically, at first, 0.2 g each of the materials of the hole
injection |ayer 15A, the hole transport |ayer 15B and the | um nescent | ayer
15C are filled in, for exanple, respective boats for resistance heating,
and the boats are nmounted on predeterm ned el ectrodes of a vacuum
deposition apparatus (not shown). For exanple, regardi ng magnesi um and
silver formng the sem transparent electrode 16A, 0.1 g of nagnesi um and
0.4 g of silver are filled in respect_i8v_e boats for resistance heating, and
t he boats -14 are nounted on predeterm ned el ectrodes of the vacuum
deposi ti r.at t: S . r : uum

P A FRRE D! tre WhVde Eg%a @;H&lﬁ%ctufxégaggﬁaﬁ?geir génilmﬁ?g%‘%%

deposi ti on apparatus (not s rexanp est'um and

silver is used. ,Nex after a ressure.of an atnposphere. i.n f.he cuum
deposi t i GRC&Gparat L@a(tﬁ&a%h%ﬁﬁ?‘ei B il fs ?&3@8@3895?.“0@0' 4 Pa, a
vol tage IS lied to each boat for resistance heatin o.heat in order,
Lher oby iRELHR doF xample Rapetal suchiagc BP@lPPhngﬁ‘g‘reh ﬁl\ﬁiepofnﬁ t he

| um nescent | ayer 15C and the sem transparent el ectrode 16A are_deposited
in order (Cohermelbdenum {Npar platispaet &?Jée oreAilieonepdidi t @@, ak@ynesi um
and silver are deposited together, and a growh rate ratio of nmagnesiumto
silver i dnehtdiag af teadxemplselecded.freimahe yabavieemetats par entoxddeadfr ode 16B
is formed on the sem transparent el ectrode 16A by the use of the sane

met al | i c amys&n bfttheongitald or theaailby, a diiteide cfiangrinespfithermegalswhi ch is
carried out by the use of a m xed gas of argon and oxygen (a volunme ratio

of Ar:02s:GH@: él)losa,Solaa&@uhtsFa'rm gesdattidenassHat sath {LITOXaNRI@, 0.3 Pa,
and an out put of, for exanple, 40 W Thereby, the organic

el ectr ol wie 800 Gh 4t HCEniER nBBOWT tHe THiG filmd Paydd! fidholeNirjBEi8hIaN ¢
el ectrol um nescence device 10, when a predeterm ried voltage I's applied

bet t : :  hod , g t,d . 1§ I th

o en e arnetRiAR WISGEARRISa, ISR dRLERREY, il
itted inly f i f id f the | um | ay 15C.

o+ 2, At QR TSR BB, Rl SR, S8 The

o S SRk eSSl W LS AES5 S5, SLARLAP L ISR, 0 o be

including silver, so reflectance of the anode 12 is enhanced. Thereby, the
|ight gerelafigelyi howhelectricatsomduatixisy aueh jas ehromivm loxidei €{Bd. * Thus,
according to the enbodi nent, the anode 12 conprises silver or an alloy

i ncl udi ngcsia@v)er theo thieknedd eist aprefevsbbheasntbin 12scaforbeexamalbeed, and a
| oss of |ight absorption by the anode 12 can be reduced. Thereby,

ef fi ci enapporbxematelynd nine | Witen geedehan dilm daybe forhiodesnpntidmydr 15C can
be inproved. Mre specifically, the anode 12 conprising an alloy including
silver, pahmdsesn andmeopbewith | dMghi rgleotticql t fendherivizgl sidbildwty, the
processi ng accuracy and the adhesion. Further, when the silver content in

the all oxrafish@fbaneeBAS HicRHESs is RRefEidAGIANERIL B, Bor xhidlecat |y
enhanced, and the chemical stability, the processing accuracy and the
adhesi on g@N nhg. | "HHOYRE: other hand, when the thin film layer for hole
injection 13 comprises ITO with high electrical conductivity and
high transmittance, the thickness can be as thick as a few nm to a
few tens nm.
The insulating layer 14 is provided to secure the insulation
between the anode 12 and the cathode 16 and accurately form a

