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17 February 2006 DESCRI PTI ON ORGANI C ELECTROLUM NESCENGH-dBydricBodaechni cal
Field The present invention relates to an organic el ectrolum nescence
device (hereinafter referred to as "organic. EL device"), which is a
self-light-emtting type display device. Background Art In recent years,
the organic EL device is paid attention to as a display device for
constituting a flat panel display. The organic EL device generally has a
structure in which an organic material is sandwi ched between el ectrodes
(an anode and a cathode) fromthe ups .and downs. Wth a driving current
applied to both electrodes, posbhESCRIPXION and el ectrons are injected
respectively fromboth the electrodes into an organic |ayer conposed of
the organic material, and the positive holes and the electrons are
‘reconbi ned with each other in the organic |ayer, whereby Iight em ssion is

induced. As an exanpl eyrdaeus EIRTIRGUMINESCERE OEvVIdEEre s known a top
em ssion type using the so-called TAC (Top 1 17 February 2006 em ssion

Adaptive Current drive) technol ogy, as for
Technical Field
The present invention relates to an organic
electroluminescence device (hereinaftér referred to as
“organic EL device”), which is a self-light-emitting type

display device.

Backgroupd Art

In recent years, the organic EL device is paid
attention to as a display device forlcoﬁstituting a flat-
panel display. The organic EL device generally has a
structure in which_an organic material is sandwiched
between electrodes (an anode and a cathode) from the ups
and downs. With a driving current applied to both
electrodes, positive holes and electrons are injected
respectively from both the electrodes into an organic
iayer composed of the organic material, and the positive
‘holes and the electrons are recombined with each other in
ﬁhe organic layer,.wherebylight emission is induced.

As an example of such an organic EL device, there

_is known a top emission type using the so—-called TAC (Top




exanple shown in Fig. 1. In the organic EL device showty Fetaudry2006 el ect r ode
2 formed of a light-reflective material and functioning as an anode
(positive electrode), an organic layer 3 which is conprised, for exanple,
of a buffer layer 3a, a hole (positive hole) transport |layer 3b and an
organic light-emtting |layer 3c functioning also as an electron transport

| ayer,  a second electrode 4 which is conprised of a sem -transparent
reflective layer 4a and a transparent el ectrode |ayer 4b and functioning
as a cathode (negative electrode), and a passivation film 5 fornmed of a

t ranspar enterdisglion! Rdeptake saguenti akliye)| agthabedgen assabstrate 1, and
light fromthe organic light-emtting |ayer 3c is taken out to the side of

the secondxeimpaler etdewh. ihUFiGer IOr ern tige PN i Hr dRMiicR s
resonator structure in which the light emtted from the organic

light-em t i 79 rsdy @l e3¢ rbdel 8508ahed Bet weengniheefidLsti ¢l agdtode¥ and the
sem -transparent reflective |ayer 4a of the second el ectrode 4, and only

the light ahg ffn%cftfiaﬁ@ﬁa_cssw@xegﬁaagh<'égﬁggg@néféc@yo&&e, rggonat or

structure so that light with a high pea narrow spectrum can be taken
ot e e, “Rbghic"2h00s! PRI LONoRGROZLAL Hie SILLRS, 1NN con be
2006 therey) s kpoyn a,bgth-Sife; L7 ANSPALENL £YPS 0% 1ayer
3b and an organic light—-emitting layer 3c functioning
also as an electron transpoft layer, a second electrode 4
which is compriseo:l of %1 semi-transparent refiective layer
4a and a transparent electrode layer 4b and functioning
as a cathode {(negative electrode), and a passivation film
5 formed of a transparent dielectric, are sequentially
laminated on a substrate 1, and lighf from the organic
light~emitting layer 3c is taken out to the side of the
second electrode 4. Furthermore, the organic EL device
has a resonator structure in which the light emitted from
" the organic 1igh£—emitting layer 3¢ is resonated between
the first electrode 2 and the semi-transparent reflective
layer 4a of the second electrode 4, and only the light at
the resonance wavelength is augmented by the resonator
structure so that light with a high peak and a narrow
' Spectrum can be taken out, whereby the colér reproduction
range of the emitted light can be enlarged.

Besides, as another example of organic EL device,
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example shown in Fig. 2 (Gu et al, Appl. Phys. Lett. - G8Kdf#)ary208®H) I n the
organi c EL device shown, a first electrode 12 having a |light transm ssive
~property and functioning as an anode, an organic |ayer 13 which conprises
a hole transport layer 13a and an organic |light-emtting layer 13b, and a
second el ectrode 14 which is conprised of a sem -transparent reflective
| ayer 1l4a and a transparent el ectrode |ayer 14b and functions as a
cat hode, are sequentially lam nated on a substrate 11 forned of a
transparent gl ass or the like. Light fromthe organic light-emtting |ayer
13b can bet?%?@h18uﬁn98nb8tHOFH§S§98e§répSPﬂ§e¥Fr PR | e rdtlefa® and of the
second electrode 14. In _both of these organic EL devices, the second
el ectrode FXAPIoPrIBeirnBident- {Fansparent APl | Riyve Letyer 4a, 14a as
an extrenely thin film in order to enhance a |ight transm ssive property
and to sec®8d1%.edfPbtal Fhathrterdmnic£L Hryiswnishowanspafdast refl ective
| ayers 4a and 14a are fornmed by co-vapor .deposition of magnesium (Mj) and
silver (Agpliestandgt dAi bavingi @ 1hghhetrangeissiabqutoBd:ily tand: 1. Nanel y,
the sem -transparent reflective layers 4a and 14a are fornmed of an all oy
cont ai ni ng frmghtésndnyags aanpamodensant oeminid laydelriiarhi 2006

comprises a hole transport layer 13a and an organic
light-emitting layer 13b, -and a second electrode 14 which
is comprised of a semi-transparent reflective layer 14a
and a transparent electrode layer 14b and functions as a
cathode, are sequentially laminated on a substrate 11
formed of a transparent glass or the like. Light from the
“organic light-emitting layer 13b can be taken out to both

the sides of the first electrode 12 and of the second

electrode 14.

In both of these organic EL devices, the second

electrode 4, 14 comprise the semi-transparent reflective
:layer 4a, 14a as an extremely thin film, in order to
‘énhance a light transmissive property and to secure
electrical characteristics. The semi-transparent

. reflective layers 4a and l4a are formed by co-vapor
-deposition of magnesium:(Mg} and silver (Ag) in an atomic

ratio in the range of about 30:1 to 5:1. Namely, the
semihtransparenﬁ reflective layers 4a and l4a are fo;med

of an alloy containing magnesium as a main constituent.
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In the above-nentioned organic EL devi ces accordi ng 't ¢7 Félmuanyi2006art ,
however, since the sem -transparent reflective |ayer 4a, 14a is fornmed. of
an alloy containing nagnesiumas a nain constituent, the absorption of
light in the sem -transparent reflective |ayer 4a, 14a itself- is large,
‘resulting in that the efficiency of taking out the light from the organic
light-emitting |ayer 3c, 13b may be | owered. For exanple, when a general.
~magnesi-.um silver co- vapor deposition film (atomc ratio of about 10:1) is
irradiated with |light having a wavel ength of 550 nm the reflectance,

transm ttance andrahgd s Aeddifed BHAL20 1 C RV ARYE cABPATChIrAAnGi | m are
as shown in Table 1 below. Nanely, the absorbance is about 16% even when,

the thickpgsshaf pLh6r COY ANMwEPPST 41,00 fiddN d i £ QM+« 10- - 15nm
Table 1 Fil'm Reflectance Transm ttance Absorbance thickness(o)(s)( o) 10

nn513316 1%e@ﬂé§é%&§ }éygyﬁggﬂjfha is formed of an alloy containing

magnesium as a mgin constituent, the absorption of light
in the semi-transparent reflective layer 4a, l4a itself
is large, resulting in that the efficiency of taking out
the light from the organic light-emitting layer 3c, 13b
may be lowered.

