5 Decenber 2005 -1 DESCRI PTI ON ORGANI C ELECTROLUM NESCENCE DEVI CE AND

- METHOD OF MANUFACTURI NG THE SAME TECHNI CAL FI ELD The_present 6 vention
relates to an organic el ectrol um nescence device (d?éﬁ eEp! evi ce)
conprising one or nore organic |layers including a |umnescent |ayer
. between an anode and a cathode, and emtting |light generated specifically
in the |lum nescent |ayer, and a nmethod of nmanufacturing the sane.
BACKGROUND ART In recent years, organic EL displays using an organic
el ectrol um nescence device as an altgrnative to liquid crystal displays
have becone a focus of attention. The organic EL displays are of a
self-lum nous type, so it is DESC&PGIONat the organic EL displays have
advant ages of a wi de view ng angle, |ow power consunption and adequate
response to high-definition high-speed video signals. Therefore, the
organi ¢ EL di splays have been devel oped to achieve the practical use

t her eofQREIANIE: Enm@mcﬁm TONERCRNEE DRYIOEAND MESHOD 8F nescence

device. The organic el ectrolum nescence device conprisés an anode 112,

- organi MNEFACPURINGI g 3R S Decenber 2005

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 ﬁower
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
elegtroluminescence device. The organic electroluminescence

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



| injection |ayer 115A, a hole transport |ayer 115B and a | um nescent
|'ayer 115C, and a cathode 116 |lamnated in this order._on a s%gaérate 111.
Al t hough light generated in the |um nescent |ayer 11§@er?ﬁ‘§?ber mtted from
the substrate 111, as shown in FIG 6, the light may be emtted fromthe
cathode 116. When the light is emtted fromthe cathode 116, it is often
the case that the anode 112 conprises a netal such as chromum (Cr), and
t he cathode 116 conprises a transparent conductive material such as a
conmpound of indium (In), tin (Sn) and-oxygen (0) (ITO indiumtin oxide).
The |ight, generated in the lum nescent |ayer 115C nmay be directly emtted
't hr oughtJRetient lages 1lbst.a8 halditvansporbjayer d26Bnand 72 InnfihEscént and as

i ndicated by an arrow 118, the 1light my be reflected on the anode 112
once ankk¥erehl &0y andd cathaleghlé Hendanheddnltlfis drdeeer a stdryens onal |y,

t he anode 112 conprises chromum or the like, so there is a problemthat
li ght abkbr pAdttoeugly liglet gondeatellgnithehl @hinbb@mblayer! P55C0khali ght
emtted after reflected on the anode 112 is |arge. The absorptance by the

anode Has emittdderor theualindrate 11¢, a5 GHYwn hSCIE O6 VPR A EHRNGRGydeVi ce.
Wien light- emitting efficiency is 1ow, the amount of current réquired to

obt ai N bd Bais@ERioM 8RS ida¥hbdeili@ €ased. An increase in the anount of drive
current affects on the |ife of the device, which is a critical problem in
the practi Cq}Vh%iet}PJ lfgjfﬁ ﬁr&ﬁ%t%de%r%% rtﬁle ucrgtﬂ% %Eii&e, igel\éioct%én the
case that the anode 112 comprises a metal such as chfoniium (Cr),
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



In view of the foregoing, it is an object to provide an organic 5 Decenber

2005 3 el ectrol um nescence devi ce capabl e of enhancing, the reflectance of
the anode so as to inprove light-enitting effici ency,S%Eﬁﬁn er%gp od of
manuf acturing the sane. DI SCLOSURE OF THE I NVENTI ON I n accordance with an
aspect of the present invention, thege is provided an organic

el ectrol um nescence device, conprising: one or nore organic |ayers
including a | um nescent | ayer between an anode and a cathode, the organic

el ect r oblyBtREREANESs @9 CRe BIFkL éixﬂ%l'ei Gf‘;enl%ﬁfih%t e iﬂa;fegga%ggd}esce“t

| ayer fromthe cathode, wherein t anode conprises silv . pal | adi um
(Pd) angheophbde GYs N d IE nakher aspect of the. present

i nvention, theere isS prob%g@eaﬁ%g?ﬁ#&ug?gn%ﬁg%egg?% i gaaﬁle&ﬂﬁgn?tﬁ

el ect rOL}HHd}Qéﬁ& t}geeélé ce, the organic el ectrolum nescence conprising one
or nore organic ers el udi ng a |l um nescent |ayer between an anode and
a cathode and emtting |light generated in the |um nescent |ayer fromthe

cathode, the method conprising the steps of. forming the anode conprising
i1 oot BREONTHENGANGERNET o mmterial with a higher work
function than that of the anode on the anode in an atnosphere of an inert
gas; fornm ngln @seordrnesr with @moagpedic of ahermresent ddivagtione thertnescent
| ayer Ol?rovided 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.



