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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) technology, as for exanple shown in Fig. 1. In the
organi ¢ EL devi ce shown,

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




a first electrode 2 forned of a light-reflective mat eriZaFebraargt 2006 1ct i oni ng
as an anode (positive electrode), an organic layer 3 which is conprised,
for exanple, of a buffer layer 3a, a hole (positive hole) transport |ayer
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 formed of a transparent dielectric, are sequentially |am nated on a

substrate Emiasdon glkhptiom Cherengadiiveli ghthroldyyNoadager 3c i s taken
out to the side of the second electrode 4. Furthernore, the organic EL

device hasxampaeoRabeh shr gehure. i nvhikd dhgadighin emEdiled shicam, t he
organic light-emtting |layer 3c is resonated between the first electrode 2

and the senl firanspaceRt-onef beebinga baygr14gnplrdhtesecondnelecidpde 4,
and only the light at the resonance wavel ength is augnented by the

resonator a5l GhUEeRnbNak hhOlhott! ipBsht ghe Popkc Aith&) Napd oW spect rum

can be taken out, whereby the color repfoduction range of  the emtted

ight can beeglar 9eg. Basidesy 23 apRLPLogxampl e plyorganie FL device, 17

February 2 there i's”known"a both-s Fahspar en pe” one as for
g?ggﬁ!g EtgwggkgeEéﬁgﬁﬁ?ggu??ég?é’(ﬁggitiggyﬁoléFtéfanéggf%DIay%gge) In the
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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el ectrode 12 having a light transm ssive property and 17 FEgitharp2008 as an
anode, an organic layer 13 which conprises a hole transport |ayer 13a and
~an organic light-emtting |layer 13b, and a second el ectrode 14 which is
conprised of a sem -transparent reflective |ayer 14a and a transparent
el ectrode | ayer 14b and functions as a cathode, are sequentially |am nated
on a substrate 11 fornmed of a transparent glass or the like. Light from
the organic light-emtting |layer 13b can be taken out to both the sides of
the first electraode 12 and of the second electrode 14. In both of these
organi ¢ EL i%ces kPRETsBcBRGNEldet toarsRarent chyRe i e tde for
sem -transparent reflective layer 4a, 14a as an extrenely thin film in
order to &RREREE SDPIGhEint FaAsneséFuechr aperbpphndPhvs sdegitte- el ectri cal
characteristics. The sem -transparent reflective |layers 4a and 14a are
formed by &&-Wdpor 1286poesi ¥ orhoforgamesiBimdaviceasdiosin,ver fEAS)E i n an
atomc ratio in the range of about 30:1 to 5:1. Nanely, the
sem -t r ansgaesirodef Léchavengayel sgit anandwbs siree foropmrtofarah al | oy
contai ning magnesiumas a nain constituent. 3 17 February 2006 In the
above- nent fonetiongagi es Bandenddes ascorghmic laydhe Ppnritdickart, however,
since .the sem -transparent reflective layer 4a, 1l4a is forned. of an alloy
cont ai ni ngcomprises 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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magnesi um as a main constituent, the absorption of |i ghtFebrnary2806
sem -transparent reflective layer 4a, 14a itself is large, resulting in
that the efficiency of taking out the light from the organic
light-emtting |ayer 3c, 13b may be | owered. For exanple, when a general.
“magnesi um si |l ver co- vapor deposition film (atomc ratio of about 10:1) is
irradiated with |ight having a wavel ength of 550 nm the reflectance,
~transmttance and absorbance of light in the co-vapor deposition filmare
as shown in Table 1 below. Nanely, the absorbance is about 16% even when,

the thickness ofrd hee QHAROIMARARHI Prdanli® iE3, wakiedsl keord@nglSnm
Table 1 Fil m Refl ectance Transm ttance Absorbance thickness(o)(s)( o) 10

513316 120NGH34510015, AID0R4AS e, L, | iiphts absarhangs den i gh, T he
i nfluence thereof iIs increased, particularly in the top emssion type
or gani C ELregf(\éEEfve F?éy@f‘aw,l e.t4é n; & hfoﬁ?éc? Wed’ria aﬁloy 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.

Namely, the absorbance 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
.




