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bet ween the anode (12) and the sem transparent el ectrode (16A) and
~outputted fromthe cathode (16). Since the reflectance of thg%(ganode (12)

is high, the light enmitted fromthe emtting |layer (1 Begembsh out putt ed
at high efficiency. The alloy of the anode (12) is preferably an alloy
containing silver, palladium and copper, and the content of silver is

‘ preferably 50 mass)/e or nore. 5 Decenber 2005 WO 03/022011 Al
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| ELECT R%g%ﬁﬁ%%l f?ﬁﬁ%ﬁﬁ%}TH@ OF MANUFACTURI NG THE SAME

TECHNICAL FIELD

The present invention relates to an organic
electroluminescence device (organic EL device) comprising one or
more organic layers including a luminescent layer between an anode
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
elegtfoluminescence device. The organic electroluminescence

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



TECHNI CAL FI ELD The present invention relates to an organic

el ectrol um nescence device (organic EL device) conprisin n nor e
organi c layers including a | um nescent |ayer betmeensjﬁm%ﬁ@§§08gnd a
cathode, and emtting |light generated specifically in the |um nescent

| ayer, and a nethod of manufacturing the same. BACKGROUND ART In recent
years, organic EL displays using an organic electrolum nescence device as
an alternative to liquid crystal displays have becone a focus of
attention. The organic EL displays -4re of a self-lunminous type, so it is
considered that the organic EL displays have advantages of a w de view ng
‘angl e, 1HgcHeRayer dilledmanapequdayer 43pBnardto lhinghedadiitni t i on

hi gh-speed video signals. Therefore, the organic EL displays have been
devel opeyerol HiGi ané a bathudecllédhminateddnadfis ord6r oh shastmte
configuration of the organic el ectrolum nescence device. The organic

el ect r ol lihi nAddemcgh lishti genceated $eshenlwmedesdokd, 1472101 980 mayayer 115

i ncluding a hole 5 Decenber 2005 injection |ayer 115A, a hole transport

| ayer WoBneinchdfloTichesagitratael, 4ddhodinFLAL §Ofke Hihel aginated in
this order on a substrate 111. Although | ight generated 1'n the”l um nescent

| ayer IHbenTeded BOreThbiednbaemighe substrate 111, as shown in FIG 6, the
light may be emtted fromtﬁe cteflg'}t)hode 116. Wien the light is emtted from

the cathode ¥y {He 1K 5Mnifled from the cathode 116, it is often the

case that the anode 112 comprises a metal such as chromium (Cn),
and the cathode 116 comprises a transparent conductive material
such as a compound of indium (In), tin (Sn) and oxygen (0) (ITO;
indium tin oxide). The light generated in the luminescent layer
115C may be directly emitted through the cathode 116 as indicated
by an arrdw 117 in FIG. 6, and as indicated by an arrow 118, the
light may be reflected on the anode 112 once and then emitted
through the cathode 116.

However, conventionally, the anode 112 comprises chromium
oxr the like, so there is a problem that light absorptance by the anode
112 1s high, thereby a loss of IightA 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 ecritical problem
in the practical use of the organic electroluminescence device. -

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



case that the anode 112 conprises a netal such as chromum (Cr), and the

cat hode 116 conprises a transparent conductive material suc a_conpound
of indium(In), tin (Sn) and oxygen (0) (ITO i ndi umdscsmbs @855 The |i ght
generated in the lum nescent |layer 115C may be directly emtted through
the cathode 116 as indicated by angrrow 117 in FIG 6, and as indicated
by an arrow 118, the [light may be reflected on the anode 112 once and then
emtted through the cathode 116. However, conventionally, the anode 112
conpri S@'ﬁe&hbmmk&@és&hcbhéehc@ecag ltehgfee @c1ﬂrgomgr?eﬁé%rtah{:9

absorptance by the anode 112 is 'high, the y aloss o em ;}gge has
fter r e a 1 sor pt.ance

a ghé eghsdh B Lbeo.ang P0v1e %gh% bt g é&ﬁ%legggh él ddgvfncegyl @ngn i ght -

a large influence on the gani € electr B UGS

emttin the anount of current required to obtain the
sanme in é‘ns.f?@“@ggﬁ?&@%ﬁ. An increase in the anmount of drive current

affects on the life of the device, which is a critical problem in the
practical use of the organic el ectrol unm nescence devi Cenbl n \2“08\év gf t he

f or egoi bject to vide an organic 5 Decenber

el ec?roﬁgﬁﬁh&@@&%iﬁ &T@Mf enhanci ng the reflectance of the
anode so as to inprove Ilght emtting efficiency, and a nethod of

manuf act ur i nEp @geordamce mlﬂuansws&e@om&e|mﬁuﬁtmvbntm1cctﬂmnqe with an

aspect of the present invention, there is
provided 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), palladium (Pd) and copper (Cu).

In accordance with another aspect of the present invention,
there is provided 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), palladium (Pd)
and copper (Cu) 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.



provi ded an organi c el ectrol um nescence device, conprising: one or nore
organic layers including a |lum nescent |ayer between_ an anod 5and a

cat hode, the organic el ectrol um nescence device em tﬁpf*@“} ebﬁqo gener at ed
in the |um nescent |ayer fromthe cathode, wherein the anode conprises
silver (Ag), palladium (Pd) and cogper (Cu). In accordance wth another
aspect of the present invention, “fhere is provided a nethod of

manuf acturi ng an organic el ectrol um nescence device, the organic

el ectrol um pescenc conpr,ksin ne or re ani.c layers ] uding a

| uni nescentﬂf a%f’r&%’é?%%ﬁhaﬁngﬁg% e %%&ﬁ%dgréﬁe&ﬁerqnnt%??ﬁéhr i ght
generated in.the |um pescent Igg‘gr fromthe c%t hode, the met hod conpri sing
the sthaye ofis rRpavided (e %68 on%{i Jaguiaqtyring aAdn  FHBRRAE um ( Pd)

and copper (Cu) on a substrate; formng a thin filmlayer for hole

i nj ect ¢lestrpdumineseenset erdeyiced t hthe hi gEeanitor keleGHOINBHNESSANERat  of t he
anode on the anode in an atnosphere of an inert gas; form ngi the one or
nor e ocgapirisingyens or nedxelpnganheldyersnastbeding ayumigresceng layen film | ayer
for hole injection; and form ng the cathode on the organic layer. 5