For example, when a general magnesium-silver co-
vapor deposition.film (atomic ratio of about 10:1) is
irradiated with light having a wavelength of 550 nm, the
.reflectance, transmittance and absorbance of light in the
gcofvapor deposition film are as shown in Table 1 below.
Namgly, the absorbancé is about 16%, even when the

thickness of the co-vapor deposition film is varied from

10-15nm.

Table 1

Film Reflectance Transmittance |Absorbance

thickness (%) : (%) (%)
10 nm ‘ 51 33 : 16
12 nm 43 41 ' 16
15 nm GQ 24 16

When the light absorbance is high, the influence
thereof is increased, particularly in the top emission

tvype organic EL device.  For example,rin the case where
.




When the |ight absorbance is high, the influence thertbFebraary200@ased,
particularly in the top em ssion type organic EL. device. For exanple, in
the case where 4 17 February 2006 the light reflectance on the side of the
first electrode 2 is 100, the light fromthe organic light-emtting |ayer
3c is transmtted through the second electrode 4, or is reflected by the
sem --transparent reflective |ayer 4a of the second electrode 4 to the
side of the first electrode 2, or is absorbed into the sem -transparent
reflective er 4a. shoul d be noted here that since the |ight

| a I
refl ect ancdt§n ﬁgtsF8§ESFtPH€efPPth%Iéé@?oﬁﬁ bhe sTipeh, elegieradeyht
reflected to,the side of the first electrode 2 is caused by the resonator
structure tPofel8§ai fhendigblt from Fhe segandcel bahkoeeidtifhekafare, all
the light other than the l[ight portion absorbed into the sem -transparent
refl ective3Cayér tranpuitiadl Fhrenght thet sechrd celeitede 4 empect i vel y of
the light transmttance and refl ectance at the second el ectrode 4. This
- means t hat reféeeteichbEnthe sémiakiagspatenherdfphttiveonder otagarf ¢
light-emtting layer 3c is |owered as nmuch as the |ight absorbance in
.the. sem - thansparedt cietiectdevé tayeie daides dArge: Mt elhEn@dahe
refl ectance on the side of the first electrode .2 is |less than 100% the
stronger tRe brght abserbedehceo the semi-transparent reflective
layer 4a. It should be noted here that since the light
reflectance on the side of the first electrode 2 is 100%,
the light reflected to'the side of the first electrode 2
is caused by the resonator structure to be again incident
on-the second electrode 4. Therefore, all the light other
than the light portion absorbed into the semi-transparent
reflective layer 4a is finally emitted to the outside,
i;respectively of the light transmittance and reflectance
at the second electrode 4. This means that the efficiency
of taking out the light from the organic light-emitting
layer 3¢ is lowered as much as the light absorbance in
the semi-transparent reflective layer 4a is large. Even
- where the reflectance on the side of the first electrode
2 is less than 100%, the stronger the light interference
effect due to the resonator structure gets, the more
dependant on the absorbance in the semi-transparent

reflective layer 4a intend to be,.

*On the other hand, in the both-side trahsparent
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effect due to the resonator structure gets, the nore tpehwdayt2008 t he
absorbance in the sem -transparent reflective |layer 4a intend to be. On
the other hand, in the both-side transparent 17 February 2006 organic EL
device, since it has not the resonator structure, only the Iight portion
transmtted through the second electrode 14 is emtted to the outside as
the light on the side of the second electrode 14. It should be noted here
that the sumtotal of the light reflectance, transmttance and absorbance

5, nor el Ly gonst 20t a(J000) o, Ther 6 0L, JE LN anSIy tiance o

i nfluence S nuc S absorbance i s increased. As a result, the
efficiency_of taking out the light fromthe organi i.ght -em t.ting |ayer
- 13b may b%t]f%%?re%’. %\%c%r%liq% lyg(;’n eSO HEht &Y I?%tgcepér e%errﬂuqrﬂnvtehn ion seek

to provide an organic E ice, i.,ch enabl.es t obtain sufficient

| un nances S1TRE1 SRESEEREE (1h 17 18 by o4 dspr eesi i 2% ih S possi bl e ¢ he
absorptiop, of light. so, that_the light can be taken out_efficiently.

Di scl osurgl%?t?tl eMts 0711‘15‘?1 %%cﬂ?%a%g%o%ft%%t%%egﬁ of Tk hgéder]égent
invention, there i.s provided an organic EL device _conprising a

|1 ght - e 2% I Gchy 6 ohaveig CAR. BPBarP 6L el drieall i ohihe *RgREFEREEYI ng | ayer

bei ng sandw ched ,
transmittance and absorbance 1s normally constant (100%).

Therefore, the light transmittance is influenced as much
as the light absorbance is increased. As a result, the
efficiency of taking out thé light from the organic
light-emitting layer 13b may be lowered.

Accordingly, embodiments of the present invention
seek to provide an organic EL device, which enables to
obtain sufficient luminance effiéiency and the like by
suppressing as much as possible the absorption of light

so that the light can be taken out efficiently.

Disclosure of Invention

In accordance with an aspect of the present
invention, there is provided an organic EL device
comprising a light-emitting layer having an organic
material, the light-emitting layer being sandwiched
between a first electrode and a second electrode, and
light from the light-emitting layer being taken out to at
least one of the first electrode side and the second

electrode side, wherein the electrode or electrodes on




between a first electrode and a second el ectrode, and 17 Fepruarfy2886t he
light-emtting | ayer being taken out to at |east one of the first

el ectrode side and the second electrode side, wherein the el ectrode or

el ectrodes on 6 17 February 2006 the side of taking out the |ight conprise
a sem - transparent reflective layer, and the sem -transparent reflective
| ayer i s conposed of an alloy containing silver and magnesiumin an atomc
ratio of from4:1 to 14:1. According to a second aspect of the present
inventi onthethede o8 tuloMigesh@anlos gaigier et@giriddind nascience devi ce
conprising a light-emtting |layer having an organic material, said

| i ght - em tréamgpd st beflgrSamiviared el viden serirtstarsipestargde and a
second electrode, and light fromsaid light-emtting |ayer being taken out
to at | easRtlee et 1o siigeCOPPRERd 1 rad &ttt codd3dRdgne1dvaé of said

second el ectrode, wherein the el ectrode or electrodes . o e side of

t aki ng ou?néarlgadgr??sgﬂfm c:bnrrp&l’r} seétoéms%rﬁ‘%%c? a?ép%oé[}'ntﬂﬁefqoegﬁt: € | ayer, and
sai d sem -transparent %eflective | ayer i s osed of an allay formed by
Co-vapor  depdlTTIGHTSH tanal OSSO TH R 073 PECI98 et BTGP  pal | adi um
and 0.3 tq}l%)by wei ght, of cop er.bas%q n the, weight of silver, and
magnesi UTTE A RESHACH o#F T & IS PO LR PR mASISEr al | oy to

magnesi um of fram4:1.to e . .
g ' .comprlging a lgght—emlttlng layer having an organic

material, said light-emitting layer being sandwiched
between a first electrode and a second electrode, and light
from said light-emitting layer being taken out to at least
one of the side of said first electrode and the side of
said second electrode, wherein the electrode or electrodes