the thin filmlayer for hole injection; and form ng the cathode on the
organic |layer. 5 Decenber 2005 4 In accordance with anot her ect of the
present invention, there is provided a nethod of r’ra%laP‘%fE%%Gi; (ﬁ% an organic
el ectrol um nescence device, the organic el ectrol um nescence conprising one

or nore organic layers including q4l_um' nescent | ayer between an anode and
a cathode and emtting |light generdted in the |um nescent |ayer fromthe

cat hode, the nmethod conprising the steps of- form ng the anode conpri sing
silver (Ag), palla

fum (P and, copper_ (Cu n a tr. c.formng a thin
filmlayer PorafegF an?%jvgﬂ i Stk %sfpegg n%ﬁ écﬁfaapr%e[t%ﬁ égkf&éﬂgﬁ’ wor K
functiaon than that o‘g t he anod n the anodfarfg}i use of an area mask with
an apethaiite 18 orP¥WH oflii iy tehhody cof wHRRRY e A m P& for hol e
injection is intended to be forned; formng the one or nore organic |ayers
i ncl udélegtroivmingperaeentdeviger obha he OFEAMCE | | HEFEEAAHITIBNESREBRES | nj ecti on;
and formng the cathode on the organic layer. In the organic
el ect r cd mpriEsgente odendre orghric srmgludiorgpailvenigigsgent URYBr a” hi ghest
reflectance of all of nmetals or an alloy including silver, so a |oss of
li ght Bbswephizanahydemdaocetlicle addoaditting dight\cdriagatedemeteed in the
| um nescent |ayer can be efficiently emtted. In one exanple enbodiment,
i n thelymiAeskaa{t MBpedE abyi itk 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.
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



an organi c el ectrol um nescence device, after the anode conprising silver

or an alloy including silver is forned on the substrate, o :258 anode, the
thin filmiayer for hole injection is formed in an AOFSEPREAL0df an inert
gas. Therefore, thin filmlayer for hole injection prevents the anode from
bei ng deteriorated, and the 5 Decenler 2005 5 anode can be prevented from
being deteriorated during the formation of the thin filmlayer for hole

i njection. In another exanple enbodi nent, in the nethod of manufacturing

an or gaahsde!c@@ltns@b@ewﬁﬁéaaMﬁnctfe\ihgtﬂet@ﬁo%tédv?jblﬁ@ﬂg%%%é{ﬁ% si | ver

or an alloy including silver is formed on the substrate film

| ayer fof thokRid BIRFIARE fo HAETRfb@iod ne anode by use of an area mask
with an aperture corrésponding to an area where the thin film layer for

o 11 1 B0kl e o TESELOR of bl L1
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first efi'ﬂﬁqia%mfof’ fht}lg%njé&\i/gﬁ]tiis %Qi'm%dDgx(f %nga{noz é) %y 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. 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;



- 5a FIGS. 2A through 2C are sectional views show ng a method of

manuf acturing the organi c el ectrol um nescence device shown in FIG 1 in
sequence; FIGS. 3A and 3B are sectional views show n@Dﬁoeiﬁ?&F?QQ,sati on of a
met hod of the organic el ectrol um nescence device according to the first
enbodi nment in sequence; FIG 4 is a_ts%e_cti onal view of a configuration of an
organic el ectrolum nescence device according to a second enbodi nent of the
5 Decenber 2005 invention; FIGs. 5A and 5B are sectional views show ng a

met hod of nMaRIGR! 2A e QU aRé Gettishk! @iéa%\clﬁWadﬁYét@d%Pm in

FIG 4 in sequence; and FIG 6 is a section a contfrguration of a

convent inpmalifacBtsidy thebpsiniel dBbRERER | GBvi RRYI NG
OQUT THE | NVENTI ON Pr ef er?%}j 1errbodi nentgf%’fcg]'?ﬁéeagylecggﬁgov%&gnf@h ill be

descri bgd sbgu@ﬁé@ detail belowreferring to the acconpanying draw ngs.
[First Enmbodinent] FIG 1 shows a sectional configuration of an organic

el ect rol uni nggemnae deif 98 A6CaLAidAcd o IAETROILARAL Of, Lhe

i nvention. An organic el ect um nescence devi ce
method of the organic electroluminescence device according to the first

embodiment in sequence;
FIG. 4 is a sectional view of a configuration of an organic

electroluminescence device according to a second embodiment of the



for an extra-thin type organic EL displ ay or the like, conprises an anode

12, athin filmlayer for hole injection 13, an insulating |layer 14, an

organi c |ayer 15 and a cathode 16 which are | ani nat e¥Depentsr 300y der on a
substrate 11 nmade of, for exanple, an insulating material such as gl ass.
Further, a passivation film (not shown) is forned on the cathode 16, and
the whole device is sealed with a sealing substrate (not shown). The anode
12 has a thickness in a lamnating direction (hereinafter sinply referred
to as thickness) of, for exanple, 2090-nm 5 Decenber 2005 7. and
conprises silver or an alloy including silver, because silver, which has
hi ghestinvehitemi;ance of all netals, can reduce a |loss of |ight absorption
by the anode 12. The anode 12 conprising silver is preferable because it

can have theFIGeheH i |58t AAC GectldQUelewheshFHRAE al mePHe i s Ng an
all oy of silver and other netal is nore preferable, because chem cal