Decenbpstwe6b o bnodecnidlancethddehaadadhertimg higtit gemdriadedrimsene i nventi on,
there is provided a nethod of manufacturing an organic el ectrolum nescence

devi ceyyhige SbamNlsy et eoebhp! tHE neghedee theommeilsod canpridingotke or gani ¢
| ayers including a ?um’ nescent | ayer between an anode and a cat hode and
em ttingJd ght f PGP tRE dflodd&omprising silver (Ag), palladium (Pd)
and copper {Cu) on a substrate; forming a thin film layer for hole
injection made of a material with é 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, the anode may
comprise 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 one example embodiment, in the method of manufacturing
an organic electroluminescence device, 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



formng the anode conprising silver (Ag), palladium (Pd) n pper (Cu)
on a substrate; forming a thin filmlayer for hole %H%@Pﬁ%&oﬁgde of a
material with a higher work function than that of the anode on the anode
by use of an area mask with an apertqre corresponding to an area where the
thin filmlayer for hole injection 1s intended to be fornmed; formng the
one or nore organic layers including the |um nescent |ayer on the thin

filmlayapdé @aneé prevBhesd HUM Ko RIBYRFatEE éﬁﬁ{iﬂgcﬁeofgyrmi(% gani ¢

| ayer. In the organic el ectrolum nescence devi ce, anode nmay conprise

silver ¥ftle 8hit GIASIay& IR HABGRjHtig | of nmetals or an alloy including
silver, so a loss of [ight absorpglon y the anode is reduced, thereby
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one exanpl e embodi nent, t he net manuf acturi'ng ai
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layer for hole injection is intended to be formed. Therefore, the thin
film layer for hole injection can prevent the anode from being
deteriorated, and etching is not required to form the thin film layer
~ for hole injection, so the anode can be prevented from being

deteriorated and deformed due to etching.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a sectional view of a configuration of an organic
electroluminescence device according to a first embodiment of the

invention;



an organi c el ectrol um nescence device, after the anode conprising silver
or an alloy including silver is forned on the substrate, the thin film

| ayer for hole injection is forned on the anode by U3 Deeambsh200%a  mask
with an aperture corresponding to an area where the thin film [layer for
hole injection is intended to be forged. Therefore, the thin filmlayer
for hole injection can prevent the anode frombeing deteriorated, and
etching is not required to formthe thin filmlayer for hole injection, so

t he anode caFIGES.peAav H 2OMLbei adtiofl ]! ad d glue to
et ching. BRI EF DESCRI PTI OF THE DRAVI\?NQG:'!SGVIEJ?%§a§ ﬁ‘%d eﬁfc}[ggl €| ew of a

f ik t
Forst Sompanamdurig f*‘h%@f‘%‘”‘n’%léﬁ‘%l?ﬁtﬁw‘-‘&%%ﬁﬁﬁfﬂ%ﬁ%%%@"ﬁclﬁ% IA through

2C are $R@GbyABAte;vi ews showi ng a nethod of nanufacturing the organic
el ectrol um nescence device shown in FIG 1 in sequence; FIGS. 3A and 3B

are sect | ONaTHIRYSA MR BBIIANLRR Blodin RLIRH L Lhe proani o

el ectrol urmi nescence devi cé accordi ng to s asequence
FIG 4 f

ol ot r ool et U BlednitbiBludhARNIHNE ik e BRutirhin ther frste 5
Decenmbep dddtmeRY A eGRence;

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

electroluminescence device according to a second embodiment of the



FIGs. 5A and 5B are sectional views showi ng a nethod of manufacturing the
organi c el ectrol um nescence device shown in FIG 4 in se enc(tPaﬁ and FIG 6 -
c

is a sectional view of a configuration of a conventidRgfem

el ectrol um nescence device. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
Preferred enbodi nents of the present invention wll be described in nore
detail below referring to the acconpanying draw ngs. [First Enbodi nent]
FIG 1 shows a sectional configuration of an organic el ectrolum nescence
devi ce according to a first enbodi met of the invention. An organic

el ectrol um nescence device 10, which is used for an extra-thin type

or gani anlendicagil ay or the like, conprises an anode 12, a thin filmlayer
for hole injection 13, an insulating |layer 14, an organic |ayer 15 and a

cathode 16 VINIGh, &/e diaMigRt £6b idectivfal Q1805 ﬂﬁbvainﬁg;thstlﬁeﬂeodﬂomd_e of ,
for exanple, an insulating material such as glass. Further, a passivation

film (%En%ﬂ'é?t%ﬁrlhé {her M0 elk O‘Iﬂmﬁﬂgc eerﬂgglctekﬁlfwgg ﬁaﬂf@' ce is

sealed with a sealing substrate (not s e ano s a thickness

inal I ion (hereinafter sinply referred to as thickness)
of , foﬂﬁ%&%%?%bgﬁgm 5 Decenber 2005 _7. and conprises silver or an

al I oy incl udi idver, ecaseS|I
y Cﬁ‘f@ 8'is'% ‘sectional view of & tonfiguration of a conventional

organic electroluminescence device.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention will be
described in more detail below referring to the accompanying
drawings.

[First Embodiment]

FIG. 1 shows a sectional configuration of an organic
electroluminescence device according to a first embodiment of the
invention. An organic electroluminescence device 10, which is used
for an extra-thin type organic EL display or the like, comprises an
anode 12, a thin film layer for 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 gla_ss. 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,



whi ch has hi ghest reflectance of all netals, can reduce a |oss of |ight
absorption by the anode 12. The anode 12 conprising silver is referabl e
because it can have the highest refl ectance, althoug%DPﬁ@ﬁ@ﬁﬁ 12
conprising an alloy of silver and other netal is nore preferable, because
chem cal stability and processing accuracy of the anode 12 can be
enhanced, and the adhesion of the anode 12 to the substrate 11 and the
thin filmlayer for hole injection 13 can be inproved. Silver has very

hi gh - reactivity, |ow processing acecygracy and |ow adhesion, thereby it is
very difficult to handle silver. A silver content in the alloy is

pref er allid/.coRipKiyedrbsitvéy d@vamn alky tihsludifig EHVEECHRABEAsOTsilher, anode 12
can be sufficiently enhanced. As the alloy including silver, for exanple,