17 February 2006 the |ight reflectance on the side of thBebruargi2086 ectrode
2 is 100, the light fromthe organic light-emtting layer 3c is
transmtted through the second electrode 4, or is reflected by the
sem --transparent reflective layer 4a of the second electrode 4 to the
side of the first electrode 2, or is absorbed into the sem -transparent
reflective layer 4a. It should be noted here that since the |ight
refl ectance on the side of the first electrode 2 is 1000, the |ight
reflected to the side of the first electrode 2 is caused by the resonator
structure F%eb L giiﬁeﬁﬁéF&éﬁFe B8R the sédenafetbet Fbeet s2laeieredore, all
the light other than the |ight portion absorbed into the sem -transparent
reflectived dyert08a ithefilaghty fupmt the eBIanEC oLigh Geenitting pertdvel y of
the light transmttance and reflectance at the second electrode 4. This
neans t hat 3ChésSeffprepBatfedothrakphgthat setend i ghectraie the @r gani c
light-emttin | ayer 3c is |lowered as much as the |ight absorbance in
~.the.sem - trﬁég§9§f3énb}'r thhesenyetrayspadent sr¢ Bl getiky emyemher eft he

reflectance on the side of the first electrode .2 is |less than 100% the
stronger thbel sghonidneketeredecsd ©ffeled slimde tof tite rRsoatae ivadet ur e
gets, the nore dependant on the absorbance in the sem -transparent
reflectivez2l ageridaabstenedt bnbe. tidn ddei-ofhatsghandht idefihetieth- si de
transparent 17 February 2006
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 3c is lowered as much as the 1ight absorbance in
the semi-transparent reflective layer 4a is large. Even
- where the reflectance on the side of the first elecﬁrode
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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organic EL device, since it has not the resonator striltEebraary@i0§ t he

| ight 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 is normally constant (1000). Therefore, the |ight
transmttance is influenced as much as the |ight absorbance is increased.
As a result, the efficiency of taking out the light fromthe organic

l'i ght-em {1]ng. r Y. ower.e C ' enpodi ments of the
pr esent |ér’1%/ nt}%ﬁﬂfs%%ipcf%?psr%\?ﬁ%elvgnh%? gﬁ?\?g%r%e%?ncae, whi ch enables to
i ng as nuch

obtain sufficient |umnpance ficiency, and the like b suppr.e
as poss: br et EHE TR T O 19 R et ThEM Sy PR RES out
efficiently. Disclosure of. |nvention |In accgordance with an. aspect of the
pr esent ‘T’%?/%Iﬁ?i% SCTHRTR Jr'i i o‘?ﬁ]déqbeé;ntoor i gt evalscer]Checorrpri sing a
light-emfting | ayer having an .organic terial, the light-emtting |ayer
being SantvFinet Het wokiF o4 | FiT AT G GPde secorkd dnsttibde. and
light fromthe Ijght-emtting |ayer_ being faken qut to | east one of the
first el &t r%%&k‘f‘geaﬁ@afthgg%é dtoEﬁ‘Jec‘?é od¥ §i3@15-5‘,t \Eﬁ%ﬁ@?ﬁa’?ﬁé"el ectrode
or electrodes on 6 17 February 2006 ,

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




the side of taking out the light conprise a sem - trantphelrnaryr28p6ecti ve
| ayer, and the sem -transparent reflective |layer is conposed of an all oy
containing silver and nagnesiumin an atomc ratio of from4:1 to 14:1.
According to a second aspect of the present invention, there is provided
an organi c el ectrol um nescence device conprising a light-emtting |ayer
having an organic material, said light-emtting |ayer being sandw ched
between a first electrode and a second el ectrode, and light fromsaid

| i ght - em the ngidayef theting takeniostl ightatcdm@astse enes«iit he side of said
first electrode and the side of said second el ectrode, wherein the

el ect r odet vanspaeeniodest Lot v Isdwer ofandikiing sani-saiahdpagtantconpri se a
sem - transparent reflective layer, and said sem -transparent reflective
| ayer is E%’glpﬁ)%téd’eoflaé[ﬁrallﬁo9°‘i“ﬁ?ﬁ%€l bl - CUEFISPPoR1ISVSEN al | oy

cont ai ni n .3.t0 1% wei ght_ of al | adi.um 0.3 ta 1% hy, wei ght of copper
based on E%I"fg Ig%%ril%ﬁu%flrgiefr%/eeﬁor%h% T oesaﬂ%rcin}'n 4;% z]aftooﬁi% ‘atio of said
silver-pall adiym copper ,alloy to magnesi.um.oof.from4:1 to 14:1. According
Lo embod ment ST Cof Gafli LRI GRS GhndhPL BEREERS SBSTELHe || ght

absor bance}bof t.he elegtrode or el.ectrodes gn t he side of t.aking out the

li ght can"B&SuppPEsTaacdidt &diibi% S1E6TEOTARTRS TSt IrESt han 10%
Therefore, absorption_of the Jitqiht iinto 7 , )
. comprising a light-emitting 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

