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(7) ABSTRACT

An organic EL display device comprising: an anode; a cath-
ode that is a metal film; a light-emitting layer between the
anode and the cathode; and a sealing layer that covers a side
of the cathode opposite a side on which the light-emitting
layer is provided. An oxidation inhibiting layer and a cathode
protecting layer are stacked between the cathode and the
sealing layer. The oxidation inhibiting layer is closer to the
light-emitting layer than the cathode protecting layer is.
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ORGANIC EL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] A technique disclosed here relates to an organic
electroluminescence (EL) display device and a method of
manufacturing the organic EL display device.

BACKGROUND ART

[0002] An organic EL display device uses a thin-film tran-
sistor (TFT) to control a light-emission state on a per subpixel
basis. Each subpixel includes one of a red-light-emitting
layer, a green-light-emitting layer, and a blue-light-emitting
layer. The red-light-emitting layer, the green-light-emitting
layer, and the blue-light-emitting layer are formed using, for
example, a coating method or a vapor deposition method (see
patent literature (PTL) 1, for example).

CITATION LIST
Patent Literature
[PTL 1]
[0003] Japanese Unexamined Patent Application Publica-

tion No. 2012-79631
SUMMARY OF INVENTION

Technical Problem

[0004] When an organic EL display device of a top-emis-
sion type that emits light from a cathode side includes, as a
cathode, an aluminum thin-film that is a metal film that trans-
mits visible light, the performance as the cathode may dete-
riorate due to oxidation of the aluminum thin-film. Specifi-
cally, the organic EL display device has an increased drive
voltage, a decreased luminance half life, or the like, which is
problematic.

Solution to Problem

[0005] An aspect of an organic EL display device which
solves the above-described problem includes: an anode; a
cathode that is a metal film; a light-emitting layer between the
anode and the cathode; and a sealing layer that covers a side
of the cathode opposite a side on which the light-emitting
layer is provided, wherein an oxidation inhibiting layer and a
cathode protecting layer are stacked between the cathode and
the sealing layer, the oxidation inhibiting layer being closer to
the light-emitting layer than the cathode protecting layer is.

[0006] Furthermore, an aspect of a method for manufactur-
ing an organic EL display device which solves the above-
described problem includes: forming an anode; forming a
light-emitting layer above the anode; forming a cathode
above the light-emitting layer, the cathode being a metal film;
forming an oxidation inhibiting layer above the cathode, the
cathode and the oxidation inhibiting layer being sequentially
formed in a vacuum; forming a cathode protecting layer
above the oxidation inhibiting layer; and forming a sealing
layer above the cathode.
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Advantageous Effects of Invention

[0007] An increase in a drive voltage and decrease in a
luminance half life of an organic EL display device can be
reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 is an exploded perspective view showing a
schematic configuration of an organic EL display device.
[0009] FIG. 2isa diagram showing a part of a cross section
taken along a line 2-2 in FIG. 1.

[0010] FIG. 3isa diagram showing a part of a cross section
taken along a line 3-3 in FIG. 1.

[0011] FIG. 4 is a manufacturing flow diagram of the
organic EL display device.

[0012] FIG. 5 is a manufacturing flow diagram of a TFT
substrate.
[0013] FIG. 6 is a schematic cross-sectional view after a

formation of a gate electrode in a manufacturing process of
the TFT substrate.

[0014] FIG. 7 is a schematic cross-sectional view after a
formation of a gate insulating film in the manufacturing pro-
cess of the TFT substrate.

[0015] FIG. 8 is a schematic cross-sectional view after a
formation of a semiconductor layer in the manufacturing
process of the TFT substrate.

[0016] FIG. 9 is a schematic cross-sectional view after a
formation of a first insulating layer in the manufacturing
process of the TFT substrate.

[0017] FIG. 10 is a schematic cross-sectional view after a
formation of a first electrode in the manufacturing process of
the TFT substrate.

[0018] FIG. 11 is a schematic cross-sectional view after a
formation of a protective layer in the manufacturing process
of the TFT substrate.

[0019] FIG. 12 is a schematic cross-sectional view after a
formation of a second electrode in the manufacturing process
of the TFT substrate.

[0020] FIG. 13 is a schematic cross-sectional view after a
formation of a second insulating layer in the manufacturing
process of the TFT substrate.

[0021] FIG. 14 is a manufacturing flow diagram of an EL
device unit.
[0022] FIG. 15 is a schematic cross-sectional view after a

formation of'a planarizing layer in a manufacturing process of
the EL device unit.

[0023] FIG. 16 is a schematic cross-sectional view after a
formation of a reflective anode in the manufacturing process
of the EL device unit.

[0024] FIG. 17 is a schematic cross-sectional view after a
formation of a hole injection layer in the manufacturing pro-
cess of the EL device unit.

[0025] FIG. 18 is a schematic cross-sectional view after a
formation of a bank in the manufacturing process of the EL
device unit.

[0026] FIG. 19 is a schematic cross-sectional view after a
formation of an electron blocking layer in the manufacturing
process of the EL device unit.

[0027] FIG. 20 is a schematic cross-sectional view after a
formation of a light-emitting layer in the manufacturing pro-
cess of the EL device unit.

[0028] FIG. 21 is a schematic cross-sectional view after a
formation of an electron injection layer in the manufacturing
process of the EL device unit.
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[0029] FIG. 22 is a schematic cross-sectional view after a
formation of a cathode in the manufacturing process of the EL
device unit.

[0030] FIG. 23 is a schematic cross-sectional view after a
formation of a sealing layer in the manufacturing process of
the EL device unit.

[0031] FIG. 24 is a schematic cross-sectional diagram
showing a periphery of a cathode in an embodiment.

[0032] FIG. 25 is a manufacturing flow diagram of the
cathode, an oxidation inhibiting layer. and a cathode protect-
ing layer.

[0033] FIG. 26 is a diagram showing relationships of drive
voltages and luminance half lives of organic EL display
devices on a cathode and stacked films including cathodes.
[0034] FIG. 27 is a diagram showing dependency of drive
voltages and luminance half lives of organic EL display
devices on film thicknesses of cathode protecting layers.

DESCRIPTION OF EMBODIMENT

[0035] The following describes an organic EL display
device and a method of manufacturing the organic EL display
device according to an embodiment, with reference to draw-
ings. Note that, each of the embodiments described below
illustrates a preferred specific example of the present inven-
tion. Thus, the numerical values, shapes, materials, structural
elements, the arrangement and connection of the structural
elements, manufacturing steps (steps), the processing order
of the steps etc. shown in the following embodiments are
mere examples and are not intended to limit the present inven-
tion. Therefore, among the structural elements in the follow-
ing embodiment, those structural elements which are not
described in the independent claims indicating the broadest
concept of the present invention are described as arbitrary
structural elements.

[0036] Note that, the Drawings are schematic diagrams,
and illustration is not necessarily strictly accurate. Further-
more, in the Drawings, structural elements having substan-
tially the same configuration are given the same reference
sign, and redundant description thereof shall be omitted.
[0037] [1.Configuration of Organic EL Display Device 10]
[0038] As illustrated in FIG. 1 to FIG. 3, an organic EL
display device 10 disclosed here has a configuration in which
aTFT substrate 100, an EL device unit 200, and a color filter
substrate 300 are stacked. The EL device unit 200 and the
color filter substrate 300 are attached via an attaching layer
20.

