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Technical Field j o~-~I1 ~~S~700 The present invention rel&f s//t 5f‘70°
orqani c el ectrol.um,nescence device (hereinafter referred to as "organic EL
device"), which is a self-light-emtting type display device. Background

Art In rec e organic EL device is paid attention to as a
di spl ay deamwmmm{mmmmmtl tuting a flat panel display. The organic EL device
generally has a.structure in which an organic material is sandw ched
bet ween el ectrodes (an anode and a cathode) fromthe ups and downs. Wth a

driving cyrrent applied to both elnﬁg ﬂiﬁfz ositive holes and el ectrons
are inj ec[W"’U’WHW@MveI y from bot tc{]e e eoc rodes into an organic |ayer
conposed ic mterial, and the positive holes and the el ectrons
are reconbi nechosstst h each other in the organic |ayer, whereby |ight em ssion

is induced. As an exa I i here is known a
!topl em!Jssi on type u)s(i @?@ZE(S%W&W&?VWICé |

Technical Field

The present invention relates to an organic
electroluminescence device (hereinafter referred to as
“organic EL device”), which is a self-light-emitting 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 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
layer composed of the organic material, and the positive
holes and the electrons are recombined with each other in
the organic layer, whereby light 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



em ssi on Adaptive Current drive) technol ogy, as for exanple shown in Fig.

1. In the organic EL device shown, a first electrode 2 forned of a
light-reflective material and functioning as an anode (positive el ectrode),
an organic layer 3 which is conprised, for exanple, of a buffer layer 3a, a
hol e (positive hole) transport |layer 3b and an organic light-emtting |ayer
3c functioning also as an electron transport |ayer, a second el ectrode 4
which is conprised of a senm -transparent reflective |ayer 4a and a
transparent el ectrode layer 4b and functioning as a cathode (negative

el ectrode), v tlon film f a transparent dielectric,

are sequem?fsﬂrﬁl?ri??%%?é PEreatshE ALY et [ SR T E S he or gani ¢
l'ight- enlttln er, 3c ist ken ut to the side of the second el ectrode 4.
Furt her nor e$* g%%f% YRAYTR £ ﬁ' “hadd FheSHTor° 5%fd%¥%ﬁ%?lﬁ?QMﬂ'ch t he
light emtted_fromthe organlc ht-em tting | ayer _3c is resonated between
the first efettfdleeseahtiotfe? s%ﬂg“?¢aﬂ§p%r%h@hFe??%%??@hv?aW%Feﬁéa%f t he
second el ectrode 4, and only the |ight at t he resonance wavel ength is
augnent ed b?n@héuF%Ebﬂ%%%g %%r%%t%?%d%o pPhattivgnelartrodehi gt peak and a
narrow spectrum can_be taken out, whereby the color reproduction range of

the emittedor@ghicchnyee énWh%@hdlSB@@mEésse@s aabt peenRkanpPe adf organic

EL device, 2 1 there is known a both-side transparent type one as for
buffer layer 3a, a hole (positive hole) transport layer

3b and an organic light-emitting layer 3c functioning
also as an electron transport layer, a second electrode 4
which is comprised of a semi-transparent reflective 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 light 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 light-emitting layer 3c 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 color reproduction
range of the emitted light can be enlarged.

Besides, as another example of organic EL device,



exanple shown in Fig. 2 (Gu et al, Appl. Phys. Lett. 68(19), 1996). In the
organi-c EL device shown, a first electrode 12 having a |ight transm ssive
property and functioning as an anode, an organic |ayer 13 which conprises a
hol e transport layer 13a and an organic light-emtting |ayer 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 cat hode,
are sequentially lam nated on a substrate 11 fornmed of a transparent gl ass
or the like. Light fromthe organic light-emtting |ayer 13b can be taken
out to both,the sides of thgofbgst el ectrode 12 and_of the se%ond el ectrode
£

14. In bot F'6F St A8s&EPSFGafi §aiec&& 2 PRE “E8LohdPE| 88Fr 8Fe TRT 14
conprise the sem -transparent reflective | ayer 4a, l1l4a as_an extrenely thin
fi1m in oFdERELE SARARcA s Foghe ((Fdnsh 3V EPBTopEAs -aid o secur e
el ectrical characteristics. The sem -transparent reflective layers 4a and
14a are foPiddy dd3apor IRepbli Proansdf Rhgheeitt sMYRand EiFSEr (Ag) in
an atomc ratio in the range of about 30:1 to 5:1. Nanely, the
sem -t r ans FACEMEOLEf [lec hipya Ndaperld OlE AXGNEHa SELY Sf BXRPGLSY ardal | oy
contai ning magnesiumas a nmain constituent. 3 In the above-nentioned
or gani ¢ EL fy@gtdesiaec giediafg an@dehe afr cdgaaic, lrowevds, wdilgke t he
sem -transparent

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 l4a

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, l4a as an extremely thin film, in order to

enhance 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

semi-transparent reflective layers 4a and l4a are formed

of an alloy containing magnesium as a maln constituent.