7




17 February 2006 the electrode or electrode on the sid&7 6ebawid®§out the

| i ght 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 Drawings Fig. 1 is a sectional view of an essential part for
.illustrating a constitution exanple of a top em ssion type organic EL
device; and Fig. 2 is a sectional view of an essential part for
illustrating a constitution exanple of a both-side transparent type

organi ¢ ElpdevheerrBgst oModecteroGar by PHe Mt abhes! pygpLLOBuFeEgEnaf ter,
the organic EL device according to the present invention wll be described

based on t r awhngs. W, sey, of i ngn4herpr invention to
8 17 Febr&25362006 a tggh@nfgé?gnE?ygggo?ggﬁ%%'Egn%es?gefafﬁf be descri bed

as an exa%BH%teEhErBﬁgﬁﬂéclEg?ggghgﬁgiﬂgbfa @?P&ggegehgffiagéﬁﬁiﬁUthy the

sane filmconstitution as t onventi onal case, as been

describedthgMeoaﬁ?gﬁlgh?igﬁtggﬁgn in Fig. 1, the organic EL device has a

constitution in rst eléctrode 2, an organic |ayer 3, a second
el ectrode 4 and a passivation filmb5 are sequentially lamnated, in this
order. fromthe | ower

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




- layer, on a substrate 1. The substrate 1 is conprised 07 Febtuaeyr)0&r ent

gl ass substrate or a sem conductor substrate. The first electrode 2 is
used as .an anode functioning also as a reflective |ayer, and is conprised
of a light reflective material such as platinum (Pt), gold (Au), chrom um
(Cr), tungsten (W and the like. The filmthickness of the first el ectrode
2 is preferably set in the range of 100 to 300 nm The organic |layer ,3
conprises, for exanple, a buffer |ayer 3a, a hole transport |ayer 3b, and

an organic_ljght-emtting |ayer 3c functioning also as an el ectron
transport |ayk v&f}‘ﬁ?h‘?%g@l&ﬁjé}ﬁqa&w% Hla A vild &9 sescdéPefr om t he

| oner layer. O ,these layers, the buffer layer 3a is a layer for
preventing 3eakaxeBne i s TheoRpPREéE For dexaspl cobenfinfonized here
[4,4",4"-tris(3 9 17 February 2006 net hyl phenyl phenyl am no)tri phenyl am ne],
2- TNATA [4,1@5, 4“'Q1!91F35¥( Zt%[ﬂﬂﬂmllfﬁﬁéh}ﬂ%ﬁtndéqmnm@rwlt@mtne]f the the like.
The hole transport layer 3b is conprised for exanple of a-NPD
[N, N -di (| -eraptamsdona, Nast phdviydh -hesl BEerbidhemilded abovei.anNaegler t he
| i ke. The organic light-emtting layer 3c is conprised of light-emtting
mat eri al s cepadlwofirerfitg.i Ag hghtoriganied EfRdevgeehacG: and bl ue (B),
respectively; as the light-emtting
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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material for emitting light in G for exanple, A g3 (7 Fshuany@00fol
~alum num conplex) is used. As for the filmthicknesses of the |ayers
constituting the organic layer 3, the buffer layer 3a is preferably 15 to
300 nm in thickness, the hole transport layer 3b is preferably 15 to 100
nmin thickness, and the organic light-emtting |ayer 3c is preferably 15
to 100 nmin thickness. The second el ectrode 4 is used as a cathode, and
conprises a seni-transparent reflective |ayer 4a and a transparent
el ectrode |ayer 4b, which are sequentially lamnated in this order from

the | ower kiayfly1phnBhenyh a4ERS) cEERSAYLahi AOPPAS fikatf I ective |ayer 4a

is formed of silver oy contarnin ver as a main constituent,

. Il bg sdgt.aile t _ ] - t
eiocti vo it ﬁe?'ﬁiqfég (gr eF§9§B¥%£§%?§’?%ﬁifﬁ%fﬁa%hé%fl%ﬁ%e%BOaﬁ%parTﬁQ 10

