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Description
TECHNICAL FIELD

[0001] The presentinvention 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 elec-
trode side, a method of manufacturing the light-emitting
device, and a display unit using the light-emitting device.

BACKGROUND ART

[0002] 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 it is considered that the organic light-emitting display
has advantages of a wide viewing angle, low power con-
sumption and adequate response to high-definition high-
speed video signals. Therefore, the development of the
organic light-emitting displays toward practical utilization
has been proceeding.

[0003] As the organic light-emitting device, for exam-
ple, a laminate comprising a first electrode, an organic
layer including a light-emitting layer, and a second elec-
trode with a TFT (thin film transistor), a planarizing layer
and the like in between in order on a substrate is known.
Light generated in the light-emitting layer may be extract-
ed from the substrate side or the second electrode side.
[0004] As an electrode where light is extracted, in
many cases, a transparent electrode made of an electri-
cally conductive material with transparency such as a
compound including indium (In), tin (Sn) and oxygen (O)
(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 anincrease in the thickness of an ITO film, a transpar-
ent 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 (ZnO) or the like has been pro-
posed (for example, refer to Japanese Unexamined Pat-
ent 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.
[0005] In many cases, as an electrode where light is
not extracted, various metal electrodes are used. For ex-
ample, when light is extracted from the second electrode
side, the first electrode as an anode is made of, for ex-
ample, a metal such as chromium (Cr). Conventionally,
for example, a first electrode with two-layer structure in-
cluding a metallic material layer made of chromium and
a buffer thin film layer made of an oxide including chro-
mium has been proposed, thereby the surface roughness
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of chromium of the metallic material layer is reduced by
the buffer thin film layer (for example, refer to Japanese
Unexamined Patent Application Publication No.
2002-216976).

[0006] When light is extracted from the second elec-
trode 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 elec-
trode 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 impor-
tant for practical use of the organic light-emitting device.
[0007] Therefore, for example, itis considered that the
first electrode is made of silver (Ag) with the highest re-
flectance among metals or an alloy including silver. How-
ever, silver has properties such that its reactivity is ex-
tremely high, it is difficult to be processed, and its adhe-
sion is low. Therefore, in order to achieve a chemically
stable first electrode with high reflectance through mak-
ing full use of advantages of silver, the structure and the
manufacturing process of the first electrode are suscep-
tible to further improvement.

[0008] JP 2001-004993 A, JP 2002-246185 A, WO
03/005115 A1, US-A-2002/0117962, US-A-6081310
and WO 03/022011 A disclose related light-emitting de-
vices and methods of manufacturing such devices.

DISCLOSURE OF THE INVENTION

[0009] In view of the foregoing, it is an object of the
invention to 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.

[0010] A light-emitting device according to the inven-
tion is defined in claim 1.

[0011] A method of manufacturing a light-emitting de-
vice according to the invention is defined in claim 10.
[0012] A display unit according to the invention is de-
fined in claim 9.

[0013] In the light-emitting device according to the in-
vention and the display unit according to the invention,
the first electrode includes the adhesive layer disposed
in contact with the base layer, the reflective layer reflect-
ing 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 be-
ing separated from the base layer by the adhesive layer,
thereby the possibility that the alteration of the reflective
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layer from a separated portion thereof can be eliminated.
Therefore, it is suitable specifically in the case of the in-
vention where the reflective layer is made of silver (Ag)
or an alloy including silver.

[0014] In the method of manufacturing a light-emitting
device according to the invention, after the adhesive lay-
er, the reflective layer and the barrier layer are formed in
order on the base layer, the barrier layer, the reflective
layer and the adhesive layer are patterned in order from
the barrier layer to form the first electrode. Next, the layer
including the light-emitting layer is formed on the first
electrode, and then the second electrode is formed on
the layer.

[0015] In the light-emitting device according to the in-
vention or the display unit according to 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 be-
tween 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 of the in-
vention 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.

[0016] In the method of manufacturing a light-emitting
device according to the invention, after the adhesive lay-
er, 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
prevented from being separated from the base layer by
the adhesive layer, thereby an adverse effect on the re-
flective layer by air or a chemical solution entered into a
separated portion of the reflective layer can be prevent-
ed.

[0017] Other and further objects, features and advan-
tages of the invention will appear more fully from the fol-
lowing description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1is a sectional view of a display unit , not being
part of the invention

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

FIGs. 5A, 5B and 5C are sectional views for showing

10

15

20

25

30

35

40

45

50

55

steps following 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 asectional view for showing a step following
the steps in FIGs. 7A and 7B;

FIG. 9is a sectional view for showing a step following
the step in FIG. 8;

FIG. 10 is a sectional view for showing a step follow-
ing the step in FIG. 9;

FIG. 11 is a sectional view for showing a step follow-
ing the step in FIG. 10;

FIGs. 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 follow-
ing the steps in FIGs. 12A and 12B;

FIG. 14 is a sectional view of a display unit according
to 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 afirst elec-
trode of an organic light-emitting device according
to an example of the invention;

FIG. 18 is a sectional view of a first electrode of an
organic light-emitting device according to a refer-
ence 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.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] The presentinvention will be described in more
detail below referring to the accompanying drawings.
[0020] FIG. 1 shows a sectional view of a display unit
Example, not being part of the invention, given for the
comprehension 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 layer 30
made of a thermosetting resin. The drive panel 10 in-
cludes an organic light-emitting device 10R emitting red
light, an organic light-emitting 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.

[0021] 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 12A made of,
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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 (Al)-copper
(Cu) alloy. The structure of the TFT 12 is not specifically
limited; and may be of a bottom gate structure or a top
gate structure.

[0022] 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 de-
vices 10R, 10G and 10B with uniform thicknesses. In the
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 13, an organic material such as
polyimide or an inorganic material such as silicon oxide
(SiO,) can be used. The planarizing layer 13 is made of,
for example, an organic material such as polyimide.
[0023] 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 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.

[0024] 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-
emitting efficiency. 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 adhesive layer 14A is disposed in con-
tact with the planarizing layer 13 to prevent the reflective
layer 14B from being separated from the planarizing layer
13. The reflective layer 14B reflects light generated in
the light-emitting layer. The barrier layer 14C protects
the reflective layer 14B.