[0039] Note that, in FIG. 2, details of configurations of the
EL device unit 200 and the color filter substrate are omitted
where appropriate. In FIG. 3, details of configuration of the
TFT substrate 100 are omitted where appropriate.

[0040] As illustrated in FIG. 1, the TFT substrate 100
includes a plurality of TFT units 170. As described later, each
of the TFT units 170 includes at least two TFTs. The TFT
units 170 are disposed in a matrix. Furthermore, signals are
provided to the TFT units 170 through a gate line 180 and a
source line 190.

[0041] As illustrated in FIG. 3, the EL device unit 200
includes a light-emitting layer 240. The light-emitting layer
240 emits light through recombination of a hole injected from
an anode 210 and an electron injected from a cathode 260.
[0042] As illustrated in FIG. 1 and FIG. 3, the color filter
substrate 300 includes a filter 320 provided on a glass sub-
strate 310. The filter 320 includes a red filter 321, a green filter
322, and a blue filter 323. The red filter 321 transmits red light
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emitted from the EL device unit 200. The green filter 322
transmits green light emitted from the EL device unit 200.
The blue filter 323 transmits blue light emitted from the EL
device unit 200. Specifically, the disclosed organic EL dis-
play device 10 is of a top-emission type.

[0043] An organic EL display device of a bottom-emission
type emits light from a TFT substrate side. In contrast, in the
case of a top-emission type, a TFT substrate is not formed in
a direction light is emitted. Thus, the top-emission type can
provide a higher aperture ratio compared with the bottom-
emission type. In other words, the top-emission type has even
greater light-emission efficiency.

[0044] [1-1. Configuration of TFT Substrate 100]

[0045] As illustrated in FIG. 1 and FIG. 2, the TFT sub-
strate 100 includes a plurality of the TFT units 170 on a glass
substrate 110. Each of the TFT units 170 includes a switching
TFT 171 and a drive TFT 172. The switching TFT 171
switches the drive TFT 172 between on and off. The drive
TFT 172 controls a current supplied to the EL device unit 200.
[0046] A gate electrode 101 is connected to the gate line
180. A first electrode 130 is connected to the source line 190.
[0047] When a gate signal is inputted to the gate line 180,
the switching TFT 171 turns to an on-state. Then, an electric
charge supplied through the source line 190 is accumulated in
a capacitor (not illustrated). Conductance of the drive TFT
172 continuously changes due to the electric charge accumu-
lated in the capacitor (not illustrated). Thus, a driving current
which causes the EL device unit 200 to emit light can be
passed to the EL, device unit 200 to provide a desired lumi-
nance.

[0048] The TFT unit170 disclosed here is of a bottom-gate
type. The gate electrode 101 has, for example. a configuration
in whicha copper (Cu) film is stacked on a molybdenum (Mo)
film provided on the glass substrate 110. The gate electrode
101 is covered by a gate insulating film (gate oxide film) 102.
[0049] The gate insulating film 102 has, for example, a
configuration in which a silicon dioxide (SiO,) is stacked on
a silicon nitride (SiN). A portion of the gate insulating film
102 is opened to communicate a signal to the gate electrode
101 of the drive TFT 172.

[0050] A semiconductor layer 111 is provided on the gate
insulating film 102. For example, a transparent amorphous
oxide semiconductor (TAOS), amorphous silicon, or the like
is used for the semiconductor layer 111. An example of a
TAOS material is an amorphous-indium gallium zinc oxide
(a-InGaZnO,). Note that a silicon semiconductor may be
used as the semiconductor layer 111.

[0051] The semiconductor layer 111 is covered by a first
insulating layer 120. An example of the first insulating layer
120 is SiO,. A portion of the first insulating layer 120 is
opened. The first electrode 130 is connected to the semicon-
ductor layer 111 via the opened portion. In FIG. 2, facing the
drawing, the first electrode 130 connected to a right side
(drain side) of the switching TFT 171 is connected to the gate
electrode 101 of the drive TFT 172. For example, Cu is used
for the first electrode 130.

[0052] The first electrode 130 is covered by a protective
layer 140. The protective layer 140 has a stacked structure of
a first protective layer 141 and a second protective layer 142.
For example, a Si0, is used for the first protective layer 141.
For example, a SiN is used for the second protective layer
142. A portion of the protective layer 140 is opened to obtain
a signal from the drive TFT 172.
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[0053] A second electrode 150 is provided on the protective
layer 140. The second electrode 150 has, for example, a
stacked structure of a lower layer electrode 151 and an upper
layer electrode 152. InFIG. 2, facing the drawing, the second
electrode 150 is connected to the first electrode 130 that is on
the left side (source side) of the drive TFT 172. For example,
an indium tin oxide (ITO) is used for the lower layer electrode
151. For example, Cu is used for the upper layer electrode
152.

[0054] The second electrode 150 is covered by a second
insulating layer 161. A portion of the second insulating layer
161 is opened.

[0055] [1-2. Configuration of EL Device Unit 200]
[0056] [1-2-1.Planarizing Layer 201]
[0057] As illustrated in FIG. 3, the EL device unit 200 is

connected to the TFT substrate 100 through an opened por-
tion of a planarizing layer 201. Specifically, the anode 210
including an upper layer anode 212 and a lower layer anode
211 is connected to the TFT substrate 100. The planarizing
layer 201 is provided on the TFT substrate 100. In other
words, the planarizing layer 201 reduces an unevenness cre-
ated on the TFT substrate 100. For example, aresin is used for
the planarizing layer 201.

[0058] [1-2-2. Anode 210]

[0059] Theanode 210 covers the planarizing layer 201. The
opened portion of the planarizing layer 201 is filled by a
portion of the anode 210. The anode 210 has, for example, a
stacked structure of the lower layer anode 211 and the upper
layer anode 212. For example, an aluminum alloy is used for
the lower layer anode 211. For example, an indium zinc oxide
(IZ0) is used for the upper layer anode 212. The anode 210
reflects light emitted from the light-emitting layer 240. This is
for achieving even higher light-emission efficiency in the
organic EL display device of a top-emission type.

[0060] [1-2-3. Hole Injection Layer 231]

[0061] Aholeinjectionlayer231 covers the anode 210. The
hole injection layer 231 injects a hole to the light-emitting
layer 240. An ionization energy of the hole injection layer 231
is selected to be between awork function of the anode 210 and
an ionization energy of the light-emitting layer 240. For
example, the hole injection layer 231 is made from (i) an
organic material of phthalocyanine, oligoamine, dendrimer
amine, polythiophene series, or the like or (ii) an inorganic
material, such as a metal oxide, or the like. For example, a
tungsten oxide film is used for the hole injection layer 231.
[0062] [1-2-4. Electron Blocking Layer 232]

[0063] An electron blocking layer 232 covers the hole
injection layer 231. The electron blocking layer 232 reduces
chances where an electron injected from an electron injection
layer 251, which will be described later, reaches the hole
injection layer 231. An ionization energy of the electron
blocking layer 232 is greater than an ionization energy of the
light-emitting layer 240. For example, a polymeric material is
used for the electron blocking layer 232.