stabi i R N %a(ﬁﬁr : hapeed, and the
adhesi o%ﬁgf @?ﬁtghgﬁgg%ielgr 0 !td hegl%gt‘l}ggﬁlgxtegééﬁgiﬁég;{c%ﬁ |H ?llp?ngf ayer for

hol e i @ﬁ?%kgﬂeﬁgefﬁ‘ﬂdbe inproved. Silver has very high reactivity, |ow
processi ng accuracy and |ow adhesion, thereby it is very difficult to

handl e sil vess~AsSilver content. in the alloy i referably. 50% hy mass or
over, sot ﬁgG’t ﬁelsr%fsfgéf)gﬁiev 18¥ f’té‘ 8%%§Y‘ﬁa8ﬁn&{)% Cé)l'j‘f"%ing}oé’rﬁ ly
enhanced. As ih% af I o%/ i ncluding. silver, for exanple, an alloy including
si | ver 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,




pal | adium (Pd) and copper (Cu) is preferable. A palladiumcontent and a
copper content in the alloy are preferably within a range, for exanple,
fromO0.3%by nass to 1% by mass, because the refl ect aRgeem 0

sufficiently enhanced, and the processing accuracy, the chemcal stability
and t he adhesi on can be enhanced. The thin filmlayer for hole injection 13
I's provided to enhance efficiency of hole injection into the organic |ayer
15, and conprises a material with a higher work function than that of the
anode 12. Mreover, the thin filmljayer for hole injection 13 has a
function as a protective filmwhich prevents silver or the alloy including

silver arld apnigAcés ndlvér roxygelledr iackidiher sHeBteMechisdi silvand ,
"mtigates 5 Decenber 2005 .g. danmge to the anode 12 in a nmanufacturing

step afgRichf Bééﬁh@?héélereﬂ@&@%cla?of MURELALS c2h reldRick odd dMikayer for hole
injection 13 include, for exanple, a netal such as chrom um nickel (N),

cobal t 4HGe tioﬁobybeﬁé%@@)m p! afﬁ@ttg]n@eéﬁ)mrcoiy)aﬁg&n%gﬁwer gp alloy

i ncluding at |east one selected from ove e an oxide of any
one of tahs or _1h || ni{.ride . of any one of..t he als or the
al | oy, p%r%%‘%?]rl gr?se ﬁg}lg‘tﬁtﬁcc%ﬁdg‘ EV fe\a/tglerréf%lﬁsil regﬁ%(%agge,l ?k.hol“tg}\ngﬂepr ef erabl e
that the thi ggness of .t he thi_rl fimlﬁg{er for, h@jéee inée tion 13 is

det er nPREH Sadfe AMRIITURS Ah e liesgit sHERE R afitheTadpetad| Lt ipPEs)
conductivity of the material. For exanple, when the thin filmlayer for
hol e iﬁr@ér.a&ie, kecaysrhemical Pabilityand pracesgmgiaeguracy of the

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




relatively low electrical -conductivity such as chrom umoxide (II1)
(Cr203), the thickness is preferably as thin as, for _exanmple

approximately 5 nm Wien the thin filmlayer for hol éqeﬁ‘fr%lbﬂff?g?ﬁ 13
conprises a netal with high electrical conductivity and low transmttance,
the thickness is preferably as thin as, for exanple, a few- rim On the
ot her hand, when the thin filmlayer for hole injection 13 conprises ITO
wi.th high electrical conductivity and high transmttance, the thickness
can be as thick as a fewnmto a f&wvtens nm The insulating |layer 14 is
provided to secure the insulation between the anode 12 and the cat hode 16
and accéfmageytd she anodé g ierd ntamgfzateaing stée aftgafioning the

el ectrol um nescence device 10 in a desired shape. The insulating |ayer 14
conpr i sesodm 1ZisubbatengalsOof ndiecthih Blishlpsar for Mlanijectish! 18on di oxi de
(SiCa). The insulating |layer 14 has a thickness of, for exanple,

appr oxi imledy, fG08xampland methheuchssd ahirbshilay Chickdl (An)a@syd1¥r e portion
14A is disposed corresponding to a light-emtting area. The organic |ayer

15 1ncl{Chs mopbeh i AME) blhubrAPH ! ilibsRNERI! lad AREy 158 and a

| um nescent |ayer 15C, all of "which are e of an organic nmatwerial,

| am nat; b s | I d _.Th e injection l.ayer 15A
and theﬁ%‘lh@nigl:gﬁsi%%%B?éfgrméfgg ﬂ.gir}lei?%?’ (])a\%]lo édg'[eggieshk?gn%% Oé{f(% gke%cy of

