WO 2004/086531 PCT/JP2004/003949 -1 DESCRIPTION LIGHT-EMITTING DEVICE, METHOD OF
MANUFACTURING THE SAME, AND DISPLAY UNIT TECHNICAL FIELD The present invention
relates to a RFhE¥HEMG device reflecting light generated in a Iight-emittinﬁcﬁﬁrggwfg{’ﬁ?é? electrode to
extract the light from a second electrode side, a method of manufacturing the light- emitting device,
and a display unit using the light-emitting device. BACKGROUND ART In recent years, as one of flat
panel displays, an organic light- emitting display-using an organic light-emitting device has become a
focus of attention. The organic light-emitting display is of a self-luminous type, so itis considered that
the organic light-emitting display has advantages of a wide viewing angle, low power consumption
and adequate response to high-definitiorﬂﬁ)(\:jc-ﬂfgf2 o signals. Therefore, the development of the
organic light-emitting displays toward practical utilization has been proceeding. As the organic
light-emitting device, for example, a laminate comprising a first electrode, an organic layer including a
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SAME, AND DISPLAY UNIT

TECHNICAL FIELD

The present invention relates to a light-emitting device reflecting
light generated in a light-emitting layer by a first electrode to extract the
light from a second electrode side, a method of manufacturing the light-

emitting device, and a display unit using the light-emitting device.

BACEGROUND ART

In recent years, as one of flat panel displays, an organic light-
emitting display using an organic light-emitting device has become a focus
of attention. The organic light-emitting display is of a self-luminous type,
g0 it 1 consgidered that the organic light-emitting display has advantages of
a wide viewing angle, low power consumption and adequate response to
high-definition high-speed video signals. Therefore, the development of the
organic light-émitting displays toward practical utilization has been
proceeding.

As the organic light-emitting device, for example, a laminate
comprising a first electrode, an organic layer including a light-emitting
layer, and a second electrode with a TFT (thin film transistor), a

planarizing layer and the like in between in order on a substrate is known.



-2 Light generated in the light-emitting layer may be extracted from the substrate side or the second
electrode side. As an electrode where light is extracted, in many cases, a transparent electrode made

of an electri%%&e%r}g %ig\{e material with transparency such as a compoupg-inglugingeirgium (In), tin

(Sn) and oxygen (0) ( indium tin oxide) is used. Various structures of the transparent electrode
have previously been proposed. For example, in order to prevent an increase in cost due to an
increase in the thickness of an ITO film, a transparent electrode including a laminate of a metal thin
film made of silver (Ag) or the like and a high refragtive index film made of zinc oxide (ZnO) or the like
has been proposed (for example, refer to Japanese Unexamined Patent Application Publication No.

2002-3347. leg 1g8.-high Ve | ' ' f5 t
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relatively t@ﬁ%ﬁh Jhe metal, thig film, tharebiy, thes transparency of the transparent electrode is
reflecti

increased, an ction by a surface of the metal thin film can be reduced by the high refractive

index film. In manycasgs, ae'i(gﬁl%@é:trg%yghqri%%jghg_gs ROk exlEagted variaus, metalelegtrodes are

used. For example, when light is extracted from the second electrode side, the first electrode as an

anode is mgde, gffem £XaeMISdR Meidlsueh A AIERBIMRNIE Yo eORVEPEORAN, o exvarmple, a first

electrode with two-layer structure including a metallic material layer
transparency such as a compound including indium (In), tin (Sn) and
oxygen (0) (ITO; indium tin oxide) is used. Various structures of the
transparent electrode have previously been proposed. For example, in
order to prevent an increase in cost due to an increase in the thickness of
an ITO film, a transparent electrode including a laminate of a metal thin
film made of silver (Ag) or the like and a high refractive index film made of
zinc oxide (ZnQO) or the like has been proposed (for example, refer to
Japanese Unexamined Patent Application Publication No. 2002-334792).
In the transparent electrode, the high refractive index film has a thickness
of 5 nm to 350 nm, and the metal thin film has a thickness of 1 nm to 50
nm, so the high refractive index film is relatively thicker than the metal
thin film, thereby the transparency of the transparent electrode is
increased, and reflection by a surface of the metal thin film can be reduced
by the high refractive index film.

In many cases, as an electrode where light is not extracted, various
metal electrodes are used. For example, when light is extracted from the
second electrode side, the first electrode as an anode is made of, for
example, a metal such as chromium (Cr). Conventionally, for exarple, a

first electrode with two-layer structure including a metallic material layer

made of chromium and a buffer thin film layer made of an oxide including



made of chromium and a buffer thin film layer made of an oxide including WO 2004/086531
PCT/JP2004/003949 .3 chromium has been proposed, thereby the surface roughness of chromium of

the metallic materi I;& r is reduced by the buffer thin film layer (for examp| J? nese
Unexamined a?é(r%/ g|g’/f|§|lcation Publication No. 2002-216976). When |ight%§€{< rg'%r;"t?%g ro% the

second electrode side, light generated in the light-emitting layer may be directly extracted through the
second electrode, or may be reflected by the first electrode once to be emitted through the second
electrode. Conventionally, the first electrode is miatle of chromium or the like, so there is a problem
that the light absorptance of the first electrode is large, thereby a loss of light reflected by the first

electrode (ersAIAFRAS A, L ARsarmaRGe Qlineclrsb eiaskade,hap Adgtag niluence on

" the organic light-emitting device, so”when the light-emitting efficiency Is lower, a larger amount of

current is - FrOuiee ehiBrQIHET 0, AN RSB & ARRRASI, PRHBCKGRRE ITIRE AIMPWY 0f @rive current

“has a large influence on the life of the organic light- emitting device which is extremely important for

practical use.9fipR: AreRRiIghteniting devies i Therefas famiampien ibisonsidsreddhat the first
electrode is made of silver (Ag) with the highest reflectance among metals or an alloy including silver.
However, silygpivaispraperties such that its reactivity is extremely high, it is difficult to be processed,
and its adhesion is low.

When bght is extracted from the second electrode side, light
| generated in the light-emitting layer may be directly extracted through the
second electrode, or may be reflected by the first electrode once to be
emitted through the second electrode. Conventionally, the first electrode is
made of chromium or the like, so there is a problem that the light
absorptance of the first electrode is large, thereby a loss of light reflected by
the first electrode to be extracted is large. The light absorptance of the first
electrode has a large influence on the organic light-emitting device, so
when the light-emitting efficiency is lower, a larger amount of current is
required in order to obtain the same intensity. An increase in the amount
of drive current has a large influence on the life of the organic light-
emitting device which is extremely important for practical use of the
organic light-emitting device.

Therefore, for example, it is considered that the first electrode is
made of silver (Ag) with the highest reflectance among metals or an alloy
including silver. However, silver has properties such that its reactivity is
extremely high, it is difficult to be processed, and its adhesion is low.
Therefore, in order to achieve a chemically stable first electrode with high

reflectance through making full use of advantages of silver, the structure



Therefore, in order to achieve a chemically stable first electrode with high reflectance through making
full use of advantages of silver, the structure -4- and the manufacturing process of the first electrode
are susceptible to further improvement. DISCLOSURE OF THE INVENTION Embodiments of the
invention provide a light-emitting device capable of preventing separation or alteration of a first
electrode to obtain high performance, a method of manufacturing the light-emitting device, and a
display unit. In a first aspect, there is provided a.light-emitting device, comprising a first electrode, a
layer including a light-emitting layer and a second electrode laminated in this order on a substrate with
a base layer in between, and extracting light generated in the light-emitting layer from the second
electrode anthgreim tine farsielrgtrodeesnalfl tes fiast atteside layendispusield o corttast with the base
layer; a reflective layer disposed on the adhesive layer to reflect the light generated in the
light-emittitigtayemeatbarrier layer disposed on the reflective layer to protect the reflective layer; and
the reflective layer is made of an alloy including silver (Ag) as a main component, 0.03 % by mass to
0.5 % by mass inclusive of samarium (Sm) and 0.2 % by mass to 1.0 % by mass inclusive of copper
(Cu). Disclosed herein is a method of manufacturing a light-emitting device, the light-emitting device

comprise®PhNrstleldétirdaa iale ANYENA§@Yght-emitting layer and a second electrode laminated in
order on a substrate with a base layer in between, and the method comprises the steps of. forming an
adhesive layer o IRE OBHES Ay <R ] fHReniHty el cHveVidye erdfiglttingpilbineg daietedanable of
“ght-emlt%?gventing separation or alteration of a first electrode to obtain high performance, a

method of manufacturing the light-emitting device, and a display unit.

In a first aspect, there is provided a light-emitting device, comprising a first

clectrode, a layer including a light-emitting layer and a second electrode laminated in

this order on a substrate with a base layer in between, and extracting iiglﬁ generated in

the light-emitting layer from the second electrode, wherein the first electrode

includes: an adhesive layer disposed in contact with the base layer; a reflective layer

disposed on the adhesive layer to reflect the light generated in the light-emitting layer;

a barrier layer disposed on the reflective layer to- protect the reflective layer; and the

reﬂective'layer is made of an alloy including silver (Ag) as a main component, (.03 %

by mass to 0.5 % by mass inclusive of samarium (Sm) and 0.2 % by mass to 1.0 % by

mass inclusive of copper (Cu).

Disclosed herein is a method of manufacturing a light-emitting device, the

light-emitting device comprises a first electrode, a layer including a light-emitting

layer and a second electrode laminated in order on a substrate with a base layer in

between, and the method comprises the steps of: forming an adhesive layer on the

base layer; forming a reflective layer reflecting light generated in the light-emitting

layer on the adhesive layer; forming a barrier layer protecting the reflective layer on

the reflective layer; forming the first electrode through patterning the barrier



layer on the adhesive layer; forming a barrier layer protecting the reflective layer on the reflective
layer; forming the first electrode through patterning the barrier -5- layer, the reflective layer and the
adhesive layer in order from the barrier layer; forming the layer including the light-emitting layer on the
first electrode; and forming the second electrode on the layer including the light-emitting layer. In a
second aspect, there is provided a light-emitting-device, comprising a first electrode, a layer including
a light-emitting layer and a second electrode laminated in this order on a substrate with a base layer

in between, and extracfjng Jight generated jn the light-emitting layer from the second electrode,
wherein tt?@'fﬁrst @8&?%&5}?@3&? 5‘??%& Esﬂ%‘%‘é‘? dSpdsdy PrdehiarpitRenkapase layer: a

reflective layer. disposed on the adhesive layer to.reflect the light geperated in the light-emitting layer;
and a barﬁéﬁ’ﬂ%rt%?s &d' ?ﬁfﬁ@?eﬁ&i@?%ﬁﬁ%ﬁ@%ﬁ ﬂ%eé‘l?ﬂgﬁ ?ﬁyﬁﬁgjemﬁfégé?lr’tﬁ’é}%dhesive
layer also,serves as an auxiliary reflective film reflecting li enerated in the light-emitting layer and
having pagﬁs%(sjeﬁor%%&qeﬁa%léoreeflé%tﬁ\}g gygF;llﬁH%Fggwf{%ggé%%%% {e&dtive film has a reflectance

of 50% or over. Disclosed herein is a display unit according to the invention comprises a light-emitting

device comprising a first electrod layer including,a light-emitting layer.and a second electrode
laminated in ordegloalbﬁ %““‘éﬁ%@ﬁ‘é’ eeg\;i‘t hgyga{%é) 89%@% é eté%l,n ﬁ@%ﬁ%&gﬁhﬁ(ﬁ&mﬁ%% Eatin the
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the light-emitting layer from the second electrode, wherein the first electrode
includes: an adhesive layer disposed in contact with the base layer; a reflective layer
disposed on the adhesive layer to reflect the light generated in the light-emitting layer;
and a barrier layer disposed on the reflective layer to protect the reflective layer;
wherein the adhesive layer also serves as an auxiliary reflective film reflecting light
generated in the light-emitting layer and having passed through the reflective layer;
and wherein the auxiliary reflective film has a reflectance of 50% or over. Disclosed
herein is a display unit according to the invention comprises a light-emitting device
comprising a first electrode, a layer including a light-emitting laver and a second
clectrode laminated in order on a substrate with a base layer in between, and
extracting light generated in the light-emitting laver from the second electrode,
wherein the first electrode includes: an adhesive layer disposed in contact with the
base layer; a reflective layer disposed on the adhesive layer to reflect the light

generated in the light-emitting layer; and a barrier layer disposed on the reflective

layer to protect the reflective layer.