[0064] [1-2-5. Light-emitting Layer 240]

[0065] The light-emitting layer 240 includes, for example,
a red-light-emitting layer 241 which emits red light, a green-
light-emitting layer 242 which emits green light, and a blue-
light-emitting layer 243 which emits blue light. As illustrated
in FIG. 3, the red-light-emitting layer 241, the green-light-
emitting layer 242, and the blue-light-emitting layer 243 are
separately provided in one of the regions partitioned by banks
220. The light-emitting layer 240 is positioned between the
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electron blocking layer 232 and the electron injection layer
251 which will be described later.

[0066] For the light-emitting layer 240, both a small mol-
ecule material and a polymeric material can be used. The
small molecule material and the polymeric material are not
necessarily strictly differentiated. Typically, a material which
has a unit of repetition of a molecular structure, and has a
large molecular weight is called a polymeric material. A
polymeric material generally has a molecular weight larger
than or equalto 10,000. The polymeric material has a molecu-
lar-weight distribution. A small molecule material usually
does not have a molecular-weight distribution.

[0067] The light-emitting layer 240 is a layer where an
electron and a hole recombine. The light-emitting layer 240
includes a host and a dopant which functions as a center of
light-emission when an electron and a hole recombine.

[0068] The host is, for example, of anthracene, amine,
diamine, styryl, silole, azole, polyphenyl series, or the like.

[0069] An example of the anthracene series is a dipheny-
lanthracene derivative, a diphenylanthracene derivative
dimer, or the like. An example of the diamine series is bis
carbazole, or the like. An example of the styryl series is a
distyrylarylene, a styrylamine, or the like. The silole series is
a material including a 5-membered ring containing silicon
(S1). In other words, the silole series is one type of an electron-
deficient ring. An example of the azole series is oxazole,
oxadiazole, benzimidazole, or the like. An example of the
polyphenyl series is terphenyl, quaterphenyl, quinquephenyl,
sexiphenyl, or the like.

[0070] For the dopant, a material having an energy gap less
than an energy gap of the host is selected. The dopant is
usually added to be approximately 0.5 mol % to 5 mol %
concentration. The amount of dopant to add is adjusted to
reduce an effect of concentration quenching. In the light-
emitting layer 240, the dopant becomes the center of light-
emission. Thus, typically, the light-emitting layer 240 has the
same EL spectrum as photoluminescence of the dopant.

[0071] An example of a dopant having a red center of
light-emission is of cyano-methylene-pyran, dicyano, phe-
noxazone, thioxanthene series, or the like.

[0072] An example of a dopant having a blue center of
light-emission is of styryl series, a fused polycyclic aromatic
ring system, or the like.

[0073] An example of a dopant having a green center of
light-emission is of coumarin, or quinacridone series, or the
like.

[0074] [1-2-6. Electron Injection Layer 251]

[0075] The electron injection layer 251 covers the light-
emitting layer 240 and the bank 220. The electron injection
layer 251 injects an electron to the light-emitting layer 240.
An electron affinity of the electron injection layer 251 is
selected to be between a work function of the cathode 260
which will be described later and an electron affinity of the
light-emitting layer 240. For example, the electron injection
layer 251 is made from (i) an organic material of metal che-
late, phenanthroline, oxadiazole, or triazole series, or the like
or (ii) an inorganic material, such as an alkali metal com-
pound, an alkaline earth metal compound, or the like.

[0076] [1-2-7. Cathode 260, Oxidation Inhibiting Layer
261, and Cathode Protecting Layer 262]

[0077] The cathode 260 is formed to cover an electron
injection layer 251. In an organic EL, display device of a
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top-emission type, it is desired that an electrode on a display
side (namely, the cathode 260) has an increased visible light
transmission factor.

[0078] It should be noted that a mixture layer 252 may be
formed at an interface between the electron injection layer
251 and the cathode 260. The mixture layeris a layer in which
a material included in the electron injection layer 251 and a
material included in the cathode 260 are mixed.

[0079] Furthermore, an oxidation inhibiting layer 261 and a
cathode protecting layer 262 are provided on the cathode 260.
[0080] The cathode 260, the oxidation inhibiting layer 261,
and the cathode protecting layer 262 will be described later in
detail.

[0081] [1-2-8. Sealing Layer 270]

[0082] A sealing layer 270 covers a side of the cathode 260
opposite a side on which the light-emitting layer 240 is pro-
vided. Specifically, the sealing layer 270 is formed on the
cathode protecting layer 262 to cover the cathode 260.
[0083] In the case of an EL device unit not sealed by a
sealing layer 270, moisture in the environment or moisture
from cleaning is more likely to enter inside the EL device unit.
The water entered inside may cause detachment of a layer or
the like. Consequently, a failure becomes more likely to
occur, such as a failure to provide normal light emission.
Thus, it is preferable to provide the sealing layer 270.
[0084] The sealing layer 270 is made from an organic mate-
rial, such as poly-para-xylene, fluoride resin, or the like, an
oxide material, such as Si0,, an germanium oxide (GeO), an
aluminum oxide (Al,0;), or the like, or a nitride material,
such as a silicon oxynitride (SiON), a SiN, or the like. Note
that, the sealing layer 270 may have a configuration in which
layers of materials of a plurality of types are stacked. For
example, a SiN is used in the EL device unit 200 disclosed
here.

[0085] [1-3. Color Filter Substrate 300]

[0086] The color filter substrate 300 changes a color of
emitted light by absorption of light. In other words, color
purity improves as light passes through the color filter sub-
strate 300. The filter 320 adjusts a wavelength of transmitted
light with a pigment or the like.

[0087] [2. Manufacturing Method of Organic EL Display
Device 10]
[0088] As illustrated in FIG. 4, a method of manufacturing

the organic EL display device 10 includes: a manufacturing
step (step 1) of making the TFT substrate 100, a manufactur-
ing step (step 2) of making the EL device unit 200; and a
manufacturing step (step 3) of attaching the color filter sub-
strate 300.

[0089] Details of the manufacturing step (step 1) of making
the TFT substrate 100 and the manufacturing step (step 2) of
making the EL device unit 200 will be described later as a
manufacturing method of the TFT substrate 100 and a manu-
facturing method of the EL device unit 200.

[0090] In the manufacturing step (step 3) of attaching the
color filter substrate 300, as illustrated in FIG. 3, the EL
device unit 200 and the color filter substrate 300 are attached
via the attaching layer 20. The color filter substrate 300 used
in step 3 is made according to a color filter substrate 300
manufacturing method which will be described later. For the
attaching layer 20, a UV-curable resin is used, for example.
The attaching layer 20 has a film thickness of approximately
10 pm to 30 pm.

[0091] As described earlier, the TFT substrate 100 is cov-
ered by the planarizing layer 201 that includes the opened
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portion. Thus, after only the EL device unit 200 is separately
made, it is not easy to attach the EL device unit 200 and the
TFT substrate 100. On the other hand, after the color filter
substrate 300 is separately made, it is easy to attach the color
filter substrate 300 and the EL device unit 200.

[0092] [2-1. Manufacturing Method (step 1) of TFT Sub-
strate 100]
[0093] As illustrated in FIG. 5, a method of manufacturing

the TFT substrate 100 includes, for example: a manufacturing
step (step 11) of forming the gate electrode 101; a manufac-
turing step (step 12) of forming the gate insulating film 102;
amanufacturing step (step 13) of forming the semiconductor
layer 111; a manufacturing step (step 14) of forming the first
insulating layer 120; a manufacturing step (step 15) of form-
ing the first electrode 130; a manufacturing step (step 16) of
forming the protective layer 140; a manufacturing step (step
17) of forming the second electrode 150; and a manufacturing
step (step 18) of forming the second insulating layer 161.
[0094] The TFT substrate 100 disclosed here is made with
the processes from step 11 to step 18 as described.