[0025] The adhesive layer 14A 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 chromium
(Cr), indium (In), tin (Sn), zinc (Zn), cadmium (Cd), tita-
nium (Ti), aluminum (Al), magnesium (Mg) and molyb-
denum (Mo), because these materials have high electri-
cal conductivity, so a good electrical connection to the
wiring 12B can be established. The adhesive layer 14A
is made of, for example, chromium.

[0026] The adhesive layer 14A preferably has as large
a thickness in a laminate direction (hereinafter simply
referred to "thickness") as light does not pass there-
through. More specifically, when the adhesive layer 14A
is made of chromium, the adhesive layer 14A preferably
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has a thickness of 40 nm to 300 nm, and more preferably
50 nm to 150 nm.

[0027] The reflective layer 14B is made of silver or an
alloy including silver, because silver has the highest re-
flectance 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 how-
ever, the reflective layer 14B made of an alloy including
silver and another metal is more preferable, because
chemical stability and processing accuracy can be en-
hanced, and adhesion with the adhesive layer 14A and
the barrier layer 14C can be improved. Silver has ex-
tremely high reactivity, low processing accuracy and low
adhesion, so it is extremely difficult to handle silver.
[0028] Examples of the alloy including silver of the re-
flective layer 14B include alloys including silver (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 (Tb), dys-
prosium (Dy), erbium (Er), ytterbium (Yb), scandium (Sc),
ruthenium (Ru), copper (Cu) and gold (Au). More specif-
ically, 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 inclusive of samarium (Sm) and 0.2 % by
mass to 1.0 % by mass inclusive of copper (Cu) is pref-
erable. 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.

[0029] The thickness of the reflective layer 14B is pref-
erably 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. Itis 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 increase light extraction efficiency.
Moreover, it is because when the thickness of the reflec-
tive 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 re-
duced, thereby an increase in defects of the barrier layer
14C due to the increased surface roughness of the re-
flective layer 14B can be prevented.

[0030] The barrier layer 14C has functions of prevent-
ing silver or an alloy including silver of the reflective layer
14B from reacting with oxygen or sulfur in air, and reduc-
ing damage on the reflective layer 14B during a manu-
facturing 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 described later. Further, the barrier layer 14C also
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has a function as a work function adjustment layer which
enhances efficiency of hole injection into the organic lay-
er 16, so the barrier layer 14C is preferably made of a
material having a higher work function than the reflective
layer 14B.

[0031] The barrier layer 14C is preferably a light trans-
parent film made of, for example, a metal, an oxide or a
metal compound including atleast 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). More specifically,
the barrier layer 14C is preferably made of at least one
kind selected from the group consisting of a compound
includingindium (In), tin (Sn) and oxygen (O) (ITO; indium
tin oxide), a compound including indium (In), zinc (Zn)
and oxygen (O) (IZO; indium zinc oxide), indium oxide
(In,03), tin oxide (SnO,), zinc oxide (ZnO), cadmium ox-
ide (CdO), titanium oxide (TiO,), chromium oxide (CrO,),
gallium nitride (GaN), gallium oxide (Ga,0O3) and alumi-
num oxide (Al,O3). 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 materi-
als, the barrier layer 14C can be formed so as to have a
smaller surface roughness, so the surface roughness of
thereflective layer 14B made of silver or an alloy including
silver can be reduced to improve the surface planariza-
tion 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 sec-
ond electrode 17 due to the lack of thickness of the or-
ganic 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 ab-
sorption in a visible light range, and good light transmit-
tance, so an absorption loss when light generated in the
light-emitting layer passes through the barrier layer 14C
can be minimized.

[0032] In order for the barrier layer 14C to secure the
above-described function as a protective film, the thick-
ness 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.

[0033] The insulating film 15 is used to secure insula-
tion between the first electrode 14 and the second elec-
trode 17, and to accurately form a desired shape of a
light-emitting region in each of the organic light-emitting
devices 10R, 10G and 10B. The insulating film 15 has,
for example, a thickness of approximately 600 nm, and
is made of an insulating material such as silicon dioxide
(SiO,) or polyimide. In the insulating film 15, an aperture
portion 15A is disposed corresponding to a light-emitting
region.

[0034] The organic layer 16 has a different structure
depending upon colors emitted from the organic light-
emitting devices 10R, 10G and 10B. FIG. 2 shows an
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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 a 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 efficiency
of hole injection into the light-emitting layer 16B. The hole
transport layer 16A also serves as a hole injection layer.
The light-emitting layer 16C generates light through ap-
plying an electric field to recombine electrons and holes,
and emits the light in a region corresponding to the ap-
erture portion 15A of the insulating film 15. The electron
transport layer 16C enhances the efficiency of electron
injection into the light-emitting layer 16B.

[0035] Theholetransportlayer 16A of the organiclight-
emitting device 10R has, for example, a thickness of ap-
proximately 45 nm, and made of bis[(N-naphthyl)-N-phe-
nyllbenzidine (a-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-[N-(4-methoxyphenyl)-N-phenylamino]] styrylben-
zene-1,4-dicarbonitrile (BSB). The electron transport lay-
er 16C of the organic light-emitting device 10R has, for
example, a thickness of approximately 30 nm, and is
made of 8-quinolinol aluminum complex (Alqs).

[0036] Theholetransportlayer 16A of the organiclight-
emitting device 10B has, for example, a thickness of ap-
proximately 30 nm, and is made of a-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 vinyl)biphenyl
(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 Alqgs.

[0037] FIG. 3 shows an enlarged view of the organic
layer 16 in the organic light-emitting device 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.
[0038] Theholetransportlayer 16A of the organiclight-
emitting device 10G has, for example, a thickness of ap-
proximately 50 nm, and is made of o-NPD. The light-
emitting layer 16B of the organic light-emitting device
10G has, for example, a thickness of approximately 60
nm, and is made of Alq; mixed with 1 vol% of Coumarin6
(C6).

[0039] The second electrode 17 shown in FIGs. 1, 2
and 3 has, for example, a thickness of approximately 10
nm, and is made of a metal such as silver (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 magne-
sium (Mg) and silver (MgAg alloy).

[0040] The second electrode 17 is formed so that the
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organic light-emitting devices 10R, 10G and 10B are cov-
ered 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 elec-
trode 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 aux-
iliary electrode (not shown) which is a bus formed so as
to surround a region where the organic light-emitting de-
vices 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 elec-
trically conductive material with low resistance such as
aluminum (Al) or chromium (Cr).