0ot 8! MaBEbhRbe (e uldiRls b THACRASY o UGk ' A hny Bae SFHES LS ' YT 19C

or the alloy, or a transparent conductive material such as ITO. It 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



current injection, and an area of the |lum nescent |ayer 15C corresponding
to the aperture portion 14A of the insulating layer 14 emts |ight. The
“hole injection layer 15A has a thickness of, for exaﬁﬁ@@?ﬁ&EBQQ&inately 30
nm and is nmade of4,4"',4"-tris(3- nethyl phenyl phenylam no)trip henyl 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)-Nphenyl]benzidi ne
(a-NPD). The lum nescent |ayer 15C has a thickness of, for exanple,
approximately 50 nm and is nade of- @-quinolinol alum num conplex (Al Q).
The cat hode 16 includes a sem -transparent el ectrode 16A having

sem -t rARSPAIRENGYIchO Ad4,9MorgenempRe idilichba | didixid@s CeBiO,)l ayeThd5C, and a

transparent el ectrode 16B havi ng transmttance for 5 Decenber 2005 -10- the

light genRenatiag 1&&&@4'&@@ %e%‘ﬁ?rﬂéndéﬁf frCex XRING, %P Brokffhbdyed in this

order fromthe orgam c ayer . The seni- transpareni electrodé 16A has a

hi ck d de, of | f

L cknagto Sim, W9 BXARR. B ue%gﬁgé)f#@ 11 40 BB phpBRCEAR! g ol oY o
f t f 9to 1. Th

g(raan' e[ ?@ﬁéﬁ% @ﬁ?rr&sggpﬁé%ér% ligbt\pl)%bq b‘i% a{rga:, gf Ioect t(r)\e i gﬁt gener at ed

' 15 etween the.se
in the Tum nleﬁg %?tgamcy Ieayer lgncl es a hole 111]ect10n layer 15A, a hole

transport layer 15B and a luminescent 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




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

sem -transparent el ectrode 16A and the anode 12 constitute a_ resonant
portion in a resonator which resonates the |ight genépa?@ﬂ)ef??pi he

| um nescent |layer 15C. It is preferable that such a resonator is
constituted, because the |ight generated in the |lum nescent |ayer 15C
-causes multiple interference to function as a kind of narrow band filter,
and thereby a half-value width of a spectrumof emtted |ight can be
reduced and color purity can be inpridved. For that purpose, it is
preferable to match a peak wavel ength of the narrowband filter and a peak
wavel enthé: bghthgespeatediniof the i fhinideséard lagebe 16:6,t tvebichl naxat her wor ds,
assum ng that a phase shift of reflected |ight generated in the anode 12

and t helmpmateidr dnsphisenirderefigmdehd6ArgsnicDl4yed)15.an Dhéi gahidi st ance
between the anode 12 and the sem -transparent electrode 16A is L, and the

peak wetielmspairbnof elé@renectiemn dfad i ahttiderhé &y be, berenbiigPpiérom the
cathode 16 is X, the optical distance L preferably satisfies a 5 Decenber
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preferably selected to be a positive mninmumval ue satistying t
el g oA Mo RO £ or e L1
2L/ a+l/ lgés i%g%nhgiuaﬁ-éonéﬁggf Eass ratio of 9 to 1.

The semi-transparent 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



The transparent el ectrode 16B is provided to reduce electrical resistance
of the sem -transparent el ectrode 16A, and is nmade of an electrically
conductive material having sufficient translucency t & Pgrember 29Qp gener at ed
in the |um nescent |ayer 15C. As the material of the transparent el ectrode
16B, for exanple, a conpound including indium zinc (Zn) and oxygen is
preferabl e, because the conpound can obtain good electrical conductivity
even if filmformation is carried out at anbient tenperature. The
transparent el ectrode 16B preferabljy -has a thickness of, for exanple,
approximately 200 nm The organi c el ectrol um nescence device 10 can be

manuf achathemaaterldifogmidat he 4841 owi RELSTERS, oftRéaled@BR e Al G 2A
t hrough 2C show a nmet hod of nmanufacturing the organic el ectrol um nescence

devi : : ) : ) 2
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conprising silver or an alloy 1including silver w scri bed
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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
subsi;rate 11 made of the above-described miaterial through, for

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



described thickness is formed on. the anode 12 t hrough, for exanple, high

frequency sputtering. At this tine, the thin filmlayer for hole injection

13 is preferably fornmed at a pressure of, for exanpl @Degemberpd0xng an

out put of, for exanple, 10 Win an atnosphere of an inert gas using an

i nert gas of argon (Ar), nitrogen (N2) or the |like as a sputtering gas.
"The reactivity of silver conprised in the anode 12 is high, so when the
thin filmlayer for hole injection 13 is formed in an atnosphere of

oxygen, the anode 12 is al so oxidizéd. - Therefore, the thin filmlayer for
hol e injection 13 made of an oxide such as, for exanple, chrom um oxide is
pr ef er alry examEdg, reeonn (Ap) asnesppetiering gaxy gun aupresgurenef,afort ar get such
as a chromumtarget but in an atnosphere of an inert gas using an oxide

tar get @xrmplde @i Baiamd aoxéwkputNetfor axasiyolan 300 W.G 2B, the anode 12 and
the thin film layer for hole injection 13 are selectively etched through

|'i t hogr aphy Nbxt, faor shoargl &1 BIGH x24, sehaitilom Filoni Idyes a6k dholehosphoric
acid and acetic acid to be patterned in predeterm ned shapes. After that,

as  shojectiof! B3 BBdet HF thoSabVid-A8sbABRE Ahtwridl Wih aReVELEESCT i bed

thickness is fornmed all over the substrate 11 through CvD (chem cal vapor
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‘exarrpl high! fr@&%ﬁek}ysptlﬁté%fgt gt BRE HILE, PRS £ho0 & ﬁaAlayer for hole
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