In the light-emitting deviceaccording to embodiments of the invention, the

first electrode includes the adhesive layer disposed in contact with the base layer, the



In the light-emitting deviceaccording to embodiments of the invention, the first electrode includes the
adhesive layer disposed in contact with the base layer, the -5a- reflective layer reflecting the light
generated in the light-emitting layer, and the barrier layer protecting the reflective layer, so alteration
of the reflective layer can be prevented by the barrier layer, and the reflective layer can be prevented
from being separated from the base layer by the aghesive layer, thereby the possibility that the
alteration of the reflective layer from a separated p ftion thereof can be eliminated. Therefore, it is
suitable specifically in the case where the reflective layer is made of silver (Ag) or an alloy including

silver. -6- In Qgtlr{)et od Pfr u[factutrlmg ahght emlttn dev% ;f er the,E ive laye hﬁ?
reflective rayer 5N e %arr?er (éyegaréef d%ﬁ“gf&e‘% oﬁnt % ()—?r1 ]eg fr I§9g
reflective rL tge ad{é C%l}\{e It??é att rned in ol {&rp 0t barer [ If'a rto form tE) e first
electrode. es? e Fa@er Inc u§|ng the g% |ng ?ayer iSTorme tﬁ e‘fe@%dg MAd then

the second.elesliofels e an fiedayes e i ﬁ%gqu&ﬁca sarta ambgents o

the invention, t s-a structure’in whic esive layer, the reflective E’;lygr and

the barriec ek (e isIale 38 separdioner iialionafdpedelienivp pande piegated

thereby th currence of a short CI betwee ectrode a e secon lectrode due to

the alteratigp.af e peflectieniaraicnn bemseyenied. therelRin dhisiitaple.speclsalitindge case

where the reflective layer is made of ver (Ag) or an alloy including silver, and defects in
Therefore, it is suitable spemﬁcally in the case where the reflective layer is made of

sitver (Ag) or an alloy including silver.



the display unit can be reduced, and the life of the display unit can be extended. In the method of
manufacturing a light-emitting device, after the adhesive layer, the reflective layer and the barrier layer
are formed on the base layer, they are patterned in order from the barrier layer to form the first
electrode, so the material of the reflective layer cén be prevented from reacting with oxygen or sulfur
in air, and damage on the reflective layer in a manufacturing step after forming the reflective layer can
be reduced. Moreover, the reflective layer can be -7- prevented from being separated from the base
layer by the adhediveéisy@rethndepl anaauiarsa¥ged dighieraiitog dmyer by atksr Behemical

solution entered into a separated portign of the reflective_ layer can be prevented. Other aspects,
features af&fﬁlawgnf@a&és R Al Ahihs hﬁ%ﬂ@rn!.wq?cﬂ&fﬁtrﬁ%ﬂémaré@ga@ption. BRIEF

DESCRIPTION OF THE DRAWINGS FIG. 1 is a sectional view of a display unit according to a first
embodimé-%? Welmm%?\ hejges fvgn éh%\?ﬁé%@é‘é?iEH&WW&P&?Q%QHFE ¥t eMftting device

. 1. FIEL RSN UL SRR DRISTOP Loty Erbai T Hn At mdraling the
display unliattffr:]roivl\{ghilrhﬁllge thle; ﬁ!g%?—e?n'aftt?nt ?Q}ge?% Ot ti(%] ?lllf\il | 1\1%% g%&?gg\gp gn%t%tl)é:nfollowing
the second electrode is formed on the layer.
In the light-emitting device according to embodiments of the invention,
the first electrode has a structure in which the adhesive layer, the reflective layer
and the barrier layer are laminated, so separation or alteration of the reflective
layer can be prevented, thereby the occurrence of a short circuit between the
first electrode and the second electrode due to the alteration of the reflective
layer can be prevented. Therefore, it is suitable specifically in the case where the
reflective layer is made of silver (Ag) or an alloy including silver, and defects in
the display unit can be reduced, and the life of the display unit can be extended.
In the method of manufacturing a light-emitting device, after the
adhesive layer, the reflective layer and the barrier layer are formed on the base
layer, they are patterned in order from the barrier layer to form the first
electrode, so the material of the reflective layer can be prevented from reacting
with oxygen or sulfur in air, and damage on the reflective layer in a
manufacturing step after forming the reflective layer can be reduced.

Moreover, the reflective layer can be



the steps in FIGs. 4A and 4B; FIGs. 6A and 6B are sectional views for showing steps following the
steps in FIGs. 5A through 5C; FIGS. 7A and 7B are sectional views for showing steps following the
steps in FIG. 6A and 6B; FIG. 8 is a sectional view for showing a step following the steps in FIGs. 7A
and 7B; WO 2004/086531 PCTIJP2004/003949 -%-FIG. 9 is a sectional view for showing a step
following the step in FIG. 8; FIG. 10 is a sectional view for showing a step following the step in FIG. 9;
FIG. 11 is a sectional view for. showing a s e&followin the step in FIG. 10; FIGs. 12A and 12B are
sectional VERNSBF SR QQ&SWWFﬁé eardhenvae. verchy 3k AdBetbralsk for showing
a step following the steps in Fée&S. 12A gnd 12B; FIG. 14 is a sectional view of a display unit according
to a secor:%é%é%?go hiEhtoieH 'ﬁ%ﬂﬂoﬁ}eﬁl Tt Jave AR &dr sel foRBF WA ol Rtiig anic
ight-emitti [ [ . 14; [ I tional view of the organic
::gmgm:g:glgteggg Iﬁﬁo%%’ﬁa%%t’é@ poji'ﬁbﬁlon &160 }Seﬁgc%{qu rl%?fgrsc?a%lge pr\élve\:lglted. g

Other aspects, features and advantages of the invention will appear

more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a display unit according to a first
embodiment of the invention;

FIG. 2 is an enlarged sectional view of an organic light-emitting device
shown m FIG. 1;

FIG. 3 is an enlarged sectional view of the organic light-emitting device
shown in FIG. 1;

FIGs. 4A and 4B are sectional views for showing steps in a method of
manufacturing the display unit shown in FIG. 1;

F1Gs. 5A, 5B and 5C are sectional views for showing steps following
the steps in FIGs. 4A and 4B;

FIGs. 6A and 6B are sectional views for showing steps following the
steps in FIGs. SA through 5C;

FIGs. 7A and 7B are sectional views for showing steps following the

steps in FIG. 6A and 6B;

FIG. 8 is a sectional view for showing a step following the steps in

FIGs. 7A and 7B;



device shown in FIG. 14; FIG. 17 is a graph showing reflectance of a first electrode of an organic

light-emitti i rding to an example of the invention; FIG. 18 is a /' L}ﬁi(%\%g)f a first
electrode %%%Pg@r%g%%ht- emitting device according to a reference example og{%e invention; FIG.

19 is a graph of reflectance of the first electrode according to the reference example shown in FIG.
18; and FIGs. 20A and 20B are sectional views for showing modification of the steps shown in FIGs.
6A and 6B. WO 2004/086531 PCT/JP2004/003949" -9 BEST MODE FOR CARRYING OUT THE
INVENTION Preferred embodiments of the present invention will be described in more detail below

referring to the ac p@nyéncg _ AWings. ,Llféréi E)mlgﬁg'%}]ﬁr%] f%@epl ﬁp%%ggﬁg vjgw of a display
e

unit according to a first embodiment of the invention. isplay unit Is used as an Ultra-thin organic
light-emittipgcdisplay, and in the display unit, for example, a drive panel 10 and a sealing panel 20
faces each other, and the whole facing surfaces thereof are bonded together with an adhesive layer

30 made of a_thergipseing redf-15e4ri4eRaRe! S0eldesan.orgame ighhemilpg device 10R

emitting red light, an organic light-emitting device 10G emitting green light and an organic
light-emittipgcgleyjce 10B emitting blue light disposed in order in a matrix shape as a whole on a
substrate 11 made

FIG. 11 is a sectional view for showing a step following the step in
FIG. 10;

FlGs. 12A and 12B are sectional views for showing steps following
the step in FIG. 11;

FIG. 13 is a sectional view for showing a step following the steps in
F1Gs. 12A and 12B;

FIG. 14 is a sectional view of a display unit according to a second
embodiment of the invention;

FIG. 15 is an enlarged sectional view of an organic light-emitting
device shown in FIG. 14; |

FIG. 16 is an enlarged sectional view of the organic light-emitting
device shown in FIG. 14;

FIG. 17 is a graph showing reflectance of a first electrode of an
organic light-emitting device according to an example of the invention;

FI1G. 18 is a sectional view of a first electrode of an organic light-
emitting device according to a reference example of the invention;

FIG. 19 is a graph of reflectance of the first electrode according to
the reference example shown in FIG. 18 and

FIGs. 20A and 20B are sectional views for showing modification of

the steps shown in FIGs. 6A and 6B.



of, for example, an insulating material such as glass with a TFT 12 and a planarizing layer 13 in
between. A gate electrode (not shown) of the TFT 12 is connected to a scanning circuit (not shown),

and a sourceyginshayfkrEy{both not shown) are connected to a wiring 12B thgugh i daiesiayer
insulating film 12A made of, for example, silicon oxide, PSG (phosphosilicate glass) or the like. The

wiring 12B is connected to the source and the drain of the TFT 12 through a connecting hole (not
shown) disposed in the interlayer insulating film 12A to function as a signal line. The wiring 12B is
made of, for example, aluminum (Al) or an aluminum (AD-copper (Cu) alloy. The structure of the WO
2004/086531 PCT/JP2004/003949 10 TFT 12 is not specifically limited; and may be of a bottom gate
_structure or atop gate structure. The planarizing layer 13 is a base layer for planarizing a surface of
the substrate 11 where the TFT 12 is formed so as to form the organic light-emitting devices 10R, 10G

and 10B wBESTTOI0 I F@ESCA RR TN ¢lau iz g RyeriBNgaomecting hole 13A is disposed to
.connect a first electrode 14 of each of the organic light-emitting devices IOR, IOG and 10B to the

wiring 12B. In the Hanfsizind dayboditenninfttheqnnectinghole tidAvsliosmadssaithe planarizing
layer 13 is preferably made of a material with high pattern accuracy. As the material of the planarizing

layer 13, amangdeicrhdreldat safives potyitrdecosap inoygagidymatenal such as silicon oxide (SiO2)
can be used. In the embodiment, the planarizing layer 13 is
[First Embodiment]

FIG. 1 shows a sectional view of a display unit according to a first
embodiment of the invention. The display unit is used as an ultra-thin
organic light-emitting display, and in the display unit, for example, a drive
panel 10 and a sealing panel 20 faces each other, and the whole facing
surfaces thereof are bonded together with an adhesive laver 30 made of a
thermosetting resin. The drive panel 10 includes an organic light-emitting
device 10R emitting ved light, an organic light-emifting device 10G

| emitting green light and an organic light-emitting device 10B emitting blue
light disposed in order in a matrix shape as a whole on a substrate 11 made
of, for example, an insulating material such as glass with a TFT 12 and a
planarizing layer 13 in between.

A gate electrode (not shown) of the TFT 12 is connected to a scanning
circuit (not shown), and a source and a drain (both not shown) are
connected to a wiring 12B through an interlayer insulating film 124 made
of, for example, silicon oxide, PSG (phosphosilicate glass) or the like. The
wiring 12B is connected to the source and the drain of the TFT 12 through
a connecting hole (not shown) disposed in the interlayer insulating film

1ZA to function as a signal line. The wiring 12B is made of, for example,

aluminum (Al or an aluminum (AD-copper (Cu) alloy. The structure of the



made of, for example, an organic material such as polyimide. The organic light-emitting devices 10R,
|IOG and 10 Jﬂ%}ég?’ for example, the first electrode 14 as an anodeP@ﬂjpﬁwm;ym 15, an
organic layer 16 including a light-emitting layer and a second electrode 17 as a cathode laminated in
order from the substrate 11 with the planarizing layer 13 as a base layer in between. A protective film
18 is formed on the second electrode 17 if necessary. The first electrode 14 also has a function as a
reflective layer, so the first electrode 14 preferabh? has as high reflectance as possible so as to
enhance light-emitting efficiency. In the embodiment, the first electrode 14 has a structure in which an

adhesive | KA sflect %}g 14B.and. g bay %@/gf& arelaminated in. grder. from the
substrate 11. The ﬁo Ogg%éG §§’rPCé ?}JPQ(?OMOOBSZ -11 é(%eé%gméyer 14Ais disposed in
contact witg)ggﬁ planarjzinglayer 13 to prevent the reflective layer 14B from being separated from the
planarizing layef 13. The reflective layer 14B reflects light generated in the light- emitting layer. The

barrer layer 14C piojecin e eliepticayerilAByTbe pehesive lanerad s Rrefsablygpade of, fo

example, a metal, an €lectrically conductive oxide or a metal compound including at least one kind
selected fraa thergnERONMelal Glement RINSistiRg Rieheamiyna QR fiRgiumdBhdimisn), zinc (Zn),
cadmium (Cd), titanium (Ti), aluminum (Al), magnesium (Mg) and molybdenum (Mo), because these
materials haserhighiteigetdeat s@nNUORIVIDG SOl ISR elegiricakeeanestiimiadhe WiHNghd 2B can

planarizing layer 13, a connecting hole 13A is disposed to connect a first
electrode 14 of each of the organic light-emitting devices 10R, 10G and 10B
to the wiring 12B, In the planarizing layer 13, a minute connecting hole
13A is formed, so the planarizing layer 13 is preferably made of a material
with high pattern accuracy. As the material of the planarizing layer 18, an
organic material such as polyimide or an inorganic material such as silicon
oxide (Si0Og2) can be used. In the embodiment, the planarizing layer 13 is
made of for example, an organic material such as polyimide.

The organic light-emitting devices 10R, 10G and 10B each include,
for example, the first electrode 14 as an anode, an insulating film 15, an
organic layer 16 including a light-emitting iayer and a second electrode 17
as a cathode laminated in order from the substrate 11 with the planarizing
layer 13 as a base layer in between. A protective film 18 is formed on the
second electrode 17 if necessary.