[0041] The second electrode 17 also serves as a semi-
transparent reflective layer. More specifically, each of the
organic light-emitting devices 10R, 10G and 10B has a
resonator structure in which assuming that an end sur-
face of the first electrode 14 on a side closer to the light-
emitting layer 16B and an end surface of the second elec-
trode 17 on a side closer to the light-emitting layer 16B
are a first end portion P1 and a second end portion P2,
respectively, and the organic layer 16 is a resonant por-
tion, light generated in the light-emitting layer 16B is res-
onated to be extracted from the second end portion P2.
The organic light-emitting devices 10R, 10G and 10B
preferably have such a resonator structure, because
when multiple interference 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 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 mul-
tiple 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.
[0042] For the purpose, it is preferable that an optical
distance L between the first end portion P1 and the sec-
ond end portion P2 of the resonator satisfies Mathemat-
ical Formula 1 so that a resonant wavelength of the res-
onator (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 dis-
tance L is preferably selected to be a positive minimum
value satisfying Mathematical Formula 1.

(Mathematical Formula 1)
QL) A +®/(27)=m

(where L represents an optical distance between the
first end portion P1 and the second end portion P2, ®
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represents the sum of a phase shift @, of reflected light
generated in the first end portion P1 and a phase shift
@, of reflected light generated in the second end portion
P2 (®=0,+d,) (rad), A represents a peak wavelength of
the spectrum of light desired to be extracted from the
second end portion P2, and mis an integer to make L a
positive value. Further, in Mathematical Formula 1, the
units of L and A may be the same, for example, (nm).)
[0043] Herein, when the first electrode 14 has a struc-
ture 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 gen-
erated in the light-emitting layer 16B on the first end por-
tion P1 is a composite wave including reflected light h1
generated in an interface between the adhesive layer
14A and the reflective layer 14B, reflective light h2 gen-
erated in an interface between the reflective layer 14B
andthe barrier layer 14C, and reflected lighth3 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. Howev-
er, 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 h1 generated in the
interface between the adhesive layer 14A and the reflec-
tive layer 14B is small. Moreover, when the barrier layer
14C is made of the above-described material, the reflect-
ed 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 portion, and the first end portion P1 is an inter-
face between the reflective layer 14B and the barrier layer
14C.

[0044] 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 (SiO,), silicon nitride (SiN) or the like.

[0045] 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 30. 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 is 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-emit-
ting devices 10R, 10G and 10B and wirings therebe-
tween, thereby the contrast is improved.

[0046] 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 sur-
face, and can be protected by the adhesive layer 30. The



11 EP 1 606 848 B1 12

color filter 22 includes a red filter 22R, a green filter 22G
and a blue filter 22B, which are disposed corresponding
to the organic light-emitting devices 10R, 10G and 10B,
respectively.

[0047] The red filter 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 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 transmittance in
a targeted wavelength of red, green or blue is adjusted
to be higher, and the light transmittance in other wave-
lengths is adjusted to be lower.

[0048] Moreover, a wavelength range with high trans-
mittance in the color filter 22 matches the peak wave-
length 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.

[0049] The display unit can be manufactured through,
for example, the following steps.

[0050] FIGs. 4A through 13 show steps in a method of
manufacturing the display unitin 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.

[0051] Next, as shownin FIG. 4B, the planarizing layer
13 made of the above-described material is formed
throughout the substrate by, for example, a spin coat
method, and then while the planarizing layer 13 is pat-
terned in a predetermined shape by exposure and de-
velopment, the connecting hole 13A is formed. After that,
in order to imidize polyimide, polyimide is baked at, for
example, 320°C with a clean baking furnace.

[0052] Next, as shown in FIG. 5A, the adhesive layer
14A made of, for example, chromium (Cr) with a thick-
ness of 80 nm is formed on the planarizing layer 13 by,
for example, sputtering.

[0053] 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 lay-
er 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 sulfurincluded
in the etching solution or the air.

[0054] Next, as showninFIG.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, sput-
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tering. Thus, after forming the reflective layer 14B, the
barrier layer 14C is immediately formed, thereby silver
or the alloy including silver of the reflective layer 14B can
be prevented from reacting with oxygen or sulfur in air,
and during a manufacturing step after forming the reflec-
tive layer 14B, damage on the reflective layer 14B can
be reduced, and an interface between the reflective layer
14B and the barrier layer 14C can be maintained clean.
[0055] After forming the adhesive layer 14A, the re-
flective layer 14B 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.
[0056] Next, as shown in FIG. 6B, the adhesive layer
14Ais patterned by, for example, lithography or wet etch-
ing 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 14B contacts a chemical solution for
wet etching can be eliminated, thereby damage on the
reflective layer 14B can be reduced.

[0057] 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 (chem-
ical vapor deposition), and a portion of the insulating film
15 corresponding to the light-emitting region is selectively
removed by, forexample, lithography to formthe aperture
portion 15A.

[0058] Next, as shown in FIG. 7B, the auxiliary elec-
trode 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.

[0059] Next, as shown in FIG. 8, the hole transport
layer 16A, the light-emitting layer 16B and the electron
transport layer 16C of the organic light-emitting device
10R all of which are made of the above-described mate-
rials with the above-described thicknesses are formed
by, for exmaple, 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 organ-
ic layer 16 is formed is used to form the organic layer 16
corresponding to the light-emitting region, that is, the ap-
erture portion 15A of the insulating film 15. However, it
is difficult to deposit the organic layer 16 only in the ap-
erture portion 15A with high accuracy, so the whole ap-
erture 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.

[0060] 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
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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 the organic light-
emitting device 10B all of which are made of the above-
described materials with the above-described thickness-
es are formed so as to form the organic layer 16 of the
organic light-emitting device 10B. FIG. 9 shows a state
in which the aperture 41A of the mask 41 faces the or-
ganic layer 16 of the organic light-emitting device 10B.
[0061] After forming the organic layer 16 of each of the
organic light-emitting devices 10R, 10G and 10B, as
shown in FIG. 10, the second 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 elec-
trode 17 is electrically connected to the auxiliary elec-
trode 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.

[0062] 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 shownin FIG. 1 is formed.
[0063] 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 coat-
ing 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.