17 Februar tra r ctrode I i.s fornmed of naterla
which is genergﬁlky ugéﬁ) fkg(?ie r"janhS pc’a1f1%an]fl Eecty ode CHFE ls@)?a i ndi um
tin oxide or the like. The fil n1th|ckness of the

d
second el e %}é%ogl un:@{{]ﬁ@loﬁ\gng@ Jrne@hithvid ol N oFRESBYsi vation film

5is forneg of ,a trans irent dielectric, and preferably has a refractive
i ndex appfloxit mapépf}eﬁg | VAr nTI5RR{RBL OBt thel HeR er (Thies organic |

light-emitting layer 3¢ 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 ?f silver or an alloy containing silver as a main
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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~constituting the second el ectrode 4. Exanples of such #& hehreanya008 ncl ude
silicon oxide (Si02) and silicon nitride (SiN) or the like. The film

t hi ckness of the passivation film5 nmay be, for exanple, in the range of
500 to 10000 nm 1In such a lamnate filmconstitution, the organic |ayer 3
is sandw ched between the first electrode 2 formed of a light reflective
material and the sem - .transparent reflective |layer 4a of the second

el ectrode 2, so that these constitute a resonator structure. Nanmely, this
the |ight.emtted

organi ¢ EL .device has a.,resonator structure i_n_which

romt he orgaE o SRt nayer Ak hE FOcORYL B8 Betakshithe 11 ot

el ectrode 2.,and t.he seni-gransp rent reflective |layer 4a, and the organic
layer 3 fufetiBhd Sagererad HéH@@gpSPFiSntBPn?ﬂér?Egoﬁﬁ?BFrog?ru%?ﬁre. 11 17

February 2006 In the resonator structure, the optical distance L between
the first & Sde 199AHE HE e&ifer (ARSpar eRFIURELRE P¥EAPayF 4a, i.e.,
the optical filmthickness of the resonance portion conposed of the
organi c | ay&e 3ike. shheetilmathdghness of Pwsigqcandigdigahnioss de isnd t he
relationship of 2L/ ;L +1 /2 n=q (qis an integer) is .satisfied, where
4 (radian) 1fs thge rpRgsec§hBPt tgehBPAt Y. when the light h emitted fromthe
organic light-emtting
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

nin.

In such a laminate film constitution, the organic

layer 3 is sandwiched between the first electrode 2

formed of a light reflective material and the semi-

transparent reflective layer 4a of the second electrode 2,

s0 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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|l ayer 3c is reflected by the first electrode 2 and thel7 §ebuaryr2088par ent
reflective layer 4a, and a. is the peak wavelength of the spectrum of the
light emtted fromthe organic light-emtting |ayer 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 inpressed between the first

el ectrode 2 and the second el ectrode 4, positive holes are injected from
the first electrode 2 into the organic light emtting |ayer 3c through the
hol e transport |ayer 3b, whereas electrons are injected fromthe

sem -transparent ThetheCkb¥EnhBye!stdtudfutde SeE W BbLCtdpgienrftd o the
organic light-emtting |layer 3c. The positive and .negative carriers thus

i njected biyjdigebhueheseanist @abecubas bnahhetREIABNE-LEgNEpSPLAL n92| %er

3c into an excited state, and light emssion is achieved during a 1

February 20QG16ekaxal hagehr agess af R eXGLE 1 MRl PhuLfscialbes | 4aNt

obtained by the emission is transnifte oug e sem - "transparent

57 o be oty egopRanFRorbrEaeRTERRkosBICRE BE PPalhfs PR BRSTTGi G 1

this case, the first electrode 2, the organic |ayer. 3 and the
semi -t r ans§&r &Rt FEFFe@ﬁ(@é:FhfbﬂxﬁﬁinéﬁthFFﬂFg‘Wﬁé“ﬁé§@ﬁa¢@@ structure.