The first electrode 14 also has a function as a reflective layer, so the
first electrode 14 preferably has as high reflectance as possible so as to
enhance light-emitfing efficiency. In the embodiment, the first electrode 14
has a structure in which an adhesive layer 14A, a reflective layer 14B and

a barrier layer 14C are laminated in order from the substrate 11. The



be established. In the embodiment, the adhesive layer 14A is made of, for example, chromium. The
adhesive layer 14A preferably has as large a thickness in a laminate direction (hereinafter simply
referred to "WiBRAEEYISAS light does not pass therethrough. More specific@yTA8H 8%t hesive
layer 14A is made of chromium, the adhesive layer 14A preferably has a thickness of 40 nm to 300
nm, and more preferably 50 nm to 150 nm. The reflective layer 14B is preferably made of, for example,
silver or an alloy including silver, because silver.Ras the highest reflectance among metals, so an
absorption loss of light in the reflective layer 14B can be reduced. Moreover, the reflective layer 14B
made of silver is preferable, because the reflective layer 14B has the highest reflectance; however,
the reflectR@hagide 1apehddedoFafianesed dudipataniev it heomanaprany laverc s drerable,
because chemical stability and processing accuracy can be WO 2004/086531 PCT/JP2004/003949
.12 enhandB&VaRH Eheeiartine 1&@%11%&@%%&4@8@&@%%@@ Yo pleapedansge improved.
- Silver has extremely high reactivity, low processing accuracy and low adhesion, so it is extremely

difficult to haRefe Shvert é'ﬁ]%“r’éé%?tl%@&l’foﬁ&l%ﬂﬁf@l\)é%@ gRbaaRdetvéale 1B tinclude alloys
including silver (Ag).and at Jeast, one element selected from he~gr up.consisting of neodymium (Nd),
: % e e

samarium EERERERATELY) LRERAT )R % dg J3gmidfTDh), dysprosium
(Dy). erbium (En). eI R (Yod 1552 4T 25k Bl BB e f WP Seample, a metal,

an electrically conductive oxide or a metal compound including at least one

kind selected from the group of metal elements consisting of chromium (Cr),

ndium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium (T9), aluminum (AL,

magnesium (Mg) and molybdenum (Mo), because these materials have high

electrical conductivity, so a good electrical connection to the wiring 12B can

be established. In the embodiment, the adhesive layer 14A is made of, for

example, chromium.

The adhesive layer 14A preferably has as large a thickness in a
laminate direction (hereinafter simply referred to "thickness") as light does
not pass therethrough. More spéciﬁca.ﬂy, when the adhesive layer 14A is
made of chromium, the adhesive layer 14A preferably has a thickness of 40
nm to 300 nm, and more preferably 50 nm to 150 nm.

The reflective layer 14B is preferably made of, for example, silver or
an alloy including silver, because silver has the highest reflectance among
metals, so an absorption loss of light in the reflective layer 14B can be
reduced. Moreover, the reflective layer 14B made of silver is preferable,
because the reflective layer 14B has the highest reflectance; however, the
reflective layer 14B made of an alloy including silver and another metal is

more preferable, because chemical stability and processing accuracy can be



(Cu) and gold (Au). More specifically, a AgSmCu alloy including silver (Ag), samarium (Sm) and
copper (Cu) is cited, and an alloy including silver (Ag) as a main component, 0.03 % by mass to 0.5 %
by mass incli8V&%P8&& harium (Sm) and 0.2 % by mass to 1.0 % by masstERIEW 8t E8bper (Cu) is
preferable. Moreover, an alloy including silver (Ag) as a main component, 0.05 % by mass to 0.2 % by
mass inclusive of samarium (Sm) and 0.2 % by mass to 1.0 % by mass inclusive of copper (Cu) is
more preferable. The thickness of the reflective {ager 14B is preferably within a range of, for example,
50 nm to 300 nm inclusive. It is because when the thickness is within the range, adhesion can be
secured, thereby the separation of the first electrode 14 can be prevented. Further, the thickness of
the reflectiv@®hasedapid mehepiereratl Mmathesivgdared RPISERErRaRERIAY S is because
when the thickness of the reflectjve _layer 14B is reduced, the surface roughness of the reflective layer
14B can bé‘i‘go%?éé@?th’@#é‘é‘;}’ﬁﬁse tﬁﬁzfﬁééga&r%ﬁ%%@rmé'r TRSERH D PBLIERP O
2004/086531 PCT/JP28n 4/003949 13 increase light extragtign efficiency. Moreover, it is because
when the tAFEKRBEE BRthETe ?&@fﬁ@i%’%&ﬂ% , g’rﬁl‘? a@e?’iﬁlf s??]r??&'e roughness due

o ctallaon o lectus e B A pocgssng e mamiacytng apbe rodced,

reflective Ia%% &cfeBaﬁ?onyg SRehX 1rrl;[§ds'ﬂver (Ag) and at least one element selected from
the group consisting of neodymium (Nd), samarium (Sm), yttrium (Y),
cerium (Ce), europium (Eu), gadolinium (Gd), terbium (Th), dysprosium
(Dy), erbium (Br), ytterbium (Yb), scandium (Sc), ruthenium (Ru), copper
(Cu) and gold (Aun). More specifically, a AgSmCu alloy including silver (Ag),
samarium (Sm) and copper (Cu) is cﬁted, and an alloy including silver (Ag)
as a main component, 0.03 % by mass to 0.5 % by mass inclusive of
samarivm (Sm) and 0.2 % by mass to 1.0 % by mass inclusive of copper
(Cw is preferable. Moreover, an alloy including silver {Ag) as a main
compoﬁent, 0..05 % by mass to 0.2 % by mass inclusive of samarium (Sm)
and 0.2 % by mass to 1.0 % by mass inclusive of copper (Cw is more
preferable.

The thickness of the reflective layer 14B is preferably within a
range of for example, 50 nm to 300 nm inclusive, It is because when the
thickness is within the range, adhesion can be secured, thereby the
separation of the first electrode 14 can be prevented. Further, the
thickness of the reflective layer 14B is more preferably within a range of 50
nm to 150 nm inclusive. It is because when the thickness of the reflective

layer 14B is reduced, the surface roughness of the reflective layer 14B can

be reduced, thereby the thickness of the barrier layer 14C can be reduced to



The barrier layer 14C has functions of preventing silver or an alloy -including silver of the reflective
layer 14B from reacting with oxygen or sulfur in air, and reducing damage on the reflective layer 14B
during a mawgfasiywisgstep after forming the reflective layer 14B. More spreuifiealiyy/dig49onsidered
that the damage herein is caused by a chemical solution or the like used to form an aperture portion
15A of the insulating film 15 which will be described later. Further, the barrier layer 14C also has a
function as a work function adjustment layer whichygnhances efficiency of hole injection into the
organic layer 16, so the barrier layer 14C is preferably made of a material having a higher work
function than the reflective layer 14B. The barrier layer 14C is preferably a’light transparent film made
~of, for exariptecasméigihhrestivetoon eftslesompoldriecietingtatsehsanse kinbdeseltoted from the
group of metal elements consisting of indium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium (Ti),
chromium (EBckpansnel (the) eafleativeidare Al Bvisreasheciticaay, itherbastcnlahersiataie preferably
made of at least one kind.selected from the group consisting of a compound including indium (In), tin
(Sn) and oXSRIEPEASETGvthakamerisipdizebamset 3he crriipoidea/desonol4d dxidérat compound
including indium (In), zinc (Zn) and oxygen (0) (1ZO; indium zinc oxide), indium oxide (In203), tin oxide
(SnOz), zin@*&‘&%@{%ﬁ(ﬁ%‘,ﬂé’aamﬂﬁ&%{m?mmum%&%mm@ﬁowu@#&@@é @r02),

gallium nitrige (GaN) %ﬁlli%m oxide (Ga203) and aluminum oxide (AlZO?;).
efects dof the harrier layer 14C due to the increased surface roughness of

the reflective layer 14B can be prevented.

The barrier layer 14C has functions of preventing silver or an alloy
-including silver of the reflective layer 14B from reacting with oxygen or
sulfur in air, and reducing damage on the reflective layer 14B during a
manufacturing step after forming the reflective layer 14B. More
specifically, it is considered that the damage herein is caused by a chemical
solution or the like used to form an aperture portion 15A of the insulating
film 15 which will be desgribed later. Further, the barrier layer 14C also
has a function as a work function adjustment layer which enhances
efficiency of hole injection into the organic layer 16, so the barrier layer
14C is preferably made of a material having a higher work function tilan
the reflective layer 14B.

The barrier layer 14C is preferably a light transparent film made of,
for example, a metal, an oxide or a metal compound including at least one
kind selected from the group of metal elements consisting of indium (In),
tin (Sn), zinc (Zn), cadmium (Cd), titanium (T9), chromium (Cr), gallium
(Ga) and aluminum (AD). More specifically, the barrier layer 14C is
preferably made of at least one kind selected from the group consisting of 2

compound including indium (In), tin (Sn) and oxygen (0) ITO; indium tin



It is because compared to the case where the barrier layer 14C is made of a metallic material, by
using any of these inorganic light-transparent materials, the barrier layer 14C can be formed so as to
have a smakeo musfagesyoughness, so the surface roughness of the reflectReTaya0EABIMPade of silver
or an alloy including silver can be reduced to improve the surface planarization of the first electrode
14. Moreover, it is because each layer of the organic layer 16 formed on the first electrode 14 can
have a uniform thickness, thereby a possibility of g short circuit between the first electrode 14 and the
second electrode 17 due to the lack of thickness of the organic layer 16 can be eliminated, and
specifically when a resonator structure which will be described later is formed, the occurrence of color
unevennegssidpixelsompbemtcirntetizg dndanee Golbr ziproduiimng. orpeer{ @i ause the
materials have extremely small light absorption in a visible light range, and good light transmittance,
so an absoméiumiosaaveddlgindansrardar theOightionties I@}é% e trdadiri barrier layer
14C can be minimized. In order for the barrier layer 140 to secure the above-described function as a
protective fdIeitmhickades (4R baitiepinger axidss (Bidletahwmmingg ranite of @56to 50 nm
inclusive, and more preferably 3 nnto 30 nm inclutfive. WO 2004/086531 PCT/JP2004/Q03949 .15

The insulatifd i miisige &S Bl inauIRHe HEaien mRdiriumsBexdealitsecond

electrode 17, and to accurately form a desired _ .
t is because compared to the case where the barrier layer 14C is made of a

metallic material, by wusing any of these inorganic light-transparent
materials, the barrier layer 14C can be formed so as to have a smaller
surface roughness, so the surface roughness of the reflective layer 14B
made of silver or an alloy including silver can be reduced to improve the
surface planarization of the first electrode 14. Moreover, it is because each
layer of the organic layer 16 formed on the first electrode 14 can have a
uniform thickness, thereby a possibility of a short circuit between the first
electrode 14 and the second electrode 17 ‘due to the lack of thickness of the
organic layer 16 can be eliminated, and specifically when a resonator
structure which will be described later is formed, the occurrence of color
unevenness in pixels can be prevented to enhance color reproducibility.
Further, it is because the materials have extremely small light absorption
in a visible light range, and good light transmittance, so an absorption loss
when light generated in the light-emitting layer passes through the barrier
layer 14C can be minimized.

In order for the barrier layer 14C to secure the above-described
function as a protective film, the thickness of the barrier layer 14C is
preferably within a range of 1 nm to 50 nm inclusive, and more preferably

3 nm to 30 nm inclusive,



shape of a light-emitting region in each of the organic light-emitting devices 10R, IOG and 10B. The
insulating film 15 has, for example, a thickness of approximately 600 nm, and is made of an insulating
material sudtOad&diEsRdioxide (SiO2) or polyimide. In the insulating film 1BCHAPH8EAF¥bortion 15A
is disposed corresponding to a light-emitting region. The organic layer 16 has a different structure
depending upon colors emitted from the organic light-emitting devices 10R, I0G and IOB. FIG. 2
shows an enlarged view of the organic layer 16 in e organic light- emitting devices IOR and IOB. The
organic layer 16 of each of the organic light-emitting devices bOR and IOB has a structure in which a
hole transport layer 16A, a light-emitting layer 16B and an electron transport layer 16C are laminated

i this order from therdRaHareEm RdhyredrimspernayapaBAien hatReehEherftighcy of hole

injection intq the light- emitting layer 16B. In the embodiment, the hole transport layer 16A also serves
as a hole irfjRisA ﬁy]a‘}.%g@%ﬁﬁ?ﬁﬁﬁﬁlﬁﬂ%@F@e%’éﬁaf@saﬁ‘éwgtmgﬁéw&’pﬁlﬁﬁﬁl’éﬁ@electric field

“to recombinEelectrons holes, and emits the lightinar git%n corresponding to the aperture portion
C

15A of theShaBftiRG Ainte5 PR G rdR %QRs P8It 83§ RhareEdth iGBHLY BE electron
e R . R
os{(N-naph N phepybensin, (A NPR). The Joficerithg yer WO 2004108653
such as silicon dioxide (SiOp) or polyimide. In the insulating film 15, an
aperture portion 15A is disposed corresponding to a light-emitting region.
The organic layer 16 hés a different structure depending upon
colors emitted from the organic light-emitting devices 10R, 10G and 10B.
FIG. 2 shows an enlarged view of the organic layer 16 in the organic light-
emitting devices 10R and 10B. The organic layer 16 of each of the organic
light-emitting devices 10R and 10B has a structure in which a2 hole
transport layer 16A, a light-emitting layer 16B and an electron transport
layer 16C are laminated in this order from the first electrode 14. The hole
transport layer 16A enhances the eﬁiciencﬁi' of hole inject;ion' into the light-
emitting layer 16B. In the embodiment, the hole transport layer 16A also
serves as a hole injection layer. The light-emitting layer 16C generates
light through applying an electric field to recombine electrons and holes,
and emits the light in a region corresponding to the aperture portion 15A of
the insulating film 15. The electron transport layer 16C enhances the
efficiency of electron injection into the light-émitting layer 16B.
The hole transport layer 16A of the organic light-emitting device

10R has, for example, a thickness of approximately 45 nm, and made of

bis[(N-naphthyl)-N-phenylibenzidine (@ *NPD). The light-emitting layer



16B of the organic light-emitting device 10R has, for example, a thickness of approximately 50 nm,
and is made of 2,5-bis[4-[INT-(4-methoxyphenyl)-INT- phenylamino]]styrylbenzene-1,4dicarbonitrile
(BSB). The M&&¥/ % I3port layer 16C of the organic light-emitting device® SO HEL/HGP4E8xample, a
thickness of approximately 30 nm, and is made of 3-quinolinol aluminum complex (Alga). The hole
transport layer 16A of the organic light-emitting device 10B has, for example, a thickness of
approximately 30 nm, and is made of a -NPD. Thadight-emitting layer 16B of the organic light-emitting
device 10B has, for example, a thickness of approximately 30 nm, and is made of

4,4'-bis(2, | vinyl)biphenyl (DPVB]). The electron transport layer 16C of the organic
light- emlttn'?gggeei1 B Ra8G %5@ 1agH 685l O st o kivh SHeAiDden R, ekBIRRde of Alga.