[0064] 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-
emitting devices 10R, 10G and 10B are formed. The coat-
ing may be carried out through emitting the resin from a
slit nozzle dispenser, or through roll coating or screen
printing. Next, as shown in FIG. 1, the drive panel 10 and
the sealing panel 20 are bonded together with the adhe-
sive layer 30 in between. At this time, a surface of the
sealing panel 20 where the color filter 22 is formed pref-
erably faces the drive panel 10. Moreover, itis 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 predeter-
mined 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.
[0065] In the display unit, when a predetermined volt-
age is applied between the first electrode 14 and the sec-
ond electrode 17, a current is injected into the light-emit-
ting layer 16B of the organic layer 16, and holes and
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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 sev-
eral times between the first end portion P1 and the sec-
ond 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
14A, 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 re-
flective layer 14B can be prevented from being separated
from the planarizing layer 13 by the adhesive layer 14A.
[0066] Thus, The first electrode 14 has a structure in
which the adhesive layer 14A, the reflective layer 14B
and the barrier layer 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 al-
teration of the reflective layer 14B can be prevented.
Therefore, is it specifically suitable when the reflective
layer 14B 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.

[0067] Moreover, after the adhesive layer 14A, the re-
flective layer 14B and the barrier layer 14C are formed
on the planarizing layer 13 as a base layer, they are pat-
terned 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 dam-
age 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 ad-
hesive layer 14A, thereby an adverse effect on the re-
flective layer 14B by air or a chemical solution entered
into a separated portion of the reflective layer 14B can
be prevented.

[Embodiment]

[0068] FIG. 14 shows a sectional view of a display unit
according to the invention. The display unit is equivalent
to the display unit according to the example, except that
instead of the 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 reflec-
tive layer 14B. Therefore, like components are denoted
by like numerals as of the example and will not be further
explained.

[0069] The adhesive layer-cum-auxiliary reflective film
14D is preferably made of, for example, a metal, an elec-
trically conductive oxide or a metal compound including
at least one kind selected from the group of metal ele-
ments consisting of chromium (Cr), indium (In), tin (Sn),
zinc (Zn), cadmium (Cd), titanium (Ti), aluminum (Al),
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magnesium (Mg) and molybdenum (Mo), because these
materials have high electrical conductivity, so a good
electrical connection to the wiring 12B can be estab-
lished. 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 ad-
hesive layer-cum-auxiliary reflective film 14D has a re-
flectance 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, chro-
mium (with a reflectance of approximately 70% in awave-
length range of 400 nm to 500 nm, and example approx-
imately 66% in a wavelength range of 600 nm to 800 nm
as a larger wavelength causes a reduction in the reflect-
ance).

[0070] As in the case of the adhesive layer 14A in the
example, the adhesive layer-cum-aucxiliary reflective film
14D preferably has as large a thickness as light does not
pass therethrough. More specifically, when the adhesive
layer-cum-auxiliary reflective film 14D is made of chro-
mium, 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.

[0071] As in the case of the example, the reflective
layer 14B is made of silver or an alloy including silver.
The reflective layer 14B has a thickness of 10 nm to 100
nm inclusive. It is because when the thickness is within
the range, areflectance equivalent to that in the example
can be obtained by a synergistic effect with the adhesive
layer-cum-auxiliary reflective film 14D. It is because
when the thickness of the reflective layer 14B is reduced,
its surface roughness can be reduced, thereby the thick-
ness of the barrier layer 14C can be reduced to further
increase light extraction efficiency. Moreover, it is be-
cause 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 process-
ing during manufacturing can be reduced, thereby an in-
crease in defects of the barrier layer 14C due to the in-
creased surface roughness of the reflective layer 14B
can be prevented more effectively.

[0072] Asinthe case of the example , the barrier layer
14C is preferably made of an inorganic transparent ma-
terial, and more specifically, the barrier layer 14C is pref-
erably made of at least one kind selected from the group
consisting of a compound including indium (In), tin (Sn)
and oxygen (O) (ITO; indium tin oxide), a compound in-
cluding indium (In), zinc (Zn) and oxygen (O) (1ZO; indium
zinc oxide), tin oxide (SnO,), zinc oxide (ZnO), cadmium
oxide (CdO), titanium oxide (TiO,) and chromium oxide
(CrOy).

[0073] The barrier layer 14C preferably has, for exam-
ple, 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 thick-
ness of the barrier layer 14C is reduced to the above
range, a function as a protective film can be secured.
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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.
[0074] 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 de-
scribed above, the thickness of the reflective layer 14B
can be thinner than that in the example. 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 example, and reflected light h1 generated
in an interface between the adhesive layer-cum-auxiliary
reflective film 14D and the reflective layer 14B is larger
than that in the example. Therefore, as shown in FIGs.
15 and 16, it can be considered that the first end portion
P1 includes an interface between the reflective layer 14B
and the barrier layer 14C 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 example, so the barrier
layer 14C is included in the resonant portion.

[0075] The display unit can be manufactured as in the
case of the example .

[0076] In the display unit, when a predetermined volt-
ageis applied between the first electrode 14 and the sec-
ond electrode 17, a current is injected into the light-emit-
ting 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 sev-
eral times between the first end portion P1 and the sec-
ond 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 gener-
ated 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.
[0077] Thus, 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 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 ad-
hesive 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 bar-
rier layer 14C can be also reduced, thereby light extrac-
tion efficiency can be improved.

Specific examples

[0078] Next, specific examples of the invention will be
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described below.
(Example 1)

[0079] As in the case of the 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 or-
ganic light-emitting device, the reflectance of the first
electrode 14 in both cases was determined. The obtained
results are shown in FIG. 17.

[0080] As Reference Examples 1 through 5 relative to
the example, as shown in FIG. 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 layer 114C, and the adhesive layer-cum-auxil-
iary reflective film was notincluded. Atthat time, the thick-
ness 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 Ex-
amples 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.

[0081] It was obvious from FIG. 19 that in Reference
Examples 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 in-
cluded, compared to Reference Example 1 having the
reflective layer 114B with the same thickness as that in
the example, the reflectance was improved in both cases
of the resonant wavelengths of 800 nm and 400 nm. Spe-
cifically in the resonant wavelength of 400 nm, the same
reflectance as that in Reference Example 5 in which the
thickness of the reflective layer 114B was 150 nm could
be obtained. In other words, 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.
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(Example 2)

[0082] Thefirstelectrode 14 was formed as in the case
of Example 1, except that the thickness of the adhesive
layer 14A was 150 nm. The reflectance thereof was de-
termined, and the same results as those in Example 1
were obtained. The obtained results are shown in FIG.
17.