[0095] [2-1-1. Step 11]

[0096] Asillustrated in FIG. 6, instep 11, the gate electrode
101 is formed on the glass substrate 110. For example, a Mo
film and a Cu film are sequentially deposited on the glass
substrate 110 using a sputtering method. A summed film
thickness of the Mo film and the Cu film is approximately 50
nm to 150 nm.

[0097] Next, the gate electrode 101 having a predetermined
pattern is formed by photolithography and etching using a
resist.

[0098] [2-1-2. Step 12]

[0099] As illustrated in FIG. 7, in step 12, the gate insulat-
ing film 102 is formed which covers the gate electrode 101.
For example, a Si0, film having a film thickness of approxi-
mately 100 nm to 300 nm is formed by a parallel-plate type
plasma chemical vapor deposition (CVD). The material
includes, for example, SiH, and N,O. Plasma is generated,
for example, with application of high frequency of 13.56
MHz. The SiH, and N,O are decomposed in plasma, and SiO,
cluster is created. S10, is deposited on the glass substrate 110
due to self-bias generated in plasma.

[0100] [2-1-3. Step 13]

[0101] Asillustrated in FIG. 8, in step 13, the semiconduc-
tor layer 111 is formed on the gate insulating film 102. When
a TAOS is used as the semiconductor layer 111, a sputtering
method is used, for example. For example, a target material in
which a composition ratio of Tn:Ga:Zn is 1:1:1 is used. The
target material is sputtered in an oxygen atmosphere. With
this, afilm ofa-InGaZn0O,, is formed. The film thickness is, for
example, approximately 30 nm to 150 nm. Furthermore,
when heat treatment at approximately 200 degrees Celsius to
500 degrees Celsius is performed in air, a property of TFT
improves.

[0102] When amorphous silicon is used as the semiconduc-
tor layer 111, a plasma CVD method is used, for example. For
example, when monosilane is used for a material, the monosi-
lane is decomposed into silicon and hydrogen in plasma. The
silicon is deposited in an amorphous state on the gate insu-
lating film 102. The film thickness is approximately 30 nm to
150 nm, for example.

[0103] Next, the semiconductor layer 111 having a prede-
termined pattern is formed by photolithography and etching
using a resist.
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[0104] [2-1-4. Step 14]

[0105] As illustrated in FIG. 9, in step 14, the first insulat-
ing layer 120 is formed on the gate insulating film 102 and the
semiconductor layer 111. For example, an SiO, film is formed
to have a film thickness of approximately 100 nm to 300 nm
by parallel-plate type plasma CVD. The material includes
SiH, and N, 0O, for example.

[0106] [2-1-5. Step 15]

[0107] As illustrated in FIG. 10, in step 15, the first elec-
trode 130 is formed. The first electrode 130 contacts the gate
electrode 101 and a source/a drain in the semiconductor layer
111. First, a predetermined area of the first insulating layer
120 is opened by photolithography and etching. Next, a Cu
film is deposited by sputtering. The Cu film has a film thick-
ness of approximately 100 nm to 300 nm, for example. Next,
the Cu film is processed into a predetermined pattern by
photolithography and etching. The first electrode 130 is
formed as described above. The aforementioned first insulat-
ing layer 120 has a function of insulating the semiconductor
layer 111 and the first electrode 130.

[0108] [2-1-6. Step 16]

[0109] As illustrated in FIG. 11, in step 16, the protective
layer 140 is formed. The protective layer 140 disclosed here
has, for example, a stacked structure of the first protective
layer 141 and the second protective layer 142. As the first
protective layer 141, a SiO, film having a film thickness of
approximately 100 nm to 400 nm is formed by parallel-plate
type plasma CVD, for example. The material includes, for
example, SiH, and N,0.

[0110] As the second protective layer 142, a SiN film hav-
ing a film thickness of approximately 50 nm to 200 nm is
formed by parallel-plate type plasma CVD, for example. The
material includes, for example, SiH, and ammonia (NH,).
[0111] [2-1-7. Step 17]

[0112] As illustrated in FIG. 12, in step 17, the second
electrode 150 is formed. The second electrode 150 has, for
example, a stacked structure of the lower layer electrode 151
and the upper layer electrode 152. The second electrode 150
contacts the first electrode 130. First, a predetermined region
of the protective layer 140 is opened by photolithography and
etching.

[0113] Next, an ITO film is deposited by sputtering. The
ITO film has a film thickness of, for example, approximately
50 nm to 150 nm. Next, a Cu film is deposited by sputtering.
The Cu film has a film thickness of, for example, approxi-
mately 100 nm to 400 nm.

[0114] Next, the ITO film and the Cu film are processed into
predetermined patterns by photolithography and etching. As
described above, the lower layer electrode 151 thatis I[TO and
the upper layer electrode 152 that is Cu are formed.

[0115] [2-1-8. Step 18]

[0116] As illustrated in FIG. 13, in step 18, the second
insulating layer 161 is formed. As the second insulating layer
161, a SiN film having a film thickness of approximately 50
nm to 200 nm is formed by parallel-plate type plasma CVD,
for example. The material includes, for example, SiH, and
ammonia.

[0117] With the step 11 to step 18 described above, the TEFT
substrate 100 is made.

[0118] [2-2. Manufacturing Method of EL Device Unit 200
(Step 2)]
[0119] As illustrated in FIG. 14, for example, a method of

manufacturing the TFT substrate 100 includes: a manufactur-
ing step (step 21) of forming the planarizing layer 201; a
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manufacturing step (step 22) of forming the anode 210; a
manufacturing step (step 23) of forming the hole injection
layer 231; a manufacturing step (step 24) of forming the bank
220; a manufacturing step (step 25) of forming the electron
blocking layer 232; a manufacturing step (step 26) of forming
the light-emitting layer 240; a manufacturing step (step 27) of
forming the electron injection layer 251; a manufacturing
step (step 28) of forming the cathode 260, the oxidation
inhibiting layer 261, and the cathode protecting layer 262;
and a manufacturing step (step 29) of forming the sealing
layer 270.

[0120] The EL device unit 200 disclosed here is made with
processes of step 21 to step 29.

[0121] [2-2-1. Step 21]

[0122] As illustrated in FIG. 15, in step 21, the planarizing
layer 201 is formed. For example, a photosensitive resin is
used as the planarizing layer 201. Specifically, for example, a
resin composition containing an acrylate compound that
includes a radical reactive unsaturated compound, a resin
composition containing a mercapto compound that includes
an acrylate compound and a thiol group, or a resin composi-
tion in which multifunctional acrylate monomer, such as
epoxy acrylate, urethane acrylate, polyester acrylate, poly-
ether acrylate, polyethylene glycol acrylate, glycerol meth-
acrylate, or the like, is dissolved is used. Furthermore, an
arbitrary mixture of the above-described resin compositions
can also be used. Note that, the photosensitive resin is not
particularly limited as long as a reactive monomer that
includes in a molecule at least one photopolymerizable unsat-
urated bond is contained. The photosensitive resin is dis-
persed in a solvent.