Therefore, 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




organic | ayer 3 being the resonance portion functions #4&Februaard086- band
filter, and only the light hin the vicinity of the peak wavel ength | of
the spectrumto be taken out is augnmented by multiple interference and is
taken out on the side of the second electrode 4. Besides, since the film
t hi ckness of the organic layer 3 (the optical distance L of the resonance
portion) is set at the positive m ninumval ue of the values for the
resonator structure to be conposed of the first electrode 2, the organic
| ayer 3 and the sem -transparent reflective |ayer_4a, the spectrum of the
light h taﬁ?ﬂaﬁﬁﬁquSPﬁ&Fﬁﬁélﬁgdtﬁ? éxFéFQ@sﬁoﬁFaPﬁeFrlt?ﬂ?r%%ﬂﬂil n which
the multiple interference of the light of the wavelength | occurs. Nanely,
the peak iSRS by thghgndeaipy fLhethansmpreedntoreeglentlee wheme-t he
spectrumof the light taken out maintains a certain width. 13 17 February
2006 Ther eftgie@sparentwefdechévangpyeof 4vi sikbel trgnsparentggered, the shift
anount of the wavelength .1. is suppressed to be small, and color purity
in a wde rdmggrogie dhgbedothei pebelivayios éhhmnﬁedtobhﬂtemitmed to
sem -transparent reflective layer 4a in the organic EL device constituted
as above, ithe sitleeofmbbe shaondt eiiestirodpointoofhd heutasighdni ¢ EL devi ce
described herein will be described in detail.
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 thé 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 4 occurs. Namely, the peak intensity is
enhanced by the multiple interference while the spectrum

of the light taken out maintains a certain width.

13




In the organic EL device described in the present enbbdFeyrary 206€

sem -transparent reflective layer 4 is not conposed of an alloy containing
magnesi um which is the main constituent as in the prior art but is
conposed of silver or an alloy containing silver as a main constituent.
Exanples of the alloy containing silver as a nmain constituent include
silver-magnesium all oys. An alloy of silver, palladium (Pd) and copper
(Cu) may also be used. Further, an alloy obtained by co-vapor deposition
of a silver-palladiumcopper alloy and mnagnesium may also be used. It is

natural tha@hetrbeseecal boys wAyrbether ARGLEYoE hei € vEpBF eposition under a
vacuum envi ronnent and nay be fornmed by other technique. Now, the |ight

absor bancesehghheedl | ONeCORE AL NhNGuNSi b¥ CEnaSy& dBd i GP Bt %guent will be
descri bed. For~ exanple, in the case of an alloy obtained by co-vapor 14 17

February 200fpden9sit t8Mpefsmhlverandg aoiBk NoePNsy iient, and agpesi um in
an atom c ra??o of about 10?1, thealight rep?ectanéé, f?ansnittance and

absorbanceodpgigh & g 445 P05 WM ¢ +59Q£ 9f.g wavel ength of 550 nmare as
shown in Fig. 2 below. Table 2 FilmRe Tectance Transmittance

Next, the semi-transparent reflective layer 4a in
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—maghesium 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




- Absorbance thickness(o)(o)M) 10 nnB0655 12 nnB8575 15thhe@uary 2086 nnb8375
"As is clear fromTable 2, it is seen that in the case of the alloy of
silver as a main constituent and nagnesium even when the filmthickness
is varied in the range from10 to 18 nm the |ight absorbance is about 5%
over the entire range. Nanely, the |ight absorbance is |owered to about
1/3 tinmes that in the case of the alloy of magnesiumas a mmin constituent
and silver according to the prior art. This is considered to arise from
the difference.,in conposition. Therefore, it can be expected that when
silver or 9FRESAFI8Y LHntalKPhoPSi T VB 1AsCoPHet ehattd nesiufsed as
the material for the sem -transparent reflective |ayer 4a, the light from
the organi ¢ PBhETeRFEt FAGLP aybralzeut chih: be Ehkeh @it sfleadidiad ently than
in the prior art., 15 17 February 2006 In order to verify this, the

ef fi ci ency LEANFREF AP R 2R R T PPN GRSUPRTA ST Rt i ot e Widded isfhtact ual
constitutions of the organic EL devices. The results are given in Table 3

bel ow. - 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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Tabl e 3 Lumi nance-current efficiency (cd/A) Initial vallEebkrpam 2806er | eft
to stand at constitution of tenperature 60C, hum dity device90% for 1000
hrs My: A4 :16.56.5 AgWvy418.08.0 Ag : M7 :18.58.0 A : Mgl4 :18.57.5
APdCu8.56.5 Ag8.54.0 In Table 3, as the efficiency of taking out the

light, 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 environnment of a tenperature
of 60C and.a humdity of 90% for 1000 hrs were neasured. In addition, the
measur ementInvas dndie v iffgr e, aase africarpPes BY tARisgMbukr @psparent
reflective |layer 4a by use of silver and the case of conposing the sem -

transpar ent icpfd efld W dAuRMd 48 Bhdis@sds r QveuaNEahRLAgusibYsr as a
mai n constituent, as well as the case of.conposing the sem -transparent