After formng the insulating |ayer 14, as shown in FIG 2C, the hole

I njection |ayer 15A, the hole transport |ayer 15B, the |um nescent |ayer
15C and the transparent electrode 16A all of which aPscewmige28¢> ¢ he
above-described materials wth the above- described thicknesses are forned
in order through, for exanple, vapor deposition. At this tine, by the use
of a netallic area mask 21 with an aperture 21A corresponding to an area
where the layers are intended to be forned, the layers are preferably
formed corresponding to the light-gpi-tting area, that is, the aperture
portion 14A of the insulating | ayer 14. However, it is difficult to carry
out vapotrekasdihigonicond y liht-emitpapt e apoist | swieddde t Fembivgll accur acy,
so the layers are preferably forned on the whole aperture portion 14A and

an’ edgghebughe fonexh aipladlithygraplfy 86 Tohe tHdgpanrerbWdartRAl tyan 14A. More
specifically, at first, 0.2 g each of the materials of the hole injection

| ayer 15A IARohdbeulingaR0ihshPiihe DR ANT4l B shoWhnazasms beyer 15C are

filled in, for exanﬁ e, respective Boat's for resistance heating, and the

boats 358 N a0foR’ BFETIBAC Lo L Bl AARIBIE RS

_ regarding rmagnesiumand siTver formng

(1 5y bOERETSObr LGS RGP Y veledefils FRAIFRRETARC AR 0,0L &'V
Decenb%ghl% Ogré édéde 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 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 magnegium 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



are nmounted on predeterm ned el ectrodes of the vacuum deposition apparatus
(not shown). Further, as a cathode of the vacuum deposition ajparat us (not
shown), for exanple,. an alloy of nagnesiumand silv PGP%HQ%QQ(_? 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 resistance heating to heat in order, thereby the hole

i njection |layer 15A, the hole transport |ayer 15B, the |um nescent |ayer
15C and the sem -transparent el ectrédde 16A are deposited in order. Wen
the sem -transparent el ectrode 16A is deposited, magnesiumand silver are
deposi t&¢ tyyettedr on redetermined releetrodasiof die vagnusi wepositdohver i s set
at, for exanple, 9:1. Finally, the transparent electrode 16B is forned on .
t he serfppanagnspinehtsleiwen).r odButthterhyas he vsthade tole thenwavetan! i ¢ mask 21
t hrough, for exanple, direct current sputtering, which is carried out by
t he uselafosatinhxezbrantais afgran shckraXy ok (examlpler aatidlef of
Ar:02=1000:5) as a sputtering gas at a pressure of, for exanple, 0.3 Pa,

and an megputiueh, ahdr sgepie, uddd W NBRE elierd N OpHAREe of an _
el ectrol um nescence device 10 showmn in FIG | is fornmed. In the organic

el ect 1 AliuRMAENGE d5Y1 $8cdfm MBI RtioR BBLShFLICHhHOLHANR) Se 3PP | €

between the anode 12 and the c 16, current 1's injected into the
U neShaRed U1 OB Bl PAROICh S O G ML Tachied LS 1
1.5C -B%%tl .T&htreisfstance 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




5 Decenber 2005 -15 multiply reflected between the anode 12 and the

sem -transparent el ectrode 16A, and then passes throu

the cathode 16 to

h
be emtted. In the -enbodinent, the anode 12 conpri §g§’°§11 be5@P0%r an al | oy
including silver, so reflectance of the anode 12 is enhanced. Thereby, the

| i ght generated in the | um nescent

| ayer 15C is efficiently emtted. Thus,

according to the enbodi nent, the anode 12 conprises silver or an all oy
including silver, so the reflectance of the anode 12 can be enhanced, and

a loss of light absorption by the addde 12 can

suf fi cilntthe enhbodidenandhichancldeni il cahpbideist yeilvbheo@r aneatioyy
and the adhesi on can be inproved. Moreover,
hol e i njpedédioiy
of the anode 12

t he

be reduced. Thereby,

efficiency of emtti ng the light generated in the |um nescent |ayer 15C
can be V‘r\% ipVEeflanted shristqarc dhpyanede Bhouwd thecommiitsaneparend | oy

i ncluding - silver, palladiumand copper allows inproving the chem cal

st abi | |Q15ectr0tdl¢e1@AoaaslsthB}1 acsseathrangh the eathesieoht t&dret éxmittednen t he
silver content in the alloy is 50% by mass or over, the reflectance can be

her, silver an al ver “conprise

efficiently emitted.