[0123] First, for example, a photosensitive resin is formed
on the TFT substrate 100 using an application method. A
surface on which the photosensitive resin is applied is a sur-
face on which the second insulating layer 161 is provided.
Next, photolithography and development are performed. This
is for forming an opening for connection to the TFT substrate
100. Next, heat treatment is performed in an air. A tempera-
ture of the heat treatment is approximately 150 degrees Cel-
sius to 250 degrees Celsius. A remaining solvent volatilizes
due to the heat treatment. The planarizing layer 201 after the
heat treatment has a film thickness of approximately 2 pm to
5 pum. Next, the second insulating layer 161 is etched using the
planarizing layer 201 as amask. This is for exposing a surface
of the second electrode 150.

[0124] [2-2-2. Step 22]

[0125] Asillustrated in FIG. 16, in step 22, the anode 210 is
formed. The anode 210 has, for example, a stacked structure
of the lower layer anode 211 and the upper layer anode 212.
For example, an aluminum alloy is used for the lower layer
anode 211. For example, an 170 is used for the upper layer
anode 212. The lower layer anode 211 and the upper layer
anode 212 are formed, for example, by sputtering. The lower
layer anode 211 has a film thickness of, for example, approxi-
mately 100 nm to 500 nm. The upper layer anode 212 has a
film thickness of, for example, approximately 5 nm to 30 nm.
[0126] [2-2-3. Step 23]

[0127] As illustrated in FIG. 17, in step 23, the hole injec-
tion layer 231 is formed. For example, a tungsten oxide film
is used for the hole injection layer 231. The hole injection
layer 231 is formed, for example, by sputtering. The compo-
sition of the tungsten oxide is expressed as WOx (2=x<3). The
hole injection layer 231 has a film thickness of, for example,
approximately 2 nm to 20 nm.
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[0128] [2-2-4. Step 24]

[0129] As illustrated in FIG. 18, in step 24, the bank 220 is
formed. First, the hole injection layer 231 and the anode 210
are patterned into a pixel shape. Specifically, an opening
region is formed in the hole injection layer 231 and the anode
210 by photolithography and etching using a resist.

[0130] For example, a photosensitive resin is used as the
bank 220. Specifically, for example, a resin composition con-
taining an acrylate compound that includes a radical reactive
unsaturated compound, a resin composition containing a mer-
capto compound that includes an acrylate compound and a
thiol group, or a resin composition in which multifunctional
acrylate monomer, such as epoxy acrylate, urethane acrylate,
polyester acrylate, polyether acrylate, polyethylene glycol
acrylate, glycerol methacrylate, or the like, is dissolved is
used. Furthermore, an arbitrary mixture of the above-de-
scribed resin compositions can also be used. Note that, the
photosensitive resin is not particularly limited as long as a
reactive monomer that includes in a molecule at least one
photopolymerizable unsaturated bond is contained. The pho-
tosensitive resin is dispersed in a solvent.

[0131] For example, the photosensitive resin is formed in
the aforementioned opening region and on the hole injection
layer 231 using an application method. Next, photolithogra-
phy and development are performed. Next, heat treatment is
performed in an air. A temperature of the heat treatment is
approximately 150 degrees Celsius to 250 degrees Celsius. A
remaining solvent volatilizes due to the heat treatment. The
bank 220 after the heat treatment has a film thickness of
approximately 0.5 pm to 2 um. Note that, subsequent pro-
cesses become easy when a side surface of the bank 220 is in
a downward tapered shape, which is preferable.

[0132] [2-2-5. Step 25]

[0133] As illustrated in FIG. 19, in step 25, the electron
blocking layer 232 is formed. For example, amine-based
polymer is used as the electron blocking layer 232. An amine-
based polymer becomes a printing ink, for example, when
dispersed in a solvent. The printing ink is applied on the hole
injection layer 231, for example, with an ink jet device. Next,
vacuum drying and heat treatment are performed. A tempera-
ture of the heat treatment is approximately 150 degrees Cel-
sius to 250 degrees Celsius. The solvent volatilizes due to the
heat treatment. The electron blocking layer 232 has a film
thickness of approximately 5 nm to 20 nm.

[0134] [2-2-6. Step 26]

[0135] As illustrated in FIG. 20, in step 26, the light-emit-
ting layer 240 is formed. For example, a material obtained by
adding a dopant to a polymeric material host is used as the
light-emitting layer 240. The polymeric material becomes a
printing ink, for example, when dispersed in a solvent. The
printing ink is applied on the electron blocking layer 232, for
example, with an ink jet device. The red-light-emitting layer
241, the green-light-emitting layer 242, and the blue-light-
emitting layer 243 are individually applied. Note that, when
an ink jet device including a plurality of heads is used, the
red-light-emitting layer 241, the green-light-emitting layer
242, and the blue-light-emitting layer 243 can be simulta-
neously applied.

[0136] Film thicknesses of the red-light-emitting layer 241,
the green-light-emitting layer 242, and the blue-light-emit-
ting layer 243 are appropriately set to balance luminance.
More specifically, a color with a relatively great light emis-
sion amount per a unit film thickness is set to have a relatively
small film thickness. A color with a relatively small light
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emission amount per the unit film thickness is set to have a
relatively great film thickness. The film thickness is adjusted
with viscosity of the printing ink, an opening size of a head, or
the like. Next, heat treatment is performed. A temperature of
the heat treatment is approximately 150 degrees Celsius to
250 degrees Celsius. A remaining solvent volatilizes due to
the heat treatment. The light-emitting layer 240 has a film
thickness of approximately 40 nm to 100 nm.

[0137] [2-2-7. Step 27]

[0138] As illustrated in FIG. 21, in step 27, the electron
injection layer 251 is formed. For example, a material
obtained by adding barium (Ba) to a small molecule material
is used as the electron injection layer 251. The material of the
electron injection layer 251 is formed on the light-emitting
layer 240 and on the bank 220 using, for example, a vapor
deposition method. The electron injection layer 251 has a film
thickness of approximately 2 nm to 50 nm.

[0139] Furthermore, as the electron injection layer 251, an
inorganic material, such as an alkali metal compound or an
alkaline earth metal compound may be used. In this case, for
example, when sodium fluoride that is an alkali metal com-
pound is used as the electron injection layer 251, and alumi-
num is used as the cathode 260 formed on the electron injec-
tion layer 251, the aluminum reduces the sodium fluoride. As
a result, the mixture layer 252 that includes aluminum, fluo-
rine and sodium is formed at the interface between the elec-
tron injection layer 251 and the cathode 260.

[0140] In this manner, when (i) an alkali metal compound
or an alkaline earth metal compound is used as the electron
injection layer 251, and (i1) a metal which acts to reduce the
alkali metal compound or the alkaline earth metal compound
is used as the cathode 260, an alkali metal or an alkaline earth
metal are present in a disengaged state at the interface
between the electron injection layer 251 and the cathode 260.
For example, as above, when sodium fluoride (alkali metal
compound) is used for the electron injection layer 251, and
aluminum is used for the cathode 260, sodium (alkali metal)
is present in a disengaged state at the interface between the
electron injection layer 251 and the cathode 260. With this, it
is assumed that an injection of an electron is facilitated. Thus,
use of sodium fluoride and aluminum in combination is
highly desirable.