reflective layer 4a, 14a is fornmed of an alloy containing nagnesiumas a

mai n consti tuent,
reflective |ayer 4a, 14a itself
of *taking out the light fromthe organic light-enmitting |ayer 3c,
be | owered. For exanple, when a general
deposition film(atomc ratio of about 10:1)
havi ng a wavel ength of 550 nm the reflectance,

th

e absorption of |ight
is |arge,

in the sem -transparent
resulting in that the efficiency
13b may
magnesi um si |l ver co vapor

is irradiated with |ight
transm ttance and

absorbance of light in the co-vapor deposition filmare as shown in Table 1
bel ow. Nanely, the ahsorbance is ahout 16% even en t.he thi ckness of the
co- vapor depositi (;eir{l %ﬁema?)sovvearn?een Jfornoenqlﬁﬁqa‘glnln% %tﬁ]eéflfﬁfi I"’\‘n(%comﬁLng
thicknessRe%lectance%éwaTrﬁnsnittance %9%Ab50£bance.(° 10 nnb1331612
nmi3411615 hi6b22 18" Whertthe FPERYSAbsdtPance™ T s> A Hht 4RI RTT bence
thereof is increased, particularly ipn the top em ssion type organjc EL

devi ce. Forr%g%ﬁﬁF%Yei 2Y®E tasel fhet® ﬁprm?ﬁeofi@%ta}%?geﬁ?% 0PIt he

side of the first electrode 2 is 100,

the light fromthe organic

i ght - eni t tPAGRERYER 32 @sm%%lang?@ﬁbau@wou‘g%etmsgé%h@,me%c%%%% 4, or

is reflected by the sem -transparent
in the semi-transparent reflective layer 4a,

is large,

the light from the organic light-emitting layer 3c,

reflective | ayer 4a of
l4a itself

resulting in that the efficiency of taking out

13b

may be lowered.

vapor deposition film

For example, when a general magnesium-silver co-

(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

co-vapor deposition film are as shown in Table 1 below.

Namely,

t

he 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 60 24 16

When the light absorbance is high, the influence

thereof is increased, particularly in the top emission

type organic EL device.

For example, in the case where

4



t he second el ectrode 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 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 el ectrode 4.
Therefore, all the light other than the light portion absorbed into the

sem -transparent reflective layer 4a is finally emtted to the outside,
irrespectively of the light transmttance and reflectance at the second

el ectrode 4. Thi.,s ans.-that the efficiency of. taki out t.he.light from
t he organi f:}ChIel ghltqher%‘irtetsﬁlr%:qiaélyceer 3 t|hse Isolvdv?a/er eodf écglermc rs&s etlheeCtIri g it
absorbance jn t sem.-transparent reflective |layer 4a i,s l.arge. Even where
et orl cothntde 10 HE et i 1 O AT gt e Ay ero00, ¢ he
stronger the light interference effect due to t resonator struycture gets,
the more defferdartaiPriid ShadriRiftl THF t9oe DehiHaSHSEs dnt defi%ect | ve

| ayer 4a intend to be. On the other hand, in the both-side transparent 5
organi ¢ EL MRS N SRR o R Tedko i@t fiore Sinifc thd¥e T & Wi he 1 ght
portion transmtted through the second electrode 14 is emtted to the

out si de as hfe 99qmd Gl adieasdiald dio tihe sddmefelda fdde i laqtaassul d be

noted here that the sumtotal of the light reflectance, transmttance and
absor bance 3.5 awrirfaldbs diest damtq WE)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,
irrespectively 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 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 transparent



Therefore, the light transmttance is influenced as nuch as the |ight
absorbance is increased. As a result, the efficiency of taking out the
light fromthe organic light-emtting |ayer 13b may be | owered.

Accordingly, it is an object of the present invention to provide an organic
EL device, which enables to obtain sufficient |um nance efficiency and the
|l i ke by suppressing as nmuch as possible the absorption of light so that the
light can be taken out efficiently. Disclosure of Invention The present

i nvention has been made to attain the above object. In accordance with one

aspect of tfie friesent Juenti gy dhane s, paviged an organi c EL device

conprising ailig i'ng 'l ayér conprise an organic naterial, the
light-emtting layer bein andwi ched hetween a fir.st e t rod nd a
second el ecs’[jifrg‘1 & U8 qnilﬁtt rgﬁgt(i'&e R g emtiYy taeﬁie%%or&“l’?g‘tat en out
to at 6 | east one of the first el ectrode side and the second el ectrode
si de, wher &SFe 9LSGHE A4S drdaric £t 1S5k @ &gker S-S PEcth§des on the
si de of takan{out the light fromthe light-emtting |ayer, of the first

el ectrode diPith®sddvhdidiedt dde Secarst shscd1askeh 0% TAcEBPHLAG to the

organic EL device constituted as above, since the light absorbance of the
el ectrode d&re €1¥kad durise ofha hete deusf teaREngfolhet Raghitgie filechgnesr.e t han

10% absorption of the light into the el ectrode or
transmittance and absorbance is 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 the light from the organic
light~emitting layer 13b may be lowered.

Accordingly, it is an object of the present
invention to provide an organic EL device, which enables
to obtain sufficient luminance efficiency 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