- on the side of taking out said light comprise a semi-
transparent reflective layer, and sald semi-transparent
reflective layer is composed of an alloy formed by co-vapor
deposition of an alloy containing 0.3 to 1% weight of
palladium and 0.3 to 1% by welght of copper based on the
welght of silver, and magnesium, in an atomic ratio of said
silver-palladium-copper alloy to magnesium of from 4:1 to
14:1.

o According to embodiments of the organic EL device
constituted as above, the light absorbance of the
electrode or electrodes on the side of taking out the
light can be suppressed, for example, to a value of not
more than 10%. Therefore, absorption of the light into
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- 14:1. According to enbodi ments of the organic EL devi c&/ Febarid0gfed as
above, the |ight absorbance of the electrode or electrodes on the side of

taking out the |ight can be suppressed, for exanple, to a value of not
nore than 10% Therefore, absorption of the light into 7 17 February 2006
the el ectrode or electrode on the side of taking out the 1|ight can be

suppressed to the utnost, and the light emtted fromthe light-emtting
| ayer can be efficiently taken out to the outside. Brief Description of

Drawi ngs k@ eleberaasesti alakbtybaw 8h 8Rc€5588t bal tpRILSFONt thél ustrating
a constitution exanple of a top em ssion type organic EE device; and Fig.

2 is a seqly@Rakaki W QhipBRe88aANtLALHRANEMEQE, hhhiuBhLaiiggea constitution
exanpl e of a both-side Fransparent type organi c EL devi ce’ Best Mode for

Carryi ng Gt iR k?%ﬁ”%h@”ﬁk@ﬁ%LQﬁEEE%%gtg§g8£géghCRELePEY&EQn@£§OVdi”9 to

the present invention wl e descri ed on the draw ngs. ~ Now, the
case of apphying. the PrEsentrkhygntion to 8 17 February 2006

Brief Description of Drawings

Fig. 1 is a sectiocnal view of an essential part for
illustrating a constitution example of a top emission
type organic EL device; and

Fig. 2 is a sectional view of an essential part for
illustrating a constitution example of a both-side

transparent type organic EL device.

Best Mode for Carrying Out the Invention
Hereinafter, the organic EL device according to the
present invention will be described based on the drawings.

Now, the case of applying the present invention to




- a top enission type organic EL device will be described? Fabruary 2006npl e. The
organic EL device to be described here has roughly the sane film
conistitution as that of the conventional case, which has been descri bed
above. Nanely, as shown in Fig. 1, the organic EL device has a
constitution in which a first electrode 2, an organic |ayer 3, a second
electrode 4 and a passivation filmb5 are sequentially lam nated, in this
order fromthe lower |ayer, on a substrate 1. The substrate 1 is conprised
of a transparent glass, substrate or, a sem conductor substrate. The first

el ectrode 22i CRSTH I Yh GRS TIUNG iBnidry @ aridd der eesesibeg | ayer,
and is conprised of a light reflective material such as platinum(Pt),
gold (Au), Thrdki HFATES, ThEgereaniw Ekndevieel tkhebeTHescribed theekness of
the first electrode 2 is preferably set in the range of 100 to 300 nm The
organi c | ay&ds  Pugnr i e samsr fedamsions td tunifdrerasl opet 84, thehol e
transport layer 3b, and an organic light-emtting layer 3c functioning
‘al so as' an care&ntiomal assror whiahehaghitederarde seglent isdlove .| alemated in
this order fromthe lower |layer. O ,these layers, the buffer layer 3a is a
| ayer for prevdmwmdgn dakagd,, dahe iorgandrpElsedviiae ®xanpl e of m MIDATA
[4,4,4"-tris(3 9
constitution in which a first electrode 2, an organic
layer 3, a second electrode 4 and a passivation film 5
are sequentially laminated, in this order from the lower
layer, on a substrate i.
The substrate 1 is comprised of a transparent glass
substrate or a semiconductor substrate.
The first electrode 2 is used as an anode
- functioning also as a reflective layer, and is comprised
of a light reflective material such as platinum (Pt),
gold (Au), chromium (Cr), tungsten (W) and the like. The
film thickness of the first electrode 2 is prefeiably set
.in the range of 100 to 300 nm.
The organic layer 3 comprises, for example, a
buffer layer 3a, a hole transport layer 3b, and an
organic light-emitting layer 3¢ functioning alsoc as an
electron transport layer which are sequentially laminated
" in this order from the lower layer. Of these layers, the

buffer layer 3a is a layer for preventing leakage, and is

comprised for example of m-MTDATA [4,4,4"-tris(3-
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.17 February 2006 net hyl phenyl phenyl anmi no) tri phenyl ani n&{ FelruanRDA6
[4,4",4"-tris(2-napht hyl phenyl am no)tri phenylam ne] or the like. The hol e
transport layer 3b is conprised for exanple of a-NPD

[N, N -di (I -naphthyl)-N, N -di phenyl - [1,1"-biphenyl]-4,4"-dianm ne] or the
like. The organic light-emtting |layer 3c is conprised of light-emtting
materials capable of emtting light in red (R, green (G and blue (B),
respectively; as the light-emtting material for emtting light in G for
exanple, Alg3 (trisquinolinol alum numconplex) is used As for the film

thlcknessealec&ttytltsﬁetlgxeheng@a&thtvtwghtng rltggﬁayc Laygfa 3. the buffer

| ayer 3a is preferab Int ness the ol e transport | ayer

3b is pref 81 aQI,y 4713 tLg (éoggﬂ%ggl%?{e%}?% O?E'gllgﬁfﬁeﬁmg ht emtting

| ayer 3c is preferab ness secon el'ectrode 4 is
used as a th a a sem.transparent refl.ective layer 4a
and a tra%gipa(rigur]%t‘a el ectr (?i}e)é I%@ers%rt vaha%":hr e lsse(ﬁ?é[ﬁtl éf‘leﬁci/ feI fam nated in-
this order fromthe Iovver t hese )iers t he seni -transparent

refl ectiveSFajRle48 |§”'fl‘8? (N‘ §131 Vemaphthy ldrNol ' c8APEPRYAG sil ver as a
main  constit be detailed later- The film thickness of the

sem -transtggtr'i EFBPPBE ﬂvé fayeraminel oprererhbfy- sdhsg ﬁrﬂﬁé‘lf’ange of 5

to 50 nm The
light-emitting layer 3c is comprised of light-emitting

materials capable of emitting light in red (R}, green (G)
and blue (B), respectively; as the light-emitting
material for emitting light in G, for exampie, Alqg3
(trisguinolinol aluminum complex) is used. As for the
film thicknesses of the layers constituting the organic
layer 3, the buffer layer 3a.is preferably 15 to 300 ﬁm
in thickness, the hole transport layer 3b is preferably
15 to 100 nm in thickness, and the organic light-emitting
layer 3¢ is preferably 15 to 100 nm in thickness.