reflective d@wdle Mrganic 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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17 February 2006 4a by use of an alloy containi ng nagn#éFebruagy 2006ai n
constituent according to the prior art for conparison. As the cases of
using silver as a main constituent, the  neasurenment was conducted for the
~alloys containing silver and magnesiumin atomc ratios of 4:1, 7:1, and
14:1, respectively, and for an alloy having a conposition in weight ratio
of silver:palladiumcopper = 98:1:1. In each case, the filmthickness of
the sem -transparent reflective layer 4a was 15 nm On the other hand, in
the case of using nagnesiumas a nmain constituent, the atomc ratio of
magnesi um t4& Y were wds an: allaid condafinimg mhipkagss amsasetimt 12 nm for
obtaining the sane level of reflectance as that in the cases of using

sil ver as &onsiinueanrfseictoedingl fot tbecpsdoof ausi Agroodbypsiriver, ke film
t hi ckness was the sane as that in the cases of using silver as a main
consti t uenttheAsaisesckbgansingnsTabke 35 knmhhe cas8€6i DhettS) Nghe Sil ver or
using the alloys containing silver as a nmain constituent, the

| um nance- easenrternehfti ehencynatictbe fobi thal as18ge dpPratonsgitution of the
device is enhanced, as conpared to the case of using nagnesiumas a nain

Constltuenblaﬁéﬁrdhﬂgmégnéﬁﬁuﬁriﬂraﬁbhlch&§16§ Seegtp the faglgthat the
l'i ght absorbance of silver or each of the alloys contai ning silver as a
mai n COﬂStEHUQntrbﬁpéZtlvely, and for an alloy 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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17 February 2006 | ower than that of the alloy containi hjFeergawsi006h as a

mai n constituent, as has been descri bed above. The |ight absorbance is
considered to be about 5% in the sanme manner as in the cases shown in
Table 2, for exanple in each of the cases of the alloys containing silver
and magnesiumin respective atomc ratios of 7:1 and 14:1, the alloy
havi ng a conposition in weight ratio of silver:palladiumcopper = 98:1:1,
and only silver. In these cases, the lum nance-current efficiency is seen
to be about 1.3 tines as nuch as that in the case of using nagnesiumas a

main const IGiRAL -tHdh Wi CFE e LG0T 8K AT0LE) Rhlesl L a0d magnesi um

in an atomc ratio of 4:1, the |ight absorbance”i s consi dere o be in the

range of 5. 1Q%n i il a3 aLNBLHTLANCE ey Lent ef ficiency is seen

to be about 1.2 times as mich as that I'n cas PVlsi ng magnesi um as a

mai n constituent. ln bri , 1t._can be said that as.the silver content is
rai sed, the |ight Tialt sg% g%cgb%grﬁ%%? et %Wlé%f?%n%rhe P 2% he
Iuninance-curr?pt efficiency at ,%hgainitial sfage upon constitution of the

device i s ‘ThétEaSefe BEPERT A ¢ Pi G8FBR 8ROFRelfuhRRAfice: ctR¥ ent
efficiency with tine, however, it is seen that the |um nance-current
ef fi ci ency SKETPHE HOWEASE Rift kbei fESPR 28 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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17 February 2006 .the case where silver or an alloy cohf kebuagy 206ver as a
mai n constituent is used. Besides, the degree of the |owering increases as
the silver content increases. This 1is considered to be due to a nmechani sm
in which since silver is |ower than nagnesiumin denseness of grain
structure, when the silver content increases, deterioration of the device
due to penetration of noisture or the |ike would occur nore easily,
whereby the |um nance-current efficiency is | owered. Such a device
deterioration would | ead to_increases in the nunber and the size of the
portions irth8 Sp&ft Wens gHlvesi o8 en shlovheouteivéngusibeer 4sex, the
portions called dark spots; therefore, the device deterioration should be
obvi at ed t daithEomsidduentty 4 vhedf orkemides ., | the sigpme tdfatthehen sil ver or
an alloy containing silver as a main constituent is used, the |ight

absor bance lsaiediass ippressed 8o bbensilmerecbhaantOvhandasédher afdse, t he

| um nance-current efficiency is enhanced as conpared with the case of
usi ng an alilsoyonsdneaied g bagdesi ta asmashanisansh i vhedh , s buke a hi gher
silver content is not necessarily better and it is desirable to regulate

t he conditisdiseas ikolibews. theh @X@NPseuni intdensasesOfotisgrgimn al l oy of

silver as a main constituent and nmagnesium a silver-to 19
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 effiéiency 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 portioﬁs called dark spots;
therefore, the device deterioration should be obviated to
the utmost.