oy inc ng si

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

In

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

accur acy

when the thin filmlayer for

181984 € s00frefle®BiREd abf WVhE @rdidghers Wiy KeAlRREEPN than that
I s di sposed between the anode 12 and the organic |ayer 15,

efTh@feﬁ{}?YtHé light lgn8Fht@l 1! fnd NPufidBlidnd UGy 135eANE0e further

enhanced



t he anode 12 can be prevented fromreacting wth oxygen or a sul fur
content in air, and danmage to the anode 12 in a manufacturing 5 Decenber
2005 -16- process after form ng the anode 12 can be ﬁﬂepﬁﬁheégpoﬁn addi tion,
in the case where the thin filmlayer for hole injection 13 is fornmed in
an atnosphere of an inert gas, even if the anode 12 conprises silver with
high reactivity or an alloy including silver, the anode 12 can be
prevented from bei ng deteriorated such as oxidation during the formation
of the thin filmlayer for hole injléction 13. Thus, target properties of

- the anode 12 can be obtained, and thereby the organic el ectrolum nescence
devi ce pi®case aftimiprig nghideccabode idhcax e mdtigasedy obt ai ned.

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

manuf act uri Mg tadeitioganinc thkeciso| whenestianahigefilnelds®radeorikbleg to the
first enmbodinment. In the nodification, the thin filmlayer fior hole

i nj ect iigfectBon IF & THEMOY ibhen Ustn85p BBrSbe T Rekrt2das,t &@:eRY thBe thin film

| ayer for. hole injection 13 is not required to be patterned through

l'i t hograiie 99 écgﬁ Fsk8 silerl With high SRMYiLP Jrl £h alfoy decld@inE Ped above,

the anode 12, i ormed on the substrate 11," and then”i s patterned. Next,
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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 fih_n formation such as the sputtering gas and so on are the same




to an area where the thin filmlayer for hole injection 13 is intended to
be formed, the thin filmlayer for hole injection 13 is forned only on
desired part, that is, on the patterned anode 12. TheP e F8Rs  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 nent, the insulating |layer 14, the organic |ayer 15 and the cathode
16 are formed. Thus, according to the nodification, the thin filmlayer for
hole injection 13 is fornmed by the-use- of the area mask 22, it is not
required to pattern the thin filmlayer for hole injection 13 through

| i t hograpthhose inhéhé ifiket éihbndimeat. evithen fad e throcesd 3f cbepfiksies si |l ver
with high reactivity or an alloy including silver, the anode 12 can be

pr event e Hodamedae| b eetrididd tio 1ai6h 1durfHag ofiSMicNhyied 1524A&1¢he he thin
filmlayer forshole injection 13, or being deteriorated. Thereby, the

pat t er ngihq¥eCyé a¢¥ BFmldge anode 12 can be inproved, and target properties
of the anode 12 can be obtained. In other words, the organic

o i1 o i DSREASE. e oeeRl bRyl GIOMTmCARersl Y
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required to pattern the thin film layer for hole injection 13 through
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 acturi ng the organic 5 Decenber 2005 -18- el ectrol um nescence device
30 in sequence. At first, as shown in FIG 5A as in the case of the first
enbodi ment, on the substrate 11, tH&anode 12 is fornmed, and then is
patterned in a predeterm ned shape through, for exanple, |ithography.
Next, aSlieshepdmminescence glevige 3G inheeguercaf Wiefitit,shs estuvda nient , t he
insulating layer 14 is forned all over the anode 12 and the substrate 11,
and t heF&gedAuras ipdhei arseldfithe fivet nmebodexént,asn shewubstrddeGl15B, by the
use of an area mask 23 with an aperture 23A corresponding to an area where

t he t hithd idmdeay@ris forthele sind ehéhoR %ﬁtﬂe&nbﬂtﬁﬂ@%rbﬂeﬂﬁrﬁi@{eﬁem as in -
the case of the first enbodinent, the thin filmlayer for hole 1injection

13 is fehapsd.chAbubhl Jokie@ample [iBhogdd 1y, | apRkt! Ofs ?Hb‘tﬁﬁ ipEggion 13 is
e

| aid on the whol e aperture portion 14A and an edge o I nsulating | ayer

14 i \ . | f, th
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area nmask 23, as in the organi c | ayer

?Pldmt ngygrﬁfe!@?%&@eﬁﬁﬁe fa‘}{o%d_mﬁhu(f th8 &% rsgi'gﬁa &?, %gﬁ t%%bggé%@te’ the thin
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 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



hole injection 13 is fornmed by the use of the area mask 23, so the

enbodi nent provides the effects equal to those of the above nodification.
Mor eover, specific exanples of the invention wll bed Bessebehd® el ow. I1n a
manner simlar to the first enbodi ment, the nodification of the first
enbodi mrent and the second enbodi nent, the organic el ectrolum nescence
devices were manufactured. At that tinme, the 5 Decenber 2005 -19- anode 12
conprised an alloy including 98% by nass of silver, 1% by mass of

pal | adi um and 1% by mass of copper-18nd the thin filmlayer for hole

I njection 13 conprised chromumoxide (111) (Cr203). Wen the

| i ght - @miodei hg eihpuisedciresialy indudingg&% deaasd ofisilseecihbebydevi ces
were determned at an intensity of 1000 (cd/nR), a voltage of 6.47 (V) and
a curr emhsobf Paldiditmandal % bf hhssmofeocppappindithet iy fildh. layesd/ A). As a
conparative exanple with respect to the exanples, in a manner simlar to