The second electrode 4 is used as a cathode, and
rcomprises a semi-transparent reflective layer 4a and a
traﬁsparent electrode layer 4b, which are seguentially
laminated in this order from the lower layer. Of these
.lafers, the semi-transparent reflective layer 4a is
formed ef silver or an alloy containing silver as a maihl
constituent, as.will be detailed later. The film
thickness of the semi-transparent reflective layer 4aAis

preferably set in the range of 5 to 50 nm. The
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10 17 February 2006 transparent el ectrode |ayer 4b is forewdaryf2086 materi al
which is generally used for a transparent electrode, for exanple, indium
tin oxide (ITO, indiumzinc oxide, or the like. The filmthickness of the
second electrode 4 is in the range of 30 to 1000 nm The passivation film
5is forned of a transparent dielectric, and preferably has a refractive
index approximtely equival ent of those of the materials constituting the
second el ectrode 4. Exanples of such a material include silicon oxide
(Si02) and ,silicon nitride ' or t l.i ke. The filmthjckpess of the
bass vat o I P EE rpsle Uadsi 4B 1t ERemPangE Brt8bet 1L 10000 nm
In such a | ampate filmcqnstitutiaon, the organic layer 3 i s sandw ched
bet veen 1 hdH Pt Se ASBFEGda Y2 SFeh AR f tRappBAreref phefFiedfmt &9 al and
the sem - .transparent reflective |ayer 4a of the second electrode 2, so
that these HiStrut @93 URe SdRa LS8t {EEPYr e 2 nREWE| Finct i Eder i ¢ EL
device has a resonator structure in which the light emtted fromthe
organi ¢ |i ¢he diikeri n§he afblm 3ghicknesy maf s aamad tHedtinosie & dst rode 2
and the sem-transparent reflective |ayer 4a, and the organic |ayer 3
functions a% &heesengacefpdPt tonlBPOthw.resonat or

The passivation film 5 is formed of a transparent
dielectric, and preferably has a refractive index
approximately equivalent of those of the materials
constituting the second electrode 4. Examples of such a
material include silicon oxide ($i0;) and silicon nitride
(S8iN} or the like. The film thickness of the passivation
film 5 may be, for example, in the range of 500 to 10000
nm.

In such a laminate film constitution, the organic
layer 3 is sandwiched between the first electrode 2
formed of a light reflectiﬁe material and the semi-
transparent reflective layer 4a of the second electrode 2,
1so that these constitute a resonator structure. Namely,
this organic EL device has a resonator structure in which
the light emitted from the organic light-emitting layer
3c is resonated between the first electrode 2 and the
semi-transparent reflective layer 4a, and the organic
layer 3 functions as a resonance portion of the résonator

structure.
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. structure. 11 17 February 2006 In the resonator struct &f écbupey 806i ca
distance L between the first electrode 2 and the sem -transparent
reflective layer 4a, i.e., the optical filmthickness of the resonance
portion conposed of the organic layer 3 is so set that 2L/;. is a positive
m ni rum val ue and the relationship of 2L/ ;L +1 /2 n =9 (qis an
integer) is .satisfied, where 4 (radian) is the phase shift generated

when the light h emitted fromthe organic light-emtting |ayer 3c is
reflected by the first electrode 2 and the sem -transparent reflective

layer 4a, and a. is the peskna¥eresengttud, thee shseisamapicddie I ght

emtted fromthe organic light-emtting Iayer 3, which is to be taken out

on the si dgeafsckhe tpecendse! eakbkedsdd- 2! Qnahehgrléﬂactﬁgngﬁgféﬁtconst' tuted
as above, when a DC voltage is inpressed between the first electrode 2

and the segandBleghr 9dged. 4A0SiLEVe bRLespalsal ks zﬁeghléfcﬁgﬁgggi r st

electrode 2 into the organic I'ight émttin ayer roug ol e

transport %%%§%F§Bnappﬁe?%%%1 he85&§9§e$ %E'Qﬁgcégg 1 62}5%§e

is
sem -transpare |ve a er e secon into the

organic i ht emtiing er 3c. The positi,ve and negative carriers thus
i nj ect ed b) lnGeFI ?Esg is a positive minimum value and the

relationship of 2L/4 + ®/27% = q (g is an integer) is
satisfied, where @ (radian) is the phase shift generated
when the light h emitted from the organic light-emitting
layer 3c is reflected by the first electrode 2 and the
semi—transparent reflective layerr4a, and A4 is the peak
wavelength of the spectrum, of the light emitted from the
organic light-emitting layer 3, which is to be taken out
on the side of the second electrode 4.
In the organic EL device constituted as above, when
a DC voltage is impressed between the first electrode 2
and the second electrode 4, positive holes are injected
from the first electrode 2 into the organic light-
emitting layer 3c through the hole transport layer 3b,
whereas electrons are injected from the semi-transparent
reflective layer 4a of the second electrode 4 into the
organic light-emitting layer 3c. The positive and
negative carriers thus injected bring fluorescent
molecules in the organic light-emitting layer 3c into an

excited state, and light emission is achieved during a

12




nmol ecules in the organic light-enmitting |ayer 3c into &hFexoaryed08t ate, and
| ight em ssion is achieved during a 12 17 February 2006 rel axati on process
of "the excited nolecules. The light obtained by the em ssion is
transmtted through the sem - transparent reflective |ayer 4a, the
transparent electrode 4b and the passivation filmb5, to be emtted to the
side of the second electrode 4 to the outside. In this case, the first
el ectrode 2, the organic layer 3 and the sem -transparent reflective |ayer
4a constitute the resonator structure. Therefore, the organic |ayer 3

bei ng the rEYFTRHICOHELOLERST Bhicthens=gdted malreW 8and The tléhtand only
the light h in the vicinity of the peak wavelength | of the spectrumto be
taken out iPtRAIGRhLYd the RELerpre LAt érpepahttednthreugk aklen 9emion t he
side of the second el ectrode 4. Besides, since the filmthickness of the
organi ¢ | aygersnaneat sgfilestivpstanes Raof thhetresapanertportion) is set
at the positive mninumvalue of the values for the resonator structure
to be conp&efdtafodehdbf andt theepasedeat2ent Atlor jante bayeniBtemhdca he
sem -transparent reflective layer 4a, the spectrumof the Iight h taken
out is nuiritha sadieabfathar gestndi dlbctnotibedrangehée moutdidd. t he nultiple
interference of the light of the
In this case, the first electrode 2, the organic

layer 3 and the semi-transparent reflective layer 4a

constitute the resonator structure. Therefore, the

organic layer 3 being the resonance portion functions as

a narrow~band filter, and only the light h in the

vicinity of the peak wavelength 4 of the spectrum to be

taken out is augmented by multiple interference and is

taken out on the side of the second électrode 4. Besides,

‘since the film thickness of the organic layer 3 (the

optical distance L of the resonance portion) is set at

the positive minimum value of the values for the

resonator structure to be composed of the first electrode

2, the organic layer 3 and the semi-transparent

reflective layer'4a, the spectrum of the light h taken

out is maintained at a largest width in the range in

which the multiple interference of the light of the

wavelength A4 occurs. Namely, the peak intensity is

enhanced by the multiple interference while the spectrum

of the light taken out maintains a certain width.
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wavel ength | occurs. Nanely, the peak intensity is enhaherdaty200be
multiple interference while the spectrumof the |ight taken out maintains a
certain width. 13 17 February 2006 Therefore, even where the angle of
visibility is staggered, the shift amount of the wavelength .1. is

suppressed to be small, and color purity in a wde range of angle of
visibility is enhanced. Next, the sem -transparent reflective |ayer 4a in
the organic EL device constituted as above, i.e., the nost characteristic
poi nt of the organic EL device described herein will be described in
detail. InThbee@bgani evEh Wre¥reetHesangbedofnvismpiresents enbodi ment, the

sem -transparent reflective layer 4 is not conposed of an alloy containing

magnesi um sehbghrb8, the SRiPLCORShALUSP RS JddN& i ol gkt but is
conposed of Silver or an alloy containing silver as"a main constituent.