[0083] Although the present invention is described re-
ferring to the embodiment and the examples, the inven-
tion is not limited to the embodiment 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 de-
scribed 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-cum-
auxiliary reflective film 14D can be formed by not only
sputtering, but also vapor deposition, CVD, MOCVD
(metal organic chemical vapor deposition), laser abla-
tion, plating and the like. The reflective layer 14B can be
also formed by not only sputtering but also vapor depo-
sition, CVD, MOCVD, laser ablation, plating and the like.
[0084] Moreover, for example, in the above embodi-
ment and the above examples, the case where the ad-
hesive layer-cum-auxiliary reflective film 14D, the reflec-
tive layer 14B and the barrier layer 14C are patterned by
wet etching is described, they may be patterned by dry
etching.

[0085] Further, for example, in the embodiment and
the examples, the case where after the barrier layer 14C
and the reflective layer 14B are patterned, the adhesive
layer-cum-auxiliary reflective film 14D is patterned is de-
scribed; however, as shown in FIG. 20A, at first, only the
barrier layer 14C is patterned, and then as shown in FIG.
20B, the reflective layer 14B, and the adhesive layer-
cum-auxiliary reflective film 14D may be patterned. Fur-
ther, the barrier layer 14C, the reflective layer 14B, and
the adhesive layer-cum-auxiliary reflective film 14D may
be patterned one after another from the barrier layer 14C.
[0086] Further, in the embodiment, the structures of
the organic light-emitting devices 10R, 10G and 10B are
described in detail; however, each of them does not nec-
essarily include all layers such as the insulating film 15,
the auxiliary electrode 17A and the protective film 18,
and each of them may further include any other layer.
Although the invention is applicable to the case where
the second electrode 17 is not a semi-transparent elec-
trode but a transparent electrode, and the second elec-
trode 17 does not have a resonator structure, the inven-
tion is to enhance the reflectance in the first electrode
14, so 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 or-
ganic layer 16 has a resonator structure as a resonant
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portion, higher effects can be obtained.

[0087] In addition, in the embodiment, the case where
the invention is applied to the organic light-emitting de-
vice or the display unit comprising the organic light-emit-
ting device is described; however, the invention is appli-
cable to any other display unit such as, for example, a
liquid crystal display panel.

Claims

1. Alight-emitting device, comprising a substrate (11),
a base layer (13), afirst electrode (14), an insulating
film (15), a light-emitting layer (16) and a second
electrode (17) laminated in this order, and emitting
lightgenerated in the light-emitting layer (16) through
the second electrode (17),
wherein the first electrode (14) includes:

an adhesive layer (14A) provided in contact with
the base layer (13);

areflective layer (14B) provided on the adhesive
layer (14A) to reflect the light generated in the
light-emittitng layer (16); and

a barrier layer (14C) provided on the reflective
layer (14B) to protect the reflective layer (14B);

characterized in that

the adhesive layer also serves as an auxiliary reflec-
tive film reflecting light generated in the light-emitting
layer and having passed through the reflective layer:
wherein the adhesive layer has a reflectance of 50%
or over in a visible light range, and wherein the re-
flective layer (14B) is made of silver (Ag) or an alloy
including silver, and has a thickness of 10nm to
100nm;

2. Alight-emitting device according to claim 1, wherein
the adhesive layer (14A) is made of a metal, an elec-
trically conductive oxide or a metal compound includ-
ing at least one kind selected from the group of metal
elements consisting of chromium (Cr), indium (In),
tin (Sn), zinc (Zn), cadmium (Cd), titanium (Ti), alu-
minum (Al), magnesium (Mg) and molybdenum
(Mo).

3. Alight-emitting device according to claim 1, wherein
the reflective layer (14B) is made of an alloy including
silver (Ag) and at least one kind selected from the
group consisting of neodymium (Nd), samarium
(Sm), yttrium (), cerium (Ce), europium (Eu), gado-
linium (Gd), terbium (Tb), dysprosium (Dy), erbium
(Er), ytterbium (Yb), scandium (Sc), ruthenium (Ru),
copper (Cu) and gold (Au).

4. Alight-emitting device according to claim 1, wherein
the reflective layer (14B) is made of an alloy including
silver (Ag), samarium (Sm) and copper (Cu).
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5.

10.

A light-emitting device according to claim 1, wherein
the reflective layer (14B) 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).

A light-emitting device according to claim 1, wherein
the thickness of the barrier layer (14C) is within a
range of 1 nm to 50 nm inclusive.

A light-emitting device according to claim 1, wherein
the base layer (13) is a planarizing layer.

A light-emitting device according to any one of the
claims 1 to 7, werein the barrier layer (14C) is made
of at least one material selected from the group con-
sisting of a compound including indium (In), tin (Sn)
and oxygen (O) (ITO), a compound including indium
(In), zinc (Zn) and oxygen (O) (1ZO), indium oxide
(In,O3), tin oxide (Sn0O,), zinc oxide (ZnO), cadmium
oxide (CdO), titanium oxide (TiO,), chromium oxide
(Cr0O,), gallium nitride (GaN), gallium oxide (Ga,03)
and aluminum oxide (Al,O5).

A display unit comprising a first, a second and a third
light-emitting device according to any one of the
claims 1 to 8, whereby a resonant wavelength of the
first light-emitting device (10R) corresponds to a red
color, a resonant wavelength of the second light-
emitting device (10B) corresponds to a blue color
and a resonant wavelength of the third light-emitting
device (10G) corresponds to a green color,
whereby the second electrode (17) is semi transpar-
ent and a resonator structure is formed by the first
electrode (14), the light emitting layer (16) and the
second electrode (17).