[0141] It should be noted that, in addition to the interface
between the electron injection layer 251 and the cathode 260,
the entirety of the electron injection layer 251 (sodium fluo-
ride layer) may be in a reduced state.

[0142] Furthermore, instead of sodium fluoride, an alkali
metal compound, such as lithium fluoride, may be used for the
electron injection layer 251. Furthermore, instead of alumi-
num, an alloy or the like of magnesium and silver may be used
for the cathode 260. The mixture layer 252 is also formed
when these materials are used or when these materials are
used in combination with the above-described materials.
[0143] [2-2-8. Step 28]

[0144] Asillustrated in FIG. 22, in step 28, the cathode 260,
the oxidation inhibiting layer 261, and the cathode protecting
layer 262 are formed. Formation of the cathode 260, the
oxidation inhibiting layer 261, and the cathode protecting
layer 262 will be described later in detail.

[0145] [2-2-9. Step 29]

[0146] Asillustrated in FIG. 23, in step 29, the sealing layer
270 1s formed. Specifically, the sealing layer 270 is formed on
the cathode protecting layer 262 after the cathode 260, the
oxidation inhibiting layer 261, and the cathode protecting
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layer 262 are formed. As the sealing layer 270, an SiN film
having a film thickness of approximately 500 nm to 800 nm is
formed by parallel-plate type plasma CVD, for example. In
this case, a material of the SiN film includes SiH, and NH;,
for example. Note that, it is preferable that step 27 to step 29
be sequentially performed in vacuum. This is because expo-
sure to an atmosphere that includes moisture or the like can be
reduced.

[0147] With the above-described step 21 to step 29, the EL
device unit 200 is made.

[0148] [2-3. Manufacturing Method of Color Filter Sub-
strate 300]
[0149] The color filter substrate 300 can be made by form-

ing the filter 320 on the glass substrate 310. The filter 320 is
formed by photolithography or the like, as it has been known.
[0150] [3. Details of Cathode 260, Oxidation Inhibiting
Layer 261, and Cathode Protecting Layer 262]

[0151] [3-1. Configurations of Cathode 260, Oxidation
Inhibiting Layer 261, and Cathode Protecting Layer 262]
[0152] First, configurations of the cathode 260, the oxida-
tioninhibiting layer 261, and the cathode protecting layer 262
are described with reference to F1G. 24. FIG. 24 is an enlarged
cross-sectional view of an area A enclosed by a broken line in
FIG. 23.

[0153] As illustrated in FIG. 24, in the EL device unit 200
according to this embodiment, the oxidation inhibiting layer
261 and the cathode protecting layer 262 are stacked on the
cathode 260, and the sealing layer 270 is formed thereabove.
In other words, the oxidation inhibiting layer 261 and the
cathode protecting layer 262 are stacked between the cathode
260 and the sealing layer 270. The oxidation inhibiting layer
261 is closer to the light-emitting layer than the cathode
protecting layer 262 is.

[0154] The cathode 260 is a metal film, and is provided to
be an upper layer with respect to the electron injection layer
251. For example, the cathode 260 is formed on the electron
injection layer 251 to be in contact with the electron injection
layer 251. Furthermore, the organic EL display device 10 is of
a top-emission type that emits light from the cathode side.
Thus, the metal film that is the cathode 260 transmits light
(visible light) emitted by the light-emitting layer.

[0155] The cathode protecting layer 262 is provided to be
an upper layer with respect to the cathode 260, and to be a
lower layer withrespect to the sealing layer 270. For example,
the cathode protecting layer 262 is formed on the cathode 260
to be in contact with the cathode 260.

[0156] Tt should be noted that, in FIG. 24, layers above the
sealing layer 270, and layers below the electron injection
layer 251 are omitted.

[0157] An example of a metal film material of the cathode
260 is aluminum. It is preferable that the cathode 260 have a
film thickness of no less than 5 nm and no more than 15 nm.
When the cathode 260 has a film thickness of less than 5 nm,
a resistance as a cathode becomes high. On the other hand,
when the cathode 260 has a film thickness of more than 15
nm, a transmission factor with respect to visible light
decreases.

[0158] As the oxidation inhibiting layer 261, for example, a
material including an organic component, such as an oxadia-
zole derivative or a triazole derivative, is used. It is preferable
that the oxidation inhibiting layer 261 havea film thickness of
no less than 15 nm and no more than 80 nm. The oxidation
inhibiting layer 261 having a film thickness of less than 15 nm
functions less effectively in preventing oxidation. On the
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other hand, the oxidation inhibiting layer 261 having a film
thickness of more than 80 nm has a decreased transmission
factor with respect to visible light.

[0159] As the cathode protecting layer 262, for example, a
metal oxide that transmits visible light is used. A specific
example is ITO, IZO, or the like. It is preferable that the
cathode protecting layer 262 have a film thickness of o less
than 15 nm and no more than 50 nm. The cathode protecting
layer 262 having a film thickness of less than 15 nm functions
less effectively in preventing oxidation. On the other hand,
when the cathode protecting layer 262 has a film thickness of
more than 50 nm, oxidation of a metal film of the cathode 260
conversely increases.

[0160] [3-2. Formation Methods of Cathode 260, Oxida-
tion Inhibiting Layer 261, and Cathode Protecting Layer 262
[0161] Next, details of a formation method (step 28) of the
cathode 260, the oxidation inhibiting layer 261, and the cath-
ode protecting layer 262 is described with reference to FIG.
24 and FIG. 25.

[0162] First, a metal film is formed (step 281) as the cath-
ode 260 above the light-emitting layer 240. Specifically, as
the cathode 260, a metal film is formed on the electron injec-
tion layer 251. The cathode 260 is formed using, for example,
a vacuum vapor deposition method with resistance heating.
When aluminum is used for a vapor deposition material, an
aluminum film is formed. The film thickness of the cathode
260 is appropriately adjusted by a degree of vacuum of a
vacuum vapor deposition apparatus, a current passed to a
container containing a vapor deposition material, or the like.
[0163] Here is acase where the electron injection layer 251
is an alkali metal compound, such as a sodium fluoride layer
or the like. In a manufacturing step of forming the cathode
260, due to formation of an aluminum film as the cathode 260
on the electron injection layer 251, aluminum of the cathode
260 reduces sodium fluoride of the electron injection layer
251. As a result, the mixture layer 252 that includes alumi-
num, fluorine, and sodium is formed at an interface between
the electron injection layer 251 and the cathode 260.

[0164] Next, the oxidation inhibiting layer 261 is formed
above the cathode 260 (step 282). At this time, after the
formation of the cathode 260 and before the formation of the
oxidation inhibiting layer 261, exposure ofthe cathode 260 to
an atmosphere may be avoided. In other words, the cathode
260 and the oxidation inhibiting layer 261 may be sequen-
tially formed in a vacuum. For example, in a same vacuum
vapor deposition apparatus, a vapor deposition material is
switched from aluminum to, for example, an oxadiazole
derivative. With this, the oxidation inhibiting layer 261 can be
formed on the cathode 260 while maintaining a vacuum state,
which can reduce oxidation of the cathode 260.

[0165] Next, the cathode protecting layer 262 is formed
above the oxidation inhibiting layer 261 (step 283). The cath-
ode protecting layer 262 is formed by sputtering, for example.
When ITO is used for a target, an ITO film is formed. When
170 1s used for a target, an IZO film is formed. Input gases are
argon and oxygen. The film thickness of the cathode protect-
ing layer 262 is appropriately adjusted by a degree of vacuum
of a sputtering apparatus, applied power, or the like.

[0166] [3-3. Evaluation Results]

[0167] The organic EL display devices 10 of various types
are actually made which include the cathodes 260, and drive
voltages and lifetimes are evaluated when green light is emit-
ted. The evaluation results are described with reference to
FIG. 26 and FIG. 27.
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[0168] First, in FIG. 26, evaluations are made on cases in
which the cathode 260 that is an Al film is provided with or
without the oxidation inhibiting layer 261 and the cathode
protecting layer 262. It should be noted that the cathode 260
(Al film) has a film thickness of 10 nm, the oxidation inhib-
iting layer 261 has a film thickness of 35 nm, and the cathode
protecting layer 262 has a film thickness of 35 nm.

[0169] As illustrated in FIG. 26, a first sample having a
structure in which the cathode 260 includes only an Al metal
film (i.e., the oxidation inhibiting layer 261 and the cathode
protecting layer 262 are not included) has a drive voltage that
is higher by approximately 0.7 V relative to a performance
requirement, and a lifetime that is 1/10 relative to a perfor-
mance requirement, and luminance half life is short.

[0170] Inthecase ofasample 2 having a structure in which
the oxidation inhibiting layer 261 is stacked on the cathode
260 (i.e., the cathode protecting layer 262 is not included),
although a drive voltage is lowered and the performance
requirement is satisfied in terms of the drive voltage, a life-
time ratio is approximately 50%. In other words, in terms of
lifetime, although improvement is observed compared to the
first sample, the second sample fails to satisfy the perfor-
mance requirement, and has an unsatisfactory luminance half
life.

[0171] Furthermore, in the case of a third sample having a
structure in which the oxidation inhibiting layer 261 and the
cathode protecting layer 262 are stacked on the cathode 260,
a drive voltage is lowered and a performance requirement is
satisfied in terms of the drive voltage, and a luminance half
life is improved and a performance requirement can be satis-
fied in terms of lifetime as well. In this manner, the third
sample can achieve both lowering of the drive voltage and
improvement on the luminance half life,

[0172] The results in FIG. 26 suggest that providing only
the oxidation inhibiting layer 261 is effective in reducing
oxidation of the cathode 260 in an initial characteristic, but is
unsatisfactory in reducing oxidation of the cathode 260 dur-
ing a long period of driving. However, the results indicate that
the configuration in which the cathode protecting layer 262 is
further provided on the oxidation inhibiting layer 261 is effec-
tive in reducing oxidation of the cathode 260 during a long
period of driving as well.

[0173] Furthermore, in FIG. 27, relationships are evaluated
among the film thicknesses of the cathode protecting layer
262 that is an ITO film, drive voltages, and lifetimes. Specifi-
cally, drive voltages and lifetimes are evaluated on the cases
in which the film thickness of the cathode protecting layer 262
is 0nm, 15 nm, 35 nm, 50 nm, and 105 nm. It should be noted
that, in FIG. 26, in the sample including the cathode protect-
ing layer 262 (ITO film), the oxidation inhibiting layer 261
having a film thickness of 35 nm is provided. Furthermore,
the cathode 260 is an aluminum film having a film thickness
of 10 nm.

[0174] FIG. 27 indicates that, with the cathode protecting
layer 262 (ITO film) having a film thickness of no less than 15
nm and no more than 50 nm, a drive voltage lowers, and a
drive voltage that satisfies the performance requirement is
realized. However, in the case in which the cathode protecting
layer 262 (ITO film) has a film thickness of 105 nm, the drive
voltage is higher relative to the performance requirement
although by a matter of approximately 0.1 V. This indicates
that excess increase in the film thickness of the cathode pro-
tecting layer 262 (ITO film), conversely, results in an increase
in a drive voltage.
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[0175] Furthermore, FIG. 27 also indicates that, with the
cathode protecting layer 262 having a film thickness of no less
than 15 nm and no more than 50 nm, the luminance half life
improves and the performance requirement is satisfied in
terms of lifetime. However, with an increase in a film thick-
ness of the cathode protecting layer 262, the luminance half
life also gradually reduces. When the cathode protecting layer
262 has a film thickness of more than 105 nm, the lifetime
ratio becomes approximately 50% and the performance
requirement is not satisfied in terms of lifetime. As described,
the luminance half life decreases with an increase in the film
thickness of the cathode protecting layer 262. This is assumed
to occur because the increase in the film thickness causes the
cathode 260 to be exposed to an oxygen atmosphere fora long
period of time when the cathode protecting layer 262 (ITO
film) is formed, and thus oxidation of the cathode 260
advances.

[0176] [4. Summary]

[0177] As described above, the organic EL display device
10 includes the anode 210, the cathode 260 that is a metal
film, the light-emitting layer 240 provided between the anode
210 and the cathode 260, and the sealing layer 270 that covers
a side of the cathode 260 opposite a side on which the light-
emitting layer 240 is provided. Furthermore, the oxidation
inhibiting layer 261 and the cathode protecting layer 262 are
stacked between the cathode 260 and the sealing layer 270.
The oxide inhibiting layer 261 is closer to the light-emitting
layer 240 than the cathode protecting layer 262 is.

[0178] The above-described configuration reduces oxida-
tion of the cathode 260. With this, increase in the drive voltage
and decrease in luminance half life can be reduced.

[0179] Itshould be noted that the oxidation inhibiting layer
261 may include an organic component. In addition, it is
preferable that the oxidation inhibiting layer 261 have a film
thickness of no less than 15 nm and no more than 80 nm.
[0180] This configuration makes it possible to reduce the
decrease in (i) the oxidation-prevention effect for the cathode
260 and (ii) the transmission factor of the oxidation inhibiting
layer 261.

[0181] Furthermore, the cathode protecting layer 262 may
be a metal oxide that transmits visible light. [n addition, it is
preferable that the cathode protecting layer 262 have a film
thickness of no less than 15 nm and no more than 50 nm.
[0182] This configuration makes it possible to reduce the
decrease in the oxidation-prevention effect for the cathode
260, and satisfy the performance requirement in terms of
lifetime.

[0183] Furthermore, the mixture layer 252 may be formed
at an interface between the electron injection layer 251 and
the cathode 260. The mixture layer 252 is a layer in which a
material included in the electron injection layer 251 and a
material included in the cathode 260 are mixed. In this case,
the electron injection layer 251 may be an alkali metal com-
pound or an alkaline earth metal compound, and the cathode
260 may be a metal which reduces the alkali metal compound
or the alkaline earth metal compound. For example, the elec-
tron injection layer 251 may be sodium fluoride, and the
cathode 260 may be aluminum. In this case, the mixture layer
252 includes fluorine, sodium, and aluminum as the material
included in the electron injection layer 251 and the material
included in the cathode 260.