Exanpl es ofuppeeabbay+60pé abmh NP, Shhi€fo BSr ApufBiyP GPNStE et el ude
silver-magnesium all oys. An alloy of silver, palladium (Pd) and copper

(Cu) may al$05p @eyggdvigygifngOgga%%hggcggyained by co-vapor deposition

of a silver-palladi um copper magnesi um may al so be used. It is

natural that thesg,al | Qs TS LORE % L0%162:Y0R05 ggpogitign under a

the organic EL device constituted as above, i.e.,‘the
most characteristic point of the organic EL device
described herein will be described in detail.

In the organic EL device described in the present
embodiment, the semi-transparent reflective layer 4 is
not composed of an alloy containing magnesium, which is
the main constituent as in the prior art but is composed
of silver or an alloy containing silver as a main

constituent. Examples of the alloy containing silver as a

main constituent include silver—-magnesium alloys. An

alloy of silver, palladium (Pd) and copper (Cu) may also

: bé used. Further, an alloy obtained by cCo—vapor
deposition of a silver-palladium-copper alloy and
magnesium may also be used. It is natural that thésé
alioYs may be formed by the co—vapor deposition under a
vacuum environmeht and may bg formed by other technique.

Now, the light absorbance of the alloy containing
silver as a main constituent will be described. For

example, in the case of an alloy obtained by co-vapor

14




- vacuum envi ronnent and may be forned by other techni quél Félruaryt?20861 i ght
~absorbance of the alloy containing silver as a main constituent wll be
descri bed. For exanple, in the case of an alloy obtained by co-vapor 14 17
February 2006 deposition of silver as a main constituent and nagnesium in
an atomc ratio of about 10:1, the light reflectance, transmttance and
absorbance upon irradiation with light of a wavel ength of 550 nmare as
shown in Fig. 2 below. Table 2 Film Refl ectance Transm ttance Absorbance

t hi ckness( )%o) IVLC% 10 gnﬁo 55 12 nnB8575 15 nnd8475 18 nnb8375 As is clear
from Tabl e ZPOPE T ERsBEnSHhSET i ° t hd"atRseoRt Lt Heent 193 948 as a main

constituent _and magnesium even when the filmthickness is varied in the

range fromtT02Pod8Thm T2he?| PHmPabsotbahcethe bt mohlestenashe entire

range. Nanely, the |ight absorbance is :
: transmittancCe and absorbance upon irradiation with light

- of a wavelength of 550 nm are as shown in Fig. 2 below.

Table 2
Film Reflectance Transmittance Absorbance
thickness (%) (%) (%)
10 nm 30 65 5
12 nm 38 57 5
15 nm 48 47 5
18 nm 58 37 5

As is clear from Table 2, it is seen that in the
case of the alloy of silver as a main constituent and
magnesium, even when_the film thickness is varied in the
range from 10 to 18 nm, the light absorbance is about 5%
over the entire range. Namely, the light absorbance is
lowered to about 1/3 times that in the case of the alloy
of magnesium as a main éonstituent and silver according
to the prior art. This is considered to arise from the
difference in composition. |

Therefore, it can be expected that when.silvef or
the alloy containing silver as a main constituent is used
as the material for the semi~transparent reflective layer
4a, the light from the organic light—emitting layer 3c

. can be taken out more efficiently than in the prior art.
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l.owered to about 1/3 tines that in the case of the all o§Felghay@§besi um as a
mai n constituent and silver according to the prior art. This is considered
to arise fromthe difference in conposition. Therefore, it can be expected
that when silver or the alloy containing silver as a main constituent is
used as the material for the sem -transparent reflective |ayer 4a, the
light fromthe organic light-emtting |ayer 3c can be taken out nore
efficiently than in the prior art. 15 17 February 2006 In order to verify
this, the efficiency of taking out the 1|ight was neasured in the cases of
actual constr tadeansto Gfedilfy amgal)i aHel GavicGencyThe ragdhlSoatetdgkven in
Table 3 below Table 3 Lum nance-current efficiency (cd/A) Initial value
upon After isefrit s trfitbiitect QRS il da@R 0% t %m%%qt %ﬁs@Q&tbeﬂkd' ty

devi ce90% for 1000 hrs My: A4 :16.56.5 AgWy418.08.0

of the organic EL devices. The results are given in Table

3 below.
Table 3
Luminance-current efficiency (cd/A)

Initial value'upon After left to stand at
constitution of temperature 60°C, humidity
device 90% for 1000 hrs

Mg : Ag 4 : 1 6.5 ' 6.5

Ag : Mg 4 - 1 8.0 8.0

Ag : Mg 7 1 8.5 8.0

Ag : Mg 14 1 8.5 7.5

Ag : Pd : Cu 8.5 6.5

Agy 8.5 4.0

In Table 3, as the efficiency of taking out the
light, the luminance-current efficiency (cd/A) at the
initial stage upon constitution of the device and the
luminance—-current efficiency (cd/a) after the device is

- left to stand under the environment df a temperature of
60C and a humidity of 90% for 1000 hrs were measured.

In addition, the measurement was cdﬁducted for the
case of composing the semi—transparent reflective layer
4a by use of silver and the case of composing the semi-— _
transparent reflective layer 4a by use of alloys
containing silver as a main constituent} as well as the

case of composing the semi-transparent reflective layer
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A :My14 :18.57.5 APdCu8.56.5 Ag8.54.0 In Table 3, as théFebariadhty of
taking out the |Ilight, the | um nance-current efficiency (cd/A) at the
initial stage upon constitution of the device and the |um nance-current
~efficiency (cd/A) after the device is left to stand under the environnent
of a temperature of 60C and.a humdity of 90% for 1000 hrs were neasured.
In addition, the neasurenent was conducted for the case of conposing the
sem -transparent reflective layer 4a by use of silver and the case of
conposing the sem - transparent reflective |ayer 4a by use of alloys
cont ai ni'ng % lerusgs of pai AldoNsciongeiningsmaghksasmt Ae acasen of . conposi ng
the sem -transparent reflective |ayer 16 17 February 2006 4a by use of an
al | oy cont gionisig tvegrtesicarrdsng e mhecondbict aent faccosdpagi4ent haspri or
art for conparison. As the cases of using silver as a main constituent,
t he neasurtddremtaseas ofondiotredifioert he al hays consal thagt, Ssthaer and
magnesiumin atomc ratios of 4:1, 7:1, and 14:1, respectively, and for an