A method of manufacturing a light-emitting device,
the light-emitting device comprising a substrate (11),
a base layer (13), afirst electrode (14), an insulating
film (15), a light-emitting layer (16) and a second
electrode (17) laminated in this order, the method
comprising the steps of:

forming an adhesive layer (14A) on the base lay-
er (13);

forming a reflective layer (14B) reflecting light
generated in the light-emitting layer (16) on the
adhesive layer (14A);

forming a barrier layer (14C) protecting the re-
flective layer (14B) on the reflective layer (14B);
forming the first electrode (14) through pattern-
ing the barrier layer (14C), the reflective layer
(14B) and the adhesive layer (14A) in order from
the barrier layer (14C);

forming the layer including the light-emitting lay-
er (16) on the first electrode (14); and
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forming the second electrode (17) on the layer
including the light-emitting layer (16);

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 adhesive layer has a reflectance of
50% or over in a visible light range

wherein the reflective layer (14B) is made of sil-
ver or an alloy including silver and has a thich-
kness of 10 nm to 100 nm,

A method of manufacturing a light-emitting device
according to claim 10, wherein

in the step of forming the first electrode (14), after
the barrier layer (14C) and the reflective layer (14B)
are patterned, the adhesive layer (14A) is patterned.

A method of manufacturing a light-emitting device
according to claim 10, wherein

in the step of forming the first electrode (14), after
the barrier layer (14C) is patterned, the reflective lay-
er (14B) and the adhesive layer (14A) are patterned.

A method of manufacturing a light-emitting device
according to claim 10, wherein

in the step of forming the first electrode (14), the bar-
rier layer (14C), the reflective layer (14B) and the
adhesive layer (14A) are patterned one by one from
the barrier layer (14C).

A method of manufacturing a light-emitting device
according to one of the claims 11 to 13, wherein
the barrier layer (14C) is made of at least one mate-
rial selected from the group consisting of a com-
pound including indium (In), tin (Sn) and oxygen (O)
(ITO), a compound including indium (In), zinc (Zn)
and oxygen (O) (1Z0), indium oxide (In,0Os), tin oxide
(Sn0,), zinc oxide (ZnO), cadmium oxide (CdO), ti-
tanium oxide (TiO,), chromium oxide (CrO,), gallium
nitride (GaN), gallium oxide (Ga,05) and aluminum
oxide (Al,O3).

Patentanspriiche

1.

Ein Licht-emittierendes Gerat, welches ein Substrat
(11), eine Basisschicht (13), eine erste Elektrode
(14), einen Isolierfilm (15), eine Licht-emittierende
Schicht (16) und eine zweite Elektrode (17), die in
dieser Reihenfolge beschichtet sind, umfasst und in
der Licht-emittierenden Schicht generiertes Licht
durch die zweite Elektrode emittiert, wobei die erste
Elektrode (14) umfasst:

eine Haftschicht (14A), in Kontakt mit der Basis-
schicht (13) bereitgestellt;

eine Reflektionsschicht (14B), auf der
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Haftschicht (14A) bereitgestellt, um das in der
Licht-emittierenden Schicht (16) generierte
Licht zu reflektieren; und

eine Barriereschicht (14C), auf der Reflektions-
schicht (14B) bereitgestellt, um die Reflektions-
schicht zu schitzen;

dadurch charakterisiert, dass

die Haftschicht auch als ein Hilfsreflektionsfilm zur
Reflektion des in der Licht-emittierenden Schicht ge-
nerierten und durch die Reflektionsschicht passier-
ten Lichts dient;

wobei die Haftschicht einen Reflektionsgrad von
50% oder mehrim Bereich des sichtbaren Lichts hat,
und

wobei die Reflektionsschicht (14B) aus Silber (Ag)
oder einer Silber beinhaltenden Legierung herge-
stellt ist und eine Dicke von 10nm bis 100nm hat.

Ein Licht-emittierendes Gerat gemal Anspruch 1,
wobei

die Haftschicht (14A) aus einem Metall, einem elek-
trisch leitendem Oxid oder einem Metallverbund, der
mindestens eine aus der Gruppe der Metallelemente
bestehend aus Chrom (Cr), Indium (In), Zinn (Sn),
Zink (Zn), Kadmium (Cd), Titan (Ti), Aluminium (Al),
Magnesium (Mg) und Molybdan (Mo) selektierte Art
umfasst, hergestellt ist.

Ein Licht-emittierendes Gerat gemafl® Anspruch 1,
wobei

die Reflektionsschicht (14B) aus einer Silber (Ag)
und mindestens eine aus der Gruppe bestehend aus
Neodym (Nd), Samarium (Sm), Yttrium (Y), Cer (Ce),
Europium (Eu), Gadolinium (Gd), Terbium (Tb), Dys-
prosium (Dy), Erbium (Er), Ytterbium (Yb), Scandi-
um (Sc), Ruthenium (Ru), Kupfer (Cu) und Gold (Au)
selektierte Art Legierung hergestellt ist.

Ein Licht-emittierendes Gerat gemal Anspruch 1,
wobei

die Reflektionsschicht (14B) aus einer Silber (Ag),
Samarium (Sm) und Kupfer (Cu) beinhaltenden Le-
gierung hergestellt ist.

Ein Licht-emittierendes Gerat gemal Anspruch 1,
wobei

die Reflektionsschicht (14B) aus einer Silber (Ag)
als Hauptkomponente, 0.03% bis 0.5% an Samari-
um (Sm) und 0.2% bis 1.0% an Kupfer beinhaltenden
Legierung hergestellt ist.

Ein Licht-emittierendes Gerat gemal Anspruch 1,
wobei

die Dicke der Barriereschicht (14C) innerhalb des
Bereichs von 1 nm bis 50 nm liegt.

Ein Licht-emittierendes Gerat gemal Anspruch 1,



10.

23

wobei
die Basisschicht (13) eine planarisierende Schicht
ist.

Ein Licht-emittierendes Gerat gemaR einer der An-
spriiche 1 bis 7, wobei

die Barriereschicht (14C) aus mindestens einem aus
der Gruppe selektiertem Material hergestellt ist, die
Gruppe bestehend aus einem Verbund beinhaltend
Indium (In), Zinn (Sn) und Sauerstoff (O) (ITO), ei-
nem Verbund beinhaltend Indium (In), Zink (Zn) und
Sauerstoff (O) (1Z20), Indiumoxid (In,03), Zinnoxid
(Sn0,), Zinkoxid (ZnO), Kadmiumoxid (CdO), Titan-
oxid (TiO,), Chromoxid (CrO,), Galliumnitrid
(Gay03) und Aluminiumoxid (Al,O3).