The present invention has been made to attain the
above object. In accordance with one aspect of the
present invention, there is provided an organic EL device
comprising a light-emitting layer comprised of 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



el ectrodes can be suppressed to the utnost, and the light emtted fromthe
light-emtting |ayer can be efficiently taken out to the outside. In
accordance with another aspect of the present invention, there is provided
an organic EL device conprising a light-emtting | ayer conprised of an
organic material, the light-emtting |ayer being sandw ched between a first
el ectrode and a second electrode, and light fromthe light-emtting | ayer
bei ng taken out to at | east one of the first el ectrode side and the second
el ectrode side, wherein the electrode or el ectrodes on the side of taking

out the light conpris sem, transparent. ref.l ective. .layer, and the
sem -t ransg‘éaraesrqh %&f Iogc%hveerﬁléf e eﬁsecftgror%ed S&Tdes ia1n\5ierthor ST % oy
containing silver as a i n.constituent., %l According taq the organic EL
devi ce conseaietcﬁ_‘[ré’ﬁlaea§ S50y &P ediStde et‘leg & ta1b5‘r?§|?§1n€%t o%eftlh&ti ve layer is
formed of silver or an allo containingﬁiiLver S . a_main constituent, the

|i ght absor¥&FEEOSe He SHEHRHFE S et 6 Fe & ToFHHE % iO%E 39 aki ng out

the Iight can _be suppressed, for exanple, to a val ue of not nmore than 100.
Ther ef or e, 1SRG gtfih W tHENG R G vy ed e & dd€ ditr@tect rode on the
side of taking out the light can be suppressed to the utnost, and the |ight
em tted frehadieadey@nde e isaFarsy &l asdirosie efifs gjodnmoyre glem ddt3to the
out si de.

According to the organic EL device constituted as

above, since the light absorbance of the electrode or
electrodes on the side of taking out the light is no more
than 10%, absorption of the light into the electrode or
electrodes can be suppressed to the utmost, and the light
emitted from the light-emitting layer can be efficiently
taken out to the outside.

In accordance with another aspect of the present
invention, there is provided an organic EL device
comprising a light-emitting layer comprised of 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 comprise a semi-
transparent reflective layer, and the semi-transparent
reflective layer is formed of silver or an alloy

containing silver as a main constituent.



Brief Description of Drawings Fig. 1 is a sectional view of an essenti al
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
illTustrating a constitution exanple of a both-side transparent type organic
EL device. Best Mdde for Carrying Qut the Invention Hereinafter, the
organi ¢ EL device according to the present invention will be described
based on the drawi ngs. Now, the case of applying the present invention to 8
a top em ssion type organic EL device will be described as an exanple. The
organi c EL device_to bg descri bed here has ép %hLy t he

€,

. s%ng film
constitution as tREESFPHe "CorPEnPirdRE c & WHICER CRES B8 °deééri bed
above. hbneh¥, as shown in Fugghl, the organic EL device has a constitution
in which a 379G 1695 0dtF 24 rgHRT Ty 1€ 3L e S oty &1 et rode 4 and
a passivation film5 are sequentially lamnated, in this order fromthe
| over | ayerfoied Jupstidie o alfheajslzhiét‘i%{’c%allmr%g OSSP G mpin
transparent glass substrate or a sem conductor substrate. The first
el ectrode XS islBiEhls dmanodd § ARIGIAIS D50k et id% | ayer, and
is conprised of a light reflective material such as platinum(Pt), gold
(Au), chromgigs{®@des tamgshersi{dy ahdakiang iket thre light can be

suppressed, for example, to a value of not more than 10%.
Therefore, absorption of the light into the electrode or
electrode on the side of taking out the light can be

suppressed to the utmost, and the light emitted from the
light-emitting layer 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 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



filmthickness of the first electrode 2 is preferably set in the range of
100 to 300 nm The organic |ayer 3 conprises, for exanple, a buffer |ayer
3a, a hole transport |ayer 3b, and an organic light-emtting |ayer 3c
functioning also as an electron transport |ayer which are sequentially

lam nated in this order fromthe |ower layer. O these |ayers, the buffer

| ayer 3a is a layer for preventing | eakage, and is conprised for exanple of
m MIDATA [4,4' ,4"-tris(3 9 met hyl phenyl phenyl am no) t ri phenyl am ne],

2- TNATA [ 4, &4 4"-tris(2 naphthylphenylanino)triphenylanine] or the Iike.
The hol e transport % rls for .exanmpl e g a.sNeD,

[N, N -di (1- n§ tﬁ?ﬁf °BN yBlpﬁéﬁ? lfl ﬁgn f o S glgnﬁnef or the

| i ke. The organic |li ttln c.is.conprised.of ht-enmtting
mtorial's GRoaH EXGEAA Lt NG FrERELE f ﬁeme"ﬁ?e%ﬁ ee5onhin e te).
respectively; as the |i ht enlttLﬁghnaterlal for enltblng Ilgg for
exanpl e, APGS EOMPESYI FOE ReMealtd SﬁP@&ﬁﬁP&%ﬁnlésu gt &L £oF the fllm
t hi cknesses of the layers constituting the organic |ayer 3, the buffer

| ayer 3a i §oprEnsigepe é £5steg @@GQthﬁﬁiﬂﬁQﬂqﬁéﬁ9 %W%¥H6¥%“%raﬂéﬁéﬁﬁ /| ayer
3b is preferably 15 to 100 nmin thickness, and the organic light-emtting
| ayer 3c i @spsdbemnaliiny Fig.t4d, 16Denmriganilsi Ekndsyicthlasecond el ectrode 4 is

used as a cathode, and conprises a sem -transparent reflective |ayer 4a and
a 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 1.