al | oy havi ngaauremeasi wasncohduveeghforathe 81164 vesnealdady um copper =
98:1:1. In each case, the filmthickness of the sem -transparent
silver and magnesium in atomic ratios of 4:1, 7:1, and
14:1, respectively, and for an all&y having a composition
in weight ratio of silver:palladium:copper = 98:1:1. 1In
each case; the film thickness of the semi-transparent
reflective layer 4a waé 15 nm. On tﬁe other hand, in the
case of using magnesium as a main constituent, the atomic
ratio of magnesium to silver was 4:1, and the film
thickness was set at 12 nm for obtaining the same level
of reflectance as that in the cases of using silver as a
main constituent. 1In the case of using only silver, the
 film thickness was the same as that in the cases of using
silver as a main constituent.
As is clear fro@ Table 3, in the cases of using
.silver or using the alloys containing silver as a main
-~ constituent, the luminance-current efficiency at the
initial stage upon constitution of the device is enhanced,
as compared to the case of using magﬁesium as a main
constituent according to the prior art. This is due to
the fact that the light absorbance of silver or each of

the alloys containing silver as a main constituent is
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reflective |layer 4a was 15 nm On the other hand, in théFelrasmy 20606 usi ng
magnesi um as a nmain constituent, the atomc ratio of magnesiumto silver
was ‘4:1, and the film thickness was set at 12 nmfor obtaining the sane

| evel of reflectance as that in the cases of using silver as a main
constituent. In the case of using only silver, the filmthickness was the
sane as that in the cases of using silver as a main constituent. As is
clear fromTable 3, in the cases of using silver or using the alloys
containing silver as a main constituent, the |um nance-current efficiency

at the  inifdals Shage HRAN SHORSI LYb AN o0k LR devhge,s; gahanced,  as

conpared to the case of using magnesidmas a uent according to

the prior gl Tk diglit |9l sl 8Lt hALLhe L ght absorbance of sil ver

or each of the alloys containing silver as-a
February 2006 | o than,th f,the alloy containin nesiumas a nmain
hibey d80nkodboPindngs o4 Yateldftmt " dos bt 18

constituent, as has beé escri be
consi dered .to,be about 5%% me manner_as in the cases shown in

in the r
Table 2, foFf Eamsfe MR- §Eha8flPhiﬁ8a§@§eﬁfSPﬁEnaFPo§§b%%n%aj$9%gA si | ver
and nagnesiun1iq respective atomc ratios of 7.1 and 14:1, the alloy
havi ng a cSAPB%IE 3R PARePdhthraffdes of the alloys containing

silver and magnesium in respective atomic ratios of 7:1
and 14:1, the alloy héving a composition in weight ratio
of silver:palladium:copper = 98:1:1, and only silver. 1In
these cases, the luminance-current efficienéy is seen to
be about 1.3 times as ‘much as that in the case of using
magnesium as a main constituent. In the case of the alloy
containing silver and magnesium in an atomic ratio of 4:1,
.the light absorbance is considered to be in the range of
5 to 10%. In this éasé, the luminance-current efficiency
is seen to be about 1.2 times as much as that in the case
of using magnesium as a main constituent.

In brief, it caﬁ be said that as the silver content
is faisedi the light absorbance is lowered, and,
attendant on th%s, the luminance-current efficiency at
the iniﬁial stage upon constitution of the device is
‘increased.

Referring to variation of the luminance-current
efficiency with time, however( it is seen that the

" luminance-current efficiency may be lowered with time in
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of silver:palladiumcopper = 98:1:1, and only silver. IhFebHay?008ses, the
| um nance-current efficiency is seen to be about 1.3 tinmes as nuch as that
in-the case of using nagnesiumas a main constituent. In the case of the
all oy containing silver and magnesiumin an atomc ratio of 4:1, the
| i ght absorbance is considered to.be in the range of 5 to 10% In this
case, the lum nance-current efficiency is seen to be about 1.2 tinmes as
much as that in the case of using nagnesiumas a main constituent. In
brief, it can be said that as the silver content is raised, the |light
absor bance TR |G\Rer dderan$ilvart endant abhovhirentehaingnd hhvee-aura ent
efficiency at the initial stage upon constitution of the device is
i ncr eased. "Raffeongd ittalepdr iigt uepdof Bédwidesn naneaemreemt twWidiciency with
tinme, however, it is seen that the |um nance-current efficiency may be
| oner ed wi thewenima int@eb?zeEebsushy 2006ert hentast whereasés verrhdrs an al | oy
containing silver as a main constituent is used. Besides, the degree of
the | oweriimg domerieases & bkedsel veracoatkahismncigasieseh Thisce i S
considered to be due to a nmechanismin which since silver is |ower than
magnesi um isilders@sedswel ghahNmaghésChdr &n WEBRHchHEs Sbf igFa GONt ent
i ncreases,

structure, when the silver content increases,

deterioration of the device due to penetration of

moisture or the like would occur more easily, whereby the

luminance-current efficiency is lowered. Such a device

deterioration would lead to increases in the number and

the size of the portions irrelevant to light emission on

the device surface, i.e., the portions called dark spots;

therefore, the device deterioration should be obviated to

the utmost.

From the foregoing, it is seen that when silver or

an alloy containing silver as a main constituent is used,

the light absorbance can be suppressed to be not more

than 10% and, therefore, the luminance-current efficiency

is enhanced as compareq with the case of using an alloy

containing magnesium as a main cbnstituent, but a higher

silver content is not necessarily better and it is

desirable to regulate the conditions as follows.

For example, in the case of using an alloy of

silver as a main constituent and magnesium, a silver—to-
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deterioration of the device due to penetration of noi 87 kebruery 2006 | i ke
woul d occur nore easily, whereby the |um nance-current efficiency is

| owered. Such a device deterioration would |lead to increases in the number
and the size of the portions irrelevant to |ight em ssion on the device
surface, i.e., the portions called dark spots; therefore, the device
deterioration should be obviated to the utnost. Fromthe foregoing, it is
seen that when silver or an alloy containing silver as a nmain constituent
is used, the light absorbance can be suppressed to be not nore than 10%

and, therefpifedit L4BiAaneatel benthotf flkckeRfYn hSiephpncedas conpared
with the case of using an alloy containing nmagnesi um as amal n constituent,

out 2 Nt ONgossIpILeRoCAlbERLLS AA 198RESIRELLAAREL £6 BRUsb1 o) S1ofles] rabl e

to regulate the conditions as fol or “exanp e Case of using an

o0y O BB ol N EODBLL LR 304, MBONeS g bl e 10, 10 1

Febryary 2 nagne5|un1étpn1c ra ess
o obtain AatRREEEs okl Eent OO £ B R BT i RBELRF P EHR e  Bibncy: n
consi deratiygn of, the; del et oalion, Wi ih Ling, howsver, If 15 desirable to
set ’ ‘

the silver-to-magnesium atomic ratio to be not more than

14:1. Namely, the silver-to-magnesium atomic ratio is

desirably in the range of from 4:1 to 14:1.