Eine Displayeinheit umfassend ein erstes, ein zwei-
tes und ein drittes Licht-emittierendes Gerat geman
einer der Anspriiche 1 bis 8, wobei eine Resonanz-
wellenlange des ersten Licht-emittierenden Gerats
einer roten Farbe entspricht, eine Resonanzwellen-
lange des zweiten Licht-emittierende Gerats (10B)
einer blauen Farbe entspricht und eine Resonanz-
wellenlédnge des zweiten Licht-emittierenden Gerats
(10G) einer griinen Farbe entspricht, wobei die zwei-
te Elektrode (17) semitransparent ist und eine Re-
sonatorstruktur durch die erste Elektrode (14), die
Licht-emittierende Schicht (16) und die zweite Elek-
trode (17) gebildet ist.

Ein Verfahren zum Herstellen eines Licht-emittieren-
den Geréats, das Licht-emittierende Gerat umfas-
send ein Substrate (11), eine Basisschicht (13), eine
erste Elektrode (14), einenIsolierfilm (15), eine Licht-
emittierende Schicht (16) und eine zweite Elektrode
(17), die in dieser Reihenfolge beschichtet sind, das
Verfahren die Schritte umfassend:

Bilden einer Haftschicht (14A) auf der Basis-
schicht (13);

Bilden einer in der Licht-emittierenden Schicht
(16) generiertes Licht reflektierende Reflekti-
onsschicht (14B) auf der Haftschicht (14A); und
Bilden einer die Reflektionsschicht schiitzende
Barriereschicht (14C) auf der Reflektionsschicht
(14B);

Bilden der ersten Elektrode (14) durch Struktu-
rieren der Barriereschicht (14C), der Reflekti-
onsschicht (14B) und der Haftschicht (14A) in
der Reihenfolge beginnend von der Barrier-
eschicht (14C);

Bilden der die Licht-emittierende Schicht bein-
haltende Schicht auf der ersten Elektrode (14);
und

Bilden der zweiten Elektrode (17) auf der die
Licht-emittierende Schichtbeinhaltende Schicht
(16);

wobei die Haftschicht auch als ein Hilfsreflekti-
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onsfilm zur Reflektion des in der Licht-emittie-
renden Schicht generierten und durch die Re-
flektionsschicht passierten Lichts dient;

wobei die Haftschicht einen Reflektionsgrad von
50% oder mehrim Bereich des sichtbaren Lichts
hat, und

wobei die Reflektionsschicht (14B) aus Silber
(Ag) oder einer Silber beinhaltenden Legierung
hergestellt ist und eine Dicke von 10nm bis
100nm hat.

Ein Verfahren zum Herstellen eines Licht-emittieren-
den Gerats gemal Anspruch 10, wobei

in dem Schritt zum Bilden der ersten Elektrode (14),
nach dem die Barriereschicht (14C) und die Reflek-
tionsschicht (14B) strukturiert sind, die Haftschicht
(14A) strukturiert wird.

Ein Verfahren zum Herstellen eines Licht-emittieren-
den Gerats gemal Anspruch 10, wobei

in dem Schritt zum Bilden der ersten Elektrode (14),
nach dem die Barriereschicht (14C) strukturiert ist,
die Reflektionsschicht (14B) und die Haftschicht
(14A) strukturiert werden.

Ein Verfahren zum Herstellen eines Licht-emittieren-
den Gerats gemaf Anspruch 10, wobei

in dem Schritt zum Bilden der ersten Elektrode (14),
die Barriereschicht (14C), die Reflektionsschicht
(14B) und die Haftschicht (14A) eine nach der an-
deren beginnend von der Barriereschicht (14C)
strukturiert werden.

Ein Verfahren zum Herstellen eines Licht-emittieren-
den Gerats gemal einer der Anspriiche 11 bis 13,
wobei

die Barriereschicht (14C) aus mindestens einem aus
der Gruppe selektiertem Material hergestellt ist, die
Gruppe bestehend aus einem Verbund beinhaltend
Indium (In), Zinn (Sn) und Sauerstoff (O) (ITO), ei-
nem Verbund beinhaltend Indium (In), Zink (Zn) und
Sauerstoff (O) (1Z20), Indiumoxid (In,0O3), Zinnoxid
(Sn0y,), Zinkoxid (ZnO), Kadmiumoxid (CdO), Titan-
oxid (TiO,), Chromoxid (CrO,), Galliumnitrid
(Gay03) und Aluminiumoxid (Al,O5).

Revendications

Dispositif d’émission de lumiére, comprenant un
substrat (11), une couche de base (13), une premie-
re électrode (14), un film isolant (15), une couche
d’émission de lumiére (16) et une deuxieéme électro-
de (17) lamifiés dans cet ordre, et émettant la lumiere
générée dans la couche d’émission de lumiere (16)
a travers la deuxieme électrode (17),

dans lequel la premiere électrode (14) comprend :
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une couche adhésive (14A) prévue en contact
avec la couche de base (13) ;

une couche réfléchissante (14B) prévue sur la
couche adhésive (14A) pour réfléchir la lumiére
générée dans la couche d’émission de lumiéere
(16) ; et

une couche de barriére (14C) prévue sur la cou-
che réfléchissante (14B) pour protéger la cou-
che réfléchissante (14B) ;

caractérisé en ce que

la couche adhésive sert également en tant que film
réfléchissant auxiliaire réfléchissant la lumiére gé-
nérée dans la couche d’émission de lumiére et qui
est passée a travers la couche réfléchissante ;
dans lequel la couche adhésive a une réflectance
de 50 % ou plus dans une plage de lumiére visible,
et dans lequel la couche réfléchissante (14B) est
constituée d’argent (Ag) ou d’un alliage comprenant
de l'argent et a une épaisseur de 10 nm a 100 nm.

Dispositif d’émission de lumiére selon la revendica-
tion 1, dans lequel

la couche adhésive (14A) est constituée d’'un métal,
d’un oxyde électriquement conducteur ou d’un com-
posé métallique comprenant au moins un type sé-
lectionné dans le groupe d’éléments métalliques
consistant en le chrome (Cr), I'indium (In), I'étain
(Sn), le zinc (Zn), le cadmium (Cd), le titane (Ti),
I'aluminium (Al), le magnésium (Mg) et le molybdéne
(Mo).