From the foregoing, it is seen that when silver or
aﬁ 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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17 February 2006 nagnesium atomic ratio of not |ess th&nFabruarysd086 it

possi ble to suppress the |ight absorbance to or below 10% and, therefore,
to obtain an effect of inproving the |um nance-current efficiency; in
consideration of the deterioration wth tinme, however, it is desirable to
set the silver-to-magnesiumatomc ratio to be not nore than 14:1.
Nanmely, the silver-to-magnesiumatomc 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 consideration of easiness of formng the alloy or the like in

addi tion tenddiRdivi BRBEETC YRRt o iRy thARr QVing ghect besides the
deterioration wth tinme as above-nentioned, it may be contenplated to use

a silver- pgld-adim %peggpélelsgyta%npag%ltngbgoé LRckOLoPY VBLIRY Pls

palladlun1and 0.3 to 1% by weight o pper ase e Welg

Sl ver. By i Sinlleele8 8055016110, SUPREGSS I BE L 9&%&5%@%06 to or

bel ow 10% 't hernore, {he above-nen |one twd* chor € 8% adopted in
conbi natio L | o contalnln 1%Db g of pal | adi.um
and 0.3 toﬁy@w%g%cg C F%esk Sﬁgﬁeﬁggéd nc?ﬂﬁlaﬁ ng ?@% and

nagnesiun1ﬁg be CoO- va or, ﬁpgslted to form an aIIo in which the atom c

ratio of tRE SFHPEPLHARI WY tBBpePOYPFEY - t Bt h%gﬂ%%%ﬁ%?%% % $9% range of

from4:1 t% 14:1. In this 20
: he 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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17 February 2006 case, too, the |ight absorbance can b#7 fepparys2068 to or
bel ow 10% so that the effect of inproving the |um nance- current
efficiency can be obtained. Naturally, in the case of using silver alone,
al so, the |light absorbance can be suppressed to or below 10% and the

| um nance-current efficiency inproving effect can be obtained. Thus, in
the organic EL device as described in the present enbodi nent, 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 seni-t5&opdht T Ildaht ebsgydbrrgs can be suppressed £8 ©°&r bel ow
10% . Therefore, absorption of light in the sem - transparent reflective
| ayer 4a cdhfB ldstr Sinddiato thee efifiepdsef iR@reNdng ghe dmninadcerom the
organic light- emtting layer.3c can be efficiently taken out fromthe
si de of theewasentd ediféstiresy #amo behebtgatiziede. Moreover, in the organic EL
devi ce according to the present enbodi nent, the regul ations such as
setting the silvHatuvaihgneshunhatocase ohtuving siiven dheme amgesof from
4:1 to 14:1 make it possible to obviate the deterioration with time to the
ut nost and,thehdrighdar epsbarbasitepcass beheugpresatidonoobrdaekospdds or the
like, resulting in that the reliability of the organic EL .21

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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1 7 February 2006 device can be enhanced. In addition, 17 Febmaryd0§éni ¢ EL
devi ce according to the present enbodi nent, the top em ssion type device
has ~ the resonator structure in which the light emtted from the organic
light-emtting |ayer 3c is resonated between the first electrode 2 and the
sem -transparent reflective I|ayer 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 color reproduction range

of the |ighfevigmd 0 raNG drRargignce the color purity of the |ight. It
shoul d be noted here that, in the case of the resonator structure, is

del LAl e 10, Lol sakiiesoh bt CRL\SELALEE 41 405, SeTLodganaRy f?“t whi I e

reflectlve Iayer 4a to be nbt Tess't

Supr eSS TG L. HOLARASE. | by hGoRe s oL EFEERARE ek S ve, | LT

4a to or above- esdrl hi's™i’S

fromthe or anlc I| enlttln Ia an, be sec rel opated in the
resonance p 1T < oﬁésr§¥8 X Wﬁ&?ﬁ Ehﬁhéﬁg h%mXF 5 EE?Tectance of
t he. senl-tr?psparent r ctive Iayer 4a is not |ess than 20%
Furt her nor &8 #TERE1Ca ég “gHOHEIRY LRESFesbndfoFeggnated 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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17 February 2006 structure, it is desirable to set thelbpebryaty 2006 m

t hi ckness of the resonance portion conposed of the organic |layer 3 so that
2L/ a. becomes a positive mninmumvalue and the relationship of 2L/ a. +
(DF27r = g (gis an ‘integer) is satisfied, as has been described in the
present enbodi nent. Wth such a setting, the light in the vicinity of the
wavel ength 2. shows multiple interference in the resonance portion.