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 preferably 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 3c functioning also 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-



transparent el ectrode |ayer 4b, which are sequentially lamnated in this
order fromthe lower layer. O these |ayers, the sem -transparent
reflective layer 4a is forned of silver or an alloy containing silver as a
mai n constituent, as will be detailed later. The filmthickness of the
sem -transparent reflective layer 4a is preferably set in the range of 5 to
50 nm The 10 transparent electrode layer 4b is fornmed of a materi al
which is generally used for a transparent el ectrode, for exanple, indium
tin oxide (1 TO, indiumzinc oxide, or the |like. The filmthickness of the
second electrode 4 is.in the ran of, 30 tq _1Q00 .nm assivation filmb5
i s forned SthyﬁPQﬁEnggﬁPy FgFégﬁFFEFiﬁﬁﬁqﬁpgpgﬂab@igﬁ§ggh refractive
i ndex approximatel y equival ent of those of the materials constituting the
second el edtirdde 4 EXEHF @S PEEhYIOR eR YR P IE T REEGYE 28 Med 0 R Toxi de
(S102) and silicon nitride iSihD or the |ike. The filmthickness of the
passi vat i o6 I’ -nayRBelof 8r tERBABPEL {AYERe3PahgecBTP5H8°¢0526000 nm In
such a lamnate filmconstitution, the organic |ayer 3 is sandw ched
bet ween t hexgmpde elfec rdle PN{Nfn@d(bfnaphilght) reflNecdinkernierial and the
sem transparent reflective |layer 4a of the second el ectrode 2, so that
t hese constlilt.dt'ebd phedaddtdr &dtdieming] Nandhg lilkes ofhanbeg&Enidevi ce has
a resonator structure in which

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 example, Alg3
(trisquinolinol 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 nm
in thickness, the hole transport layer 3b 1s preferably
15 to 100 nm in thickness, and the organic light-emitting
layer 3c is preferably 15 to 100 nm in thickness.

The second electrode 4 is used as a cathode, and
comprises a semi-transparent reflective layer 4a and a
transparent electrode layer 4b, which are sequentially
laminated in this order from the lower layer. Of these
layers, the semi-transparent reflective layer 4a is
formed of silver or an alloy containing silver as a main
constituent, as will be detailed later. The film
thickness of the semi-transparent reflective layer 4a is

preferably set in the range of 5 to 50 nm. The

10



the light emtted fromthe organic light-emtting |layer 3c is resonated
between the first electrode 2 and the sem -transparent reflective |ayer 4a,
and the organic layer 3 functions as a resonance portion of the resonator

structure. 11 In the resonator structure, the optical 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
| ayer 3 is so set that 2L/~. is a positive mninmmvalue and the
relationship of 2L/ ~. + ~ /2 ~=q (g is an integer) is satisfied, where ~

(radian) is _the phase shift ner.at ed en t | i ght em_tt f.romthe
organic i N8 rte?ﬁ—'g qqéefétrr%ﬁg il%%reé‘nf }Mé}’ctlg’dr%%f mte%e Off? & s%n aéﬁeggtarlode 2 and
the sem -transparent reflective |layer 4a, and . is.the peak wavel ength of
the spect r OB En@aiaght. EmIeesh (o (e SREAmT 1S GREIONt i8] Tayer 3,
which is to be taken out on the side of the second electrode 4. In the
organi ¢ EL SFEAREE c ditiutied &% i5ovd TQhed "B A §E %S i T essed
between the first electrode_ 2 and the second el ectrode 4, positive holes
are inject &% rlgha-heTher §£18| EBLFbaESS PﬁtBh?héeGPagn?&ngﬁﬁgeeﬁiﬂFing

| ayer 3c through the hole transport |ayer 3b, whereas el ectrons are

i nj ected frigmtiee wavwie farddcedt?0lemmect i ve | ayer 4a of the second

el ectrode 4 into the organic light-emtting |ayer 3c. The positive and
negative carriersThRupasajivetédnbEiihy £l dor Escwad bl actiressparehd organic
light-emtting layer 3c into an excited state, and |light em ssion is

achi eved duwlieigctric, 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 (S10;) and silicon nitride
(SiN) 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 1s sandwiched between the first electrode 2
formed of a light reflective material and the semi-
transparent reflective layer 4a of the second electrode 2,
so 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 i1s 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 resonator

structure.

11



12 rel axation process of the excited nol ecules. The |ight obtained by the
em ssion is transmtted through the sem transparent reflective |ayer 4a,
the transparent el ectrode 4b and the passivation film5, 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 being
t he resonance portion functions as a narrowband filter, and only the |ight
h in the vicinity of the peak wavel ength ~ of the spectrumto be taken out

i s augnented by |tiple interference and. is ken qut _on _the_side_of the
second el ectrodeml-lt.n ﬁgsei éess,ongitr?gest% ec iulrr%’t%%gkﬁggécgg fiﬁg%grnﬁgnﬁ“c | ayer
3 (the optical distance L of the respnance partion) .is set at the positive
i ni mum val T HE S a Rt (Ohe G HE G dortibro i FRre TR Pnposed of
the first electrode 2, the organjc Iaytﬁ{:eS and the sem -transparent

T umf’ t

reflective§ cHye iy e GRS tiEkeh Pk e smith ai ned at

a largest width in the range in which the multiple interference of the
li ght of tHSWRRIBRRIE PO . CARRAASA thepedIarensiavey s3 éithanced by

the nultiple interference while the spectrumof the |ight taken out
mai nt ai ns s aataitthati Rl A13s a positive minimum value and the

relationship of 2L/A + ®/27 = g (q 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 layer 4a, and A 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
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Therefore, even where the angle of visibility is staggered, the shift
anount. of the wavelength ~ is suppressed to be small, and color purity in a
wi de range of angle of visibility is enhanced. Next, the sem -transparent
reflective layer 4a in the organic EL device constituted as above, i.e.,
the nost characteristic point of the organic EL device described herein