‘the ex@sPhee iAfci@RNBCRhBEEA CHIGRREANGEde VDT ¥8S) f onyREn The
organi c el ectrol um nescence device was equivalent to the exanpl es except

|
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filmlayer for hole ihjection was not for emtting

e 11 ¢ 8RGYocdl whie UBRARified HoFh (REMLAFHI660 WS, A viltgeEYIPar ative

exanpl e de
6.47 (V) and a current of 0.341 (mA), all of them were approximately

er

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



at an intensity of 1000 (cd/nR), a voltage of 7.16 (V) and a current of
0.69 (m). was 5.86 (cd/A). Thus, the exanples coul d obtain approxi mately
twice higher light-enitting efficiency than that ofSFH@ﬂﬂﬁﬁﬁg&%tive.
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 nodifications20For exanple, the invention 5 Decenber
2005 -20- is not limted to the materials and thickness of each |ayer or
the neth&@tdimibeshdit thongnaterinlsmamst thidkoresdest eabbdladyert be thkove

enbodi ments, but any other naterials and thickness or any other nethod and
condi t i yeshofl Andmcooditensnofirdilnbeforppd ticablescribed hin afiay ebeseodi nent s,
the configurations of the organic electrolum nescence device are described

i n det aéinboldiinealts, bayeiwy dthek astehialshiamd fikiskheyeorf 2hy iRyl Nj ection
13, the insulating layer 14 or the transparent el ectrode 16B may not be

necessamiokliod CNbLs iEidionNef itk RiekibAYELYBY aflibApLdIer comprised. In
addi ti-on, although the invention can be appyled 0 the case where the

e B! S5 UG P B O3 Bl Ve
eléctroluminescence 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'compris-es silver or an alloy
including silver, so the reflectance of tﬁe 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



where the sem -transparent electrode 16A and the anode 12 constitute a
resonant portion in a resonator can obtain a higher Sﬁ];f?fotcr%(ff)% descri bed

- above,

in the organic el ectrol um nescence device actording

0 the

i nvention, the anode conprises silver or an alloy including silver, so the
refl ectance of the anode can be enhanced, and a |oss of |ight absorption

by the anode can be reduced. Thereby,

generated in the lum nescent |ayer can be inproved. Specifically,
organi ¢ el ectrol um nescence devi ce-23ccording to the invention, the. anode
ses an alloy including silver, palladiumand copper, so the chem cal
st abi | iREpcesHagsa@aanyeandds adhesionoek the mpaateccamde angrovnsd,adhesi on of
t he anode can be inproved, thereby resulting in further inproved
pr oper thhezebxweswlténg inrfuritbe vimgnmored|moprotiesi nescence devi ce accor di ng

conpri

to the invention,

the silver content in the anode is 50% by mass or

the efficiency of emtting |ight

in the

over,

so while t hdMosddvea} ancichec argdeicselelct £d1ani ineseshad GreFicd Aecordihgn cal
stability, the processing accuracy and the adhesion can be inproved,

t her ebytorgtutivaltibh, tHE! i8Ver PR AR iR tBREERHAES is Fs_@%hs{ 1m55§]bh!e organi ¢

el ectrol um nescence device according to the invention
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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 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

he thin film
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and the organic layer, so the efficiency of hole injection into the

organi c | ayer can be enhanced. Further, silver or an allo% i ncl udi ng
silver conprised in the anode can be prevented fronﬁi@@%ﬂﬁﬁ@@@gﬁl1 oxygen or
a sulfur content in air, and can mtigate danmage to the anode in a

manuf acturing step after formng the anode. In a method of manufacturing
the organic el ectrolum nescence device according to the invention, the
thin filmlayer for hole injectionis fornmed in an atnosphere of an inert .
gas, so even if the anode conprise&Zsilver with higher reactivity or an
alloy including silver, the anode can be prevented from being deteriorated
such asinvstitéen icen hiepagytdbsaimedmati on of the thin filmlayer for hole
injection. Therefore, target properties of the anode can be obtained, and

t her eby t he Mioganver,el dat r ch unimedaghceoflevinggnaficaudimyg t orgdwicc Decenber
2005 -22 invention can be easily obtained. Mreover, in a nethod of

manuf acélettrvduaiinaBténce deeideohsdbrdea s Wacthél @M 6RtidGS 2hdi f}Gnt A1hhe
invention, the thin film layer for hole injection is formed by the use of

the ar gayeesbr lifletinfectith Bs ffbfrﬁbli%(f'i;htaqasehﬁf E]éé '?Jr@ﬁtlhggk,i So1fk required

to be patterned through Iithography or the . Thererore, even if the

ohode S SSLh UG8 WA BLANGEIET AL tsing RO MRRHENTE o "

through lithography or the _l-ike. 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, 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.