Mor eover, the spectrumof the |light taken out is maintained with a | argest
width within the range in which the nultiple interference of the light of
t he wavel er?d%“r\‘ofur@ccﬁﬁis isndpaiyablfe tpesrti khenspEycali EilRhanced by the
mul ti pl'e interference while the spectrumof the |ight taken out retains a
certain w dtHCkIPREr Ofoit8e FRSPRENEPYRAFEIER dempeecdcedrtag to the
present enbodi nent, even when the angle of visibility is staggered, the
shi ft anoumrg@hlphéawa\reﬁeﬁgt hhaZ. 2.4 4 suppmess ed pos il vemalin,i namd
enhancenent of the color purity in a wide range of angle of visibility is
contri ved. vdliulee ahbe thaseedbtapptyipgofherpilesernt /2 nventy qa tie aa top

em ssion type organic EL device has been described as an exanple in the
-present enbodiegend, ishsstisfhed, asmaatbyen desetibed hin pfresent invention
can be applied, .for exanple, to a both-side transparent type organic EL
23 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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17 February 2006 device in the same manner as above. |# 5ebAY\9P8s, the
present invention is applicable to an organic EL device so constituted
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
light on the side of the electrode and, therefore, to obtain good

| uni nance aeffiicel @ACYhandaibenbhker BeshBese . attenctants abidy Srthe
suppression of the generation of dark spots and the |ike can be expected,

with the r@&@b@n&hahvéakhaﬂlhstx BﬁlhasleOEgaahcoE§aH§alﬁﬁ &&pi bg enhanced.
24 17 February 2006 CLAI Ms: Rn organi c el ectrol um nescence devi ce

conprisingsg kioghts %HkEH'EHa£a¥ﬁé h@ghegféamoagff fie ORLECIAY 1200

light-emtting | ayer bei ng sandw che bet ween Irs

second el eqkr ¢dRonaBfle LHORE HLLLEGLLBP $RLAL LGNt PILLILAD Layer being

sai d rode” and the side
of said Segﬁﬁdtﬁgeggcggg’electrode side.

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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wherein the el ectrode or el ectrodes on the side of taR7hgbwaty 2086d | i ght
conprise a sem -transparent reflective |ayer, and said sem -transparent
reflective layer is conposed of an alloy containing silver and nagnesi um
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 nmaterial, said
light-emtting | ayer being sandwi ched between a first electrode and a

second ele?iﬁﬁgg‘ and light fromsaid light-emtting | ayer being taken out
to at least™o of the side of said first electrode and the side of said
second eIectrodT, wherein,the. e|lectrode or el ectrodes on the side of
taking out saidi* PlgREIBBAHr PLECLTQLIPLRPIASPEF cARVEET | ective | ayer, 25 17
February 2006 apd, said semi-transparent reflective |ayer is conposed of an
al | oy for nEdBYLELRY & ot - U IR ol aYR LaPEBYNTC oRR P FIFRHLD. 3 t0 1% by
wei ght of palladiumand 0.3 to 1% by wei ght of copper based on the weight
of silver, "2ERBLAhgne3idn iohteneAE Faen hefingisgnsivieded
paIIadiun}coEper alloy to magnesiumof from4:1 to 14:1. 26

between a first electrode 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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- 17 February 2006 ABSTRACT A self-light-enitting type oddg&mbwary 2006

el ectrol um nescence device which nmakes it possible to restrain to the

ut nost 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.%g ong%nic mat er i al Eised_the light-emtting | ayer (3)
bei ng sanditéd DSt TAPPALENL| SEELEGE YD) LaKAT al S eCTMRPSCR! ect r ode
(4), and light emtted fromthe light-emtting ,|ayer (3) being taken out
to at | easClonédofliiny Pgmeds Py fig~YRPeF SeResHeHe (2 AhAAIRY side of the
second electrode (4), the Iight absorbance of the el ectrode or electrodes
on the si d&€Barangg Codt toheé®l Pyhreightt pE paitadivneend dde3 (9 and the
second el ectrode (4), is not nore than 10% .27

o

% by weight of copper based on the weight of silver,
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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