W Il be described in detail. In the organic EL device described in the
present enbodi nent, the sem -transparent reflective layer 4 is not conposed
of an alloy containing magnesium which is the main constituent as in the

prior art bruet ixsatc%qposred %fs si# Vel o C%Qe% lm%\i o rlteasi ni @ges'ilivgrt as a main
constituent’. anp es bt 1 al oy coﬁ?alnlng SidVer “ds a mainZconstit uent

i ncl ude sil ver-.magpesi al |l ays., An .alloy of silver, palladium(Pd) and
copper (Cu)® rbq%{;%ybgc e FuhYther® ta%nﬁqweégt%irpﬁé@%éhfo-#gﬁﬁr
deposition of a silver-palladiumcopper alloy and magnesi um may al so be
used. It i §%Wer{tha’teaﬁll‘?é‘sté-vzﬁ I TGYE TR 'bé%i’feortr'ﬁéad1 499 co- vapor
deposi ti on under a vacuum environment and may be fornmed by other_ technique.
Now, the | igHfCHH fhh @bt @A I0iR G dilnithg sitd dre &niE4ad rFo
constituent will be described. For exanple, in the case of an alloy

obt ai ned bytheo-sidlforofi£he Fqsegid ivreBFrla viertaashe it idshsti tuent and

magnesi um
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 A of the spectrum to be
taken out is augmented by multiple interference and is
taken out on the side of the second electrode 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 A 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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in an atomc ratio of about 10:1, the light reflectance, transmttance and
absorbance upon irradiation with light of a wavel ength of 550 nm are as
shown in Fig. 2 below. Table 2 FilmthicknessRefl ectance (a) Transm ttance
(9 Absor bance (% 10 nnB065512 nnB857515 nmi847518 nnb8375 As is clear from
Table 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 from 10 to 18 nm the |ight absorbance is about 50 over the entire
range. Nanely, the | i ght absorbance is lowered to about 1/3 tinmes that in

the case ofpt y m%gﬁ! nst d silver
accordi ng to e pr| orche 'S co?rjsl dereﬁ;}l ?Hzi‘rll%s fl(r%gm the difference

in conposition. The ef can be e cted that. when sjlver or the alloy
cont ai ni ng SSELpl q??alsrpjcfotnﬁnici‘ﬁgntopﬁe SFHfs 4 VS etfal for the
senl-transparent reflectlve | ayer 4a, the light fromthe OQ%SnIC

| i ght - eni t tYYRPHSRRGA Yok i O AT BT i idhtd YV aiA%ar d1P% he prior

art. 15 In order to verlf this, the efficiency of taking out the |ight
was neasur &f iaRdife Q:fasvé‘s“é?lldc’ftﬁhdis @HsMA_% 1 ons of the organic EL

devices. The results are given in Table
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-magnesium alloys. An
alloy of silver, palladium (Pd) and copper (Cu) may also
be used. Further, an alloy obtained by co-vapor
deposition of a silver-palladium-copper alloy and
magnesium may also be used. It is natural that these
alloys may be formed by the co-vapor deposition under a
vacuum environment and may be 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
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3 below. Table 3 Lum nance-current efficiency (cd/Alnitial value upon
constitution of deviceAfter left to stand at tenperature 60C, humdity 90%
for 1000 hrsMAg416. 56. 5AMA18. 08. 0AM/18. 58. 0AML418. 57. 5APdCu8. 56. 5A8.54.0 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 Ium nance-current efficiency (cd/A) after the device is left to stand
under the environment of a tenperature of 60C and a humdity of 900 for
1000 hrs were neasured. In addition, the nmeasurenent was conducted for the
case of corgposi ng:.lto@leo%em.-transpar ent .refl] ecti.ve In%yer 4a % use of silver

eposl silver as. main cohsgtit and a es m
and the case’o conposi ng the sem atransparent rerlecti ve WCaST 48 by use

of alloys containing.silver, as mai nstituent,, well. as the case of
conposi ng tfe agler?it-Q?‘P§n§ﬁg?é>nt°f?€ﬁ° 31 ﬁ&eil'afz‘re %‘ég%sﬁged%}%’}@n&e'an al | oy
cont ai ni ng magnesiumas a nain constituent according .to the prior art for
conpar i son.tTALSTHE T@RGSs g GOSHF PENGFe MPRL & T Ty Wikl 1

measur enent was conducted for the alloys containing silver and nagnesiumin
atomi ¢ rat i%fs dofvayefength ofn @SP4 rm arEs fEctsShpalny 1tadd oo &$18M-0oy havi ng
a conposition in weight ratio of silver:palladiumcopper = 98:1:1. In

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 1s 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 constituent and silver according
to the prior art. This is considered to arise from the
difference in composition.

Therefore, it can be expected that when silver 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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each case, the filmthickness of the sem -transparent reflective | ayer 4a
was 15 nm On the other hand, in the case of using nmagnesiumas a main
constituent, the atomc ratio of magnesiumto silver was 4:1, and the film
t hi ckness 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 nmain constituent. As is clear from Table 3, in the cases
of using silver or using the alloys containing silver as a main

constituent, the |um nance-current efficiency. at the initial sta
constituti oI’ﬁ1 (%rdt%rergc?e\ﬁecrel i¥s tglrllﬁdn%gl(f eafgch&r%lé:ryeﬁ té:atkﬁélgcé’élé: %%eusi ng
magnesi um as, mai n constituent cording ta th rior art,. This is due to
the fact HaChaad JHRASHEEH Dind DI S G G idn SO e SOy
containing silver as a main constituent is 17 | ower than that of _the

al oy cont &itly MEFFRESiURladSY 1G5 coRst FEGEATS d8ehgiVEBeAnNdd&br-Phed
above. The light absorbance is considered to be about 5~, in the sane
manner as ih BH€*cases shown in Table 2, for exanple in each of the cases
of the alloys containing silver and magnesiumin respective atom c ratios
of 7:1 and 14:1, the alloy having a conposition in weight ratio of

silver:palladiumcopper = 98:1:1, and only silver. In these cases, the
| um nance- ciglrdent3 ef ficiency is seen to

upon

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

Ag 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 of a temperature of
60C and a humidity of 90% for 1000 hrs were measured.