[0184] With this configuration, an injection of an electron is
facilitated and thus light-emission efficiency of the light-
emitting layer 240 can be improved.
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[0185] Furthermore, a method of manufacturing the
organic EL display device 10 includes: a manufacturing step
(step 22) of forming the anode 210; a manufacturing step
(step 26) of forming the light-emitting layer 240 above the
anode 210; a manufacturing step (step 281) of forming the
cathode 260 above the light-emitting layer 240, where the
cathode 260 is a metal film; a manufacturing step (step 282) of
forming the oxidation inhibiting layer 261 above the cathode
260, where the cathode 260 and the oxidation inhibiting layer
261 are sequentially formed in a vacuum; a manufacturing
step (step 283) of forming the cathode protecting layer 262
abovethe oxidation inhibiting layer 261; and a manufacturing
step (step 29) of forming the sealing layer 270 above the
cathode 260.

[0186] With the above-described method, an organic EL
display device in which the oxidation of the cathode 260 is
reduced can be realized. With this, an organic EL display
device which can reduce (i) increase in a drive voltage and (i)
the decrease in luminance half life can be realized.

[0187] Furthermore, a manufacturing step of forming the
electron injection layer 251 above the light-emitting layer 240
may be included between the manufacturing step of forming
the light-emitting layer 240 and the manufacturing step of
forming the cathode 260. In this case, in the manufacturing
step of forming the cathode 260, the cathode 260 may be
formed on the electron injection layer 251 to form the mixture
layer 252 at the interface between the electron injection layer
251 and the cathode 260. The mixture layer 252 is a layer in
which a material included in the electron injection layer 251
and a material included in the cathode 260 are mixed. In this
case, the electron injection layer 251 may be an alkali metal
compound or an alkaline earth metal compound, and the
cathode 260 may be a metal which reduces the alkali metal
compound or the alkaline earth metal compound. For
example, the electron injection layer 251 may be sodium
fluoride, and the cathode 260 may be aluminum.

[0188] With this configuration, aluminum reduces sodium
fluoride, and the mixture layer 252 including aluminum, fluo-
rine, and sodium is formed at the interface between the elec-
tron injection layer 251 and the cathode 260. In this manner,
sodium in a disengaged state is present at the interface
between the electron injection layer 251 and the cathode 260.
This facilitates injection of an electron.

[0189] An organic EL display device and a manufacturing
method of the organic EL display device have been described
thus far based on the embodiment, but the present invention is
not limited to the above-described embodiment. For example,
embodiments obtained through various modifications to the
above-described embodiment which may be conceived by a
person skilled in the art as well as embodiments realized by
arbitrarily combining the structural elements and functions of
the embodiment without materially departing from the
essence of the present invention are included in the present
invention.

INDUSTRIAL APPLICABILITY

[0190] The disclosed technique is applicable to an organic
EL display device or the like which is used for a display
device or the like.

REFERENCE SIGNS LIST
[0191] 10 Organic EL display device
[0192] 20 Attaching layer
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[0193] 100 TFT substrate

[0194] 101 Gate electrode

[0195] 102 Gate insulating film
[0196] 110 Glass substrate

[0197] 111 Semiconductor layer
[0198] 120 First insulating layer
[0199] 130 First electrode

[0200] 140 Protective layer

[0201] 141 First protective layer
[0202] 142 Second protective layer
[0203] 150 Second electrode

[0204] 151 Lower layer electrode
[0205] 152 Upper layer electrode
[0206] 161 Second insulating layer
[0207] 170 TFT unit

[0208] 171 Switching TFT

[0209] 172 Drive TFT

[0210] 180 Gate line

[0211] 190 Source line

[0212] 200 EL device unit

[0213] 201 Planarizing layer

[0214] 210 Anode

[0215] 211 Lower layer anode
[0216] 212 Upper layer anode
[0217] 220 Bank

[0218] 231 Hole injection layer
[0219] 232 Electron blocking layer
[0220] 240 Light-emitting layer
[0221] 241 Red-light-emitting layer
[0222] 242 Green-light-emitting layer
[0223] 243 Blue-light-emitting layer
[0224] 251 Electron injection layer
[0225] 252 Mixtre layer

[0226] 260 Cathode

[0227] 261 Oxidation inhibiting layer
[0228] 262 Cathode protecting layer
[0229] 270 Sealing layer

[0230] 300 Color filter substrate
[0231] 310 Glass substrate

[0232] 320 Filter

[0233] 321 Red filter

[0234] 322 Green filter

[0235] 323 Blue filter

1. An organic EL display device comprising:

an anode;

a cathode that is a metal film;

a light-emitting layer between the anode and the cathode;
and

a sealing layer that covers a side of the cathode opposite a
side on which the light-emitting layer is provided,

wherein an oxidation inhibiting layer and a cathode pro-
tecting layer are stacked between the cathode and the
sealing layer, the oxidation inhibiting layer being closer
to the light-emitting layer than the cathode protecting
layer is.

2. The organic EL display device according to claim 1,

wherein the oxidation inhibiting layer includes an organic
component.

3. The organic EL display device according to claim 2,

wherein the oxidation inhibiting layer has a film thickness
of no less than 15 nm and no more than 80 nm.

4. The organic EL display device according to claim 1,

wherein the cathode protecting layer is a metal oxide that
transmits visible light.
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5. The organic EL display device according to claim 4,

wherein the cathode protecting layer has a film thickness of
no less than 15 nm and no more than 50 nm.

6. The organic EL display device according to claim 1,

further comprising

an electron injection layer between the light-emitting layer
and the cathode,

wherein a mixture layer is formed at an interface between
the electron injection layer and the cathode, the mixture
layer being a layer in which a material included in the
electron injection layer and a material included in the
cathode are mixed.

7. The organic EL display device according to claim 6,

wherein the electron injection layer is an alkali metal com-
pound or an alkaline earth metal compound, and

the cathode is a metal which reduces the alkali metal com-
pound or the alkaline earth metal compound.

8. The organic EL display device according to claim 7,

wherein when the electron injection layer is sodium fluo-
ride and the cathode is aluminum,

the mixture layer includes fluorine, sodium, and alumi-
num, as the material included in the electron injection
layer and the material included in the cathode.

9. A method of manufacturing an organic EL display

device, the method comprising:

forming an anode;

forming a light-emitting layer above the anode;

Jun. 25, 2015

forming a cathode above the light-emitting layer, the cath-
ode being a metal film;

forming an oxidation inhibiting layer above the cathode,
the cathode and the oxidation inhibiting layer being
sequentially formed in a vacuum;

forming a cathode protecting layer above the oxidation
inhibiting layer; and

forming a sealing layer above the cathode.

10. The method according to claim 9, further comprising

forming an electron injection layer above the light-emit-
ting layer after the forming of a light-emitting layer and
before the forming of a cathode,

wherein in the forming of a cathode, the cathode is formed
on the electron injection layer to form a mixture layer at
an interface between the electron injection layer and the
cathode, the mixture layer being a layer in which a
material included in the electron injection layer and a
material included in the cathode are mixed.

11. The method according to claim 10,

wherein the electron injection layer is an alkali metal com-
pound or an alkaline earth metal compound, and

the cathode is a metal which reduces the alkali metal com-
pound or the alkaline earth metal compound.

12. The method according to claim 11,

wherein when the electron injection layer is sodium fluo-
ride and the cathode is aluminum,

the mixture layer includes fluorine, sodium, and alumi-
num, as the material included in the electron injection
layer and the material included in the cathode.

* #* * #* #®
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