In thg case of using an alloy of silver, palladium
and copper, in éonsideration of easiness of forming the
alloy or the like in addition to the luminance-current
efficiency improving effect besides the deterioration
with time as above-mentioned, it may be contemplated to
use a silver-palladium-copper alloy containing 0.3 to 1%
by weight of palladium and Q.B to 1% by weight of copper,
based on the weight of silver. By this, it is possible to
suppress the light absorbance to or below 10%.

-Furthermore, the above-mentioned two choices may be
.adopted in combination. Namely, the alloy containing 0.3
| to 1% by weight of palladium and 0.3 to 1% by weight of
copper based on the weight of silver, and magnesium may
be co-vapor deposited to form an alloy in which the
 atomic ratio of the silver—palladium—copper alloy to

magnesium is in the range of from 4:1 to 14:1. In this
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the silver-to-magnesiumatonmc ratio to be not nore thanFeliary.2086nely, the
silver-to-nmagnesiumatonic ratio is desirably in the range of from4:1 to
14:1. In the case of using an alloy of silver, palladium and copper, in
consi deration of easiness of formng the aIon or the like in addition to
the | um nance-current efficiency inproving effect besides the
deterioration wth tinme as above-nentioned, it may be contenplated to use
a silver-palladiumcopper alloy containing 0.3 to to by weight of

pal l adiumand 0.3 to 1% by wei ght of copper, based on the weight of

silver. By $Hi%, 5394 FHsdsidite aRFOrbEpSresen RE SUGREA5SEr Eaneé to or

bel ow 10% Furthernore, the above-nentioned two choices may be adopted in
conbi nat i ofReheHeidF. e Hiatoytheomtfiesitngf0 i8preying, thendbghpasrepal | adi um
and 0.3 to 1% by wei ght of copper based on the weight of silver, and
magnesi um relrusa tc @hfdsdrengepeint ¢ vbtedredan all oy in which the atomic
rati o of the silver-palladiumcopper alloy to magnesiumis in the range of
from4:1 to 14: 1. Nahuratdy20in7tkebcase yo 20@6inaseilv@o, atdmwe | iagldo,
absor bance can be suppressed to or below 10% so that the effect of
i mprovi ng tthe [lLighhapbsorbancentcaalf becsappyesandbeocobrabagdw Nasurally, in
the case of using silver alone, also,

and the luminance-current efficiency improving effect can

be obtained.

Thus, in the organic EL device as described in the
present embodiment, the semi-transparent reflective laver
4a is composed of silver or an alloy containing silver as
a main constituent, so that the light absorbance in the
semi-transparent reflective layer 4a can be suppressed to
or below 10%. Therefore, absorption of light in the semi-
transparent reflective layer 4a can be restrained to the
utmost, and the light emitted from the organic light-
emitting layer. 3c can be efficiently taken out from the
side of the second electrode 4 to the outside.

Moreover, in the organic EL device according to the
present embodiment, the regulations such as setting the
silver—to-magnesium atomic ratio to within the range of
from 4:1 to 14:1 make it possible to cbviate the
deterioration with time to the utmost and, therefore, to

suppress the géneration of dark spots or the like,

resulting in that the reliability of the organic EL
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the |ight absorbance can be suppressed to or bel ow 10947 hflruagye2006

| um nance-current efficiency inproving effect can be obtained. Thus, in
the ‘'organic EL device as described in the present enbodinent, the

sem -transparent reflective layer 4a is conposed of silver or an alloy
containing silver as a main constituent, so that the |ight absorbance in
the sem-transparent reflective |ayer 4a can be suppressed to ' or bel ow
10% . Therefore, absorption of light in the sem - transparent reflective

| ayer 4a can be restrained to the utnost, and the light emtted fromthe
organi ¢ |i ¢{dviemMddy i lAneincig can be efficiently taken out fromthe
side of the second electrode 4 to the outside. Mreover, in the organic EL
device according tQ Lh8;cRLESER}, odj-gBn e I as
setting the -silver-to- Jrh‘:lgneéi um gitq%mg% rat?oé?odém‘??%% ﬁ'ﬂffg%sc}%n%gmof from
4:1 to 14: it possible to_ obyiat he deterioration with tine to the
Gtrost and. Cihaerer b XhE, Sobl Brl ST E bR PR LS A ET ¢ e
like, resulting_in that the reliabili f the.organic,EL .21 1 7 February
2006 devi ceiar 8n€ﬁﬁgh8§690FHr§d&PtVb%?ﬁiﬁh?hélgggaﬁW&E%fdd YPRe

according t t he pr.esent . enbodi nt, the top enmi ssion type devi ce has
_ g-é%e orgaglc EQght—emgtgﬁng layer 38 is resonatgg between

the first electrode 2 and the semi-transparent reflective
layer 4a of the second electrode 4. Therefore, it is
possible to augment only the light corresponding to the
resonance wavelength and to take out the light with a

* high peak and a narrow spectrum, so that it is possible
to enlarge the color reproduction range of tﬁe light
emitted and to enhance the color purity of the ligﬁt.

It should be noted here that, in the case of the

resonator structure, it is desirable to regulate the
light reflectance in the semi-transparent reflective

layer 4a to be not less than 20%, preferably about 40%,

‘while suppressing the light absorbance in the semi-
transparent reflective layer 4a to or below 10% as above—
described. This is because the light emitted from the
organic light—emitting layer 3c can be securely resonated
in the resonance portion of the resonator structure when
the light reflectance of the semi-transparent reflective
layer 4a is not less than 20%.

Furthermore, in the case of adopting the resonator
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the resonator structure in which the light enitted frohf Febreanr29Qhi c
light-emtting |ayer 3c is resonated between the first electrode 2 and the
sem -transparent reflective |layer 4a of the second el ectrode 4. Therefore,
it is possible to augnent only the |light corresponding to the resonance

wavel ength and to take out the light with a high peak and a narrow
spectrum so that it is possible to enlarge the col or reproduction range
of the light emtted and to enhance the color purity of the light. It
shoul d be noted here that, in the case of the resonator structure, it is
desirabl e tFTEFHSe itthds deghtabéel &6t sRtetha erbigehki fikanspar ent
reflective |ayer 4a to be not |ess than 20b, preferably about 40% while
suppr essi nghi&nesghefabisr beseBanaet Rersépn- corppspdrehtthef | ective | ayer
4a to or below 10% as above- described. This is because the light emtted
from the orogamindd ilgirerefi sbi hjatagsr 3 aamde sposieliyer edadaed in the
resonance portion of the resonator structure when the light reflectance of

t he sem -t vadspapedt thef rethtvenshageordaryd not® fess=t Banqg2@% an
Furthernore, in the case of adopting the resonator 22 17 February 2006
structure, inteigerdedir abtésEbedptas hraspbeenl désdribddinkngss of the

resonance portion conposed of the

present embodiment. With such a setting, the light in the
vicinity of the wavelength A shows multiple interference
in the resonance portion. Moreover, the spectrum of the
light taken out is maiﬁtained with a largest width within
the range in which the multiple interference of the light
of the wavelength A occurs. Namely, the peak intensity
is enhanced by the multiple interference while the
spectrum of the light taken out retains a certain width.
.Therefore, in the organic EL device according to the
present embodiment, even when the angle of visibility is
-staggered, the shift amount of the wavelength A4 is
suppressed to be small, and enhancement of the color
purity in a wide range of angle of visibility is
.contrived.