In addition, the measurement was conducted 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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be about 1.3 tinmes as nuch as that in the case of using nagnesiumas a main
constituent. In the case of the alloy containing silver and magnesiumin an
atomc ratio of 4:1, the |ight absorbance is considered to be in the range
of ' 5to 10% In this case, the lum nance-current efficiency is seen to be
about 1.2 tinmes as nuch as that in the case of using nmagnesiumas a main
constituent. In brief, it can be said that as the silver content is raised,
the |light absorbance is |owered, and, attendant on this, the

| um nance-current efficiency at the initial stage upon constitution of the
device is i41acr eased. fe rrailrig)}; ;)Covnagail.lantii on of the | urgsn%nqneéicnurrent

efficiency w tt?'}' tl“llsrfee,o OWeVETr, i Aate the Tumhance-cur r ent
the c where silver an

ef ficiency masb.e Iovgraecdcov\g h titnoe ihn 18rio e case wt Sid e grs
al 1 oy cont ai HHgE & TV er* T n-Tonkt iRUst 45" U<ty BRI 1 hé3degr ee
of the lowering increases as the silver content incr,easest. 'cht};s s
consi der ed T B3R o WIREHE SR i3 vhith ki FREE ST YR i sSS%wer t han
magnesi um i n denseness of grain structure, when the silver content
i ncreases, HRAVHTVIR T IR DICUHHGRA dL U Y A Petbt reR e o %oi st ure or
the |ike would occur nore easily, whereby the |um nance-current efficiency
i s | ower ed.sISRSr ARFEVITEN QTR | UF @t UM oA o def t9 Enctebasend n the
number and the size of the portions irrelevant to |ight emission on the
devi ce surflatel, irespeatierlart iand o |ad alakky dpotisng 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 was 15 nm. On the 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. In 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 from 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 magnesium 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 1s
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t her ef or e,

the device deterioration should be obviated to the utnost.

From

the foregoing, it is seen that when silver or an alloy containing silver as
a main constituent is used, the |ight absorbance can be suppressed to be

not nore than 10% and, therefore, the |um nance-current efficiency is
enhanced as conpared with the case of using an all oy containing nmagnesi um
as a main constituent, but a higher silver content is not necessarily

better and

it is desirable to regulate the conditions as follows. For

exanple, in the case of using an alloy of silver as a nmain constituent and

magnesi um
makes it p
t herefore,

oMY FHB S &

a silver-to.19 nesi.um atonm.c ratio of not, | ess than 4:
e t o and,
s o A5 BHLCHIH PTG B & 0% and

1

to obtain .an effect qf inprovipg the | um nance-current
ef fi ci ency;"d M Y derittion q'lar?er%eeirér %%Caﬁ%ib%ﬁjvaﬁwet-i me, however, it is

desirable to set the siIver-to-nagnesiun1atonic ratio to be not nore than

14: 1. Namely, the &€l ¢dpPhito2REGRE

range of from4:1 to 14:1. In the case of using an alloy of silver
pal | adi um &t " perme inprdHsiaferidt i 61 ofa S| oft flting t H%al | oy or
the like in addition to the | um nance-current efficiency inproving effect
besi des t heexpomlg orratdah it & thd R ses aboviarentliarfedontaimeiynde
contenplated to use a silver-palladium copper alloy containing 0.3 to 1%

silver and magnesium in respective atomic ratios of 7:1
and 14:1, the alloy having a composition in weight ratio
of silver:palladium:copper = 98:1:1, and only silver. 1In
these cases, the luminance-current efficiency 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 1s considered to be in the range of
5 to 10%. In this case, 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 can be said that as the silver content
is raised, the light absorbance i1s lowered, and,
attendant on this, the luminance-current efficiency at
the initial stage upon constitution of the device is
increased.

Referring to variation of the luminance-current
efficiency with time, however, it 1s seen that the

luminance-current efficiency may be lowered with time in

18
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by wei ght of palladiumand 0.3 to 1% by wei ght of copper, based on the

wei ght. of silver. By this, it is possible to suppress the |ight absorbance
to or below 10% Furthernore, the above-nentioned two choices may be
adopted in conbination. Nanely, the alloy containing 0.3 to 1% by wei ght of
pal | adium and 0.3 to 1% by wei ght of copper based on the wei ght of silver,
and nmagnesi um may be co-vapor deposited to forman alloy in which the
atomc ratio of the silver-palladiumcopper alloy to magnesiumis in the
range of from4:1 to I4:1. Inthis 20 case, too, the |light absorbance can

be suppressed to or helow 10% so that the effect .of. i npr.avi ng the
| um nance ctglrer ent® ef 1% enc ‘%earn Ye a&btaz%iqnoé’d.c Qctalﬁné‘ﬂ%/,s i rYPTI%eascaase of
using silver_,alone, also, the |ight absorhance can be suppressed to or

bol 0w 1006 It HETISITH SiHe Ut S - oPESGFBRcy ChADPBVERE BFf LE can be
obtained. Thus, in the organic EL device as described in the pre%ent