FIG. 35ho an enla of the or anlc layer 16 in the org light- emlttlng device 10G. The
organic Iay(é TBW %%{hg qg% s@:gﬁﬂ%q \ﬁe%ransport layer

ransport | BPTEARES i@%@ﬁ?ﬁa& -aéﬁ é?;'ivlé%%r i ef'éiiwﬁv??ér"dei’é%r;?ﬁ cerves
R B A B A
168 of the &%%tﬁé‘,ggt NG I8y IS NRERA0P %%31%5@;43 AN, qumolmol
aluminum complex (Alqs).
The hole transport layer 16A of the organic light-emitting device
10B has, for example, a thickness of approximately 30 nm, and is made of
@-NPD. The light-emitting layer 16B of the organic light-emitting device
10B has, for example, a thickness of approximately 30 nm, and is made of
4,4"-bis(2,2'-diphenyl vinyDbiphenyl (DPVBi). The electron transport layer
16C of the organic light-emitting device 10B has, for example, a thickness
of approximately 30 nm, and is made of Alqs.
FIG. 3 shows an enlarged view of the organic layer 16 in the organic
light-emitting devicé 10G. The organic layer 16 of the organic light
emitting device 10G has a structure in which a hole transport layer 16A
and a light-emitting layer 16B are laminated in this order from the first
electrode 14. The hole transport layer 16A also serves as a hole injection
layer, and the light-emitting layer 16B also serves as an electron transport
layer.
The hole transport layer 16A of the organic light-emitting device
10G has, for example, a thickness of approximately 50 nm, and is made of

@-NPD. The light-emitting layer 16B of the organic light-emitting device



-17 10G has, for example, a thickness of approximately 60 nm, and is made of Alga mixed with 1 vol%
of Coumarin6 (C6). The second electrode 17 shown in FIGs. 1, 2 and 3 has, for example, a thickness

of approxim%gl%%gd%%%gnd is made of a metal such as silver (Ag), alumiw/ﬂaﬂé)gggggfrigg; (1|\49|)S

calcium (Ca) or sodium (Na), or an alloy. In the embodiment, for example, the seco

made of, for example, an alloy of magnesium (Mg) and silver (MgAg alloy). The second electrode 17
is formed so that the organic light-emitting devices 10R, IOG and 10B are covered with the second
electrode 17, thereby the second electrode 17 is acommon electrode of the organic light- emitting
devices 10R, IOG and 10B. An auxiliary electrode 17A is preferably disposed on the insulating film 15

to reduce ayyeitapg drop & Mhep ReCORHislards L pihe ahxiliary qlestode § A i3 sispgsed in gaps

between the organic light-emitting devices 10R, I0G and 10B, and an end portion thereof is

connected g g tinitegRanrediavibapr elegipde{aqtghown) which is a bus formed so as to surround
a region where the organic light-emitting devices 10R, IOG and 10B are disposed in a peripheral

portion of the substrafe debohideciettifiany alpeodm A ramLthe tunld shepedauxilianyglectrode have

a single layer structure or a laminate structure made of an electrically conductive material with low
resistance ssthichs alumiuppLéionebrpmmiCend e sesapdbelecHone tdcsassalves as a

semi-transparent reflective layer. More specifically, each of the organic light-emitting devices 10R,
(Ag), aluminum (Al), magnesium (Mg), calcium (Ca) or sodium (Na), or an
alloy. In the embodiment, for example, the second electrode 17 is made of,
for example, an alloy of magnesium (Mg) and silver (MgAg alloy).
The second electrode 17 is formed so that the organic light-emitting
devices 10R, 10G and 10B are covered with the second electrode 17,
thereby the second electrode 17 is a common electrode of the organic light-
emitting devices 10R, 10G and 10B. An auxiliary electrode 17A is
preferably disposed on the insulating film 15 to reduce a voltage drop in the
second electrode 17. The auxiliary electrode 17A is disposed in gaps
between the organic light-emitting devices 10R, 10G and 10B, and an end
portion thereof is connected to a trunk-shaped auxiliary electrode (not
shown} which is a bus formed so as to surround a region where the organic
light-emitting devices 10R, 10G and 10B are disposed in a peripheral
portion of the substrate 11. The auxiliary electrode 17A and the trunk-
shaped auxiliary electrode have a single layer structure or a laminate
structure made of an electrically conductive material with low resistance
such as aluminum (AD) or chromium (Cr).
The second electrode 17 also serves as a semi-transparent reflective

layer. More specifically, each of the organic light-emitting devices 10R,

10Gx and 10B has a resonator structure in which assuming that an end



IOG and 10B has a resonator structure in which assuming that an end WO 2004/086531
PCT/JP2004/003949 1s surface of the first electrode 14 on a side closer to the light-emitting layer
16B and an gpd { ce of the second electrode 17 on a side closer to the i Eﬁ%%hgd er 16B are
a first end pgﬁ?o Sbg&ﬁ%% second end portion P2, respectively, and the orléanic ayer 16%/a resonant
portion, light generated in the light-emitting layer 16B is resonated to be extracted from the second
end portion P2. The organic light-emitting devices 10R, IOG and 10B preferably have such a
resonator structure, because when multiple interféfence of the light generated in the light-emitting
layer 16B occurs, the structure functions as a kind of narrow-band filter, so the half- value width of the
spectrum of ex 8“8%‘ {ﬂ@tfff%,f% %?r ed, 049 péir'glg l% ' / gn%?ﬂ Q) eIexternal light
incident froéw&ﬁé%sea ing panel S%Egﬁﬁ%eqéét?é&gugateé %yt e mu tip?leé ri?\%%é%enlce, gn} %e reflectance

of the exterpahlighton ihe- 4aflie, lghiremitting deyices 108 196 and 198, capecamgextremely

small by a combination of a color filter 22 (refer to FIG. 1) which will be described later. For the

purpose, it is.prefarabls-bal anopfisaldistance Lbepuean.iieifisiendrion il adithe second

end portion P2 of the resonator satisfies Mathematical Formula 1 so that a resonant wavelength of the

resonator (@peakaveiongih ahiha:spesipmief ighttotie extracieddmaichgstbReakgnavelength of

the spectrum of light desired to be extracted. Actually, the optical distance L is preferably selected to
be a positivgenerated in the light-emitting layer 16B is resonated to be extracted from

the second end portion P2. The organic light-emitting devices 10R, 10G
and 10B preferably have such a resonator structur_e, because when
multiple interference of the light generated in the light-emitting layer 168
occurs, the structure functions as a kind of narrow-band filter, so the half-
value width of the spectrum of extracted light can be reduced, and color
purity can be improved. Moreover, external light incident from the sealing
panel 20 can be attenuated by the multiple interference, and the
reflectance of the external light on the organic light-emitting devices 10R,
10G and 10B can become extremely small by a combination of a color filter
22 (refer to FIG. 1) which will be described later.

For the purpose, it is preferable that an optical distance L between
the first end portion P1 and the second end portion P2 of the resonafor
satisfies Mathematical Formula 1 so that a resonant wavelength of the
resonator (a peak wavelength of the spectrum of light to be extracted)
matches a peak wavelength of the spectrum of light desired to be extracted.
Actually, the optical distance 1. is preferably selected to be a positive
minimum value satisfying Mathematical Formula 1.

(Mathematical Formula 1)

QLY A +P/@Qm)=m



minimum value satisfying Mathematical Formula 1. (Mathematical Formula 1) (2L)/ 1. +(D /(27r):m
WO 2004/086531 PCT/JP2004/003949 19 (where L represents an optical distance between the first

end portion

light generate

_second end portion P2, (D represents the sum of a phase shift 01 of reflected
&3} i%gt%ég?é?end portion P1 and a phase shift 02 of reflected &W‘B’@ﬂ%‘?’ﬁf’é%’n the

second end portion P2 (4=(D1+(D2) (rad), 2. represents a peak wavelength of the spectrum o_f_Iight
desired to be extracted from the second end portion P2, and in is an integer to make L a positive
value. Further, in Mathematical Formula 1, the unitsof L and 2. may be the same, for example, (nm).)
Herein, as in the case of the embodiment, when the first electrode 14 has a structure in which the

adhesive layer 14%%&%%?5%&@}/1% ]a Bo %ri'cdaihgﬁ Qt%rﬂeé @%/tevg %%ﬁ%%ﬁ%égg g%tgf ?ﬁosition of

"the first end portion P1 may

vary depending upon the material an

ayer. In

principle, apghoyd ind- é@%ﬁ%%éﬁl@ﬁt%,l@‘E%%Hé%ﬂ%ég%%%?ﬁt# %1%6% g?]gg?ﬁ}i]tting layer

16B on the first end portion Pl is a composite wave ding [o} o generatec an e
interface bgtween heiatbrpiedayer-ith and We reflestys layerd 48, reflegiive, lighth generated in
an interface between the refleé(l:tive layer i4B and the &gaﬁer{?ayer ]f4 ﬂfa%op re%Fgc%ld%ﬁg%? h3

generated ipfa eréacE Sefvsesrriie daT gt dRIKAC ARd he Argamic Bvep Lepang ihs first end

portion PI

A represents a peak wavelength of the spectrum of light desired to be
extracted from the second end portion P2, and m is an integer to make L a
pdsitive value. Further, in Mathematical Formula 1, the units of L and A
may be the same, for example, (am).)

Herein, as in the case of the embodiment, when the first electrode 14
has a structure in which the adhesive layer 14A, the reflective layer 14B
and the barrier layer 14C are laminated, the position of the first end
portion P1 may vary depending upon the material and the thickness of
each layer. In principle, as shown in FIGs. 2 and 3, reflected light h of the
light generated in the light-emitting layer 16B on the first end portion P1
is a composite wave including reflected light h1l generated in an interface
between the adhesive layer 144 and the.reflective layer 14B, reflective
light h2 generated in an interface between the reflective layer 14B and the
barrier layer.‘ 14C, and reflected light h3 generated in an interface between
the barrier layer 14C and the organic layer 16, and the first end portion P1
is a virtual interface corresponding to the composite wave. However, in the
embodiment, the reflective layer 14B is made of silver or an alloy including
silver, so when the reflective layer 14B has an enough thickness, the

reflected light hl generated in the interface between the adhesive layer

14A and the reflective layer 14B is small. Moreover, when the barrier layer



is a virtual interface corresponding to the composite wave. However, in the embodiment, the reflective
layer 14B is made of silver or an alloy including silver, so when the reflective layer 14B has an enough
thickness, the reflected light hl generated in the interface between the adhggsi and the
reflective Iaﬂ?fﬂ%’?ééssrsnlall. Moreover, when the barrier layer WO 2004/08% %I@PCTIJ%%%OMO%%Q
20 14C is made of the above- described material, the reflected light h3 generated in the interface
between the barrier layer 14C and the organic layer 16 is also small, so it can be considered that the
barrier layer 14C is included in a resonant portioré%nd the first end portion P1 is an interface

between the reflective layer 14B and the barrier layer 14C. The protective film 18 shown in FIG. 1 has,

for example, gthickngsg, 0f,200,am0-1A0A0LBINGIUSIUE2Rd IS B Passaton fifppags of a

transparent dielectric. The protective film 18 is made of, for example, silicon oxide (SiO2), silicon

nitride (SiN)or dbeclike; ARhoNRIR ELG cvibersealing-Rang! 20visrPlared,An Airiderehilie drive panel

10 closer to the second electrode 17, and has a sealing substrate 21 which seals the organic

light-emitting deviges10R, IQG:and QB ity he.adiesivg layer 20. Thesealingssubstrate 21 is made

of a material transparent to light generated in the organic light-emitting devices 10R, 10G and I0B

such as glasgRIdBe 1k FalexamRIerthm calen filler Aeds «dianasashantingsaalingseastate 21 to
extract light generated in the organic light-emitting devices 10R, IOG and 10B, and to absorb external

between the reflective layer 14B and the barrier layer 14C.