While the case of applying the present invention to
a top emission type organic EL device has been described
as an example in the present embodiment, this is not
limitative; hamely, the present invention can be applied,

-for example, to a both-side transparent type organic EL
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organi c layer 3 so that 2L/a. becones a positive nini nhfif¢ay 20688 t he
relationship of 2L/ a. + (DD27r = q (qis an integer) is satisfied, as has
been described in the present enbodiment. Wth such a setting, the |light
inthe vicinity of the wavelength 2. shows nultiple interference in the
resonance portion. Mreover, the spectrumof the 1ight taken out is

mai ntained wwth a largest wdth wwthin the range in which the nultiple
interference of the Iight of the wavelength 2. occurs. Nanely, the peak
intensity .is enhanced by the nultiple interference while the spectrum of
the |ight dek@reodh tBbakBficamg@hbal AsWaBbhe. THErSfY € wdrd harganic EL
device according to the present enbodi ment, even when the angle of

Vi si bi | i ty presestaqaeeadi ohhesshpbt ;8aB8at 97 ok hsr&@f{fée@ﬂt@evizce' S

suppressed to be small, and enhancement of the color purity 1n a wde
range of agg| %oa%twtﬁltéal thyt! BneCoBbhLYefon i § Lo e AR f&ggéy' ng the
present invention to top em ssion"type organic evi ce een

descri bed 1§StaﬂeﬁX8HP'@o'QttE8a9£eéﬁ t o gnbpdi f@t %I%é%rod Olide

limtative; nanely, the present 1nvention cah e app or exanple, to

a both-sid r par. t rgani c L 23 17 February 2006 device in the
samne nanne?ngs%g o%ggg%d g?ﬁ%ﬁ gg?dgl The

As has been described above, the organic EL device
according to the present invention makes it possible to
suppress to the utmost the absorption of light in the
electrode on the side of taking out the light, to
efficiently take out the light on the side of the
electrode and, therefore, to obtain good luminance
efficiency and the like. Besides, attendant on this,
-suppression of the generation of dark spots and the like
can be expected, with the result that reliability of the

organic EL device can be enhanced.
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present invention is applicable to an organic EL devi c7 FebrugerdOft ut ed
that the light froma light-emtting layer is taken out to at |east one of
the first electrode side and the second el ectrode side. As has been

descri bed above, the organic EL device according to the present invention
makes it possible to suppress to the utnost the absorption of light in the
el ectrode on the side of taking out the light, to efficiently take out the
i ght on tEgP?&ge of the electrode and, therefore, to obtain good

| um nance ifency and the |ike. Besides, attendant on this,

suppr essi on of h%g?eneratlon of dai gots and the | i ke can be expect ed,
with the result OFQFP&Sl?}?9tﬁ? e%?%%ﬁ?c ®i¢Rvi ce can be enhanced.
24 17 Februar 2006 Clﬁi 1.. An organic el ectrol um nescence device
conpri si ng“d® Fbﬁ%n%n? %?EfT%ﬂﬁEtlﬁév RyeENPBVEREI caD ¥R EF , said
light-emtting | ayer being sandw ched between a first electrode and a
second el eBfFBHE2 anﬁal¢|g%@h%wﬁm%ﬁiiﬁg(ﬂﬁyﬁﬁ(Pﬂ%%ﬂﬂsﬂﬂﬁMNQHﬂg | ayer bei ng
taken out to at |east one of the side of said first electrode and the side
of said se@@hﬂe%me%tf%ﬁ%t elgeingde and a second electrode, and

light emitted from said light-emitting layer being
taken out to at least one of the side of said first
electrode and the side of said second electrode,
wherein

the electrode or electrodes on the side of
taking out said light comprise a semi-transparent
reflective layer, and

sald semi-transparent reflective layer is
composed of an alloy containing silver and magnesium

in an atomic ratio of from 4:1 to 14:1.

2. An organic electroluminescence device
comprising a light-emitting layer having an organic
material, said light-emitting layer being sandwiched
between a first electrode and a second.eléctrode, and
light from said light-emitting layer being taken out
to at least one of the side of said first electrode
and the side of said second electrode, wherein the

.electrode or electrodes on the side of taking out said
-light comprise a semi-transparent reflective layer,
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- the electrode or electrodes on the side of taking out 1é&ebruangi06conpri se
a sem -transparent reflective |ayer, and said sem -transparent reflective
| ayer is conposed of an alloy containing silver and nmagnesium in an
atomc ratio of from4:1 to 14:1. 2. An organic el ectrol um nescence device
conprising a light-emtting |layer having an organic material, said
light-emtting | ayer being sandwi ched between a first electrode and a
second el ectr d%ﬁfﬁnd .Iight fromsaid iight-e itting.|layer being taken out
to at |east*™Sh&f® FSITIEISPLENG FPFSPCELEE fBYRT ARACPRROIFHe of said
second el ectrode, erein the electrode or electrodes on the side of
taki ng out ¥Fai & BlgRY EORPEFsRBY aCeeRRPPF afepes bhion B it iddd Phyer, 25 17
February 2006 and said sem -transparent reflective layer is conposed of an
al 1 oy for e iEdNgador §epssi Pronedpshiinodl payladbwraasiing- 9.8 to 1% by
wei ght of palladiumand 0.3 to 1% by wei ght of copper based on the weight
of silver, lZaky wedwbsi ok crarar kesaflconathe weight dosisikver,
pal | adi um copper alloy to magnesiumof from4:1 to 14:1. 26

and magnesium, in an atomic ratio of said silver-

palladium-copper alloy to magnesium of from 4:1 to

14:1.
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17 February 2006 ABSTRACT A self-light-enitting type ofgé&ebwsary 2006
el ectrol um nescence device which nmakes it possible to restrain to the
ut-most the absorption of light in an electrode layer, to efficiently take
out the light-and thereby to obtain sufficient |um nance efficiency and
the like, in the case of emtting the light through the .electrode |ayer.
In an organic el ectrolum nescence device conprising a light-emtting |ayer
(3) conprised of an organic naterial based the light-emtting |ayer (3)
bei ng sandw ched between a first electrode (2) and a second .electrode
(4), and light enmitted fromthe |ighBSERETing |ayer (3) being taken out
to at |least one of the side of the first electrode (2) and the side of the
second electrode (4), the light absorbance of the electrode or el ectrodes
on the side of taking out the light, of the first electrode (2) and the
second el ectrode £43elf-slingt—amirtetitrhprtyp@%orgdnic
electroluminescence device which makes it possible to
" restrain to the utmost the absorption of light in an
electrode layer, to efficiently take out the light and
thereby to obtain sufficient luminance'efficiency and the
like, in the case of emitting the light through the
electrode layer. In an organic electroluminescence device
comprising a light-emitting layer (3) comprised of an
organic material based the light-emitting layer (3) being
sandwiched between a first electrode (2) and a second
- electrode (4), and light emitted from the light-emitting
layer (3) being taken out to at least one of the side of
the first electrode (2} and the side of the second
electrode (4), the light absorbance of the electrode or

electrodes on the side of taking out the light, of the

first electrode (2) and the second electrode (4), i5 not

"more than 10%.
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