embodi ment , T Rhi LRGEERIRT At T 188 TOBIET MA T S Rtosed of sil ver
or an alloy containing silver as a main constituent, so that the |ight
absor bance i5 ¢ iiqneqd rghdpfardift tefd RaGRaR Iy em 481 ith P Suppressed to
or below 10% Therefore, absorption of light in the sem transparent

reflective 38T 48 daarde thegt magnes iwn tde danmstesamf (9@ in ght enmitted

fromthe organic light emtting |ayer 3c can be efficiently taken out from
t he 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 compared with the case of using an alloy
containing magnesium as a main constituent, 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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side of the second electrode 4 to the outside. Mreover, in the organic EL
devi ce according to the present enbodi nent, the regulations such as setting
the silver-to-magnesiumatomc ratio to within the range of from4:1 to
14: 1 make it possible to obviate the deterioration with tine to the utnost
and, therefore, to suppress the generation of dark spots or the like,
resulting in that the reliability of the organic EL 21 devi ce can be
enhanced. In addition, in the organic EL device according to the present
enbodi ment, the top em ssion type device has the resonator structure in

\rM;ingat 23 lﬁéa%/\};eeesﬁim% Eaaeéjoln];igorgea}ttggcf ?O(r)% Znngiztc allneidsgsth Lt;ahea;pl é%zil{]gnaa!nkg%sziieﬁf ier | ective
onty the | RS CO0T QSborg o He TagUn e SRSt Sk 1 (e out
ent ar go. 1t he o ST RF e (S DrP TGl 1 TS gt ATErhrdis o enhance
the color purity of the light. It should be noted here that, in the case of
the resonatOFsIaRRE TR TSRt i & (HeBisnd o ¥ FUHHIRTR IR 19GHENS ef | ect ance
in the sem -transparent reflective |ayer 4a to be not | ess than 20%
pref er abl y &deritlA00:1qthi Tkt dpgtes didtpeer |ights Aot th e seni
transparent reflective layer 4a to or bel ow 10% as above

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 the case of using an alloy of silver, palladium

and copper, in consideration 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 0.3 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. 1In this
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described. This is because the light emtted fromthe organic
light-emtting | ayer 3c can be securely resonated in the resonance portion
of the resonator structure when the |ight reflectance of the

seim -transparent reflective layer 4a is not |less than 20% Furthernore, in
the case of adopting the resonator 22 structure, it is desirable to set
the optical filmthickness of the resonance portion conposed of the organic
| ayer 3 so that 2L/~. becones a positive mninmmvalue and the relationship
of 2L/ ~. + ~/2 ~=q (g is an integer) is satisfied, as has been descri bed
in the present enbodinent.. W.th such .a setting, the light in the vicinity
of the vvave(fae%eg’t -2+ s%o?/vsllrﬁj}ﬁ ia;ﬁ’sem% Y ecraer?]c]%e i%uQ%Lgesrseescgn%%c%r portion.
Mor eover, the spectyumof the light_taken out is maintained wth a |argest
wi dth withi®ctHe %lgesc? R T h%féﬁﬁ?i T B eﬂ&%e]o‘fmjt”hae“‘f‘?@ht of
the wavel ength ~. occurs, Nanely, the peak intensity is enhanced by the

mul tiple i nter¥eRerelt Wit $ocY %d@%t?ﬁ%ﬁ{ﬁthe i ght taken out retains a
certain width. Therefore, in the organic EL device according to the present
embodi nent, even WRERGHE Yandife ¥ \\asioniah AP Ling Stidg§er édONhe 3HFi%Ht

amount of the wavelength ~. is suppressed to be small, and enhancenent of
the col or pelR¢tiight Ahferbanegecdt R @Rressed bie ey ralewnt@tved. Wile
the case of applying the present invention to a top em ssion type organic
EL devi ce hairdbeles Heastnibeecwreenexahbl elémcy hmpresony ehbedingsm, this
is not limtative; nanely, the present invention can be applied, for
exanpl e, toba dotdisedle transparent type organic EL 23 device in the sane
manner as above. In other words, the present invention is applicable to an
organi ¢ EL devi ce Bmsconst itthe ed-ddrditc tHie ddvghte fasomes ddighid eém tdheng | ayer
is taken out to at | east one of the first electrode side and the second

el ectrode spreses &alsodtrsntestlié beshabovenspieewt godif Tedtivevi £eer
according to the present invention nmakes it possible to suppress to the

ut most the absos ptd@Pooédl bAhsiivet her eheCiTDEle OdnthenshglesDfvéakisag out
the light, to efficiently take out the light on the side of the el ectrode

and, thereforg,;iho-obsal PudRed Lempancenelf{ighensysansatbe 1hkene Besides,
attendant on this, suppression of the generation of dark spots and the |ike

can be expegifd.Wiboihentesdtielhale TEL{API 4L 1¥aR e heuppressed 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, 1n 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 obviate the
deterioration with time to the utmost and, therefore, to
suppress the generation of dark spots or the like,

resulting in that the reliability of the organic EL
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organi ¢ EL device can be enhanced. 24 CLAIMS: 1. An organic

el ectr.ol um nescence device conprising a light-emtting | ayer conprised of
an organic material, said light-emtting | ayer being sandw ched between a
first electrode and a second el ectrode, and light fromsaid light-emtting
| ayer being taken out to at |east one of the side of said first el ectrode
and the side of said second el ectrode, wherein the |ight absorbance of the
el ectrode or electrodes on the side of taking out the light fromsaid |ight
emtting layer, of said first electrode and said second el ectrode, is not