The protective film 18 shown in FIG. 1 has, for example, a thickness
of 500 nm to 10000 nm inclusive, and is a passivation film made of a
transparent dielectric. The protective film 18 is made of for example,
silicon oxide (SiOg), silicon nitride (SiN) or the like. -

As shown in FIG. 1, the sealing panel 20 is placed on a side of the
drive panel 10 closer to the second electrode 17, and has a sealing substrate
21 which seals the organic light-emitting devices 10R, 10G and 10B with
the adhesive layer 80. The sealing substrate 21 is made of a material
transparent to light generated in the organic light-emitting devices 10R,
10G and 10B such as glass or the like. For example, the color filter 22 1is
disposed‘ on the sealing substrate 21 to extract light generated in the
organic light-emitting devices 10R, 10G and 10B, and to absorb external
light reflected by the organic light-emitting deviceé 10R, 10G and 10B and
wirings therebetween, thereby the contrast is improved.

The color filter 22 may be disposed on either side of the sealing
substrate 21, but the color filter 22 is preferably disposed on a side closer to
the drive panel 10, because the color filter 22 is not exposed to the surface,
and can be protected by the adhesive layer 30. The color filter 22 includes

a red filter 22R, a green filter 22G and a blue filter 22B, which are disposed



light reflected by the organic light-emitting devices IOR, IOG and 10B and wirings therebetween,
thereby the contrast is improved. The color filter 22 may be disposed on either side of the sealing
substrate 21, hut the color filter 22 is preferably disposed on a side closer 1%? ' el 10,
because the""c@%l%‘?rD #REID is not exposed to the surface, and can be protetg% %}?Jt‘%g] d%gfgbesive layer
30. The color filter 22-includes a red filter 22R, a green filter 22G and a blue filter 22B, which are
disposed WO 2004/086531 PCT/JP2004/003949 -21 corresponding to the organic light-emitting
devices 10R, IOG and 10B, respectively. The reddliter 22R, the green filter 22G and the blue filter 22B
each have, for example, a rectangular shape, and are formed with no space in between. The red filter

22R, the gres fi blue filter 2 e ”}ﬂgﬁ faygsin mi ith-pigments, and
by the sele((::t(i?.(?rel3 %%t%%eﬁ‘%ﬁrﬂoir%% té%g%ﬁt tr%%gl;cn%?gr&(i&éﬁﬁ a targ(%tsec; gv%he@ﬁ%?ﬁﬁé# r%%;%green or blue
IS adjustedrté;gggctagg [, and the light transmittance in other wavelengths is adjusted to be lower.

~ Moreover, a wavelength range with high transmittance in the color filter 22 matches the peak

wavelength 2. of theispecliym of balt desirerhio, g:gxiragted. from theiRsanatobsisuciyge. Thereby,

among external light incident from the sealing panel 20, only light having a wavelength equivalent to

the peak wayelengsh 2 abite SRerdsumebiahtanhe, exvacied passes thieuohdhe salopilter 22, and
external light with other
between. The red filter 22R, the green filter 22G and the blue filter 22B
each are made of a resin mixed with pigments, and by the selection of the
pigments, the light fransmittance in a targeted wavelength of red, green or
blue is adjusted to be highpr, and the light transmittance in other
wavelengths is adjusted to be lower.

Moreover, a wavelength range with high transmittance in the color
filter 22 matches the peak wavelength A of the spectrum of light desired to
be extracted from the resonator structure. Thereby, among external light
incident from the sealing panel 20, only light having a wavelength
equivalent to the peak wavelength A of the spectrum of light to be
extracted passes through the color filter 22, and external light with other
wavelengths can be prevented from entering into the organic light-emitting
devices 10R, 10G and 10B.

The display unit can be manufactured through, for example, the
following steps. |

FIGs. 4A through 13 show steps in a method of manufacturing the
display unit in order. At first, as shown in FIG. 4A, the TFT 12, the
interlayer insulating film 12A and the wiring 12B are formed on the

substrate 11 made of the above-described material.



wavelengths can be prevented from entering into the organic light-emitting devices 10R, IOG and
10B. The display unit can be manufactured through, for example, the following steps. FIGs. 4A

through 13 svpf%w %;&ﬁéﬂa method of manufacturing the display unit in ordgirAbfikslo@sshown in
FIG. 4A, the 1 , thé " interlayer insulating film 12A and the wiring 12B are formed on the substrate

11 made of the above-described material. WO 2004/086531 PCT/JP2004/003949 -22 Next, as shown
in FIG. 4B, the planarizing layer 13 made of the above-described material is formed throughout the
substrate by, for example, a spin coat method, amtthen while the planarizing layer 13 is patterned in
a predetermined shape by exposure and development, the connecting hole 13A is formed. After that,

in order to midize Rolyiige. RWATide &2kl 4 b IAmBlen S20CawiyAEIRAn beidn furnace.

Next, as shown in A, the adhesive layer T4A made of, for example, chromium (Cr) with a

thickness of §0. am s fomad gn, ihe; planarging layeml3 byn e Py sRYHeingy Aftsf that, as

shown in FIG. 5B, the reflective layer 14B made of, for example, an alloy including silver with a

thickness of 1501 i fepmedoon eradacsive auenlaA by, fok samplesshulieiig1 3hs, the

reflective layer 14B is formed on the planarizing layer 13 with the adhesive layer 14A in between,

thereby thegeflectivel layer, 14R.gan-baRieNeBIRBEOR exposure and development, the
connecting hole 13A is formed. After that, in order to imidize polyimide,
polyimide is baked at, for example, 820°C with a clean baking furnace.

Next, as shown in FIG. A, the adhesive layer 14A made of, for
example, chromium (Cr) with a thickness of 80 nm is formed on the
planarizing layer 13 by, for example, sputtering.

After that, as shown in FIG. 5B, the reflective layer 14B made of,
for example, an alloy including silver with a thickness of 150 nm is formed
on the adhesive layer 14A by, for example, sputtering. Thus, the reflective
layer 14B is formed on the planarizing layer 13 with the adhesive layer
14A in between, thereby the reflective layer 14B can be prevented from
being separated from the planarizing layer 13 as a base layer. Moreover,
the entry of an etching solution or air from a separated portion of the
reflective layer 14 can be prevented, thereby silver or an alloy including
silver of the reflective layer 14B can be prevented from reacting with
oxygen or sulfur included in the etching solution or the air.

Next, as shown in FIG. 5C, the barrier layer 14C made of, for
example, ITO with a thickness of 15 nm is formed on the reflective layer
14B by, for example, sputtering. Thus, after forming the reflective layer

14B, the barrier layer 14C is immediately formed, thereby silver or the

alloy inclﬁding silver of the reflective layer 14B can be prevented from



being separated from the planarizing layer 13 as a base layer. Moreover, the entry of an etching
solution or air from a separated portion of the reflective layer 14 can be prevented, thereby silver or an
alloy mcludlr']?é)snver of the reflective layer 14B can be prevented from reactin ﬁ;lt& 4%§§9%n or sulfur

included in t @f&%{%ﬁg‘ﬂlution or the air. Next, as shown in FIG. 5C, the barre g‘lyer Cmade of, for

example, ITC with a thickness of 15 nm is formed on the reflective layer 14B by, for example,
sputtering. Thus, after forming the reflective layer 14B, the barrier layer 14C is immediately formed,
thereby silver or the alloy including silver of the re#fective layer 14B can be prevented from WO
2004/086531 PCT/JP2004/003949 -23 reacting with oxygen or sulfur in air, and during a

facturi t ftey forming the reflective | 14 the reflecti 4B b
roduced, aMAR eV AL BERREBndhe FIREe Ty THb Suithe e TACE H2E rtoe
intained \ formi ' 1 | : t ier |
Tic, 2 A R e B B e Y B R e et vy
for example., iihaotaRof, WEREISh nadarbe.natisiaed 1.3 ReRiaingd shane JNext,as shown in

FIG. 6B, the adhesive layef is patterned by, for example, lithography or wet etching to form the

first electroggr}iﬂglﬁlta%'&s jipe.asicdewall of the. reflective layer 14B is preferably covered with a

photoresist, because the possibility that the sidewall of the reflective layer
After forming the adhesive layer 14A, the reflective layer 148 and

the barrier layer 14C, as shown in FIG. 6A, the barrier layer 14C and the
reflective layer 14B are selectively etched by, for example, lithography or
wet etching to be patterned in a predetermined shape.

Next, as shown in FIG. SB,lthe adhesive layer 144 is patterned by,
for example, lithography or wet etching to form the first electrode 14. At
this time, a sidewall of the reflective layer 14B is preferably covered with a
photoresist, because the possibility that the sidewall of the reflective layer
148 contacts a chemical solution for wet etching can be eliminated, thereby
damage on the reflective layer 14B can be reduced.

After that, as shown in FIG. 7A, the insulating film 15 with the
above-described thickness is formed throughout the substrate 11 by, for
example, CVD (chemical vapor deposition), and a portion of the insulating
film 15 corresponding to the light-emitting region is selectively removed by,
for example, lithography to form the aperture portion 15A.

Next, as shown in FIG. 7B, the auxiliary electrode 17A is formed on
the insulating film 15 throughout the substrate 11, and then is selectively
etched by, for example, lithography to be patterned in a predetermined

shape.



14B contacts a chemical solution for wet etching can be eliminated, thereby damage on the reflective
layer 14B can be reduced. After that, as shown in FIG. 7A, the insulating film 15 with the

above-descyj [ s is formed throughout the substrate 11 by, for e obasdghemical
e KeTa,

vapor deposition a portion of the insulating film 15 corresponding to emitting region is
selectively removed by, for example, lithography to form the aperture portion 15A. Next, as shown in
FIG. 7B, the auxiliary electrode 17A is formed on the insulating film 15 throughout the substrate 11,
and then is selectively etched by, for example, Ii’[l‘?’ég"raphy to be patterned in a predetermined shape.
WO 2004/086531 PCT/JP20041003949 -24 Next, as shown in FIG. 8, the hole transport layer 16A,

tre Jght- emitting 3yekc. O anthie BeE1aN Yapepaibiaverit Al 81038 Yol aniiing device

10R all of which are made of the above-described materials with the above-described thicknesses are

formed by, dgt;exmanie, yapgrdapesition WJorndhe-eraanictaysr.1 61eiihsrofganiz ghtemitting

device 10R. At thistimé, it is preferable that a metallic mask 41 having an aperture 41A corresponding

10 a region e e @rgARE e R IOBTRRRHSRAJ0 MOARL I atanBRUIAR GREgspONing to

the_light- emi ting region, thgt is, the aperture portion 15A of the insulating film 15. However, it is
difficult to deResit 16 RAYRNE JAYSSAE RAAb-1BdNe BRERE ROFEETHPAWIHY hiBh &estiamy, SO the

whole aperture portion 15A may be

vapor deposition to form the organic layer 16 of the organic light-emitting
device 10R. At this time, it is preferable that a metallic mask 41 having an
aperture 41A corresponding to a region where the organic layer 16 is
formed is used to form the organic layer 16 corresponding to the light-
emitting region, that is, the aperture portion 15A of the insulating film 15.
However, it is difficult to deposit the organic layer 16 only in the aperture
portion 15A with high accuracy, so the whole aperture portion 15A may be
covered with the organic layer 16 so as to lay the organic layer 16 on an
edge of the insulating film 15. |

After that, the mask 41 is shifted, and as shown in FIG. 9, as in the
case of the organic layer 16 of the organic light-emitting device 10R, the
hole transport layer 16A and the light-emitting layer 16B of the organic
light-emitting device 10G both made of the above-described materials with
the above-described thicknesses are formed so as to form the organic layer
16 of the organic light-emitting device 10G. Next, the mask 41 is shifted
again, and as shown in FIG, 9, as in the case of the organic layer 16 of the
organic light-emitting device 10R, the hole transport layer 164, the light-
emitting layer 16B and the electron transport layer 16C of the organic

light-emitting device 10B all of which are made of the above-described

materials with the above-described thicknesses are formed so as to form



covered with the organic layer 16 so as to lay the organic layer 16 on an edge of the insulating film 15.
After that, the mask 41 is shifted, and as shown in FIG. 9, as in the case of the organic layer 16 of the
organic lightveehmiHgeié¥ice 10R, the hole transport layer 16A and the lighBEeRIRHG449496B of the
organic light-emitting device I0G both made of the above-described materials with the
above-described thicknesses are formed so as to form the organic layer 16 of the organic
light-emitting device 10G. Next, the mask 41 is shifted again, and as shown in FIG. 9, as in the case
of the organic layer 16 of the organic light-emitting device 10R, the hole transport layer 16A, the light-

emitting layer 16B and the electron transport layer 16C of th'e og%ar]ic li ht-emittirr]T% device IOB all of
~ which are HBp@tganicdpsve HestibepisarisdisitrmistinpdeiescHifd itk s56Fre formed

so as to form WO 2004/086531 PCT/JP2004/003949 -25 the organic layer 16 of the org;anic
light-emittirfy TéVfcs BEIH he ApRRINTe 4atedhihpishank dhdAchs WinwBmE aERU Faces the