Dispositif d’émission de lumiere selon la revendica-
tion 1, dans lequel

la couche réfléchissante (14B) est constituée d’'un
alliage comprenant de I'argent (Ag) et au moins un
type sélectionné dans le groupe consistantenle néo-
dyme (Nd), le samarium (Sm), I'yttrium (Y), le cérium
(Ce), I'europium (Eu), le gadolinium (Gd), le terbium
(Tb), le dysprosium (Dy), I'erbium (Er), I'ytterbium
(Yb), le scandium (Sc), le ruthénium (Ru), le cuivre
(Cu) et I'or (Au).

Dispositif d’émission de lumiere selon la revendica-
tion 1, dans lequel

la couche réfléchissante (14B) est constituée d’'un
alliage comprenant de I'argent (Ag), du samarium
(Sm) et du cuivre (Cu).

Dispositif d’émission de lumiere selon la revendica-
tion 1, dans lequel

la couche réfléchissante (14B) est constituée d’'un
alliage comprenant de I'argent (Ag) en tant que com-
posant principal, 0,03 % en masse a 0,5 % en masse
inclus de samarium (Sm) et 0,2 % en masse a 1,0
% en masse inclus de cuivre (Cu).

Dispositif d’émission de lumiére selon la revendica-
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tion 1, dans lequel
I'épaisseur de la couche de barriére (14C) est dans
une plage de 1 nm a 50 nm inclus.

Dispositif d’émission de lumiére selon la revendica-
tion 1, dans lequel
la couche de base (13) est une couche d’égalisation.

Dispositif d’émission de lumiére selon 'une quelcon-
que des revendications 1 a 7, dans lequel la couche
de barriére (14C) est constituée d’au moins un ma-
tériau sélectionné dans le groupe consistant en un
composé comprenant de I'indium (In), de I'étain (Sn)
et de I'oxygene (O) (ITO), un composé comprenant
de lindium (In), du zinc (Zn) et de 'oxygéne (O)
(1ZO), loxyde d’indium (In,O3), l'oxyde d’étain
(Sn0O,), 'oxyde de zinc (ZnO), 'oxyde de cadmium
(CdO), 'oxyde de titane (TiO,), I'oxyde de chrome
(CrO,), le nitrure de gallium (GaN), 'oxyde de gal-
lium (Ga,03) et 'oxyde d’aluminium (Al,O3).

Unité d’affichage comprenant des premier, deuxié-
me et troisieme dispositifs d’émission de lumiére se-
lon l'une quelconque des revendications 1 a 8,
moyennant quoi une longueur d’onde de résonance
du premier dispositif d’émission de lumiére (10R)
correspond a une couleur rouge, une longueur d’on-
de de résonance du deuxieme dispositif d’émission
de lumiére (10B) correspond a une couleur bleue et
une longueur d’onde de résonance du troisieme dis-
positif d'émission de lumiére (10G) correspond a une
couleur verte,

moyennant quoi la deuxiéme électrode (17) est
semi-transparente et une structure de résonateur est
formée par la premiére électrode (14), la couche
d’émission de lumiére (16) et la deuxieéme électrode
17).

Procédé de fabrication d’un dispositif d’émission de
lumiére, le dispositif d’émission de lumiére compre-
nant un substrat (11), une couche de base (13), une
premiere électrode (14), unfilmisolant (15), une cou-
che d’émission de lumiere (16) et une deuxiéme
électrode (17) lamifiés dans cet ordre, le procédé
comprenant les étapes consistant a :

former une couche adhésive (14A) surla couche
de base (13) ;

former une couche réfléchissante (14B) réflé-
chissant la lumiere générée dans la couche
d’émission de lumiére (16) sur la couche adhé-
sive (14A) ; et

former une couche de barriére (14C) protégeant
la couche réfléchissante (14B) sur la couche ré-
flechissante (14B) ;

former la premiére électrode (14) en dessinant
la couche de barriére (14C), la couche réfléchis-
sante (14B) et la couche adhésive (14A) dans
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I'ordre a partir de la couche de barriére (14C) ;
former la couche comprenant la couche d’émis-
sion de lumiere (16) sur la premiére électrode
(14) ; et

former la deuxiéme électrode (17) sur la couche
comprenant la couche d’émission de lumiére
(16) ;

dans lequel la couche adhésive sert également
en tant que film réfléchissant auxiliaire réfléchis-
sant la lumiére générée dans la couche d’émis-
sion de lumiére et qui est passée a travers la
couche réfléchissante ; et

dans lequel la couche adhésive a une réflectan-
ce de 50 % ou plus dans une plage de lumiére
visible,

dans lequel la couche réfléchissante (14B) est
constituée d’argent ou d’un alliage comprenant
de l'argent et a une épaisseur de 10 nm a 100
nm.

Procédé de fabrication d’un dispositif d’émission de
lumiére selon la revendication 10, dans lequel

a I'étape de formation de la premiére électrode (14),
aprées que la couche de barriere (14C) et la couche
réfléchissante (14B) ont été dessinées, la couche
adhésive (14A) est dessinée.

Procédé de fabrication d’un dispositif d’émission de
lumiére selon la revendication 10, dans lequel

a I'étape de formation de la premiere électrode (14),
apres que la couche de barriére (14C) a été dessi-
née, la couche réfléchissante (14B) et la couche ad-
hésive (14A) sont dessinées.

Procédé de fabrication d’un dispositif d’émission de
lumiére selon la revendication 10, dans lequel

a I'étape de formation de la premiere électrode (14),
lacouche de barriére (14C), la couche réfléchissante
(14B) et la couche adhésive (14A) sont dessinées
une par une a partir de la couche de barriére (14C).

Procédé de fabrication d’un dispositif d’émission de
lumiére selon I'une des revendications 11 a 13, dans
lequel

la couche de barriére (14C) est constituée d’au
moins un matériau sélectionné dans le groupe con-
sistant en un composé comprenant de 'indium (In),
deI'étain (Sn) etdel'oxygéne (O) (ITO), un composé
comprenant de I'indium (In), du zinc (Zn) et de I'oxy-
géne (O) (1ZO), l'oxyde d’indium (In,O3), 'oxyde
d’étain (SnO,), 'oxyde de zinc (Zn0O), I'oxyde de cad-
mium (CdO), l'oxyde de titane (TiO,), 'oxyde de
chrome (CrO,), le nitrure de gallium (GaN), l'oxyde
de gallium (Ga,O3) et 'oxyde d’aluminium (Al,O5).
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