nore than 100.. 2. An qrgani.c el ectrol um nescence device as set forth in
claim1l, hé%?ﬁﬁx%(¥%§gﬁ%f%gug¥¥ﬁ§ture in which the light emtted from said

light-emtting |ayer is.resonated between said first electrode and said
second electrode.¥§.aﬂﬁlBFﬁﬁni&neFBEtPSPGH?HeE&eHEngEVFSSoﬁglggtg?orth in
claim2, wherein the light reflectance of the electrode or el ectrodes on
the side oftheBLFFAt TRAPIMEGH (TR & SHAR oW AeVATgEni ¢

el ectrol um nescence device as set forth in claim?2, wherein 2L/~ is a

posi tive nitdimARSARAIOr d&idudie el ivGHsH phe 1ight emytred fgqmy is an 25
the organic light-emitting layer 3c 1s resonated 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 the light
emitted and to enhance the color purity of the light.

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 3¢ 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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integer) is satisfied, where ~ (radian) is the phase shift of reflected

| i ght generated between said first el ectrode and said second el ectrode, L
is the optical distance between said first electrode and said second

el ectrode, and ~ is the peak wavel ength of the spectrumto be taken out
fromthe electrode or electrodes on the side of taking out said light. 5.
An organi c el ectrolum nescence device conprising a light-emtting |ayer
conprised of an organic material, said light-emtting | ayer being

sandwi ched between a first el ectrode and a second el ectrode, and |ight

emtted fromsaid light-emtting |ayer bein ken out to_at | east one of
The shde of SEERETRFE Sl Ll bt PEAEraRls! he aPBethr CaPhtabobhimer act r ode,
wherein the el ectrode or el ectrodes on the, side of taking out said |ight
conprise a SBAFKRPIRsPhr BRE FEFPRREFGePPRYLPD SRAPEFY %gth?ransparent

reflective | ayer is conposed of silver or an alloy containing silver as a
mai n consti eE@ARicelavarod gani thetedl/ 1 heasmssefc @ bive AL rdaurforth i n
claim5, wherein said alloy containing silver as a nmain constituent is an
al | oy contavalng sihflveheandlangoeshim ¢h ah/dt oni®/?2 &t io of (f riomasz 1 to
14:1. 26

integer) is satisfied, as has been described in 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 maintained with a largest width within
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 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 A 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; namely, the present invention can be applied,

for example, to a both-side transparent type organic EL
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7. An organic el ectrolum nescence device as set forth in claim5, wherein
said alloy containing silver as a main constituent is an alloy containing

0.3 to 1% by weight of palladiumand 0.3 to 1% by wei ght of copper based on
the wei ght of silver. 8. An organic el ectroluni nescence device as set forth

inclaim5, wherein said alloy containing silver as a main constituent is
an alloy fornmed by co-vapor deposition of an alloy containing 0.3 to 1% by

wei ght of palladiumand 0.3 to 1% by wei ght of copper based on the wei ght
of silver, and magnesium in an atomc ratio of said

silver-pall adi copper al l to nesiumof fram4:1 to 14:-1. 9. An
organi c eIe@?%gﬁ%n%ﬁeg%%n%%g%e@?%ggasa%e ?é#tr1#ﬁ1%:gﬁﬁn%§rqﬁﬂﬂ ﬁaa
resonator structure,in ich said I£ght gni ted fromsaid Light:enitting
| ayer is re@’éﬁ%‘?@% HRYGRENCRar 8 FPPLECRPLEEt PR aNBI_RI G Bke

wherein 2L/~. is a Eositive m ni rum val ue, and the relationship_ of 2L/ ~.
~/2 ~c = q £9 FeNARLFRFederafsthatsFhbdiroRer el LORFAEMARTING +A¥SPhase
shift of reflected Iight generated between said first electrode and said
second el ectfoliekelr Petihe dptieaftdPrieantethet fbbhtsalactrede eidetrode
and sai d second el ectrode, 27 and ~ is the peak wavel ength of the
spectrum t 03h@ thremceondfebarthede| @tdeode or el ectrodes on the side of

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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taking out said light. 28
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A Ay. A J[ F#U4) K(~xsni d_ZU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]calUjca]c:a W]ca]cal (~ D{! [ ?2u K
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FQ ™A U} Xsni dﬁZ] caf 85?38]186119%8?85?%81‘%&1?85]%8&8?85?861] ca] ca] ca] ca] ca]
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109 & () - &1698etrPd@ 098 al@ytrq@%&cn(a)thqosfé@ze(qf#tﬂkkngzout said

10% & ()-,0mO%w & ()-,.10% & ()-,y,10% & ()-s*10% & ()-Y(m0%w & () -, S& 10%
& ()-4j }SI Kl 29109 & (1c)>t Ll@%]&tl(lélnsz_@% 10" 10" &S; s10% & ()-, 8
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10%44&' () -10%4& () - 1094& ()-10%& ()-10%4& ()-! [

?1 K- KOMLO%Eo £1h - 1R%Ra (- £, 16f@e () - 21 MBOWR A Jodsl(i tive minimum

10%4& () - @10%H& () - 9$10%—I& ()-?u i _UKOMLO%H&' () - 10H1OHLOHS;

10%& 6 2 T_ .
SO () ?Y&gggg®§%? gﬁé&@eiatﬂgggﬁ@p(af AW OB fonT= g (q is an
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