an al | QyhidhChi6highedt ¥éflectaRite! 0h N MERA), 8RH 1CARRE s (638 of BgREEf erable. A
pal | adi um content  and a copper content in the alloy are preferably within

a rang%ubswﬁtiomggme fzgﬁ&&é 0%1@.% mgﬁ@g%&eo 1320/°c1?>¥neﬂﬂ§§n%gs§%is gst he

refl ectance can sufficrently and the proc ccuracy, the
chem cgl ] iyt nd .t he adhesiqn ¢an be enhanced. The thihn filmlayer
for ho 58?%?§%%ﬂg%a§§gf%(%ngﬁggJﬁFbﬁgﬂﬁgﬁégﬁﬂggﬁpﬁ?eﬁ 0&@hh8$% i nj ection
into the grganic |ayer. 15, and,co ises a nmaterial wth,a higher work
funct i BRotisal% farESTeinge amddlsn Bt SNEPEGvRe Otlhes EhFialf if FPPESer for hol e
injection_ 13 has a function_as a _protective filmwhich prevents silver or
the al PE¢farable,dhergusel chamisalghabality ang pradessiggaaceracy elither cont ent

inair, and "mtigates 5 Decenber 2005 .g.
anode 12 can be enhanced, and the adhesion of the anode 12 to the

substrate 11 and the thin film layer for hole injection 13 can be
improved. Silver has very high reactivity, low processing accuracy
and low adhesion, thereby it is very difficult to handle silver.

A silver content in the alloy is preferably 50% by mass or over,
so that the reflectance of the anode 12 can be sufficiently enhanced.
As the alloy including silver, for example, an alloy including silver,
palladium (Pd) and copper (Cu) is preferable. A palladium content
and a copper content in the alloy are preferably within a range, for
example, from 0.3% by mass to 1% by mass, because the reflectance
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 p‘x.'ovided 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
-:i}rotective film which prevents silver or the alloy including silver

from réact'in'g with oxygen or a sulfur content in air, and mitigates




damage to the anode 12 in a manufacturing step after formng the anode 12.

Materials of the thin filmlayer for hole injection 13 incl ugﬁ% for
exanpl e, a netal such as chromium nickel (Ni), cobaPecgredsy 200 yhdenum

(Md), platinum (Pt) or silicon (Si), an alloy including at |east one
selected fromthe above netals, or an oxide of any one of the netals or
the alloy, a nitride of any one of the netals or the alloy, or a
transparent conductive material such as ITO It is preferable that the

t hi ckness of the thin filmlayer for8hole injection 13 is determ ned
dependi ng upon the light transmttance and electrical conductivity of the
mat er i aflamEge txdhpl @nodhd? ihe nhimufddtimdggeep faftethfbremimg ehei on 13
conprises an oxide or a nitride with relatively | ow electrical

- conducaneds yl ZucMaterihisoot wheoxhite filih! JaydrCfeORolet hifeétibekngss i s
preferably as thin as, for exanple, approximately 5 nm Wen the thin film

| ayer fincliidéefdnpeaiipds, d3metaIRuchess dhiBiAhnYY Atk AP &1kcal
conductivity and low transnmittance, the thickness is preferably as thin

as, for(Gamotyb@en&fiV (MS), Mol nkie g;ts ero_rh%‘i'ﬁfoﬂ"“&ﬂ)t qﬁltgg{)}éfi | m | ayer

for hole 1njection 13 conprises TO w high electrical conductivity and

Lo RS Readb oot MR ARLHE AR RE B RIS o
et et BB ANy LRI 80 AL LBt Bt 11 o
desi r_edorst%%pgﬂo;,hgr Iar}:srglngi)!‘i?gntl gg’x(la u(::LtL%Vé: %1naptt,eirs1§ls 53&1 iars}SIl'JIl‘ t ! rI]g is ¥
preferable that the thickness of the thin film layer for hole injection
13 is determined depending upon the light transmittance and
electrical conductivity of the material. For example, when the thin
film layer for hole injection 13 comprises an oxide or a nitride with
relatively low electrical conductivity such as chromium oxide (III)
(Crz03), the thickness is preferably as thin as, for example,
approximately 5 nm. When the thin film layer for hole injection 13
comprises a metal with high electrical conductivity and low
transmittance, the thickness is preferably as thin as, for example, a
few nm. On the other hand, when the thin film layer for hole
iﬁjection. 13 comprises ITO witﬁ 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



material such as, for exanple, silicon dioxide (SiGa). The insulating

| ayer 14 has a thickness of, for exanple, apprOX|nater 600 n and in the
“insulating layer 14, an aperture portion 14A is di shbeesn hep 2P ponding to
a light-emtting area. The organic |layer 15 includes a hole injection |ayer
15A, a hole transport layer 15B and a | um nescent |ayer 15C, all of which
are nmade of an organic material, lamnated in this order fromthe anode
12. The hole injection layer 15A and the hole transport |ayer 15B are
provi ded to enhance efficiency of hgle injection into the [|um nescent

| ayer 15C. The | um nescent |ayer 15C emits light by current injection, and

an ar eam@fefiag Ilsughnesgenfor! aemphs 4ibichbaspidaidg (Sidfle apghleure portion
14A of the insulating layer 14 enmts light. The hole injection | ayer 15A

has a tiRseHRES: Pc'Iyerf P4 Ré@@ltﬁlclﬁ%soﬁf ”ﬁ)trebilaﬁﬁ)lémhpﬁﬁgxhﬁaf:@l
of 4,4' 4" -tris(3- “net hyl phenyl phenyl am o) trip eny am ne (MIDATA). The hol e

LLS”?E%%?%?%??F} &ﬁ%aﬁ#ﬂhﬁ?’é‘ﬁf%a%&rﬁ Bl SPAFRY®, pBREp AR E Y. =0 "

| um ne ness for exanple, approxinmately 50

nm anZP% Oﬁ%géggﬁ%ggauﬁﬂ%| ﬁbhg tJﬁPH&H? E&8HBtex (Al q). The cathode 16
ncl udes & SHL SHANTPRLNL SLSSLIR0e 08 R Om SE faRsRarapey o L on
having tg';%ggm*é tl%?ecre 11‘5%r anggcleurL??rrleszc%%% layer 15C, all of which are

made of an organic material, laminated in this order frqm the anode

12. The hole injection layer 15A and the hole transport layer 15B

are provided to enhance efficiency of hole injection into the

luminescent layer 15C. The luminescent layer 15C emits light by

current injection, and an area of the luminescent layer 15C

corresponding to the aperture portion 14A of the insulating layer 14

emits light.

The hole injection layer 15A has a thickness of, for example,
approximately 30 nm, 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-quinolinel aluminum
complex (Alg).

The cathede 16 includes a semi-transparent electrode 16A

- having semi-transparency to light generatéd in the Iuminescent

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




-10- the light generated in the | um nescent |ayer 15C, which are |am nated
in this order fromthe organic |ayer 15. The sem - transparent el ectrode
16A has a thickness of, for exanple, approximtely 3 Peeambend®03 s nade of
an alloy of magnesium (My) and silver (MyAg alloy). The magnesium silver
alloy preferably has a magnesiumto-silver nmass ratio of 9 to 1. The

-sem -transparent electrode 16A is provided to reflect the |ight generated

in the |um nescent |ayer 15C between the sem - transparent el ectrode 16A
and the anode 12. In other words, tHd-sem -transparent el ectrode 16A and
the anode 12 constitute a resonant portion in a resonator which resonates
t he |i gthe gbigbtatgeterated hin | the ndseanestanterlayb€. 15C,i svhicdkf exwbl e t hat
such a resonator is constituted, because the light generated in the

| um neskamindtaderin this aadees fratht ichk eotgaeict ¢apncel50 fDhet semias a ki nd
of narrow band filter, and thereby a half-value width of a spectrum of

eni tt ediransglrefan edectroducerb AN LO! @ fHEkhYs$ aBf befdiPELYRGH1e FOr t hat
purpose, it is preferable to match a peak wavel ength of the narrow band

fi1ter appriRRReINaeih b ls tHRASPSELRUANIGY of LUndGei QlriP be

emtted. In other words, assumng that a phase l'ight
gener g Bkl MIpE 4RS00, 08 Sl NSRS EAIRA L. O,
oLt L85, ASRlhobto lFer BRI IRURLIREAT ), (e spectTum of T
preferably Sﬁtula szeinc(laistr%nsparent electrode 16A is provided to reflect the

light generated in the luminescent layer 15C between the semi-

transparent electrode 16A and the anode 12. In other words, the

semi-transparent electrode 16A and the anode 12 constitute a

resonant portion in a resonator which resonates the light generated

in the luminescent layer 15C. It is preferable that such a resonator

is constituted, because the light generated in the luminescent layer

15C causes multiple interference to function as a kind of narrow-

band filter, and thereby a half-value width of a spectrum _of emitted

light can be reduced and color purity can be improved.

For that purpose, it is preferable to match a peak waveiength

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 prefera-bly satisfies a



- 11 mthematical formula 1, and in fact, the optical di stance L is

preferably selected to be a positive mninmmval ue sat.i sfyi ngzthe

mat hematical fornula 1. Further, in the mathematical SR8RBPE 205 the units
of L and X may be the sane, for exanple, "nni. (Mathematical Formula 1)

2L/ a+1/2r =g (q is an integer) The transparent electrode 16B is provided to
reduce electrical resistance of the sem -transparent electrode 16A, and is
made of an electrically conductive material having sufficient translucency

to the |Ilight generated in the |unmngscent |ayer 15C. As the material of

the transparent el ectrode 16B, for exanple, a conpound including indium

zi nc (Znathemaaiydedformulaehier ahll ein bRGAUSEhd NepicedPQuBehn @A, Olat ai n good
el ectrical conductivity even if filmformationis carried out at anbient

tewperaﬁwf@raﬁﬁ@resére_@ma{@% gl 58&1&9@613&1%&@11%%?1@@'%% i ltheckness of ,

for exanple, approximately 200 nm The organic electr nescence device
i A RPRO ey RERuRE ST hRBHE, M S M PREP Tgr B T ©

the anqtis YBREGHE B Efy s W SEREIPE sl s 1 ver with the
bove. qILEHaIERHAL FRFRIA R ough. for  exampl e, direct current sputteri ng.
which is Car“lrﬂligqgllégt 2()1/ (Elhig aunsiengéer)

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 accord'ing to the foHowing steps, for example.

FIGs. 2A through 2C show a method of manufacturing the

- organic electroluminesc‘ence‘ 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 miaterial through, for

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



5 Decenber 2005 -12- for exanple, argon (Ar) as a sputtering gas at a
pressure -of, for exanple, 0.2 Pa and an output of, for example, 300 W
Next, as shown in FIG 2A the thin filmlayer for heDecsmheEedddn 13 nmade
of the above-described material with the above described thickness is
formed on the anode 12 through, for exanple, high frequency sputtering. At
‘this tine, the thin filmlayer for hole injection 13 is preferably forned
at a pressure of, for exanple, 0.3 Pa and an output of, for exanple, 10 W
in an atnosphere of an inert gas udiZrg an inert gas of argon (Ar),
nitrogen (N2) or. the like as a sputtering gas. The reactivity of silver
conpri skg ﬁﬁammearﬁm@nlzml ashpghputierihgnzas et i présdunel afiefof or hol e
injection 13 is formed in an atnosphere of oxygen, the anode 12 is al so
oxi di zetxampde.ch.& Ba andant datpifti dfinforpanniple, I3910eW. nj ecti on 13 nade of an
oxi de such as, for exanple, chromumoxide is preferably fornmed not in an
at nosphere Nexoxygershowmoin FiGal 28arged shigh filsn alafrodbrnhb® get but in
an atnosphere of an inert gas using an oxide target such as chrom um

oxi de. ijuétioasiShawdel 6f kL& alkde-HBScABRdemA et i ttﬁ%”af)btén | ayer for
hol e injection 13 are selectively etched through |ithography y, for

examp| alogeriBePehANkskaR Binid bhaIRChHodBMBSRARE & 2ol p1 00t i ¢ acl d

to be patterned in predeterm ned shapes. ter at’; iI'n FIG 2B,
e TR S SRR SR B el SRS b0 <l
injection 13 is preferably formed at a pressure of, for example, 0.3
Pa and an output of, for example, 10 W in an atmosphere of an inert
gas using an inert gas of argon (Ar), nitrogen (Ng) or the like as a
sputtering gas. The reactivity of silver comprised in the anode 12
- 1s high, 50 when the thin film layer for hole injection 13 is férmed in
an atmosphere of oxygen, the anode 12 is also oxidized. Therefore,
the thin film Iayer for hole injection 13 made of an oxide such as, for
example, chromium oxide is preferably formed not in an atmosi:)here
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 shoﬁn 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 depos_ition), and an area of the insulating layer 14




vapor deposition), and an area of the insulating |ayer 14 5 Decenber 2005
-13- corresponding to a light-emtting area is selectively renpved

t hrough, for exanple, lithography to formthe apertu?@eﬁiﬂtﬁgﬂosMA. After
formng the insulating |layer 14, as shown in FIG 2C, the hole injection
| ayer 15A, the hole transport |ayer 15B, the |um nescent |ayer 15C and the
transparent el ectrode 16A all of which are nade of the above-descri bed
materials with the above- described thicknesses are fornmed in order

t hrough, for exanple, vapor deposigigen. At this tinme, by the use of a
nmetallic area mask 21 with an aperture 21A corresponding to an area where
t he | ayetrsespuralingt efvded liphHiceindtiing, dive | By eddeavieeBr ef@nabby f or med
corresponding to the light-emitting area, that is, the aperture portion

14A of thiteuphsfdPékasplayHthddrafiyey €6rmi thd &péithirkGdrkidiP 14@arry out
vapor deposition only on the aperture portion 14A with high accuracy, so

the layers a(@oP'@LeiA! thd QEEThitle! IR tNPLe asADBSHH' fu AOIG] 0, 14A and an

edge of the insulating | ayer 14 aroln the aperture portion I4A. Mre

w0 a8 Wbjo ibLich, i SPATI 2SR RR) yesl hom "ohe 1 octon
boat & APBimsERe S ahoF; LAET BRA A8 PeFadhe B SRR fEcTel AlLgY Ton
? Egag foﬁ _Sic nggre sg%\g%) of ﬁ:%re a%)éegp&ees’cr{beeg(f rnclilzlge%'ia sg Qv%%ﬁ“éﬂea% Osviel_ver Form ng
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 1ntended to be formed, the layers are preferablyr 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 a;:l 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 forining' 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



transparent electrode 16A, 0.1 g of magnesiumand 0.4 g of silver are
filled in respective boats for resistance heating; and the bgats 5 Decenber
2005 - 14 are nounted on predeterm ned el ectrodes of > Dgeenghse dPtA deposi tion
apparatus (not shown). Further, as a cathode of the vacuum deposition
apparatus (not shown), for exanple, an alloy of nagnesiumand silver is
used. Next, after an pressure of an atnosphere in the vacuum deposition
apparatus (not shown) is reduced to, for exanple, 1.0x10'4 Pa, a voltage
is applied to each boat for resistafice heating to heat in order, thereby
the hole injection |ayer 15A, the hole transport |ayer 15B, the

| uni nestEi@hmoyndiedr on T egedermined aleciradepafctite saguumdepvsitione deposit ed
in order. Wen the sem -transparent el ectrode 16A is deposited, nagnesium.
and si |apparatesdépelsi sledvobget Rerthamdas gr ostlindatef thet ivacofuniagnesi umt o
silver is set at, for exanple, 9:1. Finally, the transparent el ectrode 16B

i s fornbxbomitibhe seprratiwsan@psar estiowhyct fordeedHAphy, tha usikopf ofhe sane
metallic mask 21 through, for exanple, direct current sputtering, which is

carri ednaghesiiint Badusglvelr as Muxsd gaef, ATEAN ANGpALKUSE LA 9l ume ratio
of Ar:02=1000:5 ) as a sputtering gas at a pressure of, for exanple, 0.3

Pa, anctatospHddt iRf thé %a@%&mﬂ@epo‘h@ﬁ}é\él é%l%t‘%lggu?tﬁf‘ot%%wxﬂ is

el ectrol um nescence device 10 shown | ormed. I'n the organic

el ect | QbUIbRESENe? dRXhie10 0¥i6 Ba, B SURH IS Y piRld 2904 aPP! 1 &
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
predetermine& 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




cathode 16, a current is injected into the |um nescent |ayer 15C to
re-bond holes and el ectrons, thereby light is emtted mainly from an
interface on a side of the luminescent Iayer . 1.5C 5HeeembggRp0ss 5
Decenber 2005 -15 multiply reflected between the anode 12 and the

sem -transparent el ectrode 16A, and then passes through the cathode 16 to
be emitted. In the -enbodinent, the anode 12 conprises silver or an alloy
i ncluding silver, so reflectance of the anode 12 is enhanced. Thereby, the
light generated in the |uminescent -la@yer 15Cis efficiently emtted. Thus,
according to the enbodi ment, the anode 12 conprises silver or an alloy

i ncl udi WaEinly gieflegted eetregaredhanenode 1handhdbe gomidaangparantanced, and
a loss of light absorption by the anode 12 can be reduced. Thereby,

ef fi ci etlegtuoidechGAt ang then prghts thneugh dhei cathode 161 hesemittedayer 15C
can be inproved. Mre specifically, the anode 12 conprising an all oy

i ncl udilhy tisi lerebodimabhadithe amddeoperecthpeoisesi gilveyi bg ahe athen cal
stability, the processing accuracy and the adhesion. Further, when the

silver inedadRiy silvéde sal [:@flelctaR@20 BY BBRES a@lodevera idechkhhegd ance can be
sufficiently enhanced, and the chem cal stability, the processing accuracy

and t heTRghasi OPh&aNighe IERPNEMH Wﬁﬂ«yegum\m%ﬁm 155}'&;9 fislom Jsayer for
hole injection 13 nade of a material wth a higher wofk function than that
of the @ﬁg{i&&g en@‘l&tg&sposed bet ween the anode 12 and the organic | ayer 15,
t he : .

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 improve(i. )

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

15 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



efficiency of hole injection into the organic |ayer 15 can be further
enhanced. Further, silver or an alloy including silver conprised in the
anode 12 can be prevented fromreacting with oxygen dPeeemahr 2085 content in
air, and damage to the anode 12 in a manufacturing 5 Decenber 2005 -16-
process after formng the anode 12 can be mtigated. In addition, in the
case where the thin filmlayer for hole injection 13 is fornmed in an

at nosphere of an inert gas, even if the anode 12 conprises silver with
high reactivity or an alloy includia§- silver, the anode 12 can be

- prevented from being deteriorated such as oxidation during the formation
of t he nueicas$ alfiar fayaringothehahede i1 eat benmitigatédis, target properties of

t he anode 12 can be obtained, and thereby the organic el ectrol um nescence
devi ce 10 adooradiditiono imhe¢henbask nehtreathdahgasfilyy bbteai fied.hole

[ Modi fication] FIGs. 3A and 3B show a nodification of a nethod of

nmanuf aghjsdtien tIkiofaants i@l eat4hUBHREEE BN GH §8YHCLad Oevseof dheg to the
first embodinent. In the nodification, the thin filmlayer f hole -

or
1] ect iabibd3 105 FREs ilVdiensa HELFL AR AR I EEARYihPe thin film

| ayer for. hole injection 13 1s not requir patterne rough

oo, Pl dydt 19 o4 ] U O e 250 e
as Sh%\gno;c{]da':tlig}l (‘fi%ll%rirfghrtﬁggpdrn];g{io?lx%gp tlhee’ tmghfifnrle&%%@c}‘ors%uglgeri ng.
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 fih_n formation such as the sputtering gas and so on are the same




by the use of the area mask 22 wth an aperture 22A corresponding to an
area where the thin filmlayer for hole injection 13 is inteqﬂfd to be
formed, the thin filmlayer for hole injection 13 i X, on
desired part, that is, on the patterned anode 12. The conditions of film
formati on such as the sputtering gas and so on are the sane 5 Decenber 2005
17- as those in the first enbodinent. Then, as in the case of the first
enbodi ment, the insulating |ayer 14, the organic |ayer 15 and the cathode
16 are formed. Thus, according to thHe& nodification, the thin filmlayer for
hole injection 13 is fornmed by the use of the area mask 22, it is not

r equi r eds tthopatinethe tfhettdmbofdithenkay &hdmrad oh eheng®ad obrehe3fikdr ough

| ithography or the like. Therefore, even if the anode 12 conprises silver

wi th hi glbodasient| ttheoinalladind®oYayee udi i siyeic 14578 250s8d Ithe can be
prevented frombeing etched too nmuch during etching to pattern the thin

filml aysthdd@® 168 foPin@eti on 13, or being deteriorated. Thereby, the
patterning accuracy of the anode 12 can be inproved, and target properties

ol et of uni nabeshaseQEUE 2oeke mofliALaRbp R T TR TR forg |
or gani ool BBRAPR-TRAE ARAL byt st BHER SFE P8R R kB dfent of (he
| nvent irOeI}iui'ﬁ‘end e aa?igtgrﬁlt %t h(:x){nuElgle?gggrc?ordﬁ\éiecgnj%?:tiio% gut!hvr%lueg !
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 propertieé of the anode 12 can be obtained.
In 'oth'er 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
émbodimen‘t, except that the thin film layer for hole injection 13 is
disbosed on the anode 12 and the insulating layer 14. Therefore,
like components are denoted by like numerals as of thé first

embodiment and will not be further explained.

FIGs. 5A and 5B show a method of manufacturing the 'Organic




to the organic el ectrolum nescence device 10 described in the first

enbodi nent, except that the thin filmlayer for hole injection 13 is

di sposed on the anode 12 and the insulating |ayer 14° Y like
conponents are denoted by like nunerals as of the first enbodi nent and

wi Il not be further explained. FIGs. 5A and 5B show a nethod of

manuf acturing the organic -18- el ectrolum nescence device 30 in sequence.
At first, as showmm in FIG 5A as in the case of the first enbodi ment, on
the substrate 11, the anode 12 is-fl&ned, and then is patterned in a
predeterm ned shape through, for exanple, |ithography. Next; as shown in
FIG saleciroluminescense dgviceie3 iinsseqnbndé.nedtt, firke asstHetnnigy | ayer 14
is forned all over the anode 12 and the substrate 11, and the aperture
port i onF1GA 54 doimdlie ddmset of tise ShetwenibodinGenEBn hjetditbstsgteoilan area
mask 23 with an aperture 23A corresponding to an area where the thin film

| ayer fthe holodlei iReit farmdd, and Bhendedphttdielofiad pradetdrinitlag case of
the first enbodinment, the thin filmlayer for hole injection 13 is forned.

At thi sstiape thrbaghifer fdddmbay elithe > N¥ixCllsOBhdwn! f Wi, on the
whol e aperture portion 14A aiﬁd an1 e glé ofjg t he i’nsgl at%ﬁg ayfg'lr(%j'm ar ound

the apesAUGS IHOMd esd SAChATAAL olBBlimBYhe! Bhe URCuPLtihBYaPaIT 43508 TSk 23,
f ye

as in the case of the first enbodinment, the organic and the
o ot G 960F e e S5 00 sl PR TICBE Bl bRl L L0 o
the  ergYdPTUaPI 880" "Nl 52 Shethdn FIG KB by the e o um
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 pf the first
embodiment, the organic layer 15 and the cathode 16 are formed.
Thus, according to the embodimént, 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 fi;'st embodiment, the modification

of the first embodiment and the second embodiment, the organic

- electroluminescence devices were manufactured. At that time, the



nmodi fication. Mreover, specific exanples of the invention wll be
described below. In a manner simlar to the first enbodi nent, the

modi fication of the first embodi ment and the second RersBEEReMS t he

organi c el ectrolum nescence devices were manufactured. At that tinme, the 5
Decenber 2005 -19- anode 12 conprised an alloy including 98% by nmass of
silver, 1% by mass of palladiumand 1% by nmass of copper, and the thin
filmlayer for hole injection 13 conprised chrom um oxide (111) (Cr203).
Wien the light-emtting efficienci#3-of the organic el ectrol um nescence
devices were determned at an intensity of 1000 (ed/ M), a voltage of 6.47
M and aroger RtcomipOised la miloy mhdluding866viey enasgppodsilverelys byl. 7 (cd/ A).
As a conparative exanple with respect to the exanples, in a nanner simlar
t o t he easepf pallalives gad T%echbpahnst vficoppeensed thevikie fiba Faofeied. The
organi c el ectrol um neseence device was equivalent to the exanpl es except

that | ifée halé enjeRnidoN8! coriristhech @A CHnae FBD ﬁ@l’zw.U”!WﬁBﬂ the thin
filmlayer for hole injection was not formed. The light-emtting

|
effici eneylightfehiiR g@fﬁ(ﬁen@ie%f:torfo-k%fé”igggﬁﬁgg%kg?%ﬁﬁn edddqcgonmparati ve 1
E
|

exanple detérmned at an intensity o a voltage of 7.16 M

and a guetent af g%;cégmﬁﬂﬁa)a%%g r&@&d&(’dﬁoo& WemHg S3RABL Sy coul d

obt ai n "appr oxi na wce hi

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/m?2), 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 12l comprising silver could
enhance the reflectance thereof, thereby resulting in improved
propertiies.

The invention is described referring to the embodiments.
HoweVer, the invention is ﬁ_ot limited to the above embodiment, but

is applicable to various modifications. For example, the invention



light-emtting efficiency than that of the conparative exanple. In other
words, it turned out that the anode 12 conprising silver could enhance the
refl ectance thereof, thereby resulting in inproved %pﬁﬁﬁﬂﬁigg.SThe .
i nvention is described refé6rring to the -enbodi nents. However, the
invention is not limted to the above enbodi nent, but .is applicable to
various nodifications. For exanple, the invention 5 Decenber 2005 -20- is ,
not limted to the materials and thickness of each |layer or the method and 3
conditions of filmformation descriri@éd in the above enbodi nents, but any
other materials and thickness or_any other nmethod and conditions of film
f or mat i ¥ nehyiimdteddpi Gubireatemalshanab dhiclaessdofreath, layee aprihiegur at i ons
of the organic electrolunm nescence device are described in detail, but al
| ayer s mefbhdagndheonditnons | off [fHyer fararatiohedesjrébed oin lghe tdb@viensul ati ng
| ayer 14 or the transparent el ectrode 16B nmay not be necessarily
conpr i sextbodimieany, bubeiny aythiernBiatBeidlur AN rthiOkRESS 8- ahP ot tion,
al t hough the invention can be applied to the case where the
seni t r anepRo&RnELOd LR éﬁﬁlinsfdl%aﬁgﬁ%hi% applieRbREt of the invention
IS to.enhance the reflectance of the anode 12, so the case where the
sem -trans 6 t - CQNski gyt .esonant
PaRLRhe CABGd Q8Eh it S¢S ﬂ'&g%@ﬁﬁ%@%ﬁigg@% ifs' tgﬂ Sr%aabrgl in

portion in a resonator can obtain a escr above,

the or %QE&O%&%EEQ&@%&”Q@%&[&Cear%e\&ieggribed 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'compris-es silver or an alloy
including silver, so the reflectance of the anode can be. enhanced,
and a loss of light absorption by the anode cén be reduced. Thereby,
the efficiency of emitting light generated in the luminescent layer
can be improved.

Specifically, in the organic electroluminescence device

, _-a’c_cording to the invention, the anode comprises an alloy including

_‘silver, palladium and copper, so the chemical stability, the



according to the invention, the anode conprises silver or an alloy

I ncluding silver, so the reflectance of the anode c be %\ts‘sed, and a
- loss of light absorption by the anode can be reduce?Dﬁeﬁégy, t he

efficiency of emtting light generated in the |um nescent |ayer can be

I mproved. Specifically, in the organic electrolum nescence device
according to the invention, the. anode conprises an alloy including silver,
pal | adi um and copper, so the chem cal stability, the 5 Decenber 2005 -21-
processi ng accuracy and the adhesi oBlof the anode can be inproved, thereby
resulting in further inproved properties. Mreover, in the organic

el ect r LR HEHLFCBLIESY| %@dmwlﬁe@iont of the anodentanrhe ithprevdd,er cont ent
in the anode is 50% by mass or over, so while the refl ectance can be

suf f i citberely eataltéeg intfuother mproskdgimipielrtiog, t he processing accuracy
and the adhesion can be inproved, thereby resulting in further inproved
properties. Neorddvair, ihnthHehergagians Rcet dlahiidlesdtnes GRRee: devdgRngccor di ng
to the invention, the thin film-layer for hole injection with a higher

wor k f ypcglicotnddidtionNaheodilvdie caRpElR s tHhieSRASES i@%ﬁ%en,(thzﬂss@%ede and the
0 e

organic layer, so the efficiency of hole injection Int organi c | ayer

can be ogBRareedhils thE" rt%}ﬂf-ét\é%rceofzaﬁh b3l LAY, ic%egﬁg%ﬁélggaﬁ&&'e]&%gomr Ised in

t he anode can be prevente romreacting wt a sul content in
]?iO; . ﬁgﬁ?ﬁg@af%%&@ﬁ{t@r, Qﬁg%octegsfrpge a%ggldaeCj} 10d FBOUAGSE A W Shep after
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 ariode 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



anode. In a nethod of manufacturing the organic el ectrolum nescence device
according to the invention, the thin filmlayer for hole _injection is
formed in an atnosphere of an inert gas, so even if % Recemp conpri ses
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 filmlayer for hole injection. Therefore, target
properties of the anode can be obtained, and thereby the organic

el ectrol um nescence devi ce accordi ng2t-o the 5 Decenber 2005 -22 invention
can be easily obtained. Mdreover, in a nmethod of manufacturing organic

el ect r oinyeintese envcbeleasdy atametl.ng to the invention, the thin film |ayer
for hole injection is formed by the use of the area nask, so the thin film
| ayer for hdMereoyestidm i sanotmetld r edft onbennhidteriigf bfgonigh

|'i thography or the |ike. Therefore, even if the anode conprises silver

wi th higlctedahiiviebyeRte ddvide QUcdﬁthgcﬂoﬂﬂlé'ihV@ﬁtiohDQheat']ﬁﬁeﬁﬁﬁn be
prevented from being etched too nmuch during etching to pattern the thin
Filml apgeriBe HAbanisdtesh i9FofheHrILRS! ofi%@rdr@é%ﬁgk, d0gngby, while
the patterning accuracy of the anodeé can be Inproved, target properties of
t he an%ﬁnCﬁzmbqa?§£t ogeﬂole' i ie%HHH i@oégf’reéﬁqr&{ 9aNhe ﬁ&&gg%'d“m nescence

devi ce accordi ng Invéntiron can be easily obtalne viously many
modi f i %trioﬁ'éﬁ qﬂ;(iilo\é‘ Blpﬁ%r' Qs tﬁrfz Iltj'{% pr ﬁ%@tefore, 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, targgt 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.




invention are possible in the light of the above teachings. It is

therefore to be understood that within the scope of the appended clains
the invention may be practiced otherw se than as spe@p?ﬁ@@FFgoo%escribed. 5
Decenber 2005 -23 CLAIMS 1. An organic el ectrol um nescence devi ce,
conprising: one or nore organic |layers including a |um nescent |ayer

bet ween an anode and a cat hode, tﬁﬁyﬁgganic el ectrol um nescence device
emtting light generated in the |urfirhescent |ayer fromthe cathode,
wherein the anode conprises silver (Aﬁ%’ pal | adi um (Pd) and copper (Cu).

2. An organic el ectrol um nescenc ' according to claim 1, wherein the
anode conprises 50% by nmass or over of silver. 3. An organic

el ectrol um nescence device according to claim 1, wherein a thin filmlayer
for hole injection made of a material wth a higher work function than

that of the hnodeAinsorganiy élsetiolineinestentbdeanegeomytidihg: organic | ayer. 4.
An organi c el ectrolum nescence device according to claim 1, wherein the

cat hode conpsnéesranig@ -drpansdalgrs eiwdudase helmgibesaarigye2005 - 24-
sem -transparent to |ight generated in the | um nescent |ayer, and
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), palladium (Pd) and

copper (Cu).

2. An organic electroluminescence device according to claim

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

3. 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 1s comprised

between the anode and the organic layer.

4.  An organic electroluminescence device according to claim

1, wherein the cathode comprises a semi-transparent electrode being



the sem -transparent electrode and the anode constitute a resonant portion
in a resonator resonating light generated in the |um nescené yer. 5. An
organi ¢ el ectrol um nescence devi ce according to clai ﬁpeﬂ‘,’ml?ﬁﬁ P& n assuni ng
that a phase shift of reflected |ight generated in the anode and the
sem -transparent electrode is 4), an optical distance between the anode
and the sem -transparent el ectrode '%,_g_L and a peak wavelength of a
spectrumof light emtted fromthe thode is X, the optical distance L
is. a positive mninmmyalue satisfyi ng a mathematical formula 2:
( Mat hendgmdAranspasenttohight geneyated an dhe dumineseanjdayer,@nda net hod of
manuf acturing an organic el ectrol um nescence device, the organic
el ectrol um ng’&ml—tmpﬂrmmgelcntmdﬁ rorke thegamiedée agenstitutel adi ng a
- lum nescent |ayer between an anode and a cathode and em tting |ight

gener at sgbonant hportiemi mesg ergsonay@r resonating tiahibodenetdied mix hibd conpri si ng
the steps of: formng the anode conprising silver (Ag), palladium (Pd) and
copper lfn)nesoent Baykgirate;, forming a thin filmlayer for hole injection
made of a material 5 Decenber 2005 -25- with a higher work function than
that of the anode on the anode in an atnosphere of an'inert gas;

5. An organic electroluminescence device according to claim
4, wherein assuming that a phase shift of reflected light generated in
the anode and the semi-transparent clectrode 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) |

2LA+®/2r=q(q 1s an integer).

6. 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), palladium (Pd) and
copper (Cu) on a substrate; |

forming a thin film layer for hole injection made of a material



form ng the one or nore organic |ayers including the |um nescent |ayer on
the thin filmlayer for hole injection; and form ng the cathqgde_ on the
organic layer. 7. A method of manufacturing an organ?@muﬁﬂﬁﬁgpgﬁuninescence
devi ce, the organic el ectrolunm nescence conprising one or nore organic

| ayers including a | um nescent | ayer between an anode and a cat hode and
em.tting light generated in the |unrinescent |ayer fromthe cathode, the
met hod conprising the steps of: forfi'ng. the anode conprising silver (Ag),
pal | adium (Pd) .and copper (Cu) on a substrate; formng a thin filmlayer
for hol ewithj adrgher mearé Binciiomthan shat of the anbdghen theakofleniat aon t han
that of the anode on the anode by use of an area mask with an aperture

cor r espaattiosphese af ar mert ghgre the thin filmlayer for hole injection is
intended to be forned; formng the one or nore organic |ayers including the

| um nescent |fayarngn thike dhén dr | mdray esrgamic hdhgetrsnj andluditig anble f or mi ng
the cathode on the organic |layer. 5 Decenber 2005 26 ABSTRACT Provi ded

are an doganiescehtelatesbuniheahée il At fof KAl tidn; apdhancing
refl ectance of an anode, thereby resulting in inproved light-enitting

ef fi ci ency arférimifipihe athodBoyi A dtpafi [dRrsame.  An anode (12), a thin
yer for holée injection (13), an insulating

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), palladium (Pd) and
copper (Cu) 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.



| ayer (14), an organic layer (15) including a | um nescent |ayer (150) and
a cathode (16) including a sem - transparent electrode (16A)_are |am nated
in order on a substrate (11). The anode (12) conpri seRecegibeyd O3hich is a
metal with high reflectance or an alloy including silver, and the thin
filmlayer for hole injection (13) conprises chrom um oxide or the |ike.
Li ght generated in the lum nescent |ayer (15C) is nultiply reflected
bet ween the anode (12) and the sem -transparent el ectrode (16A) to be
emtted fromthe cathode (16). As-£he reflectance of the anode (12) is
enhanced, the light generated in the |Ium nescent |ayer (15C) can be
efficiently emtted. An alloy ABBFRAET in the anode (12) preferably
i ncludes silver, palladiumand copper, and a silver content is preferably

50% by mass or over.

Provided are an organic electroluminescence device capable of

enhancing reflectance of an anode, thereby resulting in improved

light-emitting efficiency and a method of manufacturing the same.

An anode (12), a thin film layer for hole injection (13), an insulating

layer (14), an organic layer (15) including a luminescent layer (15C)
and a cathode (16) including a semi-transparent electrode (16A) are -
laminated in order on a substrate (11). The anode (12) comprises |
silver which is a metal with high reflectance or an alloy including
- silver, and the thin film layer for hole injection (13) comprises
chromium oxide or the like. Light generated in the luminescent
layer (15C) is multiply reflected between the anode {(12) and the
semi-transparent electrode (16A) to be emitted from the cathode (16).
As the reflectance of the anode (12) is enhanced, the light generated
iﬁ the luminescent layer-'(15.C) can be efficiently emitted. An alloy
comprised in the anode (12) preferably includes silver, palladium

and copper, and a silver content is preferably 50% by mass or over.