to pattern the thin filmlayer for hole injection or from being
deteriorated. Thereby, while the patterning accuracy_of the anode can be

i nproved, target properties of the anode can be. obt aP PEEEMEeE 208} her wor ds,

t he organi c el ectrol um nescence device according to the invention can be
easily obtained. Cbviously many nodifications and variations of the present
i nvention are possible in the |i9hﬁﬁff t he above teachings. It is

therefore to be understood that wittin the scope of the appended clains
the invention may be practiced otherwi se than as specifically described. 5
Decenber 2005 -23 CLAIMS 1. An otdahiMSel ect rol uni nescence devi ce,
conprising: one or nore organic |layers including a |um nescent |ayer

bet ween an anode and a cat hode, the organic el ectrol um nescence device
emtting light generated in the |um nescent |ayer fromthe cathode,

wherei n t he hnodeAaamgahires]estlohemifiégencedel rd, confRigingnd copper (Cu).

2. An organic el ectrolum nescence device according to claim 1, wherein the

anode conprigeé oP%mvrcnasipafic oMBlerdf indludiig 2. lMMmiREGSILC layer
el ectrol um nescence device according to claim 1, wherein a thin filmlayer
for holgetwiedCldP R 9ld & Fatk6d&! 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




wi th a higher work function than that of the anode is conprised between
the anode and the organic |ayer. 4. An organic el ectrolum ne ce device
according to claim 1, wherein the cathode conpri sesSQeE‘E‘i‘ll?e-raﬁggsparent

el ectrode being 5 Decenber 2005 -24- semi-transparent to |light generated in
the |um nescent |ayer, and the sem -transparent el ectrode and the anode
constitute a resonant portion in a,yesonator resonating |ight generated in
the |um nescent |layer. 5. An orga el ectrol um nescence devi ce accordi ng
to claim 4, wherein assum ng that a phase shift of reflected |ight

gener at s¥miriransparepidgelighti generatediintha hupunescerdl layer,auwl i s 4), an

optical distance between the anode and the sem -transparent electrode is L
and a peak e esemutranspazetpeciectnodof dridghtheemimodel toostitite @at hode is

- X, the optical distance L is. a positive mninmvalue satisfying a

mat henatdsomiant opartien 2in (Mardsemator alesénating alight gedetat@d=of gthes an
integer). 6. A nethod of manufacturing an organic el ectrol um nescence

devi ce, ithenescganlayeel ect rol uni nescence conprising one or nmore organic

| ayers including a | um nescent | ayer between an anode and a cat hode and
emtting light generated in the |um nescent |ayer fromthe cathode,

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



t he met hod conprising the steps of: form ng the anode conprising silver
(Ag), palladium (Pd) and copper (Cu) on a substrate; formng.a thin film

| ayer for hole injection nade of a material 5 Decenbépe%@‘?r-%ggs- with a

hi gher work function than that of the anode on the anode in an atnosphere
of an inert gas; formng the one or nore organic |ayers including the

| um nescent |ayer on the thin film b%yer for hole injection; and form ng

t he cathode on the organic layer. 7°“A nethod of nmanufacturing an organic
el ectrol um nescence device, the organic el ectrolum nescence conprising one
or nor e WHGamibdghey srarki fAmatiimthan thati of theanodayen theenwderinaan anode and
a cathode and emtting |light generated in the |um nescent |ayer fromthe
cat hode,atmasphertod aromert gasig t he steps of: forming. the anode conpri sing
silver (Ag), palladium (Pd) and copper (Cu) on a substrate; formng a thin

filmlayer fdortmhg itheeconen oradmme aorgingti dayewd t ndulighetheor k
function than that of the anode on the anode by wuse of an area mask with

an aper tluaginescégisigedontthicathi fAHE Py 18 enfdvtidn; idnd | ayer for hole
injection is intended to be forned; form ng the 'one or nore organic |ayers

i ncluding th&orming the cathode on the organic layer.

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.



| um nescent | ayer on the thin filmlayer for hole injection; and form ng
t he cathode on the organic |ayer. ABSTRACT Provided are ap og gani c
el ectrol um nescence devi ce capabl e of enhancing r ef 1 Beeeahee 2 an anode,
thereby resulting in inproved light-enmitting efficiency and a nethod of
manuf acturing the sanme. An anode (12), a thin filmlayer for hole
injection (13), an insulating |l|ayer (14), an organic layer (15) including
a lum nescent |ayer (150) and a cathode (16) including a sem -transparent
el ectrode (16A) are lanminated in oBfler on a substrate (11). The anode (12)
conprises silver which is a metal with high reflectance or an all oy
including silver, and the thi ABBMRAGTer for hole injection (13)
conprises chromumoxide or the like. Light generated in the |um nescent
| ayer (15C) is multiply reflected between the anode (12) and the
sem -transparent electrode (16A) to be emtted fromthe cathode (16). As

the refl ect howidéd thre mQﬂgame)eléaranmwﬁ@gbedcaaiéﬁ%tcalcifawéQifed in the
oy

| um nescent |ayer (15C) can be efficiently emtted. An al conprised in

7, S~k erotansia g oot ot 0 <
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.