light-emitting area in the organic electroluminescence device 10 in a

desired shape. The insulating layer 14 comprises an insulating



Mor eover, when the thin filmlayer for hole injection 13 nmade of a materi al
with a higher work function than that of the anode 12 is di sposed between
the anode 12 and the organic |layer 15, the efficiency of hole injection
into the organic |layer 15 can be further enhanced. Further, silver or an
alloy including silver conprised in the anode 12 can be prevented from
reacting with oxygen or a sulfur content in air, and damage to the anode 12
in a manufacturing -16 process after, form ng the anode 12 can be
mtigated. In addition, in the case mﬁ%re the thin filmlayer for hole
injection 13 is formed in an_ atnos re of. an ipert,gagq.uen if.the anode
12 conpr manif) | BRE; s n B WBREIE, ¢ p2hieth PRI TGH g Thever " the
anode 12 .can, be prevent from hej deteriprated such as oxj dati.on during
he T or i UIRIORELRISERIH 199 M FRYBRessr Chlos $7 BRITOAPPIOXIAALIN: ar get
properties of the anode 12 can be obtained, and thereby the organic
el ect r ol G90nasbenrd devhednsylabag: tayey 14, taﬁ’eaéﬁ’é‘i}!}ienﬁﬂftleanl‘gé Basily
obt ai ned. [ Mdification] FIGS. 3A and 3B show a nodification of a nethod of
manuf act dispeseadheonregnonding éetar ightiemeytrg ardavi ce 10 according to the
first enbodinment. In the nodification, the thin filmlayer for hole
injection 13 iThd orgadichiayenel finwclofddearm hoba inpekio2R]aytdrel 8Ay atlhaet hin film
| ayer for hole injection 13 is not required to be patterned through

|'i t hogr agPyn Oporthtaydrk@5BAanid ASkum ixsesteasnldyerFLEC, 3Al fswHesicrareed above,
the anode 12 1s forned on the substrate 11, and then is patterned. Next, as
shown i nprh&e o3Bin bRERRANIndtRTiAX 2aRiRatéd 9h HiE W+ARE rsRUih&aindde DY the
use of the area mask 22 with an aperture 22A corresponding to an area where
the thinqfl far. i JYLCY Ean i1S, | b r , the
thin film 'a%b@ﬁélehﬁ@ﬁhﬁé <5158 ?%éf%r:errggi%2?@9%‘%&&%’{9&%%t, t hat
is, on the pattet ode.12. The.conditiops,of filmf.ormation such as the
sput ter | AgeqauoThied o B0 Rratre SOREONLY | 65 p8le, BB o, oY

enbodi nent . .Then int case of the first.enmbodinent,. the jinsulating
Cayer 14 TupBesfnflabPu Bt 5 he yidSesdimol AT AP Putitediehh by
according to the nodification, the thin fihg\layer for ho&e injecéion 13 is
formed byufkenbstnigetione anda sms@res, of; the Jymineseenpbqlavehalbern the
thin filmlayer for hole injection 13 through |ithography or the |ike.

Ther ef or €oresanendingHi® bh@@@exizummpm@@sléglQ/fetrhwmwlﬁﬁtgmg dagerildity or an
alloy including silver, the anode 12 can be prevented from bei ng etched too
much dur iemgitetleglithg to pattern the thin filmlayer for hole injection 13,

or being deteriorated. Thereby, the patterning accuracy of the anode 12 can

be inproved, &k twlgdnjectiperiaiyes DIAthes anohirkhdseanf, ferodanpdel. | n
ot her words, the organic el ectrolum nescence device according to the

enbodi nerfppreRimatensi | goobtained.and is made of 4,4',4"-tris(3-
methylphenylphenylamino)triphenylamine (MTDATA). The hole
transport layer 15B has a thickness of, for example, approximately
20 nm, and is made of bis[(N-naphthyl)-N-phenyllbenzidine (a-NPD).
The luminescent layer 15C has a thickness of, for example,
approximately 50 nm, and is made of 8-quinolinol aluminum

complex (Alq).
The cathode 16 includes a semi-transparent electrode 16A

having semi-transparency to light generated in the luminescent

layer 15C, and a transparent electrode 16B having transmittance for



[ Second Enbodi nent] FIG 4 shows a sectional configuration of an organic
el ectrol um nescence device according to a second enbodi nent of the

i nvention. An organic el ectrol um nescence device 30 is equivalent to the
organi c el ectrol um nescence device 10 described in the first enbodi nent,
except that the thin filmlayer for hole injection 13 is disposed on the

anode 12 and the insulating |ayer 14. Therefore, |ike conponents are
denoted by like nunerals as of the fjg@t_ enbodi ment and will not be further
expl ai ned. FIGS. 5A and 5B show a nethod of manufacturing the organic -18

el ectrol yyn c A iR S ce. At first, shawn,in FI G 5A)
as in thgﬂtt%agggcl@;1 ?%rgee%ait(régt %gn&?{‘ﬁ errlglgﬁi,he()sﬁefl%efl% %}st}gf’}é T’%lcbheargnode 12
is forme and then i g .patterned in r edet er nj ned pe t,hrough, for
exani o ppiRaGd o i praeE Bnpho e Eamenaie H T naRE AR | ne
first enmbodi nent, the insulating |ayer 14 |s forned all_ over the_anode 12
and the drdRepagent;jelegtro ‘he1§§er 8fe ﬁ)orthq}meﬁm pE flormearamele) as
shown in FIG 5B, by the use of an area nmask 23 with an aperture 23A

cor r espoR@PAgXtBagelyadfanuhenndt e made) ofi am aldgeroff sragngseum (M) on 13 is
intended to be forned, as in the case of the first enbodinent, the thin
filmlayemd esilvesl éMgAgcalloy.13 The fmagedsivan-gilver talhey) predetably fil m

| ayer for hole injection 13 is laid on the whole aperture portion 14A and
an edge &fastdenagaesiaim it9-didyer mlabsaratio@ftheo aperture portion 14A. After
that, by the use of the sane area mask 23) as in the case of the first

enbodi nent, t MhOkEAIHEamRYaread ABEtrbde teAMRdgrdidedetd eemeds thaus,
according to the enbodinent, the thin filmlayer for hole injection 13 is

formed byjdiie gus@rofed e 3h8a1RBIKedEnSWwyBE. %@Osgf@@énwwi&%ﬁy he

effects equal to those of the above nodificCation. Mreover, specific

| “those of th fItation. M i
The Ti ot eneRirl Bl Rfad 1 M dRAE" hAGe Po7 T tp' Bl ORERe TR (D

second enbodi ment, the organic.el egt,rol um nescence deyi ces r

manuf act §F8H. &eﬂtns’tpﬁgfmﬁ Frge,cr%f'?l%e %i‘b %‘h@d@’ﬁza% rﬁ?e&oé‘ﬁ%ﬁlul%%y & ncl udi ng
98% by mass of silver, 1% by mass of palladiumand 1% by mass of copper,
and the TRPOMARF ROrEPLY n}@rr?ﬁﬂr@wﬁj%@fqlbﬁei@n%tﬁ%pth%‘iﬁwhgww xi de
(Irr) (Cr20s).. Wien the light-emtting efficiencies of the organic

el ect r ol d&hitheshuniresrent dayendbC delbisrpreterablethphsugshi a yesanapgoo
(cd/nR), a voltage of 6.47 ( and a current of 0.341 (mdy), all of them
wer e appisxiomstiduged,1bzcqusy Ahe light gevepated iinethex buplinesdentt kagwpect to
t he exanples, in a manner simlar to the exanples, an organic

el ect r ol UAG eseeesemadtipde wrsrferemed. tollfienctiganas ®!lantdr of ummescence
devi ce was equi valent to the exanples except that |ike a conventional one,

t he anodéag@mpilteechmheheiraby aahdlftvigluehividih lohd %ﬁ@étr‘ftﬁﬁ dfoémitteidect i on
was not formed. The light-emtting efficiency of the organic

el ectr ol y{pHicsnEPecrédRide@CaRd colsr FAFRY Gidl V8 BB determ ned at an
intensity of 1000 (cd/nR), a voltage of 7.16 (V) and a current of 0.69 (M)
was 5.86 (cd/ Alor that purpose, it is preferable to match a peak wavelength

of the narrow-band filter and a peak wavelength of the spectrum of

light desired to be emitted. In other words, assuming that a phase

shift of reflected light generated in the anode 12 and the semi-

transparent electrode 16A is @ (rad), an optical distance between

the anode 12 and the semi-transparent electrode 16A is L, and the

peak wavelength of the spectrum of light desired to be emitted from

the cathode 16 is A, the optical distance L preferably satisfies a



Thus, the exanples could obtain approximately twi ce higher light-emtting
efficiency than that of the conparative exanple. In other words, it turned
out that the anode 12 conprising silver could enhance the reflectance
thereof, thereby resulting in inproved properties. The invention is
described referring to the enbodi nents. However, the invention is not
limted to the above enbodi nent, but is applicable to various

nodi fications. For example, the inveni%gn -20is not limted to the
materials and thickness of each |layer or the nethod and conditions of film

ot o RS LPEE Fro0Y SRR R0, S P, DR
oot ol BPHRHRCE BEVIL d0ahE HaHBeTHA BN Tal ey ety ing dPE slch as
{1 anspar SRR TRABAHICHRdOTBIRGY. ndiBboHe RSt MaRERBHESLAOTHRA shy ot hor
| ayer may be further comprised. In addition, although Rpe i nvention can be
appl i ed tbetumite ofd. aindrk nae bectha pamspdorexamples Moge’. 16A i s not
conprised, an object of the invention is to enhance the reflectance of the
anode 12 (Msthemeatiagk Fenendat e senitransparent el ectrode 16A and the anode
12 constitute a resonant portion in a resonator can obtain a higher effect.
As described @igXed/2r £4€qasganinteglegrt rol um nescence device
The transparent electrode 16B is provided to reduce electrical
resistance of the semi-transparent electrode 16A, and is made of an
electrically conductive material having sufficient translucency to the
light generated in the luminescent layer 15C. As the material of
the transparent electrode 16B, for example, a compound including
indium, zinc (Zn) and oxygen is preferable, because the compound
can obtain good electrical conductivity even if film formation is
carried out at ambient temperature. The transparent electrode
16B preferably has a thickness of, for example, approximately 200
nm.
The organic electroluminescence device 10 can be
manufactured according to the following steps, for example.
FIGs. 2A through 2C show a method of manufacturing the
organic electroluminescence device 10 in sequence. At first, as
shown in FIG. 2A, the anode 12 comprising silver or an alloy
including silver with the above-described thickness is formed on the

substrate 11 made of the above-described material through, for

example, direct current sputtering, which is carried out by the use of,



according to the invention, the anode conprises silver or an alloy
including silver, so the reflectance of the anode can be enhanced, and a

| oss of |ight absorption by the anode can be reduced. Thereby, the
efficiency of emitting |ight generated in the |um nescent |ayer can be

i nproved. Specifically, in the organic el ectrolum nescence device accordi ng
to the invention, the anode conprises an alloy including silver, palladium
and copper, so the chemcal stability 2t_he -21 processing accuracy and

t he adhesi on of the anode can be inpr%ved, thereby resulting in further

the adhe | _ ther _ rih

aceor ot ndof RS, alEOEED ok IR TRERIL S R AP URBESTE B o) s
, i | flect b fficCi I h d, th

Chen cal SSRER 5 B2 KnBnk B CRUPHY oLtk Sxymplfy SR Wanesi on can b

[ perties. Further) in the

i nproved, thereby resulfing in f her roved pr,.

organi c el ect Po¥%fmi ﬁéségﬁﬁ’@ dé‘vifg@ac%%’rgﬁwg ‘f’ént ﬁﬁmr nAFSET £ Rl t hin
filmlayer for hole injection with a_higher work function than that of the
anode i s igjientipred hanaderpt: Hee phnye-descnibed omgserial | witdy thecaboree-
efficiency of hole injection into the organic |ayer can be enhanced.

Furt her) deiscvidredothigknaks dy fonnleddonghei Anede déhphieegh,i fortdrmampbele can be
prevented fromreacting with oxygen or a sulfur content in air, and can

m ti gat e highefyequionthepartoekdinigh aAtrehiy tiehey thg thirefilal 1eyerf fornhele t he
anode. In a nethod of manufacturing the organic el ectrolum nescence device

accor di ngnjertidie 1Y€ piretdrableforfidy fait! a0 gr@%8aré T, ot %ﬂa@hfret, i®8 is
formed in an atnosphere of an inert gas, so even if the anode conprises

si | ver WiPahahidgéﬂﬁrodt%%%tdfvif&ﬂg%nﬁﬂg?'l M%erggxggisghw@fof aw?%@ftode can

be prevented from being déteriorated such as oxi n during the formation

ted | ared’Such a5 ox/ da i | rmat ¢
The. anood ok iR o Berked B REEAFP otk UELE A0F) of FREHRP R Rnce” °

devi ce acs%%rt érnl%gt gaé.heThe reactivity of silver comprised in the anode 12

is high, so when the thin film layer for hole injection 13 is formed in
an atmosphere of oxygen, the anode 12 is also oxidized. Therefore,
the thin film layer for hole injection 13 made of an oxide such as, for
example, chromium oxide is preferably formed not in an atmosphere
of oxygen using a metal target such as a chromium target but in an
atmosphere of an inert gas using an oxide target such as chromium
oxide.

Next, as shown in FIG. 2B, the anode 12 and the thin film
layer for hole injection 13 are selectively etched through lithography
by, for example, a mixed solution of nitric acid, phosphoric acid and
acetic acid to be patterned in predetermined shapes. After that, as
shown in FIG. 2B, the insulating layer 14 with the above-described
thickness is formed all over the substrate 11 through CVD (chemical

vapor deposition), and an area of the insulating layer 14



-22 invention can be easily obtained. Mreover, in a nethod of

manuf acturing organi c el ectrol um nescence device according to the
invention, the thin filmlayer for hole injection is formed by the use of
the area mask, so the thin filmlayer for hole injection is not required to
be patterned through lithography or the |ike. Therefore, even if the anode
conprises silver with high reactivity or an alloy including silver, the
anode can be prevented from being etpﬂgd too nuch during etching to pattern
the thin filmlayer for hole injection or frombeing deteriorated. Thereby,

whi | h i f : . be_ i . :
propert 1 SeFBREARiER 36" A0 Tt el BR” et iner solBPHE R 1 b BloNEH
I | upm devi di the | ti b il
Obt 8 ned PEBVEBULT, HaRp Rl £ EXANIENL SAEREHA APPBIERORAER fident
I nvention are ssiple.in the,ligg%égf he above teachi ngs.ﬂté I s therefore

to be under st ey Harmjingnthe dngl g Byearhd4aMseRREW IR t KC:i nventi on
may be practiced otherwi se than as specifically described. -23 CLAIMS 1.

An” or ganitBeehele riglantinasdeyre Hedi dhe dudpr fedansporéndaxsr R, dhgani c
| ayers including a | um nescent | ayer between an anode and a cat hode, the
or gani ¢ éheunestemt Nayeent&Cdand dhenitranspgaténthtelgetrodat d6A mll hef
| um nescent |ayer fromthe cathode,
which are made of the above-described materials with the above-
described thicknesses are formed in order through, for example,
vapor deposition. At this time, by the use of a metallic area mask
21 with an aperture 21A corresponding to an area where the layers
are intended to be formed, the layers are preferably formed
corresponding to the light-emitting area, that is, the aperture
portion 14A of the insulating layer 14. However, it is difficult to
carry out vapor deposition only on the aperture portion 14A with
high accuracy, so the layers are preferably formed on the whole
aperture portion 14A and an edge of the insulating layer 14 around
the aperture portion 14A.

More specifically, at first, 0.2 g each of the materials of the
hole injection layer 15A, the hole transport layer 15B and the
luminescent layer 15C are filled in, for example, respective boats for
resistance heating, and the boats are mounted on predetermined
electrodes of a vacuum deposition apparatus (not shown). For
example, regarding magnesium and silver forming the semi-

transparent electrode 16A, 0.1 g of magnesium and 0.4 g of silver

are filled in respective boats for resistance heating, and the boats



wherein the anode conprises silver (Ag) or an alloy including silver. 2. An
organi c el ectrol um nescence device according to claim1, wherein the anode
conprises an alloy including silver, palladium(Pd) and copper (Cu). 3. An
organi c el ectrol um nescence device according to claim1l) wherein the anode
conprises 50% by mass or over of silver. 4. An organic el ectrol um nescence

devi ce according to claiml, wherein a thin filmlayer for

hol e i njection

made of a material with a higher Work}éunction than that of the anode is

conpri sed between the anode and the o

COI’TpI’ISGS a sem ransp rent e

anic layer. 5. An organi C

el ectrol ynnescence &? 152688 Igé({'%e].é%trgﬁ-gg rgfl%lhe v%l% turl%n ea)a aﬁ{,gde

to |ight

gener at ed | n_the |klm ne; cent

paratus own Iayl‘eui'ther as a cathode of the vacuum
deposition apparatus (not shown), for example, an alloy of
magnesium and silver is used. Next, after an pressure of an
atmosphere in the vacuum deposition apparatus (not shown) is
reduced to, for example, 1.0x104 Pa, a voltage is applied to each
boat for resistance heating to heat in order, thereby the hole
injection layer 15A, the hole transport layer 15B, the luminescent
layer 15C and the semi-transparent electrode 16A are deposited in
order. When the semi-transparent electrode 16A is deposited,
magnesium and silver are deposited together, and a growth rate
ratio of magnesium to silver is set at, for example, 9:1.

Finally, the transparent electrode 16B is formed on the semi-
transparent electrode 16A by the use of the same metallic mask 21
through, for example, direct current sputtering, which is carried out
by the use of a mixed gas of argon and oxygen (a volume ratio of
Ar:02=1000:5) as a sputtering gas at a pressure of, for example, 0.3
Pa, and an output of, for example, 40 W. Thereby, the organic
electroluminescence device 10 shown in FIG. 1 is formed.

In the organic electroluminescence device 10, when a
predetermined voltage is applied between the anode 12 and the
cathode 16, a current is injected into the luminescent layer 15C to
re-bond holes and electrons, thereby light is emitted mainly from an

interface on a side of the luminescent layer 15C. The light is



the sem transparent el ectrode and the anode constitute a resonant portion
In a resonator resonating light generated in the |lum nescent |ayer. 6. An
organi c el ectrol um nescence device according to claim5, wherein assuni ng
that a phase shift of reflected |ight generated in the anode and the

sem transparent electrode is ~, an optical distance between the anode and
the semtransparent electrode is L and a peak wavel ength of a spectrum of
light emtted fromthe cathode is a, %5@ optical distance L is a positive
ni ni num val ue satisfying a nmathematic formula 2: (Mathematical Fornula 2)

glt{e are~! aibf) kSrRBd A 48TGekn fhe ALTINAD RhdTRAY AHING AL gani ©

nce e org el ec um nescence conpri Si ng one

I di d d
cat hode SHEFR hﬁ%t% 'g&fheéeh%?%%s R WS the
t hode, _th th t he st f. f th d
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| ayer for hole injection made of anaterlal )
including “silver, so reflectance of the anode 12 is enhanced.

Thereby, the light generated in the luminescent layer 15C is
efficiently emitted.

Thus, according to the embodiment, the anode 12 comprises
silver or an alloy including silver, so the reflectance of the anode 12
can be enhanced, and a loss of light absorption by the anode 12 can
be reduced. Thereby, efficiency of emitting the light generated in
the luminescent layer 15C can be improved.

More specifically, the anode 12 comprising an alloy including
silver, palladium and copper allows improving the chemical stability,
the processing accuracy and the adhesion. Further, when the silver
content in the alloy is 50% by mass or over, the reflectance can be
sufficiently enhanced, and the chemical stability, the processing
accuracy and the adhesion can be improved.

Moreover, when the thin film layer for hole injection 13 made
of a material with a higher work function than that of the anode 12
is disposed between the anode 12 and the organic layer 15, the
efficiency of hole injection into the organic layer 15 can be further
enhanced. Further, silver or an alloy including silver comprised in
the anode 12 can be prevented from reacting with oxygen or a sulfur

content in air, and damage to the anode 12 in a manufacturing



-25 with a higher work function than that of the anode on the anode in an
at nosphere of an inert gas formng the one or nore organic |ayers including
the lum nescent layer on the thin filmlayer for hole injection and form ng
t he cathode on the organic layer. 8. A method of manufacturing an organic
el ectrol um nescence device, the organic el ectrol um nescence conprising one
or nore organic layers including a | um nescent | ayer between an anode and a
cathode and emtting |ight generated. yp_the |um nescent |ayer fromthe

cat hode, the nethod conprising the steps of: form ng the anode conpri sing

oL ver (el et PhyBASHICH B3 6l 3 Auciialaace Tormna @ thin f11m

In addition, in the case where the thin film layer for hole
injection 13 is formed in an atmosphere of an inert gas, even if the
anode 12 comprises silver with high reactivity or an alloy including
silver, the anode 12 can be prevented from being deteriorated such
as oxidation during the formation of the thin film layer for hole
injection 13. Thus, target properties of the anode 12 can be
obtained, and thereby the organic electroluminescence device 10
according to the embodiment can be easily obtained.

[Modification]

FIGs. 3A and 3B show a modification of a method of
manufacturing the organic electroluminescence device 10 according
to the first embodiment. In the modification, the thin film layer for
hole injection 13 is formed by the use of an area mask 22, thereby
the thin film layer for hole injection 13 is not required to be
patterned through lithography or the like.

At first, as shown in FIG. 3A, as described above, the anode 12
is formed on the substrate 11, and then is patterned. Next, as
shown in FIG. 3B, through, for example, high frequency sputtering,
by the use of the area mask 22 with an aperture 22A corresponding
to an area where the thin film layer for hole injection 13 is intended
to be formed, the thin film layer for hole injection 13 is formed only

on desired part, that is, on the patterned anode 12. The conditions

of film formation such as the sputtering gas and so on are the same



wi th a higher work function than that of the anode on the anode by use of
an area mask with an aperture corresponding to an area where the thin film
| ayer for hole injection is intended to be forned form ng the one or nore
organic layers including the |um nescent |ayer on the thin filmlayer for
hol e injection and form ng the cathode on the organic |ayer.
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lithography or the like. Therefore, even if the anode 12 comprises

silver with high reactivity or an alloy including silver, the anode 12

can be prevented from being etched too much during etching to

pattern the thin film layer for hole injection 13, or being

deteriorated. Thereby, the patterning accuracy of the anode 12 can

be improved, and target properties of the anode 12 can be obtained.

In other words, the organic electroluminescence device according to

the embodiment can be easily obtained.

[Second Embodiment]

FIG. 4 shows a sectional configuration of an organic
electroluminescence device according to a second embodiment of the
invention. An organic electroluminescence device 30 is equivalent
to the organic electroluminescence device 10 described in the first
embodiment, except that the thin film layer for hole injection 13 is
disposed on the anode 12 and the insulating layer 14. Therefore,
like components are denoted by like numerals as of the first

embodiment and will not be further explained.

FIGs. 5A and 5B show a method of manufacturing the organic
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electroluminescence device 30 in sequence. At first, as shown in
FIG. 5A, as in the case of the first embodiment, on the substrate 11,
the anode 12 is formed, and then is patterned in a predetermined
shape through, for example, lithography. Next, as shown in FIG.
BA, as in the case of the first embodiment, the insulating layer 14 is
formed all over the anode 12 and the substrate 11, and the aperture
portion 14A is formed. Next, as shown in FIG. 5B, by the use of an
area mask 23 with an aperture 23A corresponding to an area where
the thin film layer for hole injection 13 is intended to be formed, as
in the case of the first embodiment, the thin film layer for hole
injection 13 is formed. At this time, the thin film layer for hole
injection 13 is laid on the whole aperture portion 14A and an edge of
the insulating layer 14 around the aperture portion 14A. After
that, by the use of the same area mask 23, as in the case of the first
embodiment, the organic layer 15 and the cathode 16 are formed.

Thus, according to the embodiment, the thin film layer for
hole injection 13 is formed by the use of the area mask 23, so the
embodiment provides the effects equal to those of the above
modification.

Moreover, specific examples of the invention will be described
below.

In a manner similar to the first embodiment, the modification
of the first embodiment and the second embodiment, the organic

electroluminescence devices were manufactured. At that time, the
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109%& () - ahode 12 comprised an alloy including 98% by mass of s11ver, 1% by
mass of palladium and 1% by mass of copper, and the thin film layer
for hole injection 13 comprised chromium oxide (III) (Cr203). When
the light-emitting efficiencies of the organic electroluminescence
devices were determined at an intensity of 1000 (cd/m2), a voltage of
6.47 (V) and a current of 0.341 (mA), all of them were approximately
11.7 (cd/A).
As a comparative example with respect to the examples, in a
manner similar to the examples, an organic electroluminescence
device was formed. The organic electroluminescence device was
equivalent to the examples except that like a conventional one, the
anode comprised chromium, and the thin film layer for hole injection
was not formed. The light-emitting efficiency of the organic
electroluminescence device of the comparative example determined
at an intensity of 1000 (cd/m2), a voltage of 7.16 (V) and a current of
0.69 (mA) was 5.86 (cd/A).
Thus, the examples could obtain approximately twice higher
light-emitting efficiency than that of the comparative example. In
other words, it turned out that the anode 12 comprising silver could
enhance the reflectance thereof, thereby resulting in improved
properties.
The invention is described referring to the embodiments.

However, the invention is not limited to the above embodiment, but

is applicable to various modifications. For example, the invention
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is not limited to the materials and thickness of each layer or the
method and conditions of film formation described in the above
embodiments, but any other materials and thickness or any other
method and conditions of film formation may be applicable.

In the above embodiments, the configurations of the organic
electroluminescence device are described in detail, but all layers
such as the thin film layer for hole injection 13, the insulating layer
14 or the transparent electrode 16B may not be necessarily
comprised, and any other layer may be further comprised. In
addition, although the invention can be applied to the case where
the semi-transparent electrode 16A is not comprised, an object of the
invention is to enhance the reflectance of the anode 12, so the case
where the semi-transparent electrode 16A and the anode 12
constitute a resonant portion in a resonator can obtain a higher
effect.

As described above, in the organic electroluminescence device
according to the invention, the anode comprises silver or an alloy
including silver, so the reflectance of the anode can be enhanced,
and a loss of light absorption by the anode can be reduced. Thereby,
the efficiency of emitting light generated in the luminescent layer
can be improved.

Specifically, in the organic electroluminescence device
according to the invention, the anode comprises an alloy including

silver, palladium and copper, so the chemical stability, the
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processing accuracy and the adhesion of the anode can be improved,

thereby resulting in further improved properties.

Moreover, in the organic electroluminescence device according
to the invention, the silver content in the anode is 50% by mass or
over, so while the reflectance can be sufficiently enhanced, the
chemical stability, the processing accuracy and the adhesion can be
improved, thereby resulting in further improved properties.

Further, in the organic electroluminescence device according
to the invention, the thin film layer for hole injection with a higher
work function than that of the anode is disposed between the anode
and the organic layer, so the efficiency of hole injection into the
organic layer can be enhanced. Further, silver or an alloy
including silver comprised in the anode can be prevented from
reacting with oxygen or a sulfur content in air, and can mitigate
damage to the anode in a manufacturing step after forming the
anode.

In a method of manufacturing the organic electroluminescence
device according to the invention, the thin film layer for hole
injection is formed in an atmosphere of an inert gas, so even if the
anode comprises silver with higher reactivity or an alloy including
silver, the anode can be prevented from being deteriorated such as
oxidation during the formation of the thin film layer for hole

injection. Therefore, target properties of the anode can be obtained,

and thereby the organic electroluminescence device according to the
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invention can be easily obtained.

Moreover, in a method of manufacturing organic
electroluminescence device according to the invention, the thin film
layer for hole injection is formed by the use of the area mask, so the
thin film layer for hole injection is not required to be patterned
through lithography or the like. Therefore, even if the anode
comprises silver with high reactivity or an alloy including silver, the
anode can be prevented from being etched too much during etching
to pattern the thin film layer for hole injection or from being
deteriorated. Thereby, while the patterning accuracy of the anode
can be improved, target properties of the anode can be obtained. In
other words, the organic electroluminescence device according to the
invention can be easily obtained.

Obviously many modifications and variations of the present
invention are possible in the light of the above teachings. It is
therefore to be understood that within the scope of the appended
claims the invention may be practiced otherwise than as specifically

described.
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1. An organic electroluminescence device, comprising:

one or more organic layers including a luminescent layer
between an anode and a cathode, the organic electroluminescence
device emitting light generated in the luminescent layer from the
cathode,

wherein the anode comprises silver (Ag) or an alloy including

silver.

2. An organic electroluminescence device according to claim
1, wherein the anode comprises an alloy including silver, palladium

(Pd) and copper (Cu).

3. An organic electroluminescence device according to claim

1, wherein the anode comprises 50% by mass or over of silver.

4. An organic electroluminescence device according to claim
1, wherein a thin film layer for hole injection made of a material
with a higher work function than that of the anode is comprised

between the anode and the organic layer.

5. An organic electroluminescence device according to claim

1, wherein the cathode comprises a semi-transparent electrode being
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the semi-transparent electrode and the anode constitute a
resonant portion in a resonator resonating light generated in the

luminescent layer.

6. An organic electroluminescence device according to claim
5, wherein assuming that a phase shift of reflected light generated
in the anode and the semi-transparent electrode is ®, an optical
distance between the anode and the semi-transparent electrode is L
and a peak wavelength of a spectrum of light emitted from the
cathode is A, the optical distance L is a positive minimum value
satisfying a mathematical formula 2:

(Mathematical Formula 2)

2L/A+®/2n=q (q is an integer).

7. A method of manufacturing an  organic
electroluminescence device, the organic electroluminescence
comprising one or more organic layers including a luminescent layer
between an anode and a cathode and emitting light generated in the
luminescent layer from the cathode,

the method comprising the steps of:

forming the anode comprising silver (Ag) or an alloy including
silver on a substrate;

forming a thin film layer for hole injection made of a material
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forming e one or more organic layers 1inc u

luminescent layer on the thin film layer for hole injection; and

forming the cathode on the organic layer.

8. A method of manufacturing an  organic
electroluminescence device, the organic electroluminescence
comprising one or more organic layers including a luminescent layer
between an anode and a cathode and emitting light generated in the
luminescent layer from the cathode,

the method comprising the steps of:

forming the anode comprising silver (Ag) or an alloy including
silver on a substrate;

forming a thin film layer for hole injection made of a material
with a higher work function than that of the anode on the anode by
use of an area mask with an aperture corresponding to an area
where the thin film layer for hole injection is intended to be formed;

forming the one or more organic layers including the
luminescent layer on the thin film layer for hole injection; and

forming the cathode on the organic layer.