- organic layer 16 of the pr%ag%:c light-emitting device 10B. After forming the organic layer 16 of each of
the organicAfdiie BrgaNG debite1Brn5EvaARR 48B: as shown in FIG. 10, the second electrode 17

made of the above-descrihed material with the above-descrihed thickpess is formed throughout the
ubstrate 11 by, for B E AR e BRI FEEOCIRE SaGn bltht CHETH s B call

connected {0 g 25 4RSI THRTChE WA, 2SR ae o Fies! A R ena
electrode 17 made of the above-described material with the above-described
thickness is formed throughout the substrate 11 by, for example, vapor
deposition, Thereby, the second electrode 17 is electrically connected to the
auxiliary electrode 17A which has already been formed and the trunk-
shaped auxiliary electrode (not shown) as a bus. Thus, the organic light-
emitting devices 10R, 10G and 10B shown in FIGs. 1 through 3 are formed.
Next, as shown in FIG. 11, the protective film 18 made of the above-
described material with the above-described thickness is formed on the‘
second electrode 17. Thereby, the drive panel 10 shown in FIG. 1 is formed.
Moreover, as shown in FIG. 12A, the sealing substrate 21 made of
the above-described material is coated with the material of the red filter
22R by spin coating or the like, and then the material of the red filter 22R
is patterned by photolithography, and is baked so as to form the red filter
22R. Next, as shown in FIG. 12B, as in the case of the red filter 22R, the
blue filter 22B and the green filter 22G are formed in order. Thereby, the
sealing panel 20 is formed.
After forming the sealing panel 20 and the drive panel 10, as shown
in FIG. 13, the adhesive layer 30 made of a thermosetting resin is formed

through coating on a side of the substrate 11 where the organic light-



shaped auxiliary electrode (not shown) as a bus. Thus, the organic light- emitting devices 10R, I0G
and IOB shown in FIGs. 1 through 3 are formed. Next, as shown in FIG. 11, the protective film 18
made of thevédawet/1868dribed material with the above-described thicknesshs Tol#HEE/ ¥ itHe second
electrode 17. Thereby, the drive panel 10 shown in FIG. 1 is formed. Moreover, as shown in FIG. 12A,
the sealing substrate 21 made of the above-described material is coated with the material of the red
filter 22R by spin coating or the like, and then theggaterial of the red filter 22R is patterned by
photolithography, and is baked so as to form the red filter 22R. Next, as shown in FIG. 12B, as in the
case of the red filter 22R, the blue filter 22B and the green filter 22G are formed in order. Thereby, the
sealing paRBrIbineiéavicas ARE: (bAHiAg thé QR ey fpamelo 0 Bl apt iR &0saee earE&Ehown in
FIG. 13, the adhesive layer 30 made of a thermosetting resin is formed through coating gn a side of
the substr&BUTELFARER SBLERRhIAGRNIPCLI0 A08E5 30 3t THIRDRIRED o0l evgleFdtting devices
10R, 10G and |OB are formed. The coating may be carried out through emitting the resin from a slit
nozzle disFEASEIZ PHHGEER I ESRENg e Sbré@enshiotm g e ad- s AT EeR el drive panel
10 and the sealing panel 20 are bonded together with the adhesiye layer 30 in, between. At this time,
a surface &t tg‘@agf B0 WHALSORERS thest %é’%ﬁh&@ﬁé fy YA¥EE e rive panel

10. Moreoyer, it is preferable to avoid air hubbles from entering into.the.adhesive,layer,30.
\{)etweenp ﬁ&% is %%ne, a surl%ace 0? &e sea ?nggpanel Where the color

filter 22 is formed preferably faces the drive panel 10. Moreover, it is
preferable to avoid air bubbles from entering into the adhesive layer 30.
After that, relative positioning between the color filter 22 of the sealing
panel 20 and the organic light-emitting devices 10R, 10G and 10B of the
drive panel 10 is aligned, then heat treatment is carried out at a
predetermined temperature for a predetermined time to cure the
thermosetting resin of the adhesive layer 30. Thereby, the display unit
shown in FIGs. 1 through 3 is completed.

In the display unit, when a predetermined voltage 1s applied
between the first electrode 14 and the second electrode 17, a current is
injected into the light-emitting layer 16B of the organic layer 16, and holes
and electrons are recombined to emit light mainly from an interface of the
light-emitting layer 16B on a side closer to the hole transport layer 16A.
The light is reflected several times between the first end portion P1 and the
second end portion P2, and then passes through the second electrode 17 to
be extracted. In the embodiment, the first electrode 14 has a structure in
which the adhesive layer 144, the reflective layer 14B and the barrier layer
14C are laminated, so alteration of the reflective layer 14B can be

prevented by the barrier layer 14C, and the reflective layer 14B can be



After that, relative positioning between the color filter 22 of the sealing panel 20 and the organic
light-emitting devices 10R, 10G and 10B of the drive panel 10 is aligned, then heat treatment is

carried out 8 Eg%ggggmined temperature for a predetermined time to cur, r %gtting resin
of the adhez‘l%/e gyer 30. Thereby, the display unit shown in FIGs. 1 througﬁC %é@%p eted. In the

display unit, when a predetermined voltage is applied between the first electrode 14 and the second
-electrode 17, a current is injected into the light-emitting layer 16B of the organic layer 16, and holes
and electrons are recombined to emit light mainly #bm an interface of the light-emitting layer 16B on a
side closer to the hole transport layer 16A. The light is reflected several times between the first end

portion P1 grakiiereceaeashend aprtia kiR thal Passes iraughdbe egand£lggirpge 17 o be

" extracted. In the embodiment, the first electrode 14 has a structure in esive layer 14A,
the reflectivellaysi-d4Byandithe barrier layer 14C are laminated, so alteration of the reflective layer
- 14B can be prevented by the barrier layer 14C, and the reflective layer 14B can be WO 2004/056531

PCTIJP2004/00394% 24, pievaBtechkombeing separaledfiam-dae Rlangizinglayer b3 by the

adhesive layer 14A. Thus, in the embodiment, the first electrode 14 has a structure in which the
adhesive laygididshéhedieflaciviarer J4B haddfle hardanipyen M ey elaminatied 159 eparation or

alteration of the reflective layer 14B

14C are laminated, so separation or alteration of the reflective layer 14B
can be prevented, thereby the occurrence of a short circuit between the first
electrode 14 and the second electrode 17 due to the alteration of the
reflective layer 14B can be prevented. Therefore, the embodiment is
specifically suitable when the reflective layer 14B is made of silver (Ag) or
an alloy including silver, and in the embodiment, defects in the display unit
can be reduced, and the life of the display unit can be extended.

Moreover, in the embodiment, after the adhesive layer 144, the
reflective layer 14B and the barrier layer 14C are formed on the
planarizing layer 13 as a base layer, they are patterned in order from the
barrier layer 14C to form the first electrode 14, so silver or the alloy
including silver of the reflective layer 14B can be prevented from reacting
with oxygen or sulfur in air by the barrier layer 14C, and damage on the
reflective layer 14B during a manufacturing step after forming the
reflective layer 14B can be reduced. Further, the reflective layer 14B can
be prevented from being separated from the planarizing layer 13 by the
adhesive layer 14A, thereby an adverse effect on the reflective layer 14B by
air or a chemical solution entered into a separated portion of the reflective

layer 14B can be prevented.

[Second Embodiment]



can be prevented, thereby the occurrence of a short circuit between the first electrode 14 and the
second electrode 17 due to the alteration of the reflective layer 14B can be prevented. Therefore, the

embodimentyis, spasdically suitable when the reflective layer 14B is made gicstlyefo(Agpsusan alloy
including silver, and in the embodiment, defects in the display unit can be reduced, and the life of the

display unit can be extended. Moreover, in the embodiment, after the adhesive layer 14A, the
reflective layer 14B and the barrier layer 14C are %orr_ned on the planarizing layer 13 as a base layer,
they are patterned in order from the barrier layer ‘glC to form the first electrode 14, so silver or the
alloy including silver of the reflective layer 14B can be prevented from reacting with oxygen or sulfur

in air by the barriergayer 14GaResdanageRthe oRflegtive daysTal4Brdiringa-aaputactiring step
after forming the reflective layer 14B can be reduced. Further, the reflective layer 14B can be

prevented fomheingsepataind Sorndhe-platiatzinghayat iy thet adbgaivelayerddhethereby an
adverse effect on the reflective layer 14B by air or a chemical solution entered into a separated

portion of thgsgafeciivat layesytidBecan tie dieveriedhdSecond, ErhpdintentiMée 2004086531
PCT/JP2004/003949 -28 FIG. 14 shows a sectional view of a display unit according to a second

embodimeniddfeiie énlerdion 4Fhef displfysinil ssteqdivaldntifocthigsdisplaytnibageasdingto the first
embodiment, except that instead. of the
adhesive layer-cum-auxiliary reflective film 14D which also has a function
as a auxiliary reflective film reflecting light generated in the light-emitting
layer 16B and passing through the reflective layer 14B. Therefore, like
components are denoted by like numerals as of the first embodiment and
will not be further explained.

The adhesive layer-cum-auxiliary reflective film 14D is preferabh;
made of, for example, a metal, an electrically conductive oxide or a metal
compound including at least one kind selected from the group of metal
elements consisting of chromium (Cr), indium (In), tin (Sn), zinec (Zn),
cadmium (Cd), titanium (TY), aluminum (Al), magnesium (Mg} and
molybdenum (Mo), because these materials have high -electrical
conductivity, so a good electrical connection to the wiring 12B can be
established. Moreover, in terms of reflectance, they have small absorption
in a visible light range, so high effects as an auxiliary reflective film can be
obtained. Further, the adhesive layer-cum-auxiliary reflective film 14D
preferably has a reflectance of 50% or over, because higher effects can be
obtained. In the embodiment, the adhesive layer-cum-auxiliary reflective

film 14D is made of for example, chromium (with a reflectance of

approximately 70% in a wavelength range of 400 nm fo 500 nm, and



adhesive layer 14A of the first electrode 14, the display unit comprises an adhesive
layer-cum-auxiliary reflective film 14D which also has a function as a auxiliary reflective film reflecting

light generated in the light-emitting layer 16B and passing through the reflectj Therefore,
like compor%ﬂt%og%’é'sagﬂoted by like numerals as of the first embodiment gjrcé(?// §PI?’i}%ﬂij‘gé%urther

explained. The adhesive layer-cum-auxiliary reflective film 14D is preferably made of, for example, a
metal, an electrically conductive oxide or a metal compound including at least one kind selected from
the group of metal elements consisting of chrontigéh®(Cr), indium (In), tin (Sn), zinc (Zn), cadmium

(Cd), titanium (Ti), aluminum (Al), magnesium (Mg) and molybdenum (Mo), because these materials

o SN SRR s e Mg

: establishe&%oreover,l terms of re

high effect%?ggggﬁgi %§£L?cyggdgffgoﬁ%%eo@ﬁmgllgw}her, the adhesive layer-cum-auxiliary

~ reflective film era as a reflectance of 50% or over, because higher effects can be

obtained. In the embodinat, dhecagheslys ericU Ui el asibv e lim. i dsage of. for

example, chromium (wi lectance of approximateély 70% in a wavelength range of 400 nm to 500

nm, and W3, 2004{086a31 RE-HIR 200410089 421122i 00 B O @@I?I%h%@é)@aim? Wayelengthrange of 600

nm to 800 nm as a larger wavelength causes a reduction in the reflectance).
a thickness as light does not pass therethrough, More specifically, when

the adhesive layer-cum-auxiliary reflective film 14D is made of chromium,
the thickness thereof is preferably within a range of 40 nm to 300 nm
inclusive, and more preferably within a range of 50 nm to 150 nm inclusive.

As in the case of the first embodiment, the reflective layer 14B is
preferably made of, for example, silver or an alloy including silver. The
reflective layer 14B preferably has, for example, a thickness of 10 nm to
150 nm inclusive; It is because when the thickness is within the range, a
reflectance equivalent to that in tfxe first embodiment can be obtained by a
synergistic effect with the adhesive layer-cum-auxiliary reflective film 14D.
Moreover, the thickness of the reflective layer 14B is more preferably
within a range of 10 nm to 100 nm inclusive. It is because when the
thickness of the reflective layer 14B is reduced, its surface roughness can
be reduced, thereby the thickness of the barrier layer 14C can be reduced to
further increase light extraction efficiency. Moreover, it is because when
the thickness of the reflective layer 14B is reduced, an increase in the
surface roughness due to crystallization of the reflective layer 14B by heat
processing during manufacturing can be reduced, thereby an increase in
defects of the barrier layer 14C due to the increased surface roughness of

the reflective layer 14B can be prevented more effectively.



As in the case of the adhesive layer |14A in the first embodiment, the adhesive layer-cum-auxiliary
reflective film 14D preferably has as large a thickness as light does not pass therethrough. More

specifically, whe hesive layer-cum-auxiliary reflective film 14D is m é)g lum, the
thickness thg%r%olﬁ?g%gr% erably within a range of 40 nm to 300 nm inclusive,gg% r%ﬁc?‘r{éa Er?rbg erably within

a range of 50 nm to 150 nm inclusive. As in the case of the first embodiment, the reflective layer 14B is
preferably made of, for example, silver or an alloy including silver. The reflective layer 14B preferably
has, for example, a thickness of 10 nm to 150 nipthclusive. It is because when the thickness is within
the range, a reflectance equivalent to that in the first embodiment can be obtained by a synergistic

effect with the adhneslveJYel-uly aipqialysele A JITLLIR. Mereaeldllickngesgf the

reflective layer 14B'I1s more preferably hin a range of 10 nm to 100 nm Iinclusive. It Is because when

the thickn%slséfgr eflective I%\ferégrffo';%%e ed%d,gﬁﬁgggggﬂeugﬂgg&qﬁgn Leregligad, thereby

the thickness of the barrier layer 14C can uced to further increase light extraction efficiency.

Moreover, i is hgeatse whep, e thicknass af te tellectiva layet ddBrs fefliced,aniingease in the

surface roughness due to crystallizatioh of the reflective layer 14B by heat processing during

_ma”UfaCtU’&%ﬁ%&%&ﬁ%%%%ﬁﬁ%ﬂﬁ%%d@nﬂﬁfﬁ% pldnedbagrisdaver ¢S due to the
increased surface roughness of the reflective layer 14B can be prevented more effectively. WO
2004/08653& G HIB20040A394Pr89 indium tin oxide), a compound including indium

(In), zinc (Zn) and oxygen (0) (IZ0; indium zinc oxide), tin oxide (SnQy),

zinc oxide (Zn0), cadmium oxide (CdO), titanium oxide (TiO2) and

chromium oxide (CrOs).

The barrier layer 14C preferably has, for example, a thickness of 1
nm to 50 nm inclusive, and more preferably 3 nm to 15 nm inclusive. It is
because in the embodiment, as described above, the thickness of the
reflective layer 14B can be reduced, so even if the thickness of the barrier
layver 14C is reduced to the above range, a function as a protective film can -
be secured. Moreover, it is because when the thickness of the barrier layer
14C is reduced, a loss in light absorption can be reduced to further enhance
light extraction efficiency.

When the first electrode 14 has a structure in which the adhesive
layer-cum-auxiliary reflective film 14D, the reflective layer 14B and the
barrier layer 14C are laminated according to the embodiment, as described
above, the thickness of the reflective layer 14B can be thinner than that in
the first embodiment. In this case, reflected light h2 generated in an
interface between the reflective layer 14B and the barrier layer 14C is
smaller than that in the first embodiment, and reflected light hl generated

in an interface between the adhesive layer-cum-auxiliary reflective film



As in the case of the first embodiment, the barrier layer 14C is preferably made of an inorganic
transparent material, and more specifically, the barrier layer 14C is preferably made of at least one

kind selecteg dyegpdipggroup consisting of a compound including indium (Ipe{iRptSRROXxygen (0)
(ITO; indium tin oxide), a compound including indium (In), zinc (Zn) and oxygen (0) (1ZO; indium zinc
oxide), tin oxide (Sn02), zinc oxide (ZnO), cadmium oxide (CdO), titanium oxide (TiO2) and
chromium oxide (Cr02). The barrier layer 14C preferably has, for example, a thickness of 1 rim to 50
nm inclusive, and more preferably 3 nm to 15 rim ifitiusive. Itis because in the embodiment, as
described above, the thickness of the reflective layer 14B can be reduced, so even if the thickness of

the barrier 1ayenri4Glis rAUcRH O e AT kaNgex? {NGIeRAS A Hetgetiveiinbganche secured.
Moreover, it is because when the thickness of the barrier layer 14C is reduced, a loss in light

absorption Tarkdoedusediou the Fethance alight exinctienirfiiviesierdthendbefisiglectrode 14
- has a structure in which the adhesive layer-cum-auxiliary reflective film 14D, the reflective layer 14B

and the bagier fayeiold Blaledudisated aceafhicy tetheembodiretiobiasedprsaribedBabave, the
thickness of the reflective layer 14B can be thinner than that in the first embodiment. In this case,

reflected lighteh? menerategein 24Cirdedaca hetwetrthbabflectvélayediddan doihe ramier layer 14C
is smaller than that in the first embodiment, and reflected light hl generated in an interface between
the adhesiviedzilerrsurefentilionfileficbdie did the reflective layer 14B. Reflected light

h3 generated in an interface between the barrier layer 14C and the organic

layer 16 i1s as small as that in the first embodiment, so the barrier layer

14C is included in the resonant portion.

The display unit can be manufactured as in the case of the first
embodiment.
In the display unit, when a predetermined wvoltage is applied

between the first electrode 14 and the second electrode 17, a current is

injected into the light-emitting layer 16B of the organic layer 16, and holes |

and electrons are recombined to emit light mainly from an interface of the

light-emitting layer 16B on a side closer to the hole transport layer 16A.

The Light 1s reflected several times between the first end portion P1 and the

second end portion P2, and then passes through the second electrode 17 to

be extracted. In the embodiment, the first electrode 14 has a structure in

which the adhesive layer-cum-auxiliary reflective film 14D, the reflective

layer 14B and the barrier layer 14C are laminated, so light generated in

the light-emitting layer 16B and having passed through the barrier layer

14C and the reflective layer 14B is reflected by the adhesive layer-cum-

auxiliary reflective film 14D. Therefore, even if the reflective layer 14B has

a thinner thickness, high reflectance can be maintained.



WO 2004/086531 PCT/JP2004/003949 31 14D and the reflective layer 14B is larger than that in the
first embodiment. Therefore, as shown in FIGs. 15 and 16, it can be considered that the first end

portion P1 iRglydas agskaterface between the reflective layer 14B and the hartigriayendd® and an
interface between the adhesive layer-cum- auxiliary reflective film 14D and the reflective layer 14B.

Reflected light h3 generated in an interface between the barrier layer 14C and the organic layer 16 is
as small as that in the first embodiment, so the bgéré'qr layer 14C is included in the resonant portion.
The display unit can be manufactured as in the case of the first embodiment. In the display unit, when
a predetermined voltage is applied between the first electrode 14 and the second electrode 17, a

currentis injected i dhedight-emilintlayat 16E:ofitae elgenrisiaver hesandiriesnanthelectrons
are recombined to emit light mainly from an interface of the light-emitting layer 16B on a side closer to

the hole trapspelt iaver d84sivEhbightdanefiactelnsverdl ditties HdwebtDheHissteiertiorion P1 and
the second end portion P2, and then passes through the second electrode 17 to be extracted. In the

embodimensthe fih aledtiaddadrhasl ayairutiCedire drehtite ddiesivenlafehemaflactiiary reflective
film 14D, the reflective layer 14B and the barrier layer 14C are laminated, so light generated in the

light-emittirig yayen 468 leaxd haslingreasshdclmasgh thedbaliier lryerhd 4@ BecttregefiBctive layer 14B
is reflected by the adhesive layer-cum-
reflective layer 14B can be prevented by the adhesive layer-cum-auxiliary
reflective film 14D to obtain high reflectance. Moreover, when the
thickness of the reflective layer 14B is reduced, the thickness of the barrier
layer 14C can be also reduced, thereby light extraction efficiency can be
improved.
[Examples]

Next, specific examples of the invention will be described below.
(Example 1)

As in the case of the second embodiment, the organic light-emitting
device was formed. At that time, the first electrode 14 had a structure in
which the adhesive layer-cum-auxiliary reflective film 14D made of
chromium with a thickness of 40 nm, the reflective layer 14B made of an
alloy including silver with a thickness of 36 nm, and the barrier layer 14C
made of ITO with a thickness of 7.5 nm were laminated. Moreover, the
resonant wavelength of the above-described resonator (peak wavelength of
the spectrum of light extracted from the second electrode 17) was set to 400
nm and 800 nm. In the obtained organic light-emitting device, the
reflectance of the first electrode 14 in both cases was determined. The

obtained results are shown in FIG. 17.



auxiliary reflective film 14D. Therefore, even if the reflective layer 14B has a thimier thickness, high
reflectance can be maintained. WO 2004/086531 PCT/JP2004/003949 32 Thus, in the embodiment,

the first elecijgdg g2 structure in which the adhesive layer- cum-auxiiggyssflggtiyefim 14D, the
reflective layer 14B and the barrier layer 14C are laminated, so even if the reflective layer 14B has a

thinner thickness, a decline in the reflectance of the reflective layer 14B can be prevented by the
adhesive layer-cum-auxiliary reflective film 14D tq obtain high reflectance. Moreover, when the
thickness of the reflective layer 14B is reduced, th&hickness of the barrier layer 14C can be also
reduced, thereby light extraction efficiency can be improved. [Examples] Next, specific examples of

* the invention will be depgibRshbel uapiamnle kY Asdn thease e the sReonshemhodisaent, the

organic light-emitting device was formed. At that time, the first electrode 14 had a structure in which

the adhesigg dyer-ounFaoxilegy efiesiveflatdkde made afhidiomilimayitivalbieknessief 40 nm, the
. reflective layer 14B made of an alloy including silver with a thickness of 36 nm, and the barrier layer

14C madexghihPlwithcthickaeshel Trbtrelvwetrlaminhied] Mok ovity, sne:flestinaribweayvelength of
the above-described resonator (peak wavelength of the spectrum of light extracted from the second
electrode 177) 4¥asaed ta4Dfrrier layer 114C, and the adhesive layer-cum-auxiliary
reflective film was not included. At that time, the thickness of the
reflective layer 114B was 36 nm in Reference Example 1, 70 nm in
Reference Example 2, 90 nm in Reference Example 3, 110 nm in Reference
Example 4 and 150 nm in Reference Example 5. In Reference Examples 1
through 5, the reflectance of the first electrode 114 was determined. The
obtained results are shown in FIG. 19, and the results of Reference
Examples 1 and 5 are also shown in FIG. 17.
It was obvious from FIG. 19 that in Reference Kxamples 1 through
5 in which the adhesive layer-cum-auxiliary reflective film is not included,
the reflectance was declined according to a decrease in the thickness of the
reflective layer 114B in both cases of the resonant wavelengths of 800 nm
and 400 nm. Among them, in Reference Examples 1 through 3 in which
the thickness of the reflective layer 114B was 100 nm or less, a decline in
the reflectance specifically in the resonant wavelength of 400 nm was
pronounced. On the other hand, it was obvious from FIG. 17 that in the
example in which the adhesive layer-cum-auxiliary reflective film 14D was
included, compared to Reference Example 1 having the reflective layer
114B with the same thickness as that in the example, the reflectance v:ras

improved in both cases of the resonant wavelengths of 800 nm and 400 nm.

Specifically in the resonant wavelength of 400 nm, the same reflectance as



nm and 800 nm. In the obtained organic light-emitting device, the r i
: _ , eflectance of the first electrode 14
in both cases was determined. The obtained results are shown in FIG. 17. WO 2004/086531

E%T/JPZOO.%%O%%‘%S&-%} As Reference Examples 1 through 5 relative to the-exaspiogRioshown in
. 18, a first electrode 114 which was equivalent to the example except that the first electrode 114

included only a reflective layer 114B and a barrier la i ili
ed or \ yer 114C, and the adhesive layer-cum-auxiliar
reflective film was not mcludec_i. At that time, the thickness of the reflective layer 11{18 was 36 nm ir>1/
Reference Example 1, 70 nm in Re.ference Examtple 2, 90 nm in Reference Example 3, 110 nm in
Reference Examplle 4 and 150 nm in Reference Example 5. In Reference Examples 1 through 5, the
[ﬁflectancst%%é%? rs 65%0%% 11%14}%/35 de@ﬂm’g]egn The; abiginederass s seishondvin FIG. 19,’and
thgtrﬁslgléf i A pfi‘esp ancf% are also s%own in FIG. 17. It was obvious from FIG. 19
inluced, TIEToTERA D Fa oo Ll 1 & oo ahae Lo thickness of he- reflectve layer
v t,Jot Ce ! ce Was declined according to a decrease in the thickness of the reflective layer
LB in hod ﬁ]f?os eo ,g}%tree %@%&td‘%’? gl%@&@ﬁ@n&@g@ﬁ@ol@%ﬁnmﬂﬁﬁaﬂp Reference
X ples 3inwhic _the thickness of the reflective layer 114B was 100 nm or less, a

e n %ﬁ&?&ﬁ%&'@&tﬁ?ﬁ? fflfﬁ‘f'te\c@g&i%h&r%ﬁ@nﬁ’éﬂmwi@@@h@fé%mmwﬁsnpmnﬁlmced. On the

other hand", was obvious from FIG. 17 that in the
thickness of the reflective layer 14B can be offset, and characteristics can
be improved.
(Example 2)

The first electrode 14 was formed as in the case of Bxample 1,
except that the thickness of the adhesive layer 14A was 150 nm, The
reflectance thereof was determined, and the same results as those in
Example 1 were obtained. The obtained results are shown in FIG. 17.

Although the present invention 1is described referring to the
embodiments and the examples, the invention is pot limited to the‘
embodiments and the examples, and is variously modified. For example,
the materials and the thicknesses of the layers, film forming methods, film
forming conditions and so on are not limited to those described in the
embodiments and the examples, and any other materials, any other
thicknesses, any other film forming methods and any other film forming
conditions may be applicable. For example, the adhesive layer 14A or the
adhesive layer-cum-auxiliary reflective film 14D can be formed by not only
sputtering, but also vapor deposition, CVD, MOCVD (metal organic
chemical vapor deposition), laser ablation, plating and the like. The

veflective layer 14B can be also formed by not only sputtering but also

vapor deposition, CVD, MOCVD, laser ablation, plating and the like.



example in which the adhesive layer-cum-auxiliary reflective film 14D was included, compared to
Reference Example 1 having the reflective layer 114B with the same thickness as that in the example,
the reflectanggyw@sdgepypved in both cases of the resonant wavelengths op893Wds 3400 nm.
Specifically in the resonant wavelength of 400 nm, the same reflectance as WO 2004/086531
PCTIJP2004/003949 -34 that in Reference Example 5 in which the thickness of the reflective layer
114B was 150 nm could be obtained. In other wo_rgg,_it was found out that when the first electrode 14
included the adhesive layer-cum-auxiliary reflective film 14D, a decline in the reflectance due to a
reduction in the thickness of the reflective layer 14B can be offset, and characteristics can be

improved. (Exampl&/R)yFdve:fir sfoelesisoceld 4 iwasHoraiesyasdmiclsasanl Example dbdgxcept that the
thickness of the adhesive layer 14A was 150 nm. The reflectance thereof was determined, and the

same resultstasthlese iheExasaplehbwethohidinad vE hepbiainey testiis akhshbwnliyels. 17.

- Although the present invention is described referring to the embodiments and the examples, the
invention iscret temitgtaoythe fexitvor flents4ndihe exfiowpies, hydisivBiauslytodidiedFor example,
the materials and the thicknesses of the layers, film forming methods, film forming conditions and so
on are not ReiRidéChaserdssderibed by tvet etbddignends soxibind, ékanples, snganymibér materials,

any other _
by dry etching.

Further, for example, in the embodiments and the examples, the
case where after the barrier layer 14C and the reflective layer 14B are
patterned, the adhesive layer 14A or the adhesive layer-cum-auxiliary
reflective film 14D is patterned is described; however, as shown in FIG.
204, at first, only the barrier layer 14C is patterned, and then as shown in
FIG. 20B, the reflective layer 14B, and the adhesive layer 14A or the
adhesive layer-cum-auxiliary reflective film 14D may be patterned.
Further, the barrier layer 14C, the reflective layer 14B, and the adhesive
layer 14A or the adhesive layer-cum-auxiliary reflective film 14,D may be
patterned one after another from the barrier layer 14C.

In addition, for example, in the second embodiment, the case where
the adhesive layer-cum-auxiliary reflective film 14D having functions as an
adhesive layer and an auxiliary reflective film is included is described;
however, a laminate structure in which an auxiliary reflective film and an
adhesive layer are laminated in this order from the planarizing layer 13 as
a base layer may be included.

Further, in the embodiments, the structures of the organic light-
emitting devices 10R, 10G and 10B are described in detail; however, each

of them does not necessarily include all layers such as the insulating film



thicknesses, any other film forming methods and any other film forming conditions may be applicable.
For example, the adhesive layer 14A or the adhesive layer-cum-auxiliary reflective film 14D can be

formed by nqtpslys/sRestering, but also vapor deposition, CVD, MOCVD (metalretgamicsiaemical
vapor deposition), laser ablation, plating and the like. The reflective layer 14B can be also formed by
not only sputtering but also vapor deposition, CVD, MOCVD, laser ablation, plating and the like. WO
2004/086531 PCTIJP2004/003949 -35 Moreover, for example, in the above embodiments and the
above examples, the case where the adhesive 1§5§e'r 14A or the adhesive layer- cum-auxilialy
reflective film 14D, the reflective layer 14B and the barrier layer 14C are patterned by wet etching is

described ey, A% RANBINGHOBY ICIih S HIIRLIRE HABIE. dd s e bpdugnts and the

examples, the case wheré after the barrier layer 14C and the reflective layer 14B are patterned, the

adhesive layer }ARGLING adhesive ByRECuR-auxiliatkoiefiediveifivedARrS Papinadis described;

however, as shown in FIG. 20A, at first, only the barrier layer 14C is patterned, and then as shown in

FIG. 20B, {he ygllective layes-b4Bprangkihe adasive yer 144 ontheqadbasiedaype-esmm-auxiliary
reflective film 14D may be patterned. Further, the barrier layer 14C, the reflective layer 14B, and the

adhesive layefrbAA prihe adbesiveclay elwurodupdiadyieflestvedikiet dd dvayThinqatietned one after
another from the barrier layer 14C.

have a resonator structure, the invention is to enhance the reflectance in

the first electrode 14, s0 in the case where an interface of the first electrode

14 on a side closer to the light-emitting layer 16B and an interface of the

second electrode 17 on a side closer to the light-emitting layer 16B are the

first end portion P1 and the second end portion P2 respectively, and the

organic layer 16 has .a resonator structure as a resonant portion, higher

effects can be obtained.

In addition, in the embodiments, the case where the invention is
applied to the organic light-emitting device or the display unit comprising
the organic light-emitting device is described; however, the invention is
applicable to any other display unit such as, for example, a liquid crystal
display panel.

Obviously many modifications and variations of the present inventi
on are possible in the light of the above teachings. It is therefore to be und

erstood that within the scope of the appended claims the invention may be

practiced otherwise than as specifically described.



In addition, for example, in the second embodiment, the case where the adhesive layer-cum-auxiliary
reflective film 14D having functions as an adhesive layer and an auxiliary reflective film is included is
described; however, a laminate structure in which an auxiliary reflective film and an adhesive layer
are laminated in this order from the planarizing layer 13 as a base layer may be included. Further, in
the embodiments, the structures of the organic light- emitting devices IOR, |OG and 10B are described
in detail; however, each of them does not necessa#rly include all layers such as the insulating film WO
2004/086531 PCT/JP2004/003949 36 15, the auxiliary electrode 17A and the protective film 18, and
each of them may further include any other layerlAHAdRigh the invention is applicable to the case
where the second electrode 17 is not a semi-transparent electrode but a transparent electrode, and
the second electrode 17 does not have a resonator structure, the invention is to enhance the
reflectance in the firﬁrt e:%c[ro e 14ftso indthe case where an i E%{féa%% t(;f 3he gi{%t el!ectrode l4ona
side closer to the light-emit IR tfaeﬁl%rti%% SN SN SRTERARS bf the” 'second Sledtrate 17 on a side closer

to the light-eiting laver;10B.a1e {he st and porian il and s second endipariion P2 respectively,
and the organlclfay 46 hias 4 resonator structure as a resonant portion, higher effects can be

obtained. In %dggioor},; Lln S&r@%ﬁg%?qggm%ng%,sghﬁgggs&\%g% ihe AH}{G&;H?&%%Q@@'}RC’ to the organic
R . f ;

light-emitting device or t play unit comprising

generated in the light-emitting layer from the second electrode,

wherein the first electrode includes:

an adhesive layer disposed in contact with the base layer;

a reflective laver disposed on the adhesive layer to reflect the light generated
in the light-emitting layer;

a barrier layer disposed on the reflective layer to protect the reflective
layer; and
E the reflective layer is made of an alloy including silver (Ag) as a main

component, 0.03 % by mass to 0.5 % by mass inclusive of samarium (Sm) and 0.2 % by

mass to 1.0 % by mass inclusive of copper (Cu). l

2. A light-emitting device according to claim 1, wherein

the adhesive layer is made of a metal, an electrically conductive oxide or a
metal compound including at least one kind selected from the group of metal elements
consisting of chromium (Cr), indium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium

{T1), aluminum (Al), magnesium (Mg) and molybdenum (Mo).

3. A light-emitting device according to claim 1, wherein



the organic light-emitting device is described; however, the invention is applicable to any other display
unit such as, for example, a liquid crystal display panel. Obviously many modifications and variations
of the present inventi on are possible in the light of the above teachings. It is therefore to be and
erstood that within the scope of the appended claims the invention may be practiced otherwise than
as specifically described. -37- CLAIMS 1. A light-emitting device, comprising a first electrode, a layer
including a light-emitting layer and a second electrode laminated in this order on a substrate with a
base layer in between, and extracting light generategd.in the light-emitting layer from the second
electrode, wherein the first electrode includes: an adhesive layer disposed in contact with the base
layer; a reflective layer disposed on the adhesive layer to reflect the light generated in the
light-emitting layer; alsareideaayedatiepseadnahaneliettivs idjae il proldseiradetédneayer; and

the reflective layer is made of an alloy including silver (Ag) as a main component, Q.03 % by mass to
0.5 % by ma@ﬂﬁﬁﬁ%&%ﬁ%i&?ﬂ“@ﬁ?ﬁ%ﬁﬂ@?gﬁ AT I%gfn)e %”W‘H%ééﬂﬁcﬂ%’i%“ of copper

(C). 2 A lgpemiting deice accaring o Ialf A IETEI M A6 SR AdRrgh meta an

erbium (Er), vtterbium (Yb), scandium (Sc), ruthenium (Ru), copper (Cu) and gold (Au).

4. A light-emitting device according to claim 1, wherein

the barrier layer is a light-transparent film made of a metal, an oxide or a
metal compound including at least one kind selected from the group of metal
elements consisting of indium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium (Ti),

chromium (Cr), gallium (Ga) and aluminum (Al).

5. A light-emitting device according to claim I, wherein



metal compound including at least one kind selected from the group of metal elements consisting of
chromium (Cr), indium (In), tin (Sri), zinc (Zn), cadmium (Cd), titanium (Ti), aluminum (Al), magnesium
(Mg) and molybdenum (Mo). 3. A light-emitting device according to claim 1, wherein -38- the reflective
layer is made of an alloy including silver (Ag) and at least one kind selected from the group consisting
of neodymium (Nd), samarium (Sm), yttrium (Y), cerium (Ce), europium (Eu), gadolinium (Gd),
terbium (Tb), dysprosium (Dy), erbium (Er), ytterbium (Yb), scandium (Sc), ruthenium (Ru), copper
(Cu) and gold (Au). 4. A light-emitting device accofding to claim 1, wherein the barrier layer is a
light-transparent film made of a metal, an oxide or a metal compound including at least one kind
selected from the group of metal elements consisting of indium (In), tin (Sn%, zinc (Zn), cadmium (Cd),

titanium (Ti), chromiti fewicgaven [SaRIACAIaMIR-TH QAR k0 h SRJRESMIERE &g %R cording to

o1 2 Compouf BTSN AT 1 (81 DG O E) OB M mcom (1),

oxice (Cd0). SR AL CHO Rdort B R0 SEAint AR o B e

(o) HEUD 0 U208 IR ORI eSS0 srn
(Ti0,), chromium oxide (CrO,), gallium nitride (GaN), gallium oxide (Ga;0s) and

aluminum oxide (ALO3).

6. A light-emitting device according to claim 1, wherein

the thickness of the barrier layer is within a range of 1 nm to 50 nm

inclusive.

7. A light-emitting device according to claim 1, wherein

the base layer is a planarizing layer.

8. A light -emit ting device according to claim 1, wherein

a layer including the light-emitting layer is an organic layer.

9. A light-emitting device, comprising a first electrode, a layer
including a light-emitting layer and a second electrode laminated in this order on
a substrate with a base layer in between, and extracting light generated in the
light-emitting layer from the second electrode,

wherein the first electrode includes:

an adhesive layer disposed in contact with the base layer,

a reflective layer disposed on the adhesive layer to reflect the light



inclusive. 7. A light-emitting device according to claim 1, wherein the base layer is a planarizing layer.
8. A light -emitting device according to claim 1, wherein a layer including the light-emitting layer is an
organic layer. 9. A light-emitting device, comprising a first electrode, a layer including a light-emitting
layer and a second electrode laminated in this order on a substrate with a base layer in between, and
extracting light generated in the light-emitting layer from the second electrode, wherein the first
electrode includes: an adhesive layer disposed in contact with the base layer; a reflective layer
disposed on the adhesive layer to reflect the light -39a- generated in the light-emitting layer; and a
barrier layer disposed on the reflective layer ta3paetect the reflective layer; wherein the adhesive layer
also serves asramasixiliane efiectivedfitn reflecting light generated in the light-emitting layer and
having passed through the reflective layer; and wherein the auxiliary reflective film has a reflectance
of 50% or over. 10z Adighiremittingisievdeé aacdreingftecdlain S ewherpintetd-ttherafixdiary reflective
film is made of a metal, an electrically conductive oxide, or a metal compound including at least one
kind selectedkfram the group of

wherein the adhesive layer also serves as an auxiliary reflective film reflecting
light generated in the light-emitting layer and having passed through the reflective
layer; and

wherein the auxiliary reflective film has a reflectance of 50% or over.

10. A light-emitting device according to claim 9, wherein



metal elements consisting of chromium (Cr), indium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium
(Ti), aluminum (Al), magnesium (Mg) and molybdenum (Mo).

-40-

the auxiliary reflective film is made of a metal, an electrically conductive
oxide, or a metal compound including at least one kind selected from the group of
metal elements consisting of chromium (Cr), indium (In}, tin (Sn), zinc (Zn}, cadmium

(Cd), titanium (T1), aluminum (Al), magnesium (Mg) and molybdenum (